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ABSTRACT ARTICLE HISTORY
Attention Deficit/Hyperactivity Disorder (ADHD) is one of the most Received 5 June 2024
prevalent neurodevelopmental disorders in children. According to Accepted 22 November 2024
developmental literature findings, there is a link between executive KEYWORDS

functiqn (EF) anq ADHD. Alt_hough EF deficits vary across ADHD pre- ADHD; executive function;
sentations in children, working memory capacity is commonly asso- mind wandering; attention
ciated with attention impairments. Notably, deficits in working regulation; children
memory capacity are also observed in frequent mind wandering

reports for typically developing children. Mind wandering is shifting

attention away from a current task to an unrelated thought. To explore

the relationship between EF and mind wandering in children with

ADHD (n = 47) and further compare our current sample to a typically

developing (control) group from a previous study (n = 47), all partici-

pants completed three EF-related tasks. They concurrently reported if

they were on task or mind wandering. Our results indicate better short-

term memory capacity predicted lower mind wandering frequency in

children who reported high levels of ADHD symptoms. Similar trends

were observed for working memory capacity and ADHD symptomatol-

ogy. Children with ADHD also reported more overall and unintentional

mind wandering on questionnaires compared to children without

ADHD. However, the relationship between EF and mind wandering

did not differ between these groups. The current study suggests

memory-related cognitive abilities may inform our understanding

and management of mind wandering in children, driving the develop-

ment of interventions targeting attention regulation.

Attention-Deficit/Hyperactivity Disorder (ADHD) is a neurodevelopmental diagnosis,
defined by high levels of inattention, hyperactivity, and impulsiveness. Affecting approxi-
mately 7.6% of school-aged children (see Salari et al.,, 2023 for a review), ADHD is
commonly associated with negative impacts on individuals’ physical and mental health,
including co-occurring with depression (Chang et al., 2016) and suicide (Septier et al.,
2019). ADHD presentations include: (1) predominantly inattentive; (2) predominantly
hyperactive-impulsive; and (3) combined type (Boshomane et al., 2021). Although some
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studies indicate that children with combined presentations have more severe executive
function (EF) deficits than those with a predominantly inattentive presentation, other
studies suggest no significant differences between these two subgroups (Geurts et al.,
2005; Saydam et al., 2015). Both EF and ADHD have been associated with mind wandering
in adults (McVay & Kane, 2012; Seli et al., 2015), characterized by a shift of attention away
from a current task toward a task-unrelated thought (Smallwood & Schooler, 2015).
However, how the constructs of EF and mind wandering relate to pediatric ADHD remains
unexplored.

EF comprises complex cognitive processes that support behavior and emotion regula-
tion, goal setting, problem solving, and attentional focus; many children with ADHD
struggle with these skills (Barkley, 1997). The domains commonly recognized as the three
primary facets of EF (Miyake et al.,, 2000) include: (1) inhibitory control, which is
responsible for self-regulation and controlling prepotent responses (i.e., the ability to
control or withhold automatic or recurrent actions); (2) working memory capacity, which
involves the temporary retention and manipulation of information; and (3) task switch-
ing, which includes the ability to shift between rules, tasks, or mental processes. In
addition to the three core facets, a cognitive domain closely related to working memory
capacity is short-term memory capacity (Dovis et al., 2013), which refers to the amount of
information that can be stored without any active manipulation involved. According to
many studies, EF skills can predict children’s educational, cognitive, emotional, and
social success (Best et al., 2009, 2011; Gerst et al., 2017; Peng et al., 2018). Therefore,
better recognition and understanding of the EF facets impaired in children with ADHD is
crucial for their development.

Children with ADHD tend to demonstrate poor response inhibition (Barkley, 1997)
and task switching failures (e.g., difficulties switching between stimuli or instruction sets;
Boshomane et al., 2021). However, the consistency of these findings varies across studies
(Kofler et al., 2018; see Willcutt et al., 2005 for a review). Despite EF deficits demonstrat-
ing heterogeneity across ADHD presentations (Roberts et al., 2017), working memory
impairments are commonly observed in children (Karalunas et al., 2017; Kofler et al,,
2018). For instance, parents and teachers of children with working memory deficits
report higher levels of attention and hyperactivity/impulsivity problems compared to
parents and teachers of children without working memory impairments (Kofler et al.,
2018). Similarly, performance on tasks that require short-term memory is worse for
children with ADHD as opposed to those without ADHD (Dovis et al., 2013). Given the
close nature of short-term and working memory capacity, challenges with one domain
may contribute to issues in the other (Dovis et al., 2013).

Notably, reduced working memory capabilities in typically developing children
are also linked with frequent mind wandering (Hasan et al., 2024). On average,
children spend 20-50% of their waking life engaged in mind wandering (Cherry
et al., 2022; Keulers & Jonkman, 2019; Ye et al., 2014; Zhang et al., 2015). While
mind wandering can lead to decreased task performance (see Randall et al., 2014 for
a review) or reduced affective well-being (see Kam et al., 2024 for a review), it can
also positively impact an individual’s creativity in problem-solving (Baird et al.,
2012). With a growing interest in understanding the occurrence of mind wandering,
researchers have proposed a theoretical link between EF and mind wandering in
adults (Kam & Handy, 2014; Levinson et al., 2012; McVay & Kane, 2012), and
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studies have begun examining the relationship in children (Hasan et al., 2024;
Keulers & Jonkman, 2019).

In typically developing children, Hasan et al. (2024) found that greater working
memory capacity was associated with a decrease in mind wandering frequency for
12-year-olds but not 8- to 11-year-olds. However, Keulers and Jonkman (2019)
identified no advantage of a better working memory capacity on children’s (aged
9 to 11) mind wandering frequency. Unlike Hasan et al. (2024), they found
enhanced performance on tasks measuring inhibitory control and task switching
predicted lower mind wandering reports. One plausible explanation for the differ-
ences is the settings in which the results were obtained. Hasan et al’s (2024)
study occurred remotely using computerized tasks, whereas Keulers and Jonkman
(2019) found poorer inhibitory control predicted higher mind wandering fre-
quency during a classroom lesson. Although the contrasting findings may further
be credited to the use of different EF tasks and levels of difficulty of each task, the
disparities suggest a nuanced relationship between EF and mind wandering during
development.

To date, the two child studies that examined EF and mind wandering have
done so in a typically developing population. Therefore, it is unclear whether
there is an underlying relationship between EF and mind wandering in childhood
ADHD. Prior literature indicates that individuals with ADHD are not only
susceptible to external distractors (e.g., loud environments), but also internal
distractions, such as mind wandering (Merrill et al., 2022; see Lanier et al., 2021
for a review; Van den Driessche et al., 2017). A commonly studied feature is the
intentionality of mind wandering (i.e., intentional versus unintentional) and its
link to ADHD. Intentional mind wandering refers to deliberately engaging in
thoughts unrelated to a task at hand. An intentional shift of attention suggests
controlled processing (Carriere et al,, 2013) and has not been associated with
ADHD (Seli et al., 2015). On the other hand, unintentional mind wandering refers
to task-unrelated thoughts that occur spontaneously (i.e., without intention) and
is typically correlated with ADHD (see Lanier et al., 2021 for a review; Seli et al.,
2015). Excessive or unintentional mind wandering and ADHD share common
behavioral symptoms, including poor sustained attention (see Randall et al,
2014 for a review; Seli et al., 2013) and hyperactivity (Seli et al., 2013).
Additionally, disruption of executive control, particularly working memory, is
reflected in both ADHD and mind wandering (Kofler et al., 2018; McVay &
Kane, 2012).

Therefore, the current study primarily aimed to investigate the link between EF
and mind wandering in the context of pediatric ADHD and understand how
symptom severity contributes to this relationship. Our secondary aim was to com-
pare our clinical sample to a typically developing (control) sample from a previous
study (Hasan et al.,, 2024). Given the exploratory nature of our study, we hypothe-
sized there is a relationship between EF and mind wandering in childhood ADHD
but made no specific predictions for each of the EF facets. With a high prevalence
rate of ADHD diagnosis in recent years (see Salari et al., 2023 for a review),
clarifying the link between EF and mind wandering may help improve interventions
targeting attention dysregulation associated with ADHD.



4 (&) F.HASANETAL.

Method
Participants

Forty-eight participants (14 females), aged 8 to 12 (M. = 9.98, SD = 1.36), were recruited
from Calgary, Canada and the surrounding community. Study advertisement was done
through social media (e.g., Facebook), ACCESS Mental Health list, and the Owerko
Neurodevelopmental Research Recruitment Database. The latter two contain contact
information of families who have previously agreed to be contacted for research studies.
All invited participants were (1) between the ages 8 to 12 years with a formal ADHD
diagnosis; (2) able to understand spoken and written English; and (3) had no other
neurodevelopmental or neurologic conditions (e.g., autism, epilepsy, intellectual disabil-
ities, fetal alcohol spectrum disorder, or genetic conditions linked to neuro-developmental
impairment). Children with specific learning disorders (e.g., dyslexia) were not excluded.
For both the inclusionary and exclusionary conditions, all information on a child’s diag-
noses were self-reported by legal guardians as conferred by a medical professional. The
study was approved by the Conjoint Health Research Ethics Board. As an honorarium, all
participants received an e-gift card.

To address our secondary aim, we also included data from our previous study as a control
sample. Of the 100 children in the previous study, 47 participants (18 females; M. = 9.98,
SD = 1.36) were age- and sex-matched to the clinical sample. While we successfully age-
matched the two groups, sex-matching was imbalanced. Therefore, to ensure our two
groups did not differ based on demographics, we conducted statistical tests and found no
significant group differences in age (#(92) = 0.00, p = 1.000) nor sex (X*(1)=0.75, p=.387).
In all subsequent analyses, age and sex were included as covariates. All participant informa-
tion for our ADHD and typically developing sample is reported in Table 1. Demographic
information for each group as divided by age is reported in Supplementary Tables S1 and S2.

Procedure

Preceding the main session, a legal guardian provided written informed consent and
completed two questionnaires regarding their child’s behavior: a modified version of the
Mind Wandering Questionnaire (MWQ; Mrazek et al., 2013) and the Swanson, Nolan,

Table 1. Demographic information for ADHD and typically developing participants.

ADHD Participants Typically Developing Participants

Age Mean 9.98 9.98
SD 1.36 1.36
Sex (%) Male 70 62
Female 30 38
Ethnicity® (%) White or European Canadian 68 60
Guardian Post-secondary (university/college/trade) 60 89

Education® (%)

Although not all possible demographic options are detailed in our table, no participants were excluded from the main
analyses based on their demographic characteristics.

Other ethnicities that characterize the rest of our participants include Black or African Canadian, Hispanic, Indigenous,
South Asian, Southeast Asian, Middle Eastern, and Pacific Islanders and/or Indigenous persons of Hawaii.

PGuardian Education is calculated as the average level of education between two primary legal guardians, if both are
available. At least one guardian must have completed post-secondary or professional education for that information to
be included in this table.
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and Pelham-IV 26-Item ADHD symptoms rating scale (SNAP-IV-26; Swanson et al.,
2001). Data collection occurred online over video conferencing (i.e., Zoom). An experi-
menter moderated each session and explained all the on-screen instructions to partici-
pants, further ensuring their understanding of the tasks. To reduce distractions for the
participants, the experimenter turned off their camera during the completion of each
task. The overall procedure was identical to our previous study (Hasan et al., 2024),
except for two additional questionnaires assessing ADHD symptoms implemented in the
current study.

At the start of each session, after child participants provided verbal assent, they
received pictographic definitions and answered comprehension questions on mind
wandering and its subtypes (i.e., intentional and unintentional mind wandering) to
demonstrate their understanding of the concepts (see Hasan et al., 2024 for full instruc-
tions). All participants completed three counterbalanced EF tasks and four question-
naires (verbally administered by an experimenter). Three of the completed
questionnaires assessed mind wandering in daily life (MWQ; Mrazek et al., 2013; Mind
Excessively Wandering Scale [MEWS]; Mowlem et al., 2019; and Mind Wandering:
Deliberate and Spontaneous Scales [MW-D and MW-S]; Carriere et al.,, 2013), with
one scale assessing inattention and hyperactivity/impulsivity behavior (Behavior
Assessment System for Children-3 [BASC-3]; Reynolds & Kamphaus, 2015).

Executive function tasks

Based on our previous study examining EF and mind wandering in typically developing
children, the current study implemented the same child-friendly tasks programmed
using Gorilla Experiment Builder (www.gorilla.sc; Anwyl-Irvine et al., 2020): the
Flanker task, measuring inhibitory control; digit span task, measuring short-term mem-
ory capacity and working memory capacity; and a color-shape switch task, measuring
task switching. Similar to previous studies (Hasan et al., 2024; Keulers & Jonkman, 2019),
our main outcome measure was accuracy. We report all reaction time (RT) results in the
Supplementary Materials (Supplementary Tables S3-S6).

Flanker task (inhibitory control)

A center target (blue fish facing left or right) was flanked by four identical fish facing
the same (i.e., congruent) or opposite (i.e., incongruent) direction. Participants were
asked to focus solely on the center fish and press the corresponding computer key
that matched the direction the target was facing. Participants completed 197 trials,
with the likelihood of congruent and incongruent trials being equally probable and
randomly distributed throughout the task. At the start of the trial, a fixation cross
appeared for 600 to 800 ms (M = 700 ms). All five fish were displayed on a white
background for 2300 ms, during which time participants responded. On average, each
trial lasted 3000 ms. Our main outcome measure was inhibitory control as demon-
strated by the difference in accuracy (and RT in the Supplementary Materials)
between the congruent and incongruent trials. For instance, a larger positive differ-
ence score (i.e., higher accuracy for incongruent trials relative to congruent trials)
would indicate better inhibitory control.


https://www.gorilla.sc
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Digit span task (short-term memory capacity and working memory capacity)

A series of digits appeared on a white background at a rate of one number every 1000 ms,
followed by an 850 ms pause between each number and a 10,000 ms response window.
Participants were tasked with typing out the numbers in the forward order during the
first half of the task and backwards order during the last half of the task. Digit span task
began with a sequence length of two digits, increasing by one number after at least one
correct response for each sequence. The task ended once two trials for the same sequence
length were recalled incorrectly. The forward condition relied on retaining all presented
numbers for a short period of time, and thus measured short-term memory capacity. In
contrast, the backwards condition was considered an index of working memory capacity
as it required the manipulation of information in the participant’s mind (Lui & Tannock,
2007; Oberauer et al., 2000; St Clair-Thompson, 2010).

Color-shape switch task (task switching)

In counterbalanced order, participants first learned one instruction set at a time; they either
reported the shape or the color of an object. Both shape and color conditions included 49
trials each, with every trial displaying a fixation cross for 700 to 900 ms (M = 800 ms). All
stimuli were presented on a white background for 2200 ms, in which time participant
responses were recorded. The shape and color conditions were counterbalanced and served
to familiarize participants with the task before introducing the mixed condition. In the
mixed condition, which included 99 trials, participants saw the instructional cue word
“SHAPE” or “COLOR” for 500 ms, before reporting on the shape or the color of an object
within 2000 ms. Each trial began with a fixation cross for 400 to 600 ms (M = 500 ms) and
lasted approximately 3000 ms. In a switch trial, participants changed from following one
instruction set to another (e.g., a shape trial followed by a color trial). In a non-switch trial,
participants received the same instruction set as the previous trial (e.g., a shape trial
followed by another shape trial). We computed the difference in accuracy (and RT in the
Supplementary Materials) for the switch and non-switch trials within the mixed condition.

Experience sampling

Experience sampling is a commonly used and validated methodological approach in
capturing occurrences of mind wandering in both adults (Kam & Handy, 2014; Kruger
et al., 2021; Smallwood & Schooler, 2006) and children (Cherry et al., 2022; Keulers &
Jonkman, 2019). During each task, thought probes were presented between trials at
intervals of 40 to 60 seconds in order to reduce predictability. Each thought probe
asked participants to report whether their attention was on task or if they were mind
wandering. Based on the previous study’s design and unintentional mind wandering’s
link to ADHD (see Lanier et al., 2021 for a review; Seli et al., 2015), when children
reported mind wandering, they were further asked whether it was intentional or
unintentional.

We included 12 thought probes in the Flanker and color-shape switch tasks. Given that
the digit span task terminated if participants incorrectly recalled two sequences of the same
span length, the number of thought probes participants answered was contingent upon
their performance and ability to recall a given sequence. We report the average number of
thought probes completed by each age group in our sample, starting with the forward digit
span condition: 8-year-olds (M = 9.25, SD = 0.99, n = 8), 9-year-olds (M = 11.27, SD = 2.16,
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n = 11), 10-year-olds (M = 9.80, SD = 2.91, n = 10), 11-year-olds (M = 9.20, SD = 2.67,
n = 10), and 12-year-olds (M = 10.00, SD = 3.16, n = 8). The average number of thought
probes completed for the backwards digit span condition in each age group was as follows:
8-year-olds (M =7.38, SD = 2.08, n = 8), 9-year-olds (M = 10.55, SD = 2.73, n = 11), 10-year-
olds (M = 8.70, SD = 2.76, n = 10), 11-year-olds (M = 6.90, SD = 3.08, n = 10), and 12-year-
olds (M = 10.38, SD = 2.79, n = 8). Our main outcome measure was the percentage of
reported mind wandering frequency for each task.

Perceived task difficulty rating

At the end of every task, participants reported the perceived task difficulty level on
a 7-point Likert scale: 1 (extremely easy) to 7 (extremely difficult). Since previous child
and adult studies indicated mind wandering frequency was influenced by task difficulty
(Hasan et al., 2024; Seli et al., 2018), we also assessed perceived task difficulty in our
study. However, given that perceived difficulty of a task displayed moderate to high
correlations with task accuracy/capacity in our study, we did not include task difficulty in
our analyses reported here. For the purpose of comparison with past findings (Hasan
et al., 2024), we report the models including task difficulty as a covariate in the
Supplementary Materials (Supplementary Tables S7-S10).

Questionnaires

Mind Wandering Questionnaire (MWQ)

The Mind Wandering Questionnaire (MWQ) evaluates the frequency of daily mind
wandering based on five self-reported items on a 6-point Likert scale: 1 (almost never)
to 6 (almost always; Mrazek et al., 2013). We computed the mean score across all five
items for MWQ. Although previous studies with adolescents and adults showed adequate
internal consistency (Cronbach’s alpha = .85; Mrazek et al., 2013), we verbally modified
some of the items to fit our younger sample’s understanding (see Supplementary
Materials). To gauge the relationship between a child’s self-report and their guardian’s
report, a legal guardian also completed a modified version of the questionnaire (MWQg),
evaluating their child’s mind wandering tendencies (see Supplementary Materials for
revised wording).

Mind Excessively Wandering Scale (MEWS)

The Mind Excessively Wandering Scale (MEWS) explores mind wandering based on 12
self-reported items, rated on a 4-point Likert scale: 0 (not at all or rarely) to 3 (nearly all
of the time or constantly; Mowlem et al., 2019). We modified item 7 (“I experience
ceaseless mental activity” to “I feel my brain is constantly running”) to ensure children’s
full understanding (as done by Frick et al., 2020). We calculated the mean score for all
items. The MEWS displayed adequate internal consistency in a pediatric sample of 8- to
13-year-olds (Cronbach’s alpha = .80; Frick et al., 2020).

Mind Wandering: Deliberate and Spontaneous Scales (MW-D and MW-S)

The Mind Wandering: Deliberate and Spontaneous Scales (MW-D and MW-S) assess an
individual’s tendency to engage in intentional or unintentional mind wandering with
eight self-reported items, rated on multiple 7-point Likert scales: 1 (rarely; not at all true;
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almost never) to 7 (a lot; very true; almost always; Carriere et al., 2013). We computed the
mean score across all items. The scales demonstrated adequate internal consistency for
adult participants (Cronbach’s alpha = .84 for MW-D, .86 for MW-S; Carriere et al.,
2013). To align with the definitions participants received at the beginning of the session,
all references to “deliberate” and “spontaneous” mind wandering in the questionnaires
were verbally adapted to “intentional” and “unintentional” mind wandering, respectively.

Swanson, Nolan, and Pelham-1V 26-Item (SNAP-IV-26)

The Swanson, Nolan, and Pelham-IV 26-Item (SNAP-IV-26) scale measures the severity
of inattention, hyperactivity/impulsivity, and opposition symptoms based on 26 guar-
dian-reported items, rated on a 4-point Likert scale: 0 (not at all) to 3 (very much;
Swanson et al., 2001). We calculated the mean score across all items for the questionnaire.
Inattention and hyperactivity/impulsivity were evaluated by nine items each, where an
additional eight items measured opposition symptoms. The SNAP-IV-26 demonstrated
high internal consistency for a previous study (Cronbach’s alpha = .94; Bussing et al,,
2008).

Behavior Assessment System for Children-3 (BASC-3)

The Behavior Assessment System for Children-3 (BASC-3) comprises 16 primary scales,
but we focused on the inattention and hyperactivity/impulsivity subscales (Reynolds &
Kamphaus, 2015). Participants answered 17 self-reported items using a true-false format
or a 4-point Likert scale: never to almost always. Total raw scores were converted to
scaled (age-normative) t-scores. The BASC has previously displayed high internal con-
sistency (Cronbach’s alpha = .89 to .95; Reynolds & Kamphaus, 2015).

Statistical analyses

Preliminary analyses

We examined group differences between children with ADHD taking medication and
those that were not via a t-test. Additionally, all correlation analyses for questionnaires
and EF tasks were conducted within the ADHD sample using the Spearman correlation
coefficient.

Primary analyses
For our primary aim, we first implemented linear regression analyses for each EF task,
with accuracy/capacity and RT entered as separate predictors to evaluate how perfor-
mance influenced the frequency of mind wandering specific to that task (i.e., the outcome
variable). Furthermore, we included both the forward and backwards conditions of the
digit span task as separate predictors, resulting in a total of eight regressions (four for
accuracy/capacity reported below, and four for RT reported in the supplementary tables).
To investigate how ADHD symptoms influenced the relationship between EF and mind
wandering, we included one BASC subscale at a time (inattention and hyperactivity/
impulsivity) as an additional predictor to the above regressions and also examined its
interaction with each task in predicting mind wandering frequency.

Our secondary aim explored the differences in EF and mind wandering for children
with and without ADHD through linear regressions. When specifically analyzing EF
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accuracy/capacity or RT, the outcome variable was the mind wandering reported for that
task, similar to our primary aim. However, we observed a significant correlation between
mind wandering frequency across all tasks (Table 2). Therefore, we derived a composite
measure of mind wandering averaged across the three tasks to examine overall group
differences for our clinical and typically developing samples. We also assessed mind
wandering frequency as reported by all questionnaires in common across the two studies:
MWQ, MW-D, and MW-S. For all analyses, age and sex served as covariates. Analyses
were performed using R (version 4.3.2) in R Studio (version 2024.10.25; RStudio Team,
2024).

Results

The final clinical sample included 47 participants, excluding one participant with missing
data due to technical difficulties. We first implemented a t-test to compare composite mind
wandering frequency during tasks in children with ADHD when grouped by medication
status (i.e., yes or no) and found no significant differences (#(45) = 0.37, p = .714).
Accordingly, for subsequent analyses, all children with ADHD, regardless of whether
they were on or off medication, were collapsed into one group. In Table 2, we present
correlation values for our ADHD sample, age, mind wandering as evaluated by question-
naires and experience sampling during EF tasks, and ADHD symptoms as measured by
questionnaires. There was a positive correlation between age and the child-reported MWQ
(p = .008), MW-D (p = .020), and MEWS (p = .048), suggesting that older children with
ADHD reported more frequent mind wandering across the three measures in daily life
compared to younger children with ADHD. Additionally, all child-reported mind wander-
ing scales were significantly correlated (all p < .050). Apart from the MW-D scale (p =.092),
all child-reported mind wandering scales further correlated with the BASC self-report
subscales (all p < .050). Although the guardian reported measures (i.e., MWQ and SNAP-
IV-26) were positively correlated (p < .001), they did not correlate with their respective
child’s self-reported mind wandering tendencies as measured by the questionnaires and
during the EF tasks, or self-reported behavioral ADHD symptoms (all p >.151). To further
evaluate differences in guardian- and child-reported questionnaires, we examined the
mean ratings on the MWQ and found that guardians (M = 4.16, SD = .98) reported higher
levels of mind wandering compared to their child’s report (M = 3.42, SD = 1.21).

EF and mind wandering in childhood ADHD

We conducted two sets of analyses to explore our primary aim of evaluating the relation-
ship between EF and mind wandering in children with ADHD. First, linear regressions
examined the overall relationship between task accuracy/capacity and mind wandering
frequency during that specific task, with age and sex as covariates (Table 3). We found
that accuracy and capacity was not significantly associated with mind wandering for any
EF tasks (all p > .109). Additionally, age and sex were not significantly linked to mind
wandering for any tasks (all p > .063).

To evaluate the influence of symptom severity, we examined the interaction
between EF task performance and ADHD symptoms (measured via BASC - inatten-
tion [BASC-IA] and - hyperactivity/impulsivity [BASC-HI] subscales) in predicting
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Table 3. Executive function task performance (accuracy/capacity) predicting mind wandering.

95% ClI
B SE [LB, UB] Ps F Pr R?
Flanker (Inhibitory control) 1.19 323 .01
Accuracy -0.01 0.04 [-0.09, 0.06] 724
Age 0.03 0.03 [-0.02, 0.09] 231
Sex 0.10 0.08 [-0.05, 0.26] .188
Forward digit span (Short-term memory capacity) 1.25 302 .02
Capacity -0.06 0.04 [-0.14, 0.01] 109
Age 0.01 0.03 [-0.04, 0.07] 607
Sex 0.01 0.08 [-0.15, 0.18] .859
Backward digit span (Working memory capacity) 0.94 430 -.00
Capacity —-0.04 0.03 [-0.10, 0.03] 243
Age 0.00 0.02 [-0.04, 0.04] 987
Sex 0.07 0.07 [-0.07, 0.20] 315
Switch (Task switching) 2.68 .059 .10
Accuracy 0.04 0.03 [-0.02, 0.11] 182
Age 0.04 0.02 [-0.00, 0.09] .063
Sex 0.12 0.07 [-0.02, 0.25] .087

The dependent variable was the mean mind wandering frequency during a given task. For the forward and backward
digit span task, the average percentage of mind wandering for each condition served as the dependent variable in the
respective models. For Flanker and switch, accuracy was the difference in correct responses between incongruent and
congruent trials, or switch and non-switch trials.

B = standardized regression coefficient; SE = standard error of the mean; 95% C/ = confidence intervals; LB = lower bound;
UB = upper bound; ps = p-value associated with the standardized coefficient; py _ p-value associated with the F test. R?=value
associated with its corresponding model.

mind wandering, with age and sex as covariates (as reported in Tables 4 and 5,
respectively). There was a significant main effect of inattention, such that BASC-IA
positively predicted mind wandering, for the short-term (p = .008) and working
(p = .018) memory capacity models but not the inhibitory control (p = .214) or
task switching (p = .100) models. Moreover, the interaction between short-term
memory capacity and inattention symptoms significantly predicted task mind wan-
dering (p = .016). In our follow-up analyses, participants were stratified into two
subsets: those scoring above the median on BASC-IA were assigned to the high
inattention group, with those scoring below the median being assigned to the low
inattention group. In the high inattention group, greater short-term memory capacity
predicted less mind wandering (b = -0.17, SE = 0.07, p = .020), whereas in the low
inattention group, it did not (b = 0.02, SE = 0.02, p = .193). Similarly, the interaction
between working memory capacity and inattention symptoms significantly predicted
task mind wandering (p = .041). After conducting the same follow-up analyses as
described for short-term memory capacity, we observed a trend toward enhanced
working memory capacity and reduced mind wandering in the high inattention group
(b = -0.08, SE = 0.05, p = .092) but not the low inattention group (b = 0.03,
SE = 0.03, p = .361). The interaction effects for inhibitory control (p = .586) and
task switching (p = .296) were not significant. As well, age and sex were not
significant in any of the models (all p > .105).

In the interaction models examining EF and hyperactivity/impulsivity, there was a main
effect of BASC-HI in positively predicting mind wandering for inhibitory control (p = .006),
short-term memory capacity (p = .047), and task switching (p = .003) but not working
memory capacity (p =.110). We further found that short-term memory capacity significantly
interacted with hyperactivity/impulsivity symptoms in predicting decreased mind wandering



12 (&) F.HASANETAL.

Table 4. Executive function task performance (accuracy/capacity) and ADHD symptoms (BASC-inattention
subscale) predicting mind wandering.

95% CI
B SE [LB, UB] s F Dr R?
Flanker (Inhibitory control) 1.10 374 .01
Accuracy -0.07 0.09 [-0.26, 0.11] 436
BASC-IA 0.1 0.08 [-0.06, 0.28] 214
Age 0.03 0.03 [-0.02, 0.09] 244
Sex 0.09 0.08 [-0.07, 0.25] 257
Accuracy x 0.04 0.08 [-0.12, 0.20] .586
BASC-IA
Forward digit span (Short-term memory capacity) 3.65 .008 22
Capacity 0.14 0.09 [-0.04, 0.31] 116
BASC-IA 0.20 0.07 [0.06, 0.35] .008
Age 0.01 0.02 [-0.04, 0.05] 781
Sex —0.00 0.07 [-0.15, 0.15] .965
Capacity x -0.19 0.07 [-0.34, —0.04] 016
BASC-IA
Backward digit span (Working memory capacity) 2.54 .043 14
Capacity 0.13 0.08 [-0.03, 0.28] A1
BASC-IA 0.16 0.06 [0.03, 0.29] 018
Age —0.01 0.02 [-0.06, 0.03] 499
Sex 0.06 0.06 [-0.06, 0.18] .348
Capacity x -0.13 0.06 [-0.26, —0.01] .041
BASC-IA
Switch (Task switching) 2.28 .065 12
Accuracy 0.1 0.08 [-0.06, 0.27] .200
BASC-IA 0.13 0.08 [-0.03, 0.28] .100
Age 0.04 0.02 [-0.01, 0.08] 105
Sex 0.09 0.07 [-0.04, 0.23] 161
Accuracy x —-0.07 0.07 [-0.21, 0.07] 296
BASC-IA

The dependent variable was the mean mind wandering frequency during a given task. For the forward and backward
digit span task, the average percentage of mind wandering for each condition served as the dependent variable in the
respective models. For Flanker and switch, accuracy was the difference in correct responses between incongruent and
congruent trials, or switch and non-switch trials.

BASC-IA = BASC-Inattention; 8 = standardized regression coefficient; SE = standard error of the mean; 95% CI = confidence
intervals; LB = lower bound; UB = upper bound; pg = p-value associated with the standardized coefficient; pr _ p-value
associated with the F test. R? = value associated with its corresponding model.

frequency (p = .007). Follow-up analyses revealed enhanced short-term memory capacity
predicted less mind wandering in the high hyperactivity/impulsivity group (b = -0.15,
SE = 0.06, p = .028) but not for the low hyperactivity/impulsivity group (b = 0.02, SE = 0.04,
p =.637). The interaction between working memory capacity and hyperactivity/impulsivity
symptoms also significantly predicted mind wandering (p = .038). Specifically, there was
a trend toward better working memory capacity and reduced mind wandering in the high
hyperactivity/impulsivity group (b = —0.11, SE = 0.06, p = .078) but not the low hyper-
activity/impulsivity group (b = —-0.03, SE = 0.03, p = .294). The interaction effects for
inhibitory control (p = .928) and task switching (p = .916) were not significant. As well, age
and sex were not significant in any of the models (all p >.090).

After applying the conservative Bonferroni correction for multiple comparisons sepa-
rately for BASC-IA and -HI subscales, our adjusted critical alpha was .05/4 tasks = .013.
Consequently, only our interaction for short-term memory capacity with hyperactivity/
impulsivity symptoms remained significant. The interactions between short-term memory
and inattention symptoms, as well as working memory capacity and both inattention and
hyperactivity/impulsivity symptoms were no longer significant.
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Table 5. Executive function task performance (accuracy/capacity) and ADHD symptoms (BASC-hyper-
activity/impulsivity subscale) predicting mind wandering.

95% C/
B SE [LB, UB] s F Dr R?
Flanker (Inhibitory control) 2.59 .040 15
Accuracy -0.03 0.07 [-0.17, 0.10] 639
BASC-HI 0.19 0.07 [0.06, 0.32] .006
Age 0.00 0.03 [-0.05, 0.06] .964
Sex 0.10 0.07 [-0.05, 0.25] 203
Accuracy x -0.00 0.05 [-0.10, 0.09] 928
BASC-HI
Forward digit span (Short-term memory capacity) 4.59 .002 .28
Capacity 0.15 0.08 [-0.01, 0.31] .062
BASC-HI 0.13 0.06 [0.00, 0.25] .047
Age —-0.01 0.03 [-0.06, 0.04] 732
Sex -0.01 0.07 [-0.16, 0.13] .879
Capacity x -0.16 0.06 [-0.28, —0.05] .007
BASC-HI
Backward digit span (Working memory capacity) 2.50 .046 14
Capacity 0.09 0.06 [-0.04, 0.22] 157
BASC-HI 0.09 0.05 [-0.02, 0.20] 110
Age —-0.02 0.02 [-0.06, 0.03] 488
Sex 0.07 0.06 [-0.05, 0.19] 242
Capacity x -0.10 0.05 [-0.19, —0.01] .038
BASC-HI
Switch (Task switching) 4.09 .004 .25
Accuracy 0.05 0.07 [-0.09, 0.19] 516
BASC-HI 0.17 0.05 [0.06, 0.28] .003
Age 0.01 0.02 [-0.03, 0.06] 575
Sex 0.1 0.06 [-0.02, 0.23] .090
Accuracy x -0.00 0.05 [-0.10, 0.09] 916
BASC-HI

The dependent variable was the mean mind wandering frequency during a given task. For the forward and backward
digit span task, the average percentage of mind wandering for each condition served as the dependent variable in the
respective models. For Flanker and switch, accuracy was the difference in correct responses between incongruent and
congruent trials, or switch and non-switch trials.

BASC-HI = BASC-Hyperactivity/Impulsivity; B = standardized regression coefficient; SE = standard error of the mean; 95%
Cl = confidence intervals; LB = lower bound; UB = upper bound; pg = p-value associated with the standardized
coefficient; py _ p-value associated with the F test. R> = value associated with its corresponding model.

EF and mind wandering in children with and without ADHD

To address our secondary aim, we first compared differences in mind wandering as
assessed by experience sampling and questionnaires between the clinical and typically
developing samples (Table 6). With age and sex as covariates, the linear regressions
yielded significant differences between children with and without ADHD in their self-
reports on overall mind wandering via the MWQ (p < .001) and unintentional mind
wandering as assessed by the MW-S (p = .024). In particular, those with ADHD
diagnoses reported more overall levels of mind wandering as well as unintentional
mind wandering than those without. However, we observed no significant differences
between the two groups in the composite task mind wandering measure (p = .161)
and in their self-reported frequency of intentional mind wandering measured via the
MW-D (p = .116). Age emerged as a significant predictor of mind wandering
frequency in the majority of analyses (all p < .012), except for intentional mind
wandering (p = .074). For these analyses, older children tended to report higher mind
wandering frequency compared to younger children.
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Table 6. Mind wandering frequency between groups (ADHD and typically developing participants),
assessed by experience sampling and questionnaires.

95% Cl

B SE [LB, UB] Ps F De R?

Task MW 3.18 028 07
Group 0.05 0.04 [-0.02, 0.12] 161
Age 0.03 0.01 [0.01, 0.06] 012
Sex 0.04 0.04 [-0.04, 0.11] 329

MWQ 11.26 <.001 25
Group 0.77 0.21 [0.35, 1.19] <.001
Age 0.35 0.08 [0.20, 0.50] <.001
Sex 0.01 0.22 [-0.43, 0.45] 968

MW-D 2.1 105 .03
Group 0.47 0.30 [-0.12, 1.06] 116
Age 0.20 0.11 [-0.02, 0.41] 074
Sex -0.19 0.31 [-0.80, 0.43] 548

MW-S 464 .005 S
Group 0.66 0.29 [0.09, 1.24] 024
Age 0.31 0.11 [0.10, 0.52] .005
Sex -0.10 0.30 [-0.71, 0.50] 734

MW = mind wandering; MWQ = Mind Wandering Questionnaire (children); MW-D = Mind Wandering: Deliberate; MW-S = Mind
Wandering: Spontaneous; Task — MW refers to an overall frequency of mind wandering across all three EF tasks.

B = standardized regression coefficient; SE = standard error of the mean; 95% C/ = confidence intervals; LB = lower bound; UB
= upper bound; pg = p-value associated with the standardized coefficient; p; = p-value associated with the F test. R?=value
associated with its corresponding model.

We further implemented linear regressions to assess the task-specific relationship
between EF and mind wandering in children with and without ADHD (Table 7).
Interactions between the two groups (i.e., children with and without ADHD) and EF
task accuracy/capacity revealed no significant relationships in predicting mind wan-
dering frequency for inhibitory control (p = .507), short-term (p = .227) and working
(p = .852) memory capacities, or task switching (p = .551). Within the inhibitory
control (p = .007) and task switching (p = .005) models, an increase in age signifi-
cantly corresponded with an increase in mind wandering. In all other models, age and
sex were not significant (all p > .222). In the Supplementary Materials, we report
analyses between ADHD symptoms, EF task performance measured via RT, and mind
wandering (Supplementary Tables S3— S6).

Discussion

The current study investigated the association between EF and mind wandering in
children with ADHD. Although we found no evidence for task performance predicting
mind wandering frequency independently, when coupled with higher ADHD sympto-
matology (as characterized by reports of inattention and hyperactivity/impulsivity symp-
toms), those with enhanced short-term memory capacity and higher ADHD symptoms
reported lower mind wandering. Better working memory capacity demonstrated similar
trends for predicting lower mind wandering in those who reported high levels of
inattention and hyperactivity/impulsivity. For our comparison across the clinical and
control samples, children with ADHD scored higher in their reports of overall and
unintentional mind wandering compared to those without ADHD. However, EF task
performance and mind wandering frequency was not differentially related between the
two groups.
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Table 7. Executive function task performance (accuracy/capacity) and groups (ADHD and typically
developing participants) predicting mind wandering.

95% CI
B SE [LB, UB] s F Dr R?
Flanker (Inhibitory control) 1.85 112 .04
Accuracy 0.02 0.03 [—0.05, 0.08] .636
Group 0.03 0.05 [-0.06, 0.12] 534
Age 0.05 0.02 [0.01, 0.08] .007
Sex 0.05 0.05 [-0.05, 0.15] .358
Accuracy x -0.03 0.05 [-0.13, 0.06] .507
Group
Forward digit span (Short-term memory capacity) 1.79 124 .04
Capacity —-0.01 0.03 [-0.07, 0.06] 818
Group 0.06 0.04 [-0.02, 0.14] 136
Age 0.02 0.02 [-0.01, 0.05] 284
Sex 0.01 0.04 [-0.08, 0.09] .846
Capacity x —0.05 0.04 [-0.13, 0.03] 227
Group
Backward digit span (Working memory capacity) 1.54 .184 .03
Capacity —-0.03 0.03 [-0.08, 0.03] 375
Group 0.05 0.03 [-0.02, 0.12] 129
Age 0.01 0.01 [-0.01, 0.04] 272
Sex 0.04 0.04 [-0.03, 0.12] 222
Capacity x —-0.01 0.04 [-0.08, 0.07] .852
Group
Switch (Task switching) 2.42 .042 .07
Accuracy 0.01 0.03 [-0.06, 0.08] 777
Group 0.06 0.04 [-0.03, 0.14] 181
Age 0.04 0.02 [0.01, 0.07] .005
Sex 0.03 0.04 [-0.06, 0.12] A71
Accuracy x 0.03 0.04 [-0.06, 0.11] 551
Group

The dependent variable was the mean mind wandering frequency during a given task. For the forward and backward
digit span task, the average percentage of mind wandering for each condition served as the dependent variable in the
respective models. For Flanker and switch, accuracy was the difference in correct responses between incongruent and
congruent trials, or switch and non-switch trials.

B = standardized regression coefficient; SE = standard error of the mean; 95% C/ = confidence intervals; LB = lower bound; UB
= upper bound; pg = p-value associated with the standardized coefficient; pr — p-value associated with the F test. R? = value
associated with its corresponding model.

EF and mind wandering in childhood ADHD

Our analyses suggest that no EF was linked to the occurrence of mind wandering in
childhood ADHD. Although previous child and adult studies have observed nuance in
how EF facets relate to mind wandering frequency (Hasan et al., 2024; Kam & Handy,
2014; Keulers & Jonkman, 2019; McVay & Kane, 2012), our lack of significant findings
may be due to the studied population. Literature exploring EF and ADHD demonstrate
heterogeneity in the link between the two constructs (Geurts et al., 2005; Kofler et al,,
2019; Roberts et al., 2017). In a similar vein, ADHD is commonly linked to unintentional
mind wandering but not intentional mind wandering in adults (Seli et al., 2015).
Therefore, it is likely that the association between EF and mind wandering in pediatric
ADHD is modulated by different variables (e.g., symptom severity and type of mind
wandering).

Indeed, we found significant interactions between children’s self-reported ADHD
symptoms (i.e., inattention and hyperactivity/impulsivity symptoms) and short-term
memory capacity. Similar trends were observed between working memory capacity and
ADHD symptoms. These findings parallel memory impairments frequently reported in
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children with ADHD (Dovis et al., 2013; Karalunas et al., 2017; Kofler et al., 2018). As
proposed by Lui and Tannock (2007), deficits in memory, particularly working memory
capacity, make children prone to distractions and contribute to behavioral inattention. In
the context of the current study, among children with high levels of ADHD symptoms,
those with stronger short-term and working memory capacities may resist external and
internal distractions (e.g., mind wandering) to successfully retain and process informa-
tion for the memory task.

However, it is important to note that only the interaction between short-term memory
capacity and hyperactivity/impulsivity in predicting mind wandering was significant
after correcting for multiple comparisons. The interaction between short-term memory
capacity and inattention, working memory capacity and inattention, as well as hyper-
activity/impulsivity did not survive multiple comparisons correction. Therefore, we
caution readers in interpreting these findings. More work is needed to explore the role
of EF facets and ADHD symptoms in predicting mind wandering.

EF and mind wandering in children with and without ADHD

The analyses on self-reported questionnaires for our ADHD and typically developing
groups revealed significant differences in their reports of overall and unintentional mind
wandering, wherein those with ADHD scored higher than their counterparts without
ADHD. Self-reported differences may stem from the challenges children with ADHD
encounter in their ability to control, maintain, and direct attention (Frick et al., 2020;
Merrill et al., 2022). However, why these differences did not extend to their task mind
wandering is unclear. Despite children with ADHD reporting a slightly higher frequency
of average mind wandering during the three EF tasks (14-23%) compared to the control
sample (7-19%), the variation did not contribute to significant differences during the
specific tasks. It is possible that reported mind wandering frequency is moderated by
context and the methodology used. Specifically, we relied on questionnaires to explore
retrospective mind wandering experiences in daily life and an experience sampling
approach to capture in-the-moment experiences during laboratory tasks. Therefore, an
overlap in task mind wandering reports may suggest that in a time-limited and controlled
setting, both children with and without ADHD can remain on task while avoiding
distractions or lapses of inattention. In comparison, an ecological environment with
both internal and external distractions, may make difficulties with attention regulation
more apparent for children with ADHD. Environmental stimuli, such as posters or other
children in the classroom, could act as triggers for off task thoughts (i.e., mind wander-
ing) in those with ADHD.

Similarly, in exploring the differential relationship between working memory capacity
and mind wandering frequency for children with and without ADHD, we found no main
effect of group and no interaction between group and memory abilities. As such, despite
ADHD symptoms interacting with short-term and working memory to predict mind
wandering, there was no interaction between group and memory abilities in predicting
mind wandering. The absence of an interaction suggests that the relationship between
working memory and mind wandering is comparable in our child participants across
both clinical and typically developing samples. Further investigation of the connection
between mind wandering, EF performance, and behavioral traits (e.g., observed
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inattention or hyperactivity/impulsivity), including children both with and without an
ADHD diagnosis (i.e., not dividing into diagnostic groups) may extend our insight into
how mind wandering contributes to real world outcomes in children.

Strengths, limitations, and future directions

We utilized questionnaires and experience sampling to corroborate self-reports of mind
wandering in children ages 8 to 12 and found moderate to strong links between the two
modalities. The findings extend the established notion that children can provide accurate
reports of their subjective mind wandering tendencies (Van den Driessche et al., 2017; Ye
et al., 2014; Zhang et al., 2015). In addition to the observed congruence across mind
wandering reports, the correlation between unintentional mind wandering and ADHD
symptomatology also supports previous results (see Lanier et al., 2021 for a review; Seli
et al,, 2015). Mind wandering and ADHD presentations share commonalities, including
attention dysregulation and their potential association with deficits in short-term and
working memory capacities. Therefore, the current findings may guide development of
interventions beyond medical treatment, such as games aimed at enhancing children’s
short-term and working memory capacities to regulate their attention (see Rapport et al.,
2013 for a review). Furthermore, an absence of significant interaction between working
memory capacity and group for children with and without ADHD in predicting mind
wandering could demonstrate that non-pharmacological treatments may be beneficial
for a broad range of children.

In the current study, we also relied on both guardian- and child-reported question-
naires for mind wandering and ADHD symptoms. There was no correlation between the
child and guardian versions of the questionnaires, and guardians typically reported
higher levels of mind wandering compared to children. In accordance with our previous
study, we also found no correlation between children’s thought probes and guardian-
reported questionnaires. Naturally, reporting on someone else’s internal experiences,
such as mind wandering, can be challenging. Another plausible explanation for the
difference could be that the reliability of reports may be conditional upon the situational
context. For instance, children’s evaluation of their mind wandering and ADHD symp-
toms may be contingent on school settings, whereas guardians rely on observations at
home to assess their child’s symptoms.

One potential caveat of our study concerns measuring EF and mind wandering during
the same tasks. The approach was replicated from our previous study to facilitate
standardized comparisons across our ADHD and typically developing samples. Using
separate tasks to measure EF and mind wandering would limit interference between
measures; however, the feasibility of study completion would be challenged by the
increased cognitive load and fatigue for children, especially those with ADHD.
Additionally, we interpreted our findings as EF predicting mind wandering frequency,
though we recognize an alternative way of assessing the relationship is to examine how
mind wandering predicts EF. Owing to the fact that developmental changes in EF are
robust and better understood across studies compared to developmental changes in mind
wandering, we sought to ground our analyses and interpretations in existing literature.
Nonetheless, we encourage future studies to utilize diverse methodologies to explore the
impact of mind wandering on EF task performance.
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Another consideration is the variability in the number of questions participants
encountered via experience sampling. When participants reported being on task, they
responded to only one question (i.e., were they mind wandering or not), whereas those
who reported mind wandering responded to two questions (i.e., one about mind wan-
dering and another about its intentionality). However, each thought probe followed
a break, providing all participants, regardless of whether they answered one or two
questions, an opportunity to rest before continuing into a new block. Thus, it is unlikely
that the number of questions significantly influenced task performance but future studies
could consider providing all options in one question (i.e., on task and mind wandering
with and without intention) to minimize potential interference with task performance.

While we conducted analyses to detect group variations in clinical factors, such as
medication treatment, we observed no significant patterns. On one hand, the absence of
significant findings could reflect a genuine lack of differences. Alternatively, they could
stem from an inadequate sample size within each group. Furthermore, despite collecting
socioeconomic status (i.e., guardian income and educational levels), we chose not to
include this information in our analyses because the findings on socioeconomic status
and ADHD (Russell et al., 2016), as well as EF (Lawson et al., 2018) are varied and suggest
small effect sizes. However, we do note that Gearin et al. (2018) indicate socioeconomic
status may be associated with mind wandering and contribute to academic achievement
gaps. Finally, all our participants were recruited from the Calgary, Canada area and the
surrounding community. An opportunity for future research could be to broaden
recruitment to allow for generalizable results across different populations.

Conclusion

Opverall, the current study is the first to explore the relationship between EF and mind
wandering in the context of pediatric ADHD. Our findings posit that among children
with higher ADHD symptomatology, namely hyperactivity/impulsivity, enhanced short-
term memory capacity may be tied to less frequent mind wandering. Similar trends were
observed with enhanced short-term memory capacity and inattention. Additionally,
working memory capacity was linked to less mind wandering in children with higher
levels of inattention and hyperactivity/impulsivity; however, these results did not survive
multiple comparisons correction. Further research investigating factors that impact mind
wandering and its underlying cognitive processes can provide insight on attention
dysregulation and potential treatments. Our results suggest that targeting memory-
related cognitive abilities may advance our understanding of mind wandering in children
with ADHD and can contribute to the development of non-pharmacological treatments.
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