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There is increasing evidence that both mind wandering (MW) and attention are
influenced by culture. However, studies on the interference between MW and attention
across cultures are virtually nonexistent. Here we researched how individuals from 2
cultures (Portuguese, Brazilian) differ in terms of type of thoughts and content of MW
during the course of the attention network task (ANT). Additionally, we tested the
existence of culture-specific associations between type of thoughts and content of mind
wandering and each component of the attention network system (alert, orienting,
executive). No statistically significant differences were found between Brazilian and
Portuguese participants in terms of nature and content of mind-wandering thoughts.
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Both groups tended to be predominantly involved in task-related interference thoughts
during the attention task. At the end of the task, both groups reported having been
predominantly out of focus, dominated mostly by inner language thoughts. Despite the
similarities, the type of thoughts and content of MW seemed to affect performance in
the attention task differently in each group. First, and regarding ANT overall perfor-
mance, only Portuguese had a significantly facilitating effect in response time associ-
ated with task-interfering thoughts. Second, regarding ANT network effects, Portu-
guese participants, when compared with Brazilians, seemed to be more sensitive to
orientation cues in all thought conditions, benefited more from alerting cues when they
reported on-task thoughts, and took better advantage of mind wandering to reduce
attentional conflict.

Keywords: mind wandering, attention, attention network task, consciousness, culture

The mind tends to drift away when there is a
lack of demands for concentration but also
when processing a demanding task. This phe-
nomenon, known as mind wandering (MW),
involves a process of decoupling from external
attention to internal thought flow (Schooler et
al., 2011).

The evidence for an orthogonal relationship
between attention and mind wandering is based
on studies showing that mind wandering im-
pairs attention by recruiting competing execu-
tive resources (Kane & McVay, 2012; Small-
wood & Schooler, 2006). Additionally, it has
been repeatedly found that MW does not inter-
fere evenly with all types of executive tasks
(e.g., Kam & Handy, 2014). Data from neuro-
imaging studies confirmed that mind wandering
recruits both the default mode and the executive
networks (Christoff, Gordon, Smallwood, Smith,
& Schooler, 2009). However, a study by Stawarc-
zyk, Majerus, Maquet, and D’Argembeau
(2011)showed that although MW thoughts are re-
sponsible for a pick activation in the Default
Mode Network (DMN), other interfering thoughts
(i.e., external distractions, task appraisal distrac-
tors) are also associated with the activation of
several midline regions of the DMN.

The evidence just reported highlights the
need to approach mind wandering as a multi-
component process. Stawarczyk, Majerus, Maj,
Van der Linden, and D’Argembeau (2011) ex-
plained that several “out of task” thoughts have
traditionally been subsumed under the category
of MW: task-related interference (TRI; e.g.,
thoughts that are associated with side aspects of
an external task), external distractions (EDs;
e.g., thoughts about environmental stimuli irrel-
evant to the task), and stimulus-independent and
task-unrelated thoughts (SITUTs; e.g., thoughts

dissociated from both task and external stimuli).
Even though TRI and ED illustrate an already
MW state, in both of these situations the indi-
vidual is still focused on aspects associated with
the task (TRI) or the context (ED). Only for
SITUT is one in the presence of a truly mind-
wandering condition in which the mind enters a
space–time-traveling mode (Corballis, 2013).

These different types of thoughts have been
reported to affect performance in distinct tasks
(Stawarczyk, Majerus, Catale, & D’Argembeau,
2014). For example, Stawarczyk, Majerus, Maj,
et al. (2011) observed that all three task
thoughts (TRI, ED, SITUT) significantly inter-
fere with an attention performance task: the
sustained attention to response task (SART).

Using a different type of attention task (the
attention network task [ANT]) and a different
mind-wandering assessment method (thought
probes and performance indices in the SART),
Hu, He, and Xu (2012) found that MW (any
type of thoughts unrelated to the task) nega-
tively affected the orienting attention network
(ability to select among multiple stimuli).
However, a recent study by Gonçalves et al.
(2017) looking at interference of different
types of thoughts, as measured by on-task
(OT), TRI, ED, and SITUT on the ANT,
showed that only task-related interference
thoughts and external distractions, but not
mind wandering (i.e., SITUT), negatively im-
pacted attention.

There has also been some recent evidence
that the interference between mind wandering
and external distractors in attention tasks is me-
diated by both individual cognitive abilities
(e.g., working memory capacity and fluid intel-
ligence; Unsworth & McMillan, 2014) and en-
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vironmental conditions (e.g., noisy vs. silent
environment; Robison & Unsworth, 2015).

These different types of thoughts have been
reported to affect performance in distinct tasks
(Stawarczyk et al., 2014). For example, Stawarc-
zyk, Majerus, Maquet, and D’Argembeau (2011)
observed that all three task thoughts (TRI, ED,
SITUT) significantly interfere with an attention
performance task (SART).

The content of MW thoughts also seems to
vary according to the individual or the situation.
For example, Delamillieure et al. (2010) ad-
vanced a taxonomy to classify the content of
thoughts when the mind is dissociated from a
task condition. The following categories were
suggested: visual mental imagery (IMAG; e.g.,
seeing something in thought); inner language
(LANG; e.g., thinking with one’s own voice
without overt production), somatosensory
awareness (SOMA; e.g., paying attention to
body sensations), inner musical experience
(MUSI; e.g., thinking in terms of melodies or
rhythms), and mental processing of numbers
(NUMB; e.g., counting, or time estimation).
The authors reported that a significant percent-
age of individuals could be classified in a dom-
inant MW mode.

Despite its regular occurrence, not all minds
wander to the same degree. Individuals exhibit
stable differences in their propensity to produce
MW thoughts. For example, some individuals
are mostly prone to spontaneous MW, whereas
others are characterized by deliberate MW
(Seli, Risko, & Smilek, 2016); some have re-
ported a MW focus in the past, whereas others
focused on the future (Smallwood, Nind, &
O’Connor, 2009); and still others have reported
being dominated by language thoughts, whereas
others reported the prevalence of images (Dela-
millieure et al., 2010). These differences in
mind wandering have been associated with cog-
nitive characteristics (McVay, Unsworth, Mc-
Millan, & Kane, 2013), personality traits (Al-
exander Diaz et al., 2014), or even clinical
phenomena (Seli & Purdon, 2017).

Less is known, however, about specific pat-
terns of MW across different cultures. Mind
wandering has been studied in participants from
both Eastern and Western cultures, suggesting
that it is a universal phenomenon. For example,
Song and Wang (2012), in studying mind wan-
dering in a Chinese population, found it to be a
prevalent phenomenon, mostly associated with

prospective mental time travel. However, there
has been some initial evidence for MW differ-
ences across cultures. In the only study compar-
ing MW in different cultures, Sude (2015)
showed that Canadian students from a European
heritage tended to have significantly increased
MW (task-related and room-related interference
thoughts) when compared with students from an
Asian heritage while performing an easy and
repetitive task.

Similarly, there has been some initial evi-
dence for the effects of culture in different at-
tention networks. For example, Tran, Arre-
dondo, and Yoshida (2015), in longitudinally
testing 3-year-old children from the United
States, Argentina, and Vietnam in the ANT,
found that culture was associated with develop-
ment of the alerting and executive networks.

A recent study by Amer, Ngo, and Hasher
(2017) tested whether Asians of Western and
Eastern descent differed on the effect of distrac-
tive irrelevant information in attention and
working memory tasks. They found that only
East Asians were able to maintain implicit
memory for distractors without significant task
costs. This finding suggests that culture may be
associated with the ability to maintain both an
internal (e.g., mind wandering) and external
(e.g., attention) focus.

In sum, whereas it is known that both mind
wandering and attention are influenced by cul-
ture, studies on the interference between mind
wandering and attention across cultures are vir-
tually nonexistent. It is possible that the survival
of specific patterns of mind wandering in dif-
ferent cultures is associated with their potential
to coexist and even facilitate specific attention
tasks. In fact, there has been increasing evi-
dence that some types of mind wandering may
facilitate performance by mechanisms of atten-
tion recycling, dishabituation, or mood regula-
tion (Smallwood & Schooler, 2015).

Even though there are no cultural cognition
studies comparing Portuguese and Brazilian co-
horts, several cross-cultural studies have been
reported that certain cultures (e.g., European
and North American) are characterized by field-
independent and analytic cognition, whereas
other cultures (e.g., Asian and Latin American)
have exhibited a preference for field-dependent
and holistic cognition (cf. Nisbett & Miyamoto,
2005). If this is the case, one may expect from
Brazilians a wider attentional scope with less
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interference between mind wandering and at-
tention. On the contrary, an eventual narrower
attentional scope will render Portuguese indi-
viduals more prone to mind-wandering interfer-
ence. To test this hypothesis, here we re-
searched the differences between Brazilian and
Portuguese college students in terms of type of
thoughts and MW content during the perfor-
mance of an attention task. Additionally, we
looked at the interference of different types of
thoughts and MW content in different attention
networks.

Method

Participants

The sample consisted of 243 healthy college
students (174 women) with normal or correct-
ed-to-normal vision. Demographic characteris-
tics of the Portuguese and Brazilian samples are
presented in Table 1. The two samples were
matched in terms of gender and age. No signif-
icant differences were found between the sam-
ples in terms of gender, �2(1) � .4, p � .05, and
age, t(241) � �.62, p � .05. All participants
provided signed informed consent, and the
study was carried out in accordance with the
Code of Ethics of the World Medical Associa-
tion (Declaration of Helsinki, 2013).

Materials

Attention network task. The ANT is a
computerized visual–motor task designed to as-
sess the three attentional networks proposed by
Michael Posner (cf. Peterson & Posner, 2012).
During the entire procedure, participants are
required to focus on a central fixation cross,
responding as quickly and accurately as possi-
ble as soon as the target—a central arrow—

appears either below or above the fixation
cross. Participants are asked to identify
whether the arrow is pointing right or left by
pressing the correspondent side of the mouse
button. The targets are preceded by four cue
conditions: (a) a spatially informative cue an-
nouncing that the target will appear either above
or below the fixation cross; (b) a center cue or
double cue condition (above and below the fix-
ation cross) alerting that the target will be pre-
sented soon but without information about the
spatial location; and (c) a no-cue condition.
Additionally, (d) the target arrow may be pre-
sented alone or accompanied by three types of
flankers: surrounding arrows pointing in the
same direction as the target (congruent condi-
tion) or opposite direction to the target (incon-
gruent condition); or surrounding traces without
arrows (neutral condition).

In the current version, the ANT was pro-
gramed and presented via E-Prime 2.10 (Sch-
neider, Eschman, & Zuccolotto, 2012; Psychol-
ogy Software Tools, Pittsburgh, PA) in desktop
computers according to the following parame-
ters: (a) a fixation cross appeared in the center
of the screen all the time; (b) depending on the
cue condition, a cue (center, double, or spatial
cue or no cue) appeared for 200 ms; (c) after a
variable duration (300–1,800 ms), the target
(the center arrow) and flankers (congruent, in-
congruent, or neutral flankers) were presented
until the participant responded, but with a time
limit of 2,000 ms (participants’ responses were
provided by pressing either the right or left side
of the computer mouse); (d) after the response,
the target and flankers were replaced by the
central fixation cross (the time lapse between
the onset of the target and the start time of the
next trial was between 3,000 and 15,000 ms).

A session consisted of five blocks: one full-
feedback practice block and four experimental
blocks without feedback. Each experimental
block consisted of 24 trials (4 cue conditions �
2 target locations � 3 flanker conditions). Trials
were presented in random order.

The ANT allows for the identification of
three attentional systems: alerting, orienting,
and executive control. The alerting effect is
calculated by subtracting the mean reaction
time (RT) of the double cue condition from the
no-cue conditions. The orienting effect is cal-
culated by subtracting the mean RT of the spa-
tial cue conditions from the mean RT of the

Table 1
Gender and Age Mean of the Portuguese and
Spanish Samples

Country and sex n Mean age (SE)

Portugal
Women 86 20.3 (.63)
Men 31 21.5 (.93)

Brazil
Women 88 20.6 (.38)
Men 38 22.0 (.68)
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center cue condition. Finally, the executive con-
trol (i.e., conflict monitoring) effect is calcu-
lated by subtracting the mean RT of all congru-
ent flanking conditions from the mean RT of
incongruent flanking conditions.

Thought identification task. After each
block of the ANT, participants went through a
thought identification task (TIT) requiring the
identification of which type of thoughts (de-
rived from Stawarczyk, Majerus, Maj, et al.,
2011, classification) were predominant during
the block by choosing one among the following
four options: (a) on-task (OT) reports of task-
related and stimulus-dependent experience, that
is, the participant was completely focused on
the task (i.e., cues and direction of the arrows);
(b) task related interference (TRI), that is, the
participant’s thoughts were focused on side as-
pects of the task such as task duration, concerns
about overall performance, and rumination over
a mistake; (c) external distractions (EDs), that
is, the participant was focused on stimuli from
the current environment but not related to the
experimental task, such as overall exteroceptive
conditions (light, temperature) or interoceptive
conditions (e.g., physical sensation, hunger,
thirsty); (d) stimulus-independent and task-
unrelated thoughts (SITUT), that is, the partic-
ipant wandered through thoughts dissociated
from either the task or the current exteroceptive
or interoceptive conditions (e.g., past experi-
ence, future plans).

Resting State Questionnaire. After com-
pleting the ANT, all participants were asked to
fill out an adapted version of the Resting State
Questionnaire (ReSQ; Delamillieure et al.,
2010) in which they were instructed to report
the percentage of time spent on the following
types of mental activity: focusing on the task
(FT); visual mental imagery (IMAG); inner lan-
guage (LANG); somatosensory awareness
(SOMA); inner musical experience (MUSI);
and mental processing of numbers (NUMB).

Procedure

After providing signed informed consent
and before the experimental trials, partici-
pants underwent the following process: (a)
received instructions about the overall proce-
dure, (b) received instructions about the TIT
(with examples and a quiz on the identifica-
tion of the four types of thoughts), and (c)

performed a practice block of the ANT–TIT
procedure with full feedback. Immediately af-
ter completing the experimental trials, partic-
ipants reported the percentage of thoughts
experienced during the attention task by fill-
ing out the ReSQ.

Statistical Analysis

First, to rule out possible effects related to
demographic characteristics, we used a chi-
square to test differences for age and gender
between Portuguese and Brazilian samples.
Second, two-way mixed analyses of variance
were used to test the differences between
Portuguese and Brazilian samples for (a) type
of thoughts (i.e., TIT) and (b) content of
mind-wandering thoughts (i.e., ReSQ). In
case sphericity was not met, Greenhouse-
Geisser corrections were used. Second, to test
the interaction between performance on the
ANT (accuracy; RT; alert, orienting, and ex-
ecutive effects) type of thoughts (i.e., TIT)
and country, we ran a linear mixed model for
repeated measures with participants as a ran-
dom factor, country (Brazil or Portugal) and
TIT as fixed effects (analyzing main and in-
teraction effects), and TIT also as a repeated
factor (a heterogeneous first-order autoregres-
sive model was used for covariance matrix).
ANT network results (alert, orienting, and
executive) were calculated based on correct
responses after excluding trials with RTs less
than 200 ms or higher than 1,200 ms (2.5% of
total trials). Data were previously arranged in
a stacked format, with one row for each TIT
observation for the same participant, with
corresponding accuracy, RT, and ANT net-
work scores (alert, orienting, and executive).
In the case of repeated TIT across experimen-
tal blocks, averaged accuracy, RT, and ANT
effects were presented for each TIT. Finally, a
Pearson correlation was used to test the rela-
tionship between mind-wandering categories
(ReSQ) and efficiency in the attention net-
work task for the Brazilian and Portuguese
samples. To run the correlation analysis, we
averaged ANT networks results across TIT
categories to get a single result per partici-
pant. For all statistical tests, a confidence
level of � � 5% was adopted.
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Results

Differences in the Type of Thoughts (TIT)
Between Portuguese and Brazilian Samples

Both groups tended to be predominantly in-
volved in task-related interference (TRI)
thoughts during the attention task. Again, no
significant differences were observed for the
TIT in the two groups of participants, F(2.82,
679.72) � .76, p � .52; see Figure 1A).

Differences in the Content of Mind-
Wandering Thoughts (ReSQ) Between
Portuguese and Brazilian Samples

At the end of the task, both groups reported to
have been predominantly out of focus (M �
61.4%; against focusing on the task [FT], M �
48.6%), experiencing mostly inner language
thoughts (LANG, M � 23.34%), followed by
inner musical experience (MUSI, M �
13.76%), somatosensory awareness (SOMA,
M � 11.22%), visual mental imagery (IMAG,
M � 11.20%), and last, mental processing of
numbers (NUMB, M � 3.31%). Again, no sig-
nificant differences were found between the
Portuguese and Brazilian participants for the
content of mind-wandering thoughts, F(3.83,
923.18) � 1.75, p � .12; see Figure 1B).

Attention Network Task: Accuracy and
Reaction Time

In terms of ANT accuracy, linear mixing
model showed a main effect for TIT, F(3,
260.05) � 5.92, p � .001. Post hoc with
Fisher’s least significant difference (LSD)
correction showed the following significant
differences: OT � TRI (p � .001), OT � ED
(p � .002), SITUT � TRI (p � .04), and
SITUT � ED (p � .009), showing that both
being focused on the task (OT) and being in a
pure mind-wandering condition (stimulus-
independent and task-unrelated thoughts
[SITUT]) had a facilitating effect on task
accuracy when compared with task-related in-
terference or external distractions (see Table
2 and Figure 1).

Regarding ANT reaction time, there was a
significant interaction between TIT and country,
F(3, 244.82) � 2.90, p � .04. Post hoc with
Fisher’s LSD correction showed significant de-
creases in RT between TRI and all other TIT
conditions for only the Portuguese cohort:
TRI � OT (p � .01), TRI � ED (p � .01),
TRI � SITUT (p � .03). That is, although the
Portuguese and Brazilians seemed to perform
similarly (in terms of RT), only the Portuguese
had a significantly facilitating effect in reaction

Figure 1. Differences between the Portuguese and Brazilian samples for the thought
identification task (Panel 1A) and the Resting State Questionnaire (Panel 1B). Error bars
indicate standard error of the means. OT � on-task thoughts; TRI � task-related interference
thoughts; ED � external distractors; SITUT � stimulus-independent and task-unrelated
thoughts; FT � focusing on task; IMAG � visual imagery; LANG � inner language;
SOMA � somatosensory awareness; MUSI: inner musical experience; NUMB � mental
processing of numbers.
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time associated with task-interfering thoughts
(see Table 2 and Figure 1).

Attention Network Task: Network Effects

Alerting network. For the alert network
there was a significant interaction between
country and TIT, F(3, 228.42) � 2.67, p � .05.
Post hoc with Fisher’s LSD showed the follow-
ing significant differences: OT � TRI (p � .04)
and OT � ED (p � .02) but for only the
Brazilian sample; the Portuguese cohort had a
significant facilitative effect of OT when com-
pared with the Brazilian cohort (p � .04; see
Table 2 and Figure 1).

Orienting network. For the orienting net-
work there were significant main effects for
country, F(1, 290.68) � 7.52, p � .006, and
TIT, F(3, 203.88) � 2.86, p � .04. Post hoc
with Fisher’s LSD correction for TIT effect
showed a significant difference between the
OT � TRI (p � .004) and OT � ED (p � .05)
conditions. Additionally, the Portuguese had a
significantly increased score on the orientation
network effects, independent of TIT (see Table
2 and Figure 1).

Executive component. Two participants
were excluded from the analysis because they
missed all the incongruent targets. We found a
significant interaction between country and TIT,
F(3, 220.56) � 2.63, p � .05. Fisher’s LSD post
hoc showed that SITUT is associated with a
decreased interference when compared with all

other TIT conditions (p � .1) but for only the
Portuguese sample (see Table 2 and Figure 2).

Correlation Between Mind Wandering
(ReSQ) and Attention Networks (ANT) in
the Portuguese and Brazilian Samples

As shown in Table 3, we found a significant
negative correlation only between the SOMA
and alert component for the Portuguese sample,
r(116) � �.20, p � .03.

Discussion

The objective of this study was to look at two
population cohorts belonging to different cul-
tures—Brazil (South American culture) and
Portugal (southern European culture)—and
compare type of thoughts and content of mind
wandering during the performance of an atten-
tion task. Overall, no statistically significant
differences were found between the Brazilian
and Portuguese participants in terms of type of
thoughts and content of MW. Consistent with a
previous study by Gonçalves et al. (2017), both
groups reported being mostly involved in task-
related interference thoughts during the atten-
tion network task. At the end of the task, both
groups reported to have been predominantly out
of focus, with inner language thoughts.

The finding that our participants were fo-
cused on side aspects of the task is partially

Table 2
Estimated Accuracy (ACC), Reaction Time (RT), and ANT Networks Associated With TIT in Portuguese
and Brazilian Participants

Country and TIT ACC (%) RT (ms)

ANT network (ms)

Alert Orient Exec

Portugal
OT 96.1 (.7) 662.2 (10.8) 38.3 (7.5) 54.5 (8.5) 155.7 (9.3)
TRI 94.3 (.7) 641.0 (9.6) 23.9 (6.4) 28.7 (7.2) 156.4 (7.7)
ED 94.0 (.8) 660.6 (10.9) 27.2 (7.8) 35.7 (7.3) 152.8 (8.2)
SITUT 95.0 (.8) 668.1 (14.4) 36.4 (8.3) 46.5 (10.4) 115.5 (10.7)

Brazil
OT 96.48 (.7) 633.6 (10.4) 16.0 (7.3) 36.4 (8.3) 140.9 (8.9)
TRI 94.92 (.7) 642.2 (9.2) 35.6 (6.1) 18.5 (6.8) 140.4 (7.3)
ED 94.87 (.8) 645.7 (10.6) 41.5 (7.7) 24.5 (7.2) 131.7 (8.0)
SITUT 96.41 (.7) 643.3 (12.9) 33.2 (7.0) 21.0 (8.7) 136.8 (9.1)

Note. Data in parentheses are standard errors. TIT � type of thoughts; ANT � attention network task; alert � altering;
orient � orienting; exec � executive; OT � on-task thoughts; TRI � task-related interference thoughts; ED � external
distractions; SITUT � stimulus-independent and task-unrelated thoughts.
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consistent with Sude’s (2015) findings. Sude’s
study reported that Canadian students from a
European heritage showed increased levels of
task-interference thoughts. Even though we
used different methods to analyze the type of
thoughts, one can speculate that the thought

profile of our samples seems to be more in line
with the findings for European-heritage culture.
This seems to make sense given the fact that one
of our cohorts was European (i.e., Portugal),
whereas the other was mostly from European-
heritage individuals.

Additionally, the content of MW thoughts
was similar in the Portuguese and Brazilian
participants, with the predominance of inner
language thoughts. In other words, our partici-
pants, independent of the culture, seemed to
have been involved in “word games” without
overt language production. Our data contrast
with the findings from Delamillieure et al.
(2010) showing that, in a European sample,
individuals seem to be mostly involved in men-
tal imagery. However, their study inquired
about MW content in a task-free situation (i.e.,
8-min resting state task during functional mag-
netic resonance imaging [fMRI]). Thus, it is
possible that these different situational demands
(attention task vs. resting task) may have in-
duced a different profile of MW thoughts.

Despite the similarities between the Brazilian
and Portuguese participants in the results just
discussed, the type and content of MW was

Figure 2. Interactions between country and the thought identification task in the attention
network task performance for the Portuguese sample (lighter gray circles; blue in the online
figure) and the Brazilian sample (darker gray circles; red in the online figure). Error bars
indicate standard error of the means. OT � on-task thoughts; TRI � task-related interference
thoughts; ED � external distractors; SITUT � stimulus-independent and task-unrelated
thoughts; alert � alerting. See the online article for the color version of this figure.

Table 3
Pearson Correlations Between Content of Mind
Wandering (ReSQ) and Attention Networks by
Participant Group (Portugal and Brazil)

Content
type

Portugal Brazil

Alert Orient Exec Alert Orient Exec

FT .04 .10 .02 �.04 .12 �.08
IMAG .01 �.07 �.10 .08 �.01 �.03
LANG .09 .11 .08 .09 .06 .08
MUSI .02 �.12 .06 �.08 �.14 .08
SOMA �.20� �.06 �.16 .12 .07 �.09
NUMB �.06 �.14 .13 �.01 �.09 �.05

Note. ReSQ � Resting State Questionnaire; alert � alert-
ing; orient � orienting; exec � executive; FT � focused on
the task; IMAG � visual mental imagery; LANG � inner
language; MUSI � inner musical experience; SOMA �
somatosensory awareness; NUMB � mental processing of
numbers.
� p � .05.
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associated with performance in the attention
task differently for each group. First, for both
cohorts being focused on the task (OT) or being
in a pure mind-wandering condition (SITUT)
had a facilitating effect on task accuracy when
compared with task-related interference or ex-
ternal distractions. This is consistent with the
results of other studies showing a significant
positive correlation between OT and attention
accuracy (e.g., Stawarczyk, Majerus, Maj, et al.,
2011). This is also consistent with a previous
study by Gonçalves et al. (2017) showing that
task-related interference thoughts and external
distractors, when compared with mind wander-
ing and on-task thoughts, significantly impaired
performance in the attention task. However, and
contrary to Stawarczyk, Majerus, Maj, et al.
(2011), in our study, SITUT, being in the most
pure mind-wandering condition (–i.e., thoughts
dissociated from either the task or current ex-
teroceptive or interoceptive stimuli) was found
to facilitate performance accuracy in the ANT.
Research has shown that mind wandering can
have a facilitative effect on certain executive
functions but not in others (Kam & Handy,
2014) and that mind wandering can have a
facilitative effect in nondemanding tasks for
participants with good executive resources
(Smallwood & Schooler, 2015). However, one
cannot rule out the alternative interpretation that
the differences between our findings and those
reported by Stawarczyk, Majerus, Maj, et al.
(2011) may be due to the different thought-
probe strategies. Here we used a strategy intro-
duced in Gonçalves et al. (2017) in which
thought probes were presented online during the
course of the ANT experiment (real time) but at
the end of each ANT block (retrospective prob-
ing). This mix of real-time and retrospective
strategy thought probe, however, imposes an
increased load on episodic memory and may
have impacted the reliability of the probe task as
well as attention performance in subsequent tri-
als. Future studies should test the same para-
digm using pseudorandom probes or, alterna-
tively, experimentally inducing specific types of
interfering thoughts.

However, in terms of reaction time, although
the Portuguese and Brazilians seemed to per-
form similarly, only the Portuguese had a sig-
nificantly facilitating effect in RT associated
with task-related interference (TRI) thoughts.
This is an intriguing finding because one may

expect that thoughts focused on side aspects of
the task such as task duration, concerns about
overall performance, or rumination over a mis-
take may have reaction time costs rather than
benefits. However, previous studies have shown
that the RT costs of TRI are less dramatic than
are those expected for ED or SITUT (Stawarc-
zyk et al., 2014; Stawarczyk, Majerus, Maj, et
al., 2011). A possible explanation may be that,
in participants more prone to worrying, TRI
may decrease RT costs. In effect, a study by
Pacheco-Unguetti, Acosta, Callejas, and Lu-
piáñez (2010) showed that the induction of anx-
iety mood has a facilitative effect on ANT’s RT.
Additionally, a recent study by Forster, Nunez
Elizalde, Castle, and Bishop (2015) suggested
that the association between worry and TRI may
be responsible for an increased interaction be-
tween brain regions associated with executive
functioning (e.g., dorsolateral prefrontal cortex)
and mind wandering (e.g., default mode net-
work). This may explain the potential RT ben-
efits of TRI in individuals prone to worrying
and TRI. It is possible that the Portuguese par-
ticipants were more prone to increase state anx-
iety and worry in the ANT task, with the con-
sequent benefit in RT, particularly for tasks with
high accuracy performance (RT was computed
for only correct responses). To further test this
hypothesis, futures studies should control for
anxiety and worry levels.

Regarding the interaction effects between
country and TIT in the three different attention
networks, several results are worth mentioning
here. First, in the process of reaching and main-
taining a state of response to external stimuli
(i.e., alerting effect), the Portuguese partici-
pants, when compared with the Brazilians, ben-
efited significantly more from on-task thoughts.
Additionally, there was a significant increase in
the orientation network effects, independent of
TIT, in the Portuguese participants. Finally, also
in the Portuguese sample, SITUT was associ-
ated with a decrease in attentional conflict when
compared with all other TIT conditions. Sum-
ming up, although the profile of TIT and overall
performance in the ANT seemed to be similar in
the Portuguese and Brazilian participants, the
Portuguese participants tended to have in-
creased orientation effects independent of the
TIT, along with increased alerting effects when
their thoughts were focused on the task, and a
reduction in attention conflict (i.e., executive
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effect) when their thoughts were stimulus-
independent and task-unrelated (SITUT). Stated
simply, when compared with the Brazilians, the
Portuguese participants seemed to be more sen-
sitive to orientation cues in all thought condi-
tions, benefited more from alerting cues when
they reported on-task thoughts, and took better
advantage of mind wandering to reduce atten-
tional conflict. Despite the facilitative effects of
mind wandering in the executive ANT network,
when mind wandering was characterized by
thoughts of somatosensory awareness, there
was a negative impact in the alert ANT net-
work.

As stated before, although several studies
have shown that both mind wandering and at-
tention are influenced by culture, we are not
aware of any studies on the interference be-
tween mind wandering and attention across cul-
tures. We had hypothesized less interference
between mind wandering and attention in the
Brazilian cohort based on anecdotal reports of a
more holistic cognitive style and wider atten-
tional scope. Contrary to our hypothesis, al-
though no significant differences were found in
terms of TIT and content of mind wandering, in
only the Portuguese sample mind wandering
was found to reduce attention conflict effect in
the ANT (i.e., executive effect). Only when
Portuguese participants focused on a particular
sensory aspect of the body (SOMA) was there a
negative impact in the individuals’ ability to
take advantage of alerting cues in the ANT. It is
possible that the Portuguese and Brazilian co-
horts differed in terms of other cognitive vari-
ables that were found to mediate the relation-
ship between mind wandering and attention.
There is now evidence suggesting a complex
interaction between different types of mind-
wandering thoughts (e.g., ED, TRI, SITUT),
type of task (e.g., inhibitory control, set-
shifting), cognitive abilities (e.g., working
memory, fluid intelligence), and contexts (e.g.,
silent vs. noisy environments; Robison, Gath, &
Unsworth, 2017). Future studies should control
for some of those cognitive variables while ma-
nipulating type of attention task and environ-
mental contexts.

In conclusion, the present study did not find
differences between the Brazilian and Portu-
guese participants in terms of type of thoughts
and MW content. Both groups tended to be
predominantly involved in task-related interfer-

ence thoughts during the attention task. At the
end of the task, both groups reported having
been predominantly out of focus, dominated
mostly by inner language thoughts. Despite the
similarities, type of thoughts and content of
MW seemed to affect performance in the atten-
tion task differently in each group. First, and
regarding overall ANT performance, only the
Portuguese had a significantly facilitating effect
in reaction time associated with task-interfering
thoughts. Second, in terms of ANT networks,
when compared with the Brazilians, the Portu-
guese participants seemed to be more sensitive
to orientation cues in all thought conditions,
benefited more from alerting cues when they
reported on-task thoughts, and took better ad-
vantage of mind wandering to reduce atten-
tional conflict.

As a final note, it is possible that confounders
may have influenced the present results. Al-
though our study did not find differences be-
tween the Portuguese and Brazilian samples
regarding gender, age, and education, other po-
tential influencing variables were left out (e.g.,
cognitive variables, personality, college major).
To tease apart the relative contributions of these
variables, we suggest future studies control for
variables such as culture, college major, person-
ality traits, working memory, and executive
functioning.
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