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Abstract

Currently, diagnostic criteria for ADHD mainly reflect behavioral symptoms, neglecting internal phenomena like mind-
wandering. Recent studies found that mind-wandering explains impairment beyond ADHD symptoms in adults. To better
capture ADHD-related impairment in adolescents, we aimed to elucidate whether mind-wandering is associated with impair-
ments that are prevalent in adolescents (i.e., risk-taking behavior, homework problems, emotional dysregulation, and general
impairment) beyond ADHD symptoms. Furthermore, we sought to validate the Dutch translation of the Mind Excessively
Wandering Scale (MEWS). We assessed a community sample of 626 adolescents on ADHD symptoms, mind-wandering,
and the impairment domains. The Dutch MEWS had good psychometric properties. Mind-wandering was linked to general
impairment and emotional dysregulation beyond ADHD symptoms, but was not linked to risk-taking behavior and homework
problems beyond ADHD symptoms. Internal psychological phenomena such as mind-wandering may add to the behavioral
symptoms of ADHD in explaining part of the impairment that adolescents with ADHD characteristics experience.
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Introduction
Adrian Karami Motaghi and Alexandra Karl have contributed

equally to this work. Attention-deficit/hyperactivity disorder (ADHD) is charac-

53 Tycho J. Dekkers tF:rized by developm.el}tall.y inappr9priat§ levels of inattep-
t.dekkers @accare.nl tion and/or hyperactivity/impulsivity. It is very common in
childhood, affecting about 5-7% of children and adolescents
[59]. ADHD characteristics manifest across different settings
and interfere with social, academic, and later occupational
5 e . ) functioning [2, 48]. Relative to childhood, the symptoms
of Groningen, University Medical Center Groningen, f ADHD 1 isible f h ‘de in adol .
Groningen, the Netherlands 0 D are less visible from t e outsi le in adolescence:
3 . ) hyperactivity and impulsivity typically diminish and prob-
° Accare Child Study Center, Groningen, the Netherlands - . . .-
lems with inattention and sluggish cognitive tempo are often
causing most impairment [4, 24]. ADHD may therefore be
. . underreported in adolescence as youth with primarily inat-
Department of Chlld and Adolescent Psychiatry, Amsterdam tentive symptoms are less likely to be recognized [13, 46]
University Medical Center (AUMC), Amsterdam, d less likel . id based 61
the Netherlands and less like y.to receive evidence-base treatment [ ]
Currently, diagnostic criteria for ADHD reflect behavioral
symptoms and do not address psychological phenomena that
are experienced more internally, such as day-dreaming or
mind-wandering [2, 7]. The reliance on behavioral symp-
toms to classify ADHD may result in a construct that does
not sufficiently explain the accompanied impairments. In
this study, mind-wandering was considered as an internal
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mechanism that may explain impairment (i.e., risk-taking
behavior, homework problems, emotional dysregulation,
and general impairment) beyond the behavioral symptoms
of ADHD.

Mind-wandering is defined as a shift in attention from a
currently attended task to internal thoughts [53] and is often
proposed as an internal psychological process explaining
inattention. Although related, mind-wandering slightly dif-
fers from the traditional DSM-5 symptoms of inattention in
that it can be defined as “internal distractibility” and is more
covert, whereas the inattention symptoms in the DSM-5
merely reflect distractibility to external stimuli, which could
be considered more overt behavior [5, 45]. Mind-wandering
is ubiquitous in daily life: deliberate or spontaneous drifting
away from a task to internal task-unrelated thoughts occurs
in almost half of people’s waking hours [37, 57]. A growing
body of research has drawn a positive relationship between
mind-wandering and ADHD, in particular the inattentive
presentation of ADHD [5, 36]. A recent study in children
similarly observed that children with ADHD were more sus-
ceptible to mind-wandering than their unaffected peers [44].
In adults with ADHD, spontaneous mind-wandering, rela-
tive to deliberate mind-wandering, was specifically elevated
relative to adults without ADHD and was positively related
to ADHD severity [53]. Excessive spontaneous mind-wan-
dering and ADHD symptoms share neurobiological corre-
lates in the default mode network, and both were related
to executive-functioning problems [9]. Hence, excessive
spontaneous mind-wandering may underpin ADHD symp-
tomatology and in turn contribute to impairment, making it
a highly relevant construct of investigation.

Thus far, not many studies have examined mind-wan-
dering in youth. A first study in college students used an
experience sampling technique: Students with and without
a childhood history of ADHD were asked to report on- and
off-task thoughts during a simple attention task. The fre-
quency of task-unrelated thoughts was higher in adolescents
with a childhood history of ADHD relative to controls [54].
More recently, a positive correlation was found between
self-reported mind-wandering and self-reported symptoms
of inattention and hyperactivity/impulsivity (but not parent-
reported ADHD symptoms) in adolescents with ADHD [25].
Based on this small number of studies, a positive association
between mind-wandering and ADHD symptoms in adoles-
cents with ADHD is likely, comparable to what has been
observed in adults.

A stronger emphasis on internal processes, such as mind-
wandering, may help to explain functional impairment of
individuals with ADHD. For example, in adults with ADHD,
mind-wandering explained functional impairment across
major life domains and well-being beyond ADHD symptoms
[45, 46]. In children with ADHD, mind-wandering contrib-
uted to deficits in working memory and emotion regulation
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beyond the effects of ADHD symptoms [26]. Moreover, a
recent review including eleven studies, mostly on adults,
also reported a positive correlation between mind-wandering
and functional impairment in ADHD [41]. These include
decreased performances at school or work. Here, we test the
hypothesis that the subjective experience of mind-wandering
may provide a better prediction of ADHD-associated impair-
ments in adolescents than the traditional ADHD inattention
and hyperactive/impulsive symptoms [9].

In this study, we focused on general impairment and on
three specific domains in which adolescents with ADHD
typically experience substantial impairment and which are
theoretically related to mind-wandering: risk-taking behav-
ior, homework problems, and emotional dysregulation. First,
ADHD is consistently associated with increased engagement
in risk-taking behaviors during adolescence, such as risky
driving, risky sexual behavior, substance abuse, criminal
behavior, and financial risk taking [17, 50]. Moreover, in
young adults, mind-wandering added to the explanation of
risk-taking behavior beyond ADHD symptoms [46].

Second, ADHD symptoms are associated with decre-
ments in homework performance and adolescents with
ADHD more often have significant problems completing and
managing their homework relative to controls [14, 40, 58].
As increased mind-wandering during lectures is negatively
related to short- and long-term academic performance and
decreased performance on cognitive tasks, the hypothesized
contribution of mind-wandering to homework problems is
plausible [51, 60].

Third, emotional dysregulation concerns the inability to
modify the behavioral, physiological, and experiential cor-
relates of emotions and is characterized by both increased
emotionality and a decreased ability to regulate emotions
[11, 28]. Emotional dysregulation is common in adolescents
with ADHD [19, 43] and may serve as a major contribu-
tor to impairment in social life [10]. Moreover, excessive
spontaneous mind-wandering is positively related to symp-
toms of anxiety and depression in adolescents [22], and
with emotional liability in young adults [45], suggesting a
link between mind-wandering and emotional dysregulation
[5]. In sum, excessive mind-wandering is linked to several
behaviors that often cause impairment in adolescents with
ADHD. As such, mind-wandering may serve as an inde-
pendent contributor to impairment beyond the behavioral
manifestations of ADHD.

In the present pre-registered study, we aimed to inves-
tigate whether mind-wandering explains ADHD-related
impairment above and beyond ADHD symptoms in a large
sample of typically developing adolescents (N =626). We
used the recently developed Mind Excessively Wandering
Scale (MEWS), which is a self-report rating scale to assess
excessive spontaneous mind-wandering. The MEWS has
potential utility as a screening tool in clinical practice to
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Table 1 Sample characteristics (mean scores and standard deviations)

Total sample Sample 1 Sample 2 Re-test sample
n 626 312 315 202
Age (16-22) 17.18 (1.22) 17.24 (1.30) 17.11 (1.13) 17.07 (1.15)
Gender (% M/F/T/NA) 35.6/63.3/0.2/1.0 33.7/65.1/0/1.3 37.8/61.3/0.3/0.6 32.2/67.3/0/0.5

No lifetime self-reported psychiatric
disorder

Lifetime ADHD diagnosis
ADHD symptoms (0-50.5)
Mind Wandering (0-36)
Impairment (0-35)
Risk-Taking Behavior (0-73)
Homework Problems (0-56)
Emotionality (10-46)
Emotion regulation (20-99)

385 (61.5%)

105 (16.8%)
15.28 (9.11)
14.28 (8.27)
11.26 (8.10)

195 (62.5%)

49 (15.7%)
15.18 (8.79)
14.10 (8.07)
11.24 (8.23)
18.90 (12.62)

30.93 (7.29)
68.18 (11.64)

191 (60.6%)

56 (17.8%)

15.40 (9.43)
14.46 (8.47)
11.28 (7.98)

16.67 (10.60)

139 (68.8%)

28 (13.9%)
15.07 (8.94)

13.82 (7.75)/14.53 (8.09)*

10.98 (7.80)
19.40 (10.66)
14.75 (9.96)
31.00 (6.90)
68.32 (11.00)

M Male, F Female, T Transgender, NA not available

*First value in this cell represents mean (and standard deviation) of the re-test sample at the first administration, the second value represents the

mean (and standard deviation) at re-test

Minimum and maximum values are depicted in parentheses

assist diagnostic assessment [45, 46], and displays good
psychometric properties in children and adults [26, 45]. As
a preliminary aim, we first focused on assessing psychomet-
ric properties of our Dutch translation of the MEWS. Sec-
ond, we investigated whether mind-wandering was linked
to functional impairments often experienced by adolescents
with ADHD (general impairment, risk-taking behavior,
homework problems, and emotional dysregulation) above
and beyond ADHD symptoms. In line with the research
discussed above, we expected independent contributions of
mind-wandering to all domains of impairment.

Methods
Preregistration

This study was preregistered on AsPredicted (#15669:
https://aspredicted.org/bj73g.pdf). Note that this pre-regis-
tration also contains information about a previously pub-
lished study [16].

Participants

Participants were 626 adolescents ages 16-22 (see Table 1)
from secondary schools in the Netherlands. The majority
attended a so-called “multimedia college”, a school with an
educational focus on creativity, which increased the likeli-
hood of including adolescents on the high end of the ADHD
symptomatology continuum [30, 33]. This was confirmed by
the relatively high prevalence rates of (self-reported) lifetime

ADHD diagnoses. A minimum age of 16 years was the only
inclusion criterion, and there were no exclusion criteria. The
intelligence of all participants was likely to be average or
above as participating schools were of an average educa-
tional level or higher.

To not burden participants, not all questionnaires were
administered to all participants: 312 adolescents (i.e., sam-
ple 1) completed questionnaires on ADHD symptoms, gen-
eral impairment, mind-wandering, emotional dysregulation,
and risk-taking behavior and 315 adolescents (i.e., sample
2) completed questionnaires on ADHD symptoms, general
impairment, mind-wandering, and homework problems'.
Further, 202 adolescents from both subsamples participated
in a follow-up on the MEWS to measure test-retest reliabil-
ity. Adolescents reported on previous (lifetime) diagnoses
of mental disorders, with 105 (16.8%) indicating a previous
diagnosis of ADHD (any presentation). Furthermore, 61.5%
reported never having received a diagnosis of a mental dis-
order, 8.3% reported a generalized anxiety disorder, 3.2%
reported a diagnosis of autism spectrum disorder, 11.2%
reported having been diagnosed with depression, 2.9% with
an eating disorder, 1.8% with obsessive—compulsive dis-
order, 0.2% with a tic disorder, and 1.0% with a substance
use disorder. Primarily, the ethnic identity of the adoles-
cents was Dutch (92.5% Dutch, 7.3% Surinamese, 4.3%

! One participant accidentally completed both batteries, which is
why the participant number adds up to 627 instead of 628 partici-
pants.
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Antillean, 4.6% Moroccan, 4.8% Turkish, 2.7% Kurdish,
19.2% other).?

Measures
Mind Excessively Wandering Scale (MEWS)

Mind-wandering was assessed using a Dutch translation of
the MEWS [45]. The MEWS was translated into Dutch by
two native Dutch speakers who were also proficient in Eng-
lish, and then translated back into English by two native
English speakers also proficient in Dutch. The Dutch items
can be found in the Supplementary Materials, original Eng-
lish items were taken from Mowlem et al. [46]. During both
steps, disagreements were solved by discussion between the
translators, also including two of the authors (TJD, BEB).
The scale consists of 12 items, which cover various aspects
of mind-wandering and are based on experience of adoles-
cents’ reports on mind-wandering. Items were assessed on
a 4-point Likert scale ranging from “not at all or rarely” to
“nearly all of the time or constantly”. An example of an
item is: “I find it hard to switch my thoughts off”. Scores
could range between 0 and 36, with higher scores indicat-
ing more mind-wandering. In an earlier study, the MEWS
showed good internal consistency (a=0.93) and was able to
differentiate between adults with ADHD and controls [46].

ADHD self-Report Scale

ADHD symptoms over the last six months were measured
using the Dutch ADHD self-report scale for adults (ASRS)
[38]. The questionnaire consists of 23 items that are assessed
on a 4-point Likert scale ranging from “never or rarely” to
“very often”. An example of an item is “I get bored eas-
ily”. A minimum of 0 and maximum score of 69 could be
obtained, with higher scores indicating more ADHD symp-
toms. Items reflect symptoms of ADHD, based on the Diag-
nostic and Statistical Manual of Mental Disorders (DSM-IV-
TR) [1]. Each symptom was evaluated with one item, except
for five symptoms with double items, which were averaged
for the analyses. The ASRS has good internal and external
validity for individuals between 18 and 70 years old [39]. In
our sample, internal consistency was high with =0.91.

Impairment Rating Scale
The Dutch translation of the Impairment Rating Scale (IRS)
[18] was originally administered to parents or teachers, but

was for the sake of the current study reformulated into a
self-report questionnaire consisting of 6 items. Items were

2 Participants could give multiple answers to which socio-cultural
group they identified with, therefore the sum exceeds 100%.
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assessed on a visual analogue scale and covered various
aspects of impairment: peer relations, parent relationship,
academic performance, self-esteem, effects on family func-
tioning, and overall impairment. The visual analogue scale
ranged from O (“no problem”) to 6 (“extreme problem”).
An example of an item is “to what extent are your prob-
lems affecting your relationships with other children”. Total
scores on this measure range from 0 to 36, where higher
scores reflect more impairment. The psychometric proper-
ties of this measure are good with an average test—retest
reliability ranging from 0.76 to 0.90 [18]. The current study
proved good internal consistency of this scale with a=0.88.

Risk-Taking Behavior Self-Report Questionnaire

To measure risk-taking behavior, the self-reported risk-
taking behavior questionnaire was administered [16, 62].
This questionnaire was based on three existing question-
naires: the risk taking behavior questionnaire [49], the ado-
lescent version of the Domain-Specific Risk-Taking scale
(DOSPERT) [6] and the Adolescent Risk Taking Inventory
(AdoRTT) [27]. This scale consists of 28 items, which were
assessed on a 5-point Likert scale. Participants indicated
the frequency of risky behavior on a range from “never” to
“every week”. An example of an item is “How often do you
use drugs?”. A minimum score of 0 and maximum score of
112 could be obtained, where higher scores reflected more
risk-taking behavior. In the current study, this questionnaire
showed good internal consistency with @ =0.86.

Homework Problems Checklist (HPC)

The Dutch translation of the HPC was used to assess the extent
of various problems regarding school homework of adoles-
cents [3]. This questionnaire, originally created to be answered
by parents, was adjusted to a self-report format. It consists of
20 items that were answered on a 4-point Likert scale. Items
such as “I easily get frustrated by homework assignments”
were answered on a range from “never” to “very often”. The
total score of the checklist ranged from O to 60, and higher
scores indicated more homework problems. The original ver-
sion of this measure has good psychometric properties with a
Cronbach’s o ranging from 0.76 to 0.92 [3, 23]. In our sample,
the HPC showed high internal consistency (a=0.92).

Emotions Questionnaire

The Dutch translation of the Emotions Questionnaire [52]
was applied to assess emotional dysregulation, operational-
ized as emotionality and emotion regulation. The question-
naire consists of 30 items regarding five emotions (anger,
fear, sadness, worry, and exuberance) measured on a 4-point
Likert scale, with scores ranging from O to 90. Ten items
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(two per emotion) concern emotionality, such as “I experi-
ence strong feelings when I get angry” and 20 items (four
per emotion) concern emotion regulation, such as “If I am
angry and my teacher tells me to calm down, I can control
myself”. Higher scores indicate higher emotionality and bet-
ter emotion regulation, respectively. Adolescents answered
both scales on a 4-point Likert scale ranging from “Does
not apply to me at all” to “Applies very well to me”. Mod-
erate internal consistency was found for this questionnaire
(¢=0.62) [52]. In our sample, internal consistency was good
for the emotionality subscale («=0.82) as well as for the
emotion regulation subscale (@ =0.89).

Procedure

Prior to the assessment, participants were provided with
information about the study in class. After providing writ-
ten informed consent, participants filled out the question-
naires on a laptop in their classroom. While the participants
completed the questionnaires, two research assistants and the
teacher answered emerging questions. Adolescents without
a laptop filled out the questionnaires with paper-and-pencil.
The assessment lasted for approximately 30 min. The study
was approved by the IRB of the University of Amsterdam.

Data Analysis

The analyses were performed using SPSS version 27. Outli-
ers were detected by the Median Absolute Deviation (MAD)
method [42], using a moderately conservative MAD of 2.5.
The median is more robust to outliers than the traditional
approach of deviation from the mean. As pre-registered,
we report analyses with and without outliers. When less
than 25% of items of a questionnaire was missing, the total
score was imputed by the mean score of the filled-in items
of that participant on that questionnaire. When more than
25% was missing, data on that questionnaire of that partici-
pant were discarded. Cronbach’s o was calculated to inves-
tigate the internal consistency of the MEWS. Correlations
for the psychometric properties of the MEWS were calcu-
lated with total scores on the MEWS and ASRS. Normality
was checked using the Shapiro—Wilk test [21]. Hierarchical
(blockwise entry) regression models for confirmatory analy-
ses were bootstrapped to 2000 samples and all values were
standardized: ADHD symptoms were entered in the first step
of the regression and mind-wandering in the second step. All
analyses were pre-registered except for the analyses regard-
ing emotional dysregulation, which are therefore considered
exploratory. An a priori power analysis was performed using
G*power [20]. To obtain a medium effect size, with alpha
level of 0.05 and power of 0.80 our study would require 68
participants. As our sample size was larger than required the
current study had sufficient power.

Results
Assumptions

All scores on the questionnaires violated the assumption
of normality (all Shapiro Wilk’s>0.92, ps <0.004). An
inspection of the scatterplots for scores on all questionnaires
showed a linear relationship with ADHD and MEWS scores.
According to the residual scatterplots, the assumptions of
homoscedasticity and linearity were met for scores on all
questionnaires. Multicollinearity was not violated, as all
variance inflation factors (VIF) were below 2.52 [21].

Outliers

Following the MAD method, no outliers were detected for
mind-wandering at first and second administration. Eighteen
outliers were detected for ADHD symptoms, 7 for risk-tak-
ing behavior, 11 for homework problems, 4 for emotionality,
14 for emotion regulation, and 5 for general impairment.
As pre-registered, analyses were executed with and without
outliers. Only one of the results changed in terms of sig-
nificance when outliers were removed, this was indicated
explicitly. Here, we report analyses including outliers; all
main analyses excluding outliers can be found in the sup-
plementary materials.

Descriptive Information

Correlations between all variables can be found in Table 2.
In addition, we found that those adolescents with a self-
reported lifetime diagnosis of ADHD scored higher on
overall ADHD symptoms (p <0.001, 95%BCI [— 18.00,
— 15.35]), inattention (p < 0.001, 95%BCI [— 4.62, — 3.90]),
hyperactivity/impulsivity (p <0.001, 95%BCI [— 3.65,
— 2.84]) and mind-wandering (p <0.001, 95%BCI [— 13.04,
— 10.30]) than those without a lifetime ADHD diagnosis.

Psychometric Evaluation of the MEWS

At baseline, the MEWS shows high internal consistency
for the total sample (Cronbach’s a=0.93). This did not
improve by omitting items. Each item appears to fit well
with the total score according to item-total correlations (cor-
relations > 0.63; see Table S3 in Supplementary Materials
for all item-total correlations). Furthermore split-half reli-
ability was high (r,;,=0.90). Examining convergent valid-
ity at baseline for the total sample, the MEWS correlated
moderately to highly with total ADHD scores (r;=0.77,
p <0.001), inattention (r;=0.69, p <0.001) and hyper-
activity (r,=0.60, p<0.001). There was an interval of
2-3 months between baseline and follow-up measurement

@ Springer
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Table 2 Correlations between the study variables

1 2 3 4 5 6 7 8 9
1.Mind-wandering 1 0.77%%* 0.74%%* 0.66%** 0.57#%** 0.30%%* 0.60%** 0.537%%% — 0.31%**
2.ADHD Symptoms 1 0.93%*** 0.89%** 0.55%%** 0.46%** 0.79%%* 0.48%%* — 0.25%**
3.Inattention 1 0.66%** 0.54%%* 0.43%** 0.81%%* 0.44 %% — 0.23%**
4.Hyperactivity/impulsivity 1 0.47%%* 0.407%** 0.62%%* 0.41%%* — 0.23%**
5.Impairment 1 0.26%** 0.55%%* 0.60%** — 0.33%**
6.Risk-taking behavior 1 N/A 0.15%* —0.18%*
7.Homework problems 1 N/A N/A
8.Emotionality 1 — 0.24%x*
9.Emotion regulation 1
All correlations reflect Spearman’s rho coefficients based on standardized values; N/A =not available
*p<0.05, **p <0.01, ***p <0.001
Table 3 Hierarchical regression Outcome bootstrapped B 95% BCI F (df) R? AR?
analyses
General impairment (n=626)
Step1 ADHD 0.57#%* [0.51,0.63] 294.35%** (1,623) 0.32
Step2 ADHD 0.27%%* [0.17,0.36] 190.88*** (2,622) 0.38 0.06%**
MEWS  0.39%%* [0.28, 0.49]
Risk-taking behaviors (n=312)
Step1 ADHD 0.47%%* [0.35,0.59] 78.59%** (1,310)  0.20
Step2 ADHD 0.53%%* [0.34,0.72] 39.84%**(2,309) 0.21 0.003
MEWS -0.08 [-0.26, 0.10]
Homework problems (n=315)
Step1 ADHD 0.77#%* [0.69, 0.84] 527.54%** (1,313) 0.63
Step2 ADHD  0.75%*%* [0.63, 0.87] 263.06%** (2,312) 0.63 0.000
MEWS 0.02 [-0.10, 0.15]
Emotionality (n=312)
Stepl ADHD 0.48%** [0.36, 0.60] 85.52%*#*(1,310) 0.22
Step2 ADHD 0.16* [-0.01,0.31] 63.34%**(2,309) 0.29 0.08***
MEWS  0.43%%* [0.30, 0.56]
Emotion regulation (n=312)
Stepl ADHD —0.24%%* [-037,—-0.11] 17.88***(1,310) 0.06
Step2 ADHD -0.03 [-0.20, 0.15] 14.56%** (2,309) 0.09 0.03**
MEWS —0.28%* [- 045, -0.11]

Note. All variables reflect sum scores. The table shows standardized bootstrapped regression coefficients
where general impairment, risk-taking behaviors, homework problems, emotionality, and emotion regula-
tion are regressed on the ADHD symptom score and the MEWS score

Step 1 of each regression model shows association of ADHD symptom score with all outcome measures.

Step 2 includes two predictors, ADHD and MEWS, and shows the additional contribution of mind-wander-
ing in association with all five outcome measures.

BCI=Bootstrapped Confidence Interval, Df =degrees of freedom, MEWS =Mind Excessively Wandering

Scale.

#p<0.05, **p <0.01, *+%p <0.001.
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Table 4 Hierarchical regression
analyses (inattention instead of

ADHD)

Outcome Bootstrapped B 95% BCI F (df) R AR
General impairment (n=626)
Step 1 Inattention 0.55%%** [0.49, 0.61] 266.83*** (1,623) 0.30
Step 2 Inattention 0.24%%* [0.14, 0.33] 187.64%** (2,622) 0.38 0.08%**
MEWS 0.427%%% [0.32, 0.52]
Risk-taking behaviors (n=312)
Step 1 Inattention 0.40%** [0.29, 0.52] 58.73**%* (1,310) 0.16
Step 2 Inattention (.39%:#* [0.21, 0.56] 29.30*** (2,309) 0.16 0.00
MEWS 0.02 [-0.17, 19]
Homework problems (n=315)
Step 1 Inattention (.82%% [0.75, 0.89] 653.76*** (1,313) 0.68
Step 2 Inattention 0.80%* [0.69, 0.89] 326.80*** (2,312) 0.68 0.00
MEWS 0.04 [-0.07,0.15]
Emotionality (n=312)
Step 1 Inattention 0.43%%: [0.32, 0.55] 69.34*#* (1,310) 0.18
Step 2 Inattention 0.07 [-0.07,0.22]  61.14*%**(2,309) 0.28 0.10%%**
MEWS 0.497#%* [0.35, 0.62]

Emotion regulation (n=312)

Step 1 Inattention — (0.23%**
Step 2 Inattention — 0.03
MEWS —0.28**

[-0.36,—0.11] 17.73%%* (1,310)  0.05
[-0.19,0.13] 14.58***(2,309)  0.09 0.03**
[-0.44, -0.11]

All variables reflect sum scores

The table shows standardized bootstrapped regression coefficients where general impairment, risk-taking
behaviors, homework problems, emotionality, and emotion regulation are regressed on the inattention

symptom score and the MEWS score

Step 1 of each regression model shows the association of the inattention symptom score with all outcome

measures

Step 2 includes two predictors, inattention and MEWS, and shows the additional contribution of mind-
wandering in association with all five outcome measures

BCI bootstrapped confidence interval, Df degrees of freedom, MEWS mind excessively wandering scale

*p<0.05, **p <0.01, **p <0.001

on the MEWS, test-retest reliability was moderate/high
(ry,=0.77, p<0.001).

Hierarchical Regression Analyses

For all models, F-values, p-values, R, change in R?, boot-
strapped B coefficients, and bootstrapped confidence inter-
vals are reported in Table 3. Table 4 includes results from
the analyses when inattention was used as predictor instead
of overall ADHD symptoms, to test whether this affected
the results. As we found differences between boys and girls
on risk-taking behavior (higher in boys), mind wandering
(higher in girls), emotionality (higher in girls) and general
impairment (higher in girls), we also conducted our analyses
for boys and girls separately (see Supplementary Materials
4 for detailed results). When results differed between boys
and girls, we also indicated this in the section below. Age
was unrelated to all study variables (rs=-0.06 to 0.12) and
thus left out of all further analyses.

General Impairment

When mind-wandering was added to the model with only
ADHD symptoms, this resulted in a significant increase in
explained variance; the model containing ADHD-symptoms
and mind-wandering explained 38% of the variance. This
was an increase of 6% as compared to the explained vari-
ance of the first model containing ADHD-symptoms only.
After mind-wandering was added to the model, there still
was a smaller but significant association between ADHD
symptoms and general impairment, and also a significant
association between mind-wandering and general impair-
ment was found. Results were similar when boys and girls
were analyzed separately (see Supplementary Materials 4).

Risk-Taking Behavior
Adding mind-wandering to the first model, with only ADHD

symptoms, did not result change the explained variance.
We did find that the first model (with ADHD symptoms
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only) was significantly associated with risk-taking behavior,
explaining 20% of the variance. Adding mind-wandering to
the model did not change the association between ADHD
symptoms and risk-taking behavior, and there was no asso-
ciation between mind-wandering and risk-taking behavior.
Results were similar when boys and girls were analyzed
separately (see Supplementary Materials 4).

Homework Problems

When mind-wandering was added to the first model with
only ADHD symptoms, the explained variance did not
change. The first model with ADHD symptoms only, was
significantly associated with homework problems, explain-
ing 63% of the variance. When mind-wandering was added
to the model, the relation between ADHD symptoms and
homework problems did not change, and there was no asso-
ciation between mind-wandering and homework problems.
Results were similar when boys and girls were analyzed
separately (see Supplementary Materials 4).

Emotionality

Adding mind-wandering to the model with only ADHD
symptoms resulted in a significant increase in explained var-
iance; the second model explained 29% of the variance. In
the first step of the analyses, we found that ADHD symptoms
were significantly associated with emotionality, explaining
22% of the variance. When mind-wandering was added to
the model, we found a smaller but still significant associa-
tion between ADHD symptoms and emotionality (note that
this association was no longer significant when outliers were
excluded, see supplementary materials), and then also found
a significant association between mind-wandering and emo-
tionality. For the gender-specific analyses, the link between
ADHD symptoms and emotionality was no longer signifi-
cant for boys (see Supplementary Materials 4).

Emotion Regulation

Adding mind-wandering to the model with only ADHD
symptoms, resulted in a significant increase in explained
variance; the model explained 9% of the variance. In the
first step of the analyses, we found that ADHD symptoms
were significantly associated with emotion regulation (i.e.,
higher levels of ADHD symptoms were related to lower
scores on emotion regulation), explaining 6% of the vari-
ance. In the second step, with mind-wandering added to the
model, we no longer found a significant association between
ADHD symptoms and emotion regulation. Instead, we found
a significant association between mind-wandering and emo-
tion regulation (i.e., higher levels of mind-wandering were
related to poorer emotion regulation). For boys, there was no
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significant association of either ADHD and mind-wandering
with emotion regulation, whereas the results for girls were
similar as the overall results reported above (see Supplemen-
tary Materials 4).

Inattention as Predictor Instead of ADHD

As mind-wandering seems more closely related to inat-
tention than to hyperactivity/impulsivity, we repeated all
analyses with inattention as predictor instead of the over-
all ADHD symptom score. Findings were highly similar in
terms of statistical significance. The only result that differed
was for emotionality: when mind-wandering was added to
the model, inattention was no longer significantly associated
with emotionality (see Table 4).

Discussion

Mind-wandering concerns a shift in attention from a cur-
rently attended task to internal thoughts. The main goal of
this study was to elucidate whether mind-wandering adds
to the symptoms of ADHD as described by the DSM-5 in
explaining general impairment and domain-specific func-
tional impairments (i.e., risk-taking behavior, homework
problems, emotionality, and emotion regulation) that are
highly prevalent in adolescents with ADHD. To obtain a
broad range of symptoms, we examined these associations
in a population sample of adolescents, with oversampling
of adolescents with above average number of ADHD symp-
toms as they were recruited from a school with a focus on
creativity. To provide an adequate measurement of mind-
wandering, we first investigated the psychometric properties
of our Dutch translation of the Mind Excessively Wander-
ing Scale (MEWS). Internal consistency and split-half reli-
ability were excellent, and item-total correlations were all
moderate. Convergent validity with ADHD, inattention, and
hyperactivity subscales was moderate to high, and test-retest
reliability was moderate to high.

Using this psychometrically sound version of the MEWS
in a large sample of Dutch adolescents, we showed that, even
though the effect sizes were rather small, mind-wandering
explained variance above and beyond overall ADHD char-
acteristics in general impairment, emotionality, and emotion
regulation. However, mind-wandering did not add to ADHD
symptoms in explaining risk-taking behavior and homework
problems. Crucially, findings were highly similar when the
added value of mind-wandering was tested in models with
inattention only (instead of overall ADHD symptoms),
and most associations were very similar for boys and girls.
These mixed results suggest that mind-wandering indeed
adds to ADHD symptoms in explaining some co-occurring
impairments (mainly related to emotion dysregulation)
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in adolescents, but provide only partial support for our
hypothesis that mind-wandering might be a better predictor
of impairments linked to ADHD than the core behavioral
symptoms.

Despite rather small effect sizes, which were potentially
only statistically significant because of our large sample,
the finding that excessive mind-wandering in adolescents
is associated with emotionality and emotional dysregula-
tion above and beyond the inattention symptoms of ADHD
aligns with previous findings in children with ADHD [26].
Relatedly, the link between ADHD and emotional processing
was aggravated by mind-wandering in adults [31]. Several
adaptive emotion-regulation strategies, such as cognitive
reappraisal and situation modification, require conscious
and voluntary control of thoughts [29]. Mind-wandering
may hamper these top-down processes and lead to elevated
emotionality and deficient emotion regulation. Further, the
link between emotional dysregulation and mind-wandering
could be related to the frustration associated with spontane-
ous mind-wandering and to the content of mind-wandering.
Although bidirectional links between mind-wandering and
emotional dysregulation are likely, a hallmark study suggests
that mind-wandering, especially when the mind wanders
about neutral or unhappy topics, causes unhappiness [37].
Uncontrollable and quickly shifting thoughts often tend to be
ruminative and painted by negative content such as fears and
failures [32, 47, 55]. A promising avenue for future research
would therefore be to investigate whether mind-wandering is
relevant for understanding the well-established link between
ADHD and internalizing disorders [35].

Mind-wandering was expected to predict difficulties dur-
ing academic tasks. However, mind-wandering did not add
to ADHD symptoms in predicting academic problems (in
the present study operationalized as homework problems).
This is in line with earlier findings that showed that mind-
wandering did not add to the explained variance of ADHD
symptoms on academic achievement [26]. This is somewhat
surprising given that ADHD and mind-wandering are related
to increased baseline levels of activation in the Default Mode
Network and reduced deactivation of this network during
cognitive tasks [9]. The finding further implies that the
well-established link between ADHD and homework prob-
lems [14] could be sufficiently explained by the behavioral
symptoms of ADHD. Alternatively, Frick and colleagues
[26] suggest that the link between mind-wandering and aca-
demic problems may exist but could be mediated by deficits
in working memory. To disentangle these interpretations,
future studies on ADHD and mind-wandering could include
measures of neurocognitive functions.

Mind-wandering was not independently associated with
risk-taking behavior, which contrasts earlier work in adults
[46]. Risk-taking behavior in individuals with ADHD is
most often linked to impulsivity and hyperactivity [15, 50],

which are the behavioral symptoms that are most distinct
from mind-wandering. However, some manifestations of
risk-taking behavior (e.g., risky driving) may be particu-
larly related to mind-wandering. The difference between our
and previous findings could be explained by the difference
in sample. Potentially, only very excessive forms of mind-
wandering are associated to risk-taking behavior, which may
be more frequent in the clinical ADHD sample included by
Mowlem and colleagues [46] than in our community sample.

The current study has several strengths, such as the large
sample, the rigorous investigation of the psychometric prop-
erties of our main measure (the MEWS), the measurement
of both general and specific indicators or ADHD-related
impairment and the preregistration of our methods and
design. Notwithstanding these strengths, several limita-
tions warrant consideration. First, we emphasize that our
data are cross-sectional and that we are therefore unable to
make any causal inferences. Second, we only relied on self-
report measures that potentially lead to socially desirable
or otherwise biased responses [56]. Recent research shows
promise of more objective measures of mind-wandering,
such as EEG or eye-tracking [8, 12, 34]. Third, we did not
obtain multi-informant reports, meaning that biases in self-
reporting may have played a role. However, the expected
strong correlation between ADHD symptoms and mind-
wandering that we observed provides us with confidence
about the validity of our measurement.

This study shows that considering internal psychological
phenomena such as mind-wandering may add to the behav-
ioral symptoms of ADHD in explaining at least some of
the impairment that adolescents with ADHD characteris-
tics experience. Our study, along with other recent work,
further demonstrates that adolescents are perfectly capable
of reporting their own mind-wandering. Considering such
internal processes may do more justice to the experience
and impairment of individuals with ADHD than when only
their externally observable behavior is considered. Although
highly important, we conclude that research in this area is
still in its infancy, and future studies are highly needed to
elucidate to what extent consideration of mind-wandering
may improve assessment, prevention and treatment of ado-
lescents with ADHD.

Summary

To better capture ADHD-related impairment in adolescents,
we aimed to elucidate whether mind-wandering was associ-
ated with impairments that are prevalent in adolescents (i.e.,
risk-taking behavior, homework problems, emotional dys-
regulation, and general impairment) beyond ADHD symp-
toms. Mind-wandering was linked to general impairment
and emotional dysregulation beyond ADHD symptoms, but
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was not linked to risk-taking behavior and homework prob-
lems beyond ADHD symptoms. Internal psychological phe-
nomena such as mind-wandering may add to the behavioral
symptoms of ADHD in explaining part of the impairment
that adolescents with ADHD characteristics experience.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s10578-023-01557-2.
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