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The Attention Training Technique (ATT) was developed with the aim of reducing self-
focused attention and increasing executive control as part of metacognitive therapy.
So far there is a paucity of data on the neurophysiological effects of ATT. In the
present study we tested for specific effects to determine if attention control components
of ATT elicit a specific signature that is different from passive listening. Thirty-six
healthy volunteers were randomized to an active (follow instructions) or control (ignore
instructions) condition. Resting state EEG was recorded for 3 min with eyes open and
eyes closed before and after exposure to training, and the power of the theta, alpha,
and beta-bands were analyzed in frontal, midline, and posterior electrodes. The active
ATT condition enhanced alpha and beta-band activity during eyes-open, and frontal
alpha during eyes-closed (p < 0.005). Frontoparietal changes in Alpha were generally
accompanied by changes in Beta in the same brain regions of interest. However,
these associations were largely significant in the active ATT rather than the control
condition. No between-group differences were observed in the Theta-band. These
results suggest a single dose of attention training increases alpha and beta-oscillations
in frontoparietal networks. These networks are associated with top-down attentional or
executive control.

Keywords: attention, attention training technique, therapeutics, psychophysiology, electroencephalography,
executive control, metacognitive therapy

INTRODUCTION

The Attention Training Technique (ATT; Wells, 1990) is a metacognitive treatment strategy
grounded in the Self-Regulatory Executive Function Model (S-REF; Wells and Matthews, 1994,
1996) of psychological disorder. According to S-REF theory, a specific pattern of thinking called the
‘Cognitive Attentional Syndrome’ (CAS) is assumed responsible for the maintenance of emotional
distress. The CAS consists of unhelpful modes of processing including inflexible self-focused
attention, threat-orientated attention biases, and worry and rumination. When activated, the CAS
leads to a loss of cognitive resources and locks individuals into extended patterns of negative
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processing of threat. As a result, psychological change is impeded
because the processing resources required for efficient top-
down self-regulation are reduced. A key feature of metacognitive
therapy (MCT; Wells, 2000, 2009) is the explicit modification of
maladaptive attentional strategies and the knowledge concerning
them. ATT was developed as part of MCT to help moderate
CAS activation by increasing top-down attentional control and
flexibility. ATT consists of auditory attentional exercises that
require individuals to engage in executive control skills including
selective attention, divided attention, and attention switching (for
a comprehensive overview of ATT, see Wells, 2009).

A large body of experimental and clinical data supports
the contention that components associated with the CAS
are linked to negative emotional outcomes. Studies include
those examining worry and rumination (e.g., Nolen-Hoeksema,
1991; Capobianco et al,, 2018), inflexible attention (e.g., Liu
et al.,, 2002; Kolur et al., 2006), attentional biases (e.g., Mogg
and Bradley, 2005; Bar-Haim et al., 2007), and inefficient
cognitive control (e.g., Arnsten and Rubia, 2012; Wiers et al,
2013). Aside from supporting the S-REF model, such studies
also complement wider views within neuroscience highlighting
the critical role that executive control processes play within
psychopathology. For example, decreased prefrontal function
has been observed across multiple psychiatric conditions and is
thought to reflect inefficiency in top-down regulatory processes
including attentional flexibility, working memory, response
inhibition, and the planning and execution of adaptive responses
(Miller, 2000; Miyake et al., 2000; Porter et al., 2007). An
implication of these results is that treatments integrating
strategies specifically designed to attenuate deficits in executive
control are more likely to prove efficacious (Siegle et al., 2007).
In particular, treatments such as ATT which aim to increase
aspects of attentional control and flexibility are predicted to
yield improved functional and neurocognitive outcomes (Wells,
1990; Wells and Matthews, 1996; Siegle, 1999; Ottowitz et al.,
2002).

Although originally developed as part of MCT, ATT has
since been recognized as an effective stand-alone treatment
for both anxiety and depressive disorders (e.g., Fergus and
Bardeen, 2016; Knowles et al., 2016). Furthermore, a number
of efficacy trials have demonstrated that the specific attentional
processes targeted by the technique (e.g., inflexible self-
focused attention, attentional bias) are associated with improved
executive control and symptom relief (e.g., Sharpe et al., 2010;
Callinan et al., 2014; Fergus et al, 2014; Nassif and Wells,
2014). In addition to this clinical and experimental data,
a small number of studies are also beginning to uncover
the neurophysiological effects of the technique. For example,
initial neuropsychological and functional magnetic resonance
imaging (fMRI) data suggests that Cognitive Control Training,
which combines ATT with a working memory task, enhances
activity within the dorsolateral prefrontal cortex (dIPFC),
improves executive control, and disrupts amygdala activity in
unipolar depression (Siegle et al,, 2007, 2014). Furthermore,
initial data from functional near-infrared spectroscopy (fNIRS)
studies has also demonstrated increased blood oxygenation
in the right inferior frontal gyrus, the right dorsolateral

prefrontal cortex, and the superior parietal lobule during ATT
in comparison to a control condition (Rosenbaum et al,
2018).

In the present study, we sought to provide further insight
regarding the neurophysiological effects of ATT by using
electroencephalography (EEG) to evaluate change in oscillatory
activity across the scalp. EEG methodology was selected for
two primary reasons: first, we were interested to see whether
change in tonic frequency power following exposure to ATT
would yield increased activity in known areas associated with
top-down executive control. For example, it is well established
that alpha and beta oscillations are generated by frontoparietal
executive control networks (e.g., Capotosto et al., 2009; Sauseng
et al., 2009; Thut et al, 2011) and are thought to reflect
engagement of executive skills including attentional control
and the regulation of working memory (e.g., Hanslmayr et al,,
2007; Klimesch et al., 2007; Haegens et al., 2011; Handel et al,,
2011). It was therefore hypothesized that engagement of ATT
would yield increased changes in alpha and beta-band activity
in frontoparietal regions. Second, we were interested to learn
whether the effects of ATT would yield a different oscillatory
signature to other known forms of attention modification. For
example, although increased theta activity has been traditionally
linked to short and long-term memory (e.g., Fell et al., 2003;
Vertes, 2005), it has also been reliably observed to reflect a
relaxed, drowsy state during mindfulness and meditation-based
techniques (for reviews, see Cahn and Polich, 2006; Ivanovski and
Malhi, 2007; Chiesa and Serretti, 2010; Travis and Shear, 2010). It
was therefore hypothesized that in comparison to these findings,
the effects of ATT would yield little or no change in theta-band
activity.

In order to test our predictions, we designed a randomized
controlled comparison in which participants were assigned to
either an active (follow ATT instructions) or control (listen
passively but do not follow ATT instructions) condition. Resting-
state EEG data were recorded before and after exposure to
the ATT and tonic power change was investigated in the
three frequency bands of interest: alpha, beta, and theta. This
allowed us to separate the presumed mechanistic effects of ATT
(engaging in attentional control strategies) from simple exposure
to a therapeutic listening task. Hence, in doing so, this design
provided us with a structurally equivalent control condition that
allowed EEG within and between-group changes to be attributed
to manipulation of the IV (engaged vs. passive exposure to
ATT). Furthermore, as this was one of the first known EEG
studies to evaluate the effects of AT'T, we recruited a non-clinical
group of healthy subjects whom were naive to the technique.
Thus, participants were not socialized to the metacognitive model
as would normally be expected in routine clinical practice.
This helped us protect against possible measurement bias and
placebo effects, and also prevented the investigated mechanism
(engagement of AT T’s attentional exercises) from being disturbed
by the influence of medication and/or psychopathology. From an
ethical point of view, it is also important to first establish non-
clinical neurophysiological effects which future clinical samples
can be compared against (thus avoiding unnecessary testing of
the latter group).
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MATERIALS AND METHODS

This study was conducted in accordance with the Declaration of
Helsinki (World Medical Association, 1964) and was approved
by the University of Manchester Ethics Committee (ref number:
13214).

Participants

Thirty-six student volunteers (22 female, 24.33 £ 6.99) gave
written informed consent to take part in the study. Participants
were recruited from the University of Manchester via poster
advertisement and received either course credits or monetary
remuneration for taking part. All participants had normal or
corrected vision, were right-handed, and had no current or
historical neurological or psychiatric conditions.

Participants completed a number of validated self-report
measures prior to the trial to ensure equivalence between
independent groups on measures of attentional control,
metacognition, and current mood: the Attentional Control
Scale (ACS: Derryberry and Reed, 2002), the Metacognitions
Questionnaire-30 (MCQ-30: Wells and Cartwright-Hatton,
2004) and the UWIST Mood Adjective Checklist (UMACL:
Matthews et al., 1990). The UWIST was also measured post-ATT
in order to establish whether any change in mood occurred
as a result of the technique (see Results). Participants also
completed a post-manipulation check immediately after the
study. This measure consisted of two questions: (1) ‘How
much did you find yourself moving your attention around as
instructed during the audio recording? and (2) ‘How much
did you find yourself listening passively without moving your
attention around during the audio recording?’ Participants were
required to record their responses on a 0-100% Visual Analogue
Scale (VAS).

Experimental Procedure

Participants were randomly assigned' to an Active Condition
(AC; n = 18, 10 female) or a Control Condition (CC;
18, 12 female) and all listened to the ATT recording.
Those in the AC were required to follow ATT instructions
(participant instructions: ‘Please listen to the audio recording.
You are required to follow the instructions’) and those in
the CC were required to ignore the instructions (participant
instructions: ‘Please listen to the audio recording. You are
required to listen passively without following the instructions’).
Participants were required to complete the post-manipulation
check and a measure of current mood (UWIST) following ATT.
The duration of the experiment was approximately 24 min:
pre-resting state (6 min), ATT (12 min), post-resting state
(6 min). Participants were debriefed following the study. There
were no differences between groups on any of the pre-trial
measures.

EEG Recording

Continuous EEG was recorded at rest before and after
exposure to ATT. Each recording lasted approximately 6 min

n =

Uhttp://www.randomizer.org/

in duration, with 3 min eyes-open (EO), and 3 min eyes-
closed (EC). The order of EO and EC was randomly assigned
and then counterbalanced across participants. The experiment
was conducted in a light- and sound-attenuated, electrical
shielded room at ambient temperature. Participants were seated
comfortably on a chair and were requested to minimize eye-
blinks and physical movements during recording. Participants
were monitored during recording to ensure they did not fall
asleep. EEG data were recorded using a 64-electrode BioSemi
ActiveTwo amplifier conforming to the international 10-20
system (Jasper, 1958). Electrodes were attached in standard
formation (details of BioSemi referencing and grounding
conventions®). The signal was digitized at 512 Hz with an open
passband from 0.01 to 100 Hz. Horizontal and vertical electro-
oculograms were recorded using separate electrodes placed above
and below the right eye and at the outer canthi of both
eyes.

Spectral Analysis

Continuous EEG data were imported into BrainVision Analyser
(Brain Products GmbH, 2015). Data were re-referenced to the
common average of electrodes across the scalp. Independent
Components Analysis (ICA) was used across all for recordings
(12 min in total) to remove ocular artifacts. Data were then
reconstructed and segmented into 1s epochs, and spectral
analysis was conducted using Fast-Fourier transformation (FFT)
within pre-defined bands: Theta (4-7 Hz), Alpha (8-12 Hz), Beta
(13-30 Hz). This yielded FFT average power values for each EEG
frequency band expressed in log units, 10*10g10(uV2/Hz), as a
measure of frequency density (activity) in all four recordings
(pre-resting state EO/EC, post-resting state EO/EC).

Three topographic regions of interest (ROIs) were calculated
by averaging power values across the following electrode sites:
Anterior (AF7, Fpl, Fpz, Fp2, AF8, AF3, AFz, AF4, F7, F5,
F3, Fl1, Fz, F2, F4, F6, and F8), Midline (FT7, FC5, FC3, FC1,
FCz, FC2, FC4, FCe, FT8, T7, C5, C3, Cl, Cz, C2, C4, C6, T8,
TP7, CP5, CP3, CP1, CPz, CP2, CP4, CP6, and TP8), Posterior
(P7, P5, P3, P1, Pz, P2, P4, P6, P8, PO7, PO3, POz, PO4,
PO8, O1, Oz, and O2). Prior to statistical analysis, all data
were normalized using natural logarithm (In) transformation and
then pre-to-post resting-state change indices were calculated for
each condition (i.e., post-minus pre-baseline resting state values).
These represented unitary values of tonic power change following
exposure to ATT and were assumed to reflect the extent to
which neuronal synchrony was increased or decreased. The use
of unitary index values was also selected in order to reduce the
error variance for statistical analysis.

RESULTS

All analyses were performed using IBM SPSS v22 (IBM Corp,
2013). The initial phase of analysis evaluated whether any
differences were observed between or within groups on the
pre-selected measure of mood state (UWIST), and whether

Zhttp://www.biosemi.com/faq/cms&drl.htm
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any between-group differences were observed on the post-
manipulation check (which was designed to assess compliance
with the task instructions). This was followed by a planned
evaluation of differences between groups on EEG tonic power
changes across the frequency bands (alpha, beta, and theta).
Here, the primary variable of interest in the EEG data was the
effect of engagement with ATT (active condition) on spectral
power in comparison to non-engagement/passive listening of
ATT (control condition). Finally, an unplanned exploration of
the correlation coeflicients between band-power changes across
both conditions was also conducted in order to learn more
about whether ATT vyielded a different oscillatory signature
in comparison to that reported for other forms of attention
modification (such as mindfulness and meditation). Given the
pilot nature of these data, no specific corrections were employed
for multiple comparisons during phase 2 and 3 of the analysis:
this decision was taken to reduce the possibility of Type 2
errors given the relatively small sample size obtained. While
we recognize that this limits the reliability of our findings, we
felt that this was the most appropriate action to take given
that the use of corrections may have obscured any possible
effects.

Phase 1: In order to examine pre-to-post change in mood
state, a 2 (condition) x 2 (time) mixed analysis of variance
(ANOVA) was conducted on the four subscales comprising
the UWIST - Tense Arousal (TA), Energetic Arousal (EA),
Hedonic Tone (HT), and Anger Items (AI) - where condition
was a between-subjects factor, and time was a within-subjects
factor. No significant main or interaction effects were observed
on any of the subscales (all p > 0.05) indicating that mood
state did not differ between time points. In order to assess
whether participants followed experimental instructions, one-
way ANOVAs were conducted on the post-manipulation checks.
A significant difference was observed between groups on
Question 1 [F(1,35) = 300.32, p < 0.001], with those in the
AC (83.33 £ 11.11) yielding higher scores than those in the
CC (19.83 £ 10.87). In contrast, a significant difference was
observed between groups on Question 2 [F(1,35) = 141.99,
p < 0.001], with those in the AC (19.17 & 11.66) yielding lower
scores than those in the CC (77.94 & 17.38). These differences
suggest that participants in each condition followed the respective
instructions.

Spectral EEG

Phase 2: In order to evaluate differences between groups on
EEG tonic power changes across the frequency bands, a series
of 2 (Condition: AC and CC) x 3 (ROI) mixed ANOVAs were
conducted on tonic change indices for each frequency band
(Alpha, Beta, and Theta) during EO and EC - where condition
was a between-subjects factor, and ROI was a within-subjects
factor.

Alpha: a significant main effect of condition was observed
[F(1,34) = 4.25, p = 0.04] indicating elevated change in global
Alpha activity for the AC in comparison to CC during EO.
Despite a insignificant interaction (p = 0.37), inspection of
the between-group comparisons confirmed that this effect was
most evident in the Midline ROI [F(1,34) = 4.66, p = 0.04,

d = 0.80]. In addition, a significant condition by ROI interaction
effect was observed [F(2,68) = 4.02, p = 0.02] for Alpha during
EC. Univariate analysis confirmed that this was caused by a
significant group difference in the Anterior ROI [F(1,34) = 4.74,
p = 0.04, d = 0.76] indicating elevated change in Alpha activity
for AC in comparison to CC. No differences were observed for
Midline or Posterior ROIs (p’s > 0.05) during both EO and EC.
Beta: no significant main or interaction effects were observed
for Beta-band activity during EC (ps > 0.05). However, a
significant main effect of condition was observed [F(1,34) = 4.91,
p = 0.034] indicating elevated change in global Beta activity
for AC in comparison to CC during EO. Theta: no significant
main or interaction effects were observed for Theta-band activity
during EO or EC (p’s > 0.05) - Figure 1 displays topographic
plots representing the significant between-group differences in
tonic change for Alpha during EO and EC and Beta during
EO. To help supplement further interpretation of the overall
between group differences, the means, standard deviations,
and between-group Cohen’s d effect sizes and 95% confidence
intervals (CI) were calculated (see Table 1). Inspection of the
means indicated that in general, the AC yielded a positive
(increase) change in spectral band power across a majority of
the ROIs for both the EO and EC conditions. In contrast,

Alpha: Eyes Open

]

Alpha: Eyes Closed

L

Beta: Eyes Open

FIGURE 1 | Topographic plots of tonic power change in Alpha and Beta, with
AC to the left of the figure and CC to the right. Power values are expressed in
log units of 10*log1o(LV2/Hz).
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TABLE 1 | Means and standard deviations of tonic power change across eyes-open and eyes-closed ROls.

Active Condition (n = 18)

Control Condition (n = 18)

Condition Band ROI Mean SD Mean SD Cohen’s d 95% ClI
Eyes Open
Alpha Anterior 0.0008 0.0019 —0.0001 0.0019 0.487 0.467, 0.488
Midline 0.0005 0.0009 —0.0002 0.0009 0.800* 0.800, 0.801
Posterior 0.0000 0.0005 —0.0001 0.0010 0.130 0.130, 0,131
Beta Anterior 0.0013 0.0005 0.0001 0.0018 0.567 0.566, 0.568
Midline 0.0005 0.0026 —0.0010 0.0032 0.529 0.528, 0.530
Posterior —0.0002 0.0009 —0.0003 0.0009 0.114 0.114,0.115
Theta Anterior 0.0000 0.0026 —0.0009 0.0030 0.330 0.329, 0.331
Midline —0.0003 0.0014 —0.0004 0.0019 0.062 0.061, 0.062
Posterior —0.0002 0.0007 —0.0004 0.0010 0.238 0.238, 0.239
Eyes Closed
Alpha Anterior 0.0009 0.0033 —0.0019 0.0042 0.763* 0.762, 0.764
Midline 0.0005 0.0014 —0.0004 0.0025 0.457 0.456, 0.458
Posterior —0.0003 0.0015 0.0004 0.0019 —0.421 —0.420, —0.421
Beta Anterior 0.0004 0.0015 —0.0011 0.0043 0.479 0.478, 0.480
Midline 0.0003 0.0015 0.0002 0.0028 0.229 0.228, 0.230
Posterior —0.0001 0.0004 0.0002 0.0020 -0.214 -0.214, —0.215
Theta Anterior 0.0002 0.0012 —0.0014 0.0050 0.453 0.452, 0.454
Midline —0.0001 0.0011 0.0003 0.0026 —0.206 —0.206, —0.207
Posterior 0.0000 0.0008 0.0003 0.0018 —0.222 -0.221, —0.222

*P < 0.05. Negative values indicate a decrease in power, and positive values indicate an increase in power. Between-group Cohen’s d effect sizes and 95% Cls are
presented to the right of mean values and standard deviations. ROl = Region of Interest.

the CC appeared to yield a negative (decrease) change in
spectral band power across a majority of ROIs for EO and
almost half the ROIs for EC. These data thus indicate that
the direction and pattern of change largely differed according
to group: for the AC, greater positive change was observed to
occur in the Anterior, followed by the Midline, followed by
the Posterior ROIs in both Alpha and Beta across EO and EC.
Theta, on the other hand, demonstrated minimal change across
ROIs for both EO and EC. In contrast, the CC showed less
consistency between ROIs in Alpha and Beta during EO and
EC, and demonstrated greater negative ROI change in Theta-
band activity across EO and EC (with the Anterior ROI most
pronounced).

Phase 3: In order to evaluate associations of band-power
change within and across ROlIs, a series of exploratory bivariate
correlational analysis were conducted across EO and EC for both
conditions. Positive frontoparietal associations were observed
between Alpha and Beta during EO, but these were only
found to be significant in the AC (s = 0.83 and 0.50, for
Anterior and Midline respectively). In addition, the AC yielded
significant positive frontoparietal associations between Alpha
and Beta during EC (s = 0.58 and 0.77, for Anterior and
Midline respectively), which were only observed in the Anterior
ROI for the CC (r = 0.84). These data thus indicate that the
frontoparietal changes in Alpha were generally accompanied by
changes in Beta in the same ROI. However, these associations
were largely significant in the AC rather than the CC. In
addition, inspection of within group correlations between ROIs
for both Alpha and Beta were investigated to determine level of

oscillatory synchrony between frontoparietal areas. As suspected,
significant positive associations were observed between Anterior
and Midline ROIs for Alpha during EO and EC in the AC
(r = 0.68 and 0.66, respectively) but not the CC (s = 0.16
and 0.31, respectively). Similarly, significant positive associations
were also observed between Anterior and Midline ROIs for Beta
during EO and EC in the AC (s = 0.7 and 0.8, respectively)
but not the CC (rs = 0.02 and —0.25, respectively). These
data indicate that frontoparietal changes in Alpha and Beta
were highly correlated between Anterior and Midline ROIs,
however these associations were only significant in the AC
rather than the CC. Finally, level of asymmetry between alpha
ROIs was investigated to determine whether enhancement of
Anterior regions led to suppression over Posterior sites. Both
the AC and the CC demonstrated Alpha asymmetry (negative
correlation), but this effect was again only significant in the AC
(r=—0.92).

DISCUSSION

The present study is the first to demonstrate that a single
dose of the Attention Training Technique enhances resting
alpha and beta-oscillations in frontoparietal networks known
to be implicated in top-down attention and executive control.
As predicted, participants in the AC showed significant
elevated change in frontoparietal alpha and beta-band activity.
Furthermore, anterior and midline ROIs in both alpha and beta
were significantly correlated in the AC indicting greater degrees
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of neuronal synchrony. In contrast, limited theta-band activity
was observed in both the AC and CC. This oscillatory signature
distinguishes ATT from other forms of treatment that employ
attention modification tasks. For example, studies evaluating
the effects of autogenic relaxation training and mindfulness-
based techniques have shown increased theta-band activity in
association with relaxed, drowsy states (e.g., Brown, 1974; Austin,
1999; Chan et al., 2011); a finding also commonly associated with
various forms of meditation (e.g., Delmonte, 1984; Andresen,
2000; Travis and Shear, 2010). In addition, such studies also
tend to report either little to no change in beta-band activity
(Dunn et al., 1999; Cahn and Polich, 2006) and/or decreased
frontoparietal beta-band activity (e.g., Ikemi, 1988; Jacobs et al.,
1996).

The role of beta-band activity has received growing interest
due to a wealth of animal and human studies indicating that
beta-band enhancement reflects engagement of frontoparietal
networks assumed to be involved in top-down attentional control
(e.g., Bisley and Goldberg, 2003; Gross et al., 2004; Basile
et al,, 2007; Swann et al., 2009). In addition, alpha and beta-
band enhancements are observed to co-occur during tasks
involving information retrieval and selective attention (Zanto
and Gazzaley, 2009), and both are reported to strongly correlate
in recent biologically plausible neural network models evaluating
working memory abilities (Lundqvist et al., 2011). These findings
have given rise to the hypothesis that both frequencies may
serve similar neurocognitive functions (Waldhauser et al,
2012). Given that ATT is designed to improve top-down
attentional control and flexibility over competing sources of
information, the observed combination of enhanced alpha, and
beta sits in agreement with these findings. From a conceptual
point of view, these findings also provide support for the
hypothesis that ATT’s neuronal mechanism of change may lie
in the training of frontoparietal areas associated with top-down
executive control. Indeed, recent imaging studies evaluating ATT
have also reported similar findings; Rosenbaum et al. (2018)
interpreted their results as evidence of ATT increasing areas
of the cognitive control network and dorsal attention network
(they also go on to point out that aberrant functioning in
both these areas are known to lead to negative emotional
outcomes).

In addition to identifying ATT’s oscillatory profile, the current
findings also highlight the important implication of engaging
with the ATT instructions. As predicted by S-REF theory,
those who passively experienced ATT without engaging in the
technique (CC) showed static or decreased change in anterior and
midline ROIs for both alpha and beta. This may suggest that it is
not exposure to ATT per se which yields neurocognitive change,
but the degree to which individuals engage in the attentional
tasks. This finding was further supported by significant alpha
asymmetry observed in the AC in contrast to the CC. Evidence
suggests that alpha enhancement of frontoparietal networks
associated with sustained and directed attention correlates
negatively with posterior amplitude (e.g., Corbetta and Shulman,
2002; Jensen and Mazaheri, 2010). Greater alpha asymmetry in
the AC is therefore interpreted as reflecting greater levels of
engagement in the attentional tasks. Furthermore, the presence

of significant alpha asymmetry again separates ATT from
other forms of attention modification, such as mindfulness and
meditation, that tend to show aligned anterior-posterior alpha
symmetry (e.g., Satyanarayana et al., 1992; Lagopoulos et al.,
2009) and/or midline-posterior asymmetry (e.g., Ivanovski and
Malhi, 2007; Chiesa and Serretti, 2010).

These findings also have an important clinical implication
when considered in the context of reduced prefrontal
functioning, which has been widely observed across multiple
psychiatric conditions (e.g., MacDonald and Carter, 2003;
Blumberg et al., 2004; Meyer et al., 2004; MacDonald et al,
2005). For example, prefrontal dysfunction characterized by
diminished tonic alpha power has been reliably observed in
schizophrenic patients (e.g., Sponheim et al., 1994, 2000) and
in studies investigating the neurophysiology of depression and
anxiety (e.g., Henriques and Davidson, 1990; Thibodeau et al,,
2006). However, common psychological treatments such as
cognitive remediation (for reviews, see Kurtz, 2003; Bellack,
2004) and computerized attention modification paradigms
(e.g., Amir et al, 2009; Bar-Haim, 2010) regularly struggle to
yield superiority above treatment as usual and often fail to
explicitly link change in neurophysiology with the techniques
being applied (Siegle et al., 2007). In contrast, ATT is a clinically
reliable strategy aimed at enhancing global top-down attentional
and executive control which has now been shown to enhance
tonic alpha and beta power in frontopareital networks. Although
the current results were not directly evaluated in association
with clinical phenomena, it seems reasonable to assume that
the neurophysiological effects of ATT may be implicated in the
improvement of prefrontal functioning.

This study has some important limitations. First, as noted
above, these results are unable to determine whether the
observed neurophysiological changes are accompanied by
symptom reductions in clinical populations. Assessing this
prospect will involve repeated measurement of tonic alpha
and beta-band change during a full course of ATT treatment
with a clinical sample in comparison to a control. This
will also help determine whether ATT vyields a dose-response
effect in parallel with increased symptom change. Second,
although this study was able to control for trait measures
of attentional control and flexibility, and a state measure of
current mood, we did not employ an attention-related behavioral
measure. Furthermore, despite efforts to ensure successful
randomisation and counterbalancing, this study was unblinded
to the experimenter. Thus, future replications will benefit from
blinded replications with supplemented measures of top-down
attentional control. Third, given the small sample size, we are
unable to determine whether some of the negative findings are
false negatives; the trends toward significance here may reach
significance with larger sample sizes.

CONCLUSION

To our knowledge this is the first EEG study to evaluate the
neurophysiological effects of ATT. A single dose of the treatment
was observed to yield significant tonic alpha and beta-band
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enhancement in frontoparietal networks known to be implicated
in top-down attentional and executive control. The specific
effect of enhanced frontoparietal alpha and beta-band activity in
combination with static theta-band activity suggests ATT yields
a different oscillatory signature to other forms of intervention
such as mindfulness and meditation-based strategies. There
is growing clinical and analog evidence to suggest that
ATT exerts strong therapeutic effects. These preliminary data
suggest that the biological effects of ATT can be readily
detected, may be equally promising and present an exciting
opportunity for new lines of enquiry examining its neural
substrates.

REFERENCES

Amir, N., Beard, C., Taylor, C. T., Klumpp, H., Elias, J., Burns, M., et al. (2009).
Attention training in individuals with generalized social phobia: a randomized
controlled trial. J. Consult. Clin. Psychol. 77, 961-973. doi: 10.1037/a0016685

Andresen, J. (2000). Meditation meets behavioural medicine - The story of
experimental research on meditation. J. Conscious. Stud. 7, 17-73.

Arnsten, A. F., and Rubia, K. (2012). Neurobiological circuits regulating attention,
cognitive control, motivation, and emotion: disruptions in neurodevelopmental
psychiatric disorders. J. Am. Acad. Child Adolesc. Psychiatry 51, 356-367.
doi: 10.1016/j.jaac.2012.01.008

Austin, J. H. (1999). Zen and the Brain: Toward an Understanding of Meditation
and Consciousness. Cambridge, MA: MIT Press.

Bar-Haim, Y. (2010). Research review: attention bias modification (ABM): a novel
treatment for anxiety disorders. J. Child Psychol. Psychiatry. 51, 859-870. doi:
10.1111/j.1469-7610.2010.02251.x

Bar-Haim, Y., Lamy, D., Pergamin, L., Bakermans-Kranenburg, M. J., and
van IJzendoorn, M. H. (2007). Threat-related attentional bias in anxious
and nonanxious individuals: a meta-analytic study. Psychol. Bull. 133, 1-24.
doi: 10.1037/0033-2909.133.1.1

Basile, L. F. H., Anghinah, R., Ribeiro, P., Ramos, R. T., Piedade, R., Ballester, G.,
et al. (2007). Interindividual variability in EEG correlates of attention and
limits of functional mapping. Int. J. Psychophysiol. 65, 238-251. doi: 10.1016/
j-ijpsycho.2007.05.001

Bellack, A. S. (2004). Skills training for people with severe mental illness. Psychiatr.
Rehabil. ]. 27, 375-391. doi: 10.2975/27.2004.375.391

Bisley, J. W., and Goldberg, M. E. (2003). Neuronal activity in the lateral
intraparietal area and spatial attention. Science 299, 81-86. doi: 10.1126/science.
1077395

Blumberg, H. P., Kaufman, J., Martin, A., Charney, D. S., Krystal, J. H., and
Peterson, B. S. (2004). Significance of adolescent neurodevelopment for the
neural circuitry of bipolar disorder. Adolesc. Brain Dev. 1021, 376-383.

Brain Products GmbH (2015). BrainVision Analyser v.2. London: Brain Products
GmbH.

Brown, B. B. (1974). New Mind, New Body: Bio-Feedback: New Directions for the
Mind. New York, NY: Harper & Row.

Cahn, B. R,, and Polich, J. (2006). Meditation states and traits: EEG, ERP, and
neuroimaging studies. Psychol. Bull. 132, 180-211. doi: 10.1037/0033-2909.132.
2.180

Callinan, S., Johnson, D., and Wells, A. (2014). A randomised controlled study of
the effects of the attention training technique on traumatic stress symptoms,
emotional attention set shifting and flexibility. Cogn. Ther. Res. 39:1.

Capobianco, L., Morris, J. A., and Wells, A. (2018). Worry and rumination: do they
prolong physiological and affective recovery from stress? Anxiety Stress Coping
31, 291-303. doi: 10.1080/10615806.2018.1438723

Capotosto, P., Babiloni, C., Romani, G. L., and Corbetta, M. (2009). Frontoparietal
cortex controls spatial attention through modulation of anticipatory alpha
rhythms. J. Neurosci. 29, 5863-5872. doi: 10.1523/JNEUROSCI.0539-09.2009

Chan, A. S., Cheung, M. C,, Sze, S. L., Leung, W. W. M., and Shi, D. J. (2011).
Shaolin Dan Tian breathing fosters relaxed and attentive mind: a randomized
controlled neuro-electrophysiological study. Evid. Based Complement. Alternat.
Med. 4,493-502. doi: 10.1155/2011/180704

AUTHOR CONTRIBUTIONS

AW conceived the study idea and supervised the study. MK and
AW designed the study and analyzed the data. MK collected the
data. Both authors contributed to writing the manuscript.

ACKNOWLEDGMENTS

The authors are grateful to Prof. Wael El-Deredy and Caroline
Lea-Carnall for advice and supervision in EEG data acquisition
and analysis.

Chiesa, A., and Serretti, A. (2010). A systematic review of neurobiological and
clinical features of mindfulness meditations. Psychol. Med. 40, 1239-1252.
doi: 10.1017/S0033291709991747

Corbetta, M., and Shulman, G. L. (2002). Control of goal-directed and stimulus-
driven attention in the brain. Nat. Rev. Neurosci. 3, 201-215. doi: 10.1038/
nrn755

Delmonte, M. M. (1984). Physiological-Responses during meditation and rest.
Biofeedb. Self Regulat. 9, 181-200. doi: 10.1007/BF00998833

Derryberry, D., and Reed, M. A. (2002). Anxiety-related attentional biases and
their regulation by attentional control. J. Abnorm. Psychol. 111, 225-236.
doi: 10.1037/0021-843X.111.2.225

Dunn, B. R, Hartigan, J. A., and Mikulas, W. L. (1999). Concentration and
mindfulness meditations: unique forms of consciousness? Appl. Psychophysiol.
Biofeedb. 24, 147-165. doi: 10.1023/A:1023498629385

Fell, J., Staedtgen, M., Burr, W., Kockelmann, E., Helmstaedter, C., Schaller, C.,
et al. (2003). Rhinal-hippocampal EEG coherence is reduced during
human sleep. Eur. J. Neurosci. 18, 1711-1716. doi: 10.1046/j.1460-9568.2003.
02934.x

Fergus, T. A., and Bardeen, J. R. (2016). The attention training technique: a review
of a neurobehavioural therapy for emotional disorders. Cogn. Behav. Pract. 28,
502-506. doi: 10.1016/j.cbpra.2015.11.001

Fergus, T. A., Wheless, N. E., and Wright, L. C. (2014). The attention training
technique, self-focused attention, and anxiety: a laboratory-based component
study. Behav. Res. Ther. 61, 150-155. doi: 10.1016/j.brat.2014.08.007

Gross, J., Schmitz, F., Schnitzler, I., Kessler, K., Shapiro, K., Hommel, B.,
et al. (2004). Modulation of long-range neural synchrony reflects temporal
limitations of visual attention in humans. Proc. Natl. Acad. Sci. U.S.A. 101,
13050-13055. doi: 10.1073/pnas.0404944101

Haegens, S., Handel, B. F., and Jensen, O. (2011). Top-Down controlled alpha
band activity in somatosensory areas determines behavioral performance in
a discrimination task. J. Neurosci. 31, 5197-5204. doi: 10.1523/JNEUROSCI.
5199-10.2011

Handel, B. F., Haarmeier, T., and Jensen, O. (2011). Alpha oscillations correlate
with the successful inhibition of unattended stimuli. J. Cogn. Neurosci. 23,
2494-2502. doi: 10.1162/jocn.2010.21557

Hanslmayr, S., Aslan, A., Staudigl, T., Klimesch, W., Herrmann, C. S., and Bauml,
K. H. (2007). Prestimulus oscillations predict between and within subjects.
Neuroimage 37, 1465-1473. doi: 10.1016/j.neuroimage.2007.07.011

Henriques, J. B, and Davidson, R. J. (1990). Regional brain electrical asymmetries
discriminate between previously depressed and healthy control subjects.
J. Abnorm. Psychol. 99, 22-31. doi: 10.1037/0021-843X.99.1.22

IBM Corp (2013). IBM SPSS Statistics for Windows, Version 22.0. Armonk, NY:
IBM Corp.

Tkemi, A. (1988). Psychophysiological effects of self-regulation method - Eeg
frequency-analysis and contingent negative variations. Psychother. Psychosom.
49, 230-239. doi: 10.1159/000288088

Ivanovski, B., and Malhi, G. S. (2007). The psychological and neurophysiological
concomitants of mindfulness forms of meditation. Acta Neuropsychiatr. 19,
76-91. doi: 10.1111/j.1601-5215.2007.00175.x

Jacobs, G. D., Benson, H., and Friedman, R. (1996). Topographic EEG mapping
of the relaxation response. Biofeedb. Self Regulat. 21, 121-129. doi: 10.1007/
BF02284691

Frontiers in Psychology | www.frontiersin.org

September 2018 | Volume 9 | Article 1768


https://doi.org/10.1037/a0016685
https://doi.org/10.1016/j.jaac.2012.01.008
https://doi.org/10.1111/j.1469-7610.2010.02251.x
https://doi.org/10.1111/j.1469-7610.2010.02251.x
https://doi.org/10.1037/0033-2909.133.1.1
https://doi.org/10.1016/j.ijpsycho.2007.05.001
https://doi.org/10.1016/j.ijpsycho.2007.05.001
https://doi.org/10.2975/27.2004.375.391
https://doi.org/10.1126/science.1077395
https://doi.org/10.1126/science.1077395
https://doi.org/10.1037/0033-2909.132.2.180
https://doi.org/10.1037/0033-2909.132.2.180
https://doi.org/10.1080/10615806.2018.1438723
https://doi.org/10.1523/JNEUROSCI.0539-09.2009
https://doi.org/10.1155/2011/180704
https://doi.org/10.1017/S0033291709991747
https://doi.org/10.1038/nrn755
https://doi.org/10.1038/nrn755
https://doi.org/10.1007/BF00998833
https://doi.org/10.1037/0021-843X.111.2.225
https://doi.org/10.1023/A:1023498629385
https://doi.org/10.1046/j.1460-9568.2003.02934.x
https://doi.org/10.1046/j.1460-9568.2003.02934.x
https://doi.org/10.1016/j.cbpra.2015.11.001
https://doi.org/10.1016/j.brat.2014.08.007
https://doi.org/10.1073/pnas.0404944101
https://doi.org/10.1523/JNEUROSCI.5199-10.2011
https://doi.org/10.1523/JNEUROSCI.5199-10.2011
https://doi.org/10.1162/jocn.2010.21557
https://doi.org/10.1016/j.neuroimage.2007.07.011
https://doi.org/10.1037/0021-843X.99.1.22
https://doi.org/10.1159/000288088
https://doi.org/10.1111/j.1601-5215.2007.00175.x
https://doi.org/10.1007/BF02284691
https://doi.org/10.1007/BF02284691
https://www.frontiersin.org/journals/psychology/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles

Knowles and Wells

Neurophysiology of Attention Training

Jasper, H. H. (1958). The ten twenty electrode system of the international
federation. Electroencephal. Clin. Neurophysiol. 10, 371-375.

Jensen, O., and Mazaheri, A. (2010). Shaping functional architecture by oscillatory
alpha activity: gating by inhibition. Front. Hum. Neurosci. 4:186. doi: 10.3389/
fnhum.2010.00186

Klimesch, W., Sauseng, P., and Hanslmayr, S. (2007). EEG alpha oscillations:
the inhibition-timing hypothesis. Brain Res. Rev. 53, 63-88. doi: 10.1016/].
brainresrev.2006.06.003

Knowles, M. M., Foder, F., El-Deredy, W., and Wells, A. (2016). A systematic
review of the efficacy of the attention training technique in clinical
and nonclinical samples. J. Clin. Psychol. 72, 999-1025. doi: 10.1002/jclp.
22312

Kolur, U. S., Reddy, Y. C,, John, J. P., Kandavel, T., and Jain, S. (2006). Sustained
attention and executive functions in euthymic young people with bipolar
disorder. Br. J. Psychiatry 189, 453-458. doi: 10.1192/bjp.bp.106.022921

Kurtz, M. M. (2003). Neurocognitive rehabilitation for schizophrenia. Curr.
Psychiatry Rep. 5, 303-310. doi: 10.1007/s11920-003-0060-y

Lagopoulos, J., Xu, J., Rasmussen, L, Vik, A., Malhi, G. S., Eliassen, C. F., et al.
(2009). Increased theta and alpha EEG activity during nondirective meditation.
J. Altern. Complement. Med. 15, 1187-1192. doi: 10.1089/acm.2009.0113

Liu, S. K., Chiu, C. H., Chang, C. J., Hwang, T. J., Hwu, H. J., and Chen, W. J.
(2002). Deficits in sustained attention in schizophrenia and affective disorders:
stable versus state-dependent markers. Am. J. Psychiatry 159, 975-982.
doi: 10.1176/appi.ajp.159.6.975

Lundqvist, M., Herman, P., and Lansner, A. (2011). Theta and Gamma power
increases and Alpha/Beta power decreases with memory load in an attractor
network model. . Cogn. Neurosci. 23, 3008-3020. doi: 10.1162/jocn_a_00029

MacDonald, A. W., and Carter, C. S. (2003). Event-related fMRI study
of context processing in dorsolateral prefrontal cortex of patients with
schizophrenia. J. Abnorm. Psychol. 112, 689-697. doi: 10.1037/0021-843X.112.
4.689

MacDonald, A. W., Carter, C. S., Kerns, J. G., Ursu, S., Barch, D. M., Holmes, A. J.,
etal. (2005). Specificity of prefrontal dysfunction and context processing deficits
to schizophrenia in never-medicated patients with first episode psychosis. Am.
J. Psychiatry 162, 475-484. doi: 10.1176/appi.ajp.162.3.475

Matthews, G., Jones, D. M., and Chamberlain, A. G. (1990). Refining the
measurement of mood: the UWIST mood adjective checklist. Br. J. Psychol. 81,
17-42. doi: 10.1111/j.2044-8295.1990.tb02343.x

Meyer, S. E., Carlson, G. A., Wiggs, E. A, Martinez, P. E., Ronsaville, D. S.,
Klimes-Dougan, B., et al. (2004). A prospective study of the association
among impaired executive functioning, childhood attentional problems,
and the development of bipolar disorder. Dev. Psychopathol. 16, 461-476.
doi: 10.1017/S095457940404461X

Miller, E. K. (2000). The prefrontal cortex and cognitive control. Nat. Rev. Neurosci.
1, 59-65. doi: 10.1038/35036228

Miyake, A., Friedman, N. P., Emerson, M. J., Witzki, A. H., Howerter, A., and
Wager, T. D. (2000). The unity and diversity of executive functions and their
contributions to complex “frontal lobe” tasks: a latent variable analysis. Cogn.
Psychol. 41, 49-100. doi: 10.1006/cogp.1999.0734

Mogg, K., and Bradley, B. P. (2005). Attentional Bias in generalized anxiety
disorder versus depressive disorder. Cogn. Ther. Res. 29, 29-45. doi: 10.1007/
510608-005-1646-y

Nassif, Y., and Wells, A. (2014). Attention training reduces intrusive thoughts cued
by a narrative of stressful life events: a controlled study. J. Clin. Psychol. 70,
510-517. doi: 10.1002/jclp.22047

Nolen-Hoeksema, S. (1991). Responses to depression and their effects on the
duration of depressive episodes. J. Abnorm. Psychol. 100, 569-582. doi: 10.1037/
0021-843X.100.4.569

Ottowitz, W. E., Dougherty, D. D., and Savage, C. R. (2002). The neural
network basis for abnormalities of attention and executive function in major
depressive disorder: implications for application of the medical disease model
to psychiatric disorders. Harv. Rev. Psychiatry 10, 86-99. doi: 10.1080/
10673220216210

Porter, R. J., Bourke, C., and Gallagher, P. (2007). Neuropsychological
impairment in major depression: its nature, origin and clinical significance.
Aust. New Zealand ]. Psychiatry 41, 115-128. doi: 10.1080/000486706011
09881

Rosenbaum, D., Mair, J. M., Hudak, J., Metzger, F. G., and Wells, A.
(2018). Neurophysiological correlates of the attention training technique:
a component study. Neuroimage 19, 1018-1024. doi: 10.1016/j.nicl.2018.
06.021

Satyanarayana, M., Rajeswari, K. R., Rani, N. J., Krishna, C. S., and Rao, P. V.
(1992). Effect of Santhi Kriya on certain psychophysiological parameters: a
preliminary study. Ind. J. Physiol. Pharmacol. 36, 88-92.

Sauseng, P., Klimesch, W., Heise, K. F., Gruber, W. R., Holz, E., Karim, A. A,, et al.
(2009). Brain oscillatory substrates of visual short-term memory capacity. Curr.
Biol. 19, 1846-1852. doi: 10.1016/j.cub.2009.08.062

Sharpe, L., Perry, K. N. Rogers, P., Dear, B. F., Nicholas, M. K., and
Refshauge, K. (2010). A comparison of the effect of attention training and
relaxation on responses to pain. Pain 150, 469-476. doi: 10.1016/j.pain.2010.
05.027

Siegle, G. J. (1999). A neural network model of attention biases in
depression. Prog. Brain Res. 121, 407-432. doi: 10.1016/S0079-6123(08)
63085-X

Siegle, G. J., Ghinassi, F., and Thase, M. E. (2007). Neurobehavioral therapies
in the 21st century: summary of an emerging field and an extended example
of cognitive control training for depression. Cogn. Therapy Res. 31, 235-262.
doi: 10.1007/s10608-006-9118-6

Siegle, G. J., Price, R. B., Jones, N. P., Ghinassi, F., Painter, T., and Thase, M. E.
(2014). You Gotta work at it: pupillary indices of task focus are prognostic for
response to a neurocognitive intervention for rumination in depression. Clin.
Psychol. Sci. 2, 455-471. doi: 10.1177/2167702614536160

Sponheim, S. R., Clementz, B. A., Tacono, W. G., and Beiser, M. (1994). Resting
Eeg in first-episode and chronic-schizophrenia. Psychophysiology 31, 37-43.
doi: 10.1111/j.1469-8986.1994.tb01023.x

Sponheim, S. R., Clementz, B. A., Tacono, W. G., and Beiser, M. (2000). Clinical
and biological concomitants of resting state EEG power abnormalities in
schizophrenia. Biol. Psychiatry 48, 1088-1097. doi: 10.1016/50006-3223(00)
00907-0

Swann, N., Tandon, N., Canolty, R., Ellmore, T. M., McEvoy, L. K., Dreyer, S.,
et al. (2009). Intracranial EEG reveals a time- and frequency-specific role for
the right inferior frontal gyrus and primary motor cortex in stopping initiated
responses. J. Neurosci. 29, 12675-12685. doi: 10.1523/JNEUROSCI.3359-09.
2009

Thibodeau, R., Jorgensen, R. S., and Kim, S. (2006). Depression, anxiety, and
resting frontal EEG asymmetry: a meta-analytic review. J. Abnorm. Psychol. 115,
715-729. doi: 10.1037/0021-843X.115.4.715

Thut, G., Veniero, D., Romei, V., Miniussi, C., Schyns, P., and Gross, J. (2011).
Rhythmic TMS causes local entrainment of natural oscillatory signatures. Curr.
Biol. 21, 1176-1185. doi: 10.1016/j.cub.2011.05.049

Travis, F., and Shear, J. (2010). Focused attention, open monitoring and automatic
selftranscending: categories to organize meditations from Vedic, Buddhist and
Chinese traditions. Conscious. Cogn. 19,1110-1118. doi: 10.1016/j.concog.2010.
01.007

Vertes, R. P. (2005). Hippocampal theta rhythm: a tag for short-term memory.
Hippocampus 15, 923-935. doi: 10.1002/hipo.20118

Waldhauser, G. T., Johansson, M., and Hanslmayr, S. (2012). Alpha/Beta
oscillations indicate inhibition of interfering visual memories. J. Neurosci. 32,
1953-1961. doi: 10.1523/JNEUROSCI.4201-11.2012

Wells, A. (1990). Panic disorder in association with relaxation induced anxiety:
an attentional training approach to treatment. Behav. Therapy 21, 273-280.
doi: 10.1016/j.janxdis.2008.10.008

Wells, A. (2000). Emotional Disorders and Metacognition: Innovative Cognitive
Therapy. Chichester: John Wiley & Sons.

Wells, A. (2009). Metacognitive Therapy for Anxiety and Depression. New York, NY:
Guilford press.

Wells, A., and Cartwright-Hatton, S. (2004). A short form of the metacognition
questionnaire: properties of the MCQ-30. Behav. Res. Ther. 42, 385-396.
doi: 10.1016/S0005-7967(03)00147-5

Wells, A., and Matthews, G. (1994). Attention and Emotion: A Clinical Perspective.
Hove: Erlabaum.

Wells, A., and Matthews, G. (1996). Modelling cognition in emotional disorder:
the S-REF model. Behav. Res. Ther. 34, 881-888. doi: 10.1016/S0005-7967(96)
00050-2

Frontiers in Psychology | www.frontiersin.org

September 2018 | Volume 9 | Article 1768


https://doi.org/10.3389/fnhum.2010.00186
https://doi.org/10.3389/fnhum.2010.00186
https://doi.org/10.1016/j.brainresrev.2006.06.003
https://doi.org/10.1016/j.brainresrev.2006.06.003
https://doi.org/10.1002/jclp.22312
https://doi.org/10.1002/jclp.22312
https://doi.org/10.1192/bjp.bp.106.022921
https://doi.org/10.1007/s11920-003-0060-y
https://doi.org/10.1089/acm.2009.0113
https://doi.org/10.1176/appi.ajp.159.6.975
https://doi.org/10.1162/jocn_a_00029
https://doi.org/10.1037/0021-843X.112.4.689
https://doi.org/10.1037/0021-843X.112.4.689
https://doi.org/10.1176/appi.ajp.162.3.475
https://doi.org/10.1111/j.2044-8295.1990.tb02343.x
https://doi.org/10.1017/S095457940404461X
https://doi.org/10.1038/35036228
https://doi.org/10.1006/cogp.1999.0734
https://doi.org/10.1007/s10608-005-1646-y
https://doi.org/10.1007/s10608-005-1646-y
https://doi.org/10.1002/jclp.22047
https://doi.org/10.1037/0021-843X.100.4.569
https://doi.org/10.1037/0021-843X.100.4.569
https://doi.org/10.1080/10673220216210
https://doi.org/10.1080/10673220216210
https://doi.org/10.1080/00048670601109881
https://doi.org/10.1080/00048670601109881
https://doi.org/10.1016/j.nicl.2018.06.021
https://doi.org/10.1016/j.nicl.2018.06.021
https://doi.org/10.1016/j.cub.2009.08.062
https://doi.org/10.1016/j.pain.2010.05.027
https://doi.org/10.1016/j.pain.2010.05.027
https://doi.org/10.1016/S0079-6123(08)63085-X
https://doi.org/10.1016/S0079-6123(08)63085-X
https://doi.org/10.1007/s10608-006-9118-6
https://doi.org/10.1177/2167702614536160
https://doi.org/10.1111/j.1469-8986.1994.tb01023.x
https://doi.org/10.1016/S0006-3223(00)00907-0
https://doi.org/10.1016/S0006-3223(00)00907-0
https://doi.org/10.1523/JNEUROSCI.3359-09.2009
https://doi.org/10.1523/JNEUROSCI.3359-09.2009
https://doi.org/10.1037/0021-843X.115.4.715
https://doi.org/10.1016/j.cub.2011.05.049
https://doi.org/10.1016/j.concog.2010.01.007
https://doi.org/10.1016/j.concog.2010.01.007
https://doi.org/10.1002/hipo.20118
https://doi.org/10.1523/JNEUROSCI.4201-11.2012
https://doi.org/10.1016/j.janxdis.2008.10.008
https://doi.org/10.1016/S0005-7967(03)00147-5
https://doi.org/10.1016/S0005-7967(96)00050-2
https://doi.org/10.1016/S0005-7967(96)00050-2
https://www.frontiersin.org/journals/psychology/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles

Knowles and Wells

Neurophysiology of Attention Training

Wiers, R. W., Gladwin, T. E., Hofmann, W., Salemink, E., and Ridderinkhof, R.
(2013). Cognitive Bias modification and cognitive control training in
addiction and related psychopathology: mechanisms, clinical perspectives,
and ways forward. Clin. Psychol. Sci. 1, 191-212. doi: 10.1177/21677026124
66547

World Medical Association (1964). Declaration of Helsinki. Ferney-Voltaire: World
Medical Association.

Zanto, T. P., and Gazzaley, A. (2009). Neural suppression of irrelevant information
underlies optimal working memory performance. J. Neurosci. 29, 3059-3066.
doi: 10.1523/JNEUROSCI.4621-08.2009

Conflict of Interest Statement: The authors declare that the research was
conducted in the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Copyright © 2018 Knowles and Wells. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (CC BY). The use,
distribution or reproduction in other forums is permitted, provided the original
author(s) and the copyright owner(s) are credited and that the original publication
in this journal is cited, in accordance with accepted academic practice. No use,
distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Psychology | www.frontiersin.org

September 2018 | Volume 9 | Article 1768


https://doi.org/10.1177/2167702612466547
https://doi.org/10.1177/2167702612466547
https://doi.org/10.1523/JNEUROSCI.4621-08.2009
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/psychology/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles

	Single Dose of the Attention Training Technique Increases Resting Alpha and Beta-Oscillations in Frontoparietal Brain Networks: A Randomized Controlled Comparison
	Introduction
	Materials and Methods
	Participants
	Experimental Procedure
	EEG Recording
	Spectral Analysis

	Results
	Spectral EEG

	Discussion
	Conclusion
	Author Contributions
	Acknowledgments
	References


