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Abstract

For millennia, anecdotal reports have described how creative insights have been expe-
rienced during the transition from wake to sleep (hypnagogia). In the 1970’s, it was
reported that the fleeting moments in which hypnagogia and creativity interact are
accompanied by characteristic neuroelectric activity, which is disclosed by a specific
feature of the Electroencephalogram (EEG): the increase of spectral power in the theta
range (5-8 Hz) in relation to alpha (8-11 Hz). Consequently, prior research, and
experiments documented in this thesis, have attempted to modulate the relationship
between hypnagogia and creativity using EEG biofeedback.

The current thesis charts the historical development of EEG neurofeedback, and
evaluates the application of the two neurofeedback methods used most widely by clini-
cians: the alpha-theta and sMR protocols. Both therapeutic and ‘optimal performance’
contexts are considered; the latter of which includes the study of creative behaviour
in musicians, which in turn constitutes the area of experimental observation studied
here.

The first of three experiments found that prior findings relating neurofeedback to
improvement in instrumental solo performance were replicable with the caveat that
improving participants started from low baseline scores, and also further isolated the
effects of neurofeedback on creativity by suggesting differences in the performance of
spontaneous music creation following alpha-theta neurofeedback compared to con-
trols. The second argued that short-term effects of neurofeedback are different from
the longer-term outcomes, finding that an alpha-theta intervention impairs music
performance in the short-term. The final experiment found that inhibitory activity in
the frontal and parietal lobes, distinguishes piano improvisation from the rendition
of a score.

Opverall, this thesis makes the case that creativity, hypnagogia and music improvi-
sation share a common neurophyisology, and that this may be open to regulation by

the application of neurofeedback training that regulates alpha and theta eEG.
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Introduction

1.1  Summary

This chapter reviews developments in neuroscience, psychology and music perfor-
mance that led to the experimental studies presented in this dissertation.

Initially the electroencephalograph (EEG) and its use in the application of EEG
biofeedback training, also called neurofeedback training (NF1) will be described. The
historical origins of NFT methods used today will be briefly summarised, prior to a
more detailed analysis of the empirical literature specific to the ‘Optimal performance’
application of NET in healthy subjects. The clinical N literature is also surveyed in
Appendices A and B on page 271). The proposed link between NrT and creativity will
be introduced.

Creativity will then be examined, beginning with a review of how scientists have
tried to make it experimentally tractable, although after 60+ years of discussions, this
remains a problematic issue — for the purposes of this dissertation, creativity is viewed
as an interplay between spontaneous emotional neural processes and the social re-
sponses that these evoke.

Hypnagogia, a candidate neural correlate of creativity, is then examined as a po-
tential mechanism for regulating spontaneous emotional content processing. This is
related to the NFT literature.

Finally, music improvisation is presented as an experimental method for observing

both creative processing and the evoked social response.
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CHAPTER 1. INTRODUCTION

1.2 Electrophysiology in the brain, and neurofeedback

applications

1.2.1 'The physiological origins of EEG oscillations

Neurofeedback is applied as a means of facilitating the self-regulation of neurophys-
iology: the feedback itself typically takes the form of information about electrical
neuronal activity recorded from the scalp (EEG), with some indication as to whether
aspects of synaptic activity are to be encouraged or inhibited in line with the associ-
ated brain state that is being trained. A short description of the EEG signal itself is

given here as a precursor to describing its uses in NFT.

1.2.1.1 The origins of distinct EEG frequencies

A single electrode on the scalp will detect changes in the field potential of thousands to
millions of neurons on the surface of the cortex across a localised area of approximately
10 cm? (Klein and Thorne, 2006). The main source of activity detected by a scalp
electrode is the synchronous fluctuation in the electrical potential of the membranes
of postsynaptic neurons. The term postsynaptic refers to a neuron whose synaptic re-
ceptors have just taken up neurotransmitters following their release by a presynaptic
neuron, which in turn follows the triggering of an action potential in that cell. As neu-
rotransmitters bind to a neuron, its cell membrane changes in its permeability allow-
ing ions to flow between the cell wall and its surrounding environment, which in turn
effects changes to its resting potential of approximately -70 millivolts (mV). Depend-
ing on the type of neurotransmitter that is binding to the postsynaptic neuron, the cell
membrane either depolarises and its potential moves closer to 0, or it hyperpolarises
and its potential falls further. Depolarisation occurs when an excitatory neurotrans-
mitter, principally glutamate (van den Pol et al., 1990), is taken up at several synapses,
and the subsequent inflow of positive ions and/or outflow of negative ions through
the cell membrane increases its voltage. If the cell membrane voltage depolarises to
more than the action potential threshold of -55mV, an action potential is triggered,
which then repeats the process of neurotransmission in connected postsynaptic neu-

rons. If however the neurotransmitter being bound to the post-synaptic neuron is
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inhibitory the cell membrane hyperpolarises, reducing the likelihood that the cell will
produce an action potential (Bullock et al., 1977). Although action potentials are
integral to neurotransmission they are not thought to contribute greatly to scalp EEG
measures, which instead reflect rhythmic changes in ionic currents around dendrites
in large numbers of postsynaptic neurons close to the surface electrode (Whittingstall
and Logothetis, 2009).

The frequencies  Either visual or spectral analysis of the EEG signal indicate that large
numbers of neurons oscillate within a range of distinct frequency ranges. The EEG is

described as being made up of several ‘band’ components broadly categorised as:

¢ Slow wave (0.1 to 1 Hz)
Delta (1 to 4 Hz),
Theta (4 to 8 Hz),

* Alpha (8 to 13 Hz),
Beta (13 to 30 Hz)

* Gamma (greater than 40 Hz).

Each of these specific frequency ranges is entrained by a pacemaking property of
neurons, either by intrinsically generating oscillations in electrical voltage, or by in-
teracting with other neurons in an excitatory/inhibitory pattern, or in a combination
of the above (Steriade et al., 1990). Nonetheless, the drivers behind many of the eec
frequencies have yet to be confirmed, and it is only in the case of the rhythmic activity
arising from a network of neurons in the cortex, the reticular thalamus and the dorsal

thalamus that the process generating sleep EEG phenomena has been fully elucidated.

1.2.1.2  Sleep EEG and the thalamocortical circuit

The thalamocortical circuit has a functional role in governing transitions between
arousal and sleep, and the EEG oscillations that are observed during these states are
generated in the thalamus either alone or in concert with the cortex (Steriade et al.,
1993b). The thalamus is the main gateway for the flow of incoming information to
the cortex, and in sleep a formation of cells in the reticular thalamus block this flow by

inducing inhibitory postsynaptic potentials in the dorsal thalamus, closing the brain
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to signals from the outside world. During sleep onset cortical neurons spontaneously
oscillate creating a characteristic shape in the EEG known as the K-complex (Loomis
et al., 1938), a functionally significant phenomenon that governs increasing hyper-
polarisation of thalamic neurons by triggering two types of oscillatory activity that
regulate sleep (Amzica and Steriade, 2002). Firstly, the cortical neurons that initiate
a K-complex project along downward connections to large numbers of reticular tha-
lamic nuclei. Intracellular field potentials measured in these cells show a 2-3 second
series of inhibitory postsynaptic 7-14 Hz activity referred to as “sleep spindles” due
to their visual appearance on an EEG trace. Reticular thalamic cells synchronously hy-
perpolarise dorsal thalamic cells which, following a large decrease of positive charge,
experience a rebound of positive ions back into the cell triggering a burst of action
potentials that stimulate excitatory action potentials in connected pyramidal cells the
cortex. These cortical potentials mirror the thalamic oscillations with the same 7-14
Hz in the scalp EEG. Secondly, the cortical K-complex also prefigures the widespread
formation of delta oscillations in the dorsal thalamus, which are more hyperpolarised
than during the production of sleep spindles, indicating the progression into a deeper
level of sleep (Steriade et al., 1993b).

Evidence that the generation of sleep oscillations emanate from the thalamus has
been obtained from iz vivo and in vitro experiments that isolated and measured activ-
ity in each brain area in the thalamocortical network independently. It has thus been
found that when severing network connections, sleep spindles only continue to occur
in reticular thalamic cells (Steriade et al., 1987), and that the same is true of the dorsal
thalamus in generating delta oscillations (Steriade et al., 1991). These findings have
provided evidence that spontaneously firing cells act as a ‘pacemaker’ for oscillatory
activity, and have the functional role of maintaining the brain at rest, allowing cel-
lular energetic stores to be replenished. During wakefulness, the production of sleep
oscillations in thalamic and reticular thalamic nuclei is prevented by the release of
various neurotransmitters (acetylcholine, norepinephrine, serotonin, histamine and
glutamate) from the upper brainstem, posterior thalamus and basal forebrain. /z vivo
studies have shown that electrical stimulation of cholinergic or noradrenergic neu-
rons, or insertion of acetylcholine or norepinephrine into the thalamus depolarises
thalamocortical cells (McCormick and Huguenard, 1992), suppressing the formation

of delta oscillations, and norepinephrine and serotonin depolarise reticular thalamic
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nuclei, preventing sleep spindles (McCormick et al., 1993), and these patterns also
disappear from scalp recorded EEG and are replaced by fast-wave activity caused by

depolarisation of pyramidal cells (Steriade et al., 1993a).

1.2.1.3 Non-sleep EEG phenomena

Whilst the pacemakers underlying the production of EEG signatures prevalent during
sleep and awakening have been isolated, other rhythmic components of the EEG are

not as clearly understood.

Theta EEG  Theta wave EEG is thought to arise from the limbic system with network
activity that reflects the on-line state of the hippocampus in humans, a brain area
involved in the encoding of new autobiographical or spatial information in working
memory (Buzsdki, 2005). The theta thythm is observed in frontal midline areas of
the cortex during working memory task processing, however the process by which
this oscillation emerges remains the subject of continued exploration (Buzséki, 2002).
Theta waves are also found in widespread areas of the cortex during drowsiness, sleep
transition and REM sleep, however it has been demonstrated that they are not coherent
with accompanying theta oscillations measured in the hippocampus (Cantero et al.,
2003). It has therefore been proposed that cortical and hippocampal theta waves may

be produced by unrelated mechanisms.

Alpha eec  Alpha band kG is also the subject of continuing investigation as to its
origin. Like sleep oscillations alpha generation was initially associated with the thala-
mocortical circuit (Andersen and Andersson, 1968), however the attempts of subse-
quent research to clarify this assertion, have resulted in a number of different mech-
anisms being proposed with both intracortical and corticothalamic coherence being
implicated in alpha pace setting (da Silva et al., 1973). A lesion study in which tha-
lamic alpha was measured in decorticated cats demonstrated that in the absence of
cortical projections, thalamic oscillations were disorganised and lacked localised syn-
chrony, indicating that thalamic alpha is moderated by the cortex (Contreras et al.,
1996). More recent studies that combined neuroelectric (EEG) and neuroimaging
(PET/fMRI) measures provided further evidence that increased alpha power in the EEG

was positively correlated with thalamic metabolism (Schreckenberger et al., 2004) or
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MRI signal (Goldman et al., 2002). The pET study measured alpha activity following
the effects of the sedative lorazepam against a placebo control, and additionally re-
ported that the close functional relationship between the cortex and thalamus in the
production of alpha rhythms is not affected by the amount of incoming sensory in-
formation. This finding along with the lesion study suggests that as a sensory gateway,
the thalamus is less implicated in the generation of the alpha rhythm than the sleep
rhythms described previously, and that alpha activity might be more likely to stem

from network interactions.

Beta and gamma EEG  The origins of faster beta and gamma rhythms also remain
only partly disclosed, partly due to the large number of ways in which these rhythms
are generated. The depolarisation of cortical cells occurs intrinsically in both so-
matosensory and visual cortices (Gray and McCormick, 1996) as a function of wakeful
modes of processing including movement and sensory perception. Network interac-
tions between cortical neurons also serve to generate fast thythms, and these possibly
arise from the integration of different sources of sensory information in time (Singer
and Gray, 1995), whilst pre-thalamic sites such as the cerebellum have additionally

been implicated in the initiation of fast rhythms (Timofeev and Steriade, 1997).

In summary, and taking into consideration the previously described EEG frequen-
cies, it can be broadly stated that with the exception of theta rhythms possibly me-
diated by interaction with the limbic system, the modulation of EEG rhythms in a
neurofeedback application would typically effect changes in network activity amongst
cortical neurons below the electrode and the other cortical or thalamic neurons they
interact with. Changes in rhythmicity would be effected through direct alteration of
neuronal excitability in specific cells, through changes to neuromodulator systems, or

a combination of the two.

1.3 A Brief History of Neurofeedback

This section will start by briefly introducing the different types of neurofeedback ap-
plications in current use, before summarising the discoveries that led to the formation

of the two EEG biofeedback protocols most widely used today: the alpha-theta and

26



CHAPTER 1. INTRODUCTION

sensorimotor rhythm (SMR) protocols.

1.3.1 The foundation of neurofeedback methods

Neurofeedback is part of a wider group of biofeedback applications, all of which have
the goal of facilitating the self-regulation of physiological functions with the goal of
normalising them in clinical populations or optimising them in healthy subjects. In
the earliest experiments that went on to influence the subsequent development of
neurofeedback methods, researchers sought to establish whether operant conditioning
(Skinner, 1937) methods could be used to direct changes in the EEG (Kamiya, 1962;
Wyrwicka and Sterman, 1968).

1.3.1.1 Early EEG studies

In the first studies (Kamiya, 1962) subjects were asked to keep their eyes closed and
periodically prompted to report whether they were producing dominant alpha waves
or not. Participants were also told whether they were responding correctly, and they
exhibited an increasing ability to associate with subjective experience with the pres-
ence of alpha EEG oscillations. In following research, participants demonstrated their
ability to produce alpha oscillations on demand, effectively bringing EEG parameters
under operant control (Kamiya, 1969). A different type of EEG oscillation, the sMr
rhythm, was found to be controllable by cats that learned to associate the inhibition of
the sensorimotor system in order to be rewarded with food (Wyrwicka and Sterman,
1968).

Developing from the initial use of retrospective verbal or behavioural indicators of
operant control, realtime biofeedback methods became more closely integrated into
the practice of NFT. The control of the EEG component under review is facilitated
by the provision of simultaneous feedback of the current state of that component,
usually in the form of a continuous representation of the EEG, which is combined with
positive reinforcement if the desired response takes place, or negative reinforcement
if an undesired response occurs. In this way the activity of populations of cortical
neurons and the subcortical networks they are a part of can be directed to behave in a

targeted way, and their ability to do so is both continuously monitored and appraised.
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Figure 1.1: Joe Kamiya pictured recording EEG in 1972

1.3.1.2 Slow cortical potentials and fMRI studies

Following from the discovery that EEG oscillations could be adjusted by combining
self-monitoring with operant conditioning methods a number of other cortical and

subcortical measures have been shown to be open to learned self-regulation by means

of biofeedback.

Slow cortical potentials ~ Slow cortical potential (scp) changes reflect gradual changes
in the pc polarity of cortical neurons, and thus the likelihood of an action potential
being produced — which is referred to as the excitability of a neuron. scps have been
demonstrated to be both associated with specific brain functions and modifiable by
self-regulation with consequent effects on those functions. Increased cortical excitabil-
ity is correlated with epileptic seizure (Speckmann and Elger, 1991), and a group of re-
searchers in Tiibingen investigating the self-regulation of scps have demonstrated that
it can reduce the frequency of seizures in epileptic patients by raising cortical excita-
tion thresholds (Birbaumer et al., 1991; Daum et al., 1993; Birbaumer, 1999; Strehl
et al., 2006). In another scp application, the lowering of excitatory thresholds has
been found to offset hyperactivity and inattention symptoms in ADHD (Gevensleben
etal., 2009b). Whilst it operates as a distinct neurofeedback protocol, scp is thought

to moderate the same underlying neurophysiology as sMr biofeedback training. Both
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protocols have been found to have similar effects in treating epilepsy and ApHD, and
both procedures are used to modulate cortical excitability: slow potentials reflect the
polarity of apical dendrites of cortical pyramidal neurons, whilst the sMr rhythm re-
flects inhibition of the sensorimotor system (Sterman and Egner, 2006; Egner and
Sterman, 2006). Neuroimaging of the basal ganglia has demonstrated that increase of
scps and the presence of sMr oscillations are both associated with increased metabolic
activity in the striatum of the basal ganglia nuclear complex, which suggests a shared

mechanism underlying both forms of training (Birbaumer, 2000).

fMRI  Since the 1990’s the development of functional magnetic resonance imaging
(fMRI), a non-invasive measure of blood oxygen within cerebral structures has seen it
change from being purely retrospective in terms of its utility, to having the potential
for realtime applications including neurofeedback training and brain computer inter-
faces (Bcrs). The most widely used fMRI method is the measure of the Blood Oxy-
genation Level Dependency BOLD response that follows neuronal activation. When a
neuron acts upon incoming neurotransmission (Logothetis et al., 2001), it exhausts
its supply of glucose and oxygen, and the process of hemodynamic response takes
place subsequently by increasing blood flow to that neuron in order to replenish the
cell stores of energy. The movement of oxygenated blood into a brain area increases
the ratio of oxyhemoglobin to deoxyhemoglobin in the surrounding veins, and this
change, as observed by fMRI, is directly related to brain function (Raichle, 2009).
In its application in cognitive neuroscience, the BOLD response under a test con-
dition is contrasted with that observed during a control condition, and the resulting
difference indicates which brain areas were functionally (in)active during task pro-
cessing. The three dimensional image of the BOLD response is spatially accurate up
to 1 millimetre, and the entire brain is imaged, however, it takes up to six seconds
following neural activity for the BOLD signal to reach its peak, and the timing of acti-
vations are approximate. If two separate neural assemblies were active within a short
timespan, it would not be possible to infer which area was active at which point.
Starting in the 2000’s the first attempts at analysing fMRI in realtime began, firstly
with an application that sought to re-calibrate images following head motion in the
scanner (Thesen etal., 2000). The authors argued that on-the-fly head motion correc-

tion gave better measurement of BOLD responses indicated by greater test-retest relia-
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bility. In 2002 it was reported that retrospective visual feedback of neural activations
in the somatosensory cortex following a short simple hand motor task could be used
in assisting participants to activate wider somatosensory areas (Yoo and Jolesz, 2002).
This finding provided the first evidence that the BoLD response could be brought un-
der operant control, even with an activity-feedback latency of 60 seconds.

Whilst near-realtime feedback was shown to have utility in an operant condition-
ing exercise, the need to be able give a time specific representation of brain activity
remains pressing, as has been discussed previously. Spatially separate brain activa-
tions that occur within a short timeframe might not be temporally distinguished in
measures of the BOLD response, and this distinction would be a requirement in a more
complex task that required physiological self-regulation of more than one BoLD signal,
for example distributed activity in the thalamocortical circuit, or concurrent process-
ing in auditory and visual areas.

Attempts to reduce fMRI latency have considerably reduced the BoLD signal pro-
cessing time to less than 2 seconds, largely by increasing the rapidity of signal pro-
cessing, and using online signal estimation algorithms (deCharms et al., 2005; Hinds
et al., 2010). The significance of this development is that once brain activation in
specific areas can be self-regulated as an independent variable, the functional con-
sequences on cognition, affect and behaviour can be assessed in experimental de-
signs, with subsequent implications for clinical or cognitive questions (Weiskopf et al.,
2004). The development of this technique remains largely in the experimental stages

however, with methodological issues remaining central to research efforts.

1.3.1.3 'The continued importance of EEG protocols

Despite the strong empirical support for the practical application of scp neurofeed-
back, and the emerging potential for the self regulation of spatially distinct brain areas
in near-realtime fMRI applications, EEG oscillations remain by far the most widely
used training measure in clinical and research based NFT. The reason for this is proba-
bly due to the fact that EEG frequency components were the first measures of neuronal
activity to be used in clinical applications in the 1960’s, and have remained in use ever
since, building a significant foundation from which to conduct follow-on work.

Not only is EEG biofeedback the most widely used in clinical practice, it also has

30



CHAPTER 1. INTRODUCTION

the highest public profile of any form of biofeedback. This is largely thanks to the
popularisation of biofeedback in the 1970’s that followed from the publication of
several books by Barbara Brown, the first president of the Association for Applied
Psychophysiology and Biofeedback (Brown, 1974, 1975a,b). Early meetings of this
association were attended by a considerable number of members of the public (Rob-
bins, 2008), and EEG biofeedback has a high level of awareness in the public sphere

in contrast with more recently developed neurofeedback methods.

Modern EEG NFT  Current EEG neurofeedback research falls into two distinct camps,
on one hand, the slow-wave protocols (the alpha and alpha-theta protocols), and on
the other the fast-wave protocols (such as sMR, beta or gamma enhancement proto-

cols).

Fast-wave In recent years the quality and amount of research conducted in fast-
wave protocols has increased rapidly, and to the extent that both rhythmic EEG and scp
biofeedback have been empirically demonstrated to function as clinical alternatives to
pharmacological treatments for ADHD symptoms (for a review see the summary in
Table B.1 on page 288 from Arns et al. (2009)).

Slow-wave Slow-wave regulation research has however has not seen such dra-
matic advances being made, although a small number of researchers in the us and vk
(including my own lab) have continued to investigate this topic since the inception
of the alpha-theta protocol in the mid 1970’s (Green et al., 1974).

In addition to these ‘standard’ protocols, experimental neurofeedback applications
have been tested in treating a range of conditions including autism, asthma, coma and
tinnitus (Hammond, 2008). Nonetheless, alpha-theta and smr based protocols con-
tinue to dominate the field, remaining the most extensively investigated and applied,
and the ensuing historical and literature reviews will cover them both, showing how
their clinical applications have developed. The literature review will also document
more recent applications of NFT in ‘peak-performance’ applications designed to opti-

mise brain functions in healthy subjects.
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1.3.2 The history of slow-wave protocols

The modern alpha-theta protocol has its roots in the very first EEG neurofeedback
training studies, which were based solely on the alpha rhythm. The first alpha condi-
tioning studies are introduced here, along with the investigations into the role of alpha
NFT as a possible treatment for anxiety. The decline in this particular line of inquiry
is then charted, as is the subsequent shift towards investigating the application of the

alpha-theta protocol during recovery from alcohol addiction.

1.3.2.1 Alpha NFT in anxiety

Joe Kamiya Joe Kamiya is considered the pioneer of NFT, and it is possible to trace
a direct line of descent from his studies of the operant conditioning of cortical alpha
oscillations to the current use of the alpha-theta protocol. His early investigations
into alpha conditioning were contemporary with a number of biofeedback experi-
ments that sought to determine whether physiological monitoring techniques might
facilitate the self-regulation of autonomic functions previously thought to be beyond
volitional control. These included skin conductance (Crider et al., 1966), heart rate
(Engel and Chism, 1967), blood pressure (Shapiro et al., 1969), and evoked cortical
potentials (Fox and Rudell, 1968), however alpha conditioning in particular captured
the imagination of the public and the research community alike.

The historical background to Kamiya’s early investigations into alpha band EEG
as an index of anxiety and relaxation stemmed from the work of Berger, the pioneer
of modern EEG measurements who, observed alpha oscillations in relaxed individuals
sitting with their eyes closed in a darkened room (Berger, 1929). Berger noted these
oscillations disappeared when the individual became either drowsy or in response to
a stimulus that induced anxiety. It was later proposed that alpha might be related
to physiological and subjective arousal and anxiety according to an inverse U-shaped
function (Yerkes and Dodson, 1908; Jasper, 1936), with alpha indicating optimal
arousal. Subsequently attempts were made to validate this proposal (Lindsley, 1952;
Stennett, 1957), and the possible therapeutic relevance of alpha began to emerge as a
means of regulating both over and under arousal (anxiety and dysphoria) (Orne and
Wilson, 1978).

In his earliest alpha experiments, Kamiya determined that it was possible with
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a combination of practice and feedback, for individuals to discriminate the alpha
state. In Kamiya (1962) the findings of an experiment were reported in which subjects
kept their eyes closed and were given verbal feedback when 8—12 Hz oscillations were
present in measurements of occipital EEG. It was found that a significant number of
subjects formed reliable associations between subjective experiences of pleasant calm-
ness and the presence of alpha oscillations. Towards the end of the decade, Kamiya
documented a case study in which the subject sat in a dimly lit room and was trained
to produce/block alpha by voluntarily controlling feedback (Kamiya, 1969).
Kamiya’s findings were well received, and enthusiasm for alpha biofeedback spread
rapidly, and a number of independent replications confirmed that experimental sub-
jects could exert volitional control of alpha (Stoyva and Kamiya, 1968; Mullholland,
1968; Brown, 1970a,b). With the exception of Mullholland (1968), these studies
found that the alpha state was accompanied by subjective feelings of relaxation. From
that point, the possible therapeutic application of alpha training began to be explored
in earnest and Hardt and Kamiya (1978) reported that alpha training had a significant

effect in reducing high (but not moderate) levels of trait-anxiety.

Martin Orne Not all attempts to replicate Kamiya’s findings were able to demon-
strate a clear link between alpha and relaxation. Paskewitz and Orne (1973) found
that alpha increases were possibly predicted by eye lens refraction, which would in
turn lead to inhibitory activity in the visual cortex. By testing subjects in complete
darkness, they found that training levels of alpha simply returned to pre-training base-
line levels. The authors also refuted the proposed inverse-U shaped relation between
alpha and arousal (Lindsley, 1952; Stennett, 1957), finding alpha during both high
arousal (fear of painful electric shock) and during changes in arousal during sleep
(Orne and Wilson, 1978). The proposed link between alpha and anxiety was further
weakened by Plotkin and Rice (1981), who reported a placebo effect wherein both

alpha suppression and enhancement facilitated anxiety reduction.

By the end of the 1970, ongoing investigations into alpha-biofeedback as therapy
for anxiety had ground to a halt. Several factors were responsible for this: Paskewitz
and Orne’s (1973) discovery of confounding visual and placebo factors, the difficul-

ties involved in comparing wide ranging individual differences in alpha production
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(Kamiya, 1969), and Orne and Wilson’s (1978) realisation that alpha production did

not modulate as an inverse-U shaped function of neurophysiological arousal.

1.3.2.2 Alpha-Theta NrT and alcohol recovery

Treating alpha deficiency and using theta therapeutically ~ Although the alpha-anxiety
relationship was largely disproved during the 1970’s, another potential application of
alpha biofeedback training emerged at this time. On the basis that those predisposed
to alcohol addiction exhibited a deficiency of alpha production compared to controls
(Funderburk, 1949), and that ethanol induces alpha production, a rationale was de-
rived for treating alcoholism with alpha biofeedback training. A series of case studies
were published during this period which suggested that neurofeedback procedures
might have clinical efficacy in treating substance use disorder (sup), and alpha train-
ing was reported to reduce anxiety in alcoholics (Passini et al., 1977; Watson et al.,
1978).

Also during 1970’s, and based on early observations of a ‘crossover’ from alpha to
theta wave dominance in meditation (Green et al., 1970) (see Figure 1.2), a new NFT
procedure, the alpha-theta protocol, was developed to facilitate deeper relaxation than
alpha NFT (Green et al., 1974). The transition from alpha to theta signal dominance
is one of a set of phenomena that occur during SLEEP STAGE 1 and is referred to as the
hypnagogic state (Schacter, 1976). This transient period is also characterised by qual-
itative changes in mental content (Tanaka et al., 1996) and reductions in muscle tone
(which can lead to a sensation of falling which triggers the involuntary hypnagogic
myoclonus), and Green et al. (1970) reported that the point of crossover was aligned
to subjective reports of profound relaxation and reverie accompanied by a sense of fo-
cus. The first applications of the alpha-theta protocol were reported in uncontrolled
studies of its use in supporting alcohol withdrawal by augmenting psychotherapy with
controlled relaxation (Goslinga, 1975), promoting self-actualisation as a product of
imagery experienced in theta states (Twemlow and Bowen, 1976), and promoting

insight and attitude change (Twemlow et al., 1977).

The Peniston protocol It was from these initial attempts to treat sup with alpha and
then alpha-theta NFT, that this form of relaxation based EEG training was ultimately

given a further opportunity to demonstrate its practical use. Following a ten-year
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Figure 1.2: Elmer Green pictured recording the EEG of yogic meditation.

hiatus, it was reported that a combination of alpha-theta NFT, temperature biofeed-
back and guided imagery normalised the EEG of recovering alcoholics and improved
long-term abstention (Peniston and Kulkosky, 1989). This combined treatment came
to be known as the Peniston protocol. The same authors further applied alpha-theta
NFT in the treatment of Post Traumatic Stress Disorder (PTsD), reporting that the use
of hypnagogic imagery was used to reveal repressed traumatic memories during talk
therapy.

Over the next ten years, independent attempts to describe the specific contribu-
tion of alpha-theta NFT in relation to the other components of the Peniston protocol
were inconclusive, and subsequent alpha-theta research (but not practice) has aban-
doned the Peniston protocol. This has happened in two areas, firstly in clinical re-
search (Scott and Kaiser, 1998; Scott et al., 2002, 2005), or in ‘optimal performance’
applications that have searched for Nrt effects in healthy subjects as they undertake
lab-based cognitive or real-world performing arts exercises (Egner et al., 2002; Egner
and Gruzelier, 2003; Egner et al., 2004; Egner and Gruzelier, 2004a; Raymond et al.,
2005a,b).

The clinical alpha and alpha-theta NeT literature is reviewed in Appendix A on

page 250, and the optimal performance alpha-theta literature is reviewed in Sec-
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tion 1.4.3.2 on page 43.

1.3.3 'The history of fast-wave protocols

1.3.3.1 sMR NFT in epilepsy

Barry Sterman The second main strand of NET research was pioneered by Barry
Sterman’s research laboratory investigating operant conditioning in cats (Roth et al.,
1967; Sterman and Wyrwicka, 1967; Wyrwicka and Sterman, 1968). At the time, the
EEG correlates of sleep onset had begun to be investigated, and Barry Sterman and his
colleagues used EEG measurements to compare sleep to Ivan Pavlov’s proposed state of
‘internal inhibition.”

Cats were initially taught to gain food rewards by pressing a lever. Then a tone
acting as a ‘conditional stimulus’ was gradually associated with absence of reward:
pressing the lever when the tone sounded prevented reward and prolonged the tone
sound; the cats would have to use internal inhibition to prevent the lever pressing
response until the tone stopped. However, unlike Pavlov’s dogs, the cats responded
by assuming a motionless posture, much like that of hunting cat waiting to attack (see
Figure 1.3). The EEG correlate of this response was the appearance of a distinct thythm
(12-20 Hz with spectral power peaking at 12—-14 Hz) over the sensorimotor cortex
leading the authors to label it the Sensorimotor Rhythm (smRr). They also observed
that it was similar to EEG spindles observed in SLEEP STAGE 11 and suggested that the
elicited state of internal-inhibition did have similar physiological properties to sleep.

Noting that Kamiya (1962) had previously discussed self-regulation of the eEG
alpha rhythm, Sterman then used sMRr production in place of lever pressing and found
it could be elicited voluntarily to obtain food Wyrwicka and Sterman (1968) (see
Figure 1.4).

In addition to discovering sMR and that it could be self-regulated by cats, Sterman
also found that sMR training could increase the epileptic seizure threshold by reducing
cortical excitability. This discovery occurred when the cats that had participated in
early sMR studies were amongst those recruited into an experiment investigating the

epileptogenic properties of rocket fuel. Sterman found that cats who had previously

Pavlov proposed that when conflicting conditioned responses are simultaneously elicited (i.e. re-
ward and punishment), the organism enters a state of internal inhibition identical to sleep onset.
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Figure 1.3: Bipolar EEG recordings from sensorimotor (coronal) and parietal
(marginal) cortex in a cat during alert motionless waking behaviour and quiet (non-
REM) sleep — Sterman et al. (1970). When cats were trying to suppress a conditioned
response, the EEG signature over the Sensorimotor cortex resembled that of ‘sleep spin-
dling.” He termed it the Sensorimotor rhythm sMr due to its specific location in the
brain.
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Figure 1.4: sMR conditioning in polygraphic traces reported in Howe and Sterman
(1972) at sites in descending order: Sensorimotor cortex (R Pre-Post Cruc Gy); Ven-
tralis Posteriolateralis of thalamus (R vrL); Parietal cortex (L Post Morg Gy); plus
Electro-oculogram (E0G), smr signifier (12-14 cps Relay) and finally the Feeder which
denotes the conditioned reward for producing targeted sMR EEG. The parietal trace
shows post reinforcement synchronisation (PRs), a response encoding reward.
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learned to regulate sMr had a much higher seizure threshold compared to those that
hadn’t (Sterman et al., 1969). Subsequently a member of Sterman’s lab who had
epilepsy volunteered to undergo sMR training, and reported a reduction in seizures,
and Sterman went on to conduct a series of studies establishing the clinical efficacy
of sMR NFT in reducing epileptic seizure rates in humans (Sterman and Friar, 1972;
Sterman et al., 1974; Sterman and Macdonald, 1978; Lantz and Sterman, 1988).

1.3.3.2 smR/theta NFT in adhd

Joel Lubar In response to Sterman’s findings, a laboratory run by Joel Lubar be-
gan to explore SMR applications in relation to cortical excitability in Attention Deficit
Hyperactive Disorder (apHD). They modified the protocol to simultaneously elevate
sMR whilst reducing theta (4-8 Hz) reporting that this protocol led to reductions in
observations of hyperactive behaviour (Lubar and Shouse, 1976). This protocol was
further modified to include the training of higher frequency EEG components in the
beta range (16-22 Hz) in efforts to increase attentiveness in place of regulating motor
excitability. Neurofeedback applications for ADHD have since gone on to become the
most widely used forms of NFT in clinical and research use today, and the critical liter-
ature review will focus specifically on this these. The empirical rigour with which NFr
for attention has been tested has recently enabled strong conclusions to be drawn as to
its clinical efficacy (Arns et al., 2009), and, as with alpha-theta, ‘optimal performance’

applications of sSMR NFT have begun to be explored.

The clinical fast-wave NFT literature is reviewed in Appendix B on page 271 and

optimal performance fast-wave NFT, Section 1.4.3.3 on page 58.

1.4 Optimal Performance Neurofeedback

The previous sections briefly reviewed the historical development of what have gone
on to become the two dominant training procedures used in EEG Neurofeedback: the
slow-wave types used to reduce anxiety, substance use and pTsD, and the fast-wave
types associated with treating epilepsy and ApHD.

This section will examine how NFT has come to be applied in healthy subjects,

following a brief introduction to the background of NFT for healthy subjects, and a
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realisation of how the term ‘Optimal performance’ is used to define interventions that

optmise physiology against impairments occurring under performance conditions.

1.4.1 'The background to optimal performance applications of NFT

Despite the majority of NFT research being currently conducted through two broadly
defined protocols, investigators occasionally test novel, mainly clinical applications of
NFT including in autism, asthma, coma, tinnitus (Hammond, 2008).

In some cases, researchers have devised new protocols either by training at sites
and/or frequencies based on theoretical considerations or abnormalities detected in
topographical QEeG diagnostics. Nonetheless, it is slow-wave (alpha-theta) and fast-
wave (beta/sMR) protocols that continue to dominate the field, and are the most ex-
tensively developed and tested. The ensuing literature review will cover these two
approaches in depth.

The review will also show how the initial themes of clinical efficacy (which are re-
viewed in Appendices A on page 250 and B on page 271) have been extended into the

more recent non-clinical applications of NFT in ‘optimal performance’ applications.

1.4.2 Problematising optimal performance

1.4.2.1 'The Yerkes-Dodson law and performance anxiety

In physiology, the term optimal performance stems from the Yerkes-Dodson law
(Yerkes and Dodson, 1908), which describes an inverse-U shaped relationship be-
tween arousal and performance. Increases in arousal predict improvements in perfor-
mance up to an optimal level, beyond which performance degrades.

As described in Section 1.3.2 on page 32 Berger (1929) had noted that normal
alpha wave EEG activity reduced in intensity during drowsiness or anxiety. Lindsley
(1952); Stennett (1957) then proposed that alpha production might be related to
physiological and anxiety according to the Yerkes-Dodson law and Kamiya (1962)
tested NFT augmenting alpha regulation as a possible means of optimising the neu-
rophysiology of anxiety. As has been demonstrated, the reports of Orne and Wilson
(1978) and Plotkin and Rice (1981) contested the inverse-U shaped relationship be-

tween alpha and anxiety. Despite this, the idea that neurophysiological awareness
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can be learned and regulated to support the execution of a given task is still worthy
of investigation. In the current work both the alpha-theta and sMR protocols are ex-
plored as possible ways of optimising music performance against the impairing effect
of performance anxiety by training neural activity underlying spontaneous emotional

creative expression and motor performance respectively.

1.4.2.2  Stage fright

Performance anxiety, commonly referred to as stage fright in performers, has been
found to stem from the threat of evaluation (Brotons, 1994). Steptoe (1982) also
reported that evaluation threat was the main source of anxiety for performers, and he
examined different types of music performance for evidence of the role of performance
anxiety in moderating self-perceived performance quality. His findings demonstrated
a relationship that echoed the Yerkes-Dodson law (see Figure 1.5 on page 40): report-
edly better performances were accompanied by a relatively medial degree of anxiety
compared to low- and high-anxiety performance scenarios which were thought to

elicit a lower standard of performance.
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Figure 1.5: from Steptoe (1982), who collected self-reported tension and performance
quality data for musicians playing in (labels from left to right) lessons; practice; public
performance; dress rehearsal; audition.

So how does the threat of evaluation affect performance? Brotons (1994) de-

scribed it as four ways of manifesting itself:

1. Physiological changes: e.g. increased heart rate, sweating, shortness of breath,
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shaking, numb fingers, clammy hands, dry mouth, upset stomach, headache,

dizziness, nausea, and diarrhoea.

2. Psychological/emotional conditions: e.g. exaggerated feelings of apprehension,

fear of failure, irritability, and panic.

3. Cognitive problems: e.g. loss of confidence, lack of concentration because of
worries about the situation, memory lapses, and inability to infuse life and

colour into the music (Hingley, 1985).

4. Behavioural changes: e.g. lips moistening, knees and hands trembling, arm

and neck stiffness, shoulder lifting, and deadpan face.

The potential for optimising neurophysiology with NFT to mitigate against the
above symptoms can be defined according to the two training protocols currently

being explored:

Threat and creative behaviour In applying the alpha-theta protocol, performance
optimisation is defined as a means of regulating and thereby sustaining under threat,
the neural processes that form spontaneous emotional responses (see Section 1.5.1 on
page 72 for the working definition of creativity) against the drive for enhanced sensory
processing. It has already been found that evaluation threat hinders performance on a
divergent thinking task (Chamorro-Premuzic and Reichenbacher, 2008), and it may
also be the case that the spontaneous emotional type of creativity is also diminished
by this threat in less experienced performers (Kokotsaki and Davidson, 2003; Vuust
etal., 2010).

The debilitating effect of fear on behaviours contributing to creativity are hypoth-
esised to stem from a fight-or-flight type response, in which the signal-to-noise ratio is
raised to increase sensory information processing capacity in a threatening situation —
conversely, a creative response is thought to stem from distributed neural processes

that take longer as they draw from more far reaching semantic networks (Heilman

etal., 2003).

Threat and motor performance In applying the sMR protocol, optimal performance
is defined as a means of mitigating against fear related impairments to the motor re-

sponse. Given that Sterman and Friar (1972) used the protocol to suppress epileptic
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seizure, it may also be plausible that fine motor control, such as playing a musical
instrument or singing, could be optimised against the impairment related to fear in-
duced shaking for example. Impairments may differ according to the level of skill ac-
quisition and expert music performers may have developed higher tolerance to stage
fright so that they can actually benefit from it (Kokotsaki and Davidson, 2003; Vuust
et al., 2010), whereas novice musicians may be more likely to suffer motor impair-

ments without having developed such coping mechanisms.

1.4.2.3 Novice performance

As well as differentiating performance based on fear, skill acquisition is another factor
that may be optimised by regulating neurophysiology.

Trained musicians are known to have highly developed interactions between audi-
tory and motor processing in the brain, and incoming auditory stimuli can automat-
ically evoke finger movements in pianists (Haueisen and Knésche, 2001), and expert
musicians have also been found to be able to block stimulus driven sensory informa-
tion in an improvising task (Berkowitz and Ansari, 2010). Whether the sensory-motor
link can be optimised by NFT as well as sheer practice is a relatively new question, but
Ros et al. (2009) reported that sMR NET optimised perceptuomotor skills in novice
micro-surgery. Novice musicians then, present another group whose sensory motor
skills may be considered in relation to the sensory motor optimisations explored in

SMR NFT.

1.4.2.4 Motor creativity

Brennan (1982) looked for inter-relationships between measures of ‘Divergent think-
ing’ and perceived creativity ability in dance. As Gorder (1980) had previously found
with music creation, no real relationship existed, leading Brennan to conclude that
the cognitive behaviours contributing to ‘Divergent thinking’ were distinct from “...
divergent production in dance.”

Considering that stage-fright has been argued to manifest differently in effecting
cognitive and motor performance, and that spontaneous aspects of music performance
such as jazz improvising trigger sequences of implicit procedures rather than explicit

cortical representations (see Sections 1.5.3.3 (p.87) and 5.2.4 (p.206)) Brennan’s dis-
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tinction of creativity in motor production may be plausible. This then invites the
research question “Based on Dietrich’s (2004a) attempts to make creativity tractable,
can creativity be further distinguished into explicit (higher-order cognitive responses)

and implicit (reflexive motor responses) types?”

1.4.3 Review of optimal performance NFT applications

1.4.3.1 Comparing neurofeedback studies

In order to be able to systematically compare different neurofeedback studies, the
following aspects of each NFT publication will (where possible) be evaluated: (a) the
effect of neurofeedback on the eG (b) the effect of neurofeedback on an outcome
measure (c) evidence of covariance between the above, in order to demonstrate that

the mechanisms governing changes in both are associated.

1.4.3.2 Slow-wave neurofeedback

The criticism of clinical alpha-theta training During the course of the study of
clinical applications of the Peniston protocol (which combined alpha-theta NrT with
thermal biofeedback and guided hypnagogic imagery — for a review, see Appendix A
on page 250), a number of critical points were raised that cast doubt on the neces-
sity of its alpha-theta NFT component in promoting therapeutically insightful hypn-
agogic EEG and imagery. Lowe (1999) and Moore et al. (2000) found that members
of relaxation control groups modulated the theta/alpha (t/a) ratio just as effectively
as those receiving alpha-theta training. These findings apparently confirmed the as-
sertion by Sterman (1996) that alpha-theta feedback might not train a distinct theta
state as proposed by Green and Green (1977) and Peniston and Kulkosky (1989)
but rather “facilitates a functional transition towards sleep.” Sterman concluded that
whilst alpha-theta feedback may promote hypnagogia in practice, it does not bring it

under operant control.

A renewed emphasis on alpha-theta and creatvity Perhaps because of the difficulties
encountered by some replications of the Peniston studies, subsequent investigations of

alpha-theta training have returned to the earlier theme of associations between theta
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and creativity (Green et al., 1972; Hall, 1977). Green had observed in two cases
that ‘reverie’ accompanying theta production was associated with the manipulation
of images leading to the creative synthesis of ideas and integrative experiences. Hall
conducted follow-on work with 26 male college students, who apparently learned how
to raise occipital alpha and theta waves, although no details of EEG measurements
were documented. Hall’s report did however describe the content of the students’
hypnagogic imageries, which centred on their relationships, their self-regard, and their
college work. Hall additionally observed that 20 of the students associated extended
theta training with integrative experiences, commenting on the psychological benefits
of the creative handling of these imageries.

Despite the anecdotal nature of Hall’s (1977) two reports, they did pose the
testable empirical question that theta, hypnagogia and creativity might be linked, and
since the turn of the century this three-way link has become the rationale for testing
applications of alpha-theta training in healthy populations. Subsequent work in this
area has investigated the electrophysiological effects of alpha-theta NrT (Egner et al.,
2002, 2004; Egner and Gruzelier, 2004a), its association with hypnagogic imagery
(Boynton, 2001), and its effects on behavioural, cognitive and affective measures in
healthy adults (Boynton, 2001; Egner and Gruzelier, 2003; Raymond et al., 2005a,b).

Each of the relevant studies will be reviewed in the remainder of this section.

Alpha-theta literature In the first controlled experiment attempting to expand on
prior associations between in alpha-theta training, hypnagogia and creativity Boyn-
ton (2001) explored the effects of the alpha-theta protocol by comparing it to an eyes
closed relaxation control condition on measures of hypnagogic £EG and a psychome-
tric measure of creative behaviour.

Boynton’s participants were 62 in number, 29%/71% male/female, had a mean
age of 46, and were rated as healthy on clinical measures of pTsp and anxiety. Partici-
pants were randomly allocated to NFT treatment (n=30) and control (n=32) conditions
upon entry to the study, and went on to attend weekly 20-minute training sessions for
8 weeks in which they reclined in comfortable chair with their eyes closed. Training
sessions were conducted in groups of between two and four people. All participants
had alpha (8-12 Hz) and theta (48 Hz) frequency bands recorded from Pz, and were

shown visual feedback of their EEG at the end of each session. Only NFT participants
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received real-time audio feedback, which consisted of alpha and theta mapped midi
audio signals whose pitch modulated in line with fluctuations in signal amplitude.
No details regarding instructions given to participants were reported.

Three measurements designed to identify hypnagogic EEG per session were used
in this study; the t/a relationship was expressed as a proportion of their difference
relative to their sum (theta — alpha)/(theta + alpha).? In addition to the overall
per-session measure of the t/a relationship, Boynton also measured the percentage of
time spent in crossover (time where theta was greater than alpha), and finally the depth
of crossover, expressed as the value of theta minus alpha during periods of crossover.

Creativity was measured with the Torrance Tests of Creative Thinking (Torrance,
1974) and the Alternate Uses Test (auT) (Guilford, 1978). Both these tests are com-
prised of sub scales measuring fluency, flexibility and originality. In addition to opera-
tional measures of creativity, Boynton collected pre and post intervention assessments
using the Friedman Well-Being Scale (Friedman, 1994), on the basis that creativity
and well-being co-vary (Rogers, 1954; Maslow et al., 1963).

The results section of Boynton’s report does not include any EEG data stating sim-
ply that there were no significant changes in any of the EEG measures used, although
it is not clear what comparisons were made in analysing the data. The author does
remark that participants were able to attain light to deep hypnagogic states in all
recordings made, which implies that one of the measures made was of within-session
change. The exclusion of any EEG data makes it impossible to compare Boynton’s
reported findings with those of previous controlled alpha-theta studies. She goes on
to remark that control participants exhibited deeper measures of crossover than NFT
subjects, which appears to corroborate Sterman’s (1996) critique, that the ability of
alpha-theta training to sustain early hypnagogic EEG in practice rests on the presence

of interruptive feedback that prevents progress into deeper sleep, and not the instru-

2Simple ratios (t/a, beta/theta) are commonly used in neurofeedback protocols as relative measures
are less sensitive to inter-session differences in uncontrolled factors that modulate absolute EeG ampli-
tudes. Boynton criticised the use of simple ratios however on the grounds that they are not symmetrical
around the point of equality, and can lead to misleading information when session ratios are averaged
across a large number of data points; by using theta as the numerator and alpha as denominator in a
fraction, at times when alpha is greater than theta, the expressed value will be somewhere between 0
and 1, whilst when alpha is less than theta, values can range infinitely upwards from 1 and can create
the impression that the difference is far greater than it is. Despite this, it is rarely that t/a ratios exceed
a value of 2, so Boynton’s revised measure wouldn’t result in substantially different results.
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mental conditioning of a distinct theta state. This finding may also bear some relation
to that of Moore et al. (2000) in which the occurrence of imagery was found to be
inversely related to the degree by which theta was larger than alpha, and Lowe (1999),
who found that participants receiving sham NFT reported more imagery.

Group differences on measures of creativity were reported, and the author stated
that groups were neither significantly different on pre, post or change measures of
fluency, flexibility or originality. Boynton did however find that as a whole, the pop-
ulation sample improved significantly on measures of flexibility in the AUT, suggesting
that general relaxation therapy may benefit creativity, although this change may result
from test-familiarity in its second instance. Well-being changed in a similar way, with
increases in all participants being reported.

The study by Boynton (2001) represents the largest controlled study of alpha-
theta training to date, based on a population sample of 62 healthy adults. Despite
this promising start, a number of issues undermine the ability to draw clear conclu-
sions from this research. Whilst it is reported that groups of 2—6 people received
the intervention each week, the effect of variations in pattern of attendance and later
absenteeism are not elaborated. The author acknowledged that post-training group
discussions varied a great deal, and may have impacted on later test measures in uncon-
trolled ways. It was further revealed that a range of background music accompanied
training sessions, which again may have confounded the results of the study, and that
a series of lectures given before the trial might have raised the possibility of placebo
effects.

Opverall, the experimental design appears to have a number of limitations that may
blur its ability to draw specific conclusions regarding the effect of alpha-theta NET or
general relaxation on creativity and well-being. However, the picture that emerges this
and the other turn of the century alpha-theta studies is that when an attempt is made
to control for the effects of relaxation or placebo, the effect of alpha-theta training
itself becomes practically indiscernible.

The next investigation into the alpha-theta protocol sought to resolve the ambi-
guities highlighted by previous studies that controlled for relaxation. In addition to
including a suitably relaxing sham NrT condition, the study by Egner et al. (2002) also
documented a much closer analysis of the EEG by examining previously unexplored

differences in temporal dynamics of EEG components recorded during training,.
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A population sample of 18 undergraduate medical students (6 females and 12
males, mean age 23) participated in this study, and were randomly allocated into
equal sized groups of 9. Each participant received 5 training sessions lasting 15 min-
utes, preceded by a 2-minute period in which initial alpha (8-11 Hz) and theta (5-8
Hz) thresholds were measured at Pz. The intervention was completed over a two-week
period. During training experimental participants sat in a reclining chair with their
eyes closed and listened to continual feedback that faded between a babbling brook
if alpha amplitude was greater in relation to baseline measures than theta and ocean
waves if theta was greater in relation to baseline thresholds. After baseline amplitude
thresholds had been set to ensure both bands exceeded the level 50% of the time,
the experimenters manually adjusted thresholds for both bands during the remain-
der of the session to ensure alpha and theta exceeded threshold 30 and 65% of the
time respectively. During training participants were instructed to “relax very deeply
in order to achieve an increase in the amount of theta sound representation,” while
avoiding falling asleep. The control participants had their EEG recorded, but received
pre-recorded feedback from a typical training session, in which alpha feedback pre-
dominated at the start of the session and theta towards the end.

As well as measuring EEG parameters the authors were interested in determin-
ing whether any eeG differences would be accompanied by alterations in subjective
measures of activation. This was measured before and after each session using the
Activation-Deactivation Adjective Checklist (ap-acr; (Thayer, 1967)) which incor-
porates four scales: General Activation (e.g. lively), General Deactivation (e.g. calm),
High Activation (e.g. tense), and Deactivation-Sleep (e.g. drowsy).

The experimental hypothesis was that the group receiving real alpha-theta feed-
back would display higher t/a ratios and steeper t/a ratio increases within, and between
sessions, and that these trends would be accompanied by differences in subjective mea-
sures of activation.

The changes of alpha and theta amplitudes within sessions were analysed by divid-
ing each session into a series of 3-minute blocks, and comparing the mean t/a ratio of
each period. Between-sessions comparisons were based on the mean t/a ratio of each
session.

The two groups were assessed and compared on their mean t/a ratios and within-

session as well as between-session t/a regression by 2 x 5 (Real vs. Sham Feedback
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Group x Period/Session Levels) mixed-effects ANOvAs. AD-acL variable scores were
analysed in 2 x 2 (Before vs. After x Contingent vs. Mock Feedback Group) mixed-
effects ANOvas, and subsequently Ap-acL change scores were correlated with ap-acL
measures.

The within-session analyses demonstrated that the NFT group increased the t/a
ratio linearly whilst the mock feedback group did not. This resulted in significant dif-
ference between group t/a ratios in the last two periods of an average session. Session
comparisons revealed that sessions 2 and 4 exhibited significantly greater t/a ratios in
the NFT group. On comparisons of pre/post subjective measures of activation, both
groups reported significant reductions in activation and increases in deactivation dur-
ing an average session — with no differences between groups.

The experiment by Egner et al. (2002) is the first to isolate protocol specific effects
of alpha-theta training on the EEG: In a non-clinical sample, and within an average
feedback session from a series of 5, the t/a ratio can be progressively raised to levels
that can not by controls. The linear rate at which the training ratio was raised was
interpreted as evidence of a learning process in which subjects increasingly gained
volitional control of the t/a ratio. Similar evidence of linearity was not however found
in the between-session analyses, although variation in tiredness might have affected
EEG levels in ways that were not controlled for in the study.

The finding that both groups reported significantly lower activational states after
training reveals a mismatch between the participants’ objective and subjective data.
One reason all participants may have felt less activated following sessions was that their
instructions were to relax deeply, and their responses to questions on activation may
have reflected this expectancy. The fact that participants were not informed whether
their feedback was real or from a previous recording may have also produced similar
levels of expectation between groups. In terms of further attempting to isolate the
effects of alpha-theta training on subjective experience, the authors suggest that a
subjective measure of physiology might not be able to capture small yet significant
changes in physiological activation. The disparity between the study’s objective and
subjective measures is further demonstrated by the lack of correlation between changes
in t/a ratio and AD-ACL scores. Again, this indicates either that the reported relaxation
in both groups may have been confounded by the effect of expectation on subjective

experience, or that subjective activation is not a close enough approximation of alpha-
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theta NFT effects in terms of personal experience.

'The main question concerning whether this study discloses a specific effect of NFT
centres around its use of sham feedback as a control condition. Some clinical NFT
practitioners have rejected the use of sham feedback on ethical and validity grounds.
Kotchoubey et al. (2001) reported on an epilepsy study where both experimenters and
patients were initially blind to the treatment modality, scp treatment or alpha training
control. Therapists and patients quickly detected that alpha training was not affecting
seizure rates, and refused to continue what they felt was an unethical study. Kaiser and
Othmer (2000) reported that sham feedback is easily identifiable as such, stating that
it does not constitute a scientifically valid comparison — and proposes instead that a
viable alternative is used as a control. Several recent randomised controlled trials of
NFT have used such a viable (‘active’) control, contrasting NrT with treatments such as
EMG feedback or clinically effective attention training software (Bakhshayesh, 2010;
Gevensleben et al., 2009b; Holtmann et al., 2009). In the study of healthy subjects
by Egner et al. (2002), ethical concerns were not as stringent however, as there were
no apparent negative implications of receiving placebo training. In terms of group
awareness, the authors stressed that both groups had doubts whether the feedback they
monitored was a sham, and so the use of pre-recorded session data appears to represent
a good control. The fact that the experimenters were not blind to participants’ group
membership may still have affected the outcome of the study however.

By demonstrating protocol specific changes in the t/a ratio, this study contra-
dicts the findings of Moore et al. (2000); Boynton (2001) who found that t/a ratios
increased to a greater extent in EMG biofeedback or simple relaxation than in alpha-
theta NFT. This contradiction may arise from a number of possible differences in the
studies; firstly, the previous studies used viable alternatives that had been previously
demonstrated to support deep relaxation. Mock feedback on the other hand had not
been shown to actively promote relaxation, it may even be that subjects listening to
mock feedback were not able to reduce their level of arousal as they were continu-
ally frustrated in their attempts to map feedback to subjective experience, as has been
suggested by Kaiser and Othmer (2000). A second difference between the studies is
that whilst Moore and Boynton compared entire sessions, this study found that re-
liable differences only emerged towards the end of a session. This more fine-grained

temporal analysis of EEG change during NFT constitutes an important step forward in
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attempts to isolate NFT effects on physiological change.

The dynamic changes occurring within and between alpha-theta were explored in
a further study (Egner and Gruzelier, 2004a) which sought to further elucidate the
EEG changes underlying shifts in the t/a ratio. The study also analysed EEG changes
in alpha-theta training based on EEG training contingent on activity at a frontal site
(Fz) in comparison to that of a parietal one (Pz). Theta activity at frontal midline sites
is of interest as it is distinct from sleep electrophysiology, and is thought to emanate
from hippocampal-cortical projections implicated in higher cognitive process includ-
ing working memory performance (Klimesch, 1999; Burgess and Gruzelier, 2000).
The authors hypothesised that whilst alpha-theta training had hitherto been carried
out at occipital and parietal sites, the training effects may have manifested in alter-
ations to frontal theta, and so tried to train this directly.

The methods of the experiment were largely identical to the previously reviewed
study of 5 alpha-theta training sessions (Egner et al., 2002), as some of the participant
data (n=10) was taken from this study. Additional data from a study in which partic-
ipants (n=28) received 10 sessions of alpha-theta training, was also included (Egner
and Gruzelier, 2003). Previously undocumented data of alpha-theta training at Fz was
included from a population of undergraduate students at Imperial College, London
(n=10).

The study employed a correlational analysis comparing progressive increments in
training time to those in the t/a ratio during an average session. A significant associ-
ation was found only in the group receiving 10 sessions of alpha-theta training at Pz,
although a polynomial (linear) trend for change was observed in sessions 1-5 in both
studies. Changes in the t/a ratio were described by decrements in theta amplitude and
larger decrements in alpha amplitude. This common reduction in amplitude demon-
strates a different EEG signature to that seen in sleep onset studies, which report that
SLEEP STAGE I is expressed by decreases in alpha and increases in theta power, with
both frequency bands increasing in absolute power during stage 2 sleep (Morikawa
etal., 1997; De Gennaro etal., 2001). In the light of this difference, it seems that this
study might lend some weight to earlier claims by Green and Green (1977) and Penis-
ton and Kulkosky (1989) that alpha-theta NFT promotes a physiological state distinct
from sleep onset. Another interpretation is that the falling amplitudes in both bands

represent the EEG of wakefulness prior to sleep onset (De Gennaro et al., 2001).
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Between session EEG analysis also showed a differential effect of alpha-theta train-
ing in significantly raising theta amplitudes over the course of 10 sessions of training
at Pz. This difference was found by comparing the final 5 sessions to the preceding 5,
and indicates that NrT had a long-term effect of promoting theta production.

The experimental alpha-theta NFT conducted at the Fz site revealed that increases
in theta production occurred both within and between-sessions, leading the authors to
draw a distinction between generators of theta activity recorded at frontal and parietal
sites, concluding that Pz based alpha-theta training does not influence frontal theta
circuitry as had been provisionally speculated.

Just as the study showing that t/a ratio increases were not related to subjective
feelings of deactivation (Egner et al., 2002), this study provides further evidence that
the effects of alpha-theta NFT on the EEG are distinct from those observed in normal
sleep physiology. The observed reduction of within-session theta and alpha amplitudes
in Pz training suggests that on average participants were in a state of wakefulness
prior to early sleep as expressed by a general fall in spectral EEG power and a relatively
greater fall in alpha power (Dumermuth et al., 1983). Overall, the study continues to
suggest that although a 15-min alpha-theta training session may accelerate the process
of wake-sleep transition, and does so increasingly over the course of training, it does
not on average provide scope for SLEEP STAGE I to occur widely.

A third study looking at electrophysiological change related to alpha-theta NFT was
documented by the same authors. They measured resting EEG at a range of scalp lo-
cations prior to and following two alpha-theta interventions NrT (Egner et al., 2004).
Participants (n=22/8) in the first/second experiments of Egner and Gruzelier (2003)
received alpha-theta NET procedures identical to those described in the two previously
reviewed studies,?. Pre/post training measures of resting spectral EEG were recorded at
28 scalp locations whilst participants remained with their eyes closed for 3 minutes.

In both experiments, post-training measures of prefrontal betal (15-18 Hz) were
found to be correlated with measures of alpha-theta ‘learning,” indexed as “the slope
of regression across sessions of the correlation between theta-to-alpha amplitude ratios
and the number of 3-min periods within each session.” This measure represents an

attempt to describe the changes in within-session dynamics across-sessions. The re-

¥The study also examined the effects of training sMRr at c4 and betal c3 on resting EEG these findings
are discussed in Section 1.4.3.3 on page 58.
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ductions in resting measures of frontal beta following alpha-theta NFT were interpreted
as indicating reduced vigilant arousal and anxiety, and therefore possibly explained the
anxiety reductions previously reported in a study of Vietnam veterans suffering with
combat related post traumatic stress disorder (pTsp) Peniston and Kulkosky (1991).
This interpretation was supported by the evidence that pTsD is characterised by exces-
sive frontal betal and beta2 activity (Begic et al., 2001), and the authors concluded
that the clinical eflicacy of alpha-theta NFT may lie in its ability to down-regulate this
component of resting EEG.

The authors of the three previously evaluated electrophysiological studies also con-
ducted a further alpha-theta study that extended the scope of the investigation be-
yond physiology into a previously unexplored domain: music performance (Egner
and Gruzelier, 2003). At the outset, the rationale of the study was to determine
whether clinical NFT protocols (alpha-theta, sMR and betal) could effect changes in
ecologically valid measures of behaviour in healthy music students. The participant
data was taken from the same source as the previously reviewed study, and was com-
prised of two separate experiments. In experiment 1 NFT participants (n=22) received
training in a combined sMR/betal protocol, followed by an alpha-theta protocol, a
sub-sample of which (n=12) then received training in physical exercise and mental
skills training. A separate group (n=12) were assigned to a no-training control group.
In experiment 2, a different cohort of students were randomly allocated to one of six
training groups: alpha-theta neurofeedback (n=8), betal neurofeedback (n=9), sMr
neurofeedback (n=9), physical exercise (n=16), mental skills training used in a sport
psychology consultancy (Williamon, 2004) (n=9), and Alexander technique training
(n=10).4

Before and after intervention all participants were filmed performing two musical
pieces of their choice. The footage was evaluated by 2 and 3 independent raters in
experiments 1 and 2 respectively. Panellists were blind to order of performance and
experimental grouping, and scored performances on a series of criteria using a 10-
point scale. The criteria were adapted from examination standards used in the Royal

Schools of Music (Harvey, 1994). Self-reported measures of state-anxiety (Spielberger

4The Alexander technique refers to a system of kinaesthetic education aimed at avoiding exces-
sive postural tension, and constitutes the most widely practised behavioural training in professional
orchestral musicians.
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et al., 1983) were collected prior to performances.

In experiment 1 only participants who received the neurofeedback protocols ex-
hibited improved performance after the intervention. They improved on all measures,
and the improvements correlated with the N1 learning index described in the previ-
ous study. In experiment 2 participants receiving alpha-theta training alone improved
on ratings in the categories of ‘Musicality’ (‘stylistic accuracy, ‘interpretative imagina-
tion’ and ‘overall musicality’) and ‘Overall’ scores. In both experiments, it was found
that all participants reported lowered state-anxiety in the second performance.

In combination, the above findings represented the first evidence of Nt effects
on real-world behavioural measures in a healthy population. Experiment 1, a within-
subjects correlational design, disclosed a relationship between increases in technical,
musicality and communication measures of music performance and t/a ratios in train-
ing. Experiment 2, a between-groups design, observed improvements in musicality
and overall ratings of performance in an alpha-theta group equivalent to a class of
degree honours or more. The results of experiment 2 did not find the previously
observed correlation between changes in t/a ratios and music performance to be repli-
cable, which suggests that prior NFT training in sMR/betal protocols may have played
a part in previous results. A similar sequence of sMRr/beta followed by alpha-theta NFT
has been reported to increase treatment-participation and drug-abstinence in a popu-
lation of mixed substance users (Scott et al., 2005), which suggests that prior beta and
SMR NFT may affect the subsequent response to alpha-theta neurofeedback. Overall,
the fact that a more closely controlled experiment led to significant post-alpha-theta
improvements under the heading of musicality, which included measures of interpre-
tative imagination, led to further associations between alpha-theta NFT and creativity
(Gruzelier and Egner, 2005; Gruzelier et al., 2006). This directly informed the ap-
proach of the current thesis, which is using alpha-theta NFT in attempts to isolate and
modulate the proposed relationship between hypnagogia and creativity.

Following the series of alpha-theta studies demonstrating NrT efficacy in modulat-
ing the t/a training ratio, resting frontal betal, and music performance, members of
the same laboratory went on to conduct two further studies examining the effects of
alpha-theta NPT on mood and dance performance. In the first of these studies, Ray-
mond et al. (2005b) recruited undergraduate medical students (n=12) who scored

highly on a measure of ‘social withdrawal’. Half the group were given an average of 9
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x 20-minute alpha-theta NFT sessions similar to those used in the previous 4 reports.
However 3 Hz EEG frequency bands were shifted up or down the spectrum according
to individual differences in the spectral alpha peak (Doppelmayr et al., 1998). NFT
participants were instructed to achieve predominance of theta feedback and to use
it as a cue to “visualise themselves being the sort of person they most wanted to be
and solving problems in the best way possible.” The other half of the sample received
mock feedback, which consisted of a demonstration session supplied with the NFT
software. All sessions started and ended with self-reported measures of mood using
the Profile of Mood States (POMS) questionnaire (McNair et al., 1992).

The results of the experiment demonstrated training effects on t/a ratios and mood
measures. Both groups expressed confidence in their ability to control the feedback,
indicating that the control group had not detected the placebo. The personality mea-
sure used to select participants was also conducted following the intervention, and no
changes in measures of social withdrawal were found. The authors discussed this find-
ing in relation to those of Peniston and Kulkosky (1990) who did observe personality
improvements, concluding that the smaller amount of sessions and the different popu-
lations probably confounded direct comparison. Overall, measures of mood indicated
that real NFT participants exhibited within-group improvements that fell marginally
short of significance compared to control subjects looking at averaged session data.
Measures of within-session EEG parameters disclosed a significant correlation between
increments in time and t/a ratios.

In comparison with measures of subjective activation in response to alpha-theta
NFT, which didn’t show any difference compared to mock feedback (Egner et al.,
2002), this study showed that a mood based measure of the subjective response to
alpha-theta NFT can disclose significant changes in self-reports not seen in controls.
The improvements approached independence from those observed in a control condi-
tion, and confirm the prediction by Egner et al. (2002) that an ‘emotive’ as opposed to
an activational report might disclose personal effects more accurately. Unfortunately
this study did not document any correlational analysis between the physiological and
experiential measures, so whilst this is a promising result, it remains unclear as to
whether the changes were linked.

Raymond et al. (2005a) published another alpha-theta NET report including the

results of a preliminary investigation into its application in a novel area: dance per-
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formance. In following from the previous work on music performance (Egner and
Gruzelier, 2003) this study set out to determine whether alpha-theta benefits might
extend into other areas of performance art.

Undergraduate students in a dancing team were recruited, and after adjusting for
study dropouts, the sample was comprised of an alpha-theta NFT group (n=6), a heart-
rate variability (HRv) biofeedback group (n=4), and a no-training control group (n=38).
NFT training was conducted as in the previous study, although participants were in-
structed to “visualise themselves dancing in the way they most wanted to dance” upon
hearing theta feedback. The HRv group had the goal of breathing at their ‘resonant’
frequency,® and this intervention was included as a suitable alternative performance-
enhancing treatment as it had previously been found to reduce anxiety and improve
performance in gymnasts (Bessel and Gevirtz, 1998).

Prior to and following the experiment, participants were filmed dancing in pairs,
and an order and group blind panel of two dance adjudicators assessed the footage.

The results of the study demonstrated that both biofeedback interventions im-
proved the overall measure of dance performance relative to no-training controls, but
they were not significantly different from each other following the intervention. Mea-
sures of biofeedback ‘learning,’ i.e. the correlation between time and t/a ratio or HRv
increase did not reach significance on within-session measures and were not docu-
mented for between-session measures. The authors reported no correlation existed
between physiological and performance changes.

As a preliminary study with a small sample size, a potentially confounding dropout
rate (n=6), the results of the study do not generalise to the wider population. Addi-
tionally, at the end of the study, the three groups had each had differing amounts of
dance practice, and this was corrected by dividing the change in performance ratings
by the amount of practice each participant had. The resulting figure may be a suitable
correction to apply, as it effectively lowered the music change scores of the controls
and HRv group relative to alpha-theta. However, such an offset does assume that all
dance practice sessions confer the same improvement on performance.

Despite the difficulties within operational comparisons, the design of the study

>The resonant frequency rate of breathing results in the largest swing in heart rate. In humans the
resonant frequency depends on the individual, and usually lies between four and seven breaths per
minute
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represents a significant advance in NFT research methodology, as Lowe (1999) had
previously called for alpha-theta NFT to be compared not just to no-training controls,
but suitable alternatives in efforts to isolate protocol specific effects.®

In Raymond et al. (2005a), comparing alpha-theta NET to both inactive and active
controls represents a groundbreaking attempt to isolate protocol specific effects in
relation to a feasible alternative intervention. The results did indicate some differences
between the two active interventions, with alpha-theta NFT improving measures of
timing and HRv improving those of technique, so these results provide suggestive
evidence that alpha-theta training has protocol-specific effects on performance art.

In reference to the growing body of empirical work that identified effects of alpha-
theta NFT, a theoretical investigation into the possible mediators of those effects has
been contributed to the literature (Gruzelier, 2009). This paper considers the range
of documented behavioural and affective responses to alpha-theta training, and that
these effects extended beyond early associations with hypnagogic creativity. The wider
significance of conditioning theta activity is then considered in the light of the evi-
dence that theta correlates not only with posterior EEG in sleep-onset (De Gennaro
et al., 2001), but hippocampal-frontocortical working memory encoding processes
(Klimesch, 1999). Theta also influences attention, (Sauseng et al., 2007) sensori-
motor effort and sensory-motor integration (Kay, 2005), and mediates limbic emo-
tional and motivational functions (Buzsdki, 2002), and arousal (O’Keefe, 1990).

The wider implications of theta oscillations are included into an integrative frame-
work predicated on the basis that theta is paced in two distinct neuroanatomical cir-
cuits: “the ascending mescencephalic-cortical arousal system and limbic circuits sub-
serving cognitive as well as affective/motivational functions”. These theta-generating
circuits project to widely distributed neural connections mediating distributed net-
works in the brain, which is interpreted as evidence that theta underlies both neural
and as a result psychological integration between distributed functions.

The effects of training theta oscillations in the cortex, and by association their
sub-cortical pacemakers is rarely investigated directly in humans, and the strongest

evidence for the hippocampal pacing of cortical theta has hitherto come from direct

¢In the ADHD literature, this approach has been applied in a number of recent studies following
the difficulties encountered in mounting double blind placebo controlled trials (for a discussion of the
research methodology in ADHD see Appendix B on page 271).
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electrode recordings of hippocampal cells in studies of animals (Whishaw and Vander-
wolf, 1973). However combined fMRI/EEG human studies have begun to take place
in the 215¢ century that have been able to accelerate the investigation of brain activity
underlying cortical theta. A relevant result that recently emerged from this line of
inquiry discovered an inverse correlation between frontal theta and the default mode
network Scheeringa et al. (2008). This network activates during states of defocused-
attention, a proposed correlate of creative ideation (Martindale, 1977), which implies
that hippocampal-frontocortical theta activity does not contribute to the alpha-theta
learning process, and in turn suggests that a different theta pacer contributes to slow-
wave NFT. In relation to this distinction, it has been found that frontal theta-to-alpha
ratio enhancement training was found to modulate the t/a relationship differently
to the parietal protocol, with theta increments observed over time as opposed to the
lesser decrease in theta than alpha (Egner and Gruzelier, 2004a). This suggests that
frontal theta is generated differently from the form seen in the classic alpha-theta pro-
tocol, and is possibly underlined by hippocampal-frontocortical phasic theta bursts
accompanying highly focused concentration (Gevins et al., 1997). Accordingly, this
sets the stage for an fMRI study of alpha-theta NFT to take place, which would be
able to test the explanatory framework described — in particular by determining the
location of sub-cortical parietal theta oscillations.

From the current review it can be concluded that alpha-theta specific effects have
been documented on measures of the t/a ratio in training, post-training measures of
resting prefrontal betal EEG, and measures of music and dance performance. Changes
in music performance suggested that a possible link between alpha-theta training and
factors influencing creative behaviour may exist due to the isolation of alpha/theta
effects in measures of musicality. The current thesis seeks to develop this line of inquiry
through further changes in the research methodology incorporating tasks requiring
spontaneous music creation behaviours, and though attempts to derive EEG measures
of music performance that might be used in identifying the physiological mediators

of alpha-theta effects on music performance.
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1.4.3.3 Fast-wave neurofeedback

As with the optimal performance trials that sought to explore the potential of alpha-
theta NFT beyond its clinical applications, the possibilities of training faster elements

of the EEG spectrum in healthy subjects have also been explored.

Motor inhibition as a safeguard against performance anxiety Whilst sMR and beta
protocols were initially conceived of in terms of their ability to normalise G patholo-
gies, the optimal performance applications have focused more specifically on reinforc-
ing specific neural processes under conditions of load — e.g. the performance of a musi-
cal task during stage fright induced shaking. For example, high levels of performance
anxiety impair attention and memory according to the Yerkes-Dodson law (Yerkes
and Dodson, 1908), which predicts that performance is modulated as an inverse-U
shaped function of arousal. In relation to this, the association between sMR NFT and
improved motor inhibition (Sterman, 1996) and sMRr/beta protocols and improved
attentional performance (Lubar et al., 1995) raised the possibility that NFT may be
able to mitigate against the affects of performance anxiety on motoric and cognitive

tasks.

Fast-wave literature In Section 1.4.3.2 on page 43 experiments on music students
at the Royal College of Music were evaluated for their effects in terms of alpha-theta
NFT, but they also documented effects arising from sMRr and beta protocols, which are
now reviewed here.

In the first of these experiments (Egner and Gruzelier, 2001), 22 healthy partic-
ipants received a mixed betal (15-18 Hz)/smr (12-15 Hz) protocol training each
frequency band at C3/C4 respectively. Training rewards in the form of audio-visual
signals were provided when band activity voltages were more than 0.8 of pre-training
average. If theta (47 Hz) and the higher beta2 band (22-30 Hz) values exceeded
baseline averages by 1.2 and 1.6 times respectively, then feedback was inhibited. There
were 10 sessions in total.

In this experiment, cognitive performance was measured as attentional perfor-
mance on the Test of Variables of Attention (Tova) test, and as ‘target detection’

expressed by P300 event related potentials (Erps) in an auditory oddball task. NrT
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learning was indexed as the number of 3-minute periods within each session that par-
ticipants raised training band amplitudes (both absolute and relative to inhibit band
measures) above mean amplitudes in the preceding period.

The outcome of the experiment was that TOvA commission errors were signifi-
cantly reduced, and perceptual sensitivity (a ratio of correct to false responses (Green
and Swets, 1966)) was marginally improved. The sMmRr learning index was positively
correlated with changes in commission errors and perceptual sensitivity, whilst the
opposite was true of betal. Significant target detection improvements in ERP mea-
sures correlated positively with both sMR and betal learning. Both training indices
correlated with each other.

The authors concluded that because the learning-outcome associations were in-
verted between protocols, this demonstrated their specificity: betal elevation was in-
terpreted as increasing excitability in the motor cortex, thus increasing impulsivity
and commission errors by promoting responsive but error-prone vigilant attention.
On the other hand, smRr elevation was found to improve response inhibition, pos-
sibly by promoting the inhibitory function of reticular thalamic cells projecting to
the motor cortex. Increases in perceptually driven cortical ERps were similarly associ-
ated with learning in both protocols, indicating that both protocols improved sensory
integration similarly, despite their contrasting effects on the motor response.

By using the Tova as an attentional measure the authors presented here the first
evidence that attention in healthy subjects can be improved by NFT, extending the ap-
plication of sMR and betal training beyond the normalisation of attentional patholo-
gies. Significant changes in attentional measures were demonstrated and correlated
with training measures, however it was not documented whether training measures
changed significantly. The study was the first to introduce task-related measures of
cortical activity as a means of evaluating a neurofeedback intervention, and this in
itself represents is an important advance in experimental methodology. Some com-
mentators have observed that EeG differences or pathologies pertaining to attention
may not be manifest in resting measures of the EeG, which currently predominate
over task-dependent measures in NrT trials (Arns et al., 2009). This distinction be-
tween resting and task-related measures is even more pertinent in healthy subjects, in
whom cognitive impairments are only predicted to become observable during task-

performance itself (Yerkes and Dodson, 1908). Thus, cognitively demanding task-
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based measures of attention would be more likely to expose an optimising effect of
NFT.

In continuing to explore event related measures of attention, Egner et al. (2004)
documented a similar experiment to Egner and Gruzelier (2001). The population
sample was again taken from music students, but here participants were trained in
independent groups as part of the second RcM experiment: SMR (n=9), betal (n=8),
and a group receiving Alexander technique training (n=8). All NFT interventions were
comprised of 10 sessions lasting 15 minutes each, with sMR (12-15 Hz) and betal
(15-18 Hz) recorded from Cz. As with Egner and Gruzelier (2001), the authors mea-
sured Tova and P300 ERps prior to and following training, and additionally measured
performance on a divided attention cpT.

Protocol-specific effects were discovered in that SMR training participants exhib-
ited increased perceptual sensitivity in Tova performance, as well as reduced omis-
sion errors and reaction time variability. Betal training participants demonstrated
faster reaction times and increased target detection P300 amplitudes post-training.
No changes were shown amongst the Alexander training group. In following Egner
and Gruzelier (2001), these results replicated improvements in perceptual sensitiv-
ity associated with sMR previously, and target detection P300 Erps following betal
training. The additional smMR results indicated a broader attentional effect than in
regulating impulsivity alone, whilst betal continued to be associated with vigilant
arousal, increasing sensory processing speed at the expense of accuracy. The previous
correlations between NFT learning indices and attentional outcomes were found not to
be replicable in this study, although the independent groups design made it possible
to draw associations in the absence of correlation. This indicates however that prior
correlation may have been a function of the combined effects of the two protocols
on outcome measures, and accordingly justifies the addition of this between-groups
experiment in disambiguating prior results.

Members of the same laboratory also further expanded the scope of optimal per-
formance research by documenting the effects of SMR NFT on semantic working mem-
ory performance (Vernon et al., 2003). In a controlled trial, medical students were
allocated to 3 groups of n=10 matched on age, gender and measures of memory recall
and attentional performance. NFT participants received either 8 sessions elevating sSMR
(12-15 Hz) whilst suppressing beta (18-22 Hz) and theta (4-8 Hz), or 8 sessions el-
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evating theta and inhibiting delta (0—4 Hz) and alpha (8-12 Hz). The latter group
received an experimental NFT protocol, hypothesised to improve memory recall by
up-regulating theta related long-term potentiation between neurons (Pavlides et al.,
1988) and thus mnemonic function. Theta activity observed during memory encod-
ing (Klimesch et al., 1997) and retrieval (Burgess and Gruzelier, 1997) also support
the rationale that bringing theta under voluntary control might help to sustain theta
and thus working memory function under conditions that place demands on storage
and recall. As with Egner and Gruzelier (2001), smMR training was hypothesised to
facilitate attentional performance. All training was conducted with the Cz electrode
placement, and a third control group received no intervention.

Somewhat surprisingly the results of the experiment disclosed improvements in
memory performance following sMR training and not theta as had been anticipated.
SMR training was also shown to have elevated within-session sMR amplitudes alongside
concomitant decreases in both theta and beta bands. Attentional performance was also
improved to a limited extent in SMR cases. The authors speculated that the memory
improvements arose from 10-14 Hz oscillations, which overlapped the smr range
and underpin fronto-posterior connectivity seen in maintaining sensory information
in working memory (Haarmann and Cameron, 2005). The inability of theta trainees
to modulate theta in training or cognitive performance subsequently suggests that
a physiological response incorporating theta activity is not as accessible to operant
control as the motor response. The authors consider this in relation to the fact that
theta enhancement protocols usually include eyes-closed training, which naturally
elevates theta as a function of cortical deactivation during the wake-sleep transition.
In Egner and Gruzelier (2004a) we have already seen how eyes-closed theta training
at Fz did lead to theta rises across 10 sessions, which appears to confirm Vernon’s
interpretation.

This report does not document inter-session EEG changes — although this is justi-
fied on the grounds that within-session measures of EEG are less affected by interfer-
ence from uncontrolled factors impacting on the EEG such time of day and time since
eating. Additionally, the report does not document correlations between training and
outcome measures, although the independent groups design nonetheless supports the
notion that SMR training improved memory whereas no-training controls and an ex-

pectation and experimenter contact matched group didn’t.
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A novel application of the sMr/theta protocol into reading performance was tested
in this period that hypothesised that hemispheric dynamics, measured as hemispheric
contributions to word recognition, could be optimised by up-regulating the smr/theta
ratio over the right hemisphere relative to the left hemisphere (Barnea et al., 2005).
This experimental application was based on the grounds that (Weems and Zaidel,
2004) had disclosed superior right hemispheric contributions to lexical processing.
The experimenters trained sMR/theta at central sites in 20 children aged 10-12 years,
half boys and half girls. Half of the subjects received C3 training, which was hy-
pothesised to impair lateralised lexical performance, and the other half C4 training to
improve it. Training consisted of 20 half-hour sessions over a four-week period.

Training did affect lexical processing differentially between C3 and C4, and in-
creased hemispheric independence, although C3 training did not selectively affect the
left hemisphere and C4 training did not selectively affect the right hemisphere.. The
authors also noted unanticipated sex differences: in boys, C4 training improved LH
accuracy, whereas in girls C3 training improved LH accuracy. The authors concluded
that lateralised NeT is effective in changing hemispheric word recognition, and that
cerebral asymmetries differentiated the sexes.

Overall, the results of the study suggest that despite attempts to train specific
hemispheric activity, the operant response recruited inter-hemispheric networks, and
that these networks were organised by gender. This is the first neurofeedback study
to consider the operant response by sex, which suggests that NFT protocols might be
tailored to individual differences in the EEG.

Another approach introduced by Hanslmayr et al. (2005) sought to examine indi-
vidual differences in the NFT response by measuring performance on a mental rotation
task dichotomously based on high and low responsiveness to NFT contingencies in the
upper 2Hz of the alpha band. A further difference between this and prior studies was
that comparisons were made following only one training session, and so by comparing
responders to non-responders after a single session, this study introduced a new accel-
erated research design to the literature. Although the alpha-band ~Fr applied here is
not directly relevant to the thesis that follows, this study is included for completeness.

The study recruited healthy students (n=18) who were initially measured on base-
line readings of eyes open/closed alpha and theta frequencies at F3, Fz, F4, P3, Pz,
and P4. Subsequently they performed a mental rotation task (Amthauer, 1970), then
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trained eyes-open upper-alpha/theta band enhancement; then performed mental ro-
tation; then trained theta/upper-alpha band suppression; and finally performed the
mental rotation task — the order of training was counterbalanced among partici-
pants. This design enabled within-subjects comparisons between alpha enhancement
and theta suppression NFT, both of which were hypothesised to increase cognitive per-
formance in relation to a previous Transcranical Magnetic Stimulation (T™s) study
(Klimesch et al., 2003). The feedback was presented visually in the form of coloured
squares that changed between blue and red when training amplitudes were respec-
tively low or high in relation to baseline measures of the frequency being trained: the
goal of upper alpha enhancement was to turn the square red, and in theta suppression
to turn the square blue.

The results of the study showed that mental rotation was only improved in one
scenario: in upper alpha responders following upper alpha Nrr. This improvement
correlated positively with a significant increase in upper alpha power following upper
alpha NFT. The authors also documented tonic enhancements in post-training parietal
alpha power during rest and in pre-stimulus measures during task performance. These
EEG findings indicate that upper-alpha training does tend to regulate alpha activity in
the same locations as trained.

The authors discuss the results in relation to performance gains in Egner and
Gruzelier (2001, 2004b) emphasising that in this case cognitive improvements are
seen after a single training session. As with Vernon et al. (2003), attempts to being
theta under operant control were unsuccessful, although in this case theta inhibition
was attempted during training.

In evaluating this study, arguably its greatest contribution is to demonstrate the
feasibility of an accelerated testing procedure that sees groups split not by randomisa-
tion but by NFT responsiveness. This group selection method does affect generalisation
of the effects to the wider population however, nonetheless, the fact that cognitive
and EEG differences can be observed following a single intervention indicates that in
the design of pilot studies for example, a rapid research methodology can be imple-
mented to explore novel NFT applications. This is also an important study in that it
not only documented EEG changes in NET, but also during subsequent rest and task
performance, enabling a close physiological assessment of how NeT effects impacted

post-training activities.
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The next optimal performance study returned to the more familiar method of con-
ducting a series of training sessions, and examining post-training differences on rat-
ings of technique and task duration in a population of eye surgeons (Ros et al., 2009).
The rationale for investigating effects on surgery were based on the prior evidence
that sSMR enhancement with theta suppression NrT improved sustained attention and
working memory (Egner and Gruzelier, 2001; Vernon et al., 2003; Egner and Gruze-
lier, 2004b) — it was thought that these improvements may have useful work-based
applications in helping surgeons maintain task-performance standards under fatigue
related cognitive impairment. It was also hypothesised that sMRr training might im-
prove fine motor control via increased inhibitory regulation of thalamic projections
to the motor cortex, as demonstrated in the epilepsy and ApHD literature (Sterman,
1996). In the light of performance improvements seen in performing artists (Egner
and Gruzelier, 2003; Raymond et al., 2005a), it was additionally hypothesised that
an alpha-theta training intervention might improve surgical performance.

The design of this study employed a novel combination of qualitative and quan-
titative analysis by combining 2 independent ratings of surgical video-footage with
measures of time spent on task. Trainee ophthalmic microsurgeons (n = 20) were
randomly assigned to either sMR or alpha-theta groups, whilst a subset of participants
also formed part of a prior wait-list control group (n = 8) measured prior to the NFT
intervention. Neurofeedback groups received 8 x 30-minute training sessions, and
training was based on the same alpha-theta and sMr protocols previously described
in evaluations of Egner and Gruzelier (2001, 2003). Pre-post assessment included a
filmed surgical training procedure with measures of execution time and expert ratings
of technique. State and trait anxiety were also measured (STAI).

SMR training demonstrated improvements not seen during the control period,
with increased ratings of surgical skill and reductions in task-time. Both outcome
measures correlated significantly, and task-time reductions correlated with growing
inhibition of theta during training. As with Hanslmayr et al. (2005) the authors
investigated relative NFT responsiveness. In the sMR group they found that some cases
increased theta production towards the end of the study, and that significantly longer
inter-session delays could be observed in these participants, suggesting that patterns
of attendance are a factor in measures of NFT learning; whether good attenders learn

well, or good learners attend well remains unknown however. In terms of anxiety,
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trait measures were found to reduce following sMR training, and within-session alpha-
theta learning correlated with (non-significant) changes in state anxiety. Alpha-theta
training was marginally associated with improved technique.

In evaluating this study, the authors highlighted a number of methodological is-
sues that limit the interpretation and generalisation of these results. The control con-
dition was based on a within-subjects design, with training following controls, so
practice related improvements might have benefited the NFT groups to a greater ex-
tent. There is an additional problem that although several NFT related improvements
were seen, none of them were significantly different from control measures; this lack
of clear separation is compounded by the fact that the sMr group exhibited higher ini-
tial overall and task times than the other groups, introducing sampling error variance
into the study. Overall, the key contribution of this study was to combine qualitative
and objective measures of performance in demonstrating a novel application of sMr
based NrT. The examination of training attendance is also an important contribution
to research as it shows that learning progress is not straightforwardly related to the
amount of training received.

The next sMR study to be reported discovered an association between NrT and im-
proved memory performance (Hoedlmoser et al., 2008). Whilst Vernon et al. (2003)
had previously found smR training led to improvements in short-term memory, this
study examined post sleep differences in declarative memory recall compared to a con-
trol group that received a novel form of Nrt. In this study participants either trained
sMR (12-1Hz) or a 3Hz control band that changed randomly in each training session
(between 7—20Hz).

Participants were randomly and blindly assigned to sMR (n=16) and control (n=11)
groups, and received 10 sessions of NFT. Before and after NFT experimenters measured
performance on a word pair recall test (Plihal and Born, 1997) carried out prior to
and following a 90-minute afternoon nap.

Following the intervention, a pooled within-session analysis of sSMR training re-
vealed increases of in-training SMR amplitudes, more sleep spindles, and faster sleep
onset. Improved performance on post-NFT memory recall tests conducted prior to
sleep was significantly greater in the sMR group than in controls. Furthermore, these
improvements correlated with in-training SMR increases.

This study was initiated in an attempt to elucidate the possible role of sleep spin-
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dles in the process of memory consolidation. Based on a prior study in which post-
sleep memory performance was found to be predicted by nocturnal sleep spindle ac-
tivity (Schabus et al., 2004), the authors had hypothesised that sMR training might
facilitate memory consolidation in napping. The results of the study did not confirm
this however, leading the authors to speculate that pre-sleep memory improvements
in SMR participants may have derived from attentional gains, which parallels the con-
clusions drawn by (Vernon et al., 2003). The use of a novel control condition deserves
some further consideration as a novel implementation of an active alternative. Cer-
tainly, providing a training procedure that is both immediately responsive yet has
no long-term training contingency seems to avoid the potential problem observed
in some studies where experiments and/or participants have detected sham feedback
Kaiser and Othmer (2000); Picard (2006); DeBeus (2006). Compared to the other
approach used by researchers, that of a viable cognitive training exercise, using an
ever-changing NFT protocol might be seen as a superior comparison condition as it
most closely resembles the main NrT condition. This means that most of the possible
extraneous effects of NFT are controlled for, even experimenter effects. Despite this,
the changeable protocol may still see participants lose motivation resulting from a lack
of long-term contingencies.

The previously explored theme of upper-alpha training was reprised in (Zoefel
etal., 2011), who applied a protocol similar to that of Hanslmayr et al. (2005), but in
this case over a longer-term of 5 sessions. In this study, the upper alpha frequency band
in EEG was once again investigated in relation to its ability to modulate performance on
a mental rotation task. In this study however, trainees were compared to no-training
controls, as opposed to NET responders versus non-responders.

NFT (n=14) subjects were trained on five sessions within 5 days by means of feed-
back dependent on the upper alpha amplitude of each participant’s spectral peak fre-
quency. On the first and fifth day, cognitive ability was tested by a mental rotation
test. A no training control group (n=10) performed the mental rotation task on days
one and five only. The feedback was presented visually over 25-minutes in the form
of coloured squares that changed between blue and red when alpha amplitudes were
respectively low or high in relation to baseline levels.

By comparing the baseline measures of session one to the last five minutes of

session five, NFT upper alpha was shown to have increased independently of other fre-
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quency bands, and eleven of the fourteen NFT subjects showed significant amplitude
rises. The enhancement of performance on the mental rotation task was significantly
larger for the NFT group than for controls. This second upper-alpha study confirms
that this form of eyes-open upper-alpha training is amenable to instrumental con-
ditioning in the longer term in a randomised population sample. Prior measures of
post-training improvements on mental rotation performance were replicated. Over-
all, this study supports the findings from the earlier single-session NrT trial docu-
mented by (Hanslmayr et al., 2005). Taken together, these upper-alpha studies have
reintroduced alpha training into the literature by avoiding some of the criticisms of
eyes-closed alpha training discussed in the work of Orne and Paskewitz (1974) (see
Appendix A on page 250). Unlike the single-session study, this paper does not doc-
ument correlations between upper alpha and performance changes, which appears to
confirm the validity of the single-session approach as a possible means of controlling
for interference from extraneous factors that change the EEG across training sessions.

The recent period of innovation giving rise to novel neurofeedback applications,
protocols and methodologies has recently seen a diversification into the examination
of training gamma frequency EEG components. In the last year, two studies of gamma
(36-44Hz) in relation to beta (12-20 Hz) have been added to the optimal perfor-
mance literature (Keizer et al., 2010b,a). Whilst all of the previously examined studies
in this field have revealed attentional or attention mediated memory improvements,
gamma band EEG activity was trained in efforts to modulate its association with in-
telligence, which is purportedly mediated by visual feature-binding costs (Jausovec,
2004).

The first gamma NrT study measured intelligence with Raven’s standard progres-
sive matrices (Raven, 1938) and a task based on Hommel (1998) designed to measure
the cost of feature binding expressed in timing and error. These measures were carried
out prior to and following the experiment, and their sequencing was counterbalanced
to adjust for order effects.

Each of the subjects was allocated randomly to a group promoting occipital (Oz)
gamma relative to beta (n=7) or vice-versa (n=7). Participants completed 8 x 30-
minute neurofeedback sessions over a period of 10 or 11 days. In a move to increase
experimental control, the experimenters implemented a double-blind design, whereby

expectation related effects were controlled for by making both participants and exper-
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imenters blind to the training protocol under review.

Following the intervention period, within-group comparisons saw the gamma
training participants had successfully elevated gamma across sessions. They also demon-
strated that their general gamma power was correlated positively with intelligence
measures, and that changes in gamma were reflected in changes in intelligence mea-
sures. Additionally, post-training between groups comparisons showed that the gamma
NFT group exhibited improved feature binding performance compared to controls.

As with the Hoedlmoser et al. (2008) study, the innovative use of another NFT
intervention as a control condition does appear to constitute a valid attempt to detect
protocol specific effects. The fact that beta training had no advance likelihood of
optimising intelligence and feature binding does not detract from this design, as beta
acted as the placebo in what effectively constitutes a double-blind placebo controlled
trial. It does however seem worth arguing that gamma NFT might demonstrate its
efficacy best in comparison with a feasible alternative, although this is a preliminary
study which entails that effects should be exposed as fully as possible in low powered
statistical analysis (group n=7).

Keizer et al. (2010a) is a very similar study to the one above with some extensions.
Firstly the electrode at Oz was complemented by one at Fz. Frontal EEG was added into
the beta promotion protocol only, but both electrodes were measured for evidence of
synchronous EEG patterns. Single band rewards were used here in a simplification of
the previous design that used relative measures. The final change was in the inclusion
of a long term (episodic) memory recall task, which was added to extend further the
exploration in the relationship of NFT to memory performance.

Feature binding was measured as in the previous study, and long term memory
was assessed by a cued pictorial colour recall test (Cycowicz et al., 2001). The healthy
participants were randomly assigned to NFT groups in gamma (n=8) and beta (n=9),
and received 7-8 daily sessions lasting 30-minutes.

By comparing first to final five minutes of sessions, and entire first and final ses-
sions, the authors showed that participants in the gamma group could significantly
raise gamma by the end of the study. Inter-electrode coherence was also increased, par-
ticularly in the beta group, who disclosed post-training Oz-Fz EEG coherence increases
in both gamma and beta bands, whilst the gamma group disclosed gamma coherence.

The feature binding improvements associated with gamma were replicated from the
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prior study. Both groups improved on measures of long-term memory recall; with
gamma participants achieving changes via recall type memory, and the beta group
using familiarity type memory.

Taken together, this and the previous study, alongside (Hoedlmoser et al., 2008)
and (Vernon et al., 2003) are representative of the growing interest in investigat-
ing memory using NrT applications. The finding that fronto-occipital beta coher-
ence rather than power seemed to be more related to improved memory performance
appears to support Vernon et al.’s (2003) speculation that long-range connections
demonstrate memory function rather than site specific activity. The 12-20 Hz beta
band in this study incorporates the SMR component, which additionally supports this
interpretation. Despite concerns over the use of bipolar montages expressed elsewhere
in the clinical NFT appendices, this study referenced each electrode separately to a null
EEG site, and as such the inclusion of long range coherence measures constitutes a
promising development for the use of NET in exploring widely distributed neural pro-
cesses.

The penultimate study in this review sees a return to the performing arts appli-
cations of NET. In this case two types of sMR feedback methodology were compared
to each other: one providing visual feedback via the standard computer monitor, and
one using a 3D virtual reality (VR) environment (Gruzelier et al., 2010). In both types
of feedback the display was based on an auditorium, with current smr (12-15Hz)
amplitude represented by stage light levels, and theta (4-8 Hz) and beta (15-21 Hz)
represented by crowd noise levels.

Student actor participants were randomly allocated to VR (n=5) or screen (n=0)
type training, with 4 students who were not able to fully participate acting as no-
training controls. Between 7 and 10 x 30-minute NFT sessions were given to partici-
pants, and training followed 3-minute baseline periods to establish reward and inhibit
thresholds at 0.8 and 1.2 of initial EEG averages respectively.

Prior to and following NET, acting performance (consisting of studio monologues
and Hamlet excerpts) was filmed. The pre- and post-training performances were eval-
uated from a randomised sequence of video clips by an order and group blind panel
of three acting teachers. Pre-post training measures of flow (Csikszentmihalyi, 1997)
were also recorded, and were used to measure subjective reports of optimal experience.

In the comparison of screen and VR training, it was found that both groups in-
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creases the sMR to theta/beta ratio significantly, and exhibited the same learning curve
in the training ratio across 6 sessions. Polynomial contrast analysis revealed a signif-
icant quadratic trend difference between interventions, with the VR group reaching
the maximal training ratio at 4 sessions as opposed to 5 in the screen group. Between-
group comparisons of acting performance revealed a group (2) x rating (11 scales)
interaction, underpinned by significant within-vR improvements on five subscales. In
measures of Flow both sMR groups scored higher than controls on reported sense of
control, confidence and feeling at-one, and there were numerous positive correlations
between the actors’ flow reports and their panel ratings, highlighting an interesting
link between actor and audience perception.

This study is small and consequently lacks sufficient statistical power to demon-
strate reliable between group differences, and in terms of design, the control group
were formed not out of a process of randomisation but through self-selection, making
group comparisons harder to interpret and generalise. Despite this, the comparisons
between 2D and 3D feedback suggest that VR training brings training parameters un-
der operant control more rapidly than a 2D display, and delivers greater benefits to
acting performance. This finding was interpreted in terms of the immersive qualities
of the 3D display, which assisted performers in engaging with the feedback.

The final study in this review (Ros et al., 2010), is not an optimal performance
study as such, and does not measure post-training performance, although it does in-
vestigate the motor response to training, so has some relevance to the scope of this
thesis. In continuation of the theme of exploring transient NFT effects introduced
by (Hanslmayr et al., 2005), this study explored the effects of alpha reduction and
sMR enhancement on the corticomotor response and intracortical inhibition, both
measured via T™MS induced motor evoked potentials (MEP) in the hand. It was found
that intrinsic suppression of alpha cortical rhythms increases corticospinal excitability
and decreases intracortical inhibition for a period of at least 20 min. Twenty-four
healthy participants were randomised into two protocol groups receiving a single 30-
min NET session: alpha suppression (n = 12) or sMR enhancement (n = 12). Protocols
were trained at approximately C3 close to the location that the right first dorsal in-
terosseous (FDI) muscle is represented in the sensorimotor cortex. The experiment
hypothesised that reducing alpha (8—12 Hz) would increase the motor response to

™S, whilst the sMr (12-15 Hz) procedure would have the opposite effect.
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The results of the study documented that the alpha reduction protocol did signif-
icantly reduce alpha amplitude from baseline resting measures, whilst sMRr enhance-
ment did not. This ‘suboptimal’ NFT response was interpreted as the use of a possibly
inappropriate training approach amongst participants. Post alpha-suppression train-
ing measures of EEG and TM™s triggered EDI potentials were made over a 20-minute
period, and derived measures of corticospinal activity were significantly higher, and
intracortical inhibition significantly lower than pre-training measures. Despite this,
the between-groups differences on post-training measures were not significant, al-
though some of the sMR participants had appeared to actually achieve the opposite
of training goals, disclosing increases in later MEPs, suggesting that group differences
were blurred somewhat. Furthermore the linear trend of alpha reduction (measured
as the correlation coeflicient of time-in-training and the decline of alpha amplitudes)
was significantly correlated with MEP increases, suggesting that a protocol specific
effect was in evidence. Interestingly, although the relationship of each hemisphere
was analysed independently of the other in terms of the MEP response to trained or
untrained hemispheres, the prior study of Barnea et al. (2005) had suggested that
lateralised training protocols nonetheless led to activation in inter-hemispheric net-
works. This suggests that the analysis of hemispheres in isolation in this study did not
allow for the interaction between hemispheres to account for training effects. Over-
all, the application on an alpha suppression protocol over the somatosensory cortex
produced reliable within-group changes in alpha amplitudes, MEPs and cortical in-
hibition, suggesting that performance related applications of this protocol could be
explored, with a potential role in attempting to raise suboptimal corticospinal activity
following stroke, or in optimising the effect of practice in the learning of motor tasks.

This section has reviewed the optimal performance applications of fast-wave EEG
training protocols incorporating SMR beta and more recently gamma components. As
with the clinical applications of fast-wave NET (reviewed in Appendix B on page 271),
this area of investigation has seen considerable innovation in the design of experi-
ments: including the use of either feasible ‘active’ alternative interventions, an accel-
erated research programme exploring transient training effects, and the first appar-
ently successful attempt at mounting a double-blind placebo controlled NFT experi-
ment. The research methodologies used have also been meaningfully advanced, with

the inclusion of task-related EEG measures that allow for electrophysiological com-
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parisons between NFT and task performance. This level of comparison suggests it has
the promise of being able to disclose how NFT effects on performance are mediated
by the brain. The major findings of the fast-wave research in healthy subjects have
been the improvement of cognitive performance in measures of sustained attention,
memory encoding/retrieval, and preliminary findings indicating a role for SMR NFT in

modulating acting performance.

1.4.3.4 Summary of optimal performance studies

This section has reviewed the literature documenting optimal performance applica-
tions of EEG neurofeedback as a precursor to detailing my own studies of music per-
formance that include both alpha-theta and sMmR training procedures. Measures of
training, electrophysiology and task performance, and their inter-relations have been

assessed, as have the research methods used.

1.5 Creativity, Hypnagogia and Music performance

As discussed in Section 1.4.3.2 on page 43 and also Appendix A on page 250, alpha-
theta training seeks to modulate the t/a ratio with the objective of initiating and sus-
taining hypnagogic EEG, operationalised as SLEEP STAGE 1. The following section will
define how creativity will be realised in the fieldwork, assess the hypnagogia-creativity
link that underscores the research methodology of this thesis, and conclude by demon-
strating the distinct role that music performance has in the empirical observation of

creative behaviour.

1.5.1 Problematising creativity

Within psychology there are both reductionist and holistic approaches to bringing
creativity under experimental control. In the former category, psychometric tech-
niques have been derived beginning with the process driven work of Guilford (1950)
and Mednick et al. (1965); taking a product driven view, Amabile (1982) and Simon-
ton (1997) emphasised the role of selective behaviour as the principal determinant of
creative value. Most recently, the research community has returned to exploring the

role of the process underlying creative behaviour, and Dietrich (2004a) has attempted
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to overcome the problems facing psychometric definitions by reducing the complex

edifice of human creation into four hypothetically distinct neural phenomena.

1.5.1.1 Psychometric concepts

Starting in the 1950’s, attempts to quantify the cognitive basis for creation have mea-

sured individual differences in idea formation tasks.

Joy Paul Guilford Guilford conceptualised creativity as a process of ‘Divergent think-
ing’ — the ability to elicit multiple responses from a given stimuli — and Christensen
et al.’s (1960b) ‘Alternate uses task’ encompasses this thought process by soliciting

non-standard uses for household objects, and establishes the following metrics:

* Fluency (The number of uses)

Flexibility (The number of usage categories - as judged by a panel)
* Originality (The distinctiveness of a given use in relation to the whole sample)

* Elaborateness (The extent of detail)

The alternate uses task  Here is an example of the script given to test participants:

Please consider some common objects. Each object has a common use, which
will be stated. You are to list as many as six other uses for which the object or

parts of the object could serve.

EXAMPLE:
Given: A NEWSPAPER (used for reading). You might think of the following
other uses for a newspaper:

. start a fire

. wrap rubbish

swat flies

stuffing to pack boxes

line drawers or shelves

IR -~ Y

make a kidnap note

Notice that all of the uses listed are different from each other and different
from the primary use of a newspaper. Each acceptable use must be different from
others and from the common use.

Do not spend too much time on any one item. Write down those uses that
occur to you and go on to the others in the same part. You may return to the

incomplete items in a Part if time for that part permits.
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There are two parts to this test, with three items per part. You will have 4

minutes for each part. — Christensen et al. (1960b,a)

In test scenarios, the written responses of participants to provided stimuli are
scored by independent raters, and the raters’ attribution of categories, originality and
elaborateness is then assessed by means of Inter-Rater-Agreement statistics, e.g. Fink

et al. (2000).

Sarnoff A. Mednick Whilst Guilford typified creativity as divergent thinking, his
contemporary Mednick (1962) argued that the creative process was based on a form
of combinatory association in which seemingly disparate concepts converge, citing

Poincaré as a compelling articulation of this:

* *To create consists of making new combinations of associative
elements which are useful. The mathematical facts worthy of being
studied ... are those which reveal to us unsuspected kinships be-
tween other facts well known but wrongly believed to be strangers
to one another. Among chosen combinations the most fertile will
often be those formed of elements drawn from domains which are

far apart.'" — Poincaré and Halsted (1913)

MednicK’s inferred measure of creativity, the ‘Remote associates test’ was then ex-
amined for construct validity against college tutors’ subjective ratings of how creative
their students were, and the extent to which leading architects score high or low on
measures of originality. Furthermore, high scorers on the RA.T test were not gener-
ally high scorers on gross point average measures of academic performance, possibly

distinguishing associational ability from general intelligence.

The Remote associates test The ‘Remote associates test’ (Mednick and Mednick,
1967a,b) measures the extent to which a subject can associate three words by pairing
each of them with a fourth. For example the words: Broken, Clear and Eye can all
be interconnected with the word Glass (More examples at varying levels of difficulty
are shown in Table 1.1). The test is scored according to the number and difficulty of

correct associations drawn.
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Table 1.1: Example stimuli used in the Remote associates test (Mednick and Mednick,
1967b)

RA.T item Solution Difficulty
Dollar / Stop / Language  Sign Very Easy
Set / Program / Cable Television  Very Easy
Cottage / Brick / Cake Cheese Very Easy
Head / Street / Dark Light Easy
Surprise / Line / Birthday ~ Party Easy
Red / Go / Car Stop Easy
Food / Front / Drug Store Medium
Noise / Collar / Wash White Medium
Bay / Picture / Washer Window Medium
Desert / Ice / Spell Dry Hard
Magic / Plush / Floor Carpet Hard
Soap / Shoe / Tissue Box Hard
Self / Attorney / Spending  Defense ~ Very Hard
Artist / Hatch / Route Escape Very Hard
Reading / Service / Stick ~ Lip Very Hard

Continued use of psychometric thinking tests Despite appearing contradictory in
their conception, both the divergent and associative definitions and measures of cre-
ativity both require the ability to generate a wide assortment of responses to original
stimuli (see Figure 1.6), and as such may both be measuring the ability to generate
multiple responses. The Remote associates task goes further however by eliciting the
drawing of parallels between the responses.

Psychometric measures of creativity have remained popular and are widely used
to this day. Following Guilford, Torrance (1974) formalised and drew further mea-
sures of divergent thinking, and Mccrae (1987) found a positive correlation between
‘Divergent thinking’ aptitude and the five-factor personality dimension of ‘Openness
to experience’ (Costa and McCrae, 1985), concluding that “Individuals who easily
generate new ideas, whose cognitive processes are flexible, may develop an interest
in varied experience.” This finding adds some weight to the case for the reliability
of tests of divergent thinking, although conversely it has been found the outcome of
these tests can be altered by subliminal exposure to corporate logos (Fitzsimons et al.,

2008). This suggests that rather than being stable across test conditions (as IQ tests
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Steep A iative Mierarchy
e e Flat Associative Hierarchy

Associative
Response
Strength

Chair Cloth Wood Leg Food Mabel

Figure 1.6: MednicK’s (1962) associative hierarchy of the word “Table’ - respondents
with a flatter associational hierarchy tend to be able to imagine a wider collection of
associations, and tend to perform better on the Remote associates task by virtue of
their fluency.

are agreed to be), divergent thinking methods can be quickly and easily subverted. In
any case, for continued want of an approach that clearly associates thinking tests with
for example achievements in real-world creative output (Sawyer, 2012), these psy-
chometric measures continue to be widely assumed to serve as measures of creativity
itself.

Starting with Martindale and Armstrong (1974) in the 1970’, and then in rapidly
increasing numbers since the beginning of the 21%¢ century, a procession of cognitive
neuroscientists have used these tests in an effort to disclose distinct neural activities
underpinning creation behaviour, yet the results so far have been highly variable, repli-
cations have not been observed, and when reviewed together, the assembled data ef-
fectively preclude interpretation (Dietrich and Kanso, 2010; Arden et al., 2010) —

more of this later.

1.5.1.2  Social and evolutionary concepts of creativity

Bearing in mind the conceptual difficulties posed by the work of Guilford and Med-
nick in defining creativity as a distinct thought process, later psychologists moved
away from attempts to make the process tractable, focussing instead on a more out-

come driven definition of creativity.

Teresa Amabile Amabile (1982) set out a method called the ‘Consensual assessment

technique’ with which a given product could be deemed inherently creative insofar
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as:

1. A subsection of the population are able to achieve consensus as to what is a

creative outcome, according to their own subjectively held views
2. 'They are also able to agree how creative a given outcome is

3. Their consensus can be distinguished from aesthetic and technical factors, which

can confound creative judgement.

The ‘Criterion problem’ in creativity research In her critique of the earlier psy-
chometric attempts to study creativity, Amabile argued that they had only been suc-
cessful in isolating abilities that contribute to creative performance by observing be-
havioural characteristics — consequently, neither divergent thinking nor remote asso-
ciation tests are able to define the creative value of an outcome, only the characteristics
of the person who produced it. Amabile characterised this as the ‘Criterion problem’:

“The lack of a clear operational definition and an appropriate assessment methodol-

»

ogy.

The ‘Consensual assessment technique’  Arguing that creativity could effectively
be both operationalised and assessed with reference to its value in a social context,
Amabile’s method uses the social environment to both subjectively define and measure

creative value by gauging the extent to which an audience can agree on the creative

merit of a given real-world outcome.

Dean Keith Simonton In common with Amabile, Simonton (1999) also empha-
sised the importance of the audience in defining creative merit, although he doesn’t
focus on the immediate social context. Instead his conceptualisation of the audience
is as a receiver of a random mix of variability, from which creativity is selected out.
Simonton defines the selection of creative value from random variation at three
distinct levels: the individual; the social; the cultural. His view is that creative out-
comes originate from an entirely random process of variation, and that randomly
generated outcomes are selectively retained according to a heuristic he compares to

the evolution of species.
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The evolutionary basis of creativity = Simonton (1999) argues that the ‘Random
variation’ and ‘Selective retention’ of creative outcomes occurs in each of the three
audiences: at the individual level, outcomes are generated seemingly at random but
retained according to personal selection heuristics; the same process then repeats in the
social plane as individual outcomes join a randomly assembled mix of outcomes, with
selection proceeding according to socially derived criteria (which is what Amabile’s
(1982) technique captures); finally, a culture continually encounters new creations at

random, and selectively retains some according to cultural requirements.

The ‘Equal odds rule’ Unlike Amabile’s (1982) approach to defining judge-
ments about creative value, Simonton doesn’t describe the mechanism underlying the
‘Selective retention’ of creation. Instead, his empirical work focusses predominantly
on making the case for ‘Random variation’ as the basis of creative behaviour by pre-
senting evidence in support of his ‘equal odds rule’ (Simonton, 1997): On average,
the quantity of a person’s creations will predict the quality with which they will be
perceived in any sphere. Two types of evidence are submitted to support this view:
life-span and cross-sectional success rate measures.

In his longitudinal analysis of the successes and failures of the great composers,
Simonton (1997) demonstrated that, on average, the ratio of successes to failures
remained constant. At the height of productivity, composers produced what went on
to become critical hits and misses at the same rate as they did later in life, when it
might be anticipated that their hit rate would rise as a product of their experience.
This is taken as evidence that the composers’ creative values can not predict social and
cultural values because of the essential randomness with which they join the fray.

Simonton (2003) also observed the equal odds rule when looking cross-sectionally
at the relationship between academic productivity and extent of critical acceptance,
which he expressed as the citation count. He found that on average, the most prolific
scientists were those who produced the most cited works, furthermore, these prolific
academics also produced the majority of works receiving fewest citations. This was
interpreted as evidence that the social or cultural retention of a given creation cannot
reliably be foreseen by the individual, and that the key determinant of academic suc-
cess is prolificacy. There are exceptions to this general rule, but Simonton maintains

that each level of selection takes place amid a random mix of outcomes.
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The return of the behavioural paradigm Although Amabile and Simonton both
advanced the view that creativity is, by definition, selection rather than inception,
their refusal to define selection behaviour, coupled with the advent of cognitive neu-
roscience methods, has seen a return to the focus on individual differences within the

behavioural paradigm.

1.5.1.3 'The cognitive neuroscience of creative behaviour

Existing psychometric measures of creativity appear untractable in the brain  Orig-
inating in the EEG studies of Martindale and Armstrong (1974), and increasingly
greatly with advances in of neuroelectric and neuroimaging methods, a great num-
ber of studies comparing ‘Divergent thinking’ and ‘Remote association’ to control
tasks have emerged. The accumulated studies have been reviewed by Dietrich and
Kanso (2010) and Arden et al. (2010) who found that in combination, the results
provided no reliable evidence of a distinct neural signature underlying performance
on creative tasks. Dietrich and Kanso’s (2010) review of 63 studies concluded that the
neuroelectric results varied hugely and neuroimaging outcomes agreed only on “dif-
fuse prefrontal activation.” Arden et al. (2010) reviewed 45 studies, and found the
neuroelectric and neuroimaging evidence so variable as to preclude interpretation.

In both reviews, a way out of the current disarray was suggested. Arden et al.
(2010) produced a manifesto proposing various methodological alignments that could
be observed by the research community, including one that Dietrich and Kanso (2010)
also promoted, that of domain specificity. Citing his earlier attempt to deconstruct
the creative edifice, (see Figure 1.7 on page 80), Dietrich suggested that for neuro-
scientists, a more promising approach to finding creativity in the brain would be to
depart from tests of ‘Divergent thinking’ and instead concentrate on capturing specific
modes and domains of creation.

The subsequent work in this thesis accepts Dietrich’s (2004a) invitation to ap-
proach a behavioural subset of creativity, and attempts to encapsulate his conception
of ‘Emotional knowledge’ being exercised in the ‘Spontaneous processing’ mode. In
his definition, the representation of emotional signals in working memory have a dis-
tinct revelatory phenomenology, and he cites Coleridge’s (1816) conception of the

poem ‘Kubla Khan, or Vision in a Dream’ as a classic example of this type of creative
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Knowledge Domain

Emotional Cognitive

Deliberate

Processing
Mode

Spontaneous

Figure 1.7: from Dietrich (2004a) who hypothesised that: “... there are four basic
types of creative, each mediated by a distinctive neural circuit. Creative insight can
be the result of two processing modes, deliberate and spontaneous, each of which
can guide neural computation in structures that contribute emotional content and in
structures that provide cognitive analysis. Crossing the two processing modes with
the type of information yields the four basic types of creativity.”

insight:

**The author continued for about three hours in a profound
sleep, at least of the external senses, during which time he has the
most vivid confidence, that he could not have composed less than
from two to three hundred lines; if that indeed can be called com-
position in which all the images rose up before him as things, with
a parallel production of the correspondent expressions, without

any sensation or consciousness of effort." — Coleridge (1816).

Spontaneous processing of emotional content as a tractable creative state?  Unlike
Arden etal.’s (2010) call for domain specificity in experimental tasks, Dietrich (2004a)
emphasises that emotions do not require domain specific knowledge to be communi-
cated, although appropriate skills must be used to express them in creative work. As
I will discuss in Section 1.5.3 on page 86, music improvisation appears to be a plau-
sible candidate to observe this distinct category of creativity. The remainder of the
thesis will centre on the operational definition of creativity as Spontaneous processing
of emotional content’ with an emphasis on music improvisation as a means of realising
this in the fieldwork.

As will be discussed in following Section 1.5.2, the question is posed as to whether
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the neurophysiology of spontaneous processing of emotional content’ bears the same
hallmarks as that of hypnagogia.

In terms of measuring outcomes, the musical attempts to realise Dietrich’s (2004a)
proposed state will be evaluated in reference to Amabile’s (1982) consensual assess-
ment technique to arrive at a socially valid representation of what a spontaneous pro-

cess of emotional content must provide to indicate its relevance beyond the state itself.

1.5.2 Hypnagogic Creativity

In this section I will summarise the historical association between hypnagogia and
creativity, leading to the outline of an empirical framework that uses alpha/theta NFT

to try to moderate this relationship experimentally.

1.5.2.1 Historical accounts of hypnagogic creativity

Prior to the scientific work investigating the potential practical application of alpha-
theta NFT in regulating hypnagogia, the association between hypnagogia and creativity
had been described for millennia, with historical accounts of hypnagogic imagery in

creative endeavour being compiled by Koestler (1964) and Mavromatis (1987).

Arthur Koestler Considering the apparently fertile ground for creative endeavour
offered by early sleep, Koestler (1964) considered whether the hypnagogic state might
be a physiological correlate of creativity, and proposed that creative insight occurrs as
a product of ‘bisociation,” a form of thinking where apparently unrelated concepts are
either ‘juxtaposed’ in the arts, ‘inverted’ in humour, or ‘synthesised’ in science.
Koestler argued that many of the great creative insights throughout history had oc-
curred when the originators were in semi-conscious states, and that semi-consciousness
established the right kind of thought conditions in which ‘bisociation’ could occur.
To support this proposal, Koestler provided a list of historical examples, with one of
the best known being Kekulé’s account of how he discovered the structure of benzene.
In a speech made 25 years after his breakthrough, Kekulé described how, following an
extended period of difficulty he had reached an impasse in his work, but then finally

made his breakthrough during a semi-conscious dream:
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**I was sitting writing on my textbook, but the work did not
progress; my thoughts were elsewhere. I turned my chair to the
fire and dozed. Again the atoms were gambolling before my eyes.
This time the smaller groups kept modestly in the background.
My mental eye, rendered more acute by the repeated visions of
the kind, could now distinguish larger structures of manifold con-
formation; long rows sometimes more closely fitted together all
twining and twisting in snake-like motion. But look! What was
that? Omne of the snakes had seized hold of its own tail, and the
form whirled mockingly before my eyes. As if by a flash of light-
ning I awoke; and this time also I spent the rest of the night in
working out the consequences of the hypothesis.'" — from Koestler

(1964)

2
=
o
g
s
>
=
Q
=
0
—
=~
{3z}
=
=

y

Figure 1.8: Image showing the structure of Benzene, as Kekulé claimed to have first
visualised as hypnagogic imagery of a snake holding its own tail.

Whilst it can not be confirmed whether Kekulé’s creative inspiration occurred as a
product of hypnagogic imagery and/or bisociation, the description of visual imagery

appears consistent with the hypnagogic state (Hayashi et al., 1999b).

Andreas Mavromatis Another commentator to explore the potential relationship
between hypnagogia and creative insight was Mavromatis (1987), who also collected
evidence in the form of anecdotal reports — one of the earliest accounts was attributed

to Aristotle, who described the “affections we experience when sinking into slumber,”
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and “the images which present themselves to us in sleep.” In Mavromatis’s (1987) ex-
amination of creativity, it was reported that some historical figures engaged the hyp-
nagogic state in their creative endeavours. One account came from Charles Dickens,

who wrote of the hypnagogia also described as hypnopompia, that is sleep-offset:

* It is a curiosity of broken sleep that I made immense quanti-
ties of verses ... and that I spoke a certain language, once familiar
to me, but which I have nearly forgotten from disuse, with fluency.
Of both these phenomena I have such frequent experience in the

state between sleeping and waking, that I sometimes argue with

myself that I know I cannot be awake ..."" — Dickens (1894)
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Figure 1.9: Image from Mavromatis’s (1987) recounting of Dickens’s hypnagogic ex-
periences.
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Another of Mavromatis’s (1987) examples describes how Thomas Edison, upon
encountering an impasse in his work, would doze at his desk whilst holding steel balls
in his hands; one of the physical effects of hypnagogia is the loss of muscle tone 7 and
as Edison approached sleep, his hands would release the steel balls, and the sound of
them hitting the floor would stir him from his reverie, during the course of which he

may have overcome his impasse.

Figure 1.10: The Edison statue at his home in Fort Myers, Florida. He’s shown hold-
ing a steel ball, the type of which he reportedly used in capturing hypnagogic insights.

7The loss of muscle tone during sleep onset can sometimes be accompanied by a conscious sensation
of falling, producing an involuntary response known as the hypnagogic myoclonus, like a startled

flinch.
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Mavromatis similarly recounts how Salvador Dali would doze whilst holding a
spoon over the floor in order that at the point of hypnagogia where muscle tone is
lost, he would drop the spoon and be awoken. In so doing, he was able to retain
conscious awareness of dreamlike imagery. The importance of sleep for surrealism,
and the nature of its role in the work of Dali is shown in some of his famous paintings
concerning the transformational qualities and delicate balance of sleep in surrealist art

(see Figure 1.11).

(a) The Persistence of Memory (1931) (b) Sleep (1937)

Figure 1.11: The time-warping effects (1.11a) and precariousness (1.11b) of sleep in
the work of Salvador Dali.

Prior to these examples of sleep imagery in surrealist painting, the founder of the
Paris surrealists, poet Andre Bréton, prescribed the use of hypnagogic imagery in his

‘Manifesto of Surrealism’:

** (I had been led to) concentrate my attention on the more or
less partial sentences which, when one is quite alone and on the
verge of falling asleep, become perceptible for the mind without its

being possible to discover what provoked them.'" — Breton (1924)

Historical accounts such as those given previously are not subject to direct empir-
ical inquiry, but they provide a context in which to consider the efforts of neurofeed-
back researchers to deploy alpha-theta NFT as a way to control mechanisms proposed

to underpin creativity.
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1.5.2.2 Alpha-theta neurofeedback and hypnagogia

Taking the previous accounts as a starting point, and comparing them with the knowl-
edge that alpha-theta NET promotes hypnagogia via t/a ratio elevation (Egner et al.,
2002), an outline of an empirical framework can be drawn.

This proposes that changes in t/a measures during N¥T, modulate the same psy-
chological mechanisms that also accompany creative insight. Accordingly, changing
these mechanisms could thus predict changes in creativity (musicality) to a greater ex-
tent than technique and communication. On this basis, the current thesis additionally
sought to further isolate the possible link between alpha-theta and musical creativity
by including an outcome measure specifically associated with music creation: music
improvisation, which, as will emerge, is also thought to exhibit a similar pattern of

neuronal deactivation.

1.5.3 Musical creativity in performance

In recent years research into musical creativity in particular has increasingly used im-
provisation as a means of observing the creative process as it takes place under labo-
ratory conditions. Whilst it has been argued that all music performance is inherently
creative, and the rendition of a score still requires interpretation, which may in it-
self be creative (Heilman et al., 2003), the use of spontaneous ideation makes a more
explicit call on the performer(s) to create at a given time, i.e. during an experiment.
Improvisation has been used in a series of experiments exploring the psychological
correlates of music creation and assessment. (Sawyer, 2000) stresses the important role
of improvisation as a tool for examining creativity empirically, as it allows not only
the final creative product to be examined, but it also discloses the process by which it

was created.

1.5.3.1 Improvisation as creative process

Human-human interaction has been documented as characterising the co-ordinating
behaviours used to generate and select the content of group improvisation (Bryan-
Kinns et al., 2007). In assessing musical creativity computationally, algorithmic com-

position and improvisation have been compared due to their shared emergent prop-
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erties (Papadopoulos and Wiggins, 1999), and the cognitive constraints on improvi-
sation and creativity have also been compared in terms of the psychological structures
that both enable and constrain both phenomena (Pearce and Wiggins, 2002).

In other psychological characterisations, musical improvisation has been likened
to Guilford’s (1950) psychometric definition of creativity as ‘Divergent Thinking’
(Gorder, 1980; Wang, 1985) with ensuing attempts to bring musical creativity under
experimental control as measures of improvisational fluency, flexibility, elaboration
and originality. These attempts could not however distinguish measures of musical di-
vergent thinking from technical competence and general intelligence. These attempts
appeared to suffer from the same criterion problem posed by ‘Divergent Thinking’ as
a definition of creativity in that they only encompass some attributes that may help

with creativity, but not creativity itself.

1.5.3.2 Improvisation as creative product

More recently, the explicitly quantitative and process based approach to creativity
measurement in improvisation has been eschewed in favour of the outcome evaluation
method based on audience responses.

Eisenberg and Thompson (2003) asked a panel to evaluate improvisation using
rating scales based on Amabile’s (1982) 3 factor Consensual Assessment Technique
(car). The car explicitly sets out to distinguish evaluations of creativity from technical
and aesthetic valence, although as with Gorder (1980), the authors found that it was
not possible to identify creative behaviour as a unitary phenomenon distinct from

technical and aesthetic factors.

1.5.3.3 Comparing music rendition and improvisation

In response to the difficulties experienced in isolating improvisational creativity from
other elements of music performance, some studies have explored the hypothesis that
music improvisation, as an explicit form of music creation, is substantively different
from music rendition. Before proceeding to consider this comparative approach, it
should however be qualified with Pressing’s (1988) assertion that no improvisation is
completely novel, and no rendition is completely lacking in novelty.

In terms of music creation, in an online, experimentally comparable setting, im-
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provisation provides an operational means of observing the mechanisms underlying
music creation. In comparison with offline, asynchronous music composition, impro-
visation is more easily integrated into a research method as it controls for additional
influences on creative behaviour, and constrains the time-span in which musical rep-
resentations can be evaluated, compared, and selected. This is not to say that feed-
forward editing does not take place in improvisation (Pressing, 1988), however, the
online nature of both improvisation and rendition means that they are more directly
comparable than composition and rendition.

On this basis, and despite the ambiguities concerning the creative as opposed
to technical/aesthetic merits of improvisation, this comparative approach is used in
process based analyses of creativity, with a series of recent attempts to reveal the neural
correlates of improvisation appearing in neuroimaging studies.

The studies of Brown et al. (2006); Bengtsson et al. (2007); Limb and Braun
(2008); Berkowitz and Ansari (2008) found activations across multiple brain areas
during music creation, suggesting that creativity can not be specifically associated with
any brain region in isolation; this form of creativity is, in other words, a ‘moving target’
(Dietrich, 2004a). However, one salient point that emerges from these studies is that
of activity in the prefrontal cortex. On the one hand Limb and Braun (2008) observed
that prefrontal areas deactivated during jazz-blues improvisation at a keyboard, whilst
on the other, Brown et al. (2006) found prefrontal activation during the vocalisation of
a musical response; (Bengtsson et al., 2007) found activations during an improvisation
recalled from memory; whilst (Berkowitz and Ansari, 2008) also found prefrontal
activations during the use of a five note diatonic keyboard.

This difference between fMRI studies has led Dietrich and Kanso (2010) to sur-
mise that novel response generation in the Limb and Braun (2008) study was likely
to have arisen from freely selected ‘implicitly’ recalled motor sequences which did
not require the intervention of higher order cognitive functions, whilst the remaining
studies all included tasks requiring a greater degree of working memory and atten-
tional organisation that would be expected to activate prefrontal brain areas. Dietrich
then goes on to draw parallels between Limb and Braun’s (2008) finding and his
own hypothesis (Dietrich, 2003), that creative responses can occur during fleeting
moments of hypofrontality: the transient inhibition of processes that organise work-

ing memory, thereby allowing random and potentially creative combinations to be
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mnemonically represented.

1.5.3.4 Hypnagogia, alpha-theta, and improvisation

It is worth noting at this point that in Dietrich’s (2003) hypothesis, it is argued that the
EEG signature (De Gennaro et al., 2001) that discloses “executive deficiencies” (Muzur
et al., 2002) in sleep-onset, is the same signature that can be seen in alpha-theta NFT
(Egner and Gruzelier, 2004a) and the spontaneous processing of emotional content.

Therefore, the previously described neurophysiolgical similarity between hypna-
gogia, alpha-theta NrT and the spontaneous processing of emotional content (creativ-
ity), now expresses the latter as music improvisation, paving the way for a scientific
investigation which examines whether modulating the common physiology modu-

lates creativity.

1.6 Summarising the background context

This chapter first reviewed the origin of EEG in the brain, and consequent the history
of NFT.

Consequently, I reviewed applications of NFT in healthy subjects designed to op-
timise the self-regulation of hypnagogia (alpha-theta NFT) and motor inhibition (SMR
NFT). Hypnagogia later forms the basis for the principal research question of this
thesis, and motor inhibition is examined secondarily.

The concept of ‘Optimal performance’ in the context of NFT applications was con-
sidered as a means of regulating the debilitating effects of performance anxiety on task
execution, and the literature presenting prior optimal performance NeT applications
was reviewed.

The question of defining and measuring creativity, which forms that overriding
research question of this dissertation was then reviewed, and the current operational
definition was set as the ‘Spontaneous processing of emotional content’ the product
of which is subjectively and consensually agreed to be creative by a social audience.

Hypnagogia, a candidate neural correlate of creativity, was then examined as a
potential mechanism for regulating creativity, especially in the light of the fact that

alpha-theta NFT is thought to bring hypnagogia under volitional control.
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Finally, music improvisation was presented as an experimental method for ob-
serving both creative processing and the evoked social response, encapsulating the

combined process+product definition of creativity.
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Aims

2.1 Research aims

2.1.1 Primary aims

Exploring creativity by attempting to quantify and modulate it The overall aim of
the research is to disclose creativity in a tractable way, and to attempt to modulate it.

This aim is composed of three smaller aims:

1. Define creativity in an experimentally tractable way Define creativity in a
way that addresses the tensions in psychology and cognitive neuroscience about how
to make it experimentally tractable. The introduction to this dissertation tried to
reduce this problem by exploring a proposed single basic type of creative behaviour
— spontaneous processing of emotional content — through a social psychology of its

creative value.

2. Regulate creativity via hypnagogia To use applied neuroscience to modulate
hypnagogia, a candidate neural correlate of spontaneous creative insight — and in so
doing reinforce physiologies underlying spontaneous creative insight.

This is a prospective aim that seeks to reinforce hypnagogic electrophysiology us-
ing alpha-theta NFT.

This EEG reinforcement can be looked at as a short-term transient after-effect, or

a long-term reinforcement effect.
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3. Disclose creativity through improvisation To explore the application and
cognitive neuroscience of music improvisation as a candidate scenario for observing
creativity. This is because improvisation provides a context in which two things can
plausibly take place: a) the spontaneous processing of emotional content, b) the out-
come of the process can be evaluated socially.

In combination, it is possible to explore whether a social definition of creativity

(b) has a reliable personal antecedent (a).

2.1.2  Secondary aims

Optimise novice performance  The possibility of optimising sensory-motor skill reg-

ulation in novice musicians is explored.

Replicate and re-focus Egner and Gruzelier (2003) Replication of the first study
associating NFT with creativity is a starting point from which to advance the current
methodology, and to begin re-focussing the approach to handle the type of basic type

creativity addressed here.

2.2 Research questions

2.2.1 Converting aims to questions

Given the aims of disclosing creativity as the spontaneous processing of emotional
content using music improvisation, and modulating this processing through rein-
forcing hypnagogic EEG with alpha-theta, plus the aim of reinforcing sensory-motor
control in novice performance — the main research questions of this dissertation are

as follows:

2.2.1.1 List of research questions

1. Crearivity  Can measures of creativity be modulated by hypnagogia and alpha-

theta NFT?
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2. EEG TRAINING Can alpha-theta NFT be shown to regulate hypnagogic electro-
physiology? Additionally, and in relation to RESEARCH QUESTION 3, can SMR training

be shown to regulate sensorimotor activity?

3. NoviCE PERFORMANCE  Can measures relating to sensory-motor control in novice
performance be elevated by reinforcement of sensory-motor inhibitory control via sMr

NFT?

4. EFrect RELATION Can changes in NFT be associated with changes in perfor-

mance?

5. HYPNAGOGIA AND IMPROVISATION EEG  As candidate neurophysiologies thought
to disclose the spontaneous processing of emotional content, can these states be shown
to address the transient hypofrontality hypothesis (Dietrich, 2003) using applied neu-

roscience methods?

6. IMPROVISATION AS CREATIVITY Does the operational definition of improvisation
as spontaneous processing of emotional content work in distinction from other types
of performance — as a candidate for disclosing creativity in the brain and eliciting
a social response that validates creative judgement, which forms of improvisation are
most useful to the experimenter.

There’s also an additional research question about replication and picking up form

prior work in this field:

7. Is EGNER AND GRUZELIER (2003) REPLICABLE  Are relevant earlier reports repli-

cable?

2.3 Research method

To address the research questions, I will present the results of three studies:
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2.3.1 ExPERIMENT 1 — Optimising music performance with neu-

rofeedback, a constructive replication

As the literature review has shown, alpha-theta NFT has been associated with creativity
improvements in musicians (Egner and Gruzelier, 2003) and timing in dancers (Ray-
mond et al., 2005a). This study serves as an attempt to replication and extend Egner
and Gruzelier (2003). As ever, replication is required, and even more so here given
that Keizer et al. (2010a) have referred to their own failed attempt to enhance theta
band EEG activity with NrT. The replication part of Experiment 1 addresses REsearRcH
QUESTION 7.

'The proposed creativity association, has been interpreted as an interaction between
alpha-theta NFT and performance, possibly mediated by regulating frontal brain de-
activation through “Transient hypofrontality’ in hypnagogia (Dietrich, 2003).

Hypofrontality has been shown to occur as a function of alpha-theta training (Eg-
ner et al., 2004), sleep onset (Muzur et al., 2002), psychometric tests of creative think-
ing (Fink et al., 2006) and spontaneous musical creativity (Limb and Braun, 2008).

Experiment 1 replicates Egner and Gruzelier (2003), and in so doing addresses
RESEARCH QUESTIONS 1, 2, & 4, with the additional standpoint of the transient hy-
pofrontality hypothesis (Dietrich, 2003) as the mediating factor in the interaction
between alpha-theta and creativity.

Experiment 1 also introduces the question of novice performance (REsearcH
QUESTION 3) into the mix, given that the ‘Optimal performance’ application of NFT
may potentially augment sensory-motor processing in an unaccustomed music task.

Experiment 1 touches on the need for RESEARCH QUESTION 6 (IMPROVISATION AS
CREATIVITY), although without systematically addressing the issue of improvisation
type and creative disclosure.

Finally, Experiment 1 serves as a replication of Egner and Gruzelier (2003) in

addressing RESEARCH QUESTION 7.
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2.3.2 ExPERIMENT 2 — Interpreting the transient effects of neuro-

feedback on music performance

Experiment 1 had low statistical power due to the size of the three participant groups
(n = 8). Given that the design had nonetheless appeared to shine a light on differ-
ences in improvisation after NFT — addressing RESEARCH QUESTIONS I & 6 — it was
decided to add an additional cohort to this study.

Accordingly, Experiment 2 has the same design as that of Experiment 1, however
the final NFT session was immediately followed by the post-training performances,
and in so doing, the design of the study was effectively changed to one that explored
not only the long-term training effects of NFT but also the transient after-effects.

Investigations of short-term NFr effects in Hoedlmoser et al. (2008); Ros et al.
(2010) have indicated that for at least 20 minutes after NFT, training related physi-
ological effects can be observed. Exploratory comparisons between the two cohorts
confirmed that reliable differences occurred between the two alpha-theta cohorts, ra-
tionalising the break-up of this design into two studies.

As a consequence, Experiment 2 becomes an examination of short-term NFT ef-
fects as an adjunct to addressing RESEARCH QUESTIONS 1, 2, 3, 4 & 6 in common with

Experiment 1.

2.3.3 ExPERIMENT 3 — Neuroelectric measures of music improvi-
sation and rendition, and the after-effects of transient diurnal

sleep on motor performance and cognition

Whilst the prior work had operated on the assumption that the transient hypofrontal-
ity in hypnagogia had parallels in the spontaneous processing of emotional content
in improvisation; the missing link — confirmatory EEG measures of improvisation —
had yet to be established.

Accordingly this study set out to address REseARcH QUEsTION 5 (HypNagogia
AND IMPROVISATION) by examining evidence for transient hypofrontality in impro-
visation as a preliminary step in confirming the parallels between different scenarios
giving rise to spontaneous processing of emotional content.

Additionally, and in extensions of Experiments 1 & 2, the aim of Experiment 3
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was to systematically address RESEARCH QUESTION 6 (IMPROVISATION AS CREATIVITY)
by considering the merits of different improvisation types for creative disclosure.
Finally, and considering that Experiment 2 had raised the question of transient
after-effects of hypnagogia on motor performance, Experiment 3 considered REsearcH
QUESTION I (CREATIVITY) from a new perspective. It considered frontal lobe and mo-
tor function in cognitive and music performance tasks following hypnagogia. This
examined whether the short-term priming of hypofrontality with hypnagogia might
transiently down-regulate motor function whilst up-regulating cognitive function -

effectively leading to the divergent post alpha-theta NFT results in Experiments 1 and
2.

2.4 Commonalities, differences, and links between the

studies

The studies share RESEARCH QUESTION 1 (CREATIVITY) in common. In building on
prior associations between alpha-theta, hypnagogia and creativity, all the studies con-
sider attempt to address Dietrich’s (2003) proposal that “transient hypofrontality is
the unifying feature of all altered states,” including sleep and moments underlying
spontaneous creative insight. In the first two studies, this proposal is assumed to be
the case, whereas the third actively explores this by examining the EEG of improvisa-
tion for frontal hypofunction.

The studies also share RESEARCH QUESTION 6 (IMPROVISATION AS CREATIVITY) in
common. The overall design of the fieldwork holds that improvisation is the ideal
candidate to observe the working definition of creativity as a spontaneous processing
of emotional content (online) that can also be socially evaluated as being creative (of-
fline). The studies also ask the question “Which type of improvisation is appropriate
for this aim?” Experiment 3 in particular considers that improvisational skill may be
a pre-requisite for attaining spontaneous processing.

The first two experiments are ostensibly part of the same data capture, yet their
design diverged on the key issue of post-NFT test timing. Participants in Experiment
1 waited at least one hour before carrying out post-NFT assessments of music perfor-

mance, whereas those in Experiment 2 performed immediately - revealing a hitherto
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undocumented transient effect of alpha-theta Nrr. This design alteration led to the
data being treated independently.

Experiment 3 is quite different from its predecessors in that it does not employ
NFT methods to regulate hypnagogia and creativity. It does however continue to ex-
amine creativity after of hypnagogia, particularly in transient mode as a response to
the surprise encounter of Experiment 2. Additionally, the role of improvisation as a
means of disclosing creativity is further developed from prior work.

The appearance of RESEARCH QUESTIONS I & 6 in all three studies provides the
common thread that unites the dissertation, and will hopefully provide useful infor-
mation for those wishing to work with creativity as spontaneous processing of emo-

tional content, perceived as creative in the social context.
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Experiment One

3.1 Introduction

The problem addressed by this experiment is that whilst alpha-theta NrT has been
associated with changes in creative behaviour in at least four neurofeedback studies
(Green et al., 1972; Boynton, 2001; Egner and Gruzelier, 2003; Raymond et al.,
2005a), clear, controlled evidence of this has yet to be discovered. The theoretical
implications of this will be considered in the light of the long held yet empirically
lacking link between hypnagogia and creative insight, and the practical implications
will be considered in relation to the introduction of musical improvisation as a means
of observing creative insight in laboratory conditions.

An additional problem is introduced in this study: the previously unexplored
possibility that NFT may benefit novice music performance.

This experiment is a constructive replication of second of two NET studies carried
out in a population of conservatory instrumentalists, both studies were reported in Eg-
ner and Gruzelier (2003). The first study, a correlational design, provided evidence
that changes in theta/alpha (t/a) dynamics across 10 sessions of alpha-theta training
were associated with improvements in evaluations of instrumental competence, musi-
cality, and communication. The first experiment also showed within-subject effects
of a mixed sMmRr/beta protocol in reducing attentional errors on the Tova Go-NoGo
task (Egner and Gruzelier, 2001). The second experiment, a between-subjects design,
provided further evidence of modulated attentional performance following sMr and

beta NFT (Egner and Gruzelier, 2004b), and some of its data were used in disclosing
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resting frontal beta reductions following alpha-theta NrT (Egner et al., 2004). This
second trial also showed further musical changes following alpha-theta NFT, with im-
provements in measures of musicality and, as a result, overall quality.

This musicality finding of the latter RcM experiment drew some parallels with
the prior observation that alpha-theta training and the practice of hypnagogia it is
thought to regulate might be harnessed in raising creative achievement (Green et al.,
1972). As documented in Section 1.4.3.2, Boynton (2001) explored this association
empirically, suggesting that the wilful use of hypnagogia in either alpha-theta or re-
laxation training predicted increased creative flexibility as measured psychometrically
with the Torrance Tests of Creative Thinking (Torrance, 1974). Additionally, Ray-
mond et al. (2005a) provided some evidence that evaluations of timing and overall
performance in ballroom dance was improved following alpha-theta NrT. Taken to-
gether, the empirical support for the association between alpha-theta and creativity as
well as overall performance is equivocal, although it is considered promising that the
strongest evidence thus far came from the most rigourous investigation (Egner and
Gruzelier, 2003).

An empirical framework encompassing historical associations between hypna-
gogia and creativity, and the potential role of alpha-theta NFT as a means of moderating
this relationship is outlined in Chapter 1 Section 1.5. The framework incorporates
the role of music improvisation as an operational measure of creativity.

In the current study, the next step in using music performance to analyse the
possible link between alpha-theta, hypnagogia and creativity was to select a form of
improvisation that whilst providing scope for creative behaviour, nonetheless allowed
different performances to be compared against each other. Most musical improvisa-
tion (with the possible exception of free improvisation) explicitly incorporates forms
of musical constraint in time and/or frequency domains, and all the empirical stud-
ies discussed in Section 1.5, with the exception of Bryan-Kinns et al. (2007), used a
highly constrained ‘melodic template’ approach to measuring performance: In this
approach, a melodic framework is provided, within which the performer makes vari-
ations. The current study adopted a different method however, selecting a graphic
score called Stripsody (Berberian, 1966) (Figure 3.3 shows an excerpt of the score).
Unlike the prevailing ‘melodic template’ technique, the use of a graphic score places

less constraint on the actual pitches used, but more constraint on the way content
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changes over time. It does so by maintaining the same stimuli over the course of the
performance - and this may help judges to compare one performance to another as
the creative differences can be compared against a set series of stimuli-response pairs
rather than an evolving process of variation.

The criteria for selecting Stripsody for this study was that a vocal only improvi-
sation was sought - principally to explore whether reducing instrument differences
might also reduce error variance in analysis. Stripsody is one of the two vocal impro-
visations practised at Trinity’s voice faculty’. The technical details of the Stripsody
score are further discussed in Section 3.3.5. The other voice improvisation technique
used at Trinity is singing based on a phrase, e.g. “A walk in the woods.” Further
examples of the phrase stimuli used are listed in Section 3.3.5.3. This technique was
also used in the study, although not for voice but instrumental improvisations, as the
study also sought a non-vocal improvisation test that was based on the repertory that
Trinity staff were accustomed to evaluating. It was considered important that panel
who evaluated the performances had some familiarity with the improvisation methods
being practised as Amabile (1982) asserts that prior experience of a subject provides
the basis for identifying creativity within that subject.

In addition to testing whether the findings of the RcMm study are replicable in rela-
tion to creativity, the current study introduces some further additional music perfor-
mance tasks in order to consider a previously unexplored rationale for using SMR train-
ing in music performance. Considering that the preceding Rcm studies assessed expert
instrumental performance, it was proposed that novel music performance might be
differentially affected following sMR training,.

The rationale underlying this statement is based on two points, firstly musical ex-
pertise in relation to sensory-motor performance shows marked differences between
novices and experts, with trained musicians exhibiting much stronger interaction be-
tween auditory and motor processing in the brain, with auditory stimuli even evoking
involuntary finger movements in pianists (Haueisen and Knésche, 2001), and expert
musicians disclosing a greater ability to sustain attention on a musical task (Berkowitz
and Ansari, 2010); secondly, Ros et al. (2009) reported technical improvements and

reduced task-time of perceptuo-motor performance in trainee micro-surgeons follow-

Trinity’s head of voice, Linda Hirst, was recorded giving a performance of Stripsody on the album
“Songs Cathy Sang” (1988)
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ing sMR training. Given these two points, it is speculated that sMR training, which
has already been shown to optimise trainee surgical skills, may be more likely to raise
perceptuo-motor performance in novice performance than its expert counterpart, as
the stimulus-response interaction is less likely to be operating at ceiling levels than has
been observed in conservatory musicians, who even at undergraduate level have expe-
rienced many more years of practice than surgeons at a similar stage in their training.

A further consideration taken in staging a constructive replication of the Rcum stud-
ies was in the attempt to increase the experimental control of the trial by controlling
for instrument. In both the RcM experiments alpha-theta protocol NFT was associated
with improvements in music performance, yet clear difference between alpha-theta
and other groups was not observed. A possible confounding factor was that per-
formances were made using different instruments, which may have interfered with
ratings to some extent as the instrument played or the instrument played by the asses-
sor changes how performance is evaluated (Stanley et al., 2002). For this reason, the
novice-singing task also had the advantage of reducing the difference in instrument
to some degree.

In summary the current study addresses both the theoretical and practical impli-
cations of previous NFT investigations into optimising aspects of task performance.
The implication of Egner and Gruzelier (2003), that alpha-theta NFT may specifically
modulate measures relating to creativity gave rise to a new experiment, focussed on
using explicitly creative performance as an outcome measure of an NET intervention.
Ros et al. (2009) indicated that motor performance was modulated by sMR NFT, giv-
ing rise to an experimental rationale for using sMR to facilitate inhibitory control in

novice music performance.

3.2 Research questions

Primarily, this study explored whether sleep-onset EEG regulation can modulate cre-
ative performance. The creative behaviours explored either replicate those used in
preceding studies at the same lab (Egner and Gruzelier, 2003), or reflected the accu-
mulating research interest in improvised performance as a means of observing music
creation in the action.

Secondarily, this research also sought to examine whether the regulation of senso-
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rimotor EEG would modulate novice music performance.

3.2.0.1 List of research questions

There were five research questions in this study (see Section 2.2.1.1):

1. Creativity Can measures of creativity be modulated by hypnagogia and alpha-

theta NFT?

2. EEG TRAINING Can alpha-theta NFT be shown to regulate hypnagogic electro-
physiology? Additionally, and in relation to RESEARCH QUESTION 3, can SMR training

be shown to regulate sensorimotor activity?

3. NOVICE PERFORMANCE  Can measures relating to sensory-motor control in novice
performance be elevated by reinforcement of sensory-motor inhibitory control via SMR

NFT?

4. Errect RELATION Can changes in NFT be associated with changes in perfor-

mance?

7. Is EGNER AND GRUZELIER (2003) REPLICABLE  Are relevant earlier reports repli-

cable?

3.2.1 1. CREATIVITY

Given the previously described framework, which proposes that alpha-theta NFT, hyp-
nagogia and creative insight all share the same reduction in higher order cognitive
functionality, it is explored whether evaluations of musicality will be elevated follow-

ing alpha-theta NFT.

3.2.2 2. EEG TRAINING

In the alpha-theta protocol, it was explored whether that the t/a ratio would be el-
evated as a function of training, both within- and across-sessions. In prior work,

(Egner et al., 2002; Egner and Gruzelier, 2004a) it was found that the within-session
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t/a increases could be predicted more reliably, with only the latter study observing t/a
increases by comparing the first and final five sessions. In the sMR protocol it was ex-
plored whether the smr/(theta+beta) ratio would be elevated. Reliable within-session
increases in the sMR to theta, and a trend for within-session increases in the sMR to

beta ratio have previously been documented by Vernon et al. (2003).

3.2.3 3. NOVICE PERFORMANCE

As described previously, motor aspects of novice performance were explored for im-
provement by sMR NFT. The previous theoretical discussion had proposed that self-
regulation of task-based motor responses are already highly adapted in student musi-
cians due to their many years of prior training, and it was held that motor regulation
was already at or close to a ceiling level in expert performance in that population,
which may account for the lack of appreciable smRr effects on music performance in
(Egner and Gruzelier, 2003). In contrast, it was explored whether novice perfor-
mance would be optimised following sMR NFT, and that this would be manifested in

improved measures of technical competence.

3.2.4 4. EFFECT RELATION

Although the experiment was primarily designed to enable between-groups compar-
isons in identifying protocol specific effects on aspects of music performance, it was
additionally explored whether within-subjects measures of changes in music perfor-
mance would co-vary as a function of within-subjects measures of neurofeedback re-
lated EEG.

EEG changes are characterised as within- and across-session changes in NFT ratios
(t/a within the alpha-theta group, and smr/(theta+beta) within the sMR group), and
it was explored whether that changes in these measures would correspond to changes
in audience evaluations of creativity and technical competence within the alpha-theta

and SMR groups respectively.

3.2.5 7. Is EGNER AND GRUZELIER (2003) REPLICABLE

Are relevant prior post alpha-theta results replicable?

103



CHAPTER 3. EXPERIMENT ONE

3.3 Method

3.3.1 Participants

An advertisement inviting volunteers to join the experiment was distributed by email
and flyer around TcM, the Royal College of Music, Goldsmiths University of London,
Guildhall and Kings College. 24 music students volunteered for participation in the
experiment (10 females, 13 males; mean age 26, + 9.20). All of the participants were
instrumentalists with a non-expert level of singing ability - this ensured participants
were able to perform both non-expert singing and expert instrumental tasks. They
were allocated to experimental groups in the order of joining the study. No payment
was made for participation. An internal ethics committee at Goldsmiths approved
the study with no alterations.

Creech et al. (2008) provided evidence disclosing differences of musical history
on musical behaviour by comparing musicians that played in non-classical and clas-
sical traditions. The current study was comprised of 1 Jazz bassist, and 23 classical
instrumentalists: 7 pianists, 4 guitarists, 3 flautists, two violinists, and a single bassist,
percussionist, oboeist, cellist, clarinetist, and trumpeter. Creech et al.’s (2008) study
found that non-classical musicians attached greater importance to improvising music,
whereas their classical counterparts ranked ability to improvise as the least important
musical skill. In a study such as this, which uses improvisation to elicit and measure
creative behaviour, the effect of such musical histories on performance is likely to be
a contributory factor in the response of participants to the NFT intervention.

From a neuroscientific perspective, recent electrophysiological studies of classical
and jazz improvisation (Bengtsson et al. (2007) and Limb and Braun (2008) respec-
tively) have shown differing frontal neurophysiologies. The neural differences were, in
part, attributed to the finely developed improvisational skill of Jazz musicians (Limb
and Braun, 2008), and the relative deactivation of frontal cortices seen in the Jazz
study supports the approach transient hypofrontality hypothesis (Dietrich, 2003) that
this study also explores. Given the dominance of classical musicians in this study, the
participants’ level of improvisation skills was basic at best, and thus the study investi-

gated improvisation ability from a position of minimal prior engagement.
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3.3.1.1 Power

In the preceding study of instrumental performance reported in Egner and Gruzelier
(2003), the estimated effect size of TIME x GROUP interactions fell within the “small”
range (.02 - .25 Cohen (1988)). The small participation count (n=8) coupled with
the small effect size gave a low observed power of 0.24.

In order to establish whether Egner and Gruzelier (2003) is replicable in a study
with sufficient statistical power to differentiate an effect size of .2 - 25, with a statistical
power of 0.8 (as recommended by Cohen (1988)), a total of 42 participants would
be required in a three group study.

The current study recruited 24 participants, and the implied power of a 24 per-
son 3 group pre/post intervention GROUP x TIME interaction only achieves a level of
power=0.42, raising the likelihood of false negatives being declared towards 60%.

The logistics of mounting an appropriately powered study have been addressed in
an ADHD treatment study by Gevensleben et al. (2009b), who collected data from three
collaborating laboratories across Germany. The current study attempted to increase
the statistical power in a similar way, although not by recruiting simultaneously from
other sites, but by waiting for more participants to become available.

Data collection was extended to a second cohort from the following academic
year’s intake, and it was hoped to raise statistical power towards 0.8. A further 19
recruits at Goldsmiths College were given NrT, preceded and followed by measures
of musical creativity. However, due to differences in the execution and outcome of
second-cohort research, the pooling of data across interventions was ruled out (see
Section 2.3.2).

The observed power of changes in performance types for experiments 1 and 2
is shown in Table 3.1, and confirms that investigating a small effect size in studies

composed of small population groups resulted in low-powered studies.

Table 3.1: Mean observed power of music changes across repeated measures analyses

Instrumental ~ Stripsody ~Folk song Improvisation

Exp. 1 0.08 0.17 0.25 0.16
Exp. 2 0.09 0.26 0.25 0.27
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3.3.2 Design

Instrumental musicians volunteering to participate in the study were allocated into
three experimental groups in the order of joining the study: the first, second and
third members were allocated to alpha-theta, sMR and control groups respectively,
and this pattern continued with all following participants.

In total participant groups numbered:

* alpha-theta (n=8)

* SMR (n=8)

* no-training controls (n=8).

On joining, all participants commenced the experiment with a filmed perfor-
mance comprising 4 pieces:

* Folk song with accompaniment (Britten, 1948)

* Vocal improvisation from graphic score (Berberian, 1960)

* Instrumental from participant’s own repertoire

* Instrumental improvisation on a theme

Subsequently, participants in NFT groups received training sessions every 3 (+4)
until they had received 10 sessions; controls received no intervention for 30 (x17)
days. This group was included to control for the effects of time and practice on the
post-training measures. One control participant dropped out of the study as they
were unable to attend post-intervention testing appointments.

Finally, all participants repeated the performance carried out at the start of the

study.

3.3.3 Neurofeedback Procedure

Neurofeedback training was carried out with EEG Spectrum International, Inc. EEger
software (Version 4.13c) using the Thought Technology pre-amp and Procomp am-
plifier. The software provides both alpha-theta and smr feedback protocols.
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The signal was recorded referentially with 3 passive electrodes: the signal electrode
over the cortical location being recorded (Pz in alpha-theta and Cz in sMR); the ref-
erence electrode on the left earlobe; the ground electrode on the right earlobe. The
electrode locations were prepared with ‘NuPrep,” a gentle abrasive detergent to re-
move loose skin, and the electrodes were attached with “Ten20’ conductive paste. The
EEG is interpreted as voltage differences between signal and reference, with respect to
the ground electrode, an isolated current-limited input used to provide a zero voltage
point.

The recording was amplified, impedance was kept below 5 kilo-ohms, and the
signal acquired at a 256 Hz sampling rate. The raw samples were lowpass-filtered by
a 40 Hz filter to remove ambient noise (mainly in the form of European standard
electrical mains interference at 50 Hz). A voltage threshold was set at 60 microvolts
to remove electrical potentials created by muscle cells, which have an average range of
between 50 microvolts and 30 millivolts.

The resulting lowpass signal was fed to a number of processing streams, which
either trigger the provision of rewarding feedback, or inhibit rewards. In each stream,
the lowpass signal is bandpass-filtered into various frequency bands using Infinite Im-
pulse Response (11r) digital filters. The filter output is fed to an exponentially weighted
30 second moving average filter which produces a short-term average (peak-to-peak),
the time constant of the averaging filter being 0.5 seconds. The peak-to-peak voltage
is calculated as the voltage difference between the maximum and minimum points of
a signal. The moving average from each stream is displayed to the trainee, and is used
to determine whether reward should be provided (EEGer Neurofeedback Software,
2005).

Training and protocol specific details regarding feedback are given in the following

section.

3.3.4 Neurofeedback Training

In order to determine whether neurofeedback can be used to learn how to change Eec
parameters, participants attended a course of ten training sessions. Training sessions
were time-tabled and carried out by the experimenter who ensured EEG recordings

were made above the same cortical location each time, with the minimum of inter-
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ference from movement related or other electrical interference that might mask the
EEG. Additionally the experimenter functioned as a training coach, as is the case in
the therapeutic practice of neurofeedback, providing initial instruction participants in
how the feedback presents EEG parameters and ways in which behavioural responses
might change those parameters. The coaching was not however built into the process
of learning, and was not adjusted in response to changes in the ability of participants
to control the EEG. Each session was conducted by the experimenter, who prepared
the recording equipment, observed the session, and brought each session to a close by

ending feedback stopping the recording, and removing recording EEG electrodes.

3.3.4.1 Alpha-Theta Neurofeedback Training

In this protocol the training electrode was placed at Pz (parietal midline) according
to the international 10-20 system of EEG electrode placement. In each session the
participant rested in a comfortable chair with their eyes closed for 15 minutes, whilst
receiving auditory feedback (see Figure 3.1). Participants were instructed to relax
as if going to sleep whilst engaging with the feedback in the practice of sustaining

themselves in the normally fleeting state of the wake-sleep transition.

Figure 3.1: Photo of an alpha-theta training session

The feedback consisted of one of two continuous sounds representing the domi-
nant slow wave EEG frequency: a predominance of alpha activity alpha (8-11 Hz) is
represented by the sound of a running stream, whilst theta (5-8 Hz) predominance
is presented as the sound of ocean waves. As well as giving a general indication of the
alpha-theta relationship, the system uses amplitude thresholds to detect and signal
fleeting changes in EEG band activity. Thresholds for feedback were set automati-

cally every 10 seconds, and adjusted so that average amplitudes of alpha and theta
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were above threshold 55% and 25% of the time respectively. Supra-threshold volt-
age bursts in alpha and theta frequency bands are used to trigger bell or gong sounds
respectively — which signal momentary above average increases in voltage. As SLEEP
STAGE I initialises, the ongoing background sound will typically cross-fade from run-
ning stream to ocean wave sounds and gong tones will replace bell tones. If both
frequency ranges are above threshold at the same time, the system signals that the
alpha threshold has been exceeded (EEGer Neurofeedback Software, 2005).

In addition to signalling alpha and theta activity changes, the EEGer system also
uses activity in delta (2-4Hz) and high-beta (22-30Hz) to inhibit tone feedback.
During a 10-second period if average amplitudes of high beta or delta were increased
on the previous 10s epoch for 20% or 15% of the time, alpha and theta tones were
not sounded. As with the other bands, the ‘inhibit’ thresholds were adjusted auto-
matically every 10 seconds. The role of delta measurement is particularly important
to this protocol as it indicates progress towards advanced stages of sleep, as does a
partial increase in alpha activity during SLEEP STAGE 11 (De Gennaro et al., 2001), so
intermittent alpha tones against a background of ocean wave theta audio is used to

signal that the trainee has exceeded their target level of sleep onset.

3.3.4.2 SMR Neurofeedback Training

In this protocol the training electrode was placed at Cz (midline motor cortex) ac-
cording to the international 10-20 system of EEG electrode placement. In each smMr
training session the participant sat in a comfortable chair for 18 minutes whilst re-
ceiving audio-visual feedback (see Figure 3.2a). The objective is to use the feedback
in sustaining attention whilst concurrently inhibiting inattention and high arousal.

SMR training began with a 2-minute baseline period during which EEG-band am-
plitudes were recorded at rest with eyes open. This baseline was then used as the
criterion for feedback parameters during the first 170 second training period. The
thresholds for reward were calculated by subtracting half the standard deviation of
the mean baseline sMR amplitude, and theta and high-beta inhibit thresholds were set
by adding half the standard deviation to the mean baseline amplitudes.

During training participants were instructed to regulate their EEG in controlling

the feedback to elevate sSMR power in relation theta and beta. They were asked to

109



CHAPTER 3. EXPERIMENT ONE

focus on increasing the breadth of the onscreen horizontal band which shows the
current level of the sMR amplitude beyond the limits set by the boxes on each side (see
Figure 3.2b), whilst concurrently maintaining the size of the left square (theta 4-7Hz)
and right square (hi-beta 22-30Hz — henceforth referred to as beta) within their
bounding boxes. During training, if each half-second cycle includes supra threshold
sMR and sub threshold theta and beta amplitudes, 1 point is scored and the running
total updated on screen. Additionally a tone is sounded with each point scored, and a
seagull is added to the display. Each 500 points are further rewarded by the eruption
of the onscreen volcano. A typical 15 minute training session saw participants scoring

approximately 1000 points.

Period 1 19 Score

(a) SMR session setup (b) smr island game display

Figure 3.2: Photo of an sMR training session
and an image of the feedback display

After each of the five 170 second training periods, the game was paused for 10
seconds, during which time the trainee could move if needed, and the EEGer sys-
tem adjusted the reward and inhibit amplitude thresholds automatically based on the
moving average calculated at the end of the previous section so that sMR activity would

have been over threshold 65% of the time, with beta at 15% and theta at 20%.

3.3.5 Music Performance

All participants gave a performance staged as a sequence of 4 musical tasks before
a small audience comprised of the investigators from TcM and Goldsmiths in per-
formance or rehearsal spaces at TcM and Goldsmiths. From a position within the

audience, a film camera and attached microphone recorded each performance. This
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footage was transferred to computer for editing and sequencing, and at the end of the
study a panel of two assessors from TcM evaluated a randomised sequence of perfor-
mances for each of the four tasks. The panel was blind to the participants’ experimen-
tal grouping, and to whether each performance they saw was recorded before or after
the intervention.

Evaluation was conducted using structured examination criteria and 10 point
scales used in the RcM studies, which were in turn adapted from conservatory mu-
sic examinations (Harvey, 1994). In each of the 4 tasks, evaluation proceeded in four
categories: Technical Competence, Musicality, and Communication, plus an Overall
Rating. In the case of the replication part of the study, the criteria were almost iden-
tical to those used in the RcM experiments, with minor alterations to communication
related terms. The singing tasks saw criteria being adjusted or added to focus explic-
itly on vocal technique and musicality, and the improvisation task changed musicality
assessment to focus more on how performers managed to maintain their performance

spontaneously. The particulars of each task follow.

3.3.5.1 Task One, Folk Singing

At the pre-intervention performance participants they were asked to select an English
folk song arrangement from Britten (1948), which they would rehearse (10-minutes)
and then perform with a piano accompanist. In the post-intervention test participants
repeated the same song. Folk songs were chosen in order to provide vocal material
that contained relatively simple melodies making them more accessible to non-expert
singers. The songs that participants chose were one of the following: 7he Salley Gar-
den, Little Sir William, The Bonny Earl o’ Moray, O can ye sow cushions?, The Ash Grove,
and Oliver Cromwell. The assessment form used by the panellists is in Appendix C.
The scale used in the assessment is not an absolute one, and the assessors watched 3
of the performances before agreeing that they were using roughly the same terms of

reference to evaluate performance.

3.3.5.2 Task Two, Stripsody

Following the initial folk song, participants were given an unseen section of a graphical

score called Stripsody (Berberian, 1966) from which to improvise vocally for two
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minutes. Stripsody is a ‘graphic notation’ taking its name from cartoon strips, and
was briefly described in Section 3.1. The first page of the score is shown in Figure 3.3.
It is a cued improvisation that is loosely constrained in time and frequency; musical
stimuli are found within a series of cartoon-strips, and their position and size represent
their pitch, timing and volume. In the pre-training performances participants were
given the first half of the score from which to perform, and the latter half in post-
training tests. The assessment form used by the panellists is in Appendix D, and as

with the folk singing, the panel applied the scale in an ad-hoc, subjective way.
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Figure 3.3: The strips are prefaced with the instructions: “The score should be per-
formed as if by a radio sound man who must provide all the sound effects with his
voice.” (Berberian, 1966)

3.3.5.3 Task Three, Instrumental Performance

In replication of the methods in the RcMm study, participants were invited to play the
same solo instrumental piece from their repertoire in pre- and post-training tests. The
assessment form used by the panellists is in Appendix E. Unlike the vocal perfor-

mances, the panel were encouraged to compare and assess instrumental performances
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in relation to music degree standards.

3.3.5.4 Instrumental Improvisation

Finally participants were given a task that was based on an auditioning exercise given
to prospective students at TcM. At both pre- and post-training stages, participants
selected any descriptive phrase from a list, which they then interpreted as the basis
for a 2-minute instrumental improvisation. No further instructions were given. The

» «

phrases were: “First steps on the moon,” “Day at the market,” “Afternoon at the zoo,” “Trip
on safari,” “Flying over London,” “Walk through the woods,” “Bank robbery,” “High speed
car chase,” “Crossing a derelict rope bridge,” “Deep sea dive,” ‘A tearful farewell,” and ‘A

raging storm.” As with the instrumental solo, the marking scheme applied here was

based on degree classification standards, and is contained in Appendix F.

3.3.5.5 Contributions

Some of the NFT data for this experiment (12 cases) was collected with the collab-
oration of co-students Shama Rahman, Katie Bulpin, and Alexander Rass. These
students also helped with arranging music performances for twelve cases, and filmed
one performance. I completed filming, collected further NrT and control participant
data (11 cases), and edited and presented the performance footage to the panellists
(Linda Hirst and Patricia Holmes) who provided the music evaluations documented
below. NFT equipment and training was provided by Tony Steffert and Tomas Ros,
and Tony also helped to set up the N¥r laboratory at Trinity College of Music. The
music appraisal criteria were reviewed from the RcMm studies, and agreed or added to in
collaboration with Linda Hirst, Sophie Grimmer, Clare Nelson and Patricia Holmes
at Trinity College of Music. Kit Venables and Tom Gisby assisted with the setup
of sound and video recording equipment, and Claire Nelson and Fred Mollitor pro-
vided me with access to the Trinity College of Music site and resources, including the

performance spaces, the laboratory, and the library and computing facilities.

3.3.6 Statistical Analysis

The study design included two main components to be analysed statistically: the train-

ing data in alpha-theta and sMR training groups, and the panel assessment of pre-post
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intervention music performance in three groups. The relations between the two were

also examined.

3.3.6.1 Neurofeedback training

For logistical reasons, the time of day for training appointments could not be held
constant across the study. Comparisons across sessions could consequently introduce
confounding factors resulting from changes in amount of sleep on the preceding night
or nights (Cajochen et al., 1995; Aeschbach et al., 2001), spontaneous cognitive ac-
tivity (Laufs et al., 2003), and time between eating and EEG recording (Fishbein et al.,
1990). Thus, according to the method introduced by Lubar et al. (1995) neurofeed-
back learning was assessed as an increase in the #raining ratio, that is the amplitude
of the (rewarded) training frequency relative to another (inhibited) frequency or fre-
quencies. In the case of the alpha-theta protocol training effectiveness was measured
as the t/a ratio, and in the sMR protocol the sMr/(theta+beta) ratio.

Neurofeedback ‘learning’ was expressed as evidence of a progressive raising of
training ratios either within or across sessions. This was analysed with a repeated
measures two-way ANOVA? assessing two factors: the 10 sessions, and the 5 x 3-minute
training periods® within each of those 15-minute sessions. This analytical approach
is consistent with related studies (Egner et al. (2002); Egner and Gruzelier (2004a)
documented within-session increases in the t/a ratio, and Vernon et al. (2003) found

increases in SMR to theta and SMR to beta relations with this approach).

3.3.6.2 Music Performance

Summary of measures In summary, the selected music performances and their mea-
sures are shown in Table 3.2. The judges who provided performance measurements
evaluated the vocal tasks as novice performances, applying scores in relation to the
other performances in the set and according to their intuitions about performance

value. In the assessing the creative value of behaviour, rater agreement and social

2In all aANova calculations, Mauchly’s test was used to screen compared data sets for homogeneity
of (co)variance; in cases where assumed sphericity was not met, Greenhouse-Geisser corrections to the
degrees of freedom were applied.

3this method is in itself a product of SMR training procedures, in which trainees are given 10-second
“blink-breaks” every three minutes to move if necessary, and review their performance.
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psychology is the chosen method of determining creative worth relative to the do-
main in which it is being carried out (as practised by Amabile (1996) and Martindale
(1999)). With instrumental performances, and since the participants were student
instrumentalists, the judges used the music degree scoring framework, so a score of
7 to 10 would equate to a first class performance for example. The score sheets used
by the panel are shown in Appendices C, D, E and F. Where panel ratings demon-
strated agreement; their combined score was then used to generate a single measure
of change for use as the dependent variable in an ANcova analysis that assessed NFT
effects on performance. The participants were not provided with information on any
of the measures being drawn from their performances.

The impact of a given creativity rating scheme on raters, and the way they ap-
ply the scheme, has been conceptualised in several ways in the area of creativity re-
search. The initial psychometric style developed by (Mednick and Mednick, 1967a)
and (Guilford, 1978) operationalises creativity into a metric enabling stimulus re-
sponse pairs to be counted and compared under experimental conditions. Gorder
(1980) applied Guilford’s (1978) metric to music phrase completion tasks, but found
that high counts of stimulus-response pairs were reliably predicted by high technical
competence rather than perceived creativity. Amabile (1982) employed a holistic ap-
proach towards defining creativity, arguing that the reductionist approach was still
prone to unmitigated subjectivity in the setting and measurement of creative metrics.
Having confirmed the agreement within a given panel’s subjective view, her technique
then uses factor analysis to distinguish their conception of creativity from potentially
confounding factors: aesthetics and technicality.

The conceptualisation of assessment dimensions has also taken place in the con-
servatory evaluation tradition, although McPherson and Thompson (1998) describe
how this clashes to a greater degree with the holistic approach advocated by some
assessors. Whilst it is true that the statistical approach to evaluating performance as
components is a good way of profiling inter-rater-reliability; the validity of such an
assessment is challenged by those who argue that the holistic impression supersedes
the componential view because of the complex inter-variations that give an overall
impression. Perhaps because of this conceptual tension, the conservatory literature
has not advanced a specific measure of creativity in the way that psychologists have

attempted to.
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The current study employed assessment criteria from the conservatory tradition
(Taylor, 2005), asking raters to score overall, technical, interpretative and presenta-
tional values. In their standard usage for music exams, these variables are used to
produce a single final grade, and the selected panellists from Trinity college of mu-
sic were familiar with their application. For the purpose of measuring inter-rater-
reliability however, and of isolating possible creativity differences on interpretative

measures, the individual ratings were used in the study’s statistical analyses.
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Table 3.2: Included performance types and their assessment criteria

Vocal

Instrumental

Folk song

Stripsody

Performance from participant repertoire

Improvisation on descriptive theme

Opverall rating of Performance Quality
Opverall Vocal Competence

Breathing with Music in Mind

Clarity of Diction

Pitch

Opverall rating of Musical Understanding
Interpretative imagination

Expressive Range

Being at one with Voice

Stylistic Accuracy

Rhythmic Accuracy

Degree of Engagement

Opverall rating of Communicative Ability
Deportment on stage

Emotional commitment

Confidence in the situation

Sense of Performance

Opverall rating of Performance Quality

Opverall Vocal Competence
Diction

Pitch

Breathing with the Music
Tonal Quality

Overall Musicality
Imagination

At One With Voice
Overall Communication
Deportment on Stage
Emotional commitment
Confidence in the situation

Enjoyment in performing

Opverall rating of Performance Quality
Overall Competence

Rhythmic Accuracy

Security (including state of preparation)
Tonal Quality

Opverall Overall rating of Musical Understanding
Stylistic Accuracy

Imagination

Expressive Range

Overall Communication

Deportment on Stage

Emotional commitment

Confidence in the situation

Sense of Performance

Opverall rating of Performance Quality
Opverall Improvisational Competence
Opverall rating of Musical Understanding
Appropriateness to Theme

Fluency

Temporal Sense

Overall Communicative Ability
Deportment on stage

Emotional commitment

Confidence in the situation
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Inter Rater Agreement Subjective ratings of performance amongst the panel were
subject to agreement analysis as a first step to assessing the validity of the assessment
exercise. An Intraclass Correlation Coefficient (1cc) was calculated to measure con-
sistency of agreement. This is defined as a two-way random effects model, and was
employed on the basis that both the performers and judges came from random sam-
ples. The average measures coefficient (‘C-k type’ — McGraw and Wong (1996)) is

used to assess consistency between ratings.

Differences pre-intervention A one-way ANOVA was performed on the pre-intervention
measures of music performance to probe for group differences at baseline. The results

of this analysis determined the choice of test the measure post intervention change

Differences post-intervention Contingent on rater-consistency, a rater averaged pre-
and post-intervention rating of performance was calculated for each participant, an
approach used in comparable studies of panel assessment (Egner and Gruzelier, 2003;
Thompson and Williamon, 2003; Thompson et al., 1998).

If groups differed at baseline on a given performance measure (see previous sec-
tion 3.3.6.2), the post intervention means were compared in an analysis of covari-
ance (aNcova), with the pre-intervention measure as the covariate, and the post-
intervention measure as the dependent variable. The ANcova was chosen over the
more widely used repeated measures ANOVA as it improves the analysis of the Indepen-
dent/Dependent Variable relationship by minimising sampling error variance. Anal-
ysis of covariance achieves this by adjusting for pre-intervention differences, provided
the regression of each group is sufficiently homogeneous with other groups.

If groups did not significantly differ at baseline, their pre-post changes were com-
pared by means of a repeated measures ANova with two levels (pre and post interven-

tion).

3.3.6.3 Music and training changes

The within-subjects relationship between changes in music performance and NFT ra-
tios were assessed by assessing the significance of training EEG as a covariate of music

change, the dependent variable. In both EEG and music measures, the index of change
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was calculated as latter data minus former data (e.g. second half of training minus for-
mer half), divided by former data. This approach measures late data in proportion to

early data.
(post — pre)
pre

Change =
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3.4 Results

3.4.1 Neurofeedback training

For reasons stated in Section 3.3.6.1 the training ratio is used as the most reliable
NFT learning index, as it is less sensitive to uncontrolled EEG modulators. The data
was analysed with a two-way repeated measures ANOVA with training period (within-

session) and training session (across-sessions) as factors.

3.4.1.1 Alpha-theta neurofeedback training

According to RESEARCH QUESTION 2 (EEG TRAINING) posed by the experiment, alpha-
theta NFT would modulate the theta-alpha ratio progressively both within- and across-
sessions, and as an interaction between the two factors. Within- and across-session
training ratios, and their interaction are shown in Figures 3.4a, 3.4b and 3.4c respec-
tively.

A repeated measures two-way (session x periods) ANova (with 10 x 5 levels re-
spectively, sessions 1-10 and periods 1-5) disclosed marginal change in the global

‘within-session’ measure:

* The within-session factor of the aNova (with 5 levels, periods 1-5) revealed
a marginally significant effect of period on the t/a ratio (F(1.39, 9.75)=4.41,
p=0.053)

* The sessions factor of the aNova (with 10 levels, sessions 1-10), revealed that

there were no significant differences between sessions (F(9, 63)=1.48, p=ns)

* Finally, the session x period interaction was examined for evidence of an effect
of session on period t/a ratio. There was no significant interaction effect on t/a

ratios (F(36, 252)=1.156, p=Ns).
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Figure 3.4: Theta/alpha ratios shown over the course of the average session, course
and session x course relationship.
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3.4.1.2 SMR neurofeedback training

According to RESEARCH QUESTION 2 (EEG TRAINING) SMR NFT would raise the ratio of
SMR to both theta and beta amplitudes progressively both within- and across-sessions.
Within-session changes are shown in Figure 3.5a, across session changes in Figure 3.5b
and within-between interactions in Figure 3.5c.

A repeated measures two-way (session x periods) ANova (with 10 x 5 levels respec-

tively, sessions 1-10 and periods 1-5) disclosed no significant changes:

* The within-session factor of the aNova (with 5 levels, periods 1-5) revealed
a non-significant effect of period on the training ratio (F(1.91, 13.43)=0.39,
p=NSs)

* The sessions factor of the aNova (with 10 levels, sessions 1-10), revealed that

there were no significant differences between sessions (F(9, 63)=1.28, p=ns)

* Finally, the session x period interaction was examined for evidence of an effect
of session on period t/a ratio. There was no significant interaction effect on
training ratios (F(36, 252)=1.064, p=Ns).

3.4.1.3 Neurofeedback Results Summary

In alpha-theta training, a marginally significant increase in the t/a ratio was seen on
the aggregated within-session measure, a finding also seen in Egner and Gruzelier
(2004a). This is a more robust indicator of NFT dynamics as it pools data from across
multiple sessions, thereby providing a more generalised estimate of EEG changes due
to its smoothing of sampling error variance.

In sMR participants, no significant training ratio changes were observed.
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3.4.2 Music Performance

3.4.2.1 Instrumental Solo

This task was administered in order to see if the findings of Egner and Gruzelier (2003)
were replicable, particularly the second experiment, which had a similar between-
groups design to the current study. In summary, that study revealed alpha-theta
NFT related within-group improvements in three out of four musicality measures:
Overall Musical Understanding, Stylistic Accuracy and Interpretative imagination, and
marginally significant improvements in Overall Musical Performance. 'The current
analysis focussed on between-groups analyses as it was anticipated that all groups
would improve on their repertoire solo performances through practice and task fa-
miliarity, although the significant within-group improvements detected previously

provided useful methodological clues.

Data Screening One alpha-theta case received post intervention scores that were
more than 3 standard deviations less than the mean of the participants’ data and this
case was removed from the analysis of instrumental performance.

A one-way ANOvA performed on the pre-intervention measures of performance re-
vealed several significant group differences: Overall (F(2,19)=4.30, p=0.03); Overall
Musicality (F(2,19)=3.67, p=0.05); Stylistic accuracy (F(2,19)=3.78, p=0.04); Imag-
ination (F(2,19)=4.40, p=0.03); Emotional commitment (F(2,19)=4.39, p=0.03);
Confidence(F(2,19)=4.67, p=0.02); Sense of performance (F(2,19)=4.0, p=0.04).

Post-hoc comparisons using the Tukey HSD test indicated that all of the above
ANOVAs further revealed significant inter-group differences. The mean scores showed
that controls didn’t differ significantly on any measures, but alpha-theta group scores
were significantly lower than those of the sMR group in every case: Overall: alpha-
theta - sMR (M =-1.96, SE = 0.67) p=0.02; Overall Musicality: alpha-theta - sMr (M =
-2.09, SE = 0.77) p=0.04; Stylistic accuracy: alpha-theta - sMr (M =-2.01, SE = 0.74)
p=0.04; Imagination: alpha-theta - sMr (M = -2.22, SE = 0.76) p=0.02; Emotional
commitment: alpha-theta - sMR (M = -2.24, SE = 0.76) p=0.02; Confidence: alpha-
theta - sMR (M = -2.24, SE = 0.74) p=0.02; Sense of performance: alpha-theta - sMr
(M =-2.31, SE = 0.83) p=0.03. Please see Figure 3.6

Ratings provided by our two panellists showed high levels of inter-rater consis-
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Figure 3.6: Boxplot showing between group differences in pre-intervention measures
of Instrumental performance (Two medians are significantly different at the 5% significance level

if their intervals do not overlap. Interval endpoints are the centres of the triangular markers.)
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tency at r=0.76, p<0.005. The two sets of ratings were then combined into a single

rater-average score for further analyses.
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Creativity This task addressed RESEARCH QUESTIONS 1 (CREATIVITY) & 7 (1S EGNER
AND GRUZELIER (2003) REPLICABLE?).

The means and standard deviations of baseline and change measures, as well as
AN[c]ova F-terms are included in Table 3.3 and visualised in Figure 3.7.

The rater-averaged performance scores were entered into univariate ANOvAs where
performance measures did not differ at baseline, and ancovas where they did. In
ANCOVA, the pre-intervention scores acted as the covariate and the post-intervention
score as the dependent variable; in ANovaA the pre/post repeated measures acted as
levels 1-2 in a factor for that analysis.

The test results are shown in Table 3.3 and Figure 3.7. No test disclosed a differ-

ential effect of experimental group.
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Table 3.3: Instrumental descriptive statistics

ALPHA-THETA (n=7) SMR (n=8) CONTROL (n=7) F-test
Measure Pre Change! Pre Change Pre Change (an[c]ova)
Overall 336+1.55 0.48+0.47 531+1.31 0.07+0.28 4.64+099 0.05+0.20 0.712
Opverall competence 414+152 025+0.33 550+1.20 0.11+0.31 4.79+1.04 0.09+0.16 0.133
Rhythmic accuracy 3.64+191 0.62+0.73 525+144 0.23:056 4.86+0.75 0.01+£0.26 0.97°
Security 3.43+184 0.74+099 525+158 0.17+0.52 4.86+0.75 0.08+0.29 0.623
Tonal quality 343+1.51 036+0.35 5.12+151 0.12+041 4.07+1.27 0.17+0.16 0.553
Overall musicality 329+150 0.54+040 5.38+1.69 0.18+0.55 4.57+1.24 0.13+0.36 0.092
Stylistic accuracy 343+1.62 052+058 544+155 0.09:035 479+1.04 0.03+0.25 0.36*
Imagination 321+144 039+038 544+1.64 0.06+0.44 4.14+1.25 022+0.28 0.29?
Expressive range 3.14+152 052+049 525+1.77 0.14:0.55 421+1.35 0.11+£0.22 1.26°
Overall communication 2.93 £ 1.57 0.52+0.52 5.00+1.71 0.13+£0.58 4.21+1.19 0.14+0.26 0.76°
Deportment 336+1.86 0.50+0.69 5.56+1.88 0.14+0.60 4.36+0.99 0.13+0.18 0.593
Emotional commitment 3.07 £ 1.57 0.58 £+0.51 5.31+1.51 0.05+0.39 4.29+1.29 0.16+0.25 0.232
Confidence 3.57+137 0.44+038 5.81+1.67 0.06+0.46 5.00+1.15 0.07+0.17 2213

Sense of performance 3.00+1.41 0.62+0.60 531+1.79 0.09+0.57 450+1.53 0.12+0.26 0.282

1Change = 7(1)05;;;%)

2ancovas on group differences post-training, adjusting for differences pre-training: in all measures df(2,18) and p=ns
3ANOVASs on group x pre/post performance interaction: in all measures df(2,19) and p=ns
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Figure 3.7: Group changes in music performance evaluation

As this part of the experiment replicated the second experiment in Egner and

Gruzelier (2003), the within-group contrasts reported there are also shown here, al-

though this is despite the fact that the alpha-theta group scored significantly less than

SMR on baseline measures of performance, whereas Egner and Gruzelier (2003) re-

ported that initial performance scores did not differ significantly. Bearing in mind

their relatively low opening scores and the associated problem of their regression (up-

ward) toward the mean on subsequent assessment (Bland and Altman, 1994), the

alpha-theta group alone showed wide ranging and significant within-subjects im-

provements in performance (two-tailed t-tests, see Table 3.4). The improvements

included two of the three musicality measures shown to be improved in the second

experiment of Egner and Gruzelier (2003).
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Table 3.4: Instrumental Solo — within-group changes
(two-tailed t-tests included as replication of Egner and Gruzelier (2003))

ALPHA-THETA SMR CONTROL

t % t % t P
Overall 2.89 0.03* 0.42 0.68 1.05 0.33
Overall competence 1.99 0.09 083 044 1.87 0.11
Rhythmic accuracy 3.23 0.02* 1.02 034 0.33 0.75
Security 2.19 0.07 059 0.57 1.02 0.35
Tonal quality 3.12 0.02* 048 0.65 246 0.05
Overall musicality 3.63 0.01* 0.51 0.63 0.98 0.37
Stylistic accuracy 2.56 0.04* 034 0.75 0.51 0.63
Interpretative imagination 2.52  0.05 0.00 1.00 2.41 0.05
Expressive range 279 0.03* 0.18 086 1.35 0.22
Opverall communication 229 0.06 0.17 0.87 1.89 0.11
Deportment 1.88 0.11 0.00 1.00 1.62 0.16
Commitment 3.17 0.02* -0.09 0.93 1.59 0.16
Confidence 4.87 0.00* -0.27 0.80 1.11 0.31
Sense of performance 3.14 0.02* -0.16 0.88 1.38 0.22
Degrees of Freedom 6 7 6

*. Difference is significant at the .05 level
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3.4.2.2 Stripsody

Data Screening The 1.c.C. statistic measuring consistency between two panellists’
ratings under a two-way random effects model showed a high level of inter rater reli-
ability at r=0.94, p<0.005. Ratings were averaged for subsequent analysis.

A one-way ANOvVA performed on the pre-intervention measures of performance
revealed no significant group differences at baseline. Group score distributions are

shown in Figure 3.8.
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Figure 3.8: Boxplot showing between group differences in pre-intervention measures
of Stripsody performance (Two medians are significantly different at the 5% significance level if

their intervals do not overlap. Interval endpoints are the centres of the triangular markers.)

Creativity This task addressed RESEARCH QUESTION 1 (CREATIVITY).
The means and standard deviations, as well as aNova F-terms are included in
Table 3.5 and visualised in Figure 3.9.

Across the test results, the ANOVA tests revealed a differential effect of experimental
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group on measures of ‘Confidence’. A Tukey HSD post-hoc analysis did not reveal
significant inter-group differences: alpha-theta - sMr (M = -0.5, SE = 0.80) p=ns;
alpha-theta - control (M = -0.36, SE = 0.82) p=ns.
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Table 3.5: Stripsody descriptive statistics

ALPHA-THETA (n=8) SMR (n=8) CONTROL (n=7) F-test
Measure Pre Change! Pre Change Pre Change (aNOVA?)
Overall 2.62+0.92 0.53+0.75 3.81+231 0.33+1.13 343+1.24 0.14+0.58 1.28
Opverall vocal 2.75+0.80 0.35+054 3.69+2.09 041+1.28 357+1.10 0.13+0.45 0.76
Diction 244078 047+0.75 3.62+1.87 0.32+1.31 336+0.85 0.11+0.21 0.87
Pitch 2.75+£0.53 036+0.54 4.31+240 0.13+£0.81 3.79+1.25 0.13+0.44 1.02
Breathing 2.81+0.59 035+062 4.00+224 046+1.66 3.64+144 0.14+0.63 0.55
Tonal quality 2.62+0.69 0.53+087 3.88+252 0.20+091 3.57+1.57 0.26x0.65 0.95
Overall musicality 2.62+1.19 0.62+1.04 3.62+256 0.58+1.41 371135 -0.02+0.60 1.17
Imagination 2.38+0.88 0.59+0.74 3.50+2.39 0.49+1.27 336+149 0.26+0.67 0.64
At one with voice 275076 047+0.81 3.81+234 031+1.14 343+146 0.30+£0.85 0.91
Overall communication  2.31 + 1.00 0.68 +0.80 3.69+2.42 0.20+0.83 3.29+1.41 -0.00+0.48 2.37
Deportment 244 +0.68 046+050 3.94+216 0.04+038 3.50x1.19 -0.08+0.39 3.16
Emotional commitment 2.19+0.75 0.81 +0.77 3.69+2.58 0.31+0.74 343+1.10 0.03+0.52 3.16
Confidence 2.69+0.80 0.64+0.67 4.12+239 0.04+0.50 4.00+1.00 -0.00+0.37 3.733
Enjoyment 250+1.16 0.89+1.00 3.81+246 0.16+0.79 3.57+1.21 030+0.78 2.73

1Change = LOSFW@)

pre

2ANOVAS on group x pre/post performance interaction: in all measures df(2,20) and p=ns

3p<0.05
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Figure 3.9: Group changes in music performance evaluation
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3.4.2.3 Folk Song

Data Screening A one-way ANOVA revealed a significant difference between the groups
on pre-intervention measures of Overall Vocal Competence (F(2,20)=3.74, p=0.04).
Post-hoc Tukey HSD tests didn’t reveal significant inter-group differences: Group

score distributions are shown in Figure 3.10
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Figure 3.10: Boxplot showing between group differences in pre-intervention measures
of Folk Song performance (Two medians are significantly different at the 5% significance level if

their intervals do not overlap. Interval endpoints are the centres of the triangular markers.)

The mean 1cc for panel ratings disclosed a moderate level of agreement at r=0.63,
p<0.005. Although this was lower than in previous tests, it’s strength was sufficient

for mean ratings to be used in subsequent analyses.

Novice Performance This task addressed RESEARCH QUESTION 3 (NOVICE PERFOR-

MANCE).
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The means and standard deviations of baseline and change measures, as well as
AN[c]ova F-terms are included in Table 3.6 and visualised in Figure 3.11.

The anova performed on measures of Pitch revealed a group difference. Post-hoc
Tukey HSD measures revealed no inter-group differences: sMR - alpha-theta (M =
0.13, SE = 0.55) p=ns; sMR - control (M = 1.00, SE = 0.59) p=ns.
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Table 3.6: Folk Song descriptive statistics

ALPHA-THETA (n=8) SMR (n=8) CONTROL (n=7) F-test
Measure Pre Change! Pre Change Pre Change (an[c]ova2?)
Overall 344+090 0.06+0.82 338+1.36 0.31+1.16 2.29+0.57 0.21+0.64 .263
Overall Vocal Competence 338+0.79 0.13+£0.95 344+1.40 0.06+0.94 221+0.27 036+0.80 .522
Breathing with Music in Mind ~ 3.44+0.78 0.13+0.95 344+1.15 0.69+0.96 2.64+080 0.57+0.53 0.89°7
Clarity of Diction 306+0.62 0.31+£0.75 3.00+134 0.69+1.28 243+0.73 0.21+0.81 0903
Pitch 3.81+0.88 -0.13+0.83 3.50+1.31 0.75+0.89 286+135 -0.07+1.06 42334
Overall Musical Understanding  3.31+0.96 0.31+0.37 3.63+1.33 0.13+092 2.71+091 -0.07+0.61 1.353
Interpretative imagination 319+1.03 038+044 3.00x1.51 050+1.56 221+099 043+1.10 .283
Expressive Range 3.06+1.18 056+0.82 3.13+1.36 0.31+1.31 2.14+0.85 0.43+0.84 .303
Being at one with Voice 3.38+0.79 0.13+£0.64 3.38=+1.51 0.38=+1.19 2.36+0.99 0.00+091 .843
Stylistic Accuracy 344+1.15 0.00£0.85 3.19+156 050+1.25 257+084 0.00+0.87 1.113
Rhythmic Accuracy 444+0.78 -0.13+0.79 4.13+1.16 0.63+095 3.14+1.11 0.21:0.64 2.13°
Degree of Engagement 338+1.16 0.13+0.83 3.31+1.58 0.31+125 257+0.73 029+1.04 0.31°
Overall Communicative Ability 2.88+0.99 0.00+1.00 294+1.29 0.31+1.31 2.00£0.65 029+1.04 0223
Deportment on stage 294+062 0.31+0.80 3.13x1.13 0.19+136 229+070 0.14:£0.99 0.143
Emotional commitment 3.00+£1.07 0.69+0.59 3.38zx1.46 0.06+1.27 2.36+0.80 0.29+0.70 1.233
Confidence in the situation 350+085 0.31+£0.80 356+1.27 025+096 2.71+0.64 0.29+0.86 0.293
Sense of Performance 2.94+1.05 0.44+1.05 3.38+1.58 -0.06+1.59 221+0.76 0.36+090 0.373

Continued on next page
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Table 3.6 — continued from previous page

ALPHA-THETA (n=8) SMR (n=8) CONTROL (n=7)

Measure Pre Change! Pre Change Pre Change

F-test

(an[c]ova?)

(postfpre)

pre
2ancovas on group differences post-training, adjusting for differences pre-training: in all measures df(2,18) and p=ns
3ANOVASs on group x pre/post performance interaction: in all measures df(2,19) and p=ns

4p<0.05

1Change =

ANO LNANWTAdXd "€ Yd.LdVHO
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Figure 3.11: Group changes in music performance evaluation
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3.4.2.4 Instrumental Improvisation

Data Screening The 1.c.c. coeflicient assessing agreement between raters was mod-
erate at r=0.59, p<0.005. As in the folk performances (Section 3.4.2.3), moderate
concordance between raters does raise the caution with which subsequent results
should be interpreted. A Bland-Altman plot (Figure 3.12) of the agreement levels
indicated that there was some disagreement between raters in one case, a post inter-
vention performance from a member of the control group, with one panellist award-
ing high scores an average of >3sTD higher than the mean rating for that participant.
It was noted at the time of evaluation that this rater commented favourably on the
communicativeness of this subject’s post performance in which he looked directly into
the camera whilst playing, and this is possibly the cause of rater disagreement. For
these reasons this case was removed, and a consequent measure of the 1cc coefficient
disclosed high rater consistency at r=0.72, p<0.005. Subsequent analyses were based

on mean ratings.
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Figure 3.12: Bland-Altman plot of instrumental improvisation ratings.

Each dot represents the pooled average score for each performance among the grand
total of 46 performances (including both pre and post). The labelled performance
was, on average, scored 6.6/10 by rater-LH and 1.6/10 by rater-PH. The score of 6.6
was >2SD than the rater mean of 4.1 for that performance.

A one-way aANovA performed on the pre-intervention measures of performance
revealed no several significant group differences at baseline. Group score distributions

are shown in Figure 3.13.
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Figure 3.13: Boxplot showing between group differences in pre-intervention measures
of Instrumental Improvisation(Two medians are significantly different at the 5% significance

level if their intervals do not overlap. Interval endpoints are the centres of the triangular markers.)
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CHAPTER 3. EXPERIMENT ONE

Creativity This task addressed REsEARCH QUESTION 1 (CREATIVITY).
The means and standard deviations of baseline and change measures, as well as
ANOVA F-terms are included in Table 3.7 and visualised in Figure 4.11.

As in the previous tasks, group differences were not shown to be significant.
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Table 3.7: Instrumental improvisation descriptive statistics

ALPHA-THETA (n=8) SMR (n=8) CONTROL (n=06) F-test
Measure Pre Change! Pre Change Pre Change (aNcovA?)
Overall Performance 344+174 0.09+0.28 2.75+1.20 0.10+0.19 2.86+0.90 0.14+0.44 0.05
Opverall Improvisational Creativity 3.19+1.85 0.22+0.31 2.56+1.08 0.14+0.27 2.57+0.93 0242044 0.47
Interpretative imagination 350+1.69 0.04+0.33 2.88zx1.13 -0.09+0.22 257+0.79 0.10£0.31 0.63
Appropriateness to Theme 3.69+1.81 -0.04+0.20 3.00+1.25 -0.14+0.18 3.00+1.00 -0.05+0.40 0.79
Fluency 350+2.14 0.10£0.32 2.88+092 -0.11+0.19 3.36+0.85 -0.16+0.28 1.23
Temporal Sense 344+1.72 -0.17+£0.15 256+0.86 -0.12+0.27 2.71+0.70 -0.08+0.35 0.56
Overall Communicative Ability 331+1.69 0.06+0.38 2.62+1.03 -0.07+0.25 2.57+1.02 0.21+040 048
Deportment on stage 350+191 -0.10+0.38 3.62+1.03 -0.25+0.14 3.21+091 -0.11+0.28 1.03
Emotional commitment 3.38+1.66 0.07+£0.39 3.00+1.16 -0.18+0.25 3.07+0.79 -0.12+0.28 1.83
Confidence in the situation 369+1.79 -0.02+0.25 344+098 -0.14+024 336+0.56 -0.12+0.19 0.60
1Change = 4(”0“’;;1”'5)

3ANOVAs on group x pre/post performance interaction: in all measures df(2,19) and p=ns
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3.4.3 Within-subjects relationship between changes in NFT-EEG and

music performance

Within subjects ANcovas were performed to assess RESEARCH QUESTION 4 (EFFECT RE-
LATION) as to whether changes in measures of music performance would be predicted
by changes to EEG during training.

Table 3.9 includes all the results, and significant results are described by music
task below. In both EEG and music measures, the index of change was calculated as
latter data minus former data (e.g. second half of training minus former half), divided

by former data. This approach measures late data in proportion to early data.

3.4.3.1 Instrumental Solo

As a replication of Egner and Gruzelier (2003), this study found no relationship
between the ‘slope of slopes’ training measure* and performance changes. Non-

significant negative correlations were observed in all measures, see Table 3.8.

Table 3.8: Correlation between training and music change replicating Egner and
Gruzelier’s (2003) statistical analysis

Measure  Training correlation

Overall -0.20

Overall competence  -0.30
Rhythmic accuracy ~ -0.15
Security  -0.37

Tonal quality -0.48
Overall musicalicy  -0.45
Stylistic accuracy  -0.30
Imagination -0.21

Expressive range  -0.20
Overall communication  -0.29
Deportment  -0.08
Commitment -0.24
Confidence -0.33

Sense of performance  -0.42

“Egner and Gruzelier (2003) defined the relation between training and music by assessing post
minus pre performance scores in relation to a training coefficient ... expressed by the slope of regression
across sessions of the correlation between t/a amplitude ratios and the number of 3 min periods within
each session”
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Using the analysis of covariance applied in the remainder of this study and in
Chapter 4, it was found that no musical measures of this task (either pre- or post-
training) co-varied with within-session EEG ratios.
3.4.3.2 Stripsody
It was found that no pre- or post-training musical measures of this task co-varied with
within-session EEG ratios.

3.4.3.3 Folk Song

It was found that the within-session SMR training ratio was a significant covariate of
post-training ‘Overall musical understanding,” ‘Interpretative imagination,” ‘Stylistic
accuracy and to a marginal extent ‘Rhythmic accuracy.’

3.4.3.4 Instrumental Improvisation

It was found that no pre- or post-training musical measures of this task co-varied with

within-session EEG ratios.
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Table 3.9: Music covariance with within-session EEG (F statistic)

Performance Measure A-T pre A-T post SMR pre SMR post
Instrumental'!  Overall 0.15 0.49 0.23 3.15
Overall Competence 0.32 0.06 0.01 2.80
Rhythmic Accuracy 0.10 0.14 0.06 1.72
Security 0.51 0.98 0.09 1.93
Tonal Quality 0.04 0.19 0.01 1.31
Overall Musicality 0.17 0.92 0.37 2.17
Stylistic Accuracy 0.21 1.76 0.28 3.62
Imagination 0.00 1.90 0.02 1.86
Expressive Range 0.02 0.88 0.02 1.58
Overall Communication 0.04 1.87 0.18 1.75
Deportment 0.00 0.62 0.07 1.56
Emotional Commitment 0.02 0.95 0.07 3.84
Confidence 0.00 1.24 0.05 0.88
Sense of Performance 0.03 1.02 0.17 1.56
Stripsody? Overall 0.55 1.41 3.14 0.69
Overall Vocal 2.36 1.10 2.88 0.32
Diction 0.22 1.01 3.02 0.13
Pitch 2.72 1.21 2.04 0.08
Breathing 1.32 1.14 3.04 0.28
Tonal Quality 4.52 0.37 2.51 0.43
Imagination 2.20 0.58 2.02 0.58
Oneness With Voice 0.62 1.51 2.44 0.62
Overall Communication 0.43 0.98 2.12 1.33
Deportment 1.02 2.95 1.43 2.02
Overall Musicality 1.19 1.33 2.40 0.54
Emotional commitment 0.71 0.42 1.79 1.94
Confidence 0.45 1.23 1.92 2.15
Enjoyment 0.32 1.28 2.61 1.64
Folk? Opverall Rating of Performance 2.44 0.51 1.19 2.71
Opverall Rating of Vocal Competence 1.97 0.32 0.59 2.11
Breathing With Music in Mind 0.15 1.61 0.08 3.45
Clarity of Diction 3.31 0.78 1.37 1.36
Pitch 0.01 0.16 0.42 2.41

Continued on next page
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Table 3.9 — continued from previous page

Performance Measure AT pre A-T post SMR pre SMR post
Opverall Rating of Musical Understanding ~ 0.66 0.05 1.25 17.67**
Interpretative Imagination 2.05 0.76 1.23 7.58*
Expressive Range 1.72 0.38 1.46 4.39
Oneness With Voice 1.97 0.16 0.93 3.89
Stylistic Accuracy 0.23 0.08 1.85 10.56*
Rhythmic Accuracy 0.15 0.42 0.64 5.72
Degree of Engagement 0.38 1.08 1.64 3.47
Opverall Rating of Communicative Ability ~ 2.48 1.03 1.14 4.39
Deportment on Stage 1.64 0.64 1.50 0.26
Emotional Commitment and Conviction ~ 0.85 1.46 1.00 4.47
Confidence in the Situation 3.35 2.63 0.65 0.55
Sense of Performance 3.40 1.08 0.43 2.13

Improvisation?  Overall Performance 0.17 0.26 0.90 1.24
Overall improvisational competence 0.32 0.17 3.15 2.38
Interpretative Imagination 0.18 0.29 0.50 4.05
Appropriateness to Theme 0.02 0.62 1.03 1.08
Fluency 0.10 0.48 1.98 0.93
Temporal Sense 0.47 0.52 2.16 1.13
Overall Communicative Ability 0.04 0.23 1.91 1.91
Deportment 0.09 0.04 0.84 1.04
Emotional commitment 0.05 0.10 3.71 2.23
Confidence in the Situation 0.09 0.36 2.97 2.55

! Degrees of freedom: alpha-theta (1, 5), smr (1, 6)

2 Degrees of freedom: alpha-theta (1, 6), smr (1, 6)

** Covariance is significant at the 0.01 level.

* Covariance is significant at the 0.05 level.

* Covariance has a trend towards significance at the 0.06 level.
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3.4.4 Music Results summary

The results of the Instrumental solo task confirmed ResearcH QUEsTION 7 (is (Egner
and Gruzelier, 2003) replicable) as to whether measures of creativity would be im-
proved in the alpha-theta theta group alone according to the within-group analyses
replicated from the prior study; these included ‘Overall musicality’, ‘Stylistic accu-
racy’ and ‘Expressive range’. Deportment co-varied with longitudinal t/a changes.
This is qualified however by the understanding that alpha-theta participants received
distinctly low scores to begin with, yet relatively equivalent scores post-intervention.

In aANova analyses of the Stripsody scores, Confidence disclosed significant group
differences, being the first time a group x musical task interaction had been observed,
although this was without post-hoc distinction. This addressed RESEARCH QUESTION
1. (CREATIVITY) in that a task involving the spontaneous processing of emotional
content may have interacted with alpha-theta NFT reinforced hypnagogia.

The folk song task revealed group differences in evaluations of Pitch, although
without supporting post-hoc disclosure. Post-intervention measures of ‘Overall Mu-
sical Understanding,” ‘Interpretative imagination’ and ‘Stylistic accuracy’ all co-varied
with within-session changes in the SMR training ratio.

In instrumental improvisation, no group differences emerged.

3.5 Discussion

3.5.1 Neurofeedback Training

3.5.1.1 Alpha-theta training

In the alpha-theta group, changes in the t/a ratio were observed in both the within-
and across-session analyses, the changes were marginally significant (p<0.053) in the
former comparison. This measure is considered the more robust estimator of NFT
learning as it smoothes inter-session variability (Vernon et al., 2003).

In across-sessions and period x session interaction analyses, no significant changes
were observed. This is comparable with the findings of prior alpha-theta studies
(Moore et al. (2000), Boynton (2001), Egner et al. (2002), Egner and Gruzelier

(2004a) and Raymond et al. (2005a)): none of which were able to detect across session
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training effects in the t/a ratio. Of the above studies, Egner and Gruzelier (2004a) did
however detect an increase in absolute theta over the course of training, although the
introduction of training ratios into the NFT methodology (Lubar and Shouse, 1976)
was specifically designed to counteract the effect of non-training factors such as prior
activity on absolute EEG measures, although the method was introduced for sMR train-
ing and sleep onset is characterised by rising theta and a combination of rising and
then falling alpha. This calls into question the use of ratios which do not account for
spectral differences Overall however, and as acknowledged by Vernon (2005), the ag-
gregated within-session training effect serves as a more reliable measure of NFT learning

ratios and a reliable measure of longitudinal learning has not been tested.

3.5.1.2 SMR training

In the within-session analysis, SMR training was not shown to invoke the explored
changes in the promotion of sMR synchronisation against both theta and beta.

A comparable study by Vernon et al. (2003) found however that the training re-
lationship (separated into smr/theta and sMR/beta measures) changed reliably when
collapsing measures across 8 x 15 minute sessions. The most immediate difference
between that study and the present one is that Vernon’s method measured beta in the
18-22 Hz band whereas the present study measured beta in the 22-30 Hz range pre-
cluding direct comparison. Despite the failure of the protocol to elicit targeted change
in beta band, it is noteworthy that as with the sensorimotor rhythm, increases in beta
band over the motor cortex occur as a function of cortical deactivation when halting
movement (Pfurtscheller and Lopes da Silva, 1999). For this reason it is speculated
that participants in the sSMR group exhibited a tendency to elevate beta as a conse-
quence of their efforts to inhibit the motor response, yet did not manage to achieve
this by regulating the distinct sMR rhythm (the 12—-15 Hz peak in frequency spectra),
and instead modulated the broader beta frequency band (22-30 Hz), possibly for the
reason that it occupies a larger part of the spectrum and thus provides greater scope
for change. It is also possible that beta amplitudes, which rise with spontaneous cog-
nitive activity (Laufs et al., 2003), may have risen as a function of changes in training
strategy.

In the across-sessions analysis it was observed that the training ratio fell slightly
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over the course of intervention. The overall training ratio fell, as did the smRr/theta
ratio, whilst the sMR/beta ratio increased. Between frequency dynamics were mediated
to a larger extent by changes in theta and beta activity than sMR modulation.

Theta production during wakefulness has been implicated in the encoding of new
information in working memory arising from oscillatory activity in a hippocampo-
cortical loop that presents in frontal-midline areas (Buzsdki, 2002), and hippocampal
theta is thought to reflect sensorimotor integration during the preparation of a mo-
tor response (Bland and Oddie, 2001). Despite the association between theta and
sensorimotor integration, theta over the motor cortex is not as well understood as its
frontal counterpart. To date theta activity in the motor region has been most directly
explored through Repetitive Transcranial Magnetic Stimulation studies applying theta
burst stimulation (Huang et al., 2005; Di Lazzaro et al., 2005). These studies have
observed that the stimulation of theta cycling in motor areas depresses intracortical
excitability, supporting the interpretation that motor theta is related to cortical de-
activation, as seen in sleep, and in accordance with Lubar et al. (1995), who treated
abnormally high theta in ADHD cases as evidence of low arousal. Given that frontal
theta activity is related to the preparation of an action, whilst elicited motor theta
is associated with the depression of cortical excitability, it is surmised that progres-
sive theta/sMR increases seen across-training are more likely to have been predicted
by cortical deactivation because participants responded to the training goal of main-
taining motor stillness by promoting deactivation rather than regulation of the motor
response. The slight falls in beta across the course of training also support the interpre-
tation that deactivation occurred, and taken together the downward shift in spectral

power over the course of training suggests a fall in vigilant arousal.

3.5.2 Music Performance

This section concentrates first on the replication (Egner and Gruzelier, 2003) part
of the study, and continues by covering each of the experimental tasks newly intro-
duced into the NFT methodology. Given the probing nature of this study, the effect
of intervention across all measures is not evaluated, and focus is given to the apparent

usability of each task as a reliable indicator of NFT related change.
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3.5.2.1 Instrumental Solo

As with the replication precursor (Egner and Gruzelier, 2003), a post-intervention
between-groups difference in instrumental performance was not disclosed. In the
light of this is seems reasonable to assume that whilst this and previous exploration
provided limited evidence for alpha-theta effects on performance, the level of experi-
mental control required to isolate the effect is beyond the scope of the current research
methodology.

There are several contributory factors that might have increased sampling error
variance in this study, which in turn might blur protocol specific effects. Firstly the
small sample size reduces the statistical power of the analyses used. There were also
uncontrolled methodological factors that are likely to contribute to differences in rat-
ings, with the highest amount of interference stemming from the open choice of music
to be played, and the instrument to play it on. Although the current study retained
this particular approach for consistency with prior work, Wapnick et al. (2004, 2005)
documented the significant effect of a number of variables on audience evaluations
including tempo, duration, style, and composer, which suggests that controlling for
instrument and score might reduce sampling error variance in future attempts to iso-
late protocol specific effects.

The replication of Egner and Gruzelier (2003) in assessing within-subjects changes
are discussed below, although with the caveat that a treatment effect may be blurred by
the statistical phenomenon of regression to the mean as performance measures were
significantly lower initially than post-intervention (Morton and Torgerson, 2005).

The a priori hypothesis that improvements in instrumental performance would
replicate the findings of the second experiment in Egner and Gruzelier (2003) was
confirmed in as far as between-groups differences were found in neither study, and
within-group changes were seen in the alpha-theta group alone. A very similar mark-
ing scheme to that used in the previous work had been used here, and some exploratory
within-group comparisons were compared to the Egner and Gruzelier (2003) study
and showed that all the previously significant changes were replicated. However, in
the current study, the alpha-theta group gained significantly lower scores on base-
line measures of instrumental solo performance than the other groups and equivalent

scores post-training, so the scope for improvement was greater than in other groups.
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The current study extends the second experiment in Egner and Gruzelier (2003)
by additionally disclosing the influence of the long term alpha-theta training covari-
ate on within-subjects improvements in ratings of Deportment. The reason for this
difference might be accounted for by the different analyses used; Egner and Gruze-
lier (2003) indexed NET learning as across-session changes in within-session changes
(a slope of slopes), whilst the current study used a early-late training comparative
measure of learning (first 5 against final 5 sessions). This approach is consistent with
the assertion that collapsing training data reduces sampling error variance caused by
inter-session differences in uncontrolled factors that might modulate EG (Vernon
etal., 2003). Egner and Gruzelier’s (2003) index had however disclosed a correlation
between t/a and music change in the first experiment, in which alpha-theta training
was given following a course of sMR and beta training, and so it is speculated that
across-session t/a increases in Egner’s first experiment may have been improved as a
result of prior SMR NFT training. Scott et al. (2005) also used sMR training to opti-
mise attentional performance prior to applying alpha-theta as a treatment for mixed
chemical dependency withdrawal. Taken together, these reports suggest that the two
protocols may interact.

The measure of ‘Deportment on stage’ itself is classed as a Communication vari-
able, and if this were not a chance finding, it would suggest that the longitudinal
change of sleep-onset EEG seen in training was positively related to this aspect of mu-
sic performance. Considering that alpha-theta regulates sleep onset and was reported
to influence associated mood measures (Raymond et al., 2005b), the self-control of
physical aspects of performance might also be affected.

In combination, these findings did not significantly isolate protocol specific train-
ing effects, but rather replicated within-subjects improvements and added a single
piece of evidence linking changes in EEG and perceived competence, indicating pos-
sible electrophysiological mediation. Extending the method to verify this form of
mediation is covered in Chapter 5, which introduces a means of measuring music
electrophysiology commensurate with NFT. Such an extension of the method pro-
vides the basis for testing the theoretical framework discussed in Section 1.5.2, in
which the hypofrontal neurophysiologies of both sleep-onset and creative ideation
are paralleled (Dietrich, 2003). Dietrich’s hypothesis could be tested by measuring

hypofrontality in both NFT and creative behaviour.
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3.5.2.2 Stripsody

Post-intervention changes in ratings of ‘Confidence’ were shown to be significantly
different between groups, yet post-hoc inter-group comparisons did not reveal distinct
protocol differences. This measure was part of the ‘Communication’ category that
was introduced into the study from the standard conservatory assessment measures
(Taylor, 2005).

Of the four experimental tasks presented here, Stripsody and Folk song (see Sec-
tion 3.5.2.3) were the only tasks that disclosed between-groups differences post-intervention,
and even then on solitary measures out of many. This suggests chance outcomes, al-
though in this task associated communication measures of ‘Deportment on stage,
‘Emotional commitment’ and ‘Enjoyment on stage’ all showed trends towards signif-
icance, so there are additional clues that this task may interact with the experimental
intervention. Confidence changes were not shown to co-vary with training EEG.

On the basis that this is not a chance finding, the result suggests that the method-
ology has advanced through REseArRCH QUESTION 1 (CREATIVITY), by further isolating
post NrT differences, and such an outcome invites further consideration.

As outlined in Section 3.3.5.2, the Stripsody task was selected to provide a con-
trolled scope for spontaneous creativity, resulting in performances that afford both
novel creative insight and empirical comparison. This attempt to control for some of
the many variables impacting on music appraisal (Wapnick et al., 2004) does appear
to have taken a step towards isolating protocol specific effects.

Confidence and alpha-theta have previously been investigated by Raymond et al.
(2005b), who documented alpha-theta related improvements in this measure within
the Profile of Mood States scale (Lorr et al., 1971). Raymond et al.’s (2005b) study
also demonstrated post alpha-theta training increases in participants’ feelings of be-
ing composed, agreeable and elevated, leading to the suggestion that combined mood
improvements might underline the efficacy of alpha-theta NFT in task-related appli-
cations. In relation to this, a study by Petsche et al. (1997) found that increases in
lower alpha amplitude (7.5-9 Hz) were related to elevated mood, which suggests that
a downward shift in spectral power, as observed in the alpha-theta protocol, might
have positive implications for mood via similar physiological mechanisms to creative

behaviour. In addition it has been reported that mood measures of depression were
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reduced following music listening (Tornek et al., 2003), and in the current study
significant confidence improvements were only observed in the alpha-theta group,
suggesting that mood elevation occurred separately from music effects, implicating
the t/a ratio as the main contributory factor in confidence differences.

In itself, performing confidently may not give rise to creative behaviour, but in a
task such as this, which explicitly requires the performer to be spontaneous and pro-
duce fast responses during music creation, it is possible that the confidence to attempt
new ideas may lead to innovation, and Phelan and Young (2003) reported suggestive
evidence linking creative confidence to innovative behaviour in the workplace.

Furthermore, the stage fright literature (see Section 1.4.2.2) indicates that confi-
dence is impaired by fear (Brotons, 1994), and so this result could be interpreted as

an optimisation against performance anxiety.

3.5.2.3 Folk Songs

The folk song element of this study explored neurofeedback training effects in novice
performance for the first time, and in line with research linking motor skill improve-
ment with sMR training (Ros et al., 2009), this study explored whether NFT training
would interact with sensory/motor components of performance as a result of sMR
regulation.

A group difference in Pitch changes was observed, with the sMr group showing
most improvement, however this change was not found to co-vary with changes in
neurofeedback training ratios, which suggests that technical gains may not have been
mediated by electrophysiological change. It is noteworthy that the other technical
measures: ‘Clarity of Diction,” ‘Breathing with the music in mind,” or ‘Overall vocal
competence” did not exhibit similar positive changes following SMR training suggest-
ing that technical gains were quite marginal, or perhaps that Pitch, as a relatively
objective measure isolated motor skill changes most clearly.

Post-sMR scores of ‘Overall Musical Understanding,” ‘Interpretative imagination’
and ‘Stylistic accuracy’ all co-varied with the within-session SMR training ratio. This
suggests that Artistry may have changed as a function of sMR, but not to a marked ex-
tent. The idea that sMR training might influence perceived artistic qualities in perfor-

mance can be interpreted as performance optimisation not in the anticipated technical
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sense, but in the sense that mitigating physiological arousal in stage fright interacts
with emotional performance - possibly in the way that experienced performers are

able to control stage fright in maintaining optimal arousal (Brotons, 1994).

3.5.2.4 Instrumental Improvisation

Looking at global changes across all performance measures, all participants received re-
duced scores as a function of time, and this was confirmed by repeated measures Mul-
tivariate ANOVA that showed a main effect of testing stage (F(10,10)=9.759, p=0.001).
The fact that scores fell as a function of repeat testing can be interpreted based on the
nature of the task. In the first performance participants were asked to choose from
a list of descriptive scenes from which to improvise, and in the second performance
to choose another from the same list. This leads to the speculation that participants
might have had more difficulty in the second instance as their choice of source mate-
rial was more restricted, and did not include their previous selection which may have
been made on the basis of their ability to improvise with it. On this basis, it appears

that the task became harder on the second attempt.

3.5.3 Summary of the study

As a constructive replication of the second experiment in Egner and Gruzelier (2003),
the present study sought to determine whether post alpha-theta musicality improve-
ments might be replicable in Instrumental solo performances. The results of the cur-
rent study indicate that protocol specific improvements in Musicality may be replica-
ble, although the evidence in favour was hampered by the low opening scores in the
alpha-theta group (RESEARCH QUESTION 7).

Stripsody and Instrumental improvisation were included into the current study
as they were speculated to isolate creativity related effects more specifically through
their explicit inclusion of music creation behaviours. Post-intervention measures of
confidence in the Stripsody task disclosed a significant different in group means. This
finding, despite being the first example of a between-groups difference in the opti-
mal performance NFT literature, did not support the explorations of the study as the
improvements fell in the category of communication rather than artistry. This result

was interpreted as being associated with the mood enhancing properties of the alpha-
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theta protocol as opposed to its role in modulating creativity, although it is notable
that confidence in improvisation may offset stage-fright (Brotons, 1994), optimising
spontaneous emotional processing (RESEARCH QUESTION 1).

The global reduction in improvisational quality was interpreted in terms of appar-
ent methodological shortcomings of the experimental method, principally the use of
a reduced choice of improvisational stimuli in the post-intervention measures.

Finally, the Folk song task was included to assess the novel question that sMR
training would specifically optimise technical aspects of performance in a novice per-
formance task (RESEARCH QUESTION 3) — and post-intervention measures did show
significant variance of Pitch between group means, although without post-hoc dis-
tinction. The Folk task did however show several relations between sMRr and Artistic
variables, suggesting that such aspects of performance, potentially reduced by stage

fight, may be supported through sMmR training.

3.5.3.1 'The following study

Given the results of the present study were able to address primary RESEARCH QUEs-
TIONS 1, 2, 3 & 4 to a limited extent, the addition of an additional population cohort
into the current study was planned in order to raise statistical power.

An increased data capture was sought and a second group of participants recruited.
In the implementation of the extended experiment, a methodological difference in-
troduced a previously unobserved effect on music performance that altered the design
of the study.

In this second cohort, post-training performances were recorded immediately fol-
lowing the final NFT session, whereas the participants in the current study waited at
least one hour before performing music.

The transient after-effects of alpha-theta NFT appeared to lead to marked differ-
ences in post-training performance measures amongst participants who had emerged
from a period of sleep-onset only minutes before.

Interestingly this raised a hitherto undocumented short-term effect of alpha-theta
NFT, and the results of this altered study design are accordingly isolated and docu-

mented in Chapter 4.
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Experiment Two

4.1 Introduction

This study was originally set up as an extension to the study in Chapter 3, designed to
raise the statistical power of the initial investigation of NFT and music creation tasks.
A methodological difference was introduced whereby post-training performances
were recorded immediately following the final NFT session. During observation of
music footage, it became apparent that alpha-theta participants were noticeably with-
drawn in performances following their final alpha-theta session. This was seen as
possible cause of observed performance impairments following alpha-theta NFT.
Exploratory independent groups comparisons between Experiments 1 & 2 showed
that changes of performance ratings differed between the two sets of alpha-theta par-
ticipants, but not those of control or sMR (in all but one measure). The differences
are shown in Figure 4.1 and particularly affect the Stripsody and Instrumental solo
performances. In Experiment 1, the latter task was found to disclose group differ-
ences in testing stage 1 however, and the post-NFT improvements in that task may
have been attributable to regression-to-mean effects (Morton and Torgerson, 2005).
The Stripsody task in Experiment 1 did not show such a difference, so the evidence of
difference in changes between studies is more straightforward to compare. The data
indicate that music changes in the alpha-theta group were predominantly negative
in the second experiment, with 25% of them differing significantly from experiment

one.
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Figure 4.1: Significant differences are highlighted in the plots (* for sMr and * for
alpha-theta). Variable names and significant test results are shown below:

Folk: 1- overall rating of performance, 2—overall rating of vocal competence, 3—clarity of diction™ (£(8.07)=2.53, p=0.035), 4—pitch, S—overall rating of musical un-
derstanding, G-interpretative imagination, 7—expressive range, 8-stylistic accuracy, 9-rhythmic accuracy, 10-overall rating of communicative ability, 11-deportment on
stage, 12—emotional commitment and conviction, 13—confidence in the situation, 14—sense of performance;

Stripsody: 15-overall, 16-overall vocal, 17—diction, 18-pitch, 19-breathing, 20~tonal, 21-overall musicality, 22-imagination, 23-oneness with voice, 24—overall com-
munication, 25—-deportment, 26—commitment™ (t(7.54)=2.87, p=0.02), 27—confidence™® (t(12)=2.27, p=0.04), 28—enjoyment;

Instrumental: 29—overall (¢(12)=2.94, p=0.01), 30—overall competence, 31-thythmic accuracy™ (t(7.67)=2.58, p=0.03), 32-security, 33—tonal quality™ t(12)=2.69,
p=0.02, 34—overall musicality™ (¢(12)=3.29, p=0.01), 35-stylistic accuracy™ (¢(12)=2.120, p=0.05), 36—imagination™ (t(12)=2.83, p=0.02), 37-expressive range,
38-overall communication® (¢(12)=2.85, p=0.02), 39—deportment, 40—commitment™ (t(12)=3.20, p=0.3.20), 41—confidence™ (¢(12)=3.00, 0.01), 42-sense of
performance™ (2(12)=2.81, p=0.02);

Improv: 43—overall rating of performance™ (¢(12)=2.20, p=0.05), 44-overall rating of creativity™® *t(12)=2.25, p=0.04, 45—interpretative imagination, 46-appropriateness
to theme, 47—fluency, 48—temporal sense, 49—overall rating of communicative ability, 50—deportment on stage, 51—emotional commitment and conviction, 52-confidence

in the situation.
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4.2 Method

4.2.1 Participants

19 undergraduate music students from Goldsmiths University of London volunteered
for participation (12 males, 7 females, mean age 24, + 10.30). As in the previous
cohort all who joined were instrumentalists with non-expert singing experience, and
were assigned in the order of joining to one of three experimental groups: alpha-
theta (n=7), sMR (n=0), controls (n=6). On completion of participation each subject
received a payment of £20.

Participants played a variety of instruments, mostly but not exclusively in the
classical tradition: 2 bassists; 1 clarinettist; 1 flautist; 3 guitarists; 7 pianists; 1 saxo-
phonist; 1 tuba player; 3 violinists. One bassist played pop/rock, and the saxophonist
played traditional jazz and classical. As with the previous participants, the prevailing
musical orthodoxy was of playing music notation only, and improvisational skill had
not been formally developed by any participants. Only the pop/rock musician was

accustomed to the importance of jams, riffs and solos in the rock tradition.

4.2.2 Design

Prior to and following the intervention, participants in all groups performed the same
battery of four musical tasks used in Chapter 3. The experimental intervention of
either 10 NFT training sessions or a passive control period lasted for 72 (+25) days,

with NFT sessions taking place every 8+3 days.

4.2.3 Neurofeedback, Music Performance and Statistical methods

Neurofeedback training provided was implemented according to procedures detailed
in Section 3.3.3 and alpha-theta and smRr protocols detailed in Section 3.3.4. Mu-
sic performance tasks were the same as those described in Section 3.3.5, however the
post-performances did immediately follow the final training session, rendering them
open to potential transient NrT effects, a key difference from the first cohort. Mu-

sic performance ratings were conducted by the same two-member panel in the case
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of Stripsody and Folk-song performances, however in the case of Instrumental so-
los and improvisations, only one of the panel evaluated the performances, although
given good prior agreement on assessment of these tasks, the use of single ratings was

validated. The statistical methods used were previously introduced in Section 3.3.6.

4.3 Results

4.3.1 Neurofeedback training

For reasons stated in Section 3.3.6.1 the training ratio is used as the most reliable
NFT learning index, as it is less sensitive to uncontrolled EEG modulators. However,
absolute EEG component measures are included here to explore the factors underlying

relative EEG changes.

4.3.1.1 Alpha-theta neurofeedback training

According to the research questions of the experiment, alpha-theta NFT would mod-
ulate the theta-alpha ratio progressively both within- and across-sessions, plus these
measures would interact (RESEARCH QUESTION 2). A repeated measures two-way (ses-
sion x periods) ANova (with 10 x 5 levels respectively, sessions 1-10 and periods 1-5)

disclosed marked changes across all measures:
* 'The within-session factor of the ANOVA revealed a significant effect of period on
the t/a ratio (F(1.206, 7.236)=7.076, p=0.001), see Figure 4.2a

* 'The sessions factor of the ANOvA revealed a significant effect of session on the

t/a ratio (F(9, 54)=2.301, p=0.029), see Figure 4.2b

* 'The session x period interaction showed a significant effect of session on period

t/a ratios (F(36, 216)=1.517, p=0.038), see Figure 4.2c.
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4.3.1.2 SMR neurofeedback training

According to the research questions of the experiment, SMR NFT would raise the ratio of
SMR to both theta and beta amplitudes progressively both within- and across-sessions,
plus these measures would interact (RESEARCH QUESTION 2).

A repeated measures two-way (session x periods) ANOva (with 10 x 5 levels respec-
tively, sessions 1-10 and periods 1-5) disclosed marked changes in only the aggregated

‘within-session’ measure:

* The within-session factor of the ANOVA revealed a significant effect of period on
the training ratio (F(4, 20)=3.10, p=0.039), see Figure 4.3a

* 'The sessions factor of the ANOvA revealed that there were no significant differ-

ences between sessions (F(9, 45)=1.22, p=Ns), see Figure 4.3b

* 'The session x period interaction was examined for evidence of an effect of ses-
sion on period t/a ratio. There was no significant interaction effect on the
training ratio (F(36, 180)=0.778, p=Ns), see Figure 4.3c.
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4.3.2 Music Performance

4.3.2.1 Instrumental Solo

Data Screening  Ratings were provided by one of the panellists from the prior study.
Conservative ‘single-measures’ estimates of absolute rater agreement on prior instru-
mental data were computed — this approach is used in cases where high agreement
between multiple raters on a subset of data is used as a precursor to continuing with
one rater CA-1" type, (Wong, 1981)). In instrumental ratings in the prior study,
absolute agreement between the panel was high at r=0.73, p<0.0001, and thus the
current set of ratings were interpreted as being representative of the panel’s approach
to marking this type of performance.

A one-way ANOvA on the pre-intervention measures of Instrumental performance
revealed no differences between groups at baseline. Group score distributions are

shown in Figure 4.4.

Creativity This task addressed REsEARCH QUESTION 1 (CREATIVITY).

The means and standard deviations of baseline and change measures, as well as
ANOVA F-terms are included in Table 4.1 and visualised in Figure 4.5.

The ratings of performance were entered into repeated measures ANOvaAs, with the
pre-intervention scores as the covariate and the post-intervention score as the depen-

dent variable. None of the tests showed a significant effect of experimental group.
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Figure 4.4: Boxplot showing between group differences in pre-intervention measures
of Instrumental performance (Two medians are significantly different at the 5% significance level

if their intervals do not overlap. Interval endpoints are the centres of the triangular markers.)
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Table 4.1: Instrumental descriptive statistics

ALPHA-THETA (n=7) SMR (n=06) CONTROL (n=6) F-test
Measure Pre Change! Pre Change Pre Change (aNOVA?)
Overall 4.14+£0.38 -0.12+0.27 3.67+1.03 0.04+£024 3.50+0.55 0.11+0.27 1.29
Opverall competence 471+049 -0.13+£0.33 4.50+1.05 -0.04+0.20 4.17+0.75 0.09+0.33 0.85
Rhythmic accuracy 4.86+038 -0.14+0.28 4.00+1.41 0.19+0.68 3.83+1.17 027+041 1.73
Security 443+0.79 0.00+0.33 4.67+1.03 -0.08+0.21 4.00+0.89 0.12+0.30 0.85
Tonal quality 371+0.76 -0.06+0.23 3.67+1.21 0.04+0.33 3.33+0.52 0.01+0.28 0.13
Overall musicality 4.00+0.58 -0.10+0.31 3.67+151 0.22+046 3.33+£0.52 0.17+0.28 1.06
Stylistic accuracy 3.86+0.38 -0.02+0.32 3.67+1.03 0.13+£0.31 3.50+0.55 0.21+0.23 1.00
Imagination 3.86+0.69 -0.15+0.33 333+137 029+0.68 3.17+0.75 0.21+0.35 142
Expressive range 329+0.76 0.08+0.48 333137 0.21+0.51 3.17+0.75 021x035 025
Overall communication 3.57+0.53 -0.11+0.28 3.00+1.26 0.21+£0.55 3.33+0.52 0.03+£0.26 0.48
Deportment 457 +0.53 -0.04+024 4.00+1.26 0.06+042 4.00+1.26 0.11+0.49 0.10
Commitment 4.00+0.82 -0.16+0.33 3.67+151 0.16+0.40 3.33+0.82 0.06+0.31 0.88
Confidence 457 +0.53 -0.09+0.27 4.33+137 0.08+0.36 4.00+0.89 0.13+0.26 0.61

Sense of performance 3.71+049 -0.11+034 3.17+1.47 043+070 3.00+£0.89 0.19+0.35 1.17

(post—p’r‘e)
pre

1Change =
2df(2,16)
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Figure 4.5: Group changes in music performance evaluation

As this part of the experiment ostensibly served as a replication of the second

experiment in Egner and Gruzelier (2003), the within-group contrasts reported there

are also shown here. Bearing in mind their relatively higher opening scores and the

associated problem of their subsequent downward regression to the participant mean

(See Figure 4.5), the alpha-theta group alone showed wide ranging within-subjects

declines in performance (two-tailed t-tests, see Table 4.2). This is in contrast to the

reports in Egner and Gruzelier (2003) and Chapter 3.
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Table 4.2: Instrumental Solo — within-group changes
(two-tailed t-tests included as replication of Egner and Gruzelier (2003))

ALPHA-THETA SMR CONTROL

t p t p t p
Overall -1.19  0.28 w=2 1.00 1.00 0.36
Overall competence -146 020 w=1 0.62 w=0 1.00
Rhythmic accuracy -1.37 022 000 1.00 w=0 0.12
Security -0.31 077 -1.35 024 146 0.20
Tonal quality -1.16 029 -0.60 0.58 -0.54 0.61
Overall musicality -1.19 028 0.28 0.79 w=0 0.50
Stylistic accuracy -0.68 052 035 074 146 0.20
Imagination -1.37 022 021 084 w=0 0.25
Expressive range 0.00 1.00 0.00 1.00 w=0 0.25
Overall communication -1.16 0.29 0.00 1.00 =0 1.00
Deportment -0.68 052 -024 0.82 035 0.74
Commitment -1.69 0.14 0.00 1.00 -0.42 0.70
Confidence -0.89 041 -0.25 0.81 w=0 0.25
Sense of performance -0.89 041 0.65 054 w=0 025
Degrees of Freedom 6 5 5

w=Wilcoxon sign test on data that did not
satisfy assumptions of parametric t-tests.
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4.3.2.2 Stripsody

Data Screening The 1.c.C. statistic measuring consistency between two panellists’
ratings under a two-way random effects model showed a high level of inter rater reli-
ability at r=0.71, p<0.0001. Ratings were averaged for subsequent analysis.

A one-way ANOVA on the pre-intervention measures of performance revealed no

differences between groups at baseline. Group score distributions are shown in Fig-

ure 4.6
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Figure 4.6: Boxplot showing between group differences in pre-intervention measures
of Stripsody performance (Two medians are significantly different at the 5% significance level if

their intervals do not overlap. Interval endpoints are the centres of the triangular markers.)

Creativity This task addressed RESEARCH QUESTION 1 (CREATIVITY).
The means and standard deviations of baseline and change measures, as well as
ANOVA F-terms are included in Table 4.3 and visualised in Figure 4.7.

None of the tests showed between-group differences.
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Table 4.3: Stripsody descriptive statistics

ALPHA-THETA (n=7) SMR (n=06) CONTROL (n=6) F-test
Measure Pre Change! Pre Change Pre Change (aNOVA?)
Overall 293+1.10 -0.04+0.14 3.33+1.17 0.07+026 292+1.11 0.11+0.28 0.66
Overall vocal 343+0.73 -0.08+0.19 3.42+0.86 -0.04+036 3.42+1.02 -0.02+0.36 0.01
Diction 2.64+0.69 0.01+031 3.25+082 0.02+0.06 3.08+0.97 0.15+0.47 0.18
Pitch 3.29+0.70 0.01+£0.23 3.67+098 -0.02+0.27 3.58+1.07 0.03+0.40 0.23
Breathing 293+0.73 -0.03+0.11 3.33+0.82 0.02+0.18 3.08+1.11 0.07+0.29 0.03
Tonal spectrum 3.71+2.06 -0.01+0.17 3.33+1.17 0.08+0.34 3.17+1.54 0.16+0.45 0.00
Overall musicality 243 +0.67 -0.00+0.24 3.00+0.84 0.12+0.10 2.42+1.02 0.38+0.81 1.25
Imagination 3.00+1.53 -0.07+0.47 333+1.25 0.12+0.43 292+1.16 0.15+0.32 1.42
Oneness with voice 3.07+0.93 0.00+£0.19 3.25+0.82 0.03+0.27 292+1.07 0.11+£0.25 0.23
Overall communication 2.36 +0.85 0.05+0.36 2.83+1.03 0.16£0.35 2.67+1.08 0.07+0.35 0.22
Deportment 2.57+0.53 -0.05+0.09 2.75+0.82 024+047 258+0.92 0.15+0.29 1.42
Commitment 293+1.43 -0.11+0.24 3.00£1.05 0.15+0.31 258+1.24 0.2420.66 1.02
Confidence 350+ 144 -0.05+0.18 3.33+1.03 0.14+0.31 333+1.08 0.15+0.25 2.61
Enjoyment 321+135 -0.08+0.17 325+1.13 0.04+0.34 3.00+1.38 0.17+0.22 1.63

(post—p’r‘e)
pre

1Change =
2df(2,16)
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Figure 4.7: Group changes in music performance evaluation
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4.3.2.3 Folk Song

Data Screening The 1.c.C. statistic measuring consistency between two panellists’
ratings under a two-way random effects model showed a moderate level of inter rater
reliability at r=0.63, p<0.0001. Ratings were averaged for subsequent analysis.

A one-way ANOVA on the pre-intervention measures of performance revealed no
differences between groups at baseline. Group score distributions are shown in Fig-
ure 4.8
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Figure 4.8: Boxplot showing between group differences in pre-intervention measures
of Folk Song performance (Two medians are significantly different at the 5% significance level if

their intervals do not overlap. Interval endpoints are the centres of the triangular markers.)

Novice Performance This task addressed RESEARCH QUESTION 3 (NOVICE PERFOR-
MANCE).
The means and standard deviations of baseline and change measures, as well as

ANOVA F-terms are included in Table 4.4 and visualised in Figure 4.9.
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The initial use of ANOvA revealed a group difference in measures of ‘Expressive
range’ (F(2, 16)=5.80, p<0.05). Post-hoc comparisons however showed no inter-
group differences sMR - alpha-theta (M = 0, SE = 0.49) p=Ns; sMR - control (M =
-0.33, SE = 0.57) p=Ns.
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Table 4.4: Folk Song descriptive statistics

alpha-theta (n=7) smr (n=6) control (n=6) F-test
Measure Pre Change! Pre Change Pre Change (aNnova?)
Overall Performance 293 +£0.61 -0.07+0.18 2.83+121 0.17+0.21 292+0.74 0.06+0.52 1.50
Opverall Vocal Competence 329+049 -0.14+£0.11 3.08+1.50 -0.01+0.12 3.17+0.75 -0.10+0.18 1.67
Clarity of Diction 3.00+091 -0.00+0.29 3.00+1.10 -0.04+0.11 3.08+0.97 0.02+0.66 0.11
Pitch 2.57+0.61 0.13+£0.29 2.67+125 0.16+0.30 3.08+0.97 -0.06+0.42 1.76
Overall Musical Understanding  3.00 + 0.50 -0.06 +0.28 2.75+1.37 0.33+0.61 3.33+1.03 -0.01+0.53 1.48
Interpretative Imagination 243+0.53 0.04+032 225+144 0.40x0.37 3.00£0.77 -0.03+0.31 241
Expressive Range 243+0.61 0.08+0.22 2.25+1.29 0.29+0.27 3.08+0.66 -0.18+0.23 5.803
Stylistic Accuracy 2.64+056 -0.03+026 258+1.16 0.09+0.46 3.17+0.75 -021+0.20 1.93
Rhythmic Accuracy 336+0.69 -0.05+039 342+143 0.16+0.32 3.67+0.61 -0.06+0.30 0.76
Overall Communicative Ability 2.43 £+ 0.53 -0.08 £+0.21 225144 0.19:+022 2.83:1.03 -0.06+042 1.73
Deportment on stage 3.07+0.45 -0.15+024 292+146 0.22+0.63 3.00+0.71 -0.06+0.27 141
Emotional commitment 236+0.85 024+054 258+1.56 0.33+0.63 3.17+0.82 -0.02+0.32 0.71
Confidence in the situation 3.07+0.79 0.01+0.34 3.00+138 0.23+0.33 333+1.17 0.22+0.61 0.64
Sense of Performance 229+0.76 0.12+0.53 2.50+1.58 0.38+0.48 2.83+0.68 0.07+0.35 0.70

(postfpre)
pre

1Change =
2df(2,16)
3p<0.05
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Figure 4.9: Group changes in music performance evaluation
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4.3.2.4 Instrumental Improvisation

Data Screening  Ratings were provided by one of the panellists from the prior study.
In instrumental ratings in the prior study, absolute agreement between the panel was
moderate at r=0.59, p<0.0001, and the current set of ratings were interpreted as being
representative of the panel’s approach to marking this type of performance.

A one-way ANOVA on the pre-intervention measures of performance revealed no
differences between groups at baseline. Group score distributions are shown in Fig-
ure 4.10
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Figure 4.10: Boxplot showing between group differences in pre-intervention measures
of Instrumental Improvisation(Two medians are significantly different at the 5% significance

level if their intervals do not overlap. Interval endpoints are the centres of the triangular markers.)

Creativity This task addressed RESEARCH QUESTION 1 (CREATIVITY).
The means and standard deviations of baseline and change measures, as well as

ANOVA F-terms are included in Table 4.5 and visualised in Figure 4.11.
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A marginal group difference in scores of ‘Emotional commitment’ was found by

ANOVA tests.
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Table 4.5: Instrumental improvisation descriptive statistics

ALPHA-THETA (n=7) SMR (n=06) CONTROL (n=6) F-test
Measure Pre Change! Pre Change Pre Change (aNOVA?)
Overall Performance 3.57+0.53 -0.14+0.20 3.00+1.55 -0.03+0.54 3.17+041 0.14+£0.50 1.13
Opverall Improvisational Competence  4.14 + 0.69 -0.13+0.17 3.00+1.55 0.03+0.76 4.00+0.89 0.07+045 0.43
Interpretative Imagination 3.00 +0.00 -0.05+0.30 2.50+1.38 0.38+1.30 3.00+0.63 0.03+0.43 0.03
Appropriateness to Theme 3.57+053 -0.11+0.20 283+1.72 -0.03+0.54 333052 0.10£0.34 0.93
Fluency 443+053 -022+0.17 3.67+216 0.11+055 3.83+0.75 0.16+0.55 0.79
Temporal Sense 343+0.53 -0.12+032 2.67+1.63 0.25+052 2.83+041 0.08+0.56 0.29
Overall Communicative Ability 3.14+0.69 -0.11+0.31 250+122 0.02+£0.53 2.67+052 0.25+£0.51 0.97
Deportment on stage 414+0.69 -022+0.17 2.83+1.17 0.29+0.71 3.83+0.41 -0.01+0.45 0.83
Emotional commitment 371+0.76 -0.18+0.20 3.00+2.00 -0.07+0.58 3.17+0.41 0.31+0.48 2.28
Confidence in the situation 4.14£090 -0.20+0.19 350+1.87 0.10+0.79 3.83+0.41 0.07+0.41 0.91

(post—p’r‘e)
pre

1Change =
2df(2,16)
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4.3.3 Within-subjects relationship between changes in NFT-EEG and

music performance

Within subjects ANcovas were performed to assess the research question as to whether
changes in measures of music performance would be predicted by changes to EEG
during training (RESEARCH QUESTION 4).

Table 4.7 includes all the results, and significant results are described by music
task below. In both EEG and music measures, the index of change was calculated as
latter data minus former data (e.g. second half of training minus former half), divided

by former data. This approach measures late data in proportion to early data.

4.3.3.1 Instrumental Solo

It was found that no pre- or post-training musical measures of this task co-varied with
within-session EEG ratios.

This task, which replicates the task in Egner and Gruzelier (2003) is also analysed
using the approach adopted there (see Section 3.3.6.3). The training coefficients all

correlated negatively and non-significantly (see Table 4.6).

Table 4.6: Correlation between training and music change replicating Egner and
Gruzelier’s (2003) statistical analysis

Measure Training correlation

Overall -0.71

Overall competence  -0.28
Rhythmic accuracy  -0.55
Security  -0.51

Tonal quality -0.47
Overall musicality  -0.72
Stylistic accuracy  -0.72
Imagination -0.87
Expressive range  -0.63
Overall communication  -0.78
Deportment  -0.59
Commitment -0.92
Confidence -0.74

Sense of performance  -0.76
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4.3.3.2 Stripsody

The within-session SMR ratio was a covariate of pre-training ‘Overall musicality’ and
‘Confidence’ measures, plus post-training ‘Overall communication.” To a marginal
extent, it was a covariate of post-training ‘Breathing’ and ‘Emotional commitment.’
4.3.3.3 Folk Song

It was found that no pre- or post-training musical measures of this task co-varied with
within-session EEG ratios.

4.3.3.4 Instrumental Improvisation

The within-session alpha-theta ratio was a covariate of post-training ‘Overall Impro-

visational Competence,” ‘Fluency’ and ‘Overall Communicative Ability.’
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Table 4.7: Music covariance with within-session EEG (F statistic)

Performance =~ Measure alpha- alpha- SMR pre SMR post
theta theta
pre post

Instrumental ~ Overall 2.95 0.01 0.18 0.18
Overall Competence 1.61 0.15 1.07 3.53
Rhythmic Accuracy 0.34 0.04 0.22 0.35
Security 0.05 0.02 0.18 0.58
Tonal Quality 0.12 0.10 0.57 0.32
Overall Musicality 1.23 0.89 0.02 0.05
Stylistic Accuracy 0.14 1.41 0.18 0.07
Imagination 0.44 0.45 0.43 0.28
Expressive Range 0.07 0.82 0.43 0.32
Overall Communication 0.00 0.45 0.00 0.73
Deportment 0.00 0.14 0.52 0.00
Emotional commitment 1.06 0.76 0.02 0.18
Confidence 0.94 0.58 0.10 0.34
Sense of Performance 0.02 0.76 0.05 0.16

Stripsody Overall 0.00 0.08 3.55 4.52
Overall Vocal 0.10 0.80 1.11 0.93
Diction 1.12 0.02 2.47 3.29
Pitch 0.07 0.00 2.96 3.55
Breathing 0.59 0.03 2.13 6.85+
Tonal Quality 0.01 0.03 2.19 2.76
Overall Musicality 0.37 0.91 8.90* 3.29
Imagination 0.16 0.10 4.46 1.11
Oneness With Voice 0.37 0.89 2.47 3.25
Overall Communication 0.04 0.25 1.11 9.97*
Deportment 0.17 0.06 2.47 3.56
Emotional commitment 0.01 0.05 3.13 6.85"
Confidence 0.02 0.05 8.73* 2.24
Enjoyment 0.05 0.01 6.26 3.10

Folk Overall Performance 0.62 0.10 0.57 0.95
Opverall Vocal Competence 2.71 1.08 0.23 0.63
Clarity of Diction 0.60 0.44 0.38 0.30

Continued on next page
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Table 4.7 — continued from previous page

Performance ~ Measure alpha- alpha- SMR pre SMR post
theta theta
pre post
Pitch 0.23 0.75 0.03 0.16
Opverall Rating of Musical Understanding  0.00 0.06 0.08 0.11
Interpretative Imagination 0.62 0.00 0.44 0.28
Expressive Range 0.00 0.08 0.14 0.25
Stylistic Accuracy 0.00 0.11 0.18 0.37
Rhythmic Accuracy 0.01 0.15 0.12 0.49
Overall Communicative Ability 0.62 0.09 0.44 0.38
Deportment on Stage 3.92 0.01 0.69 1.03
Emotional Commitment 0.62 0.25 0.21 0.76
Confidence in the Situation 0.76 0.00 1.36 0.76
Sense of Performance 0.47 0.13 0.64 0.65
Improvisation ~ Overall Performance 0.20 1.23 1.75 0.46
Overall Improvisational Competence 2.80 19.23** L.75 0.72
Interpretative Imagination 0.00 0.36 1.36 0.46
Appropriateness to Theme 0.20 2.80 0.34 0.83
Fluency 0.38 7.23% 0.99 0.89
Temporal Sense 0.38 2.55 0.73 0.02
Overall Communicative Ability 0.05 12.40* 0.73 0.00
Deportment on Stage 0.39 2.95 2.19 0.11
Emotional Commitment 0.26 0.07 1.60 0.83
Confidence in the Situation 0.06 0.08 1.67 0.04

! Degrees of freedom: alpha-theta (1, 5), smr (1, 6)
2 Degrees of freedom: alpha-theta (1, 6), smr (1, 6)
** Covariance is significant at the 0.01 level.

* Covariance is significant at the 0.05 level.

~ Covariance has a trend towards significance at the 0.06 level.
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4.3.4 Music Results summary

The results of the Instrumental solo task did not confirm the possibility that measures
of creativity would be improved in the alpha-theta theta group alone; and did not
support the findings of the first experiment, or (Egner and Gruzelier, 2003). No sig-
nificant changes in performance were observed, or training/performance covariance.

In post-intervention performances of the Stripsody the group difference in ‘Con-
fidence’ was not reproduced from the study in Chapter 3. Within-session sMR changes
predicted pre-training ‘Overall musicality’ and ‘Confidence’ measures, plus post-training
‘Overall communication,” and a marginal extent, post-training ‘Breathing’ and ‘Emo-
tional commitment.’

The Folk song results revealed that the change in ‘Expressive range’ was signifi-
cant between groups, although without follow-on post-hoc confirmation. No train-
ing/performance covariances were observed.

Improvisation results showed no group differences in performance change, whilst
within-session t/a ratio changes predicted declining performance scores in ‘Overall

Improvisational Competence,” ‘Fluency’ and ‘Overall Communicative Ability.’

4.4 Discussion

4.4.1 Neurofeedback Training

4.4.1.1 Alpha-theta training

The training results are similar to those in comparable experiments in Chapter 3 and
in Egner and Gruzelier (2004a): t/a ratios clearly changed on within-session mea-
sures. They also changed definitively across 10 training sessions and in the session x
period interaction, demonstrating cumulative within-session changes over the course
of training.

Given an experimental control, such as the use of mock feedback (Egner et al.,
2002) or relaxation (Boynton, 2001), this evidence could be interpreted as NFT assisted
regulation of hypnagogic EEG (Green et al., 1974; Peniston and Kulkosky, 1999). The
current results, whilst promising, do not show that changes occurred over-and-above

what happens in normal sleep onset.
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Compared to the data in Chapter 3 and (Egner and Gruzelier, 2004a), this study
shows longitudinal training effects: session values increased significantly, suggesting
that 10 sessions is sufficient to invoke the targeted change in EEG.

Within-session changes also increased significantly over time, providing additional
evidence of a learning curve, and being the possible mediator of the across-sessions
gains. Again, this suggests that with each session, the participants became increasingly
adept at moving towards hypnagogia.

Possibly as a result of this accelerated sleep onset, this study found some evidence
of a transition beyond SLEEP STAGE I, as within-session measures showed that in the
final three minutes of training, both theta and alpha began to increase. This change
from falling to rising alpha could signal the presence of SLEEP STAGE 11 physiology
as characterised by De Gennaro et al.’s (2001) spectral analysis of sleep onset (see
Figure 4.12).

In practice however, sleep stage classification does not use spectral band power
but visual waveform analysis by a panel (Rechtschaffen and Kales, 1968) and with
reference to signal characteristics shown in Figure 4.13. Additionally, sleep EEG is not
recorded solely from the Pz-Al scalp difference, so again this data does not provide

the basis for sleep scoring.
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Figure 4.12: De Gennaro et al.’s (2001) spectral analysis of scalp-wide EEG during
sleep onset - Note that alpha (8-11 Hz) begins to rise during STAGE 11 initiation, and
theta (merged with sMR “sleep spindle” EEG) rises throughout.
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FIG. 1. Typical electroencephalogram (EEG) patterns during the
hypnagogic state [following Hori et al. (18)]. EEG stage 1. alpha
wave train; EEG stage 2, alpha wave intermittent A (o = 50%);
EEG stage 3, alpha wave intermittent B (a < 50%): EEG stage 4.
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Figure 4.13: Morikawa et al.’s (1997) characterisation of the visual properties of hyp-
nagogic EEG.

Nonetheless, if the participants did both enter and exit SLEEP STAGE I within the
final 3 minutes of a session, this would suggest that this stage lasted no more than
3-minutes, agreeing with time-scales documented in Morikawa et al. (1997). Given
that significant t/a ratio increases are taking place in 15-minute sessions, and that
SLEEP STAGE I is possibly completing its cycle within that time-scale, it is surmised
that the session duration is fit for the purposes of attaining hypnagogic EEg, i.e. the
first stage of sleep onset Tanaka et al. (2000). Despite this Peniston and Kulkosky’s
(1991) proposed application of NFT was to sustain hypnagogia, in which case longer
training sessions would be required to determine the ability of NFT to extend SLEEP

STAGE I beyond the average 3 minutes.

4.4.1.2 SMR training

In SMR training, a typical session saw the training ratio increase to a small but sig-
nificant degree. This discloses targeted effects to a greater extent than Experiment 1,
which found no evidence of EEG change, yet the actual difference in EEG is very small.

As with Experiment 1, across-session analyses showed no training effects, and the
lack of clear longitudinal change is striking. However Gruzelier et al. (2010) reported

sMR/(theta+beta) differences underpinned by an ascending linear trend across 6 ses-
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sions, although as with the Vernon et al. (2003) study, the beta range used (15-21
Hz) was distinct from that used here (22-30 Hz). The comparative efhicacy of training
lower beta ranges suggests this is more feasible in healthy subjects.

A recent single-session study found that sMr training did not lead to changes in
sMR (Ros et al., 2010). Many other studies do not document training data, although
Egner et al. (2004) found sMR training to be somewhat associated with reduced post-
training SMR activity in resting EEG measures. In the clinical literature, sSMR protocols
have demonstrated changes in EEG (resting measures), for example Gevensleben et al.
(2009b) documented post-training decreases of theta activity at central-midline and
parietal-midline electrodes, indicating that theta inhibition was successfully applied.

Opverall, it seems that this SMR protocol was sub-optimal, particularly in relation to
reducing beta. A possible explanation for the relative success of the protocol applied in
Vernon et al. (2003) and Gruzelier et al. (2010) might lie in protocol differences. The
current studies attempted to inhibit beta in the 22-30 Hz range, whereas the other
studies used much lower ranges. Considering that beta is thought to reflect changes
in cognitive operations Laufs et al. (2003), using a higher and wider band for mea-
suring beta might allow broader scope for interference from diffuse neural processes
occurring during the course of training. Interestingly, once apparent fluctuations
in the interaction between sessions and periods were controlled for, rising trends in
sMR/beta values were observed. This might suggest that once EEG fluctuations are
taken into account, healthy participants could be shown to be able to modulate the
higher beta band in training. Another factor that might impact the training response is
the frequency of training, in Vernon et al. (2003) participants attended twice-weekly,
and in Gruzelier et al. (2010) 7-10 sessions were given over a 6 week period with no
more than one session per day, Ros et al. (2009) found that sMR trainees in whom
the sMRr/theta ratio fell in training had a larger intersession interval of over one week,
implying that the longer the intersession interval, the more the smMRr/theta ratio fell
across-sessions. In the current study the intersession interval was 8 days on average,
which might potentially account for why the training response in the current study
was slower than in Gruzelier et al. (2010), in which sessions took place >1 times per

week on average.
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4.4.2 Music Performance

An important consideration in interpreting the results of the current experiment is
that the final session of neurofeedback training was administered immediately prior
to the post-training performances, which began within 10 minutes of the end of train-
ing. In a recent paper Ros et al. (2010) demonstrated that transient neurofeedback
effects were observable 20 minutes after training ended, and the current results can be
considered in the light of this. In alpha-theta training, as well as featuring the possible
transient effects of t/a ratio reinforcement, participant performances are considered
as taking place in a post-nap ‘hypnopompic’ condition. The literature on post-nap
performance is divided in its conclusions. Whilst longer naps (>30-minutes) stopped
during slow wave sleep are commonly associated with sleep inertia and impaired per-
formance (Hofer-Tinguely et al., 2005), shorter naps (<30-minutes) can maintain
daytime arousal (seen in reduced wakeful alpha EEG), and possibly optimises cogni-
tive performance levels (Hayashi et al., 1999a,b). The timing of daytime sleep has a
differential effect on performance, with early afternoon being the most advantageous
time for performance improvements. Sleep habits also have an effect; people who
regularly nap benefit from a short sleep, whilst non-habitual nappers can experience
performance impairments on motor tasks (Milner et al., 20006).

Relating the above points to the current study, the session length of 15-minutes
meant that sleep inertia was unlikely after alpha-theta, and spectral analysis of the final
session confirmed that whilst sleep-onset probably began in the final three minutes of
training, it was unlikely that slow wave sleep occurred (Hofer-Tinguely et al., 2005).
The average time-of-day of the final session was 13:59:54 + 01:34:54, and so was
optimal in terms of sleep-effects in maintaining daytime performance levels (Hayashi
etal., 1999b). The daytime sleeping habits of participants were not recorded. Overall,
and despite the possibly beneficial effects of a short nap of approximately 3 minutes,
post-alpha-theta training benefits seen in Chapter 3 and (Egner and Gruzelier, 2003)
were not replicated in this study, and are interpreted as being negated by either tran-
sient alpha-theta or post-nap effects.

The immediate after effects of sMR NFT have been previously investigated by Ros
etal. (2010) in a study evaluating cortico-motor activity following a single NFT session,

although training contingencies were not achieved by the participants, and no post-
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training effects were observed. In the current study, the final session of SMR training
was not found to disclose a differential effect of training period on smr/theta (F(4,
28)=0.479, p=Ns) or sMmR/beta (F(4, 28)=0.986, p=Ns) and no trends for change were

in evidence.

4.42.1 Instrumental Solo

No between groups differences were observed in post-intervention performance mea-
sures. Within-subjects improvements seen in alpha-theta participants in Chapter 3
and Egner and Gruzelier (2003) were not replicated in this study. No effect rela-
tion between training and performance was disclose, and a non-significant decline in
music evaluation was observed across all measures.

Whilst EEG measures of training showed distinct changes in the t/a ratio, the ex-
pected music improvements following alpha-theta was reversed, albeit non-significantly.
Given that post-intervention performances took place immediately following the final
training session, this raises the question as to whether alpha-theta training conducted
prior to performance might actually have a detrimental effect.

In the light of the sleep literature, specifically the finding that motor performance
in those unaccustomed to sleeping in the day is impaired by a short sleep (Milner
et al., 20006), this reversal of prior results is interpreted as evidence that music per-
formance improvements following alpha-theta NFT are observed generally, but not
transiently, where the reverse may be observed. Despite this afternoon naps have also
been found to optimise procedural motor memory (Backhaus and Junghanns, 2000),
which in turn might be expected to benefit music performance - so a logical next
step for this research might be too look at how training EEG and performance EEG
interrelate between regulated sleep physiology and creative behaviour scenarios. If
alpha-theta NFT changes physiological processes underlying creativity more generally,
and these changes mediate improvements in music performance, additional measures
of music physiology may then be able to reveal commonalities between training and
performance, and whether they occur generally. As a consequence, the experiment
in Chapter 5 begins to address the question of measuring task-related physiology in

music performance in a way that compares with NFT EEG.
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4.4.2.2 Stripsody

No between-groups differences were seen, unlike in Chapter 3.

Considering the possibility that post-nap conditions may have impaired perfor-
mance in alpha-theta participants, as has been seen in a sleep study (Milner et al.,
2000), it may be the case that motor slowing impacts negatively on the ability to gen-
erate free response motor sequences in primary motor cortex (Bengtsson et al., 2007),
or to manifest them in corticomotor projections. Psychometric measures of creativity
(the Remote Associates Test (Mednick and Mednick, 1967a) and the Torrance Tests
of Creative Thinking (Torrance, 1974)) have recently been shown to increase after
hour-long naps containing ReM sleep or full-night sleep containing more slow-wave
sleep (Cai et al., 2009). This suggests that whilst sleep physiology may affect creative
cognition, sleep-impaired motor performance may limit music creation behaviour.

This result may support Brennan’s (1982) view that motor creativity is a distinct
phenomenon. The analyses of covariance showed that within-session changes in the
t/a ratio predicted changes in the ‘At on with voice’ measure, a musicality scale, and in
the current study part of the analogue for creativity. Nonetheless, as one association
amongst a possible fourteen, this result has to be interpreted as a possible chance
association. Given the degree of caution, this relation provides tentative support for
the relationship between NrT dynamics and creativity.

In the sMR group, the within-session SMR ratio was a covariate of pre-training
‘Overall musicality’ and ‘Confidence’ measures, plus post-training ‘Overall commu-
nication.” To a marginal extent, it was a covariate of ‘Breathing’ and ‘Emotional com-
mitment.” The pre-training associations suggest that aspects of performance relate
naturally to EEG measures, although this is not reproduced in the post-training task,
appears to lack reliability. Post-training covariance was only distinct in the ‘Over-
all communication’ measure, with marginal support in the ‘Emotional commitment’
category. Together these suggest that sMR training prior to performance optimises
the presentational aspects of performance, indicating a possible mitigation of stage
fright and improvement of engagement. This kind of result would require replication
however to rule out the possibility of chance effects.

Arousal in performance was unmeasured in this study, and the use of subjective

reports in Egner and Gruzelier (2003) did not show any effect of pre-performance
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arousal (anxiety) on musical tasks, so the experiment in Chapter 5 introduces the
use of EEG monitoring into the methodology to provide a basis for measuring arousal

electrophysiologically.

4.4.2.3 Folk Songs

Analyses of post-intervention changes revealed ‘Expressive range’ showed group differ-
ences across the intervention, but without follow-on post-hoc differences. No train-
ing/music covariances were observed.

In relation to the novice performance question investigating possible post-sMR
technical improvements, this result provides limited support. ‘Expressive range’ as-
sesses artistic as opposed to technical aspects of performance, and if sMR did interact
with artistry, it was not anticipated.

If this association were found to hold in related studies, this would suggest that
there may be a role for SMR NFT in optimising arousal prior to performance, as dis-
cussed in Section 4.4.2.2. This bears some relation to the proposal that arousal in-
creases benefit performance up to an optimal point, above which impairment be-
comes observable (Steptoe, 1982). This possible sMRr-arousal optimisation was not
seen in Chapter 3 or Egner and Gruzelier (2003), although smR training was posi-
tively associated with improvements in ‘perceptual sensitivity’ and reduced false hits
in a Go-NoGo task (Egner and Gruzelier, 2001, 2004b). This might suggest that
wider aspects of music performance could benefit from attentional optimisation due
to reduced error incidence in task performance. Some further support for this inter-
pretation is seen in Ros et al. (2009) where technical improvements in micro-surgery
were found following sMR NFT. The alpha-theta group was found to have decreased
in overall ratings of overall vocal competence and this result is interpreted as being

possibly due to post-nap motor impairment, as in the prior tasks.

4.4.2.4 Instrumental Improvisation

This task revealed a predictive association between within-session t/a changes and
post-training measures of ‘Overall Improvisational Competence, ‘Fluency’ and ‘Com-
municative Ability’. Given that these measures fell after training, it may have been

the case that performers who could most regulate sleep onset may have also been able
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to manage sleep offset too, and thus mitigate post-sleep impairment effects. If this
had happened, Technical, Artistic and Presentational measures may have disclosed

parallels with sleep physiology.

4.4.3 Summary of the study

The neurofeedback results showed much greater evidence of targeted EEG change com-
pared to Chapter 3. Alpha-theta training changed within, between and within x be-
tween session t/a ratios; SMR training changed within-session training ratios. In alpha-
theta analyses it was concluded that the 15-minute length of sessions was fit for the
purpose of invoking and possibly sustaining hypnagogic EEG as there was suggestive
evidence that SLEEP STAGE I completed its cycle in these data (RESEARCH QUESTION 2).

The music results were quite different from those in Chapter 3, and this was inter-
preted in terms of the timing of post-intervention performances, which immediately
followed final NFT sessions, rendering them open to possible transient after effects
of Nrt. This difference apparently counteracted the improved scores seen after the
previous alpha-theta intervention, and this was interpreted in terms of possible motor
impairments following a period of sleep-onset. RESEARCH QUESTION I was challenged
by the possibility that in the short-term, hypnagogia could impair spontaneous pro-
cessing of emotional content expressed as physical performance.

The sMR results were however slightly more promising, with the novice perfor-
mance task (Folk song) disclosing the only significant ANova in measures of ‘Expres-
sive range’. 'This change was not distinguished by post-hoc analysis, and addressed
RESEARCH QUESTION 3 (NOVICE PERFORMANCE) to a very limited extent.

Several instances of music score changes co-varying with training changes were
observed, although these were isolated amongst measures and did not tie-in with dis-
tinct changes to performance scores.

Overall the absence of effects and the difference with the previous cohort was most

striking, and the study was interpreted in the light of possible transient effects of NFT.

4.4.3.1 The following study

The changes seen in this study did not replicate those seen previously, and a subse-

quent study was designed to further explore the effects of post-sleep physiology on
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music performance, and to investigate the possible relationship between arousal and
perceived performance quality hinted at in the current results.

To carry out this type of analysis the next experiment employed task-related eEG
measures of music performance using neurofeedback EEG methods, and in so doing
sought to begin the examination of electrophysiological mediators of NFT effects on

behaviour.
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" ... before I play, particularly
if I am playing solo, I like to
sleep, to sleep almost up to
the time of playing, just for
half an hour or even ten min-
utes ... that is pretty near the
perfect preparation as far as

I am concerned ... while that

might interfere with technical EXP eriment ’Ihree

things, it's better.'"
Derek Bailey!

5.1 Introduction

In the neurofeedback literature, it has been demonstrated that time-sensitive task/event-
oriented EEG measures are effective at revealing the effects of NFT on performance.
This has been demonstrated in processes such as attentional performance (Arns et al.,
2009) and learning (Keizer et al., 2010a). In the music studies described in the pre-
vious two chapters, a combination of between-groups and correlational evidence has
been revealed suggesting that music performance behaviour co-varies with the electro-
physiological response to NFT, but the mediation of this possible relationship remains
unexplored.

This study introduces a method that would enable direct comparison between
electrophysiological measures of NFT and music performance. There are nonethe-
less practical limitations on the recording of EEG during task performance, particu-
larly tasks involving movement which causes electromyographic (EmG) interference
within the EEG signal. Despite this, it has been possible to make EEG measures of

task-performance in two ways:

* EEG is recorded during periods of low movement, such as immediately prior to

and following shooting e.g. Doppelmayr et al. (2008)

e EEG is recorded in tasks that involve little movement close to the EEG electrodes

such as ergometer cycling e.g. (Nybo and Nielsen, 2001; Grego et al., 2004;

'During an interview in 1996, free improviser Derek Bailey described the influence of sleep on his
performance http://efi.group.shef.ac.uk/fulltext/mbailin2.html
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Pontifex and Hillman, 2007).

In these studies, researchers have used neuroelectric measures to obtain a profile of
spectral and/or event related EEG recorded during task performance.

In the study of music, the EEG recording method has also been applied to piano
performance in experiments that investigated co-activation between auditory and mo-
tor areas of the brain by measuring event-related EEG (Bangert and Altenmiiller, 2003;
Ruiz et al., 20092) and spectral EEG (Ruiz et al., 2009b). In all of the above studies, the
EEG recordings were made using procedures similar to those used in neurofeedback,
although EEG artefact rejection was conducted with either electro-oculogram (EoG)
detection or wavelet enhanced independent component analysis (ICA) methods. In
contrast, neurofeedback applications require realtime signal feedback which the afore-
mentioned methods do not currently provide, and so use an e.g. >60—100 microvolt
amplitude filter to remove electrical activity in a range that includes average EMG am-
plitudes (EEGer Neurofeedback Software, 2005). This approach does however also
lead to the discarding of some EEG data too.

In relation to the current investigations of creative behaviour, task-related neuro-
physiological analysis of piano performance has recently been incorporated into the
fMRI literature, notably in experiments investigating the neural correlates of impro-
visation. Bengtsson et al. (2007) documented a higher BOLD signal in improvisation
compared to a memorised reproduction of prior improvisation for the right dorsolat-
eral prefrontal cortex (DL-PFC) and pre-supplementary motor area. Limb and Braun
(2008) conducted a jazz-blues study comparing improvised accompaniment to mem-
orised accompaniment, finding widespread deactivation in almost all areas of the pre-
frontal cortex, except for selective activation of the frontal polar cortex (Ba 10) and
activations in neocortical sensorimotor areas, anterior cingulate cortex acc and right
lateral cerebellar hemisphere — activations during improvisation were matched by de-
activations during the control task (playback of pre-learned 12 bar blues). Berkowitz
and Ansari (2008) compared improvisation to scored performance, finding relative
BOLD increases for both melodic and rhythmic improvisation in premotor areas, pos-
terior ACC, inferior frontal gyrus, left sensorimotor cortex, some parietal areas, and
the cerebellum. Berkowitz and Ansari (2010) repeated the previous method, compar-
ing highly trained and novice musicians, and finding relative deactivation of the right

temporoparietal junction in experts.
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The differences in the above results have been interpreted in the light of the tran-
sient hypofrontality hypothesis, that is the fleeting deactivation of selective attention
processes in working memory control (Dietrich and Kanso, 2010). It was contended
that the design of Limb and Braun’s (2008) study alone provided scope for previ-
ously memorised (implicitly stored) motor sequences to be triggered spontaneously;
with metacognition downplayed, participants could produce more intuitive musical
responses. The other fMRI studies engaged attentional and working memory func-
tions, as improvising participants were asked to retain internal representations of mu-
sic or non-standard keyboards during task execution, and as a result activated higher
order control mechanisms that Limb and Braun’s (2008) jazz-blues improvisations
were shown to deactivate.

Given that hypofrontality during music improvisation could, due to its neocor-
tical associations, also be observed from surface EEG measures, and that creativity re-
lated hypofrontality has been observed during the performance of Christensen et al.’s
(1960b) ‘Alternate uses’ creativity task (Fink et al., 2006), an experimental rationale
for testing improvisational hypofrontality in an EEG study presents itself. An EEG
methodology such as this could in turn be used to draw closer comparisons between
electrophysiology in both NFT and music performance, potentially illuminating in-
termediary processes. Accordingly, the objective of the current study was to examine
several different types of piano performance, as a preliminary step in identifying where
hypofrontality occurs in music creation, as a precursor to designing future optimal
performance studies of NFT.

The generated research question is that electrophysiological measures of music cre-
ation (improvisation) will differ from a control task (rendition), with improvisations
being characterised by greater hypofrontality (measured as frontal alpha synchronisa-
tion) — this addresses (RESEARCH QUESTION 6 (IMPROVISATION AS CREATIVITY)).

The functional significance of frontal alpha synchronisation during creative tasks
is the subject of some debate, a more traditional view maintains that alpha activ-
ity represents cortical idling in unused areas during activation of specific neuronal
networks implicated. An example of this might be the sensation of ‘Muscle mem-
ory’ in which frontal areas deactivate whilst a specific motor circuit operates between
the basal ganglia, the supplementary motor cortex, the motor thalamus and the hip-

pocampus (Dietrich, 2004b). Alternatively, cortical alpha may reflect a top-down,
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executive process that selectively inhibits stimulus driven attention from disturbing
the content of working memory. Pressing (1988) proposed that improvisation incor-
porated higher cognitive feed-forward editing to “set the design of motor programs”
and monitor efferent activity to enhance processing speed and accuracy — such a
process would require not just activation in motor circuits, but also in those incor-
porating cognitive control. This perspective has received some support from a recent
EEG study comparing professional to novice dancers Fink et al. (2009). The authors
associated dance expertise with greater alpha synchronisation in the parietotemporal
cortex during imagined dance improvisation, especially in the right hemisphere. It
was surmised that dancers disclose a specialised process whereby stimulus driven at-
tention is inhibited in order to block visual input — this difference was not observed
in EEG measures of the imagined performance of a waltz, suggesting that it is specific
to creative behaviour. A subsequent fMRI study comparing expert and non-expert
musicians also supported this perspective; Berkowitz and Ansari (2010) demonstrated
that expert musicians selectively inhibit the right temporoparietal junction in order
to inhibit stimulus driven attention. The authors also identified weaker evidence of
activations in the Acc as a possible indication that inhibition emanates from an area
implicated in cognitive control.

To this end, a secondary improvisation research question was also introduced:
improvisation would contain relatively higher parietal inhibition (Pz alpha) than the
rendition of a musical score — addressing RESEARCH QUESTION 5 (HypNaGoGIa &
IMPROVISATION EEG).

In addition to testing EEG methods in which NFT effect mediation might be in-
vestigated, the current study drew up supplementary research questions relating to
RESEARCH QUESTION 1 (CREATIVITY) — raised by the apparently negative after-effect
of alpha-theta NFT on spontaneous processing in music performance seen in Chap-
ter 4.

The failed replication was interpreted in the light of the fact that participants in
the second experiment carried out post-training tasks immediately following their fi-
nal NET session, and this was interpreted as possible evidence that the alpha-theta
participants experienced post-nap response-slowing (Milner et al., 2006), which had
hindered music performance. In contrast, the research on cognitive performance sug-

gests that napping is beneficial to subsequent cognition (Lovato and Lack, 2010),
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and so this study set out to assess whether napping might simultaneously impair and
enhance motor and cognitive performance respectively, specifically in relation to the
hypofrontality framework explored in this thesis.

'This trial did not however employ an alpha-theta intervention, but rather sought
confirmation of some of the issues in current sleep research regarding post-nap perfor-
mance as a preliminary step in devising a methodology for comparing transient NFT
and sleep-offset effects. This in turn is related to the overall investigative approach of
this thesis in addressing the possible mediating role of hypofrontality in both sleep
transition and creativity. To this end, the current study was designed to compare
frontal inhibitory activity in napping and wakefulness to ascertain whether napping
is characterised by hypofrontality, in line with Muzur et al.’s (2002) contention that
NREM sleep down-regulates the pLPEC, leading to executive deficiencies that ‘deprive
dream mentation of logical reasoning capacities.’

The generated research question here is that napping would contain more frontal
inhibitory activity than wakeful rest — this relates to REsearRcH QUEsTION 1 (CRE-
ATIVITY) and its interest in the relation between hypnagogia and spontaneous emo-
tional processing in the short-term.

The rest type chosen in the current study was watching a 30-minute silent movie:
Charlie Chaplin’s “A Night Out” (1915). This type of waking activity was selected
as a no-nap control as it placed participants in a common condition in which they
remained motionless whilst encountering the same ‘visual environment’ (Smith and
Gevins, 2004). The effects of watching silent-movie footage on neural function are
not entirely clear however; on the one hand it is thought that movie-watching is ac-
companied by hypofrontality, possibly as a result of reduced self-awareness when the
viewer becomes immersed in the narrative (Hasson et al., 2004), but on the other
hand some footage, for example advertisements, attenuate frontal alpha EEG activity
in line with processing demands raised by the orienting-response or episodic memory
encoding (Smith and Gevins, 2004). Overall, it was not entirely clear in advance what
the difference between nap and silent movie watching might be when measured in the
EEG, although it was nonetheless anticipated that hypofrontality would be in greater
evidence during napping due to the difference between sleep and wakefulness.

In terms of motor performance, the discussion of the results in Chapter 4 posited

that post-nap motor impairments mitigated against post-alpha-theta musical improve-
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ments seen in previous studies (Chapter 3, and Egner and Gruzelier (2003)).

In response, the research question here is that measures of (a) motor activity and
consequently (b) musical processing would be reduced following a nap in comparison
to a period of wakeful rest — this approach assesses RESEARCH QUESTION 1 (CREATIV-
ITY) as a product of hypnagogia’s after-effects during sleep-offset. The identification
of post-nap response-slowing in the music performance data was sought in terms of
the amount and velocity of piano notes played, which were predicted to be reduced
due to transient motor impairment, and the duration of notes which were predicted
to be longer immediately following napping.

Despite the possible negative impacts of sleep-offset on motor aspects of music
performance, cognitive performance has been found to be improved by daytime nap-
ping (Takahashi and Arito, 2000; Brooks and Lack, 2006). This is possibly as a result
of the restorative effects of napping on daytime arousal levels, expressed as reduced
alpha band eeG (Hayashi et al., 1999a,b). Alternatively post-nap cognitive improve-
ments have been described as the “rapid dissipation of inhibition in the ‘wake-active’
cells associated with the ‘sleep-switch’ mechanism” (Lovato and Lack, 2010). Con-
sidering that napping may simultaneously impair and enhance motor and cognitive
performance respectively, the current experiment included the study of post-nap cog-
nition, particularly in frontal function relating to the investigation of hypofrontality.

The generated research question in response to this is that measures of frontal
cognitive function will be enhanced following nap compared to wakeful-rest — ad-
dressing RESEARCH QUESTION 1 (CREATIVITY). A cognitive test associated with the
function of the prefrontal cortex, specifically the pLpec (Cabeza and Nyberg, 2000)
is the Wisconsin card sorting test (wcsT) (Berg, 1948), a measure of “top-down” pro-
cessing in which behaviour must be controlled not in terms of implicitly stored re-
sponses to incoming sensory information, but according to explicitly held intentions
(Miller and Cohen, 2001). The test works by providing subjects with cards to sort
according to a rule (colour, shape, quantity), however the rule changes periodically
and without notice, at which point the participant must infer the new rule, requiring
a non stimulus-driven executive response. The electrophysiological correlates of wcsT
performance include greater alpha power during prior rest, and reduced left-frontal
alpha power during task performance (Cigek and Nalcaci, 2001), as well as increased
parietal alpha (Cigek and Nalcaci, 2001; Gonzédlez-Herndndez et al., 2002).
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The associated research question generated in response to this is that measures of
frontal alpha made during wcst execution will be reduced in comparison to those
made after wakeful-rest, and these will correlate with cognitive performance. This
addresses RESEARCH QUESTION 1 (CREATIVITY) in the relation between hypnagogia
and the role of frontal hypofunction in spontaneous processing of emotional content.

To address the EEG, motor, creativity, and cognitive research questions introduced
above, the current experiment was implemented as two studies. Firstly, a repeated-
measures design compared improvisation and rendition tasks for evidence of neural
and creative differences. Secondly, a between-groups design compared nap and wake-
ful rest physiologies, plus their after-effects on motor and creative aspects of music
performance, and frontal cognitive processing. The design of the study is detailed in
Section 5.2.5.

5.2 Methods

5.2.1 Participants

Twelve healthy pianists participated in the study. All of them had been musically
trained and been playing the piano for more than 10 years. Their ages ranged from
20 to 29 years old (mean 24.33 + 2.90), and 3 of them were male, 9 of them female.
Of the twelve, two had prior experience of improvising. One had previously worked
as a church organist and had extensive experience of improvising at weddings, fu-
nerals and other ceremonies wherein the use of improvisation allowed the player to
thematically extend or curtail a piece of music based on the running-time of the cer-
emony. The other improvising participant had a long-term hobby of practising but
not performing jazz improvisation. Both of these individuals were familiar with the
melodic template approach to improvisation, that is the ‘variation-on-a-theme’ style.
All the other participants played in the classical tradition, and were unaccustomed to

improvising.
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5.2.2 Contributors

Felicia Cheng collaborated on the design and application of the experimental protocol,
and composed the melodic stimuli used the melody and score tasks (shown in Sec-
tion 5.2.4). Other contributors were Shama Rahman, Tom Perchard, John Burton,
Mat Kaner, Tomas Ros and John Gruzelier who discussed the use of improvisational
stimuli and the design of the study. In particular, Tom Perchard, an expert on free
improvisation, suggested the use of the book (Stevens, 1985) which contained the
‘Scribble’ task (see Section 5.2.4), and Shama Rahman described the use of melodic

templates in experimental design.

5.2.3 Equipment and Assessments

The study recorded EEG, MIDI piano data (plus subsequent evaluations of their creativ-
ity), and cognitive performance. The set-up of EEG and MIDI recording equipment is
shown in Figure 5.1, at the end of the music performances, the piano keyboard was

replaced with a computer keyboard to measure key press responses in the wcsT.

Figure 5.1: Photo of the experimental setup
showing the EEG amplifier connected wirelessly to a laptop, and mip1 keyboard
connected to a computer which also showed the experimental stimuli
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5.2.3.1 EEG

EEG measurements were made with a Nexus 4 amplifier connected wirelessly to a lap-
top running the Biotrace 2009a software (both made by Mind Media B.V.). Record-
ing electrodes were placed at Fz and Pz, referenced to the right and left mastoids
respectively, with the ground electrode at Cz. The Alpha (8-11 Hz) EEG band was
extracted via online FFT transformations.

The current study measured frontal/parietal inhibition as alpha band EEG recorded
at Fz/Pz. There are however several limitations of this approach. Firstly the spatial
resolution of the EEG is poor, a single scalp electrode detects potential changes in sur-
face neurons across an area of 10cm?, efforts to improve the resolution of the breadth
and depth of EEG measures require a larger amount of electrodes (between 25 and
128 for example (Pascual-Marqui, 2002)), from which higher resolution EEG source
localisation can be calculated. The second problem associated with using single elec-
trode measures is that of artefact removal; again, methods for detecting and removing
non-eeG data components from the recording require the use of multiple electrodes
to enable the extraction of characteristic features composing the recorded signal (De-
lorme and Makeig, 2004).

Considering these points means that the specific association of an Fz/Pz EEG signal
to prefrontal/parietal function is limited. Fz recordings are for example likely to be
affected by neuronal assemblies extending beyond surface neurons in the Dorsolateral
prefrontal cortex (to which Fz is closest) into the premotor and primary motor areas.
Whilst the Dorsolateral prefrontal cortex is de-activated during improvisation, mo-
tor cortices are both activated and inhibited (Limb and Braun, 2008), which could
subsequently affect evidence of prefrontal alpha synchronisation by incorporating syn-
chronisation/desynchronisation of alpha EEG in motor areas (Klimesch et al., 2007).
Moreover, the signal-to-noise ratio problem is crudely addressed in the current study;
by rejecting datapoints based on raw EeG amplitudes above a fixed level, and band
amplitudes outside a standardised dispersion of values. Whilst this means that some
noise is rejected, some signal is too, and furthermore only high amplitude noise com-
ponents are detected. This basic EEG methodology was nevertheless adopted for con-
sistency with the methods used in NFT itself, in which t/a ratio changes at Fz have

been observed over 10 sessions (Egner and Gruzelier, 2004a), indicating that it may
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be possible to detect changes in prefrontal EEG using this methodology.

5.2.3.2 Motor Performance

Piano performances were recorded as MipI files using a digital piano wired to a laptop
running the MidiSwing sequencer software (Version 0.3.5b).

Various MIDI parameters of piano performance were used to probe for evidence
of ‘response-slowing’ following napping (Milner et al., 2006). For each performance,
the following measures were extracted: (a) the number of notes played; (b) the mean
velocity of notes played; (c) the number of notes played in different duration ranges
(units of one beat). These experimental measures were extracted from the midi record-

ings using the MaTLAB midi toolbox (Eerola and Toiviainen, 2004).

5.2.3.3 Creativity

The operational definition of creativity in this experiment was formed according to

two criteria:

* The type of neural process being explored, defined in Section 1.5.1 as Sponza-

neous processing of emotional content’.

* A socially validated consensus about the creative value of music arising from

the elicited process.

In the current study, and in accordance with Amabile’s (1982) assertion that eval-
uators must not be primed as to how they might define creativity, the experimental
measure was simply stated as ‘creativity.” This is important for Amabile’s (1982) tech-
nique as the analysis of social psychology rests on the view that assessors can achieve
consensus without having being trained what to think in relation to the experiment.
Creative evaluation was measured on a scale of 1-10, again in line with the Amabile’s
(1982) method of measuring agreement on the extent to which a social group value
the content created in the experiment.

The mipI recordings made during the course of the study were presented in a
randomised order to a panel of two music psychology students who were familiar

with piano performance, and who were asked to score each piece according to their
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subjective view of how creative it was. Subsequently the level of agreement between

the raters was analysed statistically, and is detailed in Section 5.2.5.1.

5.2.3.4 Cognitive performance

The wcsT was administered by computer, with the stimuli being displayed onscreen
and responses made using the computer keyboard.

Cognitive performance in relation to frontal brain function was measured with a
computerised implementation of the Wisconsin card sort task wcst?!, which provided

the 9 measures of performance:

1. Number of Trials
Categories Done/Seen
Correct Responses
Total Errors
Perseverative Responses
Perseverative Errors

Non-Perseverative Errors

S O o

Unique Errors

e

Trials to complete 15¢ category

5.2.4 Measurement Procedures

The experimental assessments detailed above were implemented according to proce-

dures outlined here:

Rest 'The nap condition in this study was a 30-minute ‘sleep opportunity’ where
participants rested in an easy chair with their eyes closed whilst EEG was recorded.
In the wakeful-rest (control) condition, participants sat in an easy chair watching a

30-minute silent movie. Before the movie began, participants were told that they

'The wcsT was performed with the PEBL software: http://pebl.sourceforge.net/
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would be asked comprehension questions about the movie to ensure they followed to
protocol.

All sleep and movie sessions were held at 3pm (90 minutes), to coincide ap-
proximately with the timing of the afternoon ‘dip’ (Nishida and Walker, 2007). It is
worthwhile mentioning that the current study does not study napping using standard
polysomnographic methods. In standard sleep research, the use of G (C3/A22) is
combined with measures of ocular and muscular electrophysiology in the identifica-
tion of sleep stages and electrical artefacts. Furthermore, the classifying sleep stages
is performed according to visual waveform characteristics, as opposed to the spectral
approach used here and informed by De Gennaro et al. (2001), who used standard

sleep-study electrode placements, in difference from those used here.

Music Tasks In this study, evidence of a distinct neurophysiology associated with
spontaneous processing of emotional content was explored for through a music im-
provisation paradigm. The creative aspects of improvisation, particularly in respect to
the experimental observation of music creation is discussed in Section 1.5.3.

The EEG correlates of music creation were explored in this study by comparing
three forms of improvisation to a control condition in which participants played a
score.

This study maintains the exploration of improvisation from Chapters 3 and 4
as the operational means of realising spontaneous emotional neural activity and be-
haviour that might translate into socially defined creativity, but it also intensifies the
focus on improvisation by further deconstructing it into subtypes that vary according
to the degree of constraint that is placed on randomness.

As Simonton (2003) argued, creation originates at random - and improvisation
does seem to provide opportunities for random variations, yet his notion of selective
retention suggests a heuristic process at work too, and constraint is important in music
improvisation as it is used to mediate selection criteria. Since a top-down selection
process is limited by working memory capacity (Pinker, 1999), the need to make
high-level choices in live improvisation is reduced by some of the heuristic techniques

employed by improvisers.

2A2 is the right earlobe or mastoid; C3 (or C4) is the cortical lead recommended for standard sleep
scoring (Rechtschaffen and Kales, 1968)
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The first heuristic is the use of feed-back driven responses. Both Sawyer (2000)
and Dietrich (2004b) observe that free-jazz improvisation is made up of a series of
musical phrases or motor procedures that are represented sub-cortically and are have
been previously acquired in the form of musical skill and practice. In improvisation, or
in any complex process that feeds-back motor responses to changing sensory input,
the execution of one motor sequence can trigger subsequent procedures reflexively,
and with limited recourse to conscious intervention®. Dietrich (2004b) illustrates
this point in reference to the lightning fast escape manoeuvres of a squirrel trying to

get to safety:

* *Lacking an overall strategy or plan, the squirrel gets to safety
entirely by relying on moment to moment adjustments. Such
smooth feedback-driven sensory-motor integration can produce ex-
tremely complex movement patterns that can serve an overall
and/or higher goal (safety), yet requires no more than the reaction

to immediately preceding input.''" — (Dietrich, 2004b)

In the music improvisation scenario, the limitation on the motor response is not
driven by the same requirements. Rather than an escape manoeuvre, where the only
limit on a response is how safe it is, most improvisation contains restrictions such as
tempo, meter, timbre, tone and pitch — one notable exception to this rule is free
‘non-idiomatic’ improvisation, although even that is limited by the sonic capabilities
of the instrument being played.

In any case, the initiation of musical responses is, by virtue of human conscious-
ness, also available to a second heuristic for response selection: ‘feed-forward” editing
(Pressing, 1988). The counting of bars, the changing of mode and the conscious mod-
eration of dynamics are examples of how explicit meta-representations enable forward
planning in realtime during music improvisation. Despite this, it is not necessary to
control all motor procedures via higher-order functions, and given that the reflexive
induction of sub-cortical motor sequences provides faster responses in realtime (Diet-
rich, 2004b), it is plausible that improvisation also diminishes higher-order cognitive

functions, and ‘transient hypofrontality’ occurs (Dietrich, 2003).

¥The sensation of sequences of motor procedures forming chains with minimal conscious interven-
tion is often referred to by musicians as ‘muscle memory’
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Considering that the role of randomness in the spontaneous processing of emo-
tional content might be mediated by the scope for musical variation, the current study
explores the role of constraint on on improvisation by introducing tasks that gradu-
ally reduce the potential for randomness. The final task is a control performance
that nominally gives no scope for randomness. The reason the tasks were given in
an increasing order of constraint was an attempt to design a study that avoided the
potential ‘melodic anchoring’ effect (Bharucha, 1984). That is, that if the tasks had
begun with highly limited scope for variation, participants may have found it harder
to move beyond that initial reference point. Admittedly, performing a largely uncon-
strained task to begin could also influence subsequent activity by initiating a musical
reference or anchor, but the design of this order (also shown in Section 5.2.5) was an

attempt to set a standard in each task that excluded prior activity.

Task 1 — Scribble This task is taken from the first part of a task from the book
Search & Reflect (Stevens, 1985). The exercise was originally envisaged as a form of
practice in which musicians were encouraged to start by simply playing in a techni-
cally undemanding way referred to as ‘scribbling,” without self-evaluation for a period,
before gradually increasing concentration and enabling a phrase to be picked out and
developed. In this study only the scribble part of the task was used, and lasted for 2
minutes.

The instruction given for scribble task is as follows:

* *Take your instrument and scribble on it — that is, let anything
come out, don't think about the sound you are producing, just
keep a rapid activity going. You should be detached from your
activity in the sense that your playing is undirected — you are not
trying to play a tune or anything specific, you are merely playing.
You could be looking out of the window or at a picture whilst
keeping the rapid activity going. Don't worry about being musical
— there is nothing that you can do on a musical instrument, which
does not in some way involve the rudiments of music.'"" — Stevens

(1985)
After two minutes, the EEG recording automatically stopped, and the midi record-
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ing was stopped by the experimenter before preparing the next task.

Task 2 — Graphic score In this task, a short video with no sound was used as a
graphic score for improvising to. The video animates Wehinger’s (1970) graphic score
for Ligeti’s Artikulation with a moving line indicating the current point of the score.
Figure 5.2 shows the first page of the score, and participants were asked to play for 2

minutes using the score as a guide, and with the following instructions:

Above is the first page of a scrolling graphic score you are about to see on

screen.

* Pitch is mapped to vertical position on the score

* Time follows the scrolling bar across the screen
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Figure 5.2: Wehinger’s (1970) graphic score for Georgy Ligeti’s Artikulation (1958)
In the animated version the vertical line moves from left to right across the image
indicating the current point of play

Task 3 — Melody In this task, a short 2-bar melodic-template written by Felicia
Cheng was used as the basis for a melodic variation. The score is shown in Figure 5.3,
and participants were asked to play the phrase through once, and then improvise on

the theme until asked to stop (after 2 minutes).

Y SEeE PR m———— |

5 » 1 - o

Figure 5.3: Melodic-template for a 2-minute improvisation.
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Task 4 — Score  This task was employed as a non-improvisation control condi-
tion for comparing performance from score to spontaneous improvisation. The score
was also composed by Felicia Cheng, and participants were asked to repeat the same

phrase for 2 minutes (approximately eight times), see Figure 5.4.

Figure 5.4: Score used as a non-improvisational control task
which was repeated for two minutes.

Wisconsin Card Sort 'The Wisconsin card sort test of frontal lobe function was ad-
ministered with the PEBL software (v0.11) (Mueller, 2010). In the task, the participant
has the objective of responding to unannounced changes in the rules determining how
their single card should be matched with one of four other cards on the basis of colour,

shape, or quantity (see 5.5).

Figure 5.5: Computerised display of the Wisconsin card sort task.

5.2.5 Experimental Design

All participants attended twice as part of a crossover design in which two groups of n=6
completed sleep-then-movie or movie-then-sleep conditions in a counterbalanced or-

der. The order in which they completed the experiment was assigned randomly as they
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were recruited. The flow of participants through the study is shown in Figure 5.6. In
order to reduce the effect of learning and to avoid the effect of the first session on
the second session, the two sessions were separated by a 7-8 day interval. In each
session, participants performed the same music and cognitive performance tasks after
the experimental condition.

Immediately following the nap/movie intervention, participants performed 4 midi
piano recordings with the level of constraint on musical response gradually increased:
first was a free improvisation (‘scribble’); second a graphic score; third a melodic-
template (‘melody’); finally participants were asked to render a score. Subsequently

they performed the Wisconsin card sort task.

1. 30 min nap 1. 30 min movie

2. scribble 2. scribble
fT 3. graphic score —» 3. graphic score

4. melody 4. melody

5. score 5. score

6. wWCST 6. WCST

1. 30 min movie 1. 30 min nap

2. scribble 2. scribble
\L 3. graphic score 3. graphic score

4. melody 4. melody

5. score 5. score

6. wWCST 6. WCST

Figure 5.6: Flow of participants through the balanced-crossover design of the study

-
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5.2.5.1 Data analysis

The EEG data were visually screened for recording accuracy, and sampled data were
processed for removal of electrical interference (e.g. eye movement) using the Biotrace
software. Data were then exported to marLaB for further post-processing and the
removal of datapoints >3sTD than the recording mean.

Measures of the amount, velocity and duration of mMip1 data were extracted with
the MmaTLAB midi toolbox (Eerola and Toiviainen, 2004).

The wcsT measures were extracted with the PEBL software.

The music ratings of the two judges were screened for ratings consistency with
the Intraclass Correlation Coefficient (1cc) statistic (‘c-1’ type, (Wong, 1981)). If the
1cc was higher than .5 ratings were considered suitable for further analysis as rater
averaged values (Thompson and Williamon, 2003).

The between-tasks comparisons of alpha activity were performed repeated mea-
sures ANOVAs with four levels (musical tasks 1-4) with two-tailed paired samples t-
tests, according to & priori predictions that alpha synchronisation in improvised per-
formance would be different from that of score rendition. The data were compiled by
collapsing EEG measures across the two sessions that each participant attended.

'The between-conditions analyses of music ratings, EEG, and wcsT were performed
with 2 x 2 (rest-order x time) Linear Mixed Mode anovas applicable for the crossover
design, with session as a repeated measure; session, sequence and condition as fixed
factors; and participant 1D entered as both a random factor and a subject identification.

Comparisons of changes during a 30-minute period of nap/wakeful-rest were per-
formed by separating each session into 10 x 3-minute blocks, and contrasting the

mean alpha amplitude from each block between conditions.

5.3 Research questions

5.3.1 Between-tasks comparisons

EEG measures of improvisation will show greater inhibition compared to score ren-
dition. This addresses RESEARCH QUESTION 6 (IMPROVISATION AS CREATIVITY) in-

troduced in Section 2.2.1.1.
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Frontal and parietal neural processes in music improvisation are different from
those of musical score rendition: during improvisation, frontal/parietal inhibition is

greater than in score rendition.

5.3.2 Between-condition comparisons

Alpha synchronisation and hypofrontality This addresses RESEARCH QUESTION 1
(CreATIVITY) as it explores sleep for evidence of hypofrontality in the form of alpha
synchronisation.

It is explored whether a period of nap will contain more alpha synchronisation
at Fz and Pz than in a comparative period of wakeful rest (watching a silent movie).
It is additionally explored whether during a sleep-offset period after napping/resting,
this difference will be reversed, with less inhibitory EEG activity after nap compared
to wakeful rest.

According to Dietrich’s (2003) hypofrontality hypothesis, the nap condition of
this experiment would be characterised by greater alpha amplitude measures than the
movie condition. Measures of parietal alpha were predicted to be in accordance with
those of Fz, and furthermore reflect trajectories observed in Pz alpha-theta neurofeed-

back training.
Music performance will modulate as a function of prior rest

Response slowing  This addresses RESEARCH QUESTION 1 (CREATIVITY) and con-
siders the short-term after-effects of hypnagogia on the motor response in spontaneous
performance and cognitive performance in tasks examining frontal function.

MIDI values (notes played, note velocity and note duration), would differ following
different types of prior rest, with nap (in relation to wakeful rest) impacting negatively
as a result of transient motor impairment following napping: reducing the number

and velocity of notes played, and lengthening note durations.

Creativity Evidence of motor impairments would additionally be reflected in

reduced creativity measures following nap compared to rest.
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Cognitive performance will modulate as a function of prior rest In line with the
question as to whether there will be less frontal inhibition following napping — Re-
SEARCH QUESTION I (CREATIVITY) — it is questioned whether measures of frontal lobe

cognitive performance will be enhanced following nap compared to rest.

5.4 Results

5.4.1 Data screening

5.4.1.1 Inter Rater Consistency

The panel ratings were assessed for inter rater consistency, with a mean level of con-
sistency (Intraclass Correlation Coefhicient ‘C-1" type (Wong, 1981)) of r(23)=0.74,

p<0.01, and ratings were subsequently averaged for further analysis.

5.4.2 Between-tasks study

These comparisons were conducted to compare EEG differences between different
forms of improvisation against a scored control condition in relation to RESEARCH
QUESTION 5 (HYPNAGOGIA AND IMPROVISATION) that relatively more frontal/parietal
alpha synchronisation would be in evidence during improvised performance; it was
not predicted in advance which form of improvisation would contain the most alpha
synchronisation. Task data were collapsed across 2 repeated measures to provide an n
of 12 when averaged across sessions.

Table 5.1 documents the means and standard deviations of all the EEG measures
in this analysis.

A repeated measures one-way ANova (with 4 levels, music tasks 1-4) revealed
a near significant difference in Fz alpha measures between tasks (F(3, 33)=2.813,
p=0.054), and subsequent planned contrasts (see Table 5.2) revealed that the melody
task contained relatively more hypofrontality than performing a score, indicating that
electrophysiological processes in these performances differed. Further comparisons
between the different improvisation types revealed a difference in Fz alpha amplitudes

between the melody and graphic score tasks, with melody being relatively greater,
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Table 5.1: Descriptive statistics of EEG amplitudes in between-tasks comparisons

Measure Task n  Mean + STD

Scribble 12 10.03 + 3.13
Graphic 12 9.53 +2.09

Fzalpha \riody 12 10.68 + 1.88
Score 12 9.21+1.55
Scribble 12 8.81 +1.94
Py alpha Graphic 12 9.27 £+2.01

Melody 12 8.89+1.13
Score 12 7.63+1.34

possibly indicating that the graphic score was reliant on the activation of frontal func-
tional anatomy due to online transformations of spatial stimuli to musical responses.
Table 5.2 also includes effect size and corresponding statistical power calculations,
demonstrating that Melody and Score performances exhibited a strong difference in
frontal and parietal alpha synchronisation measures. This suggests that the sample
size was adequate to detect these differences, and invites follow-on investigation of
a hypothesis that neuroelectric measures of melodic improvisation are different from
those of melody rendition.

A repeated measure ANOVA applied to Pz alpha measures showed a clearer distinc-
tion between tasks (F(3, 33)=4.271, p=0.01), and planned contrasts showed that both
the melody and graphic score tasks disclosed relatively greater alpha amplitudes than
score rendition, plus the scribble task disclosed higher alpha synchronisation that was

marginally significant.
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Table 5.2: EEG amplitude contrasts

Fz alpha Mean +sTD t df p dt Power

Scribble — Score 1.00 320 0.78 11 045 0.33 0.18
Graphic — Score 040 1.15 0.88 11 040 0.17 0.08
Melody — Score* 1.28 1.39 4.07 11 <0.01 0.85 0.76

Melody — Scribble  1.14  1.06 094 11 0.12 0.25 0.12
Melody — Graphic* 1.10 1.31 3.05 11 0.01 0.58 0.44
Scribble — Graphic  1.11 334 042 11 0.68 0.19 0.09

Pz alpha Mean +stD t df p d Power

Scribble — Score 071 176 214 11 0.06 0.71 0.61
Graphic — Score* 1.95 223 331 11 0.01 096 0.86
Melody — Score* .12 170 329 11 0.01 1.02 0.89

Melody — Scribble  0.23 1.73 0.37 11 0.72 0.05 0.05
Melody — Graphic 048 1.26 -0.85 11 0.41 -0.23 0.11
Scribble — Graphic  1.13 250 0.72 11 049 -0.23 0.11

*Difference is significant at the 0.05 level
1 Cohen’s (1988) d measure of effect size
1 Cohen’s (1988) measure of statistical power
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5.4.3 Between-conditions study

5.4.3.1 Rest EEG

The nap and movie conditions were compared both as a series of 3-minute blocks,

and as single 30-minute blocks.

Fzalpha 2 x 2 (rest-order x time) Linear Mixed Mode aNOvas revealed that the first,
second and fifth blocks of time (1-3, 4-6 and 13-15 minutes) showed significant
differences between rest conditions (block 1: F(1, 10)=19.695, p=<0.01; block 2:
F(1, 10)=7.899, p=0.02; block 5: F(1, 10)=5.241, p=0.045). Figure 5.7 shows the
differences with significantly different blocks highlighted.

ANOVA on mean alpha amplitudes of entire 30-minute rest periods disclosed a dif-
ferential effect of rest-type (F(1, 10)=6.795, p=0.03), and these differences are detailed
in Table 5.3.

fz alpha nap 18
16
fz alpha movie
14
pz alpha nap 12
10
pz alpha movie
8
Loz
@@0%@0
AN

Figure 5.7: Comparison of Fz and Pz alpha EEG amplitude during nap and movie
conditions
(Diamonds mark significant between-condition differences.)

Pz alpha 2 x 2 (rest-order x time) Linear Mixed Mode aNovas revealed that the

first, second, third, fourth, fifth, sixth and tenth blocks of time showed significant
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differences between rest conditions (block 1: F(1, 10)=27.802, p<01; block 2: F(1,
10)=8.027, p=0.02; block 3: F(1, 10)=6.048, p=0.03; block 4: F(1, 10)=7.191,
p=0.02; block 5: F(1, 10)=5.638, p=0.04; block 6: F(1, 10)=6.468, p=0.03; block
10: F(1, 10)=6.587, p=0.03).

ANOVA on mean alpha amplitudes of entire 30-minute rest periods disclosed a
differential effect of rest-type (F(1, 10)=6.795, p=0.03), demonstrating an overall dif-

ference in parietal alpha EEG between conditions (see Table 5.3).

Table 5.3: Descriptive statistics for alpha amplitude during nap and movie conditions

Electrode Nap Movie
Fz 14.11 +4.74 10.19 + 2.86
Pz 14.30 £ 4.96 9.26 +2.71

Opverall, these results demonstrate that in the nap condition, alpha was initially
significantly higher than in the movie condition. This possibly results from visuo-
motor suppression activity in earlier stages (Paskewitz and Orne, 1973), but also may
arise from a later progression of SLEEP STAGE I to 11 when alpha EEG begins to increase
(De Gennaro et al., 2001) — this is supportive of the view that hypnagogic EEG was

observed.

5.4.3.2 Music performance

Response slowing Table 5.4 contains the descriptive statistics of the number of
notes played in each task by each condition, plus the velocity of notes played, there
were the first two indices of ‘response-slowing’ (Milner et al., 2006) measured in this
study. In relation to RESEARCH QUESTION 1 (CREATIVITY) asking if these measures
would be lower in the nap condition compared to movie, the predicted direction of
difference was in evidence, however no significant differences were observed.

Further evidence of response slowing was investigated in the form of note dura-
tions (see Figure 5.8). According to RESEARCH QUESTION 1 (CREATIVITY), participants
would play longer notes following the nap as opposed to movie condition, and as with
the number of notes and note velocities, the differences observed were in line with
predictions; a greater proportion of short notes was played in the movie condition,

however the only reliable difference was in the scribble task, with significantly more
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Table 5.4: Descriptive statistics for the response slowing measures extracted from mMIpI
data

NAP MOVIE

Measure Task n Mean + sTD Mean + STD

Scribble 12 599.27 +212.16 783.09 + 540.83
Notes Played ~ Graphic 12 751.70 + 268.93  846.50 + 471.98
Melody 12 472.00 +201.47 571.70 +257.01

Scribble 12 51.03 + 12.75 58.20 + 12.95
Note Velocity Graphic 12 64.56 + 12.43 67.07 +16.81
Melody 12 53.69 + 6.30 54.63 £ 10.41

notes lasting approximately 0.7 of a beat played post-nap (F(1, 10)=5.04, p=0.05).
In the melody task a trend towards a significant difference at the alpha=0.10 level
was observed in notes lasting /4 of a beat (F(1,10)=3.91, p=0.078), with post-movie

performances containing a greater proportion of short notes.
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Figure 5.8: Note duration distributions in different tasks
(*. Significant between-condition difference)

Overall, the MIDI data provide very limited support for the response-slowing re-

search question — RESEARCH QUESTION I (CREATIVITY) — with group differences
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being negligible and the sole significant result possibly arising by chance.

Creativity evaluations Table 5.5 contains the means and standard deviations for the
musical creativity evaluations in the three improvisational tasks. It is noteworthy that
the mean scores are rather low in relation to the 1-10 scale used, possibly indicating

a floor effect was present in evaluations.

Table 5.5: Descriptive statistics of the creativity evaluation assessments

NAP MOVIE

Task n Mean + sTD Mean + STD

Scribble 12 2.58 + 1.08 2.66 + 1.23
Graphic 12 2.36+1.00 2.77 + 1.66
Melody 12 3.08+1.55 3.18+1.76

(points out of 10).

In relation to RESEARCH QUESTION 1 (CREATIVITY) — whether ratings of music
performance would modulate as a function of rest-type — Linear Mixed Mode ANOvas
revealed that there was no between-condition difference in measures of creativity in
any of the tasks. As with the response slowing question, the difference was in the
predicted direction, with all mean creativity scores being lower post-nap than post-

rest, however the differences were not significant.

Alpha synchronisation Table 5.6 contains the descriptive statistics for alpha EEG
measurements at the Fz/Pz electrodes. The research question — RESEARCH QUESTION
2 (EEG TRAINING) — was that alpha EEG would be significantly lower during motor
task related recordings following nap compared to wakeful rest in line with Hayashi
etal. (1999a,b) who have provided suggestive evidence that afternoon napping main-
tains daytime arousal levels.

Linear mixed mode ANOvas on task related alpha synchronisation disclosed no
significant differences between conditions on the frontal or parietal measures. These
data do not support RESEARCH QUESTION 2 (EEG) as to whether post-nap alpha would
be significantly reduced relative to post-wakeful-rest, although it is noted that the
differences in means are in line with the idea that frontal activation would increase

following a short daytime sleep.
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comparisons.

CHAPTER 5. EXPERIMENT THREE

NAP MOVIE
Task n Mean +stp  Mean + STD
Fz Scribble 12 8.97+2.71 11.68 +3.24
Pz 12 8.44+3.34 8.68 +2.07
Fz Graphic 12 10.00 £ 2.66 10.05 + 2.61
Pz 12 8.85+230 9.06+2.43
Fz Melody 12 10.11 +2.72 10.96 + 2.24
Pz 12 850+2.49 8.70+1.36
Fz Score 12 9.15+1.81 10.55+2.01
Pz 12 7.36+2.11 7.78 +1.70

5.4.3.3 Cognitive performance

Table 5.7 contains the descriptive statistics for this task in the experiment. The differ-
ences between the two conditions are in line with RESEARCH QUESTION 1 (CREATIV-
ITY) as to whether frontal function would be changed following nap as opposed to
wakeful-rest, however linear mixed mode aNOvas revealed no significant differences
in task performance between the two conditions. Only measures of Non-perseverative
errors approached confirmation of the approach, with a trend towards significance at
alpha=0.10 (F(1,10)=3.75, p=0.08). Perseverative responses are those that would have
been correct under the previous rule, so non-perseverative errors are those in which
the change in sorting response was unsuccessful and may reflect fluctuations in frontal
function (Barcel6 and Knight, 2002).

Opverall the current data do not support the research question as whether napping
would improve subsequent measures of frontal function.

The secondary question was that frontal alpha amplitudes measured during the
wcsT would modulate as a function of prior rest-condition — RESEARCH QUESTION
2 (EEG). Following nap and during wcsr, Fz alpha was lower than following movie-
watching, (nap: mean=7.96 + 3.81; movie: mean=9.82 + 6.88), however the pre-
dicted difference in means was not reflected in a significant F statistic.

A single (positive) Pearson correlation between Fz alpha and perseverative re-
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Table 5.7: Wisconsin Card Sort Descriptive Statistics

(Percentages)
NAP MOVIE
Measure n Mean +stp  Mean + STD
Categories done/seen 12 86.30 +6.18 88.07 + 8.30
Number of trials 12 99.54 +1.58 98.05 + 4.22
Correct Responses 12 77.66 +4.76 74.49 +13.13
Total errors 12 22.33+4.76 25.50+13.13
Perseverative responses 12 33.08£5.82 35.26 +8.75
Perseverative errors 12 1436 +4.02 15.68 +9.39
Non perseverative errors 12 7.96 +3.81 9.82 +6.88
Unique errors 12 2.48+3.78  1.69+3.52

Trials to complete 1st category 12 16.50 + 6.40  13.67 + 6.23

sponses was found in the nap condition (r=0.68, p=0.03), which indicates that post-
nap alpha reductions co-varied with improvements in frontal function, although this
relationship was not also observed in further measures of perseverative errors, which

would have added validity, and may be a chance finding.

5.4.4 Results summary

Between-tasks comparisons indicated that the ‘Melodic template’ approach was most
appropriate for eliciting spontaneous processing of emotional content as evidence of
frontal alpha (expressed as hypofrontality) and parietal alpha were highest.

Between conditions comparisons showed that sleep EEG showed the hallmarks
of Fz alpha synchronisation (hypofrontality) in relation to wakeful control at 13-15
minutes. Pz measures showed higher alpha up to 18 minutes, and then from 28-30
minutes.

Post-sleep response-slowing evidence was very limited to some longer note du-
rations in scribble following sleep and melody cued improvisation containing more
short notes following wakefulness.

Creativity differences in post-sleep/rest were not seen at all, and scores indicated a
floor effect. Melodic template improvisation received the highest mean scores of 3.08

after sleep and 3.18 after rest.
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Evidence for post-sleep frontal-cognitive improvements and alpha reduction were
limited to a single correlation positively linking alpha to perseverative responses.

This study failed to support the first aim of the research: to link evidence of spon-
taneous processing of emotional content — expressed as hypofrontality in this study
— to social perception of creative worth. Frustratingly, differences across all measures,
including the brain/social measures of creativity, were in the direction anticipated by

the research questions, but only a very small amount were distinctively so.

5.5 Discussion

Demographic considerations In their discussion of the difference in neural mech-
anisms observed in a study of improvisation in musicians from a non-improvising
European classical tradition (Bengtsson et al., 2007) and their own study of jazz im-
provisers, Limb and Braun (2008) attributed these differences in part to demograph-
ics. It was pointed out that the jazz musicians had finely developed improvisational
skills, whereas Creech et al. (2008) observed that musicians in the European tradition
regarded the ability to improvise as the least important musical skill.

In relation to this, the novelty of the music tasks in this study was likely to have
been greater for the classical musician participants in the current study, and that sense
of novelty may have undermined the attempt of this study to elicit spontaneous pro-
cessing of emotional content.

Whilst Limb and Braun (2008) attributed observed deactivation in the Dorsolat-
eral prefrontal cortex (DLPEC) in jazz musicians to transient hypofrontality (Dietrich,
2003) — and this can also be interpreted as spontaneous reflexiveness arising from im-
provisational skill (Dietrich, 2004b) — the processing of novel information activates
process in the pLprc (Kishiyama et al., 2009).

A comment made by one of the participants has some relevance to the discussion
of task novelty and creative performance. During the post-experiment debrief, where
it was explained that spontaneous processing of emotional content was being explored,
the participant who has been a church organist commented that the ‘melodic tem-
plate’ task (see Section 5.2.4) was the one in which held “ ... felt most able to play
creatively.” This observation is interesting in the light of Dietrich’s (2004b) and Limb

and Braun’s (2008) that prior improvisation skill is a precondition for a kind of spon-
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taneous processing being explored, furthermore the data bore this out too, with this

task receiving the highest creativity scores in the audience response.

Between tasks comparisons  The between-tasks comparisons revealed some support-
ing evidence for the transient hypofrontality hypothesis (Dietrich, 2003). It was
found that alpha synchronisation at Fz was higher during the melody task than during
rendition of both a standard score and a graphic score.

Alpha synchronisation during the ‘scribble’ task was not significantly different
from any of the above. The reasons for these differences and similarities might be
attributable to the design of the experiment: the melody task possibly provided the
most scope for the pianists to use top-down inhibition of prefrontal cortex and as-
sociated executive functions; it began with the playing of a 2-bar musical phrase, in
which the tonal constraints imposed on the rest of the task were set, however beyond
this point the pianists could activate internalised pitch sequences stored at a lower
level of processing (Dietrich, 2004a). The graphic score and score tasks on the other
hand required the pianists to monitor their performance and to map sensory informa-
tion into motor responses, requiring attentional control and top-down activation and
monitoring of motor responses during the task. The scribble task ostensibly provided
scope for hypofrontality by freeing the pianists of all idiomatic constraints (Stevens,
1985), however eight of the twelve participants performed tonal music, which sug-
gests they combined some selective behaviour in deciding how to interpret the task
and establishing a template, with some reflexive playing as in the template task.

Taken together the performance task results reply to RESEARCH QUESTION 6 (IM-
PROVISATION AS CREATIVITY) suggesting that in a largely classically trained population,
the melodic template means of disclosing spontaneous processing of emotional con-
tent is most appropriate and most closely uses their reflexive skills.

The measures of Fz alpha amplitude suggest that the melodically cued improvi-
sation contains more hypofrontality, and that this is a neural characteristic of music
creation behaviour. This finding complements the fMRI results of Limb and Braun
(2008), which reported deactivation of the pLpPEC during jazz-blues free accompani-
ment in comparison to rendition of a pre-learned piano solo.

Although RESEARCH QUESTION 1 (CREATIVITY) is mainly examined in relation to

hypofrontality, parietal (Pz) alpha synchronisation — recorded in line with the alpha-
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theta NFT method — was also explored in relation to two recent studies documenting
parietal inhibitory activity in creative behaviour amongst performance artists (Fink
et al., 2009; Berkowitz and Ansari, 2010).

As with Fz measures, Pz results showed that the melody task featured greater alpha
synchronisation in relation to the score task, providing a preliminary answer to Re-
SEARCH QUESTION 5 HYPNAGOGIA AND IMPROVISATION which considers the similarity
between the two states.

The improvisation/score Pz difference was additionally observed during rendition
of the graphic score. Considering that the melody task featured increased alpha at
both electrodes, this invites the question “where is inhibition originating?” In the
introduction to the study two candidate sources of cortical alpha were considered: (a)
an idling process in some cortical areas to optimise energy demands when underlying
neuronal populations are more active (Pfurtscheller and Lopes da Silva, 1999); (b)
intracortical inhibition in which irrelevant or potentially interfering parts of neural
networks are closed off (Klimesch, 1996). In the case of the melody task, the cortical
idling explanation may apply, whereby motor sequences stored at a lower level of pro-
cessing are respondent, for example in the so-called ‘muscle memory’ phenomenon.
Again however, this is where the limitations of the current study begin to show, as the
lack of spatial coverage precludes the investigation of cortical and sub-cortical activity
beyond the two sites showing inhibition.

The fact that the graphic score task included significantly more parietal but not
frontal alpha might be interpreted as a form of parietal inhibition when stimulus
driven attention is suppressed in order to retain feed-forward motor sequences in
working memory Pressing (1988). Despite this, the graphic score task would be ex-
pected to activate visual processing pathways in parietal areas as the score was pre-
sented as a computer screen animation. This in turn suggests that parietal inhibition
of the type implicated in Fink et al. (2009); Berkowitz and Ansari (2010) would not
be present in the current study. A possible resolution to this discrepancy may lie in the
finding of Gevins et al. (1997) who reported practice dependent increases of poste-
rior alpha power during working memory tasks; in this case habituation to the graphic
score may underlie alpha amplitude increases relative to those in the score task. A lim-
itation of the current study here is that whilst the graphic score task featured evidence

of parietal inhibition, this preliminary analysis did not include a measure of commu-
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nication between neurons at Fz and Pz, which could have tested for evidence that
frontal neurons regulate posterior ones as part of a network. Sauseng et al. (2005a,b)
has demonstrated that frontal neurons modulate the excitability of the parietal cor-
tex via alpha phase coupling during both working memory and attention tasks, and
Berkowitz and Ansari (2010) suggested that the Acc may down-regulate the primary
visual areas during music improvisation, so further investigation is required if the
source of inhibition is to be identified.

Opverall the Pz results provided some support for the question that parietal brain
areas are inhibited during creative behaviour, although the two improvisation studies
compared here both implicated right-hemisphere inhibition to a greater extent, and
the current study lacked analysis of lateralised activity.

Turning now to the creativity evaluations, the analysis did not reveal any signif-
icant differences between the perceived creativity of improvisations, and the mean
scores were found to be close to the floor level, (the maximum creativity rating was
6). Amabile (1982) stresses that evaluations should be given relative to the sample,
in which case the most creative piece(s) in the experiment should be awarded scores
approaching the ceiling level, however in practice this would require the judgement
of music performances to be conducted according to a ranking exercise. Despite this,
reliable differences would have emerged if they existed, and so whilst REsearcH QUEs-
TION 6 (IMPROVISATION AS CREATIVITY) was addressed in terms of physiology, it was
not validated against social perception and this undermines the aim of mapping per-

sonal processes to social ones.

Between conditions comparisons The second element of this study was to explore
sleep-offset effects on music performance, in part to ascertain whether post-nap response-
slowing might impair impact subsequent behavioural and perceived measures of music
performance.

This addressed RESEARCH QUESTION 1 (CREATIVITY) in terms of the immediate
after-effects of hypnagogia, and was conducted in relation to the findings of Chap-
ter 4, in which transient effects of alpha-theta physiology were interpreted as being
detrimental of performance. The current study was then conducted specifically to
determine whether post-nap physiology may affect performance substantively.

The comparison between nap and wakeful rest did confirm that EEG measures
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of frontal alpha were significantly different, both at specific points in the recording
(1-3 and 22-24 minutes) and in whole recording contrasts. Whilst the early dif-
ference may have been attributable to visuomotor factors which enhance alpha-theta
as a function of the eye lenses adjusting to darkness (Paskewitz and Orne, 1973),
the difference at 22-24 minutes is possibly reflective of a progression beyond sLEep
STAGE I (De Gennaro et al., 2001), and furthermore provides some evidence of non-
visuomotor hypofrontality during a 30-minute period of sleep opportunity, which is
also consistent with Muzur et al.’s (2002) contention that hypofrontality is a feature
of NREM sleep.

Despite the generalised indications of sleep related hypofrontality in the sample,
post-napping measures did not confirm the response-slowing hypothesis in the vast
majority of motor measures drawn. The number and velocity of notes played follow-
ing napping were, on average, lower than after wakeful rest, whilst the distributions
of note durations included less shorter notes, and in the scribble task significantly
more notes lasting approximately 70% of a beat. Overall however no clear difference
emerged, and the same was true of the creativity comparisons: lower means follow-
ing nap, but not substantively so. The lack of clear separation between conditions
may possibly be due to one of two factors: the amount of sleep, and the effect of
movie-watching. As stated previously, the current study utilised non-standard analy-
sis of napping, and did not measure the amount or staging of sleep for participants,
the correlational analysis went some way towards addressing individual differences in
napping, and the negative relationship between nap Fz alpha and note velocities in
the scribble and melodic-template tasks indicates that an analysis based more closely
on sleep parameters might come closer to disclosing post-nap response slowing. The
effect of movie watching on the participants could also be considered as a possible
factor confounding hypofrontality between conditions, since deactivation of the pre-
frontal cortex has been associated with reduced self-awareness during movie watching
in an fMRI study (Hasson et al., 2004), although in this study participants were made
aware they would be given a comprehension test after the movie, and so it is likely
they would have maintained some degree of self-monitoring, and thus prefrontal ac-
tivation, in order to monitor the storage of the plotline.

'The subsequent analysis of frontal alpha between-conditions showed no significant

differences, possibly for the reasons outlined above, although it is notable that alpha
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was higher following sleep in the graphic score whilst all other comparisons were in
line with predictions. Similarly, the comparisons of post-nap performance on the
wcsT showed non-significant differences that were in line with predictions, and a
single (positive) correlation was found between perseverative behaviour and alpha,
which provides very limited, and possibly chance support for the association between
post-nap alpha and cognitive performance. Due to the focus of the current study
on cognition associated with frontal brain areas, cognitive tests of creativity were not
included in this study, however some recent sleep research has indicated that sleep
may additionally enhance performance on creative problem solving tasks seen prior
to and solved following a period of REM sleep (Cai et al., 2009), as well as evidence of
correlations between components of NREM sleep and subsequent divergent thinking

performance.

Conclusion In conclusion, and with respect to future studies designed to modulate
music creation behaviours, or to explore their neural correlates, the use of melodic-
templates for improvisation offers the experimenter both the opportunity to observe
hypofrontality in relation to RESEARCH QUESTION 6 (IMPROVISATION AS CREATIVITY)
as well as exploring parietal inhibition in RESEARCH QUEsTION 5§ HYPNAGOGIA AND
IMPROVISATION and finding parietal inhibition in improvisation as with hypnagogia.

Music created during hypofrontality was not reliably connected to the social per-
ception of creativity however — and the assessment technique did not distinguish any
performances as being distinctively creative.

'The comparison between nap and movie conditions was very limited in the scope
of its conclusions: there was however some very tentative evidence suggesting that
there might be dissociated post-nap reductions in motor performance and improve-
ments in cognitive performance, relating to RESEARCH QUESTION 1 (CREATIVITY) by
suggesting that transiently, hypnagogia aids cognitive performance but hinders the

motor response.
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Conclusions

6.1 Research aims

6.1.1 Primary aims

Exploring creativity by attempting to quantify and modulate it The overall aim of
the research was to gain a greater understanding of creativity by defining it in a way
that could be realised in neuroscientific studies.

Furthermore, and using an applied neuroscience approach, the research aimed to
modulate the working definition of creativity.

Realising these two broad aims in practice gave three smaller aims:

1. Define creativity in an experimentally tractable way Define creativity in a
way that addresses the tensions in psychology and cognitive neuroscience about how

to make it experimentally tractable.

2. Regulate creativity via hypnagogia To use applied neuroscience to modulate
hypnagogia — and in so doing reinforce physiologies underlying spontaneous creative

insight.

3. Disclose creativity through improvisation To explore the application and
cognitive neuroscience of music improvisation as a candidate scenario for measuring

creativity.
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6.1.2 Secondary aims
Optimise novice performance The possibility of optimising sensory-motor skill reg-

ulation in novice musicians was explored.

Replicate and re-focus Egner and Gruzelier (2003) Replication of the first study
associating NFT with creativity was a starting point from which to advance the current

methodology.

6.2 Research questions

The aims translated as the following questions for use in practice

6.2.1 List of research questions

6.2.1.1 1. CrEATIVITY

Can measures of creativity be modulated by hypnagogia and alpha-theta NFT?

6.2.1.2 2. EEG TRAINING

Can alpha-theta NFT be shown to regulate hypnagogic electrophysiology? Addition-
ally, and in relation to RESEARCH QUESTION 3, can SMR training be shown to regulate
sensorimotor activity?

6.2.1.3 3. NOVICE PERFORMANCE

Can measures relating to sensory-motor control in novice performance be elevated by
reinforcement of sensory-motor inhibitory control via SMR NFT?

6.2.1.4 4. EFFECT RELATION

Can changes in NFT be associated with changes in performance?
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6.2.1.5 5. HYPNAGOGIA AND IMPROVISATION EEG

As candidate neurophysiologies thought to disclose the spontaneous processing of
emotional content, can these states be shown to address the transient hypofrontality

hypothesis (Dietrich, 2003) using applied neuroscience methods?

6.2.1.6 6. IMPROVISATION AS CREATIVITY

Does the operational definition of improvisation as spontaneous processing of emo-
tional content work in distinction from other types of performance — as a candidate
for disclosing creativity in the brain and eliciting a social response that validates cre-

ative judgement, which forms of improvisation are most useful to the experimenter.

6.2.1.7 7. Is EGNER AND GRUZELIER (2003) REPLICABLE

Are relevant earlier reports replicable?

6.3 Review of aims and questions

6.3.0.8 Aim 1. Define creativity in an experimentally tractable way

The tensions in the psychology and neuroscience literature were considered in the light
of ongoing difhiculties in finding creativity in the brain. Psychometric tests of creative
thinking were thought to pose a ‘Criterion problem’ in that they encompass some
behaviours that contribute to some creativity, but not creativity itself. Extensive cog-
nitive neuroscience studies profiled tests of ‘Divergent thinking’, but taken together
were not able to show underlying patterns of activity leading to calls for the tests to
be replaced with more basic measures of creativity (Dietrich, 2004a). One of the pro-
posed basic types, ‘Spontaneous processing of emotional content’ has been reported
historically in the form of hypnagogic insight and discussed in research concerning
music creation.

Prior to current neuroscientific interest in the creative process, commentators had
addressed the criterion problem by emphasising the importance of social and cultural

selection in defining creativity according to subjective and implicitly held values.
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This dissertation attempts to resolve these two areas of investigation by using neu-
roscience to profile spontaneous processing of emotional content, and social psychol-
ogy to explore whether the outcome in society has any definable relationship with the

personal process from which it originated.

6.3.0.9 Aim 2. Regulate creativity via hypnagogia

Hypnagogia is classically thought to give rise to spontaneous creative insight. Alpha-
theta NFT is designed to regulate hypnagogia, and so as well as profiling neural activity
underlying improvisation, NFT is used to try and modulate that self-same activity with

the aim of reinforcing creative neurophysiology.

6.3.0.10 Aim 3. Disclose creativity through improvisation

In realising the implications of the literature review leading to in Aim 1, music impro-
visation was selected as a plausible candidate for disclosing the process of spontaneous
music creation, which in turn is characterised as being formed of emotional content
(Dietrich, 2004a).

Furthermore, improvisation can also disclose a socially subjective and implicitly
held view of creativity in audiences (Amabile, 1982).

This combination of tractable personal and social features appears to make impro-
visation ideal as a means of reveal creativity in the brain and society in parallel, and

in so doing address Aim 1.

6.3.1 Answers to research questions

6.3.1.1 1. CREATIVITY

Can measures of creativity be modulated by hypnagogia and alpha-theta NF1?

The underlying assumption of the whole dissertation is that hypnagogic neuro-
physiology is a correlate of creative neurophysiology, and so by attempting to regulate
and condition the former with applied neuroscience, the latter might be brought un-
der experimental control.

Experiment 1 provided the first controlled evidence of post-NrT differences in

spontaneous performance. The Stripsody task disclosed a difference in perceived mea-
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sures of ‘Confidence’ rather than a measure more closely identified with creativity such
as ‘Interpretative imagination’ in (Egner and Gruzelier, 2003). The results appeared
to advantage those receiving alpha-theta NFT in comparison to SMR or no training
controls, but were not distinguished in post-hoc analysis.

'The difference in variance suggests that alpha-theta interacted with a task eliciting
spontaneous creative behaviour: Stripsody. The benefit was seen in a category not
closely identified with creativity: Communication. Despite this, Confidence, plus
two further communication measures that showed a trend for difference — ‘Emo-
tional commitment’ and ‘Deportment’ — might facilitate spontaneous processing of
emotional content, as confidence instils increased options for performing. Examples
of this include Kurtzberg and Amabile’s (2001) association of self-confidence and risk-
taking as antecedents to creative behaviour, and Tierney and Farmer (2002) who note
that confidence gives rise to the adoption of non-conforming perspectives.

Confidence is also an interesting variable in the context of stage fright, which is
known to manifest in reduced confidence (Brotons, 1994), and so given the threat
of evaluation in Experiments 1 & 2 (in which cameras were training on participants,
and cameras have been found to impair performance on tests of divergent thinking
(Chamorro-Premuzic and Reichenbacher, 2008)), it is of interest that confidence may
have been optimised following alpha-theta NrT. Raymond et al. (2005b) too associ-
ated alpha-theta NFT with increases in self-reported confidence, and so this outcome
can be interpreted in the light of confidence impairments in other experimental groups
that did not manifest in alpha-theta participants. Nonetheless, the absence of effect
mediation data — confidence changes did not co-vary with alpha-theta EEG changes
however, and so it is not possible to attribute the change to neurophysiology based
change.

The role of Stripsody, as a graphic score, is also interesting in the light of outcomes
seen in Chapter 5 in examining task-related EEG measures of a different graphic score.
Unlike its predecessors, Experiment 3 measured EEG during graphic score response,
and showed that parietal alpha activity was different to that recorded during musical
score performance. This finding shows that in the absence of relations between alpha-
theta dynamics and Stripsody, a graphic score in piano performance nonetheless dis-
tinguished parietal alpha from a standard performance. In summary, the interaction

between EEG, graphic score and the social perception of performer confidence suggests
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that the use of graphic scores may continue to have a role in eliciting distinct neu-
rophysiology as part of the search for creativity in the brain. Other studies of music
(Berkowitz and Ansari, 2010) and imagined dance (Fink et al., 2009) improvisation
have found lateralised deactivation in parietal areas, and so the inclusion of graphic
score tasks does appear to constitute a means of exploring parietal activity underlying
spontaneous performance.

Experiment 2 introduced the possibility that in the short-term, alpha-theta can
impair spontaneous processing of emotional content. Post alpha-theta changes were
almost all negative, and significantly different from those in the first cohort on mea-
sures of Stripsody and Instrumental solo performance. sMmr and control group perfor-
mance appeared undiminished in the second round, and ‘Clarity of diction’ in folk
singing suggested SMR trainees were distinguished by their improvement. Literature
on motor performance, cognitive performance and sleep indicated that whilst daytime
sleep benefited cognitive performance including attention (Lovato etal., 2009; Lovato
and Lack, 2010), it impaired motor function in non-habitual daytime sleepers (Milner
et al., 2006). This indicates that whilst alpha-theta might reinforce neurophysiology
underlying spontaneous processing more generally, it may not be appropriate as a
means of priming motor function for spontaneous emotional processing.

Experiment 3 further examined the short term effects of hypnagogia on motor
and cognitive function implicated in spontaneous creativity. Limited evidence was
found to sustain the view developed in Experiment 2, that daytime sleep may ben-
efit cognition, yet impair motor function. A response slowing measure found that
after sleep, the scribble task contained more long notes, and the melodic template
task contained less short notes than wakeful rest. Evidence of frontal cognitive rein-
forcement was limited to a single, and potentially chance correlation between alpha
and perserverative responses in a cognitive flexibility task. Perceived creativity scores
showed no effects, and appeared to suffer from floor effects.

If post-hypnagogia did transiently impair spontaneous processing of emotional
content, this would invite the question as to how the long-term reinforcement of
neurophysiology for spontaneous processing is achieved via alpha-theta n¥r. This
question remains unanswered, although having conducted an experiment in which
task related EEG has been recorded in a way that is comparable with NFT EEG — the

stage as been set for combined alpha-theta and music improvisation data to be com-
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pared.

6.3.1.2 2. EEG TRAINING

Can alpha-theta NFT be shown to regulate hypnagogic electrophysiology? Addition-
ally, and in relation to RESEARCH QUESTION 3, can SMR training be shown to regulate

sensorimotor activity?

Alpha theta training Experiment 1 provided marginal evidence of within-session
differences in the ratio of theta to alpha EEG at Pz — this served as the experimental
measure of crossover, that is the degree to which theta raised over and above alpha in
training.

Experiment 2 provided strong evidence of within- and across-session effects on
the training ratio. Furthermore these measures interacted, and the within-session
ratio increased with each session.

Overall, the alpha-theta protocol provided the best evidence that a spectral (as
opposed to sleep scoring) representation of hypnagogia can be reinforced in practice.

The question remains however whether the changes resulted from volitional con-
trols acquired as a result of training, or another phenomenon such as progressive re-
laxation. The alpha-theta literature from the turn of the 215 century is relevant in
this respect: Lowe (1999), Moore et al. (2000) and Boynton (2001) all reported that
alpha-theta NFT did not elevate the t/a ratio any more than other forms of relaxation.
Nonetheless, hypnagogia, expressed as SLEEP STAGE 1 (Tanaka et al., 1996), falls away
when the t/a ratio stops increasing in SLEEP STAGE 2 (De Gennaro et al., 2001). It was
observed in Experiment 2 that the t/a ratio began to fall during the final 3 minutes
of a typical 15 minute session, and so whilst the evidence is supportive of the view
that hypnagogia occurred, SLEEP STAGE 2 may have also occurred — and the extent to
which the protocol sustained the borderline state in comparison with an alternative
relaxation intervention is unknown.

Sterman (1996) argued that the alpha-theta protocol sustained hypnagogia be-
cause the audio feedback cues hypnagogia simply by preventing a subject from going
to sleep, rather than by reinforcing a distinct state. Despite this strong criticism, Eg-

ner et al.’s (2002) found that the final 6 of 15 minutes of alpha-theta NFT compared
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to pre-recorded playback of an alpha-theta session disclosed higher t/a ratios, chal-
lenging Sterman’s (1996) proposal, which suggests that mock feedback would elicit
the same t/a ratio as contingent feedback.

The other interesting thing about alpha-theta training in the current review is
the difference in training outcomes between Experiments 1 & 2. The first cohort of
trainees produced t/a ratios roughly equivalent to those in Egner and Gruzelier (2003),
differentiating ratios on within-session measures of period. The second experiment
showed reliable changes in the t/a ratio in each of the three indices of training. Spec-
ulatively, this is perhaps attributable to the fact that a slightly more private training
location was used, less experimenters were present, and the feedback was delivered
through headphones rather than computer speakers, shielding the participant from
the sounds of the experimenter making adjustments to the feedback thresholds using
a computer keyboard.

In the absence of EEG controls — recorded from a relaxation alternative sham
alternative condition for example — it is not clear that hypnagogia was reinforced by
NFT. By extension, the analysis of covariance between EEG and music changes could

have made a stronger case for NFT mediated performance changes.

SMR training In sMR training, only Experiment 2 was shown to raise the training
ratio of SMR in relation to theta and beta EEG at Cz, but only in the within-session
measure.

The sMR training data showed a far less reliable pattern of change than alpha-theta.
Only Experiment 2 disclosed a reliable difference between periods within-session. In-
terestingly, the actual gains in amplitude were very small, suggesting that in healthy
subjects, the scope for moderating sMR in relation to both theta and beta frequencies
was limited using the protocol applied.

Other studies demonstrating sMR training in healthy subjects do not generally
report the training ratio in this way: most similarly, Vernon et al. (2003) compared
individual blocks of Cz sMmR to theta and beta separately — and was able to demon-
strate changes between certain epochs; Ros et al. (2009) used a median split to contrast
those able to significantly raise sMR/theta ratios to those unable to do so; Hoedlmoser
et al. (2008) compared C3 sMR amplitudes between sessions 2-4 and 8-10.

Given the variety of ways that related studies which reported sMR data have anal-
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ysed this type of training, it is difficult to contrast the training data with other labs’
findings. Despite this, it is clear that in relation to the available data, other studies
have clearly shown that sMR can be progressively raised in healthy participants, whilst
the current approach showed this only to a limited extent in Experiment 2. It is not
known why the protocol appeared to be sub-optimal at moderating the targeted re-
lationship, but it appears that participants found it difficult to map the feedback to

self-regulated EEG parameters in a way they could control.

6.3.1.3 3. NOVICE PERFORMANCE

Can measures relating to sensory-motor control in novice performance be elevated by
reinforcement of sensory-motor inhibitory control via SMR NFT?

A secondary question explored in Experiments 1 & 2 was that SMR NFT might
modulate novice performance. The rationale for this was that sensory-motor integra-
tion might be optimised following a series of studies demonstrating protocol related
gains for healthy subjects in attention (Egner and Gruzelier, 2004b), memory (Vernon
et al., 2003), perceptuo-motor skill acquisition (Ros et al., 2009) and sleep/learning
(Hoedlmoser et al., 2008).

Furthermore, and in relation to optimal performance (Loomis et al., 1938) and
clinical sMRr (Sterman and Friar, 1972) literature, the context for understanding pre-
viously described performance gains stemmed from the idea that in optimisation for
healthy subjects, performance impairments under conditions of load might be miti-
gated.

In the context of performing arts, stage fright and the threat of evaluation, symp-
tomised by over-arousal in fine motor control for example (Brotons, 1994), is an ap-
propriate candidate for exploring the idea of NFT optimised motor neurophysiology.
The early work of Sterman and Friar (1972) in conditioning the inhibitory response
in sensory motor cortex and mitigating the symptoms of epilepsy was considered as a
candidate mechanism by which over-arousal during stage fright might be managed.

Highly experienced performers are considered able to turn stage fright to their
advantage (Kokotsaki and Davidson, 2003; Vuust et al., 2010), possibly through con-
ditioning their performance skills to states of high arousal, and so novice performers

may be more susceptible to stage fright under the threat of evaluation.
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Experiments 1 & 2 contained a Folk song task selected specifically in an attempt
to disclose any protocol effects in novice singing, with a particular emphasis on rein-
forcing inhibitory control

Stage fright induced over arousal is also known to effect emotions in performance,
such as the loss of confidence (Brotons, 1994), and it was additionally considered
whether the proposed parallel between hypnagogia and spontaneous processing of
emotional content might be interact with alpha-theta NFT via reinforcement of spon-
taneous emotional processing against stage fright. Again, and since all participants in
Experiments 1 & 2 were non-singers, the task is performed at the novice level, and
allowed the novice performance question to be asked of alpha-theta NFT too.

In Experiment 1’s post-intervention performances of the Stripsody task, Confi-
dence disclosed significant group differences, without post-hoc distinction between
groups however. Additionally, ‘Overall vocal competence’ and Pitch scores co-varied
with within-session SMR training ratio changes.

The parallel between Brotons’s (1994) description of lost confidence in stage fright,
and Experiment 1’s suggestion that confidence varied between group means invites
the the possibility that emotional processing may have been interacted with hypna-
gogia reinforcement. Confidence did not however co-vary with t/a changes, so the
mediation of this finding is not known, and the likelihood that it occurred by chance
is considerable due to its being one of many variables measured. In Experiment 2,
Stripsody did not reveal any group differences, and this was attributed to the signif-
icant drop in performance outcomes in Experiments 2 compared to its predecessor
— these score reductions particularly affected the Stripsody performance measures of
commitment and confidence indicating that the threat of evaluation was not miti-
gated in Experiment 2.

Within-session t/a ratio changes predicted the slight falls in the ‘At one with voice’
measure and ‘Overall Musicality’ co-varied with across-session SMR training measures.
Neither of these relations are explicitly identifiable with the symptoms stage fright,
precluding a clear argument for optimisation.

Turning now to the ‘Folk song’ task, Experiment 1 revealed group differences in
evaluations of Pitch, although without supporting post-hoc disclosure. Pitch changes
co-varied with longitudinal changes in alpha-theta training EEG. The ability to pitch

a vocal performance during stage fright is considered a potential area in which smr
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might plausibly moderate the motor response, so the fact that changes in this measure
co-varied with alpha-theta training precludes relating to the novice framework in use.

The same task in Experiment 2 revealed that the change in ‘Expressive range’ was
significant between groups, although without post-hoc confirmation. Again, an artis-
tic interpretative as opposed to technical variable shows a possible optimisation effect,

but an isolated one that does not relate to the stage fright symptoms being considered.

6.3.1.4 4. EFFECT RELATION

Can changes in NFT be associated with changes in performance?

As stated previously, measuring EEG in the control group would have enabled
stronger claims to be made regarding the electrophysiological mediation of outcomes.
As it was Experiments 1 & 2 used within-subject relations only to analyse the covari-
ance of EEG and music performance.

In summary:

Experiment 1 found that in Folk singing, ‘Overall Musical Understanding,” ‘In-
terpretative imagination’ and ‘Stylistic accuracy’ all co-varied with the within-session
SMR training ratio. No other relations were observed.

Experiment 2 found no relations between Instrumental solo and Folk singing and
NFT training ratios. In Stripsody, within-session sMR changes predicted pre-training
‘Overall musicality’ and ‘Confidence’ measures, plus post-training ‘Overall commu-
nication,” and a marginal extent, post-training ‘Breathing’ and ‘Emotional commit-
ment.” Improvisation results showed within-session t/a ratio changes predicted de-
clining performance scores in ‘Overall Improvisational Competence,” ‘Fluency” and
‘Overall Communicative Ability.”

As with music and training measures, the covariance analyses differed consider-
ably between Experiments 1 & 2. This too may be attributable to the differences of
experimental design that saw post-NFT performances taking place immediately fol-
lowing the final NFT session, introducing transient effects of training into the study.
It may also be the case that the relations observed in Experiment 1 were not reliable
enough to be replicable.

Some of the observed relations did address the overriding questions about the rela-

tionship between sMRr and performance optimisation in Experiment 1, relating train-
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ing to Musicality measures only however. This may fit the idea that sMR moderates
arousal in novice performance and mitigates stage fright, but this was not replicated
in Experiment 2 however, undermining this interpretation. Furthermore, within-
session SMR NFT did not change the training ratio decisively in Experiment 1, which
it did in Experiment 2, and given that Experiment 2 sMR participants did not appear
to suffer post-training performance impairments, it might plausibly be expected that
the sMR relation with novice performance would replicate in Experiment 2, which it
didn’t. This indicates that observed changes might not be reliable.

It’s interesting that although training changes to EEG were more clearly demon-
strated in Experiment 2, fewer musical changes co-varied with NeT, which again seems
counter to the view that NFT mediates music performance, transient effects notwith-
standing.

In the replication of Egner and Gruzelier (2003), the alpha-theta training corre-
lations with music changes observed in their first experiment were not found to be
replicable in their second, and neither were they replicable in the current analysis.

Taken together, the case for effect mediation is weak — unlike Sterman and Friar’s
(1972) finding that training SMR EEG mitigated symptoms of epilepsy, the idea that
regulating EEG dynamics in NFT might for example condition that same dynamic in

music performance has not been reliably observed.

6.3.1.5 5. HYPNAGOGIA AND IMPROVISATION EEG

As candidate neurophysiologies thought to disclose the spontaneous processing of
emotional content, can these states be shown to address the transient hypofrontality
hypothesis (Dietrich, 2003) using applied neuroscience methods?

Having run into severe doubts over the relation between hypnagogic EEG and mu-
sic performance, the next step was to collect music performance EEG and examine it
for commonalities with sleep-onset. This was approached from the theoretical angle
of the “Transient hypofrontality hypothesis’ (Dietrich, 2003) which predicts that all
altered states share frontal hypofunction in common. These states include sleep and
music improvisation, and given that Limb and Braun (2008) discovered supporting
evidence in jazz-blues 12-bar improvisation, and Muzur et al. (2002) described ex-

ecutive deficiencies brought on in sleep onset, an EEG study examining both states
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together was conceived.

The same experiment additionally adopted an empirical approach, and explored
parietal EEG in keeping with the alpha-theta NFT protocol, which records at the lo-
cation where alpha in eyes closed wakefulness is most distinct (Niedermeyer, 2005).
Interestingly recent studies of spontaneity in performance art have found alpha (Fink
et al., 2009) and BoLD deactivation (Berkowitz and Ansari, 2010) in parietal lateral
areas by differentiating expert performers. This invites the possibility that parietal
alpha-theta training may regulate parietal alpha in a way that contributes to spon-
taneity in creative behaviour. The current study sought to explore this possibility,
although did not differentiate analysis based on musical expertise.

Experiment 3 compared 30-minutes of eyes-closed daytime rest/sleep to eyes-open
rest (watching a Charlie Chaplin film). It also compared improvisation to rendition.

Between conditions comparisons showed that sleep-onset EEG had more hypofrontal-
ity (Fz alpha) in relation to wakefulness at 13-15 minutes. Pz measures showed higher
alpha from 0—18 minutes, and then from 28-30 minutes.

Muzur et al.’s (2002) analyses of sleep-onset suggest that hypnagogia (SLEEP STAGE
1) occurred alongside hypofrontality at 13—15 minutes, and this is in agreement with
the t/aratio data in Experiments 1 & 2 that indicated (using different measures) SLEEP
STAGE I occurring at this point in time.

In parallel, improvisation, particularly the ‘Melodic template’ approach, also demon-
strated both hypofrontality and parietal alpha relative to score rendition.

These were among the more promising results of the dissertation, supporting the
“Transient hypofrontality hypothesis’ and the recent empirical data indicating the role
of parietal deactivation in both sleep-onset and improvisation. This approach has
lent some support to the idea that alpha-theta NFT, in attempts to reinforce sleep-
onset physiology, might simultaneously be conditioning cortical processes underlying
improvisation. Whether the application works as effectively as in Sterman and Friar’s

(1972) management of epilepsy symptoms remains to be seen however.

6.3.1.6 6. IMPROVISATION AS CREATIVITY

Does improvisation — the spontaneous processing of emotional content — work in

distinction from non-improvised performance? As a candidate for disclosing creativity
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in the brain and eliciting a social response that validates creative judgement, which
forms of improvisation are most useful to the experimenter?

Experiment 1 introduced the role of improvisation into the methodology for test-
ing the historical association between alpha-theta and creativity (Green et al., 1972).
It also provided suggestive evidence of a link between NFT and improvements in the
audience perception of ‘Confidence’ in alpha-theta trainees, which was interpreted as
an emotional optimisation against stage fright.

If the alpha-theta/Stripsody interaction can be shown to hold in replication, then
the idea that Stripsody is creativity — the audience perception of creativity in spon-
taneous emotional processing — can be sustained.

Experiments 1 & 2 also considered another type of improvisation, descriptive
cues, e.g. A walk in the woods.” This tasks tended provided no evidence that impro-
visation is creativity, and provoked such a variety of responses from the varied choice
of cues that the audience may not have been able to readily compare performances.

Being able to compare is of course important for experimentation, and the Strip-
sody task, with its combination of stimuli that remain comparable over time, but
which also provide room for difference in interpretation, does afford spontaneity over
and above that which might be done in a rendition of a normal musical score, where
interpretational differences are limited within the confines of music theory.

The methodological implications of using different improvisation methods to
make creativity tractable were further explored in Experiment 3, which looked at 3
types of improvisation, each with a different way of limiting the musical bounds of
variation. The outcome was what the most familiar task, that of ‘Melodic variation’
on a short score, provided the highest scores of perceived creativity, although not dis-
tinctively so. This task also most clearly elicited the neural patterns identified with
creativity, hypofrontality and parietal deactivation.

The role of melodic cues for improvisation were interpreted in the light of (Di-
etrich, 2004b), who conceptualised jazz-improvisation as a sequence of pre-existing
phrases that reflexively trigger each other with minimal interference from meta-cognition
— which might only be needed to count bars or intervene to stop playing. The use of
a melodic template in this context can then be seen as as task that triggers musicians’
pre-existing musical patterns, whereas the other tasks recruited high-level interpreta-

tions on an ongoing basis to monitor the task in relation to the brief. This is not
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to say that non-melodic improvisation cannot invoke spontaneity in musicians, but
in the non-improvising European tradition from which all but one participant came,
melody provides the most direct route to reflexive play.

The question of music tradition was also discussed by Limb and Braun (2008),
who thus far has provided the best case for transient hypofrontality — attributing
this in part to the fact that the Jazz-blues musicians in that study had finely developed
improvisational skills which could extemporise quite naturally from a 12-bar blues
motif, and in so doing down-regulate higher order cognition.

Opverall, the introduction of improvisation into the NFT methodology appears to
have been fruitful, and as such is worthy of further exploration, particularly given that
the same EEG measures used in alpha-theta NFT can demonstrate neural differences

between improvisation and other forms of music performance.

6.3.1.7 7. Is EGNER AND GRUZELIER (2003) REPLICABLE

Are relevant earlier reports replicable?

Egner and Gruzelier (2003) was comprised of two studies, and Experiment 1 repli-
cated the latter of the two. Experiment 1 replicated the within-subjects improvements
in alpha-theta participants in ‘Overall quality, ‘Stylistic accuracy, ‘Musicality’ and
marginally ‘Interpretative imagination.” Experiment 2 found that all Instrumental
solo scores went down after alpha-theta NFT.

Although Experiment 1 replicated prior alpha-theta outcomes, it is noteworthy
that it did so having seen alpha-theta participants start at a distinctly lower baseline
evaluation than counterparts in sMR and control protocols. This was not the case in
Egner and Gruzelier (2003), in which baseline audience ratings showed equivalence.

There is no EEG data in (Egner and Gruzelier, 2003), although based on an as-
sociated report (Egner and Gruzelier, 2004a) in which alpha-theta NFT was found to
elicit significant within-session t/a ratio changes, the current study showed marginally
significant agreement.

Intriguingly Keizer et al. (2010a) claimed to have unsuccessfully attempted to
replicate Egner and Gruzelier (2003), although they did not report the findings, and
confirmed via correspondence that they had only tested theta NFT (finding no effects)

without measuring music performance outcomes.
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Taken together then, none of the above studies conclusively replicated the first

NET and music study.

6.4 Limitations and Future Directions

6.4.1 Strengths

The main strengths of the dissertation are in its addressing of RESEARCH QUESTIONS 2,
5 & 6. The most important, RESEARCH QUESTION 1. DOES NET MODULATE CREATIVITY?
was not addressed closely enough.

The design of Experiment 1 might have been able to answer RESEARCH QUESTION
1 if the apparent benefits of alpha-theta NFT in Stripsody performance were controlled
in an active way, such as in the use of alternative relaxation therapies (Lowe, 1999;
Moore et al., 2000; Boynton, 2001). Experiment 2 introduced the consideration that
transient alpha-theta NrT effects on creativity might be negative, forcing the question
to be re-conceptualised in the light of conflicting cognitive and motor processing.

RESEARCH QUESTION 2 was addressed with some strength. The data was able to
demonstrate targeted t/a changes in NFT data, particularly in Experiment 2, which
showed consistent changes across all measures. The lack of control data holds back
the claim that this change emanates from NrT however. Alpha-theta and sMr data in
Experiments 1 & 2 respectively showed within-session changes.

RESEARCH QUESTION § saw Experiment 3 providing evidence of relative frontal
alpha synchronisation in both daytime napping and melodically cued improvisation.
This added evidence to the claim that transient hypofrontality underlies many altered
states of consciousness by effectively limiting the policing role of conscious awareness
in managing attention and working memory (Dietrich, 2003).

RESEARCH QUESTION 6 saw Experiments 1 & 3 both being able to address the
question about whether improvisation constitutes creativity in a lab setting. The role
of Stripsody in disclosing group differences was interpreted as a differentiation that
rested on the role of confidence in spontaneous performance, reinforced against stage
fright by alpha-theta training. Experiment 3 provided suggestive evidence that melod-
ically cued improvisation was perceived by an audience as more creative than other

types which were less closely associated with reflexive spontaneous processing. This
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difference was not reliable however, although alongside evidence of hypofrontality in
melodically cued improvisation, it does appear that improvisation has a methodolog-

ical role that deserves further consideration in the field of creativity.

6.4.2 Weaknesses

6.4.2.1 Defining creativity

It has been said that: “To most neuroscientists, the prospect of looking for creativity in
the brain must seem like trying to nail jelly to the wall. — Dietrich and Kanso (2010)”
The evasiveness of creativity, the lack of advance awareness of spontaneous insight, and
the conceptual difficulties in trying to explore it from a reductionist standpoint has
resulted in a collection of neuroscientific data that “precludes interpretation — Arden
etal. (2010).”

Prior to the current wave of creativity neuroscience, the problem of measurement
was approached from a relatively holistic perspective that inferred creativity in ret-
rospect, that is, once something has implicitly held to be creative in relation to its
environment. This selection proceeds without ever explicitly saying how creativity is
defined other than it is selected from a randomly assembled choice of offerings (Si-
monton, 2003) or that it is selected according values that aren’t guided by aesthetic
and technical considerations (Amabile, 1982).

In an attempt to resolve the previous approaches, this dissertation proposed that
by examining a basic type of creativity: ‘Spontaneous processing of emotional content’
(Dietrich, 2004a) using cognitive and applied neuroscience methods, and then by ex-
amining outcomes in the retrospective way detailed by (Amabile, 1982), it could then
determine whether a common ground might be established. This was approached by
using improvisation as the method of observation, rather than tests of ‘Divergent
thinking’ which had resulted in the mess of data discussed previously.

In some ways this worked, Experiment 3 found some parallel between improvisa-
tional EEG and audience response, but not in a reliable sense. In other ways, the idea
that creativity is tractable as spontaneous processing of emotional content was shown
to be a concept that might be yet further distinguished into motor and non-motor
responses. Experiment 2 introduced the possibility that motor processes involved in

creativity may have different requirements than cognitive ones — especially in the
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context of sleep, which by down-regulating higher-order cognition can provide more
scope for spontaneous combinations to be represented, but can also down-regulate
motor function and as a result reflexive interplay (‘muscle memory’) in sensory-motor
integration.

This definitional approach then invites questions about spontaneous processing,
and whether this might further be isolated to motor specific production (Brennan,
1982) in future work.

Despite misgivings over the extent of concept reduction, improvisation does ap-
pear to be fit for purpose as a means of eliciting spontaneous processing of emotional
content. The application of Amabile’s (1982) consensual assessment technique in
gaining retrospective accounts of creativity was sub-optimal in the present studies
though. Factor distinction between creative, aesthetic and technical measures was
precluded by the amount of data.

In order to fully test this combined definition that encompasses neural and so-
cial indices of creativity, a large study capable of factor analysis should be attempted
(n=100 (MacCallum et al., 1999)). Considering that NFT participants typically at-
tend 10-12 appointments, this constitutes a large-scale undertaking, although single
session studies ( e.g. Ros et al. (2010)) may provide a way around this — not that
single-session alpha-theta training is advised for optimising motor performance given
the results of Experiment 2. The best way forward from here then is to mount a study
like Experiment 3, on a larger scale.

Another important issue when thinking about further investigation of improvisa-
tion creativity is this advice. Use expertise, either in the sense of profiling musicians
with finely honed sensory-motor integration (Haueisen and Knosche, 2001), so that
the musical response is reflexive, or perhaps better still, do not profile musicians from
the European classical tradition who tend to shun improvisation. Instead, Jazz musi-
cians for example, have already developed their improvisational skills (Creech et al.,
2008) and may be better able to exhibit reflexiveness in an experimental setting (Limb
and Braun, 2008).

6.4.2.2 Guidance for experimenters
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Control for musical biography Although the profiling of Jazz musicians is one pos-
sible way of advancing the methodology, variations exist within all musical traditions,
so controlling for the amount of improvisational expertise, skill acquired, music the-
ory limitations applied and of course for instrument may help to isolate the role of

improvisation in disclosing spontaneous processing of emotional content.

Statistical power A limitation of the first two studies is the small number of partic-
ipants, which when considered alongside the small estimated effect size of previous
significant reports (.02 - .25 in Egner and Gruzelier (2003)), resulted in underpow-
ered studies. The research questions were largely rejected, and the possibility exists
that these may have been false negatives.

Other experimenters are recommended to raise statistical power to a level of 0.8
by increasing the sample size to a minimum of 14 per group in a three-group study.

The third study showed differences in ANova comparisons of all the music task
alpha EEG measures, plus paired comparisons. Large effect sizes were observed in both
frontal and parietal electrode sites when focussing on the melody — score difference,
and other experimenters are recommended to follow this line of investigation using a

group size of 12 or more.

Variability of training timetable As is a common problem in neurofeedback stud-
ies, the first and second studies were both characterised by variation in NFT attendance
patterns that did not control for time of day or inter-session delay for example. De-
spite using relative EEG measures to adjust for spectra-wide power changes, it was
found that measures of within-session EEG (collapsed across sessions) provided more
robust estimates of ‘learning’ than did across sessions comparisons. The latter index
was also possibly compromised by the amount of training sessions held, and only led
to marginally significant changes in EEG training parameters. This is also a feature of
other studies conducting 10 training sessions, and according to linear predictions, just

one additional training session may have been able to consolidate learning differences.
Controlling for naturally occurring EEG changes The design of experiments one

and two did not include EEG measurements of controls. This means it’s not possible to

determine whether the changes described in the active groups may have occurred any-
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way. Had the non-active controls had their EEG measurements taken during the course
of the studies, changes in the active groups could have been compared against these to
partial out non training related changes. Similarly, had participants received an active
control such as cognitive sleep onset regulation (Haimov and Shatil, 2013) against
alpha-theta, or attention training games (Gevensleben et al., 2009b) against SMR - the
EEG of this control could have been compared against that of NFT to determine the
efficacy of the intervention against alternatives. Another control for NFT might have
been a placebo in which non-contingent feedback is administered to replicate the par-
ticipation scenario without physiological cues. Equipped with such EEG controls, the
interpretation of NFT effects in the first two studies could have been conducted against

alternative EEG measures rather than within-subjects training/performance covariance.

Controlling for sleep habits The third study did not document the napping habits
of participants, and given that one of its hypotheses was based on evidence suggesting
that non-habitual daytime sleepers maintain alertness less effectively after daytime
sleep, this information could have been used as a covariate in analysis, possibly helping
to distinguish the effects of sleep-offset with more precision. This study also did not
take account of individual differences in sleep stages experienced, which also may have
been able to differentiate the post-nap performances to a greater extent.

Overall, the recommendations for future research as are follows:

* Further attempts to isolate the interaction between alpha-theta NrT and cre-
ativity should continue to use improvisation as the first experiment suggested

that improvised performance may interact with neurofeedback.

* Further attempts to identify the mediator(s) of alpha-theta effects on creativity
should employ task-related EEG measures, either at the electrode site(s) used in
NFT, or at sites hypothesised to interact with training neurons, or, if equipment
allows: whole scalp EeG. Additionally, parallels may be sought between task and
NFT EEG by capturing whole scalp EEG of training. Furthermore, additional EEG
measures such as phase coherence could be used if evidence of network activity

is being investigated.

* The surprise findings concerning transient effects of NFT protocols suggests that

short-term effects are worthy of further investigation in their own right, due to
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their apparent distinction from longitudinal applications.

* To control for EEG changes during NFT, by measuring the EEG of control par-
ticipants during the intervention stage of NFT trials. An alternative or placebo
intervention could be administered to controls - enabling measurement of the

comparative efficacy of NFT in regulating EEG.

* The use of piano improvisation specifically has some merits that deserve consid-
eration. Firstly, this constraint imposes experimental control on instrumental
variation (the first two studies incorporated instruments of several types: per-
cussion, piano, wind and string; and this may have affected comparability).
Secondly, piano affords the additional capture of MIDI data that can be used to
analyse the musical properties of performance using quantitative methods. It
is worth pointing out that many of the musicological techniques for analysing
performance are based on monophonic music, and so it is worthwhile incor-

porating monophonic tasks depending on the experimental hypotheses.

6.5 Final Conclusions

This thesis incorporates a series of studies which further distinguished the interplay
between hypnagogia, EEG and creativity through increasing protocol specificity of ef-
fects on spontaneously created music, differentiating between short- and long-term
effects of alpha-theta NrT, and demonstrating the applicability of electrophysiological

measures of improvisation into the NFT research methodology.
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protocol

During the same period that Kamiya (1962) began to investigate alpha discrimina-
tion and training, high amplitude measurements of alpha were being found in studies
examining altered states of consciousness in meditating yogis (Anand et al., 1961;
Wenger and Bagchi, 1961), and Zen masters (Kasamatsu and Hirai, 1966). In addi-
tion to alpha, theta activity (4—8Hz) was observed during meditation by Green et al.
(1970), who noted that following an initial rise and fall of alpha amplitude, theta
activity increased to the point of ‘crossover, where it became more powerful. The
transition between alpha and theta signal dominance is one of a set of phenomena
that occur during the wake-sleep transition, collectively referred to as the hypnagogic
state (Schacter, 1976) or SLEEP STAGE 1. This transient period is also characterised by
qualitative changes in mental content (Tanaka et al., 1996) and reductions in mus-
cle tone (leading to the sensation of falling that causes the hypnagogic jerk), and
Green sought to use neurofeedback to increase volitional control of this state. An
alpha-theta protocol was developed (Green et al., 1974), whereby both oscillations
were monitored, and Green reported that the point of crossover was aligned to sub-
jective reports of profound relaxation and reverie. Green stressed that whereas the
EEG changes produced are similar to SLEEP STAGE 1, the subjects were maintained in a
relaxed yet focused condition, subjectively similar to a hypnotic trance with reverie.
Goslinga (1975) was first to test alpha-theta feedback as part of a larger sup course

of treatment for alcoholics at the Topeka Veterans Affairs Medical Center, a clinic for
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recovering armed forces personnel. The clinic specialises in biofeedback treatments,
and in this study alpha-theta neurofeedback was provided along with electromyo-
gram (EMG) and temperature control biofeedback, and the 12-step alcohol recovery
program used by Alcoholics Anonymous. The neurofeedback treatment consisted of
daily 20-minute sessions over a period of 6 weeks. Patients were brought together in
groups to discuss their insights and experiences associated with biofeedback several
times a week. The outcome from group discussions was that participants reported
being more able to create free, loose associations, and experienced heightened sensi-
tivity and increased suggestibility. This study was not controlled, and by combining
neurofeedback with other treatments, it was not therefore possible to isolate any pro-
tocol specific effects. However, as an anecdotal report, it did provide scope for further
exploration.

The next study of alpha-theta training took place at the same veterans medical
centre. Twemlow and Bowen (1976) explored the impact of alpha-theta training in
67 chronic male alcoholic inpatients. In this non-controlled study, the examination
of psychodynamic factors that ‘religiousness’ as a predictor of ‘self-actualization’ may
have increased as a result of imagery experienced during periods of dominant theta
synchronisation. In line with the emphasis on faith within the 12-step program, the
authors concluded that alpha-theta biofeedback served to augment the motivational
goals of the recovery program. Shortly afterwards the same first author published a
paper in which he indicated that NET appealed to the high suggestibility of his more
religious patients; “treatments such as brainwave training, which utilize abstract, ill
understood techniques are potential repositories of magical projection and fantasy and
would logically be more acceptable to alcoholics who are able to have ‘faith’ (devoutly
or moderately religious)” (Twemlow and Bowen, 1977). In a further uncontrolled
study by the same author, it was reported that 21 alcoholics exhibited within and
across session increases in the amplitude of occipital theta oscillations. This was in-
terpreted as an EEG manifestation of the ability to achieve an increasingly deeper state
of relaxation (Twemlow et al., 1977). Taken together, these four initial studies ad-
vanced the possibility that neurofeedback might have an application in promoting
insight and attitude change that could enhance a period of recovery from alcohol
addiction. Their anecdotal nature and the lack of experimental control in these stud-

ies preclude their ability to attribute the reported psychodynamic or EEG changes to
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alpha-theta NFT exclusively, and their publication occurred at a time when the active
research of neurofeedback in general was going into decline. However, these early
studies did establish a possible new application of neurofeedback, and preceded the
first randomised controlled trials of alpha-theta NFT by over 10 years.

Alongside the relatively new alpha-theta protocol, the more established alpha
training procedure was also being examined as a possible form of treatment for al-
coholism (Passini et al., 1977; Watson et al., 1978). In line with the arousal model of
alpha synchronisation, the authors hypothesised that the high anxiety accompanying
alcohol withdrawal might be offset by down-regulating arousal with alpha NET as a
replacement for the anxiety relieving effects of ethanol. 50 male alcoholics who had
been hospitalised for their condition and were without any other psychiatric or neu-
rological conditions were assigned to age-matched groups of alpha NFT (n = 25) or a
no- training control group (n = 25). Each group was tested before and after the inter-
vention on subjective measures of anxiety (the State/Trait Anxiety Inventory (sTaI),
(Spielberger et al., 1983)), the Multiple Affect Adjectives Check List (Maacr) (Zuck-
erman et al., 1965), the Brief Psychiatric Rating Scale (8prs) (Overall et al., 1962),
the Minnesota Multiphasic Personality Inventory (Mmmrr1) (Hathaway and McKinley,
1940), the Anhedonia Scale (Watson, 1972), and the Sensation Seeking Scales (sss)
(Zuckerman, 1971). The authors set out to establish whether the changes in self-
report data might correlate with changes in resting alpha measured before and af-
ter the experiment, with resting eyes-closed/open measures of alpha synchronisation
across scalp locations. Alpha change was analysed in terms of the percentage of time
alpha amplitude was higher than a baseline level. The training group received NrT
during 10 hour-long sessions, over the course of 12 days. During training, partici-
pants relaxed with their eyes closed whilst alpha measurements were recorded from
occipital sites dependent on handedness (O1 in right-handers, O2 in left-handers?).
EEG feedback was auditory, and was presented when alpha amplitude was raised above
baseline measures from the start of the session.

The authors reported a significant between groups difference in percentage of
time post intervention alpha exceeded baseline thresholds. In the eyes-closed con-
dition, training subjects increased time above baseline alpha from 38-55%, and from

20-32% in the eyes-open condition. The control group did not exhibit significant

'The international 10-20 scalp location sites are listed in Appendix G
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changes. Effects on the self-ratings were seen on anxiety only (Spielberger’s star); the
experimental group significantly reduced their subjective scores of both state and trait
anxiety, with no reported changes amongst controls. However, the authors drew at-
tention to the lack of correlation between the changes in resting alpha and state/trait
anxiety, concluding that a placebo effect on reported anxiety change could not be
discounted. A further concern relating to the placebo effect in particular was that
experimental participants had a far greater amount of experimenter contact than did
the controls, whose inclusion was mainly to correct for test-retest and time dependent
changes in the population. The higher level of contact time between experimenters
and participants may then have raised the expectation of a treatment effect in the
patients, leading to the reported reduction in anxiety. This concern is however par-
tially offset however, as expectation effects might have also led to improved scores
on the other self-report measures used in the trial, which was not the case. The ef-
fect of placebo is thought to attenuate over time, with the actual duration ranging
from 8 weeks (Coryell and Noyes, 1988) to 2.5 years (Traut and Passarelli, 1957),
and so the authors carried out a follow up study 18 months later in order to deter-
mine the persistency of anxiety reductions (Watson et al., 1978). They interviewed
46 of the original 50 participants, and collected further self-report assessments on the
dependent measures used in the initial study. The Alcohol Rehabilitation Follow-up
Questionnaire (ARFQ (Pucel, 1972). The authors found that differences between the
alpha training and control groups in reported state and trait anxiety were “essentially
identical” to those immediately following the initial study. This result was signifi-
cant for two reasons, firstly it suggested that the placebo effect was not responsible
for the initial anxiety reductions as its power would be expected to have dwindled
in the intervening 18 months, and that being the case it was reasonable to assume
that the long-term anxiety reductions were attributable to alpha training. The results
of the newly included follow-up questionnaire did not show a significant between
groups difference on 12 of 13 comparisons; the exception being that the alpha train-
ing group had longer abstinence periods (248 days in comparison to 142 amongst
controls). The authors interpreted this result with caution since 1 change in 13 might
arise by chance. Nonetheless, the suggestion that abstinence might be greater fol-
lowing NrT, coupled with the durable reductions in anxiety indicated that further

investigation was warranted, which eventually happened, eleven years later!
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The case for the therapeutic benefits of alpha training on anxiety received further
support from Hardt and Kamiya (1978). The design of this study was formulated
in response to Orne and Paskewitz (1974), which challenged the prevailing view that
alpha accompanied pleasant calm. In Orne’s study, high alpha density in the EEG
was found to occur simultaneously with state anxiety (being in jeopardy of receiving
electric shock) alongside other autonomic indicators of anxiety (increased heart rate
and galvanic skin response). Hardt and Kamiya sought to redress what they proposed
to be an imbalance in Orne’s study, from which 12 cases had dropped out due to
fear of electrocution. Although Orne had stated that the drop-outs exhibited similar
patterns of resting alpha activity to those that continued with the painful part of the
experiment, the criticism of his experiment was that it effectively excluded those of
a more anxious disposition, and was thereby not a representative population sample.
The response by Hardt and Kamiya was to compare both high (n = 8) and low (n = 8)
anxiety cases, as measured by the MMpI anxiety scale. This sample was drawn from a
larger one of 100 male volunteers. The study assessed participants’ responsiveness
to alpha Nr1. Over 7 days, a daily alpha training session consisted of 8 minutes
of resting EEG baseline recording, 32-minutes of alpha-enhancement NFT, a further
8 minutes of resting EEG measures, ending with a period of 16 minutes of alpha-
suppression NFT. The authors collected self-report anxiety data before and after each
session, and assessed MaacL affect scales prior to each session’s baseline EEG, and after
both alpha-enhancement and suppression NrT periods. EEG was recorded from OZ,
O1, and C3, with null voltage reference electrodes attached to earlobes. EEG from
location OZ was used for NFT, and alpha (8 — 13 Hz) amplitude changes were mapped
to changes in the volume of the feedback tone. The EEG recordings showed that in
the high-anxiety group alpha measures changed at all sites (OZ, O1, C3), in both
amplitude and percentage of time above baseline levels. The increase in alpha was
inversely related to state anxiety, either when alpha was being trained up o7 down.
The authors also examined the sum of alpha increases across all 10 NFT sessions, and
it emerged that the resulting figure was inversely related to trait-anxiety reductions
amongst high-anxiety participants, who were shown to have produced large within-
session alpha increases.

Whilst the findings of Orne and Paskewitz (1974) ran contrary to the prevailing

hypothesis that there was an inverted-U shaped relationship between alpha and arousal
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(Lindsley, 1952; Stennett, 1957), Hardt and Kamiya raised the possibility that Orne’s
participants possibly came from a low-anxiety population, and thereby would have to
increase arousal to increase alpha, which is what Hardt then observed in low-anxiety
participants. Hardt’s high-anxiety group on the other hand arguably lowered anxiety
to increase alpha, and taken together these findings support the inverse-U shaped
alpha-arousal relationship. The contradictions between these studies may nonetheless
arise from methodological problems in both experiments. Whilst it might be true that
Orne’s use of electrocution excluded high-anxiety participants, the group selection
process used by Hardt may equally be flawed as it was based on solely subjective
reports of state and trait anxiety, which are prone to ‘hindsight perspective’ effects
where the participant has expectations of the outcome of an experiment (Ross et al.,
1977). On balance, the outcome of the 1970’ investigations into the therapeutic
applications of slow-wave NFT for anxiety was equivocal, and over the course of the
next ten years there were no attempts to bring robust experimental control to bear on
this question.

In the first reported randomised controlled trial of alpha-theta NFT, Peniston and
Kulkosky (1989) strengthened the case for the clinical validity of this protocol by
demonstrating positive long-term outcomes amongst a sample of recovering alco-
holics. The subjects were 30 inpatients in an armed forces veterans administration
medical centre treatment program (Fort Lyon, Colorado). All participants were male,
20 of which had chronic alcoholism that had proved resistant to more than 4 previous
hospital treatments. The 10 remaining participants were non-alcoholics who were in-
cluded in the study for comparison with alcoholics in terms of alpha activity. At the
outset the rationale of the study was informed by the fact that those with a predis-
position to alcohol addiction (alcoholics and their descendants) are characterised by
a deficiency of alpha activity compared to controls (Funderburk, 1949; Funkhouser
etal., 1953), and that this deficiency is redressed by ethanol use (Pollock et al., 1983).
It was also known that alcohol withdrawal is accompanied by symptoms of anxi-
ety (Roelofs, 1985), so it was hypothesised that the combined alpha deficiency and
anxiety in alcoholics might be treatable with alpha training. As well as rationalising
the use of alpha training, Peniston’s experimental protocol also included theta train-
ing, although the justification for doing this was not as well established. The author

drew parallels between the observation of theta in meditation (Anand et al., 1961;

255



APPENDIX A. CLINICAL APPLICATIONS OF THE ALPHA-THETA
PROTOCOL

Green et al., 1970) and the use of learning to meditate and long-term abstention
from chemical use (Wong, 1981). Surprisingly, the author appeared to be unaware of
the alpha-theta studies of the 1970’s (Goslinga, 1975; Twemlow and Bowen, 1976,
1977), although the similarities between the methods used are striking.

Experimental participants were divided into three groups: an alpha-theta NFT al-
coholic group (n=10), a talk therapy alcoholic group (n=10) and a non-alcoholic con-
trol group (n=10). The NET subjects completed 15 30-minute sessions of eyes closed
occipital (O1) alpha-theta NFT. In addition to NFT, the first 8 sessions of alpha-theta
training were preceded by a hand temperature biofeedback exercise in self-warming
that was speculated to stimulate the transition towards a ‘theta state’ (Hall, 1977). As
an additional further step prior to NFT, participants received specific guidance as to
what they should do. They were instructed to close their eyes and “construct visualized
abstinence/alcohol rejection scenes, and imageries of increased alpha rhythm ampli-
tude and scenes of the normalization of their personalities,” and then to “sink-down”
towards a “theta (reverie) state keeping the mind quiet and alert (but not active), and
the body calm.” After having given the instructions, the experimenter would leave
the participant alone resting in a comfortable chair for the remainder of the session.
The subject would hear feedback tones when alpha amplitude exceeded a pre-training
base-rate, and a different tone when theta amplitude was no less than basal alpha—10
microvolts.

The talk therapy alcoholic control group attended daily talk sessions normally
offered at the medical centre, whilst the non-alcoholic controls were measured on
dependent variables during the pre/post intervention assessments.

Both prior to and following the intervention all participants were assessed on three
types of measure: resting EEG, Beck’s Depression Inventory (8p1) (Beck and Steer,
1984), and vascular beta-endorphin. The EEG recordings were made over 60 minutes
at 6 scalp locations (C3, C4, P3, P4, O1, O2). The alpha and theta production was
measured by visual EEG inspections carried out by two raters who were blind to the
experimental condition that each EEG was recorded in. The BDI is a self-report scale,
and beta-endorphin, an endogenous opioid that increases in blood at times of stress
(Naber et al., 1981; Watabe et al., 1987; Kalin and Loevinger, 1983) was measured
in blood samples.

In comparison to the other participants, alcoholics receiving NrT showed signif-
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icant overall increases in percentages of EEG recorded in both the alpha and theta
rhythms across the scalp, and increased alpha rhythm amplitudes at occipital site pairs
P3-O1 and P4-O2. The NrT group exhibited significant reductions in the BDI scores
compared to both other groups, and their depression fell from high initial levels seen
in both alcoholic groups to equality with the non-alcoholic group, which had re-
mained normally low throughout. Control subjects who received standard treatment
alone showed increased levels of vascular beta-endorphin, which was speculated to
stem from stress caused by alcohol withdrawal. The NFT and non-alcoholic group did
not change in levels of blood beta-endorphin.

As in the 1970’ studies testing alpha NFT for recovering alcoholics (Passini et al.,
1977; Watson et al., 1978), Peniston also measured the long-term outcomes for partic-
ipants in the study in order to determine whether NFT acted as a cure for alcoholism,
whilst also probing for the erosion of post-treatment differences that might be ex-
pected if they were only governed by placebo effects. Monthly telephone interviews
were conducted over 13 months, and at the end of this period 2 out of 10 NFT par-
ticipants had relapsed (drank constantly for a week or more) compared to 8 out of 10
alcoholic controls.

Whilst the results of Peniston’s study provide a strong indication that his approach
offers clinical benefits, there are a number of critical issues with the way his research
was designed and reported that make it hard to say with confidence how the out-
comes were mediated. The design of the experiment was such that the experimental
treatment, which later became known as the Peniston protocol, was comprised of
three different interventions (1) temperature biofeedback training (2) guided alcohol
avoidance imagery, and (3) NFr. Whilst this combined method may be effective in
itself, it is difficult to measure the extent to which patients derived clinical benefits
from any one aspect of the treatment. The authors could have attempted to isolate
the clinical effects of alpha-theta training by correlating shifts in alpha and theta ac-
tivity across 15 NFT sessions with changes in resting EEG, as they did measure activity
at the same scalp location in training and pre/post assessments. This was not done
however, and no association between the dependent and independent EEG measures
were reported. The report did not disclose its random selection criteria or describe the
control treatment used, which hinder abilities to replicate these results independently.

The anticipated lower alpha amplitudes in alcoholics compared to non-alcoholics were
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not observed in this study, and the alcoholic groups both exhibited marginally higher
alpha amplitudes at baseline. The extremely large increases in the visually detected
dominance of alpha (12-fold) and theta (7-fold) oscillations, plus the doubling of
alpha amplitude at selected electrode pairings were suggested by Graap and Freides
(1998) to possibly arise from habituation towards the EEG recording process amongst
subjects receiving NFT. Alpha naturally occurs on eye closure, but may not occur in
unfamiliar surroundings because of an orienting or blocking response, related to cog-
nitive vigilance. Graap found that amongst participants providing EEG readings their
initial apprehension would attenuate alpha activity, yet as participants became more
familiar with the experiment, alpha blocking would reduce, and this was proposed to
be a possible cause of Peniston’s reportedly large increases in alpha. The same might
be said for theta, as again, greater familiarity with the process of EEG recording might
make it easier for subjects to relax sufficiently to enter sleep onset and thus produce
more theta activity. Peniston’s measure of relapse into alcohol use is also potentially
misleading as it does not take into the amount of alcohol consumed, only whether
subjects had maintained abstinence for more than 7 days per month, and therefore
lacks sensitivity to binge drinking.

Following their first NFT report, (Peniston and Kulkosky, 1990) went on to demon-
strate that the experimental participants in their first study also underwent changes
in measures of personality compared to controls that were still apparent at a 4 year
follow up. Prior to and following the first experiment, the authors administered the
Millon Clinical Multiaxial Inventory (Mcmr) (Millon, 1983), which is used in screen-
ing for personality disorders/pathologies as well as clinical syndromes, including sub-
stance dependency. Amongst the experimental treatment group, improvements were
seen in 13 measures: schizoid, avoidant, passive aggression, schitzotypal, borderline,
paranoid, anxiety, somatoform, dysthymia, alcohol abuse, psychotic thinking, psy-
chotic depression, and psychotic delusion. In comparison, the alcoholics who received
standard (undisclosed) therapy showed significant decreases only in two McMI scales,
avoidant and psychotic thinking and an increase in one scale — compulsive. The
authors argued that this indicated greater improvements amongst the group receiving
the Peniston protocol in both clinical and personality measures. However, it is inter-
esting to note that, at post-test, the alcoholic controls were only significantly different

from the experimental participants in two McMI scales, schizoid and avoidant person-
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ality. This indicates that the experimental group scored more highly at baseline on a
number of measures. This raises some concern since the authors omitted to mention
the difference between the alcoholic groups at baseline, only stating that that 8 alco-
holic control and 12 experimental group Mcwmt scales were significantly different from
the non-alcoholic group at baseline. Visual inspection of plotted scores indicates that
all 16 of the 20 scales are higher for the experimental group compared to alcoholic
controls. This indicates that the (undisclosed) random selection of subjects may not
have resulted in homogeneous alcoholic groups being selected in the study, and un-
dermines the assumption of homogeneity of variance integral to parametric statistics.
The authors speculated that the personality changes seen in the experimental group
might be implicated in the long-term abstention from alcohol and normal levels of
vascular beta-endorphins, although this is not supported with evidence of correlation
between changes in any of the purportedly covarying measures and it remains unclear
how personality changes might be causally related to training. A further criticism of
this study is that it contrasts the reported clinical benefits in the experimental group
with the apparently ineffectual standard therapy. Without knowing what the stan-
dard therapy consisted of, it is not really possible to say whether strategic comparisons
such as these are valid, however in a separate study of McMI outcome measures in a
group of alcoholics, conventional 6 week community therapy treatment resulted in
improvements in 14 of 20 scales (McMahon et al., 1985). So had the control treat-
ment been more effective, and the control participants equally positioned on clinical
scales at the beginning of the study, the outcome of this study might have been quite
different.

Following their reported successes in managing alcohol withdrawal with biofeed-
back, Peniston and Kulkosky moved on to test the application of NFT in the treatment
of combat related Post Traumatic Stress Disorder (pTsp) (Peniston and Kulkosky,
1991). Experimental participants were recruited from a population of Vietnam War
veterans, and were divided into two groups, an experimental group receiving the same
Peniston protocol as in the previous study (n=15), and a control group receiving an-
tidepressant, antipsychotic and anxiolytic medication plus psychotherapy (n=14). The
training group were also receiving medication at the start of the study, however during
the course of the intervention all but one in each group voluntarily began to reduce

their dosage. Although the training protocol was mostly reused from the previous
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experiment, the course of treatment was extended from 15 to 30 sessions, and the
guidance given prior to NFT was modified, with alcohol withdrawal scenarios being
replaced with combat related traumatic memories. The protocol for guiding the con-
tent of hypnagogic imagery was given to patients by the medical psychotherapist mp

as follows:

“Now, go back to Vietnam where these traumatic combat events oc-
curred.” Then, they were instructed to visualize imageries of increased
alpha rhythm amplitude and scenes of the normalization of their per-
sonalities. Then the mp instructed the subjects to “sink-down” into a
theta state keeping the mind quiet and alert (but not active), and the
body calm. Finally, subjects were instructed by the mp to initialize the

session with a quiet command: “Do it.”

Prior to and following the experimental stage, all participants completed an Mmmp1
questionnaire, and subsequently remained in monthly telephone contact with the
experimenters for 30 months, in order to screen for symptoms of PTsD including
flashbacks, panic attacks and nightmares.

In comparing the experimental and control groups’ scores on the Mmmr1 the au-
thors found a group time interaction effect arising from significant decreases in clin-
ical scales amongst the experimental participants. Robust interaction effects coupled
with significant post-hoc analyses of scale reductions and a lower score in the post-
test were seen in the experimental group on the following scales: “hypochondriasis”
“depression,” “hysteria,” “psychopathic deviate” (Conflict, struggle, anger, respect for
society’s rules), “masculinity-femininity” (Stereotypical masculine or feminine inter-
ests/behaviours), “paranoia,” “psychesthenia” (Worry, Anxiety, tension, doubts, ob-
sessiveness). Both groups significantly reduced in reported symptoms of “schizophre-
nia,” with the experimental group were significantly lower following the interven-
tion. Less robust group differences were seen in measures of “hypomania” and “social
introversion-extroversion,” although a similar trend was in evidence.

Analysis of the mmpI PTSD scale demonstrated that whilst both groups were equal
at the beginning of the experiment, the group receiving the Peniston protocol treat-
ment significantly reduced on this scale, and were significantly lower than the control

group post-intervention. The control group marginally reduced in this scale.
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The mmp1 also includes validity measures designed to detect exaggeration or down-
playing of psychological symptoms. On the Frequency (exaggeration) scale, the ex-
perimental group reduced significantly and were significantly lower post-intervention,
and on the Lie scale (down-playing), a group x time interaction was disclosed and
stemmed from a slight increase in the experimental group.

The reduction in psychotropic medication that had been started during the exper-
iment was reported to have been maintained over the 28-day course of the study in
the experimental group only. 14 of 15 participants in that group had reduced their
dose, whilst 1 of the control group had.

The final measure, follow up telephone interviews carried out over 30 months,
disclosed that 3 of 15 experimental participants reported a relapse of PTSD symptoms,
whilst all 14 controls did.

The clinical outcomes for the patients involved in this study indicate that talk
therapy and medication appears to have little benefit for sufferers of prsp. The group
receiving the Peniston protocol on the other hand reported dramatic improvements
in their condition. The authors observed that during training, some patients expe-
rienced a so-called “abreaction,” the re-experience of traumatic memories that had
been repressed by guilt and were the underlying cause of their nightmares, flashbacks
and anxiety. The authors suggested that these traumatic memories were accessed con-
sciously through hypnagogic imagery experienced during EEG theta dominance. Hav-
ing identified the key events that underlay their symptoms, patients were then able to
discuss them in a way they previously had not.

As with the application of the Peniston protocol in treating alcohol withdrawal
(Peniston and Kulkosky, 1989), the p1sD study suffers has some methodological weak-
nesses that partly undermine the ability to draw clear conclusions as to whether the
reported effects are related. For example, whilst MmmpI scales are measured prior to and
following training, they are not reported as part of the follow up measures. This means
that it is not possible to clearly identify the long-term reductions in PTSD symptoms
with the post-intervention reductions in clinical symptoms amongst the experimen-
tal participants. Similarly, the results section does not include any EEG data from the
30 training sessions, any changes in which could have been compared with clinical
changes, and could have been used to deflect the assertion that the mmp1 changes in

the experimental group were mediated by training and not placebo effects that might
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be expected in a study that involved a high degree of patient-experimenter contact.
Again in relation to the previous study, whilst the authors suggest that the alpha-
theta training component of their protocol is instrumental in inducing hypnagogic
imageries, and provide anecdotal evidence to support this (presumably gained from
post training session reports), there is no empirical evidence to indicate that abreac-
tions occurred during dominant theta oscillations.

Peniston et al. (1993) followed their preceding studies of alcohol recovery and
combat related pPTsp with a similar NFT study that compared synchrony between elec-
trode pairs and EEG component amplitudes in a pre-training measurement and a final
NFT session during which abreactive hypnagogic imageries were observed.

There were 20 participants in this study, all of whom were given the same Penis-
ton protocol treatment as reported in the previous two studies. The subjects were
drawn from the population of patients at a veterans clinic, and had both diagnoses of
alcoholism and combat related pTsD.

The EEG measures used in this experiment were informed by a previous study by
Banquet (1973) which analysed the EEG characteristics of Transcendental Meditation.
The meditation study reported increased synchronous EEG activity between anterior
and posterior channels as well as a gradual movement of non-sleep frontal theta into
posterior channels.? In keeping with the proposal that the neuroscientific basis for the
therapeutic effects of alpha-theta NFT, the authors sought to examine training data for
evidence of changes in neural activity that might underpin the changes in alcohol
use and pTsD symptoms. To this end the study was conducted as a within subjects
analysis.

In order to explore synchrony, the authors derived their own measure, which ap-
peared to be largely determined by the equipment they were using (a four channel
CapScan Prism Five). The authors measured EEG from 4 locations (F7, F8, O1, and
02), and adjacent signals were considered synchronous in a given 1-second interval
when the largest amplitude component in the spectrum of the first signal occurs at
the same frequency as its counterpart for the second signal, and secondly the rrr-
derived phase angles of the two dominant amplitude components lay in the same

vector quadrant (i.e., 0-90, 180-270, 270-360). The authors used these measures as

2Frontal theta EEG is the most commonly observed manifestation of this thythm outside sleep onset,
and is correlated with encoding new information in working memory (Klimesch, 1999).
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evidence of synchrony defined as the predominance of a single brainwave frequency
(from alpha: 9—-13Hz, theta: 4-8Hz, or beta: 14-29Hz) throughout several lobes,
both hemispheres, or the entire cortex. Additionally the authors compared the av-
erage amplitudes of alpha, theta and beta band activity between baseline and final
training sessions.

By comparing the 4 possible electrode pairings arising from their method, the
authors reported that observation of synchrony between sites was close to 0% of the
time during a 30-minute baseline measurement. The final training session on the
other hand saw all site pairings exhibiting synchrony around 70% of the time, with
the neighbouring occipital channels showing a marginally smaller amount. The re-
peated measures ANOvas analysis showed a significant main effect of time, however
the reported within-groups degrees of freedom reported with the F statistic was 3040,
which is incorrect considering that the number of participants was 20, the number of
measures was 2 and the number of electrodes was 4. The data appears to have been
analysed incorrectly, which means that despite the apparently dramatic change in syn-
chrony, the reported statistic should be interpreted with severe caution. The authors
concluded that this finding indicated a whole-cortex distribution of synchronous ac-
tivity.

'The authors additionally reported significant increases of theta and beta band EEG
amplitudes when comparing final training session data to that of the baseline mea-
sures, whilst alpha amplitude remained relatively consistent, dropping below that of
theta during the latter observation. It is not clear which electrode(s) the reported data
are from.

The final reported outcome of the study was that of the 26 month follow up,
which showed that during the period following treatment pTsD relapse occurred in 4
of the 20 participants, although alcohol use is not reported here.

The methodological flaws in this study do not add credibility to the previous works
of Peniston and Kulkosky. A major criticism of this uncontrolled study is that it bases
it’s conclusions regarding EEG synchrony and amplitude changes on the comparison
of two completely different test situations; the first being a measure of resting EEG,
and the second being an NFT session, during which subjects are visualising traumatic
memories through hypnagogic imagery. The reported long-term benefits in terms of

reducing symptoms of PTSD are not however linked by way of correlation analysis with
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the EEG changes. Although the results are so unclear as to be unusable, this study did
begin to generate testable neuroscientific hypotheses for examining the therapeutic
effects of alpha-theta NFT in ways the preceding reports did not. The report provided
suggestive evidence in support of the association between alpha-theta NFT and medi-
tative states by disclosing higher than resting EEG amounts of theta frequency ampli-
tudes, and the authors also suggested that increased synchrony between brain areas
might be instrumental in enabling repressed long-term memories to be represented
in working memory.

Prior to withdrawing from active research, Peniston was involved with one further
alpha-theta study, (Saxby and Peniston, 1995). This study was designed as an uncon-
trolled replication of the prior uses of the Peniston protocol in treating alcoholism
(Peniston and Kulkosky, 1989, 1990). This study selected 14 participants randomly
from a mixed gender population of outpatients at a biofeedback centre in California,
none of whom had any psychotic symptoms or other known dysfunction. The out-
comes measured by the study were personality (8p1 and mcwmi) and alcohol use (21
month follow ups).

The training procedure differed slightly from previous attempts insofar as the tem-
perature biofeedback training was conducted in isolation over four sessions, with a
further session being devoted to the construction of imagery associated with alco-
hol abstinence in situations relevant to previous alcohol use, and with the increasing
of brainwave amplitudes. Subsequently patients had 20 40-minute alpha-theta NFT
sessions, each of which was followed by a short interview to review any hypnagogic
imageries perceived.

After treatment, the participants reported significantly reduced scores on the BDI
depression inventory, and 14 of the 20 mcwmi1 scales. Alcohol relapse was only reported
in one case. Whilst this report indicates that Peniston’s successes in using alpha-theta
NFT to manage alcohol withdrawal are replicable, it does not otherwise improve the
validity of the Peniston protocol. The study contained no control group, so whilst the
report has the benefit of reporting similar results in a slightly different population,
the lack of experimental control limits the claims to efficacy that can be made by this
study. In common with previous reports, the link between intervention and outcome
measures is not even explored, and the continued problem of the mixed treatment

program means that it’s not possible to tell which part of that program is effecting the
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outcome measures.

Peniston and Kulkosky’s active contribution to the investigation of the alpha-theta
protocol ceased at this point, and whilst they were instrumental in reviving interest in
the therapeutic application of NFT to anxiety and sup, their particular elaboration of it
was criticised by a number of commentators (including its originators) for confound-
ing three treatment variables (Taub and Rosenfeld, 1994; Peniston, 1998; Moore and
Trudeau, 1998; Lowe, 1999). The main barrier to further evaluation of the protocol
is that it is not possible to determine whether alpha-theta biofeedback is instrumental
or even able to facilitate apparently clinically beneficial hypnagogic states. By the au-
thors’ own admission, temperature biofeedback for hand warming was included into
the protocol to facilitate hypnagogia, yet the outcome effects are always discussed in
terms of the NFT element of the protocol. Without a study that adequately controls
for temperature, guided imagery, N1, placebo, Hawthorne effects, or relaxation, it
was argued that the validity of the Peniston’s early findings remain questionable.

Further criticism of Peniston’s work with alpha-theta NFT was that it was not made
clear in the original reports whether alcoholism and pTsp were treated in isolation
from each other, and that it was therefore impossible to disentangle whether the posi-
tive outcomes were attributable to treating one or the other condition, or both (Graap
and Freides, 1998). The commentator also indicated that Peniston’s reports lacked
sufficient detail of experimental method to be able to provide for independent repli-
cation. Graap added that the increases of alpha and theta EEG activity observed in
the treatment group might have been simply arisen out of the familiarity that these
participants had developed towards eyes closed relaxation in NFT training sessions,
indeed convincing evidence that the NFT induced theta state is distinct from normal
sleep onset has not yet been demonstrated (Sterman, 1996).

Because of these problems, the combined Peniston protocol has largely fallen into
disuse, with subsequent investigations modifying the methodology and revising the
treatment to include only the alpha-theta training component. All the published
independent studies that followed in the wake of Peniston’s reports were uncontrolled
observational studies treating mixed sup (Fahrion et al., 1992; Finkelberg et al., 1996;
Skok et al., 1997; Kelley, 1997; Fahrion, 1999; Burkett et al., 2003; Bodenhamer-
Davis et al., 2004; Callaway and Bodenhamer-Davis, 2008). Unfortunately as with
the Saxby and Peniston (1995) study, whilst these studies tended to approve the use of
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alpha-theta training, at least in non-stimulant substance use, they do not add to the
case made by Peniston as they exert even less experimental control over the treatment.

In addition to the aforementioned uncontrolled studies, two studies attempted
to identify whether the alpha-theta NFT alone was instrumental in conditioning the
hypnagogic response, or whether it might arise in sham feedback (Lowe, 1999) or
alternative biofeedback conditions (Moore and Trudeau, 1998; Moore et al., 2000).

The study by Lowe (1999) was a closely observed replication of the original Penis-
ton and Kulkosky (1989) study, with a key elaboration: the inclusion of a sham feed-
back group who were added to control for placebo and Hawthorne effects. Another
key difference was that the study’s 45 participants was not sampled from a similar
type of population. Subjects were recruited from a clinic for patients with mixed sup
diagnoses; and 68% of the sample used alcohol and cannabis, whereas Peniston’s par-
ticipants were only referred to as alcoholics. 28% of the sample were female, and the
mean age of the sample was 27, whereas Peniston’s participants had a mean age of
49 and were men. All participants received the standard therapy offered at the clinic,
noting here that Peniston’s NFT participants had not received group therapy.

The training procedure was also different from Peniston’s alpha-theta audio tone
feedback that was set according to baseline readings of alpha amplitude only. Partic-
ipants in the NFT group received both alpha and theta feedback consisting of natural
sounds.> The sham NrT group simply listened to the same natural sounds contin-
uously whilst EEG recordings were made. All real/sham NFT sessions were preceded
by the guided imagery of alcohol avoidance and EEG modulation, and followed by a
short discussion of the recorded EEG in order to ensure subjects remained blind to the
differences between treatment groups. Both groups received 6 sessions of temperature
biofeedback prior to 24 sessions of real or sham feedback, plus continued receiving
community therapy. A third control group received community treatment only.

The outcomes measured by this study that replicated those used by Peniston were
resting EEG, MCMI, and substance use. EEG measures taken prior to and following
the intervention were broadly the same as those carried out by Peniston, however the

author did not report the scalp locations used. Whilst Peniston observed large post

3Subjects could choose between audio tapes of stream sounds, bird sounds, sea sounds, and sounds
of a heart beat, and in NFT the experimenter manually adjusted thresholds so that alpha and theta
feedback were heard 50-60% and 20-30% of the time respectively.
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treatment increases in alpha and theta in his treatment group, Lowe found large re-
ductions in alpha and theta in the control group that were not echoed after either
treatment, and these contributed to a significant group control-treatment group dif-
ferences at the end of the study.

The mcwmi profiles were quite different at pre-test between studies. However, the
pattern of change was the same. Eleven of the 13 mMcwMI personality scales that sig-
nificantly improved amongst NrT participants (Peniston and Kulkosky, 1990), also
improved significantly for both experimental groups in Lowe’s study, with paranoid
personality and delusional no significantly changing. Dependent personality did sig-
nificantly improve in the replication alone. Lowe’s control group improved in the
same scales as the experimental groups, although not as reliably (some scales only
approached significance), whereas Peniston’s control group did not improve.

More sensitive measures of substance use during a 17 month year post-treatment
delay were also used, and participants reported abstinence periods and quantities and
frequency of use. Whilst Peniston’s control group had reported 80%/20% relapse
amongst control/treatment cases respectively,* Lowe found that only 8%/20%/14%
relapsed in the NFT/sham/control groups, and these figures were not significantly dif-
ferent from each other. By additionally measuring the mean amount of days using
substances, significant differences did emerge with 14%/11%/30% of days in follow-
up where substances were used in the N¥T/sham/control groups respectively.

Although Lowe established that the experimental groups exhibited desirable post
experiment results in EEG, McMI and relapse measures compared to controls, the treat-
ment groups did not differ from each other. This led the author to conclude that the
although the Peniston protocol does have clinical utility in aiding substance with-
drawal, possibly by normalising physiology and personality, the benefits disclosed
are not reliant on its EEG biofeedback component. It seems only reasonable then
to assume that either temperature biofeedback, guided imagery, deep relaxation or a
combination thereof is responsible for the changes observed. This finding contradicts
Peniston’s intimation that alpha-theta training promotes assistive hypnagogic imagery
more than sleep onset. By contrast Lowe found that the sham group reported more

instances of sessions in which imagery occurred, although within the NFT group alone

4Peniston defined relapse as having spent seven continuous days drinking during the 13 month
follow up period.
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it was observed that participants experiencing more sessions with imagery were more
abstinent in the long-term.

The author used correlation analysis to demonstrate parallels between positive
changes in measures of slow wave EEG, abstinence and personality in all three groups,
confirming the rationale for raising alpha and theta EEG as part of a substance with-
drawal treatment.

The Lowe study is quite important in the alpha-theta literature as it constitutes
the closest attempt to an independent replication of the experiments by (Peniston
and Kulkosky, 1989, 1990). A number of possibly confounding differences do exist
however; the population, the fact that the treatment groups also received the same
community therapy, the substances used, and the EEG equipment used that limit the
scope of these findings to completely negate previous findings, in particular the eval-
uation of the Peniston protocol in isolation from standard group therapy.

The possibility that alpha-theta feedback might not be necessary for promoting
the hypnagogic state was also addressed in a study by Moore et al. (2000). In this
experiment, 35 male volunteers were recruited from a population of residential and
outpatient substance abuse patients at the Minneapolis Veterans Home or the Min-
neapolis. Initially the authors had intended to compare the alpha-theta and Emc
training as part of a repeated measures design, however due to a problem with the
data collection part of the study, alpha training was given in some sessions as well,
and so the resulting analysis compared EEG and imagery characteristics of 106, 43
and 45 alpha-theta, alpha and MG sessions respectively.

The study had two hypotheses:

(a) crossover states and elevated theta amplitude states occur more com-
monly in alpha-theta feedback than in another relaxing feedback con-
dition, and (b) theta crossover and elevated theta/alpha (t/a) amplitude

states are associated with self reported visual reverie.

In 40 minute-long alpha-theta biofeedback sessions, EEG was recorded from the
02 10-20 site, alpha (8-12 Hz) and theta (4-8 Hz) were both signalled by tones,
with thresholds for producing sounds adjusted so that alpha feedback occurred 50—
70% of the time and theta 20-40%. The previously unused O2 site for EEG recording

was justified as the authors proposed that the right hemisphere may be more involved
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in visual processing. In EMG training participants attempted to reduce amplitudes
below the threshold set, with higher and lower levels being represented with the same
tones as for alpha and theta in the alpha-theta protocol. The report does not make
it entirely clear where EMG electrodes were placed, although the authors indicated
that the protocol was designed to be indistinguishable in experience to alpha-theta
training. The alpha protocol differed in the sounds that were used and was comprised
of three tones and was designed to promote progressive relaxation.

Training was carried out in groups of 2 to 6, and following each session partic-
ipants were asked to complete forms and talk about their experiences; a treatment
blind rater counted instances of hypnagogic imagery per session from this data, and
the ensuing figure served as the first outcome measure. The second dependent mea-
sure was that of t/a ‘crossover’, Peniston’s proposed indicator of the neural correlate
of hypnagogic imagery. The authors measured crossover as the mean session ratio of
theta to alpha and the mean percentage of time spent in crossover.

Due to the previously stated problems with experimental design leading to partic-
ipants effectively being members of more than one experimental group, the authors
analysed each session as a data point that was independent of the subject. In the use
of aNova this entailed that the within subjects degrees of freedom was around 190,
which artificially raises the statistical power of the test, leading to increased likelihood
of a false positive. Indeed the authors did report a significant difference between the
groups, with post-hoc analysis indicating that EMG cases exhibited greater mean t/a
ratios than the alpha participants. This result however is not necessarily valid. No
group differences were reported concerning percentage of time spent in theta alpha
crossover. Considering the incidence of reported imagery, it was found that no group
differences existed, but in analysing all sessions together the authors found an unex-
pected inverse relation between the mean theta>alpha measure and the presence of
imagery in a session.

Since the study data was analysed incorrectly, coupled with the report that many
participants dropped out of the study, the findings of this experiment are suggestive
at best. Nonetheless, the comparison of alpha-theta training with an EMG control is
a valid approach in attempting to isolate any protocol specific effects of alpha-theta
training. EMG relaxation has been used in other alcohol withdrawal studies (e.g. Den-

ney and Baugh (1992)) that reported its ability to promote self regulation of anxi-
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ety during alcohol withdrawal. This study suggests that EMG relaxation leads to t/a
crossover just as effectively as alpha-theta training, and this would support the asser-
tion by Sterman (1996) that alpha-theta feedback might not train a distinct theta state
as suggested by Green and Green (1977); Peniston and Kulkosky (1989) but simply
facilitates a “functional transition towards sleep.” If this were the case, one might
expect any other form of relaxation to have a similar effect in promoting sleep physi-
ology; and this appears to have been observed by Moore. Sterman proposes that the
efficacy of alpha-theta NFT in sustaining hypnagogic EEG lies not in training volitional
control of sleep onset, which is naturally accompanied by a loss of self-regulation, but
rather that the subject is prevented from progressing beyond sLEEP STAGE 1 due to the
continued reinforcement of alpha or by experimenter intervention®. Sterman con-
cludes that whilst alpha-theta feedback may promote hypnagogia, it does not bring it
under operant control. In the light of this remark Moore’s finding that theta>alpha
measures are inversely related to occurrences of imagery would possibly indicate that
above an undefined level, the t/a ratio expresses not only the transient crossover pe-
riod, but also further stages of sleep onset too. It follows then that neither form of
training prevented progression beyond the hypnagogic EEG indicative of SLEEP STAGE
1. Although Moore’s study does not constitute an empirically valid challenge to the
efficacy of the alpha-theta protocol, it does nevertheless raise questions about the pro-
posal by Green et al. (1974); Peniston and Kulkosky (1989), that theta dominance
occurs in a state distinct from normal sleep onset. In the light of the comments by
Sterman (1996) a further question is raised regarding the ability of alpha-theta NFT to
bring the hypnagogic state under operant control. This question could be addressed
by comparing measurements of hypnagogia EEG prior to and following alpha-theta

NFT.

>There is some evidence that auditory awareness attenuates during theta cycles accompanying
drowsiness (Makeig and Jung, 1996; Makeig et al., 2000) which would indicate that experimenter
intervention would be more important in preventing a deepening of sleep
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protocol

Although NFT procedures designed to train attentional networks include both smr/beta
and scp methods, this review will focus on smRr/beta applications. There are two rea-
sons for doing this. Firstly, the historical development of smr/beta protocols paral-
lel that of the slow wave methods seen in the previous section and reviewing them
here provides an overall illustration of the development of the field. Secondly, EEc
frequency band conditioning as opposed to excitability or imaging measures are cur-
rently the most widely used in clinical and research practice, and this thesis reflects
the dominance of these methods.

Neurofeedback training for attention processes began with the 1976 publication
of an ADHD case study (Lubar and Shouse, 1976). The previous work demonstrating a
relationship between sMr and motor inhibition in epilepsy (Sterman and Friar, 1972)
provided the rationale for examining whether this relationship might be observed,
and treated in another condition characterised by ‘overactivity,” ADHD.

The data for Lubar and Shouse (1976) came from a single case study drawn from
a group of 4 who had participated in the first study of sMR training for ApHD. De-
pendent measures consisted of treatment-stage blind classroom observations of hyper-
activity and inattention (Wahler et al., 1975), and 40 minute EEG recordings which
provided counts of events where sMR exceeded 5 microvolts whilst theta (4-7 Hz)
remained below 12.5 microvolts. The experimental design was made up of five stages

which were as follows: Stages 1 and 2- baseline measures of EEG and behaviour without
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then with Ritalin medication respectively; Stage 3- sMR training with Ritalin (75 ses-
sions); Stage 4- reversed SMR training with Ritalin (40 sessions); Stage 5- SMR training
with Ritalin (30 sessions). The final three stages consisted of an aBa design in which
initial training goals were reversed and then reinstated to control for extraneous vari-
ables influences such as maturation.

The NET protocol itself comprised divergent regulation of sMRr and theta frequen-
cies, EEG was recorded from C3 and C4 as in a previous epilepsy study by Sterman
and Friar (1972). Feedback consisted of the presentation of lights, tones, and money
during targeted EEG responses and a different light during un-targeted EEG signatures.
Sessions lasted 40 minutes, with a five minute baseline and 15 minute training period
being repeated. EMG was recorded from the chin in order to probe for evidence of
motor inhibition.

Being a study of a single case, descriptive data only was provided. Targeted values
of sMR and theta are shown to have progressively increased during stages 3 and 5, and
decreased in stage 4.

These trends were inverted in EMG measures, suggesting that motor inhibition did
occur in training. Session baseline measures of SMR activity also changed in line with
the amount of training, suggesting that training effects carried-over beyond training.
Classroom measures of hyperactivity and inattention further attest to the persistence
of training effects, and the study indicated that 8 of 13 measures changed in line
with the training and reverse-training conditions. EEG and behavioural improvements
happened to a greater extent than under medication alone.

Whilst the preliminary nature of the results in a single subject are stressed, the
authors nonetheless felt that this line of inquiry warranted further investigation in a
greater population sample. The fact that their study illustrated bi-directional effects
on both EEG training parameters and behavioural measures provided encouragement
that these measures might be linearly related. The addition of reversal training did
clearly demonstrate effects of sMRr/theta NFT in contrast to its inversion rather than
against controls, although using a treatment to worsen clinical symptoms is ethically
questionable, and a suitable control is preferable. The use of the aBa design does
nonetheless demonstrate relationship between smr/theta parameters and ADHD mea-
sures, which, for what was a brand new protocol adds some credence to the inclusion

of theta training into the protocol. The mixing of sMR and theta NFT does however
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make it impossible to calculate their individual input to the results of the study.

Lubar and Shouse’s (1976) preliminary report was later expanded into a full report
detailing measures taken in all four cases that were originally studied (Shouse and
Lubar, 1979). The sample consisted of four boys who were being successfully treated
with Ritalin medication, and presented no other symptoms that might confound the
results of a study (8 cases were rejected on these grounds). The design of the study
was mostly identical to that of the previous Lubar and Shouse (1976) report, with a
further off-medication sMR training phase at the end.

Lubar’s data analyses were seemingly based on visual inspection of plotted data,
and did not report statistical inferences. Three cases were described as exhibiting sSMR
learning, i.e. SMR increases during medication, medication+NFT, and NFT alone, and
decreases during reversal NFT. Following the withdrawal of medication sSMR measures
continued to increase. In terms of behaviour analysis, Ritalin improved 6/13 scales,
and combined treatment 8/13; in association with SMR measures, behavioural im-
provements were reversed during reversal training, and were not adversely affected
when NFT alone was conducted.

Although these extended results further support claims made in the preliminary
Lubar and Shouse (1976) report, the analytical approach used remains descriptive in a
study that could have used inferential methods to disclose whether significant quanti-
tative changes occurred. The author also made an unsupported claim that measures of
hyperactivity were inversely related to SMR production — this argument appears to be
further borne out by the indication that the ‘non-learner’ case, who did not regulate
EEG in line with training objectives presented mainly ADD symptoms.

As this report is based on the same experiment as the preceding one, it has the
same methodological flaws, the lack of a control group, the small size of the sam-
ple, the omission of inferential statistical analysis, and the non-random selection of
the population sample, which may have inadvertently introduced uncontrolled biases
into the study. The use of two electrodes for training is also open to criticism as a
bipolar montage such as the C3-C4 combination used bases measures on the differ-
ences between two electrodes — apparently without reference to a proximate non-EeG
benchmark such as an earlobe or mastoid; this means that the measured value could
be affected by differences in oscillatory phase which modulates inter-electrode am-

plitude differences, relative amplitude differences between the two electrodes, and
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external electromagnetic interference.

In summary, the first reports of sMR based NrT for ADHD (Lubar and Shouse,
1976; Shouse and Lubar, 1979) do not represent conclusive evidence of clinical efh-
cacy. They did however initiate what has developed into #he dominant strand in NFT
research, and so are included for completeness.

The same laboratory that produced the previous two reports continued to investi-
gate SMR for diagnosing and treating ApHD. In Lubar and Lubar (1984) documented
data from 6 adolescent males exhibiting variable levels of Abb/ADHD/Learning Dis-
ability (Lp). In the period between Shouse and Lubar (1979) and Lubar and Lubar
(1984) being published, the laboratory introduced several modifications to their pro-
tocol: the expansion of the sMR band from 12-14Hz to 12-15Hz, and the inclusion
of an additional 16-20Hz band hypothesised to positively relate to focused attention
and arousal. The experimental design was also expanded to include pre/post interven-
tion QEEG measurements. As in previous work, pre/post measures of behaviour were
included, this time on measures of educational achievement. During the intervention,
EEG recordings over scalp loci F7-T5 and F8-T6 during rest, reading and drawing.’
The justification for recording EEG at these locations is not made clear. The electrode
location(s) of training measures are not stated. As in previous work, the study did not
include a control group.

The procedure for NFT training was similar to that of the lab’s previous studies,
although it was separated into distinct periods spent elevating either sMR or beta, in
both cases theta activity was inhibited, as was facial EmG. Targeted thresholds for
elevation/suppression were set during pre-training baseline measures. Positive feed-
back was signalled by a light. Participants received 40 x 40-minute training sessions,
which included periods spent on the aforementioned educational tasks. Time spent
in NFT/task performance varied between participants.

As in previous reports, the documented results include descriptive statistics only.
Improved scholarly performance, elevated smr/beta amplitudes and decreased theta/facial
EMG was shown in all subjects. Evidence of NFT ‘learning’ is reported in all subjects,
but measures of learning are not described, and the provided plots do not visually

confirm the existence of a learning trend.

'"The 10-20 EEG electrode placement has been changed: T5 is now P7, and T6 is P8 (Klem et al.,
1999).
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The scant description of experimental design and procedure means that this study
could not be independently replicated on the strength of the available information.
Whilst the bi-polar montage may have been referenced to an EEG free proximal site
this is unclear, as are the positioning of training electrodes, the length of training/task
performance periods. The introduction of a further training frequency further con-
founds the ability to explain the contributions of sMR and theta training seen in pre-
vious studies, coupled with the lack of analysis that would enable strategic predictions
to be formed. In the absence of a control group, evidence of covariation between de-
pendent and independent variables, such as shown in the ABA design used previously
would have strengthened the authors’ case, however, their refusal to employ inferen-
tial statistics on the grounds that training times varied amongst participants precludes
the generalisation of these results to a wider population. Overall, this study, despite
attempts to increase the efficacy of the protocol, further increased its complexity and
resistance to explication, and the study did not improve on previous experimental de-
signs or analytical methods, and actually reduced the scope of the designing without
addressing the lack of experimental control.

Despite this apparent reduction in the quality of SMR NFT experimentation in
Lubar’s laboratory, the same year saw the publication of an independent smR study by
Tansey (1985). The experimental sample was 6 young boys with learning disabilities.
Prior to and following NET, participants were measured on an undisclosed period of
resting SMR production, the Revised Wechsler Intelligence Scale for Children (wisc-r)
test (Wechsler, 1974) and an unspecified measure of Learning Disability.

Between these dependent measures, a weekly regimen of sMR training was ad-
ministered, although the number of training sessions varied. On the strength of this
and other contemporary reports (Tansey and Bruner, 1983; Tansey, 1985), it seems
that participants stopped NET at their own request, as patients at a private practice.
The mean number of appointments was 27. Training lasted 30 minutes, with sMRr
(14 £ 0.5 Hz) being recorded from a position around 2.6 cm behind Cz. Reference
and ground electrodes were attached to earlobes. The feedback representation was
a continuous audio tone, which modulated in volume in line with changes in sMR
amplitude.

The results section of the report states that as a group the six boys raised the mean

resting amplitude of sMR by 137.6%, although this increase is inflated by one case
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who saw an increase from 6 to 24 microvolts (%300). The post-training measures
of intelligence (wisc-r) disclosed some improvements, with the author stressing that
cases with an initial discrepancy between verbal and performance measures equalising
on these measures following training.

In evaluating Tansey’s (1984) report, many of the methodological and analytical
issues present in (Lubar and Shouse, 1976; Shouse and Lubar, 1979) are repeated here,
the lack of a control condition, the emphasis on individual cases and the inability to
generalise from these results. The author does however, despite applying sMR NFT in
a completely different way to Lubar, declare the decisions informing his experimental
design to a greater extent. Whilst Lubar’s laboratory employed different bipolar elec-
trode placements without justification, Tansey bases his monopolar montage on the
assertion that training at the junction of brain hemispheres will increase their inter-
action, which he proposes is deficit in a state of Learning Disability. Tansey uses his
evidence of equalisation in scores on verbal/performance measures to suggest that SMR
NFT promotes efficacy in bilateral networks. Whilst these results and their associated
implications do not generalise beyond the cases documented, the introduction of a
single EEG electrode NFT procedure did nonetheless introduce an arguably more reli-
able measure of EEG into the practice of NFT, thus paving the way for more controlled
examination of training parameters in relation to outcome measures in subsequent
studies.

Tansey (1985) reports the findings of a further sMR study in learning disabled
boys who, following NeT had their diagnoses removed. In common with the previ-
ous study, the main dependent measures was the wisc-r employing 1Q as an index
of learning ability. In what appears to be a further collection of case studies from
data collected in his private practice, the author does not clarify the amount of NrT
given to each subject. In departure from the previous study, the author expanded
the dependent measures made prior to and following NFT by measuring resting EEG
at in small 1Hz bands with median frequencies at 4, 7, 10 and 12Hz, in addition to
the previously employed 14Hz (+0.5) band. These measures were introduced for ex-
ploratory purposes without prior predictions as to how they might change following
NFT.

In his results Tansey reports that SMR activity increased by a mean of 76% after

treatment, which contrasts with 137% in his previous study. The other EEG measure-
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ments described in the methods are not documented. As in Tansey (1984), wisc-r
performance are described as equalising in cases who previously had disparity between
verbal and performance measures, and once again the author speculated that learning
improvements were mediated by increased inter-hemispheric interaction promoted
by sMR NFT.

Tansey’s (1984) contribution to sMR research at this point did not substantially
develop upon prior claims as to the efficacy of this form of Nr1. As with Lubar and
Shouse (1976); Shouse and Lubar (1979); Lubar and Lubar (1984), the use of solely
descriptive results precludes generalisation, and the experimental designs continued to
be uncontrolled. Support for Tansey’s hypothetical linear association between inter-
hemispheric interaction and learning ability is limited, and his evidence in support of
this hypothesis is based on speculative interpretation of data based on single electrode
data that does not provide strong evidence of distributed functional connectivity.

With the exception of a review attempting to gather the findings of the previously
evaluated 5 papers into a cohesive argument for the efficacy of NrT (Lubar, 1991),
investigation of NFT applications in relation to attention disorders or their superset
of learning disabilities was largely abandoned between 1985 and 1995. In the latter
year however, Lubar et al. (1995) reported on a study that represented a attempt to
improve on previous experimental designs. A sample of 23 8-19 year olds from a
population presenting behavioural symptoms indicative of disordered attention, no
confounding illness, and QEEG based diagnosis of ADHD.?

The dependent measures of the study incorporated the wisc-r, presumably in an
attempt to replicate Tansey; Tansey’s (1984; 1985) findings in a specifically ADHD
sample. Parents completed the aApp Evaluation Scale (apDpEs) (McCarney and Ser-
vices, 1989) at the start and end of the study. The Test of Variables of Attention
(tova) (Greenberg, 1987) was also introduced to the study, and has since gone on to
become a widely used diagnostic tool in attention disorder NFT applications in clinics
and research. The TOvA assesses several measures, principally impulsivity and inatten-
tion, and the resulting test scores indicate ability to sustain attention over an extended
period in comparison to a normal performance for the age and sex of the participant.

The authors also examined EEG changes by comparing levels of theta to the amount

2Lubar used QEEG diagnosis of ADHD based on deficient beta and excessive theta compared to a
characteristically normal QeeG (Mann et al., 1992).
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of training sessions held.

All participants received the same protocol in 40 training sessions over the course
of approximately 10 weeks, with each session lasting 50 minutes. As in Lubar’s pre-
vious work, EEG was measured as the difference between bipolar electrodes, although
recording locations were at CPz and FCz. During training positive feedback was pro-
vided on the basis that beta (16-20Hz) exceeded pre-training baseline values whilst
theta (4—8Hz) and EMG values were below those established at the session start.

As in previous studies the authors looked for evidence that subjects learned to
reduce theta in line with training contingencies, and compared subjects whose theta
amplitudes correlated negatively with the amount of sessions held (n=12) to those that
didnt (n=6). This measure is presumably based on absolute measures of theta, which
might be contaminated by uncontrolled factors such as baseline theta — Lubar and
colleagues had previously analysed the smr/theta ratio: a more reliable of inter-session
dynamics. Whilst beta frequencies were trained in this study, they are conspicuously
absent from the NFT analysis.

Having divided the sample into ‘learners’ and ‘non-learners,” NrT efhicacy was as-
sessed based on the number of Tova measures in which improvements had been made,
with learners improving on an average of 3 and non-learners on 1.5. This assumes
that improving on one measure, say impulsivity, is equal to improving on another,
say inattention, when these are mutually exclusive in some cases. There appeared to
be little prior justification for taking this analytical approach apart from that it does
provide a more general measure of learning disability. Despite having disclosed a
between-group difference, within-group changes were not assessed.

A subset of the sample was analysed for changes in the ADDES (n=13) and wisc-r
(n=10) scales, although it is not clear which of the total of 18 cases are documented
here, although the wisc-r data is reported as coming from learners. ADDEs measures
disclosed improvements in ratings of inattention, impulsivity and hyperactivity al-
though improvements are uncorrelated with N1 learning. wisc-r measures showed
improvements in verbal and overall 1Q measures.

In evaluating the contribution of Lubar et al. (1995) to the NeT literature, the most
striking gain is the increase in the sample size extending the scope of attention research
beyond the level of case studies. The derivation of a formal measure of NFT learning

and its inter-relation with changes in dependent measures is also an important step
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in controlling for extraneous influences and represents good design. However, the
omission of beta training measures from the learning index undermines their use in
the protocol, plus the use of absolute EEG measures makes the learning data sensitive
to differences between session baseline values. Finally, whilst some inferential statistics
are used, representing an improvement on previous reports, their inclusion is sporadic,
making it difficult to draw general inferences from this paper.

Despite the shortcomings of (Lubar et al., 1995), the year of its publication marks
something of a turning point in the literature concerning NrT for ADHD. From this
point on, controlled trials became increasingly used, and this process of refining ex-
perimental designs culminated in several randomised controlled trials. In Arns et al.
(2009) the NFT ADHD literature to-date was subjected to a meta-analysis, which will be
evaluated here. Some studies were not included in this meta-analysis, either because
the mean and standard deviation of pre and post treatment measures of ADHD were
not available for further analysis (Lubar et al., 1995; Linden et al., 1996) or in the
case of two double-blind placebo controlled trials, were disseminated in the form of
unpublished conference presentations (Picard, 2006; DeBeus, 2006).> The omitted
study by Lubar et al. (1995) has been reviewed, and prior to examining the Arns et al.
(2009) meta-analysis, the other omitted paper will be evaluated.

Linden et al. (1996) reported on a controlled trial of a beta (16-20 Hz)/theta(4-8
Hz) protocol in comparison with a passive (waitlist) control group. 18 children with
ADHD including some with LD between the ages of 5 and 15 took part in the first
randomised controlled trial of NFT for attention disorders. Treatment consisted of 40
x 45-minute sessions of training in elevating beta activity whilst inhibiting theta. The
trial took place over a 6 month period, with a concurrent control group participating
in prior and subsequent measures with the Kaufman-Brief Intelligence Test (x-BrT)
(Kaufman, 1990) and parent rating scales for inattention, hyperactivity, and opposi-
tional behaviours with the IOWA-Conners Behaviour Rating Scale (Conners, 1969)
and the snar Rating scale for diagnosing App (Swanson et al., 1981).

The NET procedure was composed of 10 minute periods spent either attending to

feedback, reading + feedback, or listening to a story + feedback. EEG was recorded as

30ne of the criticisms of the meta-analysis method is that inflates overall effect-size by omitting un-
published data, which is more likely to contain null results. The Arns et al. (2009) paper addresses this
issue by discarding data violating assumed heterogeneity of effect-size, and by calculating the number
of null results required to negate a significant effect-size.
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the difference between Cz and Pz, and feedback was contingent on the presence/absence
of beta/theta in respect to baseline levels.

Following intervention the training group demonstrated improvements in K-BIT
and inattention measures although there were no between group differences. The au-
thors speculated that 1Q improvements were mediated by attentional performance,
although they were unable to confirm this assertion as they did not explicitly measure
attention. EEG training data was not analysed because two different types of equip-
ment had been used during the trial, and these had calculated training thresholds
differently, making it impossible to provide a consistent analysis of EEG activity across
the study.

Linden et al. (1996) constitutes an important turning point in the NFT ADHD lit-
erature as it marks the beginning of an era of controlled study. It is the first to be
conducted in the style of a clinical trial, and to include a control group. It does how-
ever have several shortcomings. Firstly, the control condition was inactive, and so
only controlled for environmental effects without adjusting for the possible benefits
of participation. Secondly the EEG data was not analysed, and as such the authors
were unable to demonstrate evidence of a link between training and outcome mea-
sures. Finally, the assertion that improvements in 1Q were mediated by reductions in
measures of inattention was not supported through correlation.

Although Linden et al. (1996) might be criticised for failing to disclose the terms
of the relationship between EEG and clinical measures, this discrepancy is also true of
the field as a whole. Evidence in support of the clinical efficacy of NFT in treating
ADHD has grown rapidly in recent years, but this rate of progress has not been ac-
companied by similar gains in the understanding of how neurofeedback works. In a
recent meta-analysis of NFT trials in ADHD treatment, Arns et al. (2009) argued that
in clinical terms at least, the question “Does NFT work?” can be addressed without
recourse to understanding “How NFT works.” For this reason the meta-analysis does
not discriminate between different N¥T protocols and includes both spectral EEG and
scp trials.

The rationale for conducting a meta-analysis appears to have been performed in

order to re-consider the previous classification® of NFT as a “probably efficacious” form

“The Association for Applied Psychophysiology and Biofeedback (aapB) and the Society for Neu-
ronal Regulation (sNR) jointly agreed a template for assessing the clinical efficacy of a biofeedback
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of treatment for ADHD (Monastra et al., 2005) in the light of the studies that had
subsequently taken place, particularly those employing a randomised controlled trial
RCT design.

Studies included in the analysis were either collected from a neurofeedback bibli-
ography (Hammond, 2008), a keyword search of the PubMed bibliographic database,
or by approaching presenters at meetings of the Society of Applied Neuroscience
(saN) or the International Society for Neurofeedback and Research (1snNR). The stud-
ies evaluated in the meta-analysis studies met specific inclusion criteria: participants
had a prior diagnosis of ADHD; between-groups designs had either passive or com-
parable active control groups; within-group designs were also included, as was a ret-
rospective within-group study that had a large (n>500) population sample (Kaiser
and Othmer, 2000). In addition to design requirements, all included studies were

published in peer-reviewed journals, with one exception, RcT documented in a PhD

intervention under scientific review (La Vaque et al., 2002). The levels of evidence of efficacy are as
follows:

1. Supported only by anecdotal reports and/or case studies in nonpeer reviewed venues. Not
empirically supported.

2. Possibly Efficacious. At least one study of sufficient statistical power with well identified out-
come measures, but lacking randomized assignment to a control condition internal to the study.

3. Probably Efficacious. Multiple observational studies, clinical studies, wait list controlled stud-
ies, and within-subject and intrasubject replication studies that demonstrate efficacy.

4. Efficacious In a comparison with a no-treatment control group, alternative treatment group,
or sham (placebo) control utilizing randomized assignment, the investigational treatment is
shown to be statistically significantly superior to the control condition or the investigational
treatment is equivalent to a treatment of established efficacy in a study with sufficient power to
detect moderate differences,

(a) The studies have been conducted with a population treated for a specific problem, for
whom inclusion criteria are delineated in a reliable, operationally defined manner,

(b) The study used valid and clearly specified outcome measures related to the problem being
treated,

(c) The data are subjected to appropriate data analysis,

(d) The diagnostic and treatment variables and procedures are clearly defined in a manner
that permits replication of the study by independent researchers, and

(e) 'The superiority or equivalence of the investigational treatment have been shown in at
least two independent research settings.

5. Efficacious and Specific. The investigational treatment has been shown to be statistically supe-
rior to credible sham therapy, pill, or alternative bona fide treatment in at least two independent
research settings.
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thesis (Bakhshayesh, 2010). Studies were only included if NFT was conducted in a
“standardized manner,” although in practice this is a fairly loose criterion as there are
no established international standards for N¥T other than a tendency to use protocols
based on previous studies. Included studies had to contain at least one ADHD measure
from Impulsivity, Hyperactivity, or Inattention at pre and post intervention stages,
and these measures had to be available as mean and standard deviation (sp) statistics,
either in the original report or by personal communication.

Considering the above criteria, several reports were deemed unsuitable. Two stud-
ies were excluded as the sps were not obtainable (Lubar et al., 1995; Linden et al.,
1996); the only double-blind placebo controlled trials of NeT (Picard, 2006; DeBeus,
2006) and a controlled study (Fine et al., 1994) were excluded as they had been dis-
seminated at conferences only.

The authors simplified the dataset before proceeding with analysis, categorising
all spectral EEG training as one form, whether it was based on sMR enhancement/theta
suppression, SMR enhancement/beta-2 suppression, or beta-1 enhancement/theta sup-
pression. Furthermore scp studies are also included under the NET category as it is has
been found that this type of NFT helps to regulate cortical excitability via the same
mechanism as sSMR based protocols: the striatum of the basal ganglia nuclear complex
(Birbaumer, 20006).

The results of the analysis were principally based on two effect-size calculations, in
controlled studies the between-subjects post-pre differences in each group were com-
pared to pooled pre-test sps to calculate the size of between-group effects. in between
and within-subjects studies pre and post NFT means and sps were used to calculate
effect-size. The extent of effect-sizes were adjusted to express their 95% confidence
intervals, and grand means of all studies were computed to give an overall indication
of clinical relevance in measures of Inattention, Hyperactivity and Impulsivity. The
meta-analysis included two safeguarding measures designed to improve the validity of
the exercise, firstly the heterogeneity of effect-size (the Qt statistic) was used to filter
out studies with especially diverse results, and secondly the fail-safe number calculated
the amount of unpublished null results that would be required to reject a significant
grand-average effect-size.

In inattention and impulsivity NFT vs. control effect-size was described as large

(Cohen, 1992). The fail-safe figure established that more than 52 unpublished null
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results would be required to revoke the effect on inattention, and 37 on impulsivity. In
hyperactivity the contrast disclosed a medium effect-size, with a fail-safe figure of 15.4.
NFT vs. methylphenidate comparisons were only possible in impulsivity measures, and
showed no difference in effect-size. In pre-post comparisons all contrasts revealed
large effect-sizes and fail-safe figures of more than 320 — effect-sizes were larger in
within- than between-subject studies, which the authors attributed to the effectiveness
of active controls such as computerised attention training (Gevensleben et al., 2009b;
Holtmann et al., 2009) or EMG biofeedback training (Bakhshayesh, 2010).

Having pooled studies that were different in potentially significant ways, post-hoc
checks were performed to probe for difference in effect-size by protocol (smr/theta,
beta/theta, smr/high-beta, and scp), studies conducted before and after 2006, stud-
ies employing RCT or not, and studies in which no participants were on medication
against those with some. Of the above comparisons, only randomisation proved sig-
nificant, with RcTs producing studies with a significantly lower effect-size in hyper-
activity only, which indicates the importance of randomisation. The final post-hoc
check was a correlation between effect and outcome measures, and it was found that
that studies with more training produced a greater reduction in inattention measures.

In summing up, the authors take the addition of 3 rcTs (Gevensleben et al.,
2009b; Holtmann et al., 2009; Bakhshayesh, 2010) into the literature as evidence
enough that NFT for ADHD is suitable for classification as ‘efficacious and specific,
the highest rating of clinical efficacy according to the aarB/sNR template (La Vaque
et al., 2002). This assertion is largely based on the grounds that the RcTs mentioned
used ‘semi-active’ controls that also had some efficacy in reducing ADHD symptoms,
and controlled for the ‘cognitive training’ criticism levelled at NFTs use of attention
demanding exercises (Loo and Barkley, 2005).

In evaluating this analysis, the first critical issue is its scope. The authors explic-
itly forego any examination of ‘how’ NFT works, preferring instead to concentrate on
the principal issue of ‘if” NFT works. Whilst this allows a straightforward analysis of a
mixed NFT dataset with many protocol differences, it is also unable to show how they
differ, leading the authors to speculate that the same mechanism underlies all the sMr
variant and scp protocols. The problem then is that this method, whilst demonstrat-
ing the efficacy of NFT in treating symptoms of inattention and impulsivity is not able

to address the question of why NrT doesn't effectively modulate hyperactivity. De-
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spite this concern, it should be noted that that hyperactivity is measured by parent
and teacher questionnaires, whilst inattention and impulsivity are often measured by
Go-NoGo tasks such as the Tova, which may be more sensitive to small changes in
behaviour. Another criticism of the analysis is that although the fail-safe statistics ap-
pear to offer a reasonable margin of error: 52 for inattention, 37 for impulsivity and
15 for hyperactivity, there have been approximately 60 papers published on NFT and
ADHD since 1995 (Hammond, 2008), so the problem of bias can not be completely
ruled out. The authors attempt to deflect this issue by indicating that they included
additional unpublished data, obtained by personal communication with the writers
of the original studies, so to an extent it does appear that unpublished data are at least
partly represented here, although the actual amount is unclear. Inspection of the for-
est plots of effect-size do indicate a positive bias, and although this may be a product
of NeT effects, the inherent issue of exclusivity in meta-analysis may explain why, in
their closing statement, the authors emphasise the results of the RCTs on inattention
and impulsivity over and above those of the meta-analysis.

Of the three recent RCTs analysed by Arns et al. (2009), there is strong contrast in
the reach of the trials. Holtmann et al. (2009) is a pilot study published in a German
journal, and Bakhshayesh (2010) is a PhD thesis, in German. On the other hand
(Gevensleben et al., 2009b,a, 2010) are published in international journals written in
English, but more significantly, this trial contains the best experimental design seen
in an NFT study to date, including a large sample (n=94) recruited at three research
centres across Germany, a suitable alternative control treatment, both clinical and eeG
based outcome measures, a comparison of spectral and pc potential based protocols,
and a long-term clinical follow-up study. As such, this study in particular is worth
singling out for further examination.

Besides having the best experimental design of any NrT study, the Gevensleben
et al. (2009b) study also marks a turning point in the use of randomisation. In the
mid-2000’s several researchers who, bearing in mind that NFT is considered an al-
ternative to pharmacological intervention in ADHD, attempted to subject NFT to the
same kind of comparisons used in medical trials, namely the double blind placebo
controlled trial (Picard, 2006; DeBeus, 2006; Orlandi and Greco, 2005). Yet all
attempts to do so have remained unpublished. In Orlandi and Greco (2005) the

author described the problem of high-drop out rates in a control group as these sub-
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jects complained of the ineffectiveness of placebo feedback. In addressing this issue
Gevensleben et al. (2009b) highlight the need for participants to exert effort whilst
in training, and express concern that the possibility of being in a placebo group may
reduce motivation, and thus learning in some subjects. The alternative strategy em-
ployed in their trial was to use a semi-active control condition; an attention skills
training computer game (ast). During the game, players are required to maintain
perceptual vigilance and attentional reactivity to click on the correct onscreen items
at any given time. This use of alternative as opposed to placebo controls has produced
a methodologically robust approach that has led a number of strong findings, and has
in terms of method, established a high standard for future investigation into NFT for
ADHD.

The researchers recruited enough unmedicated participants (n=94) to be able to
reach sufficient statistical power to reveal at least moderate effect sizes, and the sample
was subdivided into two groups receiving (NFT: n=59; AsT n=35). Around a week
following initial dependent measures, the intervention consisted of two 3—4 week
blocks, during which participants received 18 sessions of NFT or asT. In a balanced
design, the NFT training blocks consisted of alternate theta/beta or scp protocols. De-
pendent measures were also carried out between blocks, and around a week following
the end of training, with a 6-month follow up. Principally the study reported clinical
outcomes, but also those in resting EEG and event related brain potentials.

Gevensleben et al. (2009b) compared clinical measures following NFT and AsT;
NFT treatment conferred significantly higher benefits in parent/teacher scores on the
German ADHD rating scale (FBB-HKS) (Doepfner and Lehmkuhl, 2000), and a six-
month follow-up found the earlier post-training effects persisted (Gevensleben et al.,
2010); In the absence of placebo control, this step goes some way to deflect the possi-
bly of a placebo being responsible for post-training differences, as it could be expected
to have started diminishing from 2 months (Coryell and Noyes, 1988). Gevensleben
et al. (2009a) disclosed that NFT produced reductions of central and parietal midline
theta in 2-minute periods of rest. Theta/beta NFT specifically accounted for reductions
in parietal-midline theta, and scp saw an increase in central-midline alpha activity —
both of these changes were predictive of improvements in FBB-HKS total scores sug-
gesting that training distinct neuronal networks produce similar changes in behaviour.

Wangler et al. (2010) investigated protocol specific effects on event related brain po-
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tentials recorded during an attention task (Fan et al., 2002), and found that scp train-
ing produced an enhancement of ‘cognitive preparation’ expressed as the contingent
negative variation brain potential (cNv). Baseline measures of cNv were associated
with clinical improvements, with larger initial scores leading to better improvements,
although there were no group differences, and ast cases also improved.

In summary, the reports emanating from the Gevensleben et al. (2009b) study
represent the strongest evidence yet as to the clinical effectiveness of NFT for ADHD.
By combining a suitable control, a large enough sample to reveal effects statistically,
randomisation and follow-up, they have addressed many of the issues raised by Loo
and Barkley (2005) such as the ambiguity of previous trials, and their limited gener-
alisability. The authors also go further and attempt to isolate effect mediators, such as
evidence of increases in the allocation of attentional resources. Whilst this additional
step might be considered of secondary importance to the “Does NET work?” question
(Arns et al., 2009), it does also indicate that the literature is now in a position where
having arguably proved Lubar’s initial hypothesis that NFT could normalise cortical
activity in ADHD, the neuroelectric mechanism by which this operates should be iso-
lated as part of attempts to maximise possible benefits. The finding that theta/beta
and scp protocols effected different neuronal changes whilst producing similar effects
on ratings of behaviour indicate that clinical measures are not capable of disclosing
the differences between protocols, and so to understand which are most suitable in
different patients further measures, including those previously eschewed in favour of
clinical ones should now play a greater part in NFT for ADHD research.

To summarise the NFT in ADHD literature, the early work of Lubar and Shouse
(1976) established a rationale for sMR training in ADHD by drawing parallels between
overactivity in epilepsy and ADHD indicating that the neural correlates of hyperactiv-
ity might be regulated by smr inhibition strategies. Lubar also introduced a theta
inhibition element to treat inattention, which furthermore provided a relative EEG
measure, the smMr/theta ratio, which was less sensitive to situational and individual
differences than absolute EEG measures, facilitating comparison between sessions and
people. Despite the empirical shortcomings of his pioneering studies, Lubar’s proto-
col has survived to become the most carefully tested and widely used NFT approach of
all, with the recent addition of RcTs into the literature providing the strongest support

yet for the clinical relevance of NrT. The mechanisms by which NFT protocols confer
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clinical benefits in ADHD have not been isolated, although protocol specificity is being

addressed in recent literature.
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Study Country Conditions Groups n Age Measure Instrument NF Site ‘Treatment Mean No. Sessions
Controlled Trials
(Rossiter and La Vaque, USA Stimulant control group ADHD: 23 12,9 Hyperactivity BASC TOVA Cz, FCz,CPz Beta/Theta 20
1995) Control: 23 12,9 Impulsivity Inattention
Monastra et al. (2005) USA Control group ADHD: 5149 10 10 Hyperactivity ADDES TOVA CPzand Cz Beta/Theta 43
Control: Impulsivity Inattention ADDES
Fuchs et al. (2003) USA Control group ADHD: 2211 9,8 Impulsivity TOVA C3orC4 Beta/Theta 36
Control 9,6
(Heinrich et al., 2004) DE Waiting List Control ADHD: 139 11,1 Hyperactivity FBB-HKS Cz SCp 25
group Control: 10,5 Impulsivity Inattention TOVA
(Rossiter, 2004) USA Stimulant control group ADHD: 3131 16,6 Hyperactivity BASC TOVA C3orC8 Beta/Theta 50
Control: 16,7 Impulsivity Inattention BASC
(Lévesque et al., 2006) CA RCT control group ADHD: 15 10,2 Hyperactivity CPRS-R Cz Beta/Theta 40
Control: 5
Bakhshayesh (2010) DE RCT control group ADHD: 18 9,61 Hyperactivity FBB-HKS FCz-CPz Beta/Theta 30
EMG Biofeedback Control: 17 9,06 Impusivity Inattention CPT
FBB-HKS
(Drechsler et al., 2007) CH Group Therapy Control ADHD: 17 10,5 Hyperactivity FBB-HKS Cz SCP 30
group Control: 13 10,2 Impulsivity Inattention Tap No-Go
FBB-HKS
Gevensleben et al. CH Group therapy Control ADHD: 59 9,1 Hyperactivity FBB-HKS Cz SCP and Beta/Theta 36
(2009b) Group Control: 35 9,4 Impulsivity Inattention FBB-HKS
Holtmann et al. (2009) DE RCT Captain’s Log ADHD: 20 10,3 Hyperactivity FBB-HKS Cz Beta/Theta 20
Control Group Control 14 10,2 Impulsivity Inattention FBB-HKS
Within-Subjects Trials
6) Kropotov et al. 2005 Russia Pre/post-design ADHD 18 11,4 Hyperactivity SNAP-4 C3-Fz or C4-Pz Beta (C3) SMR C4 17
Impulsivity Inattention Go-No-Go
SNAP-4
7) Xiong et al. 2005 China Pre/post-design ADHD 60 >6 Onmissions IVA ? Beta/Theta 40
12) Leins et al. 2007 DE Pre/post-design ADHD 19 9,2 Hyperactivity DSM-IV RS C3 and C4 Beta/Theta 30
Randomised to SCP or Impulsivity Inattention
Beta/Theta
Retrospective Within-Subjects Trial
15) Kaiser & Othmer USA Multisite naturalistic ADHD 530 17,3 Impulsivity TOVA C3,C4 Beta/Theta 30

2000

pre/post-design

Table B.1: Overview of studies used in Arns et al. (2009)



Folk Assessment

Directions — Circle Appropriate Score by Each Statement

1 2 3 4 5 6 7 8 9 10
Overall Quality
Opverall rating of
Performance Quality 1 2 3 4 5 6 7 3 9 10
Vocal Competence
Overall rating of Vocal
Competence 1 2 3 4 5 6 7 8 9 10
Breathing with Music in
Mind 1 2 3 4 5 6 7 8 9 10
Clarity of Diction 1 2 3 4 5 6 7 8 9 10
Pitch 1 2 3 4 5 6 7 8 9 10
Musicality
Overall rating of Musical
Understanding 1 2 3 4 5 6 7 8 9 10
Interpretative Imagination 1 2 3 4 5 6 7 8 9 10
Expressive Range 1 2 3 4 5 6 7 8 9 10
Being at one with Voice 1 2 3 4 5 6 7 8 9 10
Stylistic Accuracy 1 2 3 4 5 6 7 8 9 10
Rhythmic Accuracy 1 2 3 4 5 6 7 8 9 10
Degree of Engagement 1 2 3 4 5 6 7 8 9 10
Communication
Opverall rating of
Communicative Ability 1 2 3 4 5 6 7 8 9 10
Deportment on stage 1 2 3 4 5 6 7 8 9 10
Emotional commitment
and conviction 1 2 3 4 5 6 7 8 9 10
Confidence in the situation | 2 3 4 5 6 7 8 9 10

Sense of Performance 1 2 3 4 5 6 7 8 9 10



Stripsody Assessment

Directions — Circle Appropriate Score by Each Statement with
reference to your copy of the Score

1 2 3 4 5 6 7 8 9 10
Overall Quality
Overall rating of
Performance Quality 1 2 3 4 5 6 7 8 9 10
Vocal Competence
Overall rating of Vocal
Competence 1 2 3 4 5 6 7 8 9 10
Diction 1 2 3 4 5 6 7 8 9 10
Pitch 1 2 3 4 5 6 7 8 9 10
Breathing with the Music 1 2 3 4 5 6 7 8 9 10
Tonal Spectrum 1 2 3 4 5 6 7 8 9 10
Musicality
Overall rating of Musical
Understanding 1 2 3 4 5 6 7 8 9 10
Interpretative Imagination 1 2 3 4 5 6 7 8 9 10
Being at one with Voice 1 2 3 4 5 6 7 8 9 10
Communication
Overall rating of
Communicative Ability 1 2 3 4 5 6 7 8 9 10
Deportment on stage 1 2 3 4 5 6 7 8 9 10
Emotional commitment
and conviction 1 2 3 4 5 6 7 8 9 10
Confidence in the situation | 2 3 4 5 6 7 8 9 10
Enjoyment in Performing 1 2 3 4 5 6 7 8 9 10

Holding of Attention 1 2 3 4 5 6 7 8 9 10



Instrumental Solo Assessment

Directions — Circle Appropriate Score by Each Statement
Fail Pass 111 I1:2 1I:1 I

1 2 3 4 5 6 7 8 9 10
Overall Quality
Opverall rating of
Performance Quality 1 2 3 4 5 6 7 8 9 10
Instrumental Competence
Opverall rating of
Instrumental Competence 1 2 3 4 5 6 7 8 9 10
Rhythmic Accuracy 1 2 3 4 5 6 7 8 9 10
Level of Technical
Security (including state of
preparation) 1 2 3 4 5 6 7 s 9 10
Tonal Quality and
Spectrum 1 2 3 4 5 6 7 8 9 10
Musicality
Overall rating of Musical
Understanding 1 2 3 4 5 6 7 8 9 10
Stylistic Accuracy 1 2 3 4 5 6 7 8 9 10
Interpretative Imagination 1 2 3 4 5 6 7 8 9 10
Expressive Range 1 2 3 4 5 6 7 8 9 10
Communication
Overall rating of
Communicative Ability 1 2 3 4 5 6 7 8 9 10
Deportment on stage 1 2 3 4 5 6 7 8 9 10
Emotional commitment
and conviction 1 2 3 4 5 6 7 8 9 10
Confidence in the situation | 2 3 4 5 6 7 8 9 10

Sense of Performance 1 2 3 4 5 6 7 8 9 10



Instrumental Improvisation Assessment

Directions — Circle Appropriate Score by Each Statement with
reference to the Theme of the Improvisation

Fail  Pass 111 I1:2 II:1 I
1 2 3 4 5 6 7 8 9 10
Overall Quality
Opverall rating of
Performance Quality 1 2 3 4 5 6 7 8 9 10

Improvisational Competence
Opverall rating of

Improvisational

Competence 1 2 3 4 5 6 7 8 9 10
Musicality

Opverall rating of Musical

Understanding 1 2 3 4 5 6 7 8 9 10
Appropriateness to Theme 1 2 3 4 5 6 7 8 9 10
Fluency 1 2 3 4 5 6 7 8 9 10
Temporal Sense 1 2 3 4 5 6 7 8 9 10
Communication

Opverall rating of

Communicative Ability 1 2 3 4 5 6 7 8 9 10
Deportment on stage 1 2 3 4 5 6 7 8 9 10
Emotional commitment

and conviction 1 2 3 4 5 6 7 8 9 10
Confidence in the situation | 2 3 4 5 6 7 8 9 10

Sense of Performance 1 2 3 4 5 6 7 8 9 10
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