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A B S T R A C T

In the current study, we investigate the neuronal correlates of the Attention Training Technique (ATT), a psy-
chotherapeutic intervention used in metacognitive therapy to enhance flexible cognitive control and ameliorate
rumination.

We adapted the ATT in a neuroscientific attention paradigm in order to investigate the effects of its com-
ponents: selective attention, attention switching and divided attention in comparison to a control task.
Functional near-infrared spectroscopy was used to measure changes in blood oxygenation of fronto-lateral and
parietal cortical areas. Furthermore, subjects rated their task performance, effort and attention drifts in each task
condition.

We observed increased blood oxygenation in the right inferior frontal gyrus, right dorsolateral prefrontal
cortex and superior parietal lobule during the ATT conditions in comparison to the control condition.
Additionally, subjective effort was associated with blood oxygenation in the right inferior prefrontal cortex.

Our results are consistent with the theoretical underpinnings of the ATT suggesting that the ATT's mechanism
of change lies in the training of areas of the cognitive control network and dorsal attention network. Aberrant
functioning of both networks has been shown to be related to depression and rumination.

1. Introduction

The Attention Training Technique (ATT) was developed based on
the self-regulatory executive function model (S-REF) of psychological
disorder (Wells, 1990; Wells and Matthews, 1996). The basic premise of
this model is that emotional disorders are the result of a ‘cognitive at-
tentional syndrome’ comprising perseverative or repetive thinking
(worry and rumination) and threat-focused attention coping strategies
that are difficult for the individual to bring under control. The ATT was
developed to increase executive control of the CAS and to enhance
corresponding metacognitive knowledge of control.

There is a large body of research supporting the contention that
perseverative thinking such as worry and rumination is linked to ne-
gative emotional outcomes (Capobianco et al., 2018; Ehring and
Watkins, 2008; Nolen-Hoeksema, 1991; Watkins, 2008). For example,
rumination is indicated as a reliable predictor for relapse of depression

(Michalak et al., 2011; Broderick and Korteland, 2004), severity of the
disease (McLaughlin et al., 2007; Smith and Alloy, 2009) and treatment
duration (Robinson and Alloy, 2003). In the same way, worry is asso-
ciated with higher levels of anxiety as a main symptom of generalized
anxiety disorder (Dilling et al., 2016) and is linked to the development
of PTSD and intrusive thoughts following stress exposure (Holeva et al.,
2001; Wells and Papageorgiou, 1998).

During perseverative thinking, subjects tend to focus on themselves
and inward cognitive processes which results in prolonged cognitive
representations of stressors (Brosschot et al., 2006; Ottaviani et al.,
2016). Accompanied by this, subject with high tendencies for perse-
verative thinking usually use less adaptive emotion regulation (Aldao
et al., 2010). The ATT aims to dissolve inflexible, self-focused and re-
petitive thinking (Knowles et al., 2016) by increasing metacognitive
awareness of rumination (through the focus on attention allocation)
and enhancing metacognitive (top-down) control of processing (Nassif
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and Wells, 2014; Wells, 2007). The ATT consists of an auditory atten-
tion task in which attention is focused on different auditory stimuli,
while other sounds have to be ignored. Subjects are instructed to focus
their attention on selected sounds (selective attention), switch between
sounds (attentional switching) and focus on all sounds simultaneously
(divided attention).

There is initial evidence that the ATT may be beneficial for the
treatment of different psychiatric disorders including depression and
anxiety disorders (Fergus and Bardeen, 2016; Knowles et al., 2016).
Furthermore, the first neuroimaging data suggests that the ATT affects
subcortical affective and cortical cognitive brain areas. In an in-
vestigation by Siegle et al. (2007), patients that were treated with a
treatment package including the ATT showed enhanced activity within
the dorsolateral prefrontal cortex (dlPFC) during a cognitive task and
reduced amygdala activity to negative emotional material in an affec-
tive task after treatment (Siegle et al., 2007). Although initial evidence
for the effectiveness of the ATT exists, to the best of our knowledge, the
underlying neuronal mechanisms of the ATT components are un-
explored.

Interestingly, although there is no direct data on the neuronal ef-
fects of the ATT, research on the cortical mechanisms of auditory se-
lective attention implies that posterior parietal cortex (PPC) and ven-
trolateral prefrontal cortex (VLPFC) are activated when switching
attention between auditory signals and behavioral inhibition (Hanlon
et al., 2017; Huang et al., 2012; Lee et al., 2014). For example, Huang
et al. (2012) found activation during voluntary attention shifting in a
fronto-cingular attention network comprising the IFG, medial frontal
cortex and anterior insula (Huang et al., 2012). Further, Hanlon et al.
(2017) reported correlation between VLPFC activity and response to
auditory stimuli in high conflict conditions (Hanlon et al., 2017). As the
ATT addresses the functions of selective attention, attention switching
and dividing attention, and is intended to enhance executive control
(e.g. attention flexibility to disengage rumination), it is plausible that
the neuronal mechanism of the technique lies in the facilitation of ac-
tivation in related brain areas in the CCN.

In the study at hand, we developed an ATT-based experimental
paradigm that incorporates the different training aspects or components
of the ATT in an experimental procedure. As this is one of the first
studies to investigate the neurophysiological mechanisms of the ATT,
we examined the effects of the paradigm in a non-clinical group of
healthy subjects. The investigation of trainable psychotherapeutic
techniques as the ATT in non-clinical samples in Phase I Studies has
some important advantages. For example, the investigated mechanism
is not disturbed by medication or psychopathological effects. From an
ethical standpoint, this procedure further reduces possible unnecessary
testing of impaired subjects in the case of non-useful paradigms during
first stage investigations. Instead, by using non-clinical samples, it is
possible to propose the general psychophysiological mechanism that
can be tested with respect to psychopathological alterations in the
clinical model.

Hemodynamic changes in the CCN were measured with functional
near-infrared spectroscopy (fNIRS). We compared three experimental
conditions (selective attention vs. attention switching vs. divided at-
tention) with a passive listening control condition. Furthermore, we
assessed subjective ratings on the performance of the ATT, effort and
attention drifts during the task. We hypothesized that hemodynamic
responses would be strongest in the high effort ATT conditions and
lowest in the passive control condition (attention switching>divided
attention> selective attention> passive listening). In the same way,
we expected that subjects would rate the ATT conditions as more ef-
fortful than the control condition (attention switching> divided at-
tention> selective attention>passive listening) and their perfor-
mance in the converse direction (passive listening> selective
attention> divided attention> attention switching). With respect to
attention drifts, we expected that conditions with longer times of sus-
tained attention would lead to more attention drifts than those with

shorter duration of maintained attention (selective attention=divided
attention= passive listening> attention switching). Finally, we ex-
plored associations between subjective ratings and blood oxygenation
during the task.

2. Material and methods

2.1. Participants

46 subjects participated in this study. The study was approved by
the ethics committee at the University Hospital and the University of
Tübingen. All subjects gave their written informed consent. Inclusion
criteria of the study were the following: No history of or acute psy-
chiatric disorder or neurological disorder, no chronic or acute diseases
that affect the blood flow such as diabetes or kidney failure. All subjects
were healthy as assessed by a structured clinical interview for DSM-IV
by a clinical psychologist. Further, no subject reported state rumination
as assessed with a resting-state questionnaire (as used in (Rosenbaum
et al., 2018, Rosenbaum et al., 2017)) after the resting-state measure-
ments. Of note, state rumination was not further analyzed due to too
low variability of the data.

60% of the sample were female subjects. The mean age was 24 years
(SD=5.2); the average years of education were 16 (SD=3.1). Mean
depression scores as assessed with Beck's Depression Inventory II (BDI-
II) were 4.5 (SD=4.2), which indicated no depressive symptomatology
(Beck et al., 1996).

2.2. Procedures

Subjects were recruited via mailing-lists of the University Hospital
(staff) and University of Tübingen (students and staff). On the day of
the study, subjects completed an interview in which demographic data
was assessed and questionnaires on their depressive symptomatology
(Beck's Depression Inventory). Further, attentional resources were as-
sessed with the d2 Test of Attention (Daseking and Putz, 2015).
Afterwards, the fNIRS measurement was performed, comprising a 5-
minute, eyes-open resting-state measurement, followed by the attention
paradigm and another resting-state measurement. During the attention
paradigm, subjects were instructed to focus their attention on specific
sounds according to the instructions of the ATT (Nassif and Wells, 2014;
Teismann, 2012; Wells, 1990). None of the subjects were trained in the
ATT before the measurement as our aim was to evaluate the immediate
individual effect of the ATT components and not the effect of repeated
training. Four conditions were assessed during the paradigm: (1) focus
on a single sound, (2) switching the attention focus between certain
sounds, (3) focus on all sounds at the same time during a block and – as
a control condition – (4) focus passively on white noise. We chose a
noise sound for the passive control condition instead of the ATT sounds
to prevent subjects from performing the ATT instructions during the
control condition involuntarily. During ATT conditions one to three, a
mixture of the following six different sounds was presented: flowing
water, birds' twittering, traffic noise, cricket's chirring, church bells
ringing and the ticking of a clock. The sounds for the ATT are available
online at http://www.metakognitivetherapie.de. All sounds in all con-
ditions were presented with closed headphones at approximately
58–60 dB. Each condition was presented 7 times during the experiment
in 40 s blocks. During each block, the instruction “focus on…sound x/
all sounds/ passive” was presented visually via a computer screen for
6 s before the focus changed. During the switching conditions, the focus
changed every 6 s, while in the other three conditions the same focus
was presented every 6 s. Each block consisted of 6 changes and re-
petitions of focus instructions. After each block, subjects were asked to
rate on a 9-point Likert-scale how well they had performed the task
(performance rating), how much effort they had put into the task (effort
rating) and how often their attention had faded away from the task
(rating of attentional drifts). A 15 to 25 s jittered rest followed the
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ratings before the next block began. Conditions were presented in a
pseudorandomized way in which each set of the four conditions was
randomized and presented with seven repetition-cycles.

2.3. fNIRS

To measure changes of oxygenated (O2HB) and deoxygenated hae-
moglobin (HHB), the optical imaging method of functional near-in-
frared spectroscopy (fNIRS) was used. fNIRS is a reliable, easy to use
imaging method with relatively high time resolution (Haeussinger
et al., 2011, 2014). We used a continuous wave, multichannel NIRS
system (ETG-4000 Optical Topography System; Hitachi Medical Co.,
Japan) with a temporal resolution of 10 Hz. We used three probesets to
measure parts of the CCN and the dorsal attention network (DAN): Two
frontal probesets (reference points F3 and F4 according to the inter-
national 10–20 System (Jasper, 1958)) with 9 optodes each, and one
parietal probeset (reference point Pz) with 15 optodes, resulting in a
total of 46 channels (see Table 1). Corresponding brain areas of each
channel were extrapolated from reference points based on the Colin 27
template (Cutini et al., 2011; Tsuzuki and Dan, 2014).

After data collection, the following preprocessing was done with
MATLAB R2017a (MathWorks Inc., Natick, USA): Data were bandpass
filtered (0.001–0.1 Hz) and processed with the correlation based signal
improvement algorithm of Cui et al. (2010) to reduce movement arte-
facts (Cui et al., 2010). As the algorithm of Cui et al. (2010) offsets the
data of HHB and O2HB, in the following, only the corrected oxygenated
signal was further processed. Afterwards, single channels strongly
contaminated by different types of artefacts were interpolated, followed
by an ICA-based reduction of clenching artefacts. In a final step, a
further bandpass filter (0.01 to 0.1 Hz) was used and data was z-
transformed to allow for better comparisons between subjects. For the
z-transformation, each data-point was divided by the standard devia-
tion of the concatenated signal of all channels (the average activity over
all time points of the concatenated signal is approximately zero due to
detrending). The blocks for each condition were averaged with a 15 s
baseline correction and a linear detrending. Data was analyzed for 5
regions of interest (ROI): bilateral dorsolateral prefrontal cortex
(dlPFC), bilateral inferior frontal gyrus (IFG) and somatosensory asso-
ciation cortex (SAC).

2.4. Data analysis

Data was further analyzed with IBM SPSS Statistics Version 24. For
fNIRS data, repeated measurement ANOVAs with the within-subject
factor condition (focus single vs. focus switch vs. focus all vs. focus
passive) were performed for five ROIs. Results were corrected for

multiple comparisons by the procedure of Armitage-Parmar (Sankoh
et al., 1997).

We hypothesized an increase in O2HB concentration from the pas-
sive control condition to the other three experimental conditions.
Further, we assumed that the conditions with the highest mental effort
(focus switching and focus all sounds) would show higher O2HB values/
concentration than the less demanding condition (focus on a single
sound) in the five ROIs (passive< single< switching= all).

Further, in an exploratory analysis, we checked the data for cov-
ariations between subjective ratings on performance, effort and atten-
tion drifts and blood oxygenation during the paradigm with mixed
multi-level models. To do so, we z-standardized ratings per subject to
display within subject variations due to the experimental procedure and
regressed the NIRS data on the ratings. In the mixed models, subjects
were used as nesting variables. Therefore, the regression coefficients
display the experimentally induced covariation of blood-oxygenation
and subjective performance, effort and attention drifts.

3. Results

3.1. Subject ratings

Subjective ratings during the paradigm suggested significant dif-
ferences between the experimental conditions in terms of performance
(F(3,135) = 3.957, p < .05, η2= 0.084), and effort (F(3,135) = 23.705,
p < .001, η2= 0.355), but not for attentional drifting. Post-hoc tests
revealed that subjects performed subjectively better in the passive
control condition than in the selective attention (t(45)= 3.12, p < .01,
d= 0.46) and divided attention (t(45) = 3.45, p < .001, d= 0.51)
conditions.

With regards to subjectively rated effort, the control condition was
rated as most effortless (passive vs. divided attention: t(45) = 3.845,
p < .001, d=0.57); passive vs. selective attention: t(45) = 5.018,
p < .001, d=0.73; passive vs. attention switching: t(45) = 6.104,
p < .001, d=0.90). Furthermore, all ATT conditions differed sig-
nificantly from each other: the highest rated effort occurred in the at-
tention switching condition (switching vs. divided: t(45) = 5.559,
p < .001, d= 0.81; switching vs. selective attention: t(45) = 3.474,
p < .001, d= 0.51), followed by the selective attention and the di-
vided attention conditions (selective vs. divided attention:
t(45) = 3.616, p < .001, d=0.53) (see Fig. 1).

Attentional drifting showed only marginally significant differences
for the experimental condition (F(3,135) = 2.403, p < .1, η2= 0.05)
with a trend toward highest attentional drifts during the selective at-
tention condition. On average, subjects drifted away between 2.8 (SD
=1.4) and 3.2 (SD=1.3) times during 40 s task performance as rated
by subjective impression.

3.2. fNIRS brain activity

Hemodynamic responses were observed in all conditions and all
ROIs that were significantly different from zero (t(45) = 5.139 to
12.228, all p < .001). As indicated by repeated measurement
ANOVAs, we observed significant differences between the experimental
conditions in the right IFG (F(3,135) = 4.305, p < .01, η2= 0.087),
right dlPFC (F(3,135) = 2.898, p < .05, η2= 0.060) and SAC
(F(3,135) = 3.817, p < .05, η2= 0.078). Furthermore, marginally sig-
nificant trends were observed in the left dlPFC (F(3,135) = 2.494,
p < .1, η2= 0.053), and left IFG (F(3,135) = 2.385, p < .1, η2= 0.05)
(see Fig. 2).

Post-hoc tests revealed a significantly higher hemodynamic re-
sponse in the right IFG and SAC in the selective attention condition
(rIFG: t(45) = 2.213, pcorr < 0.05, d= 0.33; SAC: t(45) = 2.15,
pcorr < 0.05, d= 0.32), divided attention condition (rIFG:
t(45) = 2.228, pcorr < 0.05, d=0.33; SAC: t(45)= 2.89, pcorr < 0.05,
d= 0.43) and attention switching condition (rIFG: t(45) = 3.36,

Table 1
fNIRS channels for the different probesets and corresponding brain areas.

Brain area Left frontal
probeset

Right frontal
probeset

Pars opercularis (part of inferior
prefrontal gyrus)

6 19

Pars triangularis (part of inferior
prefrontal gyrus)

4, 7, 9 18, 21

Dorsolateral prefrontal cortex 5, 10, 11, 12 15, 20, 23, 24
Retrosubicular area 1 14, 16
Temporopolar area 2 13
Subcentral area 3 17
Pre-motor and supplementary motor

cortex
8 22

Parietal probeset
Somatosensory association cortex 25, 26, 27, 28, 30, 31, 32, 34, 35, 36, 37
Angular gyrus 42
Supramarginal gyrus 29, 33
V3 38, 39, 40, 41, 43, 44, 45, 46
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Fig. 1. Subjective ratings on performance (left), effort (middle) and attention drifts (right) during the different experimental conditions. *p < .05, ** p < .01,
***p < .001.

Fig. 2. Left: Brain maps of the contrasts of the three ATT conditions vs. the passive control task. Differences are plotted as effect sizes (d). Warm colors indicate higher
activation in the ATT condition than in the control condition. Right: hemodynamic responses in the right IFG ROI during the 40 s task performance in the three ATT
conditions (red) and the passive control condition (blue). Contrasts are, from top to bottom: selective vs. passive, switching vs. passive and divided vs. passive.
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pcorr < 0.01, d= 0.50; SAC: t(45)= 3.05, pcorr < 0.01, d=0.45) as
compared to the control condition. However, no differences between
the three attention conditions were found. With respect to the right
dlPFC, only the contrast between the attention switching condition and
the control condition showed significance (t(45) = 2.689, pcorr < 0.05,
d= 0.40).

In our exploratory analysis, we found a positive covariation of
blood-oxygenation and subjectively rated effort during the experiment
in the right IFG (t(137)= 2.496, p < .05), but not in any other ROI.
Neither the subjective performance nor attentional drifts were sig-
nificantly associated with O2HB concentration.

4. Discussion

The aim of this study was to investigate the neural underpinnings of
the Attention Training Technique, a psychotherapeutic technique that
is normally used to reduce self-focused perseverative thinking as part of
metacognitive therapy. To this end, we adapted the three phases of the
ATT to measure the effects of selective attention, divided attention and
attention switching on the cognitive control network and dorsal at-
tention network. As a control comparison, a white noise was presented
to the subjects with the instruction to passively listen to this noise.

In line with our hypotheses, we observed elevated blood oxygena-
tion in the right IFG, right dlPFC and SAC during the experimental ATT
conditions in comparison to the control condition. However, we did not
observe any differences between the ATT conditions although effect
sizes showed a tendency to be the highest in the attention switching
condition. In line with this, in the right dlPFC, only the attention
switching condition was significantly different from the passive control
condition. Subjects rated their performance to be better in the control
condition than in the experimental ATT conditions. Fittingly, the sub-
jective effort was highest in the attention switching condition, followed
by the selective attention condition, the divided attention condition
and, rated as least effortful, the passive control condition. However,
associations between O2HB and subjective ratings were only found in
the right IFG.

From the data of this study, we suggest that the underlying neuronal
mechanism of the ATT lies within the recruitment and training of at-
tention-related areas in the CCN and DAN, including the dlPFC, IFG and
superior parietal lobule. Interestingly, in one of our previous studies,
subjects with high habitual tendencies to ruminate showed reduced
blood oxygenation in the right IFG during stress exposure, which was
accompanied by increased momentary ruminations following stress
(Rosenbaum et al., 2018). Indeed, a large body of evidence suggests
reduced frontal cortical activation in depressed subjects during cogni-
tively demanding tasks (Groenewold et al., 2013; Rosenbaum et al.,
2016; Snyder, 2013; Zhang et al., 2015), which might explain deficits in
inhibition and emotion regulation in depressed subjects. On a neuronal
level, the ATT mechanism of change might lie in influencing these
deficits in functional brain area recruitment in depressed and high ru-
minating subjects. On a psychological level, this might reflect the hy-
pothesized enhancement of voluntary inhibitory control in depression
and high ruminating subjects such that they can disengage persevera-
tive thinking as implicated in the S-REF model (Wells and Matthews,
1996). In line with this, in a primary study of Siegle et al. (2007), de-
pressed patients that were trained in a combined treatment program
including the ATT showed increased activity in the dlPFC during a digit
sorting task and reduced amygdala reactivity to negative emotional
material after treatment (Siegle et al., 2007). The proposed mechanism
is further supported by cognitive-behavioral emotion regulation
models, in which attention refocusing is – besides the modification of
the situation, cognitive reappraisal and behavioral emotion regulation –
a basic way to influence the emotionality of a stimulus (Gross, 1998;
Quoidbach et al., 2015). Interestingly, initial evidence from Jacobs
et al. (2016) suggests that Rumination Focused Cognitive Behavioral
Therapy in adolescents also affects the right IFG in terms of

connectivity of this brain region with the left posterior cingulate cortex
(PCC). In this study, decreases in FC between the right IFG and left PCC
further correlated with decreases in depression severity and rumination
(Jacobs et al., 2016). However, it is important to keep in mind that the
current study investigated the neurophysiological underpinnings of the
ATT components in a non-clinical group of subjects, which only gives
evidence for a general physiological mechanism. The relation of this
mechanism to the reduction of symptoms has to be investigated in fu-
ture studies with clinical subjects.

Contrary to our hypothesis, we did not observe a significant dif-
ference in O2HB concentration between the three experimental condi-
tions, despite tendencies toward higher effect sizes in the attention
switching condition. However, based on the observed effect sizes, we
estimate the difference between the ATT conditions in the examined
ROIs to be equal to or smaller than d=0.3, which would result in high
sample sizes for significance testing. It might also be the case that the
recruited brain areas during the different phases of the ATT do not
differ that much. For example, selective attention and attention
switching might include the same areas for attention focus at the be-
ginning of the process. During the process of selective attention
training, the subject would have to maintain the attention focus over a
longer period of time, which could result in habituation (and a reduced
O2HB concentration), and re-focus their attention when attention drifts
occur, which should recruit similar brain areas as attention switching.
In the same way, the divided attention condition requires the subjects
to expand their attentional focus and maintain this wide perceptual
focus. Habituation might also occur here, followed by a self-paced re-
focusing that recruits the same areas as the attention-switching condi-
tion. Following this possible interpretation, the only difference between
the three conditions might lie in the number of self-paced and in-
structed attentional shifts. In line with this interpretation, fMRI studies
on divided and selective attention to auditory and visual sentence
comprehension found that both selective attention – during single
tasking – and divided attention – during dual tasking – recruited the
same brain regions, but more strongly if more information had to be
processed (e.g. during dual tasking) (Moisala et al., 2015).

Not surprisingly, subjects rated their performance in the passive
listening control task higher than in the ATT task conditions, as the
control condition was easier. However, performances on all three ATT
conditions were rated as equal. In line with our hypothesis, subjects
rated the invested effort according to the difficulty of the task condi-
tions: The attention switching condition was rated as most effortful,
followed by the selective attention condition, the divided attention
condition and the passive listening control condition. In line with this
finding, we expected that subjectively rated effort would covary with
the O2HB concentration in the CCN. However, such a relation was only
found in the right IFG, which is in line with the importance of this area
for voluntary inhibitory control, but seems unsatisfactory in terms of
reliability and validity. It might be the case that the nature of subjective
ratings is too unreliable for the prediction of biological variables in
small samples. As the ATT asks the subjects to focus their attention on
sounds without any behavioral performance, it is difficult to design a
reliable behavioral index for attention focusing. It will be up to future
studies to fill this gap.

Interestingly, we also observed considerable activation in the
frontal, lateral, and parietal ROIs during the passive control condition
that was highly significant compared to baseline activation (see sup-
plementary material Fig. S1). We chose to present a white noise sound
during the control condition to prevent subjects from performing the
ATT instruction during the passive condition. However, during passive
listening, automatic attention processes such as orientation occur that
recruit attention-related brain areas, which might explain why such
high activations occurred during the passive listening condition.

This study had some important limitations. Firstly, we did not use
the original ATT but an adapted neuroscientific paradigm. As we sought
to randomize the ATT conditions, implement a control condition and
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leave the subjects blind to the original training, we implemented blocks
of 40 s task performance. In the original ATT, no passive listening
condition exists. Instead, the training starts with selective listening,
followed by attention switching and at last divided attention.
Furthermore, the three conditions have different durations in the ori-
ginal training, with the longest duration for selective attention followed
by attention switching and divided attention. However, the neuronal
processes in terms of brain areas recruited by the ATT are likely to be
the same as in our investigation. As noted above, the current study
leaves open the question of whether the proposed neurophysiological
process will be accompanied by symptom reductions in clinical popu-
lations. The paradigm developed in the current study might be of use
for such future investigations.

A further limitation concerns the fNIRS method. The investigated
brain areas are limited to the placement of our probeset and the pe-
netration depth of the near-infrared light, which is approximately 3 cm.
Therefore, only the superficial parts of the cortex could be investigated.
We chose the examined brain regions due to prior studies that high-
lighted the role of the CCN and DAN in selective and divided attention.
Furthermore, by using fNIRS, it was possible to measure cortical oxy-
genation while subjects were sitting, as is usually the case during the
ATT training. Therefore, the ecological validity of the fNIRS measure-
ment is excellent. However, the current paradigm can be adjusted for
fMRI measurements and future fMRI studies can therefore validate the
results of this study.

To the knowledge of the authors, this is the first study that measured
blood oxygenation during the ATT. We observed significant increases in
areas of the CCN and DAN during the ATT conditions, suggesting that
the ATT training will affect these brain regions. As depressed subjects
have been shown to have reduced frontal functioning in the CCN and
DAN during cognitive tasks and emotion regulation, the neuronal me-
chanism of the ATT might lie in the training of these cortical networks.
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