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g?éwords" quency domain studies link expert performance to changes in alpha rhythms, whilst time-domain studies
Sports performance link expertise in response evaluation and motor output with modulations of P300 effects and readiness
Expertise potentials. Despite early promise, however, findings have had relatively little impact for sports profes-
Neural efficiency sionals, at least in part because there has been a mismatch between lab tasks and real sporting activity.
Alpha After selectively reviewing existing findings and outlining limitations, we highlight developments in
Readiness potentials mobile EEG technology that offer new opportunities for sports neuroscience.

P300 © 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
Neurofeedback license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Mobile cognition

Contents
B PR 101 o Ta 11 ot (o) o 1 117
2. EEG in the frequency domain: alpha activity and neural effiCienCy . .........oouiiiiiiiiii e ettt ettt 118
D22 DR 25 45T Wl VA s o174 (ol 0)<3 o ) 0=V o o N 120
2.2.  EEG activity during the pre-shot Period. .. .......iiiiii ittt ittt ittt ettt et e et e e e e e et e e ee e iae e eaaaaaas 120
3. ISSUES AN INMCOMSISTEICIES & .. ettt e ettt ettt e e et e e et e e e et e e et e e e e e e e e e e e e et e e e e e e e e e e e e e e s ee e e e e e e et ae e e e e e aanaeeannns 121
3.1. Methodological ..........covviiiiiiiiiiiiie e e 122
3.2.  Analysis and interpretation 122
4. EEG in the time domain: ERPs and stages of processing 122
4.1. Preparing, inhibiting and executing........................... 123
4.2. Detection, evaluation and selection..................c.oou... 123
5. Neurofeedback.........ccooiiiiiiiiiiiiiiii i . 125
6. Toward a mobile cognition approach. 127
2R o) ol L T ) o U 128
a1 103107 1 o v 3 <) 128
] (5 )0 ol < P 128
1. Introduction investigation of sports performance into big business. Athletes

are now supported by a range of specialist coaches and trainers,

Elite sports competitions are major social and cultural events  all aiming to stimulate changes in performance that can make
and the constant pressure to improve results has turned the  the difference between winning and losing. Consequently, sports
professionals have become interested in brain imaging, both as a

route to a better understanding of the basic mechanisms under-
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become increasingly interested in sporting behavior, at least in
part because elite sport provides an ideal model for understand-
ing expertise - both in its acquisition and execution. In practice,
however, reflection on what is required to be successful at the
highest level in sport reveals a multifaceted picture of optimal per-
formance. As well as possessing physical prowess, elite athletes
must develop a range of sport specific cognitive skills and exhibit
superior integration across the domains of perception, cognition
and action (Yarrow et al., 2009). In this context, the emerging field
of sports neuroscience seeks to produce greater understanding of
brain-behavior links, ultimately aiming to inform sporting practice
and enhance performance.

Cognitive neuroscience employs a range of brain imaging meth-
ods to investigate links between brain and behavior, but many are
simply impractical for studying sporting behavior, particularly out-
side of the laboratory (e.g., functional Magnetic Resonance Imaging,
single cell electrophysiology and Magneto-encephalography). By
contrast, techniques that allow brain stimulation (e.g., Transcranial
Magnetic Stimulation) offer genuine potential to enhance real-
world sports performance (for a review see Yarrow et al., 2009).
Although brain stimulation techniques can be used to directly
induce changes in brain function independent of agency, the long-
term consequences of brain stimulation remain unknown (Davis
and Van Koningsbruggen, 2013). Moreover, in competitive con-
texts, the use of brain stimulation techniques raises serious ethical
issues that have yet to be fully addressed by sports practitioners
(Banissy and Muggleton, 2013; see Davis, 2013, for discussion of
‘neurodoping’). Fortunately, however, one brain imaging method-
ology avoids the practical and ethical concerns discussed above,
namely EEG (the Electroencephalogram).

EEG is one of the oldest methods for assessing the relationship
between brain and behavior, and provides a direct real-time mea-
sure of neural activity. EEG is recorded using electrodes placed
at specific locations across the scalp (e.g., frontal, temporal, pari-
etal, occipital etc.); hence it is relatively inexpensive and easy to
apply (see Fig. 1 for a schematic recording set up). Importantly,
although EEG provides limited spatial resolution about the origins
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Fig. 1. Standard fixed position laboratory set up for recording EEG, showing equip-
ment connections. Dashed lines indicate wired connections between pieces of
equipment and the solid line illustrates the connection to the power supply.

of neural activity, it has exceedingly high temporal resolution -
makingitideal for tracking the rapid execution of sensory, cognitive
and motor processes inherent to sporting behavior. Indeed, from a
historical perspective, researchers have long appreciated that EEG
methods are highly suited to identifying the neural mechanisms
critical for sports performance (e.g., Crews and Landers, 1993;
Hatfield et al., 1984; Salazar et al., 1990). Similarly, EEG has long
been used to influence behavior, via neurofeedback training, which
facilitates recognition and modification of mental states associated
with particular patterns of cortical arousal and concomitant behav-
ioral outcomes (e.g., Kamiya, 1962, 1968; Lubar and Shouse, 1976;
Landers et al., 1991).

Here we provide a selective overview of evidence to date,
derived from studies investigating a range of sporting behavior,
including the use of EEG as a neurofeedback technique. As we show,
the evidence base at this stage remains limited, and we highlight
methodological, terminological and analytic concerns. Moreover,
for the most part, existing studies largely reflect laboratory-based
investigations, with only a small number employing EEG during
real-world sporting behavior. As a result, current findings fail to
capture the complexity of the neural mechanisms implicated in
active sports performance. Critically, however, as we highlight
toward the end of the review, recent developments in mobile EEG
technology provide an unprecedented opportunity to circumvent
many of the issues inherent in existing work. Moving out of the lab
and into the world will undoubtedly create new challenges that
must be addressed, but the application of mobile EEG for assessing
sports performance clearly has the potential to revolutionize the
neuroscience of sporting behavior.

2. EEG in the frequency domain: alpha activity and neural
efficiency

EEG research within the sporting context has largely focused
on alpha rhythms (8-12 Hz). Alpha rhythms are clearly visible in
raw EEG as a distinct set of deflections (oscillations) in the ongoing
brainwaves; importantly alpha is easily distinguished from other
rhythms (e.g., Theta at 4-7 Hz, and Beta at 15-30 Hz). Alpha is the
most dominant frequency in the EEG of adults and has also been
the most extensively studied in the wider literature (for a review
see Basar, 2012). Historically, no clear agreement has been reached
regarding the functional meaning of EEG alpha wave activity or
even which measures best characterize it. The physiological basis
of alpha signals (including anatomical and topographical factors)
means that measurement of alpha activity can involve tracking
changes in the amplitude, frequency or phase of underlying oscilla-
tions. As aresult, reported indices of alpha may, for example, reflect
changes in individual spectral alpha peak frequency, or changes in
power within an individually determined alpha range (for detailed
discussion see Bazanova and Vernon, 2013). Given advances in the
measurement of alpha, it is perhaps unsurprising that since the
original discovery of alpha rhythms by Hans Berger (1929), claims
regarding the functional role of alpha oscillations have changed
substantially. While early work associated alpha with cortical idling
or disengagement from cognitive processing (e.g., see Adrian and
Matthews, 1934), a wealth of contemporary research now supports
the view that alpha plays an active role in cognitive processing (e.g.,
see Cooper et al., 2003; Klimesch et al., 2007).

Today it is generally agreed that alpha oscillations operate to
actively inhibit unnecessary or conflicting processing in the cortex,
and are often described as a mechanism for increasing signal-to-
noise ratios or controlling task irrelevant processing (Klimesch
et al., 2000; Pfurtscheller and Lopes da Silva, 1999). Consequently,
alpha activity can be detected at multiple locations across the
scalp, in response to a wide array of task demands; from this
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perspective alpha reflects a change in processing that can be
observed for a range of different functions. Support for this view
comes from findings showing that distinct sub-bands of alpha are
associated with multiple operations, many of which are highly
relevant to sport, including global arousal and attentional pro-
cesses (Klimesch, 1999; Pfurtscheller and Lopes da Silva, 1999; Thut
et al., 2006), elaboration of sensorimotor or semantic information
(Klimeschetal., 1996, 1997, 1998; Klimesch, 1999), maintenance in
working memory (Jensen and Tesche, 2002; Tuladhar et al., 2007),
volitional inhibition of motor programmes (Hummel et al., 2002),
and motor learning (Jancke et al., 2006; Koeneke et al.,2006). Before
providing further details of the evidence relating to sport, we first
introduce key terminology employed within the EEG literature. We
will then summarize EEG research findings and related methodolo-
gies that have measured cognitive and motor skill behaviors and
can be interpreted within theoretical models of expertise and skill
acquisition.

Analytically, levels of alpha in the sports literature are typically
characterized by decomposing the raw EEG signal into constituent
frequency components using the Fourier transform to provide a
“power spectrum” (see Fig. 2). In essence, spectral power reflects
the square of the average peak-to-peak magnitude over a spec-
ified time period or epoch. Increases or decreases in spectral
power in specific frequency bands are established relative to a pre-
defined baseline. For example, resting state alpha (e.g., recorded
eyes-closed, while inactive) is often used to provide a baseline
from which changes in alpha power can be measured (e.g., eyes-
open, during task performance). Because alpha is always present
in raw EEG to some degree, the choice of baseline has significant
impact on the pattern of brain activity reported. Changes in power
also have specific terms within the EEG literature: Event-Related
Desynchronization (ERD) is used to refer to a reduction in spectral
power relative to baseline, while Event-Related Synchronization
(ERS) describes an increase in spectral power relative to base-
line (Pfurtscheller, 1992). Functionally, alpha ERD is described as
reflecting the release of cortical inhibition, while alpha ERS signals
the presence of inhibition. The concepts of inhibition and neural
efficiency are pervasive in the sports EEG literature, and are con-
sistent with several models of skill learning that have been highly
influential in the field of sports science.

In a seminal theoretical paper, Fitts and Posner (1967) iden-
tified three distinct stages of skill acquisition (an early cognitive
stage, an intermediate associative stage and a final autonomous
stage) that reflect increasing efficiency of execution. The initial cog-
nitive stage is characterized by effortful processing, supporting the
conscious regulation of movement. The second associative stage is
characterized by more efficient processing of task relevant sensory
information and greater efficiency in the execution of movement,
while the final autonomous stage captures the transfer from con-
scious regulation of movement to automaticity. Whilst Fitts and
Posner offer a specifically cognitive account of expertise, alterna-
tive physiological models also exist within the sports literature. For
example, expertise related changes in movement efficiency (i.e.,
when coordinating and controlling joints and muscle function in
motor skills) have been explored and evaluated relative to Bern-
stein’s notion of ‘freezing’ and ‘degrees of freedom’ in movement
(Bernstein, 1967).

From a physiological perspective, expertise requires efficiency
in motor output programming. Initially inefficient movement solu-
tions display a fixing (freezing) of joints and an increased activation
of muscle groups relative to task requirements. With practice and
time the restriction in degrees of freedom develops, resulting in a
greater efficiency in movement, accomplished by a release of joint
restrictions and superior muscle functioning (e.g., Anderson and
Sidaway, 1994; Sparrow, 1992). Furthermore, with relevant expe-
rience and exposure, expertise results in coordination and control,
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allowing resistance to develop against intervening factors such as
anxiety and competition pressure (Collins et al., 2001). This abil-
ity to self-regulate cognition, emotion and movement behavior is
relevant to successful sports performance and appears important
for an effective transition to the automatic level of performance
(Singer, 2002). In summary, theoretical models of motor learning
and skill acquisition help examine expertise with reference to both
cognitive and physiological levels of explanation.

As we highlight below, however, existing EEG studies of sports
performance have largely focused on cognitive explanations of
expertise. In line with Fitts and Posner’s (1967) model, a wealth
of behavioral evidence has associated peak performance (related
to the final stage) with the subjective feeling of automaticity (e.g.,
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Cohn, 1991; Anderson et al., 2014). Links between behavioral and
neural markers of efficiency were first described in the field of cog-
nition (Del Percio et al., 2011a), where higher levels of intelligence
and superior performance have been associated with reduced
cortical activation (Neubauer et al., 1995; Grabner et al., 2006;
Neubauer et al., 2004). Consistent with this view, in the following
section we review studies employing simple lab based tasks that
contrast expert and novice athletes, demonstrating that increas-
ing neural efficiency also underpins the development of sporting
expertise.

2.1. Expert vs. novice performance

Studies comparing expert and novice performance have demon-
strated that changes in alpha over specific regions of the scalp, are
associated with skilled cognitive-motor performance in athletes:
as such, alpha is thought to index changes in the neural response
linked to training and the acquisition of expertise. Differences
in eyes-closed resting state alpha rhythms have been observed
between elite and amateur karate athletes and non-athletes, with
an increase in parietal and occipital low-frequency (8-10.5Hz)
alpha for elite compared to amateur athletes and non-athletes;
a result that was subsequently replicated with a group of rhyth-
mic gymnasts (Babiloni et al., 2010). Whilst only a single condition
was employed in these initial studies, with no baseline measure of
alpha, similar results were found in a follow up study that directly
compared eyes-open to eyes-closed conditions. In this case, com-
pared to non-athletes, karate athletes exhibited reduced alpha ERD
over frontal and central locations - a significant reduction of reac-
tivity in the alpha band to eyes opening (Del Percio et al., 2011b).
Although these neural differences were measured in simple lab
based settings rather than during sporting behavior, they nonethe-
less provide tentative evidence of greater neural efficiency in elite
athletes.

While these basic differences between athletes and non-athletes
could suggest functional changes in alpha levels as a result of
intensive training, based on published findings reported to date
it is not possible to isolate a single cause driving the observed
changes. For example, it is highly likely that athlete and non-athlete
groups differ systematically in a number of important respects,
many of which can influence brain activity, ranging from person-
ality type (Tran et al., 2001) to levels of fatigue and drowsiness
(Borghini et al., 2014). Such variability matters, because genetic,
anatomical, physiological and psychological factors have all been
shown to influence the power and prevalence of baseline levels
of alpha in the EEG of individuals (for a review see Bazanova and
Vernon, 2013). As such, observed differences in baseline (or activ-
ity related) alpha levels could be explained in terms of heritable
genetic characteristics that are predictive of athletic competence,
rather than tracking level of expertise as a function of intensive
training.

Notwithstanding concerns about potential confounding vari-
ables when comparing different groups of participants, the use of
simple lab based tasks also limits the interpretability of the results
with reference to sporting behavior. Demonstrations of reductions
in cortical activation using tasks more closely aligned with sport
specific skills are, therefore, essential to elucidate neural factors
underpinning development of expertise as a function of training.
One approach is to measure alpha activity during the observation
of sports specific actions. For example, compared to non-athletes,
when viewing videos of real competition performances, rhythmic
gymnasts have been shown to make more accurate ‘judgments
of quality’ (compared to coaches ratings) and to exhibit lower
levels of alpha ERD. Moreover, in rhythmic gymnasts, high fre-
quency alpha (10-12 Hz) ERD was greater in magnitude for videos
associated with high judgment error than for those associated with

low judgment error (Babiloni et al., 2009). In this case, based on
source reconstruction analyses the changes in alpha associated
with expertise and performance were linked to different neural
pathways (although the actual location of recorded changes in
alpha were not reported). The gymnasts’ greater experience and
expertise is thought to underpin their ability to make judgments of
quality, with a sub-band of alpha specifically tracking the accuracy
of observations of sporting behavior.

An alternative to the observation of sporting behavior has been
the use of basic motor tasks to directly compare levels of neural effi-
ciency in athletes and non-athletes during behavior. For example,
research has shown that elite fencing and karate athletes exhibit
less of a decrease in alpha (over frontal, central, and parietal elec-
trodes) than non-athletes for monopoladic (one-foot) standing (Del
Percio et al., 2009a). Similarly, these athletes also exhibit reduced
alpha ERD over the primary motor cortex during preparation and
execution of wrist extensions (Del Percio et al., 2010). The use of
basic motor tasks is a significant improvement on simple lab tasks,
because they require behavior that is actually relevant to the chosen
sport. Arguably, however, the observation of real sports provides a
stronger link to the richness and complexity of sporting behavior.
Regardless, neither approach provides a direct assessment of links
between brain activity and aspects of sports expertise operative
during real performance.

2.2. EEG activity during the pre-shot period

Studies designed to measure brain activity during performance
have, to date, been limited to ‘closed sports’ (e.g., shooting, golf,
archery, etc.), where issues of equipment portability and movement
artifact are not a significant impediment. One reason that closed
sports provide an ideal opportunity to measure active performance
is that they typically involve fixed routines (e.g., target selection,
shot execution), allowing neural activity to be segmented over
time in relation to that behavior. In particular, researchers have
focused on target sports, examining neural activity present in the
seconds leading up to shot execution, known as the pre-shot period.
For example, examination of brain activity recorded pre-shot dur-
ing shooting shows that experts exhibit greater alpha power over
left-temporal electrodes than novices (Haufler et al., 2000, 2002).
Moreover, in skilled marksmen, this increase in left-temporal alpha
power has also been shown to be progressive over the pre-shot
period, being strongest just prior to trigger pull (Hatfield et al.,
1984).

A number of studies investigating the pre-shot period in tar-
get shooting have shown that superior performance is related to
an increase in alpha power over the left-temporal region of the
scalp (for a detailed review see Janelle and Hatfield, 2008). Left-
temporal cortex is typically associated with verbal-analytic and
language functions, while right-temporal cortex is associated with
visuo-spatial and integrative processing (Springer and Deutsch,
1998). Consequently, changes in alpha observed during pre-shot
routines have been interpreted as reflecting a reduction in inter-
ference from overthinking (evidenced by increased left-temporal
alpha), accompanied by the maintenance of visuo-spatial coordi-
nation (evidenced by right-temporal alpha being unaffected). In
line with the Fitts and Posner (1967) model of skill acquisition, it is
claimed that skilled marksmen have an enhanced ability to inhibit
verbal-analytic processes (that may be necessary in the early stages
of aiming, but ultimately interfere with performance if continued
during execution), as indexed by increases in alpha power in the left
hemisphere. However, other evidence challenges this view find-
ing that really high levels of left-temporal alpha power and low
beta power during the pre-shot period was associated with poorer
performance in skilled archers (Salazar et al., 1990).
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Evidence for performance related differences in alpha has also
been identified in another sport - during the pre-shot period in golf.
Fewer studies have been carried out with golfers to date, partially
due to the potential for head movement artifacts, but focusing on
the pre-shot activity during putting allows such artifacts to be min-
imized. For example, Baumeister et al. (2008) contrasted expert and
novice performance during putting toward a target from 3 meters,
over 5 sessions, each lasting for 4 minutes. Expert golfers performed
better than novices overall, and better performance was associated
with an increase in upper alpha power at parietal electrodes, along
with an increase in theta power at frontal electrodes. The increase
in frontal theta power for experts was interpreted as indexing more
focused attention, while the increase in parietal upper alpha power
was interpreted as reflecting better inhibition of irrelevant sensory
information.

As well as differences between expert and novice golfers during
the pre-shot period, differences in levels of alpha have also been
demonstrated in the pre-shot period for successful and unsuccess-
ful putts (Babiloni et al., 2008). In this study, expert golfers were
required to execute 100 putts on a golf green simulator, from a
distance of 2.1 meters. To ensure that at least 30% of putts were
unsuccessful the diameter of the hole was adjusted for each partic-
ipant (108 mm - standard, 80 mm, 60 mm). Results demonstrated
increases in high frequency alpha ERD (10-12 Hz) for successful
compared to unsuccessful putts over frontal and central midline
(Fz and Cz), and right sensorimotor (C4), electrodes (see Fig. 3).
Moreover, the reduction in alpha power correlated with the degree
of error on unsuccessful putts, with stronger reductions associated
with smaller degrees of error, as measured by the distance from the
hole.

Whilst the preceding study once again provides evidence for
changes in performance related alpha in a real sporting context,
concerns with the findings cannot be ignored. From the perspective
of sports practitioners, adjusting the size of the hole undoubtedly
sacrifices some of the ecological validity gained by recording dur-
ing actual performance. Moreover, from an EEG perspective, it is
unclear why reductions in alpha power at electrodes Fz and Cz
were not present in between, at electrode FCz, which would be
expected to show a highly similar pattern. Perhaps more puzzling
still is the fact that, rather than the previously reported increase
in alpha, in this case superior performance was associated with a
reduction in alpha power. Consideration of inconsistencies in find-
ings reviewed thus far, both across sports and between studies,
highlights the potential importance of characterizing functional
relationships across cortical regions.

In a follow-up study, Babiloni et al. (2011) employed the same
procedure reported above to investigate the functional coupling of
alpha rhythms across electrode locations in expert golfers for suc-
cessful and unsuccessful putts. Results revealed intra-hemispheric
coherence in low frequency alpha (8-10Hz) between parietal and
frontal, and parietal and central sites in both hemispheres, an
effect that was larger for successful putts. Comparable results
were found for coherence of high frequency alpha (10-12Hz)
between frontal and parietal sites. Enhanced functional coupling
of low and high frequency alpha between parietal regions, and
temporal and occipital regions, has also been reported for elite
air pistol shooters compared to non-athletes (Del Percio et al.,
2011a). Taken together, these studies suggest that superior per-
formance is associated with enhanced functional coherence of
alpha rhythms prior to execution, consistent with the idea that
expertise acquired over practice can elicit changes in the func-
tional organization of the athletes’ brain. Specifically, both of the
studies outlined above link expertise with enhanced communi-
cation between visuo-spatial parietal sites and regions associated
with motor control and attentional processing. However, whether
changes in alpha coherence indicative of expertise vary as a
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Fig. 3. Top panel shows the mean percentage of high-frequency alpha ERD at elec-
trodes of interest. Middle panel shows scalp maps illustrating the distribution of
high alpha ERD for successes and failures, along with the difference in distribution.
Bottom panel shows the correlation between levels of high frequency alpha ERD
and the degree of error (distance from the hole) on unsuccessful putts.

All adapted from Babiloni et al. (2008).

function of sport or specific task demands remains an open ques-
tion.

3. Issues and inconsistencies

Globally, the literature to date supports the view that changes
in the alpha band are linked to differences in performance, but the
specific details of the relationship remain unclear, in part because of
inconsistencies in the direction of effects across studies. One possi-
bility is that the cognitive effects of changes in alpha are themselves
modulated by changes in other frequency bands (e.g., Salazar et al.,
1990; see below in this section for further discussion). Alterna-
tively, thinking of the relationship between alpha and performance
as a simple linear function, where high degrees of alpha are always
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beneficial for performance, may underestimate the complexity of
the relationship. In line with this assertion, it has been argued
that lower levels of alpha indicate increased cognitive engagement,
while medium levels index a reduction in this engagement moving
toward greater automaticity of execution, and high levels indicate
“cortical idling” which results in poorer performance (Deeny et al.,
2003).

3.1. Methodological

In addition to variation in the direction of the relationship
between alpha levels and performance outcomes, uncertainty is
also introduced by inconsistencies in the scalp location where per-
formance related changes in alpha have been reported for target
sports. For example, in contrast to the left-temporal focus of alpha
described above, a study of commonwealth level air-pistol shoot-
ers showed an increase in occipital alpha power preceding the best
shots (Loze et al., 2001). Similarly, a study of pre-shot activity in
elite air pistol shooters and non-athletes reported lower alpha ERD
extending across frontal, temporal, parietal and occipital scalp loca-
tions for elite athletes, while an increase in the magnitude of upper
alpha ERS (10-12 Hz) over right-parietal and left-central locations
was associated with high score shots (Del Percio et al., 2009b). Con-
trasting aspects of the methodology employed in these two studies
highlights a number of key problems that exist in the sports EEG
literature in general, which complicates interpretation of the evi-
dence to date.

Oscillations in the alpha range are associated with global com-
munication and can, accordingly, be detected over the entire
surface of the cortex (Nunez, 1995; Knyazev, 2007), and research
has also demonstrated functional coupling between alpha mea-
sured at anterior and posterior locations (Srinivasan, 1999).
However, fast (or upper) alpha rhythms are predominately
generated in posterior regions, with slower (or lower) alpha
rhythms predominately observed in anterior regions (Nunez and
Katznelson, 1981). Importantly, differences in the location of
reported alpha, and as a result apparent differences in cognitive
functions associated with optimal performance in sport, are at least
in part driven by the choice of electrode locations. In practice, the
bulk of early target sports studies measured alpha from a small
number of targeted recording sites (e.g., the study described above
by Loze et al., 2001, employed 3 channels: T3, T4, Oz), whereas
some more recent studies employ larger montages more typical
of the wider EEG literature (e.g., the study described above by Del
Percio et al., 2009b, employed 56 channels). Thus, given the ubiqui-
tous nature of alpha across the scalp, differences in the number and
location of electrodes across studies are likely to account for some
of the apparent inconsistencies in the reported location of effects.

3.2. Analysis and interpretation

Alongside concerns about variability in electrode locations used
in sports neuroscience studies, a number of wider concerns have
been raised regarding the interpretation of brain oscillation data in
general (e.g., Bazanova and Vernon, 2013; Cohen and Gulbinaite,
2014). Two specific challenges resonate strongly with work exam-
ining sports performance, namely, a lack of consistency in analysis
strategy and a failure to address the potential for multi-scale inter-
actions between different frequencies. Lack of consistency across
studies is particularly apparent in the bandwidths used to define
alpha, with some researchers splitting frequency bands into upper
and lower portions (sometimes on a person-by-person basis, the
so-called ‘individual alpha frequency’ strategy), and others repor-
ting data for entire bandwidths (chosen based on an a priori basis).
Another prominent source of inconsistency lies in the choice of
baseline period: reported increases or decreases in band power are

dependent upon the baseline used as a starting point (e.g., consider
the use of eyes-closed supine versus eyes-open upright-standing
as potential baselines in relation to observation of performance).

More broadly, existing studies of sports performance typically
focus primarily, if not entirely, on alpha - ignoring the fact that
changes in specific frequency bands do not occur in isolation and
can often be reciprocal in nature. For example, a negative relation-
ship between alpha and delta oscillations has been identified, such
thatincreases in alpha are accompanied by decreases in slow-wave
delta (Robinson, 1999). The presence of multiple frequencies, and
the possibility of interactions between frequencies, are generally
underappreciated orignored within the sports literature. As such, at
this stage, it is difficult to assess whether inconsistencies in findings
for target sports relate to differences in task demands or are merely
a product of differences in method, terminology or analysis strat-
egy. In general, future work in sports should adhere more closely to
existing guidelines detailing accepted standards for recording and
analysis of EEG data in the wider literature (e.g., see Picton et al.,
1995, 2000; Sharbrough et al., 1991), and give careful consideration
to sport specific challenges raised by recording EEG data during
motion (see Thompson et al., 2008). Notwithstanding the issues
outlined above, findings to date do, overall, support the presence
of a relationship between alpha levels and optimal performance in
target sports.

Overall, the preceding sections highlight both similarities and
differences in patterns of alpha activity found across studies. While
evidence for the role of alpha in sporting expertise has consistently
been reported, it is equally clear that results are somewhat variable
(e.g., in the location and direction of changes in alpha). As already
noted (see Section 2.1) physiological, developmental and psycho-
logical factors can all influence frequency components, providing
many opportunities for confounding factors in between group com-
parisons. For example, groups of novices are highly likely to be more
heterogeneous in their behavior than groups of experts, potentially
resulting in neural differences regardless of factors related to exper-
tise (cf. Chuang et al., 2013). Wide adoption of the expert/novice
paradigm, and a broader reliance on between group comparisons,
is in part driven by the main goal of cognitive neuroscience: to
identify brain-behavior links that hold for populations as a whole.
While useful in identifying basic neural mechanisms that charac-
terize expert performance across a variety of sports, reliance on
between group contrasts also means that the literature to date has
largely failed to address the main goal of sports science: to assess
and enhance performance in individual athletes. Before returning
to the issue of person-specific assessment in the context of tailored
neurofeedback protocols, the following section first introduces an
alternative approach to examining performance related brain activ-

1ty.

4. EEG in the time domain: ERPs and stages of processing

A comparatively small number of sports performance stud-
ies have examined neural activity in the time domain, mapping
changes in EEG to particular event milestones by forming
Event-Related Potentials (ERPs). ERPs reveal changes in activity
specifically associated with an event of interest (e.g., seeing a stim-
ulus or making a response), typically characterized as modulations
in the amplitude (i.e., magnitude) of activity measured over a par-
ticular period of time, at specific locations over the scalp, when
contrasting across experimental conditions (see Luck, 2005). Time
and frequency based analyses provide complimentary insights into
the neural basis of behavior, and in principle the same EEG data
can be examined in both domains. The findings cannot always be
readily compared, however, in part because the temporal precision
employed with the two methods differs. Whilst frequency data is
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typically measured over seconds, ERPs are used to track changes
in activity over tens or hundreds of milliseconds - aligning well
with the rapid timecourse of sporting activity. As a result, studies
in the time domain have largely examined two broad categories of
ERP effect relevant for sporting action; which are reviewed in turn
below.

4.1. Preparing, inhibiting and executing

A number of ERP studies have focused on well-characterized
neural correlates of movement, namely readiness potentials,
related to preparation for making a response, and motor potentials,
related to the actual execution of the response. When participants
are required to make motor responses (e.g., finger, arm or leg move-
ments) the period preceding the execution of the movement is
associated with sustained changes in brain activity — a gradual
reduction in electrical activity is followed by a sharp spike in activ-
ity that can be measured from electrodes positioned over motor
cortex (e.g., C3 and C4). For example, compared to amateurs and
non-athletes, elite table tennis players exhibit an increase in the
amplitude of readiness potentials measured during performance
of a Posner-style attention task (Hung et al., 2004). In this study
a mixture of valid and invalid directional cues were presented to
participants, indicating the location of a subsequent target stim-
ulus; modulations were observed in the response preceding the
target at electrodes located over sensorimotor areas for the hand
corresponding to the side of a directional cue. This finding was
interpreted as reflecting ‘superior reactivity’ as a function of sports
specific expertise, presumably because table tennis players use
movement cues from opponents to predict the trajectory of the
ball during play. However, use of a standardized lab based test of
attention employing abstract cues unrelated to sporting context
is clearly not equivalent to reading complex movement cues dur-
ing performance, making links to sports specific skills somewhat
tentative.

Differences in movement potentials have also been reported
by studies employing simple lab tasks more closely aligned with
sports specific skills. For example, compared to non-athletes, elite
rifle shooters have been shown to exhibit a reduction in movement
related cortical potentials measured during self-paced finger move-
ment (Di Russo et al., 2005). In this case, participants were required
to perform flexion movements by pressing buttons on a response
pad, alternating between left and right index fingers between trials.
ERPs were time locked to movement onset and revealed differences
between athletes and non-athletes in the latency and amplitude of
movement potentials only for right finger flexion (the finger used
for shooting). Potentials associated with preparation and execu-
tion of voluntary movement (i.e., the Bereitshaftpotential [-1500
to —500ms] and Negative Slope [-500 to —50 ms]) were longer
and smaller in amplitude over central left-hemisphere locations in
rifle-shooters than for controls. This study is notable for targeting
specific aspects of physical control thought critical for rifle shoot-
ing. As for many of the simple lab based tasks discussed earlier
however, no direct reference was made to sporting context, leaving
it difficult to assess whether differences between athletes and non-
athletes are related to expertise acquired via training or heritable
traits predictive of expertise.

Analogous to the transition from simple lab based tasks to more
realistic sporting behavior described above for frequency domain
studies, neural changes in the response of experts during the obser-
vation of sports specific actions have also been revealed with ERPs.
For example, when presented with pictures of real attacks per-
formed by elite athletes, and asked to indicate the side of attack,
fencing and karate athletes have been shown to exhibit differ-
ences in movement related potentials compared to non-athletes
(Del Percio et al., 2008). Here, ERPs were averaged time locked to

the onset of the motor response and analysis focused on potentials
associated with preparation (readiness potential) and initiation of
movement (motor potential) over central locations (C3, Cz, C4)
during the —1500 to —500 ms time interval preceding response.
Results revealed a reduction in the amplitude of readiness and
motor potentials in athletes, for right movements over supple-
mentary motor (i.e., Cz) and contralateral sensorimotor (i.e., C3)
locations for both classes of athletes compared to non-athletes, and
higher amplitude motor potentials over the ipsilateral sensorimo-
tor location (i.e., C4) for karate than for fencing athletes. Much like
findings from studies examining changes in alpha, these ERP find-
ings were interpreted as supporting greater neural efficiency as a
function of training in elite athletes, whilst highlighting that the
development of neural efficiency in motor preparation and execu-
tion can depend upon the side of movement and may also be sports
specific.

As the preceding review highlights, the results from ERPs studies
examining movement potentials are somewhat variable, with both
increases and decreases in the amplitude of readiness and motor
potentials associated with sporting expertise. Changes in the pat-
tern of results across studies could, of course, merely reflect sport
specific differences. Regardless, the variable nature of the findings
appears to stand in opposition to broader claims that there is a
direct mapping between the development of sporting activity (as
indexed by increasing levels of expertise) and neural efficiency
(as indexed by reductions in brain activity). Evidence contradict-
ing claims of a relationship between greater neural efficiency and
higher expertise is, however, not limited to the sporting domain;
in the wider cognitive neuroscience literature better performance
has been associated with both increases and decreases in activation
(Gray et al., 2003; Haier et al., 2004). Clearly, care must be taken
when interpreting changes in the amplitude of ERP (or power of
frequency) effects; some aspects of the signal may reflect inhibi-
tion, while others may simultaneously reflect increased activation.
In addition to varying as a function of level of expertise, whether
patterns of activation, inhibition, or both are observed may depend
upon specific task demands and the exact nature of the sport in
question (Del Percio et al., 2011b). While findings relating to move-
ment potentials are mixed, studies examining ERP effects related
to stimulus detection and response selection have produced more
consistent results.

4.2. Detection, evaluation and selection

Consistent changes in patterns of brain activity for athletes com-
pared to non-athletes have been reported by studies employing
Go/No-go paradigms. Used in the wider literature to investigate
aspects of response control, this procedure involves the presen-
tation of a series of cues that signal either action (Go trials) or
inhibition (No-go trials), with ERPs recorded time-locked to the
presentation of different cue types. When examined in typical (i.e.,
non-sports) populations, increases in the amplitude of N200 (a neg-
ative deflection occurring ~200 ms after stimulus onset linked to
stimulus detection) and P300 (a positive deflection ~300 ms after
stimulus onset linked to stimulus evaluation) potentials are com-
monly found for No-go trials, and are largely thought to reflect
aspects of response inhibition in this context (e.g., Falkenstein et al.,
1999; Bekker et al., 2005; Oddy et al., 2005). A similar pattern of
results has also been found in between-group comparisons of ath-
letes and non-athletes. For example, contrasts between difference
waveforms (Go minus No-go) has shown that elite fencing ath-
letes exhibit larger N200 effects at frontal locations, and larger P300
effects at frontal and parieto-occipital locations, than are seen for
non-athletes (Di Russo et al., 2006). While supporting the view that
expertise is facilitated by better attention to task relevant stimu-
lus features and enhanced inhibition of planned responses, once
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again the findings come from a study employing a simple lab based
task, with four abstract geometric configurations to signal Go/No-
go activity, making no reference to real sporting behavior.

The importance of examining neural activity in sports-relevant
contexts is highlighted in a study by Nakamoto and Mori (2008).
Here a lab based Go/No-go task was employed, comparing perfor-
mance of baseball players and non-athletes, while manipulating
the sports-relevance of task cues. In a baseball condition, spe-
cific spatial locations acted as a cue for response execution or
inhibition (with the intention of mimicking cues provided dur-
ing batting), whereas in the remaining experimental conditions
responses were made based on arbitrary stimulus location or color
(see Fig. 4a for schematic illustration of experimental conditions).
ERPs, time locked to stimulus onset, were formed for each group,
condition and response type, and analysis focused on readiness
potentials (from —600 ms prior to response), P300 effects for Go
trials (280-500ms) and N200 and P300 effects for No-go trials
(150-250 ms, 280-500 ms). Results revealed that for the baseball
specific condition, readiness potentials were shorter lived for the
baseball group than for the control group, providing evidence for
a domain-specific advantage in motor preparation for expert play-
ers. In addition, for baseball players, P300 effects were larger in
amplitude for No-go trials in the baseball specific and color con-
ditions, but were more pronounced at frontal sites for the baseball
specific condition, suggesting enhanced attention to sport-relevant
cues (see Fig. 4b). Taken together, these findings were interpreted
as providing evidence for domain specific response selection and
stronger inhibition as a function of expertise.

While the preceding study specifically aimed to examine sport
specific changes in neural activity, it still failed to fully capture
the dynamic nature of real-world baseball performance. A more
realistic approach was adopted by Nakamoto and Mori (2012) in a
baseball simulation study investigating movement correction and
the rate of motor reprogramming in expert and novice players.
An electronic trackway with LED lights was used to simulate the
approach of a moving target (see Fig. 5a), and the velocity of the
target was manipulated by introducing an occasional unexpected
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Fig. 4. (a) Procedure: each panel illustrates a specific stimulus-response mapping
highlighting the position of Go and No-go trials across conditions designed to manip-
ulate baseball relevant processing. (b) Results: grand-average ERP waveforms for
each condition on No-go trials for the baseball and control groups at electrodes Fz
and Cz. Boxes highlight differences in P300 effects that were evident only for the
baseball group.

Adapted from Nakamoto and Mori (2008).

slow ball simulation. ERPs were formed for fast and slow ball sim-
ulations, time locked to the onset of velocity change on slow balls,
and fast ball ERPs were subtracted from slow ball ERPs to eliminate
common activations. Results revealed that when presented with
slow balls, baseball experts exhibited faster onsetting N200 poten-
tials over central locations, along with a delay in the peak latency
of P300 potentials, and an increase in the amplitude of P300 poten-
tials over frontal locations (see Fig. 5b). Extending the findings from
the previous study, results were interpreted as reflecting faster
stimulus detection and stronger inhibition of planned responses
in experts.

Overall, the ERP studies reported in the preceding section
demonstrate that it is possible to identify patterns of brain activ-
ity related to specific stages of behavior. Moreover, these neural
mechanisms have been shown to be sensitive to sporting exper-
tise. Evidence suggests that sensory, cognitive and motor processes
underlying skilled behavior in general, can also be identified as
playing a significant functional role in expert sporting perfor-
mance. As with work carried out to date in the frequency domain,
however, ERP studies largely fail to address the complexity of real-
world sporting activity. Understanding expert performance and the
development of sporting behaviors through research applications
of mobile EEG clearly presents an opportunity for paradigm change.
The ability to capture neural signals and motor behavior measures
within ecologically valid environmental conditions will form one
basis for new understanding. At the very least, measuring actual
sports performance, rather than performance on abstract labora-
tory tasks (as the majority of existing studies have done) is likely
to lead to significant advances in understanding.

Our review also reveals a clear opportunity for mobile EEG to be
used to ask different kinds of questions to those traditionally asked
by cognitive neuroscientists, more aligned to issues of interest to
sports professionals. For example, from a sports perspective it is
of interest to examine longitudinal changes in EEG within individ-
uals — both as a basis for assessing changes in performance with
practice or coaching, but also for the purpose of identifying talent.
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Fig.5. (a) Procedure: schematic illustration of experimental apparatus used to sim-
ulate the approach of a moving target for baseball players. (b) Results: grand-average
ERP waveforms for changed and unchanged velocity conditions in the baseball and
control groups at electrodes Fz and Cz. In comparison to controls, data for the base-
ball group evidenced earlier onsetting N200 potentials over central locations, along
with delayed P300 potentials at frontal locations that were larger in amplitude.

Adapted from Nakamoto and Mori (2012).
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Ultimately, effective sports neuroscience measures should allow
the selection and development of talented individuals. As noted
earlier in the introduction, mobile EEG technology has advanced
sufficiently to open up research in this area; before outlining these
technological developments in more detail, the following section
will provide a selective review of the evidence supporting the appli-
cation of neurofeedback techniques in sport.

5. Neurofeedback

Neurofeedback is a conditioning technique employed to teach
participants to modify their own neural activity, by facilitating the
recognition of specific mind/brain states associated with particu-
lar (i.e., desired) behavioral outcomes. In a typical neurofeedback
paradigm, participants have their EEG measured continuously and
a representation of their brain activity is communicated back to
them (see Fig. 6). Frequency analysis of the EEG is commonly used
to provide a rolling estimate of the power of particular bands (e.g.,
alpha, theta), and power levels can be shown graphically, repre-
sented by auditory tones, or via some form of illustration (e.g., a
balancing scale or moving ball). Over time, participants are able
to learn how their internal mental state correlates with the neu-
ral signal, allowing voluntary control to be exerted over entry to,
and maintenance of, particular states. A number of neurofeedback
protocols have been developed, relying on different neural sig-
nals, and used in different contexts. For example, Alpha-Theta (A/T)
training is often employed to encourage relaxation and reduce anx-
iety, by requiring participants to raise levels of theta over levels
of alpha (e.g., see Peniston and Kulkosky, 1991; Raymond et al.,
2005) or raise levels of alpha and theta together (e.g., see Peniston
and Kulkosky, 1989). By contrast, Sensory Motor Rhythm (SMR: see
Kober et al., 2014) training is used to reduce motor interference and
enhance cognitive performance, and participants are commonly
required to raise SMR (12-15Hz) levels whilst controlling beta
levels.

Neurofeedback was originally applied in clinical contexts (e.g.,
Lubar and Shouse, 1976), with the aim of treating various psy-
chological disorders, including anxiety, depression, Post-Traumatic
Stress Disorder (PTSD) and Attention-Deficit Hyperactivity Dis-
order (ADHD). However, the goals of neurofeedback in clinical
populations differ dramatically from those of performance
enhancement in sport, where the aim is to take normal patterns
of activation and make them optimal (Wilson and Peper, 2011).

Feedback (visual or auditory)

Indeed, rather than being interested in changes in neural patterns
per se, the aim for sports is simply to achieve changes in per-
formance outcomes. Initial evidence supporting the viability of
neurofeedback techniques for performance enhancement in nor-
mal populations came from work demonstrating that increasing
power in specific frequency bands led to enhanced cognitive per-
formance (e.g., Hanslmayr et al., 2005). While the potential to use
neurofeedback for performance enhancement in sport has been
recognized for some time, progress to date has been limited by a
lack of adequately controlled studies. Historically, however, criti-
cism of neurofeedback techniques on these grounds has not been
limited to the field of performance enhancement in normal popu-
lations; a general lack of validity was also apparent in early work
with clinical populations.

Recently, evidence has begun to accumulate validating the
use of specific neurofeedback protocols for enhancing aspects
of cognitive function in both clinical and normal populations,
driving renewed interest in the potential of neurofeedback tech-
niques in general (e.g., Bazanova et al., 2009; Nan et al., 2012;
for discussion and review see Gruzelier, 2013). In the context
of optimizing aspects of sporting performance, however, applica-
tion of neurofeedback still awaits thorough validation. Somewhat
surprisingly, despite dramatic growth over the last decade in
the number of sports related neurofeedback studies, some of the
strongest evidence supporting the efficacy of the technique still
comes from the earliest work in the field. For example, Landers
et al. (1991) studied the effectiveness of neurofeedback training
using 24 pre-elite archers randomly split into three treatment
groups. Alpha levels were recorded whilst participants made a
series of shots, and neurofeedback was provided visually. The cor-
rect feedback group received a single session of training where
the goal was to reduce left-temporal (T3) activation; the incor-
rect feedback group received training to reduce right-temporal
(T4) activation, and the control group received no training. As
would be expected, based on previous findings demonstrating that
left-hemisphere alpha levels are associated with expertise (see
Section 2.2), the correct feedback group showed an improvement
in performance following training, whilst the incorrect feed-
back group showed poorer performance post-training, and scores
for the control group did not differ. Despite this early positive
demonstration, however, contemporary research has made limited
progress in supporting the efficacy of neurofeedback in sporting
contexts.
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Fig. 6. Schematic illustration of laboratory set up for neurofeedback training. Neural signals are processed in real-time and participants are typically given auditory or visual

information on current status, to facilitate modification of mental states.
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In a recent study, for example, Brown et al. (2012) employed
a standardized SMR training protocol to enhance the accuracy of
serves in 10 elite table tennis athletes and demonstrated a trend
toward greater accuracy following neurofeedback training. Unfor-
tunately, this effect failed to reach statistical significance, and the
authors did not employ a control group, making it difficult to inter-
pret the results. Failure to find significant changes in performance
measures or patterns of brain activation following neurofeedback
training is not, however, uncommon. For example, Dekker et al.
(2014) employed self-guided eyes open alpha training over 10 ses-
sions in 12 elite gymnasts in a double-blind and placebo-controlled
study. For the treatment group neurofeedback was provided by
linking alpha power to the auditory sound quality of music played
to participants. Results failed to demonstrate either a significant
benefit of training, or differences in baseline alpha levels between
treatment and control groups post-training. One potential con-
cern for interpreting the results of this study is that music itself
affects the cognitive and psychomotor functions involved, poten-
tially making any additional benefits of neurofeedback difficult to
identify. The study does, nonetheless, highlight that validation of
neurofeedback techniques in sport is still lacking. In short, these
studies fail to provide substantial behavioral or neural evidence
that supports the validity of neurofeedback training.

One potentially critical difference between these three studies is
the level of athletes employed, with significant results only found
for pre-elite athletes (i.e., Landers et al., 1991). Whilst improve-
ments in performance are, in principle, more difficult to observe in
elite athletes (due to their existing high levels of expertise) than
in pre-elite or amateur athletes, significant benefits of neurofeed-
back training have, nonetheless, been reported for elite athletes.
In a longitudinal study, Rostami et al. (2012) compared the perfor-
mance of 24 elite rifle shooters over the course of five weeks; half
formed a treatment group, receiving 3 sessions (60 minutes) of SMR
neurofeedback training per week, while the remainder formed a
control group receiving no training. The authors found a significant
improvement in shot results for the neurofeedback group when
assessed post-training, but no difference in the control group. Inter-
estingly, although the two studies described that have reported
significant improvements employed different training protocols,
they both focused on target sports — suggesting that the poten-
tial efficacy of neurofeedback may partially depend on the nature
of sport specific task demands. Equally, it is plausible that the pre-
defined neurofeedback protocols employed in these studies may
align with aspects of function that are more crucial for performance
in target sports than for sports such as table tennis and gymnas-
tics. While delineating between these potential explanations lies
beyond the scope of the current review, the preceding discussion
hints at the need to develop sports specific training protocols.

Regardless of whether standardized neurofeedback protocols
turn out to be valid only for a subset of sporting behaviors, the
studies reviewed above all attempt to characterize the benefits of
neurofeedback at a population level. As noted above, however, a
more critical issue for sports practitioners is to enhance the perfor-
mance of individual athletes. Elite athletes are necessarily outliers -
they have acquired a level of expertise that cannot be accounted for
by practice alone. Indeed, a large number of athletes can complete
comparable training regimes as amateurs, but only a handful will
go on to develop expertise worthy of elite status. Consequently,
one critical question from the point of view of the sports prac-
titioner is whether patterns related to success in different sports
are trainable via the application of EEG based neurofeedback on an
individual basis. Inter-individual differences in baseline frequen-
cies suggest that the optimal pattern of training should not only be
sport specific, but should also be individually tailored.

Despite a number of authors commenting on its necessity (e.g.,
Hammond, 2007), to our knowledge only one study published to
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Fig. 7. Percentage of successful putts over three days for training and no training
sessions. Significant improvements in performance were observed for both training
sessions on day 2 compared to the first no training session.

Adapted from Arns et al. (2008).

date has assessed the application of individually tailored neuro-
feedback training during performance. In a novel and technically
ambitious study, Arns et al. (2008) created personalized profiles for
6 amateur golfers based on EEG recorded from electrode FPz during
the execution of 80 assessment putts. Activity profiles were formed
by averaging EEG across the assessment putts, and then identifying
frequency bands that exhibited differences in power between suc-
cessful and unsuccessful putts during a 1-second pre-shot period.
These personal profiles were then applied during three sessions, on
three consecutive days. During training a tone was used to indicate
when the optimal neural pattern had been achieved, providing a
signal that the putt should be executed. On each day participants
performed four sets of 80 putts that alternated between no training
and training conditions in a blocked design. Results demonstrated
the presence of significant increases in putting accuracy for training
compared to no training blocks on day 2, but no benefit of training
was observed for day 3, with performance being lower overall than
on day 2 (see Fig. 7). In principle, this study illustrates the ideal use
of neurofeedback, yoked closely to active sporting behavior - with
the aim of enhancing performance on an individual level.

Although promising, the findings reported by Arns et al. (2008)
are not definitive, at least in part because the effects of neurofeed-
back were variable. The poor performance and absence of benefit
seen for sessions 1 and 3 could have resulted from putting tak-
ing place outdoors (compared to indoors for session 2). Arguably,
outdoor conditions are associated with greater variability (e.g., due
to changes in lighting, wind, etc.) resulting in more difficult task
demands in the outdoor sessions. Regardless, a greater concern
is the fact that whilst neurofeedback measures were tailored to
each individual, performance measures were not reported individ-
ually, making it difficult to assess fully links between neural profiles
and performance enhancement. Notwithstanding these concerns,
the current study is the first to demonstrate that personalized EEG
profiles related to success can be identified in the pre-shot period
and, tentatively, that they could be used to enhance performance
in individual athletes.

It is clear from the preceding discussion that findings from
the application of neurofeedback during sporting performance
are mixed, and further work in this area is warranted before
firm conclusions about the efficacy of neurofeedback can be
reached. In a recent extensive review of the wider literature on
neurofeedback, Gruzelier (2014) identified a range of method-
ological flaws, highlighting three key criteria for demonstrating
the validity of neurofeedback (i.e., specificity of frequency band,
behavioral outcome and topographic distribution). In depth discus-
sion of these issues and other factors influencing the efficiency of
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neurofeedback training (for discussion see Vernon et al., 2009;
Alexeeva et al., 2012; Bazanova, 2012) lie beyond the scope of the
current review, however, it is clear that validity conditions have
not yet been fully addressed in the domain of sports neuroscience.
For example, studies have focused on demonstrating improve-
ments in behavioral performance, without aiming to demonstrate
post-training changes in the targeted frequency. While applica-
tion of neurofeedback in sports is still in its infancy, lessons can
clearly be learned from the established literature in other areas.
Ultimately, neurofeedback has great potential as a training tech-
nique to enhance performance in sports, but still requires detailed
investigation and validation. At this stage, an essential requirement
is to better characterize differences in factors across sports, and
between individuals competing at the elite level, to provide an ade-
quate knowledge base for effective application of neurofeedback
techniques, by measuring EEG during active sports performance.

6. Toward a mobile cognition approach

Over the course of this review we have highlighted that differ-
ent patterns of neural activity are observed when sports relevant
activity is examined, compared to when simple lab based tasks are
employed. Consequently, if significant progress is to be made in
the field of sports neuroscience, imaging data needs to be collected
whilst athletes engage in real active sporting behavior, using eco-
logically valid paradigms. Real-world EEG data collection creates a
number of specific requirements however, including portability of
the equipment, ease of application and the ability to effectively han-
dle motion artifacts. From the perspective of sports practitioners, it
is critical that mobile EEG equipment and procedures do notimpede
sporting activity, or lead to significant interruptions during train-
ing. From a neuroscience perspective, data quality is paramount,
and mobile systems must be able to deal with motion artifacts
effectively, whilst closely matching the performance of a lab-based
setup. Fortunately, as we outline below, over the last decade there
have been significant developments in mobile EEG technology that
overcome many prior limitations and promise to make real-world
recording a routine practice.

The main advance in technology facilitating the movement of
EEG from the lab into the real-world has been the development
of small lightweight battery powered amplifiers. Recorded data
is typically saved to a portable hard-drive for later review and
analysis off-line, but can also be transmitted wirelessly in real-
time to a PC or handheld device for on-line viewing. Consumer
technology currently available on the market includes wearable
headsets designed primarily for Brain Computer Interface (BCI)
applications (e.g., Emotiv [Hong Kong, ROC]; Neurosky [San Jose,
CA, USA]). Smaller devices also exist, employing a limited num-
ber of electrodes (i.e., that can be worn on a headband or on a
belt around the waist), designed primarily for use in psychophys-
iological monitoring and neurofeedback applications (e.g., B-Alert
X series [Advanced Brain Monitoring, Carlsbad, CA, USA]; Neurobit
Systems [Gdynia, Poland]). These devices were primarily developed
for personal applications such as gaming and health monitor-
ing rather than for use in research per se. Nonetheless, the rapid
development of commercial equipment has demonstrated that it
is possible to produce truly mobile EEG technology, meeting the
portability requirements of sports practitioners. However, despite
enthusiastic adoption of mobile EEG across a range of applications,
the validity of these systems for use in pure research applications
was largely unaddressed.

At this stage, work validating mobile EEG technologies for use in
pure research applications is ongoing, but initial signs are promis-
ing. The bulk of studies to date seeking to validate mobile EEG
technology have focused on P300 effects, which provide a highly

reliable signal, observable even at a single trial level (e.g., Debener
et al., 2002; Blankertz et al., 2011). Whilst relevant for sporting
behavior, the focus on P300 effects in validation studies is primarily
driven by the utility of P300 effects for BCI research. For example, a
recent BCI study directly compared wireless mobile and traditional
fixed amplifiers using a simple lab based task. Results revealed a
high degree of correlation in the amplitude and topography of P300
effects across systems, suggesting that it is now possible to capture
comparable EEG data using mobile amplifiers (De Vos et al., 2014a).
Whilst this study is important as a test of the basic validity of the
mobile equipment, demonstrating that a known neural signal can
be accurately measured, it does not address a key requirement: the
ability to record clear signals during motion.

A clear demonstration that reliable P300 effects can be obtained
during motion has been provided by studies employing oddball
tasks (i.e., where participants are required to report infrequent
targets presented within a stream of frequent non-targets). For
example, using EEG recorded indoors whilst seated versus outdoors
whilst walking, reliable single-trial P300 effects were obtained
using an auditory oddball task (Debener et al., 2012). In this case
the wireless setup used dry electrode sensors taken from a com-
mercial Emotiv headset, fitted into an elasticated cap with a small
head mounted amplifier. Importantly, these findings were repli-
cated ina more recent study employing the same mobile equipment
while participants walked freely outdoors (De Vos et al., 2014b).
Taken together, these studies confirm the validity of mobile EEG
technology for capturing P300 effects during motion. While fur-
ther validation will be required to assess measurement of other
sports-relevant patterns of brain activity in the field, current find-
ings support the view that advances in mobile equipment now
make this a genuine possibility.

Along with advances in EEG mobile technology, progress in sig-
nal processing has also made it possible to address some of the
issues traditionally associated with capturing neural data in active
sporting contexts (for discussion see Thompson et al., 2008). In
particular, spatial filtering techniques such as Independent Compo-
nents Analysis (ICA) can be applied to ERP data to dissociate brain
activity from movement artifacts. In basic terms, ICA uses the cor-
relational structure of a dataset to decompose the observed ERP
waveform into a set of statistically independent constituent com-
ponents that can then be apportioned as either signal of interest,
or noise (e.g., Vigario et al., 2000). Using an ICA approach, Gramann
et al. (2010) contrasted ERPs recorded using standard equipment
during a visual oddball task with four movement conditions: per-
formed on a treadmill, standing, slow walking, fast walking and
running. Whilst the data from the running condition was excluded
due to the presence of large mechanical artifacts caused by move-
ment in the cabling, results evidenced comparable P3 effects across
the remaining movement conditions, demonstrating that reliable
effects can be obtained during moderate whole body movement.

Overall, the evidence to date supports the view that develop-
ments in mobile EEG technology and progress in signal processing
now make it possible to monitor brain activity during active
sports performance. Moreover, recently, mobile EEG equipment
aimed specifically at sporting applications has become commer-
cially available that can record up to 64-channels of high resolution
EEG - providing recording capabilities that have only been found
in lab-based systems to date (Eegosports [AntNeuro, Enschede,
Netherlands]). The combination of practical and technical devel-
opments means that EEG can be recorded whilst athletes engage in
normal sporting activity (see Fig. 8), ranging from playing a round
of golf to riding a bicycle. Whilst limits do still apply (e.g., recor-
ding during swimming or high-impact sports such as running), it
is clearly possible to monitor brain activity without significantly
impeding the execution of a range of sporting behavior. The use of
mobile EEG data in active sporting contexts is, of course, likely to
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Fig. 8. Mobile EEG in sporting contexts. Developments in technology now make it
possible to obtain full scalp coverage in the field, without impeding sporting behav-
ior, and equipment is flexible enough to be well suited for use across a range of
sporting applications (top). EEG data shown were recorded during the golf-putting
task pictured above, providing an illustration of data quality during performance.

reveal new technical and methodological challenges. Equally, how-
ever, mobile EEG offers new opportunities for sports, including the
ability to track the brain activity of individual elite athletes, over
extended periods of time.

7. Conclusion

Despite early recognition of the potential utility of brain imag-
ing for sports, the application of EEG techniques to assess factors
contributing to performance is still in its infancy. A number of lim-
itations of work carried out in the literature to date have been
highlighted over the course of this review, including a general lack
of ecological validity, critical differences in methodology, a lack of
consistency in analysis strategy, and failure to address individual
differences. Here we highlight two issues of particular concern.
First, at present, a disconnect is often apparent between the evi-
dence provided by EEG studies, and the functional interpretation
of the findings. For example, changes in alpha are interpreted as
reflecting changes in a range of different mechanisms, motivated

largely by a priori descriptions of the specific sport under investiga-
tion. Secondly, neurofeedback studies largely fail to report changes
in brain activity related to training, as improvements in behavioral
performance outcomes are of primary interest from the perspective
of sports practitioners. Notwithstanding these limitations, studies
to date do provide consistent evidence of neural correlates linked
to optimal sporting performance.

In the time-domain studies link expertise in response evaluation
and motor output with modulations of P300 effects and readiness
potentials, whilst in the frequency domain changes in alpha levels
are linked to development of expertise and performance outcomes.
One problem with work in this area is that it has primarily focused
on alpha rhythms, despite evidence from the wider literature
linking changes in other frequency bands with cognitive func-
tions highly relevant to sports performance. For example, gamma
(>30Hz) oscillations are modulated by sensory input and have been
linked to working memory, learning and attention (Jia and Kohn,
2011), and theta oscillations have been associated with cognitive
control and response inhibition (for a recent review see Cavanagh
and Frank, 2014). Progress in unraveling brain-behavior links dur-
ing complex sporting performance, requires future research to
address these gaps in the literature, and in doing so, appreci-
ate that complex brain functions are potentially supported by the
combined action across frequency bands (Basar, 2008). Notwith-
standing this requirement for future research, on the basis of the
evidence reviewed here, it is clear that EEG measures have great
potential to provide insight into the neural underpinnings of exper-
tise and optimal performance in sport.

While findings from EEG research with athletes have had limited
impact for sports practitioners, new opportunities afforded by
mobile technology are encouraging renewed interest from the
sporting world. Whilst it has been argued that “there will be no
emerging field of neuro-sport” (Walsh, 2014), we disagree. The
development of mobile technologies allows cognitive neurosci-
entists to move out of the laboratory, examining real sporting
behavior in action. We believe that mobile methods add signif-
icant value to traditional fixed methods, and open sport up to
investigation. On that basis we believe sports neuroscience will
make progress. Moving EEG out of the lab and onto the training
field has the potential to not only facilitate better understand-
ing of brain-behavior links, but also to produce new advances in
sporting practice. From a neuroscience perspective, measurement
of performance in the field has a number of potential advantages.
In the first instance, the high degree of ecological validity would
provide a more stringent test of the neural efficiency hypothesis,
and is likely to promote discovery of additional factors implicated in
performance that are not apparent in controlled laboratory stud-
ies. In addition, combined with sound methodology, longitudinal
tracking of individuals over the course of training with mobile EEG
should facilitate better identification of commonalities and differ-
ences related to the development of expertise across sports and
between individuals. While at this stage it is difficult to predict the
full extent of applications for mobile EEG techniques in sport, it
is clear that the development of a mobile cognition approach will
help sports neuroscience to provide valuable insights into the rela-
tionship between psychological and physical aspects of real-world
sporting performance.

Acknowledgement
This work was funded by the Sportscotland Institute of Sport.

References

Adrian, E.D., Matthews, B.H.C., 1934. The Berger rhythm: potential changes from the
occipital lobes in man. Brain 57, 354-385.


http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0005
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0005
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0005
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0005
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0005
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0005
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0005
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0005
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0005
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0005
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0005
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0005
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0005
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0005
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0005
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0005

J.L. Park et al. / Neuroscience and Biobehavioral Reviews 52 (2015) 117-130 129

Alexeeva, M.V., Balios, N.V., Muravlyova, K.B., Sapina, E.V., Bazanova, 0.M., 2012.
Training for voluntarily increasing individual upper a power as a method for
cognitive enhancement. Hum. Physiol. 38 (1), 40-48.

Anderson, D.I., Sidaway, B., 1994. Coordination changes associated with practice of
a soccer kick. Res. Q. Exerc. Sport 65, 93-99.

Anderson, R., Hanrahan, S.J., Mallett, C]J., 2014. Investigating the optimal psycholog-
ical state for peak performance in Australian elite athletes. . Appl. Sport Psychol.
26 (3),318-333.

Arns, M., Kleinnijenhuis, M., Fallahpour, K., Breteler, R., 2008. Golf performance
enhancement and real-life neurofeedback training using personalized event-
locked EEG profiles. J. Neurother. 11 (4), 11-18.

Babiloni, C., Del Percio, C., lacoboni, M., Infarinato, F., Lizio, R., Marzano, N., Crespi,
G., Dassu, F., Pirritano, M., Gallamini, M., Eusebi, F., 2008. Golf putt outcomes
are predicted by sensorimotor cerebral EEG rhythms. J. Physiol. (Lond.) 586 (1),
131-139.

Babiloni, C., Del Percio, C., Rossini, P.M., Marzano, N., lacoboni, M., Infarinato, F., Lizio,
R., Piazza, M., Pirritano, M., Berlutti, G., Cibelli, G., Eusebi, F., 2009. Judgment of
actions in experts: a high-resolution EEG study in elite athletes. Neuroimage 45
(2),512-521.

Babiloni, C., Infarinato, F., Marzano, N., lacoboni, M., Dasst, F., Soricelli, A., Rossini,
P.M,, Limatola, C., Del Percio, C., 2011. Intra-hemispheric functional coupling of
alpha rhythms is related to golfer’s performance: a coherence EEG study. Int. J.
Psychophysiol. 82 (3), 260-268.

Babiloni, C., Marzano, N., lacoboni, M., Infarinato, F., Aschieri, P., Buffo, P., Del Percio,
C.,2010. Resting state cortical rhythms in athletes: a high-resolution EEG study.
Brain Res. Bull. 81 (1), 149-156.

Banissy, M.J., Muggleton, N.G.,2013. Transcranial direct current stimulation in sports
training: potential approaches. Front. Hum. Neurosci. 7, 129.

Basar, E., 2008. Oscillations in brain-body-mind - a holistic view including the
autonomous system. Brain Res. 1235, 2-11.

Basar, E., 2012. A review of alpha activity in integrative brain function: fundamental
physiology, sensory coding, cognition and pathology. Int. J. Psychophysiol. 86
(1),1-24.

Baumeister, ]., Reinecke, K., Liesen, H., Weiss, M., 2008. Cortical activity of skilled
performance in a complex sports related motor task. Eur. J. Appl. Physiol. 104
(4),625-631.

Bazanova, O.M., Mernaya, E.M., Shtark, M.B., 2009. Biofeedback in psychomotor
training. Electrophysiological basis. Neurosci. Behav. Physiol. 39 (5), 437-447.

Bazanova, O.M., 2012. Alpha EEG activity depends on the individual dominant
rhythm frequency. J. Neurother. 16 (4), 270-284.

Bazanova, O.M., Vernon, D., 2013. Interpreting EEG alpha activity. Neurosci. Biobe-
hav. Rev.,, http://dx.doi.org/10.1016/j.neubiorev.2013.05.007.

Bekker, E.M., Kenemans, J.L., Verbaten, M.N., 2005. Source analysis of the N2 in a
cued Go/NoGo task. Cogn. Brain Res. 22, 221-231.

Berger, H., 1929. Uber das elektrenkephalogramm des menschen. Eur. Arch. Psychi-
atry Clin. Neurosci. 87 (1), 527-570.

Bernstein, N.A., 1967. The Co-ordination and Regulation of Movements. Pergamon
Press, Oxford.

Blankertz, B., Lemm, S., Treder, M., Haufe, S., Miiller, K.R., 2011. Single-trial analysis
and classification of ERP components - a tutorial. Neuroimage 56 (2), 814-825.

Borghini, G., Astolfi, L., Vecchiato, G., Mattia, D., Babiloni, F., 2014. Measuring neu-
rophysiological signals in aircraft pilots and car drivers for the assessment of
mental workload, fatigue and drowsiness. Neurosci. Biobehav. Rev. 44, 58-75.

Brown, T., Jamieson, G., Cooper, N., 2012. Sensorimotor rhythm neurofeedback
increases fine motor skills in elite racket sport athletes. Conference Abstract:
ACNS-2012 Australasian Cognitive Neuroscience Conference. Front. Hum. Neu-
rosci., http://dx.doi.org/10.3389/conf.fnhum.2012.208.00022.

Cavanagh, J.F., Frank, M.J., 2014. Frontal theta as a mechanism for cognitive control.
Trends Cogn. Sci. 18 (8), 414-421.

Chuang, LY., Huang, CJ., Hung, T.M., 2013. The differences in frontal midline theta
power between successful and unsuccessful basketball free throws of elite bas-
ketball players. Int. J. Psychophysiol. 90 (3), 321-328.

Cohen, M.X., Gulbinaite, R., 2014. Five methodological challenges in cognitive elec-
trophysiology. Neuroimage 85, 702-710.

Cohn, P.J., 1991. An exploratory study on peak performance. Sport Psychol. 5, 1-14.

Collins, D., Jones, B., Fairweather, M., Doolan, S., Priestly, N., 2001. Examining anxiety
associated changes in movement patterns. Int. J. Sport Psychol. 32 (3), 223-242.

Cooper, N.R,, Croft, RJ., Dominey, S.J., Burgess, A.P., Gruzelier, J.H., 2003. Paradox
lost? Exploring the role of alpha oscillations during externally vs. internally
directed attention and the implications for idling and inhibition hypotheses.
Int. J. Psychophysiol. 47 (1), 65-74.

Crews, DJ., Landers, D.M., 1993. Electroencephalographic measures of attentional
patterns prior to the golf putt. Med. Sci. Sports Exerc. 25, 116-126.

Davis, N.J., 2013. Neurodoping: brain stimulation as a performance-enhancing mea-
sure. Sports Med. 43 (8), 649-653.

Davis, N.J., Van Koningsbruggen, M., 2013. ‘Non-invasive’ brain stimulation is
not non-invasive. Front. Syst. Neurosci. 7 (76), http://dx.doi.org/10.3389/
fnsys.2013.00076.

Debener, S., Kranczioch, C., Herrmann, C.S., Engel, AK., 2002. Auditory novelty
oddball allows reliable distinction of top-down and bottom-up processes of
attention. Int. J. Psychophysiol. 46, 77-84.

Debener, S., Minow, F., Emkes, R., Gandras, K., Vos, M., 2012. How about taking a low-
cost, small, and wireless EEG for a walk? Psychophysiology 49 (11), 1617-1621.

Deeny, S.P., Hillman, C.H., Janelle, C.M., Hatfield, B.D., 2003. Cortico-cortical com-
munication and superior performance in skilled marksmen: an EEG coherence
analysis. J. Sport Exerc. Psychol. 25 (2), 188-204.

Dekker, M.K,, Van den Berg, B.R., Denissen, AJ., Sitskoorn, M.M., Van Boxtel, G.J.,
2014. Feasibility of eyes open alpha power training for mental enhancement in
elite gymnasts. J. Sports Sci., http://dx.doi.org/10.1080/02640414.2014.906044.

Del Percio, C., Babiloni, C., Marzano, N., lacoboni, M., Infarinato, F., Vecchio, F., Lizio,
R., Aschieri, P., Fiore, A, Toran, G., Gallamini, M., Baratto, M., Eusebi, F., 2009a.
Neural efficiency of athletes’ brain for upright standing: a high-resolution EEG
study. Brain Res. Bull. 79 (3), 193-200.

Del Percio, C., Babiloni, C., Bertollo, M., Marzano, N., lacoboni, M., Infarinato, F.,
Lizio, R., Stocchi, M., Robazza, C., Cibelli, G., Comani, S., Eusebi, F., 2009b.
Visuo-attentional and sensorimotor alpha rhythms are related to visuo-motor
performance in athletes. Hum. Brain Mapp. 30 (11), 3527-3540.

Del Percio, C., lacoboni, M., Lizio, R., Marzano, N., Infarinato, F., Vecchio, F., Bertollo,
M., Robazza, C., Comani, S., Limatola, C., Babiloni, C., 2011a. Functional cou-
pling of parietal alpha rhythms is enhanced in athletes before visuomotor
performance: a coherence electroencephalographic study. Neuroscience 175,
198-211.

Del Percio, C., Infarinato, F., Marzano, N., lacoboni, M., Aschieri, P., Lizio, R., Soricelli,
A., Limatola, C., Rossini, P.M., Babiloni, C., 2011b. Reactivity of alpha rhythms
to eyes opening is lower in athletes than non-athletes: a high-resolution EEG
study. Int. J. Psychophysiol. 82 (3), 240-247.

Del Percio, C., Infarinato, F., lacoboni, M., Marzano, N., Soricelli, A., Aschieri, P., Eusebi,
F., Babiloni, C., 2010. Movement-related desynchronization of alpha rhythms is
lower in athletes than non-athletes: a high-resolution EEG study. Clin. Neuro-
physiol. 121 (4), 482-491.

Del Percio, C., Rossini, P.M., Marzano, N., lacoboni, M., Infarinato, F., Aschieri, P., Lino,
A, Fiore, A., Toran, G., Babiloni, C., Eusebi, F., 2008. Is there a neural efficiency in
athletes? A high-resolution EEG study. Neuroimage 42 (4), 1544-1553.

De Vos, M., Gandras, K., Debener, S., 2014b. Towards a truly mobile auditory
brain-computer interface: exploring the P300 to take away. Int. ]. Psychophysiol.
91 (1), 46-53.

De Vos, M., Kroesen, M., Emkes, R., Debener, S.,2014a. P300 speller BCI with a mobile
EEG system: comparison to a traditional amplifier. . Neural Eng. 11 (3), 036008.

Di Russo, F., Pitzalis, S., Aprile, T., Spinelli, D., 2005. Effect of practice on brain activ-
ity: an investigation in top-level rifle shooters. Med. Sci. Sports Exerc. 37 (9),
1586-1593.

Di Russo, F.,, Taddei, F., Apnile, T., Spinelli, D., 2006. Neural correlates of fast stimulus
discrimination and response selection in top-level fencers. Neurosci. Lett. 408
(2),113-118.

Falkenstein, M., Hoormann, J., Hohnsbein, J., 1999. ERP components in Go/Nogo tasks
and their relation to inhibition. Acta Psychol. (Amst.) 101, 267-291.

Fitts, P., Posner, M.I,, 1967. Human Performance. Brooks/Cole, Monterey, CA.

Grabner, R.H., Neubauer, A.C,, Stern, E., 2006. Superior performance and neural effi-
ciency: the impact of intelligence and expertise. Brain Res. Bull. 69 (4), 422-439.

Gramann, K., Gwin, ].T., Bigdely-Shamlo, N., Ferris, D.P., Makeig, S., 2010. Visual
evoked responses during standing and walking. Front. Hum. Neurosci. 4, 202.

Gray, J.R,, Chabris, C.F., Braver, T.S., 2003. Neural mechanisms of general fluid intel-
ligence. Nat. Neurosci. 6 (3), 316-322.

Gruzelier, ].H., 2013. EEG-neurofeedback for optimising performance. I: A review
of cognitive and affective outcome in healthy participants. Neurosci. Biobehav.
Rev., http://dx.doi.org/10.1016/j.neubiorev.2013.09.015.

Gruzelier, J.H., 2014. EEG-neurofeedback for optimising performance. IIl: A review
of methodological and theoretical considerations. Neurosci. Biobehav. Rev.,
http://dx.doi.org/10.1016/j.neubiorev.2014.03.015.

Haier, R]., Jung, RE., Yeo, R.A,, Head, K., Alkire, M.T., 2004. Structural brain variation
and general intelligence. Neuroimage 23 (1), 425-433.

Hammond, D.C., 2007. Neurofeedback for the enhancement of athletic performance
and physical balance. J. Am. Board Sport Psychol. 1, 1-9.

Hanslmayr, S., Sauseng, P., Doppelmayr, M., Schabus, M., Klimesch, W., 2005.
Increasing individual upper alpha power by neurofeedback improves cognitive
performance in human subjects. Appl. Psychophysiol. Biofeedback 30 (1), 1-10.

Hatfield, B.D., Landers, D.M., Ray, W.]., 1984. Cognitive processes during self-paced
motor performance: an electroencephalographic profile of skilled marksmen. J.
Sport Psychol. 6, 42-59.

Haufler, AJ., Spalding, T.W., Santa Maria, D.L., Hatfield, B.D., 2000. Neuro-cognitive
activity during a self-paced visuospatial task: comparative EEG profiles in
marksmen and novice shooters. Biol. Psychol. 53, 131-160.

Haufler, AJ., Spalding, T.W., Santa Maria, D.L., Hatfield, B.D., 2002. Erratum to Neuro-
cognitive activity during a self-paced visuospatial task: comparative EEG profiles
in marksmen and novice shooters. Biol. Psychol. 59, 87-88.

Heraz, A., Frasson, C., 2011. Towards a brain-sensitive intelligent tutoring system:
detecting emotions from brainwaves. Adv. Artif. Intell. 2011 (384169), 1-13.

Hummel, F., Andres, F., Altenmuller, E., Dichgans, J., Gerloff, C., 2002. Inhibitory con-
trol of acquired motor programmes in the human brain. Brain 125 (2), 404-
420.

Hung, T., Spalding, T.W., Santa Maria, D.L., Hatfield, B.D., 2004. Assessment of reactive
motor performance with event-related brain potentials: attention processes in
elite table tennis players. J. Sport Exerc. Psychol. 26, 317-337.

Jancke, L., Lutz, K., Koeneke, S., 2006. Converging evidence of ERD/ERS and BOLD
responses in motor control research. Prog. Brain Res. 159, 261-271.

Janelle, C.M., Hatfield, B.D., 2008. Visual attention and brain processes that under-
lie expert performance: implications for sport and military psychology. Milit.
Psychol. 20 (1), S39-S69.

Jensen, O., Tesche, C.D., 2002. Frontal theta activity in humans increases with mem-
ory load in a working memory task. Eur. J. Neurosci. 15, 1395-1399.

Jia, X,, Kohn, A., 2011. Gamma rhythms in the brain. PLoS Biol. 9 (4), e1001045,
http://dx.doi.org/10.1371/journal.pbio.1001045.


http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0010
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0010
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0010
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0010
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0010
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0010
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0010
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0010
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0010
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0010
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0010
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0010
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0010
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0010
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0010
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0010
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0010
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0010
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0010
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0010
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0010
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0015
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0015
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0015
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0015
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0015
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0015
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0015
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0015
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0015
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0015
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0015
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0015
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0015
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0015
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0015
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0015
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0015
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0020
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0020
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0020
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0020
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0020
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0020
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0020
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0020
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0020
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0020
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0020
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0020
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0020
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0020
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0020
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0020
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0020
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0020
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0020
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0020
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0020
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0020
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0025
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0025
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0025
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0025
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0025
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0025
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0025
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0025
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0025
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0025
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0025
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0025
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0025
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0025
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0025
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0025
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0025
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0025
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0025
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0025
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0030
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0030
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0030
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0030
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0030
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0030
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0030
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0030
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0030
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0030
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0030
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0030
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0030
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0030
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0030
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0030
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0030
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0030
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0035
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0035
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0035
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0035
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0035
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0035
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0035
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0035
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0035
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0035
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0035
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0035
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0035
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0035
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0035
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0035
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0035
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0035
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0040
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0040
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0040
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0040
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0040
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0040
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0040
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0040
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0040
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0040
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0040
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0040
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0040
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0040
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0040
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0040
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0040
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0040
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0040
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0040
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0040
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0040
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0040
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0045
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0045
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0045
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0045
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0045
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0045
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0045
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0045
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0045
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0045
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0045
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0045
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0045
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0045
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0045
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0045
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0045
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0045
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0050
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0050
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0050
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0050
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0050
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0050
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0050
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0050
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0050
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0050
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0050
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0050
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0050
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0050
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0055
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0055
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0055
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0055
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0055
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0055
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0055
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0055
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0055
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0055
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0055
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0055
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0055
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0055
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0055
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0055
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0055
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0055
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0055
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0055
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0055
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0060
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0060
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0060
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0060
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0060
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0060
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0060
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0060
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0060
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0060
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0060
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0060
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0060
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0060
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0060
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0060
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0060
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0060
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0060
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0060
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0060
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0060
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0060
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0060
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0065
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0065
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0065
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0065
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0065
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0065
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0065
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0065
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0065
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0065
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0065
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0065
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0065
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0065
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0065
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0065
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0065
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0065
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0065
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0065
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0065
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0070
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0070
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0070
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0070
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0070
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0070
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0070
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0070
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0070
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0070
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0070
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0070
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0070
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0070
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0075
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0075
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0075
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0075
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0075
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0075
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0075
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0075
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0075
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0075
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0075
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0075
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0075
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0075
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0075
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0075
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0075
dx.doi.org/10.1016/j.neubiorev.2013.05.007
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0085
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0085
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0085
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0085
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0085
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0085
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0085
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0085
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0085
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0085
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0085
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0085
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0085
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0085
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0085
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0085
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0085
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0090
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0090
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0090
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0090
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0090
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0090
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0090
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0090
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0090
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0090
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0090
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0090
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0090
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0090
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0090
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0090
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0095
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0095
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0095
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0095
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0095
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0095
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0095
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0095
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0095
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0100
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0100
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0100
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0100
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0100
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0100
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0100
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0100
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0100
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0100
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0100
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0100
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0100
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0100
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0100
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0100
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0105
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0105
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0105
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0105
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0105
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0105
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0105
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0105
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0105
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0105
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0105
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0105
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0105
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0105
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0105
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0105
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0105
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0105
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0105
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0105
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0105
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0105
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0105
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0105
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0105
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0105
dx.doi.org/10.3389/conf.fnhum.2012.208.00022
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0115
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0115
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0115
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0115
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0115
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0115
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0115
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0115
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0115
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0115
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0115
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0115
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0115
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0115
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0115
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0115
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0120
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0120
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0120
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0120
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0120
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0120
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0120
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0120
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0120
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0120
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0120
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0120
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0120
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0120
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0120
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0120
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0120
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0120
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0120
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0120
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0120
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0120
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0120
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0120
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0120
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0120
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0120
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0125
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0125
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0125
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0125
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0125
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0125
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0125
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0125
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0125
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0125
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0125
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0125
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0130
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0130
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0130
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0130
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0130
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0130
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0130
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0130
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0130
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0130
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0130
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0130
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0135
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0135
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0135
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0135
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0135
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0135
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0135
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0135
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0135
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0135
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0135
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0135
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0135
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0135
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0135
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0135
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0140
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0140
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0140
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0140
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0140
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0140
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0140
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0140
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0140
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0140
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0140
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0140
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0140
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0140
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0140
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0140
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0140
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0140
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0140
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0140
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0140
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0140
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0140
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0140
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0140
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0140
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0140
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0140
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0140
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0140
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0145
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0145
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0145
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0145
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0145
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0145
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0145
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0145
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0145
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0145
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0145
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0145
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0145
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0145
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0145
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0145
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0145
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0145
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0150
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0150
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0150
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0150
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0150
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0150
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0150
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0150
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0150
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0150
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0150
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0150
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0150
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0150
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0150
dx.doi.org/10.3389/fnsys.2013.00076
dx.doi.org/10.3389/fnsys.2013.00076
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0160
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0160
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0160
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0160
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0160
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0160
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0160
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0160
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0160
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0160
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0160
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0160
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0160
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0160
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0160
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0160
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0160
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0160
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0160
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0160
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0165
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0165
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0165
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0165
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0165
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0165
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0165
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0165
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0165
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0165
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0165
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0165
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0165
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0165
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0165
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0165
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0165
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0165
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0165
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0170
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0170
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0170
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0170
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0170
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0170
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0170
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0170
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0170
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0170
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0170
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0170
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0170
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0170
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0170
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0170
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0170
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0170
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0170
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0170
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0170
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0170
dx.doi.org/10.1080/02640414.2014.906044
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0180
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0180
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0180
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0180
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0180
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0180
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0180
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0180
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0180
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0180
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0180
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0180
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0180
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0180
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0180
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0180
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0180
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0180
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0180
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0180
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0185
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0185
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0185
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0185
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0185
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0185
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0185
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0185
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0185
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0185
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0185
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0185
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0185
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0185
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0185
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0185
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0185
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0185
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0185
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0185
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0190
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0190
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0190
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0190
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0190
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0190
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0190
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0190
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0190
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0190
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0190
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0190
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0190
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0190
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0190
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0190
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0190
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0190
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0190
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0190
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0190
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0190
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0190
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0195
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0195
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0195
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0195
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0195
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0195
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0195
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0195
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0195
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0195
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0195
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0195
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0195
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0195
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0195
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0195
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0195
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0195
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0195
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0195
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0195
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0195
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0195
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0195
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0195
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0200
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0200
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0200
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0200
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0200
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0200
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0200
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0200
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0200
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0200
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0200
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0200
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0200
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0200
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0200
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0200
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0200
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0200
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0200
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0200
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0200
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0200
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0200
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0205
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0205
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0205
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0205
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0205
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0205
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0205
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0205
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0205
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0205
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0205
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0205
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0205
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0205
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0205
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0205
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0205
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0210
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0210
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0210
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0210
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0210
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0210
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0210
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0210
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0210
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0210
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0210
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0210
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0210
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0210
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0210
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0210
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0210
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0210
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0210
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0210
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0210
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0210
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0210
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0215
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0215
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0215
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0215
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0215
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0215
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0215
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0215
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0215
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0215
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0215
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0215
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0215
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0215
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0215
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0215
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0215
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0215
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0215
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0220
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0220
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0220
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0220
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0220
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0220
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0220
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0220
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0220
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0220
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0220
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0220
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0220
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0220
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0220
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0220
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0220
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0220
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0220
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0220
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0220
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0220
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0225
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0225
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0225
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0225
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0225
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0225
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0225
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0225
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0225
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0225
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0225
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0225
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0225
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0225
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0225
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0225
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0225
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0225
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0225
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0230
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0230
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0230
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0230
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0230
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0230
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0230
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0230
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0230
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0230
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0230
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0230
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0230
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0230
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0230
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0230
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0230
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0235
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0235
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0235
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0235
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0235
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0240
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0240
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0240
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0240
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0240
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0240
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0240
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0240
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0240
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0240
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0240
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0240
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0240
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0240
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0240
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0240
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0240
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0240
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0240
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0240
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0245
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0245
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0245
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0245
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0245
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0245
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0245
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0245
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0245
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0245
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0245
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0245
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0250
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0250
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0250
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0250
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0250
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0250
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0250
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0250
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0250
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0250
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0250
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0250
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0250
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0250
dx.doi.org/10.1016/j.neubiorev.2013.09.015
dx.doi.org/10.1016/j.neubiorev.2014.03.015
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0265
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0265
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0265
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0265
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0265
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0265
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0265
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0265
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0265
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0265
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0265
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0265
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0270
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0270
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0270
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0270
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0270
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0270
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0270
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0270
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0270
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0270
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0270
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0270
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0270
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0270
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0270
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0270
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0270
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0270
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0270
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0275
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0275
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0275
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0275
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0275
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0275
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0275
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0275
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0275
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0275
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0275
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0275
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0275
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0275
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0275
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0275
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0275
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0275
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0275
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0275
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0275
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0280
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0280
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0280
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0280
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0280
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0280
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0280
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0280
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0280
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0280
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0280
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0280
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0280
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0280
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0280
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0280
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0280
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0280
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0280
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0285
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0285
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0285
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0285
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0285
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0285
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0285
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0285
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0285
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0285
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0285
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0285
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0285
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0285
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0285
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0285
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0285
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0285
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0285
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0285
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0285
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0290
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0290
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0290
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0290
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0290
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0290
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0290
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0290
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0290
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0290
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0290
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0290
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0290
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0290
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0290
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0290
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0290
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0290
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0290
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0290
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0290
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0290
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0290
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0290
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0295
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0295
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0295
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0295
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0295
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0295
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0295
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0295
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0295
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0295
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0295
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0295
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0295
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0295
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0295
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0295
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0295
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0295
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0300
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0300
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0300
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0300
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0300
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0300
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0300
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0300
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0300
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0300
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0300
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0300
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0300
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0300
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0300
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0300
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0300
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0305
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0305
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0305
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0305
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0305
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0305
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0305
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0305
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0305
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0305
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0305
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0305
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0305
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0305
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0305
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0305
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0305
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0305
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0305
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0305
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0305
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0305
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0305
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0305
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0310
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0310
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0310
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0310
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0310
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0310
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0310
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0310
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0310
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0310
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0310
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0310
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0310
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0310
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0310
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0310
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0310
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0310
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0315
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0315
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0315
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0315
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0315
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0315
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0315
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0315
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0315
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0315
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0315
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0315
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0315
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0315
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0315
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0315
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0315
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0315
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0315
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0315
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0315
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0315
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0315
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0320
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0320
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0320
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0320
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0320
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0320
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0320
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0320
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0320
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0320
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0320
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0320
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0320
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0320
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0320
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0320
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0320
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0320
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0320
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0320
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0320
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0320
dx.doi.org/10.1371/journal.pbio.1001045

130 J.L. Park et al. / Neuroscience and Biobehavioral Reviews 52 (2015) 117-130

Kamiya, J., 1962. Conditioned discrimination of the EEG alpha rhythm in humans.
In: Proceedings of the Western Psychological Association, San Francisco, CA.

Kamiya, J., 1968. Conscious control of brain waves. Psychol. Today 1, 57-60.

Klimesch, W., 1999. EEG alpha and theta oscillations reflect cognitive and
memory performance: a review and analysis. Brain Res. Rev. 29 (2),
169-195.

Klimesch, W., Doppelmayr, M., Pachinger, T., Russegger, H., 1997. Event-related
desynchronization in the alpha band and the processing of semantic informa-
tion. Cogn. Brain Res. 6 (2), 83-94.

Klimesch, W., Doppelmayr, M., Rohm, D., Pollhuber, D., Stadler, W., 2000. Simulta-
neous desynchronization and synchronization of different alpha responses in
the human electroencephalograph: a neglected paradox. Neurosci. Lett. 284,
97-100.

Klimesch, W., Doppelmayr, M., Russegger, H., Pachinger, T., Schwaiger, J., 1998.
Induced alpha band power changes in the human EEG and attention. Neurosci.
Lett. 244, 73-76.

Klimesch, W., Doppelmayr, M., Schimke, H., Pachinger, T., 1996. Alpha frequency,
reaction time and the speed of processing information. Clin. Neurophysiol. 13,
511-518.

Klimesch, W., Sauseng, P., Hanslmayr, S.,2007. EEG alpha oscillations: the inhibition-
timing hypothesis. Brain Res. Rev. 53, 63-88.

Knyazev, G.G., 2007. Motivation, emotion, and their inhibitory control mirrored in
brain oscillations. Neurosci. Biobehav. Rev. 31 (3), 377-395.

Kober, S.E., Witte, M., Stangl, M., Viljamde, A., Neuper, C, Wood, G., 2014.
Shutting down sensorimotor interference unblocks the networks for stim-
ulus processing: an SMR neurofeedback training study. Clin. Neurophysiol.,
http://dx.doi.org/10.1016/j.clinph.2014.03.031.

Koeneke, S., Lutz, K., Esslen, M., Jancke, L., 2006. How finger tapping practice
enhances efficiency of motor control. Neuroreport 17 (15), 1565-1569.

Landers, D.M., Petruzzello, S.J., Salazar, W., Crews, D.J., 1991. The influence of electro-
cortical biofeedback on performance in pre-elite archers. Med. Sci. Sports Exerc.
23,123-128.

Loze, G.M.,, Collins, D., Holmes, P.S., 2001. Pre-shot EEG alpha-power reactivity dur-
ing expert air-pistol shooting: a comparison of best and worst shots. J. Sports
Sci. 19 (9), 727-733.

Lubar, J.F., Shouse, M.N., 1976. EEG and behavioral changes in a hyperkinetic child
concurrent with training of the sensorimotor rhythm (SMR): a preliminary
report. Biofeedback Self-Regul. 1, 293-306.

Luck, S.J.,2005. An Introduction to the Event-Related Potential Technique. MIT Press,
Cambridge.

Nakamoto, H., Mori, S., 2008. Effects of stimulus-response compatibility in mediat-
ing expert performance in baseball players. Brain Res. 1189, 179-188.

Nakamoto, H., Mori, S., 2012. Experts in fast-ball sports reduce anticipation timing
cost by developing inhibitory control. Brain Cogn. 80 (1), 23-32.

Nan, W., Rodrigues, J.P., Ma, J., Qu, X., Wan, F., Mak, P.I, Mak, P.U., Vai, M.I,, Rosa, A.,
2012. Individual alpha neurofeedback training effect on short term memory?
Int. J. Psychophysiol. 86 (1), 83-87.

Neubauer, A.C., Freudenthaler, H.H., Pfurtscheller, G., 1995. Intelligence and
spatio-temporal patterns of event related desynchronization. Intelligence 20,
249-267.

Neubauer, A.C., Grabner, R.H., Freudenthaler, H.H., Beckmann, J.F., Guthke, ]., 2004.
Intelligence and individual differences in becoming neurally efficient. Acta
Psychol. (Amst.) 116 (1), 55-74.

Nunez, P.L., 1995. Neocortical Dynamics and Human EEG Rhythms. Oxford Univer-
sity Press, New York.

Nunez, P.L., Katznelson, R.D., 1981. Electric Fields of the Brain. Oxford University
Press, New York.

0Oddy, B.W., Barry, R]., Johnstone, S.J., Clarke, A.R.,2005. Removal of CNV effects from
the N2 and P3 ERP components in a visual Go/NoGo task. J. Psychophysiol. 19,
24-34.

Peniston, E.G., Kulkosky, P.J., 1989. Alpha-theta brainwave training and beta-
endorphin levels in alcoholics. Clin. Exp. Res. 13 (2), 271-279.

Peniston, E.G., Kulkosky, P.J., 1991. Alpha-theta brainwave neuro-feedback for Viet-
nam Veterans with combat post-traumatic stress disorder. Med. Psychother. 4,
47-60.

Pfurtscheller, G., 1992. Event-related synchronization (ERS): an electrophysiological
correlate of cortical areas at rest. Electroencephalogr. Clin. Neurophysiol. 83 (1),
62-69.

Pfurtscheller, G., Lopes da Silva, F.H., 1999. Event-related EEG/MEG synchronization
and desynchronization: basic principles. Clin. Neurophysiol. 110, 1842-1857.

Picton, T.W., Bentin, S., Berg, P., Donchin, E., Hillyard, S.A., Johnson, R., Miller, G.A., Rit-
ter, W., Ruchkin, D.S., Rugg, M.D., Taylor, M.]., 2000. Guidelines for using human
event-related potentials to study cognition: recording standards and publication
criteria. Psychophysiology 37, 127-152.

Picton, T.W,, Lins, O.G., Scherg, M., 1995. The recording and analysis of event-related
potentials. In: Boiler, F., Grafman, J. (Eds.), Handbook of Neuropsychology, vol.
10. Elsevier, Amsterdam.

Raymond, J., Varney, C., Parkinson, L.A., Gruzelier, J.H., 2005. The effects of
alpha/theta neurofeedback on personality and mood. Cogn. Brain Res. 23,
287-292.

Robinson, D.L., 1999. The technical, neurological and psychological significance of
alpha, delta and theta waves confounded in EEG evoked potentials: a study of
peak latencies. Clin. Neurophysiol. 110, 1427-1434.

Rostami, R., Sadeghi, H., Karami, K.A., Abadi, M.N., Salamati, P., 2012. The effects of
neurofeedback on the improvement of rifle shooters’ performance. J. Neurother.
16 (4), 264-269.

Salazar, W., Landers, D.M.,, Petruzzello, S.J., Han, M.W., Crews, D J., Kubitz, K.A., 1990.
Hemispheric asymmetry, cardiac response, and performance in elite archers.
Res. Q. Exerc. Sport 61, 351-359.

Sharbrough, F., Chatrian, G.E., Lesser, R.P., Luders, H., Newer, M., Picton, T.W., 1991.
American electroencephalographic society guidelines for standard electrode
position nomenclature. J. Clin. Neurophysiol. 8, 200-202.

Singer, R.N., 2002. Preperformance state, routines, and automaticity: what does
it take to realize expertise in self-paced events? ]J. Sport Exerc. Psychol. 24,
359-375.

Sparrow, W.A., 1992. Measuring changes in co-ordination and control. In: Summers,
JJ. (Ed.), Approaches to the Study of Motor Control and Learning. Elsevier Science
Publications, Holland.

Springer, S.P., Deutsch, G., 1998. Left Brain-Right Brain; Perspectives from Cognitive
Neuroscience. W.H. Freeman & Co., New York.

Srinivasan, R., 1999. Spatial structure of the human alpha rhythm: global correlation
in adults and local correlation in children. Clin. Neurophysiol. 110, 1351-1362.

Thompson, T., Steffert, T., Ros, T., Leach, J., Gruzelier, ].H., 2008. EEG applications for
sport and performance. Methods 45 (4), 279-288.

Thut, G., Nietzel, A., Brandt, S.A., Pascual-Leone, A., 2006. Alpha-band electroen-
cephalographic activity over occipital cortex indexes visuospatial attention bias
and predicts visual target detection. J. Neurosci. 26, 9494-9502.

Tran, Y., Craig, A., Mclsaac, P., 2001. Extraversion-introversion and 8-13 Hz waves
in frontal cortical regions. Personal. Individ. Differ. 30 (2), 205-215.

Tuladhar, A.M., ter Huurne, N., Schoffelen, J.M., Maris, E., Oostenveld, R., Jensen, O.,
2007. Parieto-occipital sources account for the increase in alpha activity with
working memory load. Hum. Brain Mapp. 28 (8), 785-792.

Vernon, D., Dempster, T., Bazanova, O., Rutterford, N., Pasqualini, M., Andersen, S.,
2009. Alpha neurofeedback training for performance enhancement: reviewing
the methodology. . Neurother. 13 (4), 214-227.

Vigdrio, R, Sarela, ., Jousmiki, V., Hamalainen, M., Oja, E., 2000. Independent compo-
nent approach to the analysis of EEG and MEG recordings. IEEE Trans. Biomed.
Eng. 47 (5), 589-593.

Walsh, V.,2014.1s sport the brain’s biggest challenge? Curr. Biol. 24 (18), R859-R860.

Wilson, V., Peper, E., 2011. Athletes are different: factors that differentiate biofeed-
back/neurofeedback for sport versus clinical practice. Biofeedback 39 (1), 27-30.

Yarrow, K., Brown, P., Krakauer, J.W., 2009. Inside the brain of an elite athlete: the
neural processes that support high achievement in sports. Nat. Rev. Neurosci.
10 (8), 585-596.


http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0330
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0330
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0330
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0330
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0330
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0330
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0330
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0330
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0330
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0330
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0330
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0330
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0330
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0330
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0330
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0330
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0330
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0330
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0330
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0335
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0335
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0335
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0335
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0335
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0335
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0335
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0335
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0335
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0335
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0335
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0340
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0340
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0340
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0340
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0340
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0340
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0340
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0340
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0340
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0340
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0340
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0340
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0340
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0340
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0340
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0340
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0340
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0340
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0340
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0340
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0340
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0340
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0345
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0345
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0345
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0345
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0345
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0345
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0345
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0345
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0345
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0345
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0345
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0345
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0345
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0345
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0345
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0345
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0345
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0345
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0345
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0345
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0345
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0350
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0350
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0350
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0350
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0350
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0350
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0350
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0350
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0350
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0350
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0350
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0350
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0350
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0350
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0350
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0350
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0350
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0350
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0350
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0350
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0350
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0350
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0355
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0355
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0355
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0355
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0355
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0355
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0355
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0355
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0355
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0355
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0355
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0355
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0355
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0355
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0355
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0355
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0355
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0360
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0360
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0360
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0360
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0360
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0360
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0360
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0360
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0360
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0360
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0360
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0360
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0360
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0360
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0360
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0360
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0365
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0365
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0365
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0365
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0365
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0365
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0365
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0365
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0365
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0365
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0365
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0365
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0365
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0365
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0370
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0370
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0370
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0370
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0370
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0370
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0370
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0370
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0370
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0370
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0370
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0370
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0370
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0370
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0370
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0370
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0370
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0370
dx.doi.org/10.1016/j.clinph.2014.03.031
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0380
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0380
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0380
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0380
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0380
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0380
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0380
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0380
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0380
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0380
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0380
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0380
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0380
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0380
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0380
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0385
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0385
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0385
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0385
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0385
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0385
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0385
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0385
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0385
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0385
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0385
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0385
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0385
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0385
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0385
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0385
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0385
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0385
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0385
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0390
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0390
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0390
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0390
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0390
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0390
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0390
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0390
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0390
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0390
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0390
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0390
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0390
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0390
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0390
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0390
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0390
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0390
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0390
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0390
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0390
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0390
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0390
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0390
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0395
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0395
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0395
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0395
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0395
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0395
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0395
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0395
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0395
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0395
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0395
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0395
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0395
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0395
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0395
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0395
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0395
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0395
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0395
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0395
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0395
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0395
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0395
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0395
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0395
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0400
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0400
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0400
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0400
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0400
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0400
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0400
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0400
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0400
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0400
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0405
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0405
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0405
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0405
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0405
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0405
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0405
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0405
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0405
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0405
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0405
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0405
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0405
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0405
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0405
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0405
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0405
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0405
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0405
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0405
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0410
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0410
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0410
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0410
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0410
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0410
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0410
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0410
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0410
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0410
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0410
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0410
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0410
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0410
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0410
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0410
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0410
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0410
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0410
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0415
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0415
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0415
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0415
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0415
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0415
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0415
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0415
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0415
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0415
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0415
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0415
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0415
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0415
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0415
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0415
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0415
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0420
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0420
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0420
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0420
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0420
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0420
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0420
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0420
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0420
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0420
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0420
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0420
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0420
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0425
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0425
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0425
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0425
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0425
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0425
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0425
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0425
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0425
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0425
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0425
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0425
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0425
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0425
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0425
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0425
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0430
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0430
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0430
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0430
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0430
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0430
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0430
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0430
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0430
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0430
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0430
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0430
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0435
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0435
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0435
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0435
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0435
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0435
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0435
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0435
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0435
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0435
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0440
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0440
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0440
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0440
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0440
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0440
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0440
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0440
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0440
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0440
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0440
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0440
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0440
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0440
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0440
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0440
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0440
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0440
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0440
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0440
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0440
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0440
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0445
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0445
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0445
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0445
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0445
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0445
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0445
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0445
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0445
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0445
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0445
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0445
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0445
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0445
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0445
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0445
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0445
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0450
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0450
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0450
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0450
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0450
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0450
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0450
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0450
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0450
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0450
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0450
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0450
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0450
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0450
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0450
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0450
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0450
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0450
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0455
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0455
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0455
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0455
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0455
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0455
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0455
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0455
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0455
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0455
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0455
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0455
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0455
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0455
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0455
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0455
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0455
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0455
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0455
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0460
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0460
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0460
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0460
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0460
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0460
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0460
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0460
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0460
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0460
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0460
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0460
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0460
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0465
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0465
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0465
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0465
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0465
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0465
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0465
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0465
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0465
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0465
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0465
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0465
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0465
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0465
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0465
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0465
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0465
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0465
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0465
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0470
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0470
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0470
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0470
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0470
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0470
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0470
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0470
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0470
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0470
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0470
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0470
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0470
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0470
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0470
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0470
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0470
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0470
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0470
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0470
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0475
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0475
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0475
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0475
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0475
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0475
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0475
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0475
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0475
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0475
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0475
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0475
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0475
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0475
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0475
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0475
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0480
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0480
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0480
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0480
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0480
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0480
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0480
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0480
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0480
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0480
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0480
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0480
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0480
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0480
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0480
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0480
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0480
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0480
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0480
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0480
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0480
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0480
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0480
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0480
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0480
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0480
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0480
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0480
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0485
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0485
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0485
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0485
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0485
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0485
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0485
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0485
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0485
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0485
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0485
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0485
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0485
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0485
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0485
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0485
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0485
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0485
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0490
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0490
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0490
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0490
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0490
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0490
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0490
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0490
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0490
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0490
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0490
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0490
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0490
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0490
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0490
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0490
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0490
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0495
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0495
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0495
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0495
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0495
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0495
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0495
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0495
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0495
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0495
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0495
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0495
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0495
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0495
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0495
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0495
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0500
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0500
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0500
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0500
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0500
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0500
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0500
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0500
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0500
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0500
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0500
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0500
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0500
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0500
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0500
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0500
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0500
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0500
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0500
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0500
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0500
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0500
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0500
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0505
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0505
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0505
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0505
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0505
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0505
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0505
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0505
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0505
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0505
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0505
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0505
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0505
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0505
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0505
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0505
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0505
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0505
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0505
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0505
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0505
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0505
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0505
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0510
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0510
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0510
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0510
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0510
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0510
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0510
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0510
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0510
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0510
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0510
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0510
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0510
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0515
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0515
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0515
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0515
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0515
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0515
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0515
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0515
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0515
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0515
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0515
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0515
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0515
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0515
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0515
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0515
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0515
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0515
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0515
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0515
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0515
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0515
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0520
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0520
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0520
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0520
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0520
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0520
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0520
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0520
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0520
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0520
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0520
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0520
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0525
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0525
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0525
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0525
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0525
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0525
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0525
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0525
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0525
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0525
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0525
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0525
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0525
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0525
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0525
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0525
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0525
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0525
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0525
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0525
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0525
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0525
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0530
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0530
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0530
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0530
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0530
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0530
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0530
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0530
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0530
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0530
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0530
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0530
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0530
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0530
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0530
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0530
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0530
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0530
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0530
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0530
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0530
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0535
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0535
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0535
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0535
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0535
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0535
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0535
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0535
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0535
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0535
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0535
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0535
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0535
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0535
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0535
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0535
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0535
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0535
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0535
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0535
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0535
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0540
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0540
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0540
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0540
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0540
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0540
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0540
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0540
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0540
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0540
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0540
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0540
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0540
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0540
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0540
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0540
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0545
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0545
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0545
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0545
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0545
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0545
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0545
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0545
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0545
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0545
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0545
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0545
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0545
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0545
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0545
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0545
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0545
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0545
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0545
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0545
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0545
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0550
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0550
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0550
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0550
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0550
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0550
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0550
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0550
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0550
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0550
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0550
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0550
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0550
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0800
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0800
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0800
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0800
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0800
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0800
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0800
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0800
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0800
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0800
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0800
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0800
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0800
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0800
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0800
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0800
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0800
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0800
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0800
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0555
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0555
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0555
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0555
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0555
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0555
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0555
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0555
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0555
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0555
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0555
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0555
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0555
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0555
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0555
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0555
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0555
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0555
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0555
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0555
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0555
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0555
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0555
http://refhub.elsevier.com/S0149-7634(15)00062-7/sbref0555

	Making the case for mobile cognition: EEG and sports performance
	1 Introduction
	2 EEG in the frequency domain: alpha activity and neural efficiency
	2.1 Expert vs. novice performance
	2.2 EEG activity during the pre-shot period

	3 Issues and inconsistencies
	3.1 Methodological
	3.2 Analysis and interpretation

	4 EEG in the time domain: ERPs and stages of processing
	4.1 Preparing, inhibiting and executing
	4.2 Detection, evaluation and selection

	5 Neurofeedback
	6 Toward a mobile cognition approach
	7 Conclusion
	Acknowledgement
	References


