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Mind wandering perspective on attention deficit hyperactivity disorder  

 

Abstract 

Attention-Deficit/Hyperactivity Disorder (ADHD) is a common neurodevelopmental disorder 

associated with a range of mental health, neurocognitive and functional problems across the 

lifespan. Although the diagnosis is based on descriptions of behaviour, individuals with ADHD 

characteristically describe excessive, spontaneous and unaware mind-wandering (MW) that 

interferes with function in daily life. MW in individuals with ADHD reflects constant mental activity 

which lacks topic stability and content consistency.  Based on this observation and a review of the 

literature on neural correlates of ADHD symptoms and mind-wandering, we outline a new 

perspective on ADHD: the MW hypothesis. We propose that altered deactivation of the default 

mode network, and dysfunctional interaction with the executive control network, leads to excessive 

and spontaneous MW, which underpins symptoms and impairments of ADHD. We highlight that 

processes linked to the normal neural regulation of MW (context regulation, sensory decoupling, 

salience thresholds) are deficient in ADHD. MW-related measures could serve as markers of the 

disease process, as MW can be experimentally manipulated, as well as measured using rating scales, 

and experience sampling during both cognitive tasks and daily life. MW may therefore be a potential 

endophenotype of ADHD, and its neural markers targeted for individualised treatment and 

diagnosis.   
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Introduction    

Attention-Deficit/Hyperactivity Disorder (ADHD) is a common neurodevelopmental disorder 

affecting 5-6% of children and 3-4% of adults worldwide (Fayyad et al., 2007; Polanczyk, de 

Lima, Horta, Biederman, & Rohde, 2007). ADHD is characterised by developmentally 

inappropriate and impairing levels of inattentive, hyperactive and impulsive behaviours. The 

disorder is often accompanied by emotional lability (Skirrow, McLoughlin, Kuntsi, &  

Asherson, 2009), cognitive performance deficits (Banaschewski et al., 2012; Kofler et al., 

2013) and mental health problems including anxiety, mood, personality and substance use 

disorders (Fayyad et al., 2007). ADHD is further linked to detrimental outcomes including 

educational and occupational failure, transport accidents with increased mortality (Kooij et 

al., 2010) and criminal behaviour (Lichtenstein & Larsson, 2013).  

Despite considerable progress in understanding the symptoms and impairments of ADHD and 

the availability of effective treatments (NICE, 2008), key clinical issues remain to be resolved. 

ADHD, particularly in adults, remains a disorder that often goes undiagnosed and untreated. 

One explanation is diagnostic uncertainty due to the high rates of psychiatric comorbidity and 

overlap of ADHD symptoms with other common mental health disorders (Asherson, Buitelaar, 

Faraone, & Rohde, 2016). The diagnosis also relies on subjective reports of symptoms and 

behaviour, leading to both under and over reporting of symptoms (Barkley, Fischer, Smallish, 

& Fletcher, 2002; Du Rietz et al., 2016; Faraone & Biederman, 2016). Another problem is that 

current medications provide short-term control of ADHD symptoms, but do not bring about 

longer-term symptom remission, or adequate control of symptoms in all cases.  Further 

progress in diagnosis, prevention and treatment will likely require a better understanding of 

the underlying neural and cognitive mechanisms that lead directly to the symptoms and 

impairments of ADHD, and can be targeted by treatment interventions.  

Here we propose a novel approach that focuses on a measurable component of ADHD 

psychopathology: excessive, spontaneous mind wandering (Mowlem et al., 2016). We put 

forth a new hypothesis for ADHD (see Figure 1) in which aberrant regulation within the default 

mode, and between default mode and executive control networks, leads to spontaneous 

mind wandering, which in turn leads to symptoms and impairments of ADHD, and may also 

underlie some of the cognitive performance deficits seen in ADHD. This is an alternative to 

the usual model, which views measures of cognitive function, such as sustained attention and 

inhibitory control deficits, as intermediate endophenotypes on the pathway from genes to 

behaviour (Castellanos & Tannock, 2002; Rommelse et al., 2008). 

We propose this as a promising new avenue for research as mind wandering has been linked 

to ADHD and ADHD-associated impairments, and unlike ADHD symptoms such as inattention, 

mind wandering can be measured using a range of direct and indirect measures. These include 
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rating scale state and trait measures, experience sampling in daily life, experience sampling 

during experimental paradigms, and the neural correlates of MW. Potentially these may 

provide new clinical and neural biomarkers of ADHD that could provide new insights into the 

neurobiological basis of ADHD, which can be used for diagnosis and prediction and monitoring 

of treatment effects, and could lead to novel treatments targeting the regulation of mind 

wandering in ADHD.   

 

ADHD, mind wandering and the default mode network  

What is mind wandering? 

Mind wandering (MW) occurs when one’s mind drifts away from the primary task and focuses 

on internal, task-unrelated thoughts and images. MW is a universal experience that 

represents up to 50% of daily thinking time (Smallwood & Schooler, 2015). While some forms 

of MW can be beneficial to individuals (e.g. strategic thinking about a grant proposal while 

driving a car), other forms can be detrimental (e.g. spontaneous uncontrolled thoughts that 

interfere with tasks such as listening to a lecture). These two types of MW have been referred 

to as deliberate and spontaneous, respectively, and are thought to reflect a different balance 

of regulatory processes on internal self-generated thought (Christoff, Irving, Fox, Spreng, & 

Andrews-Hanna, 2016; Seli, Cheyne, Xu, Purdon, & Smilek, 2015). Spontaneous MW, 

detrimental to performance, has been proposed as a mechanism explaining many of the 

symptoms and impairments of ADHD (Mowlem et al., 2016; Seli et al., 2015) believed  to 

reflect dysfunctional connectivity between the brain’s default mode network (DMN) and 

executive control networks (Fox, Spreng, Ellamil, Andrews-Hanna, & Christoff, 2015; Sripada, 

Kessler, & Angstadt, 2014). 

 

Spontaneous mind wandering is associated with ADHD 

The first study of MW in ADHD was conducted using an experience sampling technique to 

measure on-task and off-task thoughts during a simple attention task (Shaw & Giambra, 

1993).The frequency of task-unrelated thoughts was found to be increased in college students 

with a childhood history of ADHD diagnosis, compared to controls.  Among the controls, male 

and female groups that reported high levels of childhood ADHD symptoms also demonstrated 

more task-unrelated thoughts than controls reporting low levels of childhood ADHD 

symptoms.  
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A further study, using the MW Deliberate and Spontaneous scales (Carriere, Seli, & Smilek, 

2013) found that a group who had been diagnosed with ADHD showed more spontaneous 

than deliberate MW (Seli et al., 2015). They further showed that spontaneous MW (but not 

deliberate MW) was significantly correlated with ADHD symptom severity. In another study 

using an adult community sample, a composite index of ADHD symptoms was positively 

correlated with a composite index of MW derived from experience sampling data of task-

unrelated thoughts during a lab session, and daily life (Franklin et al., 2017). Furthermore, 

ADHD symptoms were related to MW episodes that were detrimental to the task at hand, 

and a sub-clinical group with high ADHD symptom scores had disruptive MW episodes that 

impaired daily-life function. ADHD symptomatology was also positively correlated with a lack 

of awareness of engaging in MW. In this study, lacking awareness of MW mediated between 

ADHD symptoms and impairment, suggesting that increasing awareness of MW in ADHD 

might lead to functional improvements (Franklin et al., 2017). 

In our own studies, we developed a clinical scale reflecting ADHD patient reports of excessive 

spontaneous MW (Mowlem et al., 2016). The 12-item Mind Excessively Wandering Scale 

(MEWS) captures three characteristics of MW in ADHD: thoughts constantly on the go, 

thoughts flitting from one topic to another, and multiple thoughts at the same time. 

Exploratory factor analysis found the 12-item MEWS to be unidimensional, with a single factor 

explaining 70% of the variance(Mowlem et al., 2016). Two independent samples revealed 

significantly elevated ratings of MW in ADHD, and that MW successfully discriminated 

between cases and controls to a similar extent as rating scale measures of DSM-IV ADHD 

symptoms (sensitivity and specificity around 0.90 in both studies). MEWS scores were also 

correlated strongly and positively with measures of inattention (r=.77), 

hyperactivity/impulsivity (r=.69) and ADHD-related impairment (r=0.81). Furthermore, 

repeated analysis over a 6-month period showed moderate to high covariation of change in 

MEWS scores with change in inattention (r=.53), hyperactivity/impulsivity (r=.31) and 

impairment (r=.62). Regarding impairment, MEWS scores were the strongest predictor of 

functional impairment, followed by inattention and hyperactivity/impulsivity, indicating the 

clinical relevance of MW as a predictor of impairment in daily life.   

Overall, these findings suggest that asking about the subjective experience of MW alone, 

provides a better prediction of ADHD associated impairment than the traditional ADHD 

inattention and hyperactive/impulsive symptoms. Moreover, as we will discuss, MW may 

reflect the primary deficit arising directly from dysregulated neural network activity in ADHD 

that underpins the symptoms and impairments currently used to define ADHD.  

 

 



6 

 

Mind wandering and the default mode network  

The neural basis of MW has generated considerable interest since 2006 (Callard, Smallwood, 

Golchert, & Margulies, 2013). The DMN has been implicated as a potential source of self-

generated thoughts unrelated to external goal-directed tasks. The DMN reflects a network of 

interacting brain regions (i.e. medial prefrontal cortex, posterior cingulate cortex and medial 

temporal regions) which show correlated neural activation, most active during the resting 

state, when the person is awake but in a daydreaming or MW state. The network can be 

conceptualized as switching off during external goal-directed tasks, and switching on when 

there are internal self-generated thoughts (Buckner & Vincent, 2007). 

Among the first investigations of MW-associated neural activity were two fMRI studies using 

tasks with low cognitive demand (McKiernan, D'angelo, Kaufman, & Binder, 2006), or highly 

practiced cognitive tasks (Mason et al., 2007),during which episodes of MW were frequent. 

These studies found a strong correlation between the reduced deactivation of the DMN 

during on-task conditions and frequency of subjectively-reported MW. The MW-associated 

neural activity patterns were in stark contrast with those seen during novel or high cognitive 

demand conditions, when MW was less frequent. (McKiernan et al., 2006) conducted three 

different cognitive tasks under three levels of task difficulty, making a total of nine different 

task/difficulty conditions, each associated with a different frequency of task-unrelated 

thoughts. They reported that 81% of the variance in the frequency of task-unrelated thoughts 

was explained by task-induced deactivation of the DMN, which is remarkably high for an 

association between a direct measure of brain function using functional magnetic resonance 

imaging (fMRI), and subjective reports of a mental phenomenon. Similarly, (Mason et al., 

2007) found activation in DMN regions during episodes of MW, including the precuneus.  

A limitation of these early studies was that the frequency of task-unrelated thoughts was 

measured outside the scanning sessions. To provide a more direct investigation of neural 

activity during periods of MW, (Christoff, Gordon, Smallwood, Smith, & Schooler, 2009) used 

in-scanner experience-sampling probes to identify periods of task-related and task-unrelated 

thoughts during a sustained attention task. The experience-sampling probes asked two 

questions: “Where was your attention focused just before the probe – on task or off task?”, 

and “How aware were you of where your attention was focused – aware or unaware?”. The 

strongest activation was seen in two normally anti-correlated networks (default mode and 

executive control networks) during MW episodes, and even stronger during “unaware” 

compared to “aware” MW.  

The finding of co-activation of both executive and default networks during periods of task-

unrelated thoughts in control subjects was subsequently confirmed by meta-analysis of fMRI 

studies (Fox et al., 2015). Examining 24 functional neuroimaging studies of spontaneous 
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thought processes, meta-analysis using activation likelihood estimation (ALE) found that both 

DMN regions (medial prefrontal cortex, posterior cingulate cortex, medial temporal lobe, 

bilateral inferior parietal lobule), and non-DMN regions (rostrolateral prefrontal cortex, dorsal 

anterior cingulate cortex, insula, temporopolar cortex, secondary somatosensory cortex, and 

lingual gyrus) were consistently recruited during periods of spontaneous thoughts. They 

concluded that in addition to DMN activity, fronto-parietal network (FPN) and other non-DMN 

regions also played a central role in the neuroscience of MW and other forms of spontaneous 

thoughts.  

However, not all studies have reported co-activation of DMN and executive control regions 

during periods of MW. (Andrews-Hanna, Reidler, Huang, & Buckner, 2010) introduced longer 

delays between stimuli. These delays induced MW which was most strongly correlated with 

DMN hubs rather than co-activation of both DMN and executive control networks. Likewise, 

in another study, task-unrelated thoughts were associated with the highest level of DMN 

(medial prefrontal cortex) activation compared to intermediate levels of activation for 

external distraction and task-related inferences, and the lowest DMN activity during periods 

of on-task thoughts (Stawarczyk, Majerus, Maquet, & D'Argembeau, 2011a). Further evidence 

comes from studies focusing on the role of executive control mechanisms in MW. 

 

Mind wandering and executive control 

Overall the findings discussed above confirm the association of DMN activity with the 

frequency of task-unrelated thoughts. However, the role of executive control networks may 

depend on task conditions or type of MW and other forms of spontaneous thought. Typically, 

executive control and DMN function in an anti-correlated manner. Early work showed 

increased activation in executive control and decreased activation in DMN regions with 

increasing attentional demands, and vice versa (Fox et al., 2005). Likewise, attenuated DMN 

activity during periods of on-task was linked with poor adjustment to attentional demands, 

or attentional lapses (Weissman, Roberts, Visscher, & Woldorff, 2006). Therefore, task-

unrelated thoughts are expected to be associated with anti-correlation (or reduced co-

activation) between executive control and DMN regions.  

However, as discussed, fMRI research has been inconclusive on the role of executive control 

on MW, which sparked off a debate. One argument is that MW results from a failure in 

executive control to prevent automatic task-unrelated thoughts from becoming conscious 

(McVay & Kane, 2012). For example, the emergence and increased frequency of MW under 

high demand conditions is associated with deficits in executive control, including working 

memory capacity and response inhibition (McVay & Kane, 2012). An opposing argument 
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states that executive control is required to maintain personally salient task-unrelated 

thoughts (i.e. strategic/deliberate MW) during low cognitive demand conditions, and is 

associated with reduced MW under high cognitive demand conditions to prevent 

performance decrements (Smallwood, 2010; Smallwood & Schooler, 2006). In line with this 

view, MW increased linearly with time-on-task in low demand vigilance paradigms (Randall, 

Oswald, & Beier, 2014; Thomson, Besner, & Smilek, 2015) and is more frequent in practiced 

compared to novel tasks  (Mason et al., 2007). 

To investigate the relative role of different neural networks, an ALE meta-analysis was 

conducted on different types of internal thoughts, including experimentally directed episodic 

future thinking, and spontaneous MW (Stawarczyk & D'argembeau, 2015). The results 

showed that while these domains of internal thought activated a common set of brain regions 

within the default network (e.g. medial prefrontal cortex); regions supporting executive 

control processes (e.g. dorsolateral prefrontal cortex) were also recruited to a lesser extent 

during undirected MW than during directed episodic future thinking. Thus, different types of 

internally generated thoughts may recruit varying levels of executive control.   

To address the various findings, recent models of MW better reflect the complexity of 

internally generated thoughts. They clarify that MW is not a unitary construct, but rather an 

umbrella term that captures different types of MW experiences in the general population. A 

key conceptual paper proposes a dynamic framework in which MW is understood as a 

subtype of spontaneous-thought phenomena that also includes creative thought and 

daydreaming (Christoff et al., 2016). The authors propose a dimension of deliberate 

constraints related to executive control activity, with unconstrained daydreaming at one end, 

and constrained goal-directed thought at the other. Creative thought is proposed to reflect a 

more constrained form of spontaneous thought that is under greater executive control than 

daydreaming or MW, but less than goal-directed thoughts. They further propose a second 

dimension of automatic constraints on content of thought, which is weakest for common 

forms of daydreaming, and strongest for mental phenomenon such as ruminations and 

obsessions. (Christoff et al., 2016) proposed that under their model, ADHD would be reflected 

by a problem with excessive variability in thought movement, with low deliberate constraints 

(excessive MW and dream-like thoughts) and low automatic constraints (thoughts that flit 

from one topic to another).   

 

ADHD is associated with deficient regulation of DMN activity  

Resting state connectivity studies of ADHD in children and adults have examined interactions 

between the DMN and executive control network, as well as connectivity within the DMN 
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itself. These studies consistently find that anti-correlation between the executive control 

(fronto-parietal) network and DMN is attenuated, and that resting state connectivity within 

the DMN itself is reduced (Posner, Park, & Wang, 2014). ADHD is associated with 

hyperactivation (deficient deactivation) of the DMN in task compared to resting state 

conditions (Fassbender et al., 2009; Helps et al., 2010; Liddle et al., 2011; Peterson et al., 

2009). 

The observation of DMN abnormalities in ADHD led to a hypothesis known as the DMN 

interference model. This model proposed that increased very low frequency oscillations (0.01 

- 0.1Hz) and synchronization within the DMN, which usually attenuate during goal-directed 

tasks, persist and interfere with task-specific neural processes, leading to lapses in attention 

and performance deficits (Sonuga-Barke & Castellanos, 2007). Reduced DMN deactivation 

from rest to task, and suppressed DMN activity (up-regulation) at the transition to rest 

conditions, suggest inadequate neural switching in response to changes in context in ADHD 

compared to controls (Liddle et al., 2011; Sidlauskaite, Sonuga-Barke, Roeyers, & Wiersema, 

2016). Consistent with this hypothesis, (Liddle et al., 2011) found that failure to deactivate 

DMN regions during a low-salient (slow, boring, unrewarded) inhibition task requiring 

sustained attention, was reversed by methylphenidate in children with ADHD. In a further 

study both improvement of inattentive symptoms and normalisation of very low EEG 

frequencies as well as omission errors followed the use of methylphenidate (Cooper et al., 

2014). 

Related to the default mode interference hypothesis, it has also been proposed that 

activation of DMN hubs will depend on motivation, cognitive load, attentional demands and 

individual state regulation/capacity (Stawarczyk et al., 2011a). This is in line with the 

cognitive-energetic model which proposes that the efficiency of task performance in ADHD is 

determined by the interplay of basic cognitive processes (e.g. stimulus encoding, memory 

search, binary decision and motor preparation), and the availability of these processes related 

to arousal and activation levels and is further modulated by interplay with executive control 

functions (Sergeant, 2005). Both the DMN interference and cognitive-energetic models point 

to an inability to adapt neural network activity to changing task demands.  

The DMN interference hypothesis also proposed that a certain threshold of DMN activity 

needs to be reached before DMN interference occurs (Sonuga-Barke & Castellanos, 2007). In 

relation to our model of MW in ADHD, we propose that this critical threshold of DMN activity 

is linked to excessive spontaneous MW, which leads to the inattentive symptoms of ADHD 

and detrimental effects on daily-life function. Cognitive performance deficits associated with 

ADHD may be a direct result of internal distractibility secondary to excessive MW, or may be 

secondary to the direct effects of high default mode activity interfering with task-dependent 

neural functions.  We further propose that this critical threshold of DMN activity may not be 
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reached when there is a continuous co-activation of DMN and executive control regions 

associated with deliberate/strategic forms of MW. For example, individuals without a clinical 

diagnosis of ADHD may more readily co-activate DMN and executive control regions, and 

engage in deliberate rather than uncontrolled/excessive forms of spontaneous MW. Previous 

authors have also proposed that reduced deactivation of the DMN during task performance 

may explain MW and interference with task positive processes, leading to the symptoms and 

impairments of ADHD (Liddle et al., 2011; Mowlem et al., 2016; Posner et al., 2014). However, 

at the time of writing this has yet to be formally evaluated.  

 

A comparative analysis of ADHD and MW 

So far, we have outlined studies that link ADHD to MW, MW to DMN activity, and DMN activity 

to ADHD. These studies raise the possibility that deficient regulation of DMN activity leads to 

excessive spontaneous MW in individuals with ADHD, which might underpin the inattentive 

symptoms of ADHD and deficits in cognitive task performance. Further support for this 

hypothesis comes from several observations that draw parallels between processes that 

underlie the regulation of MW in neurotypical controls, and processes found to be deficient 

in ADHD. These parallels include: (1) context regulation of MW in controls, and deficient 

context regulation of neural activity in ADHD; (2) perceptual decoupling of somatosensory 

processing during MW, and in ADHD; (3) sensitivity of MW and MW-associated neural 

processes to task salience and rewards; (4) impairments in cognitive task performance, and 

function in daily life. Below we outline these areas in more detail.  

 

Context regulation of MW 

The context regulation hypothesis states that an adequate capacity to self-regulate MW 

within a context will reduce a potential negative impact on the primary task performance 

(Smallwood & Andrews-Hanna, 2013). Context regulation of MW is characterized by 

adaptation of neural processes and frequency of MW to changing task demands. In 

community samples, MW frequency is higher during low perceptual and low cognitive 

demand conditions (Filler & Giambra, 1973; Giambra & Grodsky, 1989) and lower under more 

cognitively demanding conditions, such as tasks with high working memory demands 

(Antrobus, Singer, & Greenberg, 1966). As discussed above, Mason and colleagues (Mason et 

al., 2007) manipulated the frequency of MW by varying task cognitive-demands, and 

correlated MW frequency with DMN task induced deactivations, and similar findings have 

been replicated by others (Forster & Lavie, 2009; Levinson, Smallwood, & Davidson, 2012; 

McVay & Kane, 2012; Metcalfe & Xu, 2016; Ruby, Smallwood, Engen, & Singer, 2013; Rummel 
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& Boywitt, 2014; Smallwood, McSpadden, & Schooler, 2007; Xu & Metcalfe, 2016). Related 

to these findings, shifts from task-related to task-unrelated thoughts are observed during low 

cognitive demand tasks (Stawarczyk, Majerus, Maj, Van der Linden, & D'Argembeau, 2011b; 

Thomson, Seli, Besner, & Smilek, 2014) 

Regarding the potential role of executive control and working memory capacity, individuals 

with both low and high working memory capacity report greater levels of MW under low 

cognitive demand conditions (Kane et al., 2007). However, under high demand conditions, 

task-unrelated thoughts are greater in individuals with low working memory capacity, 

compared to those with higher working memory capacity (Kam & Handy, 2014; Kane et al., 

2007; Unsworth & Robison, 2016). This effect is consistent with the role of executive control 

in the appropriate regulation of MW during cognitively demanding tasks.  

Furthermore, higher working memory capacity predicted greater frequency of task-unrelated 

thoughts in a low demand breath-awareness task (Levinson et al., 2012) but fewer errors 

(regarded as a behavioural index of less frequent MW) in a high demand 3-back working 

memory task (Rummel & Boywitt, 2014). Similarly, the level of linguistic expertise (reflecting 

executive control and working memory capacity) determined the frequency of MW since 

individuals with high levels of linguistic ability showed more frequent task-unrelated thoughts 

for easy items, compared to individuals with low to medium linguistic ability (Xu & Metcalfe, 

2016). Thus, both working memory capacity and linguistic capacity had a moderating effect 

on the level of MW under low and high demand conditions.  

In summary, these findings indicate that higher working memory/executive control capacity, 

moderate frequency of MW according to task demands. In general, greater working memory 

capacity is predictive of more MW during low demand conditions, whereas it is predictive of 

less MW during high demand conditions.  

 

Context regulation in ADHD 

Context regulation of MW in ADHD has yet to be investigated. However, there is consistent 

evidence for deficient neural adaptation to task demands in ADHD compared to controls, with 

deficient upregulation of executive control regions, accompanied by deficient deactivation of 

the DMN. Thus, the neural networks that show deficient context regulation in ADHD are the 

same networks associated with context regulation of MW in neurotypical controls.  

For example, deficient context regulation was seen in ADHD compared to controls using 

electroencephalography (EEG) recordings during the Flanker Task. This task contrasts a low 

cognitive demand (no conflict) with a high cognitive demand (conflict) condition. In contrast 
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to the ADHD group, controls showed a significantly greater increase in frontocentral theta 

amplitude and decreased phase variability (which correlated with less reaction time 

variability, RTV) in response to the higher cognitive demands of the conflict condition 

(McLoughlin et al., 2009; McLoughlin, Palmer, Rijsdijk, & Makeig, 2014). Low phase variability 

over trials is thought to reflect an adaptive mechanism to maintain stable neural processing 

of a stimulus (Makeig et al., 2004; Papenberg, Hämmerer, Müller, Lindenberger, & Li, 2013). 

Therefore, the relationship between increased theta phase variability and reaction time 

variability in ADHD points to a reduced ability to maintain efficient neural adaptation and 

cognitive performance over trials with increasing cognitive demands. 

Similarly, there was greater RTV in ADHD compared to controls, under high demand (very fast 

or very slow event rates), compared to low demand (medium event rates) conditions(Metin 

et al., 2016) reflecting deficient behavioural adaptation of task performance to changing task 

demands. Deficient context regulation of neural (EEG) activity in ADHD is also seen in the 

transition from rest to task conditions (Rommel et al., 2016; Skirrow et al., 2015); a finding 

that was reversed in response to methylphenidate (Skirrow et al., 2015). 

fMRI studies also demonstrate deficient context regulation in ADHD. Compared to controls, 

ADHD is associated with under-activation of the FPN (left dorsolateral prefrontal cortex) 

during on-task conditions (Castellanos & Proal, 2012; Cortese et al., 2012) and reduced 

deactivation of the DMN (medial prefrontal cortex) when transitioning from rest to task 

(Valera et al., 2010). Attenuated deactivation and hyperactivation within the DMN in ADHD 

compared to controls was also observed with time-on-task during a sustained attention task, 

in response to high working memory load, and with longer inter-stimulus delays (Christakou 

et al., 2013; Liddle et al., 2011; Metin et al., 2015; Paloyelis, Mehta, Kuntsi, & Asherson, 2007; 

van Rooij et al., 2015) 

Taken together, the evidence from cognitive-EEG and fMRI studies points to a reduced ability 

to modulate task positive and negative neural processes in ADHD. Since the networks 

involved are the same as those linked to context regulation in neurotypical controls, deficient 

context regulation in individuals with ADHD may explain the high frequency of task-unrelated 

thoughts. This hypothesis has yet to be formally tested.    

 

Perceptual Decoupling in MW 

A key characteristic of MW is the association with attenuated somatosensory processing, 

referred to as perceptual decoupling. This means that during periods of MW there is a 

reduced somatosensory response to sensory stimuli (Schooler et al., 2011; Smallwood, Ruby, 

& Singer, 2013). One hypothesis is that perceptual decoupling explains the co-activation of 
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the FPN and DMN, during low demand conditions; reflecting active executive control over 

attention to disengage from perceptual input, so as to enable mental processing of personal 

goals (Smallwood, Brown, Baird, & Schooler, 2012). In line with this, MW has been linked to 

anti-correlation and lack of synchronisation between sensory cortices and DMN (Christoff, 

2012; Kirschner, Kam, Handy, & Ward, 2012) and a positive correlation between sensory 

cortices and FPN hubs during on-task conditions. A novel concept suggests that the depth of 

perceptual decoupling might be able to distinguish between spontaneous and deliberate MW 

(Seli et al., 2015). 

EEG research has consistently reported that event-related potential (ERP) components (P1) , 

markers of early visual information processing within 100 ms are attenuated during periods 

of task-unrelated compared to task-related thoughts (Baird, Smallwood, Lutz, & Schooler, 

2014; Broadway, Franklin, & Schooler, 2015; Kam & Handy, 2014). Phase-locking factor 

analyses reflect phase synchrony of a particular frequency at a particular time across multiple 

trials of an event (Tallon-Baudry, Bertrand, Delpuech, & Pernier, 1996). Episodes of MW were 

further linked to diminished theta phase synchronisation within 50-150ms following a visual 

stimulus confirming a neural state of perceptual decoupling during MW (Baird et al., 2014). 

Cortical source activity analyses during a visual Sustained Attention to Response Task (SART) 

also confirm the attenuation of early visual information processing, during periods of MW 

(Kirschner et al., 2012). In this study, there was also deficient intra-regional (occipital cortex) 

and inter-regional (visual cortex and right medial temporal lobe) connectivity when attention 

was focused on internal thoughts (Kirschner et al., 2012). In contrast, during periods when 

the participants were focused on the visual task, there was greater inter-regional connectivity 

between the visual cortex and task-positive regions including the anterior/posterior cingulate, 

orbitofrontal cortex and posterior parietal gyrus. Similarly, MW was linked to both an increase 

in occipital and parieto-central theta and fronto-central delta power and a decrease in 

occipital alpha and frontal lateral beta power (Braboszcz & Delorme, 2011). 

Collectively, these findings suggest a switch from active cognitive processing to MW, which is 

facilitated by a state of perceptual decoupling, or detachment of perception from attention. 

Consequently, a reduced P1 amplitude is regarded as a marker of perceptual decoupling 

during episodes of MW. 

 

Perceptual decoupling in ADHD 

Somatosensory responses are far less studied in ADHD, and the association between sensory 

decoupling and ADHD is not well established. Furthermore, there have been no studies that 

directly investigate the relationship of perceptual decoupling to periods of MW in ADHD. Yet, 
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the few studies that have focused on early sensory processing in ADHD find deficits that are 

similar to those seen during periods of MW in neurotypical controls.  

Initial reports found decreased slow frequency fluctuations within the left sensorimotor 

cortex (Yu-Feng et al., 2007) and suppression of visual event-related potential amplitudes 

during cognitive-performance tasks in children with ADHD compared to controls (Steger, 

Imhof, Steinhausen, & Brandeis, 2000). Using magnetoencephalography (MEG), adults with 

ADHD showed reduced event-related desynchronization in the alpha band, and 

synchronisation in the beta bands, in primary and secondary somatosensory cortices in 

response to median nerve stimulation (Dockstader et al., 2008). A similar attenuated cortical 

sensory response was found in children with ADHD, which improved following successful 

treatment with methylphenidate (Lee et al., 2005). 

Using ERP, a larger P1 (100 ms post-stimulus) amplitude has been seen in children with ADHD 

compared to controls; a finding that was interpreted as a compensatory mechanism in the 

absence of performance differences (Kóbor et al., 2015; Shahaf et al., 2012). In contrast, when 

children with ADHD made more omission errors than controls, P1 amplitude was significantly 

reduced (Nazari et al., 2010). At the time of writing, preliminary findings from our group 

support this result. Using the SART, we found reduced P1 amplitude in 33 adults with ADHD 

compared to 30 controls (p<0.02), which was associated with trait measures of inattention, 

and MW measured using the MEWS as a state measure of excessive MW in ADHD (Bozhilova 

et al., unpublished data). We further found that in the ADHD cases there was a reduced P1 

amplitude prior to errors compared to correct responses (p<.001). Under the assumption that 

MW will be higher prior to error than non-error responses, these findings suggest that 

somatosensory processing deficits could be linked to excessive MW in ADHD. This hypothesis 

has yet to be formally tested.    

 

The effects of salience and reward on MW 

Several studies find that the frequency of MW is related to task salience or incentives 

designed to increase motivation. This is not surprising, since almost everyone finds it easier 

to remain focused on tasks that are inherently interesting, compared to mundane or boring 

tasks. A high degree of task-related motivation and interest were both associated with lower 

frequency of MW during the SART (Seli et al., 2015; Seli, Wammes, Risko, & Smilek, 2016) as 

well as better information retention on a film comprehension task (Kopp, Mills, & D’Mello, 

2016). 

A related phenomenon is the response to unexpected infrequent stimuli, which tend to be of 

high salience in auditory oddball paradigms. Infrequent and deviant auditory stimuli were 
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associated with an increased mismatch negativity amplitude, which is a marker of attention 

allocation to these stimuli, during episodes of task focus compared to a decreased amplitude 

during MW (Braboszcz & Delorme, 2011). Therefore, MW is linked to poorer attentional 

engagement with task-salient stimuli. An automatic, momentary coupling of attention and 

perception for visually salient stimuli (coloured no-go targets) during MW, also occurred in a 

variation of the no-go task (Smallwood, 2013) again suggesting switch away from MW.  

In another study, monetary incentives increased the number of reports of self-caught MW 

compared to conditions that were unrewarded (Zedelius, Broadway, & Schooler, 2015). The 

incentive for accuracy of MW self-report was associated with less probe-caught MW in the 

absence of greater overall MW (Zedelius et al., 2015). This last finding indicates that reward 

is likely to increase awareness of MW. Overall, these findings suggest that the effects of task 

salience and reward have the potential to reduce MW and MW-associated neural activity. 

 

The effects of salience and reward on ADHD 

There are numerous examples of enhanced sensitivity to the effects of task salience and 

rewards in children and adults with ADHD. Here we discuss some of the most pertinent 

studies related to MW-associated task performance and neural activity.  

In a key fMRI investigation, a sample of children with ADHD and controls completed a Go/No-

go task under low- and high-incentive conditions (Liddle et al., 2011). In the low-incentive 

condition (with low rewards linked to task performance), there was attenuated DMN 

deactivation in the ADHD group compared to controls. When higher rewards were introduced 

to increase the salience of the task, DMN deactivation normalised to the same level as 

controls. Methylphenidate was also found to have the same effect on DMN deactivation in 

the ADHD group, as increasing the salience of the task through rewards. The authors 

concluded that both methylphenidate and enhanced salience normalised DMN deactivation 

and suggested that this had an impact on inattention. 

In a series of publications from Kuntsi and colleagues, fast-rewarded (high incentive) 

conditions compared to slow-unrewarded (low incentive) conditions on tasks requiring 

sustained attention, reduced or abolished ADHD case-control differences for arousal 

measures using skin conductance (James, Cheung, Rijsdijk, Asherson, & Kuntsi, 2016) reaction 

time variability (Andreou et al., 2007; Cheung et al., 2017; Kuntsi, Wood, Van Der Meere, & 

Asherson, 2009; Tye et al., 2016) and omission errors (Uebel et al., 2010) but not commission 

errors (Kuntsi et al., 2009).  
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Based on the findings that enhancing task saliency alters neural responses, task performance 

and frequency of MW, we hypothesise that adequate rewards will modulate the frequency of 

MW in both neurotypical and ADHD populations. In particular, a decrease in MW will lead to 

better early attentional orienting in ADHD, or successful detection of visual information early 

on at presentation. Despite similar effects on DMN activity of task saliency (reward) and 

stimulants in ADHD (Liddle et al., 2011), different mechanisms could be involved. For instance, 

rewards may moderate the degree of early visual information detection via interactions 

between the DMN and visual cortex. In contrast, stimulants might lead to changes in MW by 

altering interactions between large-scale networks: for example, FPN and DMN; DMN and 

ventral attention network; and DMN and the salience network. Providing both reward and 

stimulants reduce the frequency of MW and/or facilitate a more controlled form of MW, a 

combination of both might further enhance treatment effects. Further research is needed to 

investigate the effects of reward and stimulants on MW in ADHD and mechanisms involved 

in both ADHD and controls. 

 

Cognitive performance and daily life impairments associated with mind wandering 

MW has an adverse impact on both cognitive task performance and daily life in control 

populations. Measured performance deficits associated with MW include greater stimuli-

response error rates (Forster & Lavie, 2009; Stawarczyk et al., 2011b) slower reaction times 

(Smallwood et al., 2013; Stawarczyk et al., 2011b) reduced accuracy of response (Kam & 

Handy, 2014; McVay & Kane, 2009; Rummel & Boywitt, 2014; Smallwood, Beach, Schooler, & 

Handy, 2008; Thomson et al., 2014; Unsworth & Robison, 2016; Xu & Metcalfe, 2016) and 

greater mean error percentage (Thomson et al., 2015). 

Similarly, attenuation in the amplitude of ERPs reflecting late cognitive analysis of stimuli (e.g. 

attentional resource allocation, response execution/preparation and attentional orienting) 

has been observed during periods of MW. Examples include reduced N400, mismatch 

negativity (Braboszcz & Delorme, 2011) and P3 amplitudes (Barron, Riby, Greer, & Smallwood, 

2011; Riby, Smallwood, & Gunn, 2008; Smallwood et al., 2007; Villena-González, López, & 

Rodríguez, 2016) as well as greater central negativity (N2) (Riby et al., 2008). Further, frequent 

MW and poorer effort were related to poorer accuracy (Brown & Harkins, 2016; Seli et al., 

2016). 

MW has also been associated with several daily life impairments, including deficits in reading 

comprehension (Mooneyham & Schooler, 2013) negative mood (Smallwood, Fitzgerald, 

Miles, & Phillips, 2009; Smallwood, Nind, & O’Connor, 2009; Smallwood & O'Connor, 2011) 

poorer learning (Metcalfe & Xu, 2016; Xu & Metcalfe, 2016) higher number of car accidents 
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(Galéra et al., 2012) less cautious driving (Yanko & Spalek, 2013) poorer academic 

performance, life-satisfaction, self-esteem and greater stress (Mrazek, Phillips, Franklin, 

Broadway, & Schooler, 2013). 

 

Cognitive performance and daily life impairments associated with ADHD 

Similar impairments in cognitive task performance and daily life associated with MW are also 

seen in ADHD. Examples include attentional orienting, performance monitoring, response 

preparation and inhibitory processes; manifesting in increased error rates, reaction time 

variability and attenuation in Cue-P3 and No-Go N2 and P3 amplitudes (Albrecht et al., 2014; 

Cheung et al., 2017; McLoughlin et al., 2009, 2010; Michelini et al., 2016a; Tye et al., 2014; 

Uebel et al., 2010). 

ADHD is also associated with impairments in daily life including poorer psychosocial, 

educational and global function (Asherson et al., 2012; Pitts, Mangle, & Asherson, 2015). 

Individuals with ADHD compared to controls are more prone to car accidents (Vaa, 2014) 

academic underachievement (Fischer, Barkley, Edelbrock, & Smallish, 1990; Weyandt & 

DuPaul, 2008) reading comprehension difficulties (Ghelani, Sidhu, Jain, & Tannock, 2004; 

Miller et al., 2013; Stern & Shalev, 2013) and low self-esteem (Shaw-Zirt, Popali-Lehane, 

Chaplin, & Bergman, 2005). 

In summary, the findings on impairment show that both ADHD and MW in non-ADHD controls 

appear to be linked to similar performance deficits. This is consistent with our MW hypothesis 

for ADHD since we propose that episodes of MW in controls and excessive spontaneous MW 

in individuals with ADHD lead to similar functional and cognitive impairments. Potentially, 

excessive spontaneous MW in ADHD can be expected to lead to typical impairments 

experienced by people with ADHD in their daily lives. Examples could include problems 

following a conversation, reading and watching a film; maintaining a coherent train of thought 

for problem solving and holding thoughts in mind; difficulties falling asleep to constant mental 

restlessness associated with excessive MW; and feeling exhausted by the mental effort 

required to sustain focus on daily activities.  Further research is required to investigate the 

extent to which impairment seen in individuals with ADHD can be explained by excessive, 

spontaneous MW. 
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Identifying causal processes  

 

As discussed extensively in this review, deficient deactivation of the DMN during cognitive 

task performance has been consistently reported in ADHD. However, ADHD is associated with 

a wide range of cognitive and neural deficits, anyone of which could be contributing to the 

generation of ADHD symptoms, and be potential targets for treatment. Indeed, the range of 

deficits associated with ADHD has led many to argue that the neuropathological basis for 

ADHD is highly heterogeneous (Coghill, Nigg, Rothenberger, Sonuga‐Barke, & Tannock, 2005; 

Faraone, 2015). 

Key additional processes highlighted in the literature include: deficits in the dorsal attention 

network of dorsolateral prefrontal cortex, basal ganglia and parietal regions during tasks of 

selective and sustained attention (Hart, Radua, Nakao, Mataix-Cols, & Rubia, 2013) ; inhibitory 

control deficits supported by fMRI studies of reduced activation in key regions of inhibitory 

(Plichta & Scheres, 2014). Furthermore stimulants, the first line treatment for ADHD, has been 

shown to have effects on several of these processes (Rubia et al., 2014; Rubia et al., 2009; 

Smith et al., 2013). 

Despite the findings linking various neural functions to ADHD, it remains unclear which of 

these play a direct causal role in the generation of the inattentive and hyperactive/impulsive 

symptoms currently used to define ADHD. This is a critical point, because numerous non-

causal associations are expected to arise through the process of pleiotropy, in which shared 

genetic (and environmental) risks can lead to multiple different phenotypic outcomes at the 

level of brain structure, function, cognitive performance and behaviour. Yet, only a subset of 

the associated neural deficits may reflect underlying causal processes in ADHD (Kendler & 

Neale, 2010). There are several approaches that can be used to address this problem ( Kendler 

& Neale, 2010), including conducting mediation analyses with experimental trial data, or 

longitudinal outcome data, or taking advantage of genetic data to test for causal associations 

using Mendelian randomisation (Sheehan, Meng, & Didelez, 2011). 

 

Remission and persistence of ADHD 

In relation to ADHD, important new insights have come from longitudinal outcome studies 

that investigate the cognitive and neural correlates of remission and persistence in ADHD 

(Franke et al., under review). A central question in causal models of ADHD has been the 

separation of executive control measures (e.g. inhibition and working memory) from 

preparation-vigilance measures. Earlier work showed that measures reflecting these 
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processes are both associated with ADHD in children, but are genetically largely uncorrelated, 

reflecting distinct aetiological pathways (Kuntsi et al., 2014; Kuntsi et al., 2010). 

Regarding developmental change, in a 6-year longitudinal outcome study of children with 

DSM-IV ADHD, adolescents and young adults who no longer met ADHD criterial (ADHD 

remitters), but not those who still had ADHD (ADHD persisters), showed a similar profile to 

controls without ADHD, of cognitive and neural measures. These measures indicated 

response preparation, attention and vigilance processes (RTV, omission errors, delta activity, 

errors in low-conflict conditions and contingent negative variation) and were significantly 

correlated to the severity of inattention at outcome.   In contrast, executive control measures 

of working memory, and inhibitory processes did not distinguish in persisters and remitters, 

and did not correlate with ADHD symptoms at outcome; including commission errors, digit 

span backwards, and ERP activity of inhibitory control (No-go P3) and conflict monitoring (N2) 

(Cheung et al., 2016; Michelini et al., 2016b). 

Similarly, in another follow-up study there was no an association between ADHD remission 

and improvements in executive functioning (Biederman et al., 2009), interference control 

(Pazvantoğlu et al., 2012), and response inhibition (McAuley, Crosbie, Charach, & Schachar, 

2014). Working memory impairments (e.g. reduced caudate activation) in young adults 

diagnosed with ADHD in adolescence compared to controls have also been observed 

regardless of whether they still met an ADHD diagnosis (Roman-Urrestarazu et al., 2016). 

A recent study reported increased resting-state fMRI connectivity in ADHD remitters 

compared to controls in the executive control network, with intermediate connectivity 

profiles in persisters (Francx et al., 2015). Two other connectivity studies (Michelini et al., 

2017) also indicated that connectivity within the executive control network or during 

executive tasks may not distinguish between ADHD persisters and remitters. Both persisters 

and remitters showed an  increased EEG connectivity during executive control (Michelini et 

al., 2017) and reduced negative functional correlation between medial (DMN hub) and 

dorsolateral prefrontal cortex (FPN hub) during resting state fMRI (Mattfeld et al., 2014). 

However, in a resting study fMRI, only ADHD persisters showed reduced positive functional 

correlation between DMN hubs (posterior cingulate and medial prefrontal cortices) (Mattfeld 

et al., 2014). Reduced posterior cingulate cortex and medial prefrontal cortex connectivity 

(i.e. DMN intra-connectivity) may therefore be a neurobiological marker of persistence of 

ADHD (Uchida, Spencer, Faraone, & Biederman, 2015). 

From these findings we conclude that, potentially, DMN activity and preparation-vigilance 

processes (associated with MW) may have direct aetiological significance in ADHD since they 

track the symptoms of ADHD during child to adult development. In contrast, deficits in 
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executive control functions appear to dissociate from the clinical course of ADHD symptoms 

during development and are therefore less likely to play a direct causal role in the ongoing 

generation of symptoms. Since, the neural processes tracking the clinical disorder are closely 

aligned to those thought to underpin MW, we propose that targeting the regulation of MW 

or MW-associated neural dysfunctions could potentially lead to reductions in ADHD 

symptoms and remission of the disorder.  

 

Developmental perspective on mind wandering in ADHD 

Mind wandering and typical development of functional networks  

Finally, we provide a developmental perspective on the neural processes linked to MW, since 

the frequency and impact of MW may vary throughout development. “Small-world” 

properties represent quantifiable metrics of topographic properties of large-scale/global 

brain organisation (Achard, Salvador, Whitcher, Suckling, & Bullmore, 2006). These properties 

are present by the age of 7, and resemble functional brain organisation in young adults 

(Supekar, Musen, & Menon, 2009). The two major hubs of the DMN (PCC and mPFC; also 

neural correlates of MW),  are visible very early on, with DMN formation completed by 2 years 

of age (Gao et al., 2009). However, formation of the DMN is thought to precede functional 

specialisation for self-referential cognition and mentalising such as mind wandering (Gao et 

al., 2009).  

An increase in long-range connections, as well as a decrease in short-range connections 

(segregation) and strengthening of within-network interactions (integration), are thought to 

govern functional brain development and functional specialisation (Di Martino et al., 2014; 

Kelly et al., 2008; Power, Fair, Schlaggar, & Petersen, 2010; Rubia, 2013; Rubia et al., 2009). 

The childhood to adolescent years (ages 7-15) are a particularly sensitive period for such 

functional brain network development (Mak et al., 2017), which is the same age that ADHD 

symptoms and impairments often emerge (Asherson & Agnew-Blais, 2018). We also propose 

MW is likely to become more frequent during daily life, or even emerge. During this period 

greater integration develops between DMN and somatosensory regions, contrasting their 

complete segregation in adulthood. Additionally, early adolescence is marked by a similar 

degree of DMN deactivation contrasting less task-related deactivations in somatosensory 

regions compared to adults  (Thomason et al., 2008). This deactivation pattern was linked to 

better task performance in childhood  (Thomason et al., 2008), suggesting that the 

recruitment of somatosensory areas might be a compensatory strategy during high cognitive 

demand task conditions in children. In summary, while children exhibit a DMN activity similar 

to adults, the system does still undergo important changes between middle childhood and 
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young adulthood. Therefore, frequency and type of MW may vary with age as function of 

DMN development. 

Within-network integration of DMN hubs (Fair et al., 2008) and segregation from other 

networks is considered to be a good marker of brain maturation (Dosenbach et al., 2010; 

Rubia et al., 2009), and better than executive control networks whose functional 

development is less affected by age (Sato et al., 2014). However, executive control networks 

also show a pattern of strengthening of intra-network and weakening of inter-network 

connections from childhood to middle adulthood (Fair et al., 2007). These developmental 

changes are reflected in functional improvement, or greater adaptive control and greater 

working memory capacity with age (Fair et al., 2007). Similarly, a pattern of increasing anti-

correlation between large-scale networks (DMN and FPN) and task-related DMN 

deactivations is likely to support improved regulation of both executive control and MW (Fair 

et al., 2008). Potentially, a maturational delay in the functional specialisation of these 

networks could result in a disrupted regulation of executive control and MW. 

 

Mind wandering and “Maturational lag hypothesis” of brain development in ADHD 

Related to the findings on typical functional brain development, El‐Sayed, Larsson, Persson, 

Santosh, & Rydelius, (2003) proposed a maturational lag hypothesis. The hypothesis suggests 

that a persistent maturational lag in functional brain development might become a sustained 

functional abnormality leading to symptoms and impairments of ADHD. We further propose 

that abnormalities in resting-state functional connectivity resulting from co-activation of 

functionally related brain regions (Power et al., 2010) may lead to the self-generation of 

excessive, spontaneous and context-independent thought, typical of MW, which are 

externalised as inattentive behaviours over the lifespan. Consistent with this view, recent 

work in ADHD has shown a maturational lag in major large-scale brain networks, especially 

within-network integration (DMN and FPN) and interactions between default mode, 

frontoparietal, ventral attention and salience networks (Sripada et al., 2014). A recent review 

also summarised findings for decreased synchrony/connectivity between the two major DMN 

hubs in ADHD (Castellanos & Aoki, 2016). The lagged maturation was associated with DMN 

interference, poor performance (e.g. greater reaction time variability) during cognitively 

demanding tasks, and was proportionate to the severity of inattention (Sripada et al., 2014).  

With regard to the development of MW in ADHD, to date there has been only one published 

study, which compared the frequency of MW in children and adults with ADHD (Van den 

Driessche et al., 2017). Using an experience sampling method, similar frequencies of “mind 

blanking” (MW without awareness of the content) were seen in 6-12-year-old children and 
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young adults with ADHD. While the authors found no case-control performance differences 

on the SART, medication-naïve children and adults reported twice as much mind blanking, but 

fewer episodes of task focus and MW with awareness than controls. We propose that 

individuals with ADHD in this study tended to report mind blanking rather than MW due to 

the lack of a coherent reportable content. When comparing a group of children with ADHD 

treated with methylphenidate, with drug naïve children and controls, there was reduced 

frequency of mind blanking to the level of controls; although the treated group still had a 

greater frequency of MW with awareness of content than controls (Van den Driessche et al., 

2017). Medication was therefore proposed to allow access to awareness of MW. The authors 

(Van den Driessche et al., 2017) further hypothesised that this effect could be due to 

restoration of executive resources. These findings suggest similar abnormalities in the 

frequency of MW-related measures in ADHD during both childhood and young to middle 

adulthood. 

Overall, the developmental studies suggest that understanding the cortical maturation of key 

networks leading to aware/unaware and spontaneous/deliberate forms of MW, may be 

important to understanding the onset, course and development of ADHD.  

 

Discussion 

This review sets out to draw parallels between MW and ADHD, and guide new insights into 

ADHD psychopathology. The theoretical conceptualisations outlined are designed to set the 

scene for further hypothesis testing. The basis for this work is the observation that a 

spontaneous and poorly controlled type of MW is strongly associated with ADHD, and ADHD-

related impairments. Currently, there are only a small number of studies that measure MW 

in ADHD, and none that simultaneously measure ADHD, MW and neural functions associated 

with both ADHD and MW. The relationship of MW to ADHD symptoms such as inattention is 

therefore not yet well understood. We therefore set out to summarise what is known about 

the links between ADHD, MW and their neural correlates. 

At the level of neural networks, there are strong parallels in the association of both ADHD and 

MW with DMN activity during task conditions. Reduced deactivation of DMN activity during 

tasks requiring sustained attention is associated with the frequency of MW in controls, and is 

also associated with ADHD compared to controls. Since ADHD is also linked to a specific 

pattern of spontaneous and poorly controlled MW, a simple hypothesis can be proposed that 

the normal neural processes that regulate MW are disturbed in ADHD, leading to excessive 

levels of spontaneous and uncontrolled MW. Furthermore, cognitive and functional 

impairments that are associated with periods of MW in controls are comparable to the range 
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of impairments associated with ADHD, suggesting that excessive spontaneous MW may 

underpin functional deficits in ADHD.  

In support of our hypothesis we draw on evidence that the usual processes regulating MW 

are disrupted in ADHD. First, we see that the usual context regulation of DMN and executive 

control network activity to increasing task demands is associated with MW, and deficient in 

ADHD. Furthermore, deficient regulation of these processes appears to be reversed by 

stimulant medications used to treat ADHD. Second, we see that the processes associated with 

both MW and ADHD are sensitive to the salience of task conditions. In ADHD increasing the 

salience of task conditions may “normalise” performance and associated neural processes. 

Finally, we see that both MW and ADHD may be associated with sensory decoupling such as 

the reduced early P1 response of the occipital cortex to a visual stimulus. We therefore 

propose that by understanding the processes of normal regulation of MW in the general 

population, we can identify with more precision aberrant processes in ADHD.    

One question that arises from this model is whether measures of MW can be considered 

distinct from the inattentive symptoms of ADHD. For example, measures of MW may merely 

reflect alternative measures of the same underlying construct. Currently, there is almost no 

evaluation of the incremental information provided by measures of MW, although we did 

report that a rating scale measure of MW was an independent predictor of impairment in 

ADHD after controlling for ADHD inattention and hyperactivity/impulsivity symptoms 

(Mowlem et al., 2016). Further research is therefore required to addresses this question. 

However, since many of the findings related to ADHD also apply to measures of MW, it is a 

reasonable hypothesis that one reflects the other.  

If there is a very close relationship of MW with ADHD-inattention, this would open new 

avenues for research. MW has the advantage that it can be measured using simple rating 

scale trait measures, but also experience sampling data in daily life (considered to be more 

objective reflections of the mental state); and experience sampling during experimental 

paradigms such as sustained attention tasks, which have been used to investigate the neural 

correlates of MW in control samples. Measures of MW may also be less dependent than the 

inattentive symptoms of ADHD on behavioural adaptation, which is influenced by learnt 

coping strategies, so perhaps a better reflection of the underlying neural condition. 

The model we propose views the inattentive symptoms of ADHD as outcomes of MW (i.e. 

internal distractibility), and MW in ADHD may be a direct outcome of altered neural regulation 

of internal thought processes. Cognitive performance deficits seen in ADHD may also be a 

direct outcome of MW. We propose that dysregulated neural functions (DMN overactivity 

during task conditions for example), are reflected in excessive spontaneous MW, and that 

such internal distractibility explains behavioural symptoms such as losing track during 
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conversations, avoiding tasks that require sustained attention, not completing tasks, and 

misplacing things.  

Further research is required to investigate heterogeneity the range of internally generated 

thoughts, and understand the regulatory processes involved. A key question is to fully 

understand the differences in studies which find that episodes of MW are associated with 

both reduced or absent (Kucyi, Esterman, Riley, & Valera, 2016; Stawarczyk & D'argembeau, 

2015) and present (Christoff, 2012; Spreng, Stevens, Chamberlain, Gilmore, & Schacter, 2010) 

co-recruitment of DMN and executive control network regions. In our view, this likely reflects 

that MW is a multidimensional construct and different types of MW recruit the executive 

control network differentially. 

Spontaneous, unaware (‘zone-off’) MW was associated with decreased functional 

connectivity (Golchert et al., 2017) and a negative functional correlation (Gruberger, Ben-

Simon, Levkovitz, Zangen, & Hendler, 2011) between the DMN and FPN. This pattern 

contrasts with increased functional connectivity between these two networks during 

deliberate MW (Christoff et al., 2016). Potentially, both spontaneous and deliberate MW 

might involve the co-activation of both networks initially. This co-activation allows both 

deliberate MW and task performance under low demand to be maintained, as well as the 

controlled and adequate shift to task focus under high demand. Alternatively, this co-

activation might also reflect an inability to suppress the DMN activity during on-task 

conditions. Therefore, constant engagement in spontaneous MW might represent a neural 

state of overly active DMN hubs during on-task, and hypoconnectivity within the entire DMN 

at rest. The uncontrolled and spontaneous occurrences of MW will then result in poor context 

regulation. 

In our review, we identified two existing fMRI accounts proposing specific dynamics of MW. 

The dynamic framework (Mittner, Hawkins, Boekel, & Forstmann, 2016) proposes a greater 

activation of the dorsal attentional network during on-task that transitions to increasing 

connectivity/activity within the DMN during an off-focused state (selecting between 

returning to the task or entering a state of MW). Finally, if task-unrelated thoughts appear 

more salient, an individual enters a state of MW marked by reduced functional connectivity 

between large-scale networks (Mittner et al., 2016). Other fMRI accounts speculate on initial 

recruitment of the right medial temporal lobe, or limbic regions (Golchert et al., 2017) and 

later FPN (Fox et al., 2015) during MW. However, the dynamics of MW remain poorly 

understood (Smallwood, Mrazek, & Schooler, 2011). 

Future research could focus on the use of EEG, which can capture fast and covert cognitive 

processes such as MW. The increased use of state-of-the-art EEG approaches that provide 

improved source localisation of EEG signals, combined with EEG’s millisecond temporal 
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resolution, has already demonstrated their better potential to explain the dynamics of MW 

compared to more traditional scalp-level EEG analyses (Braboszcz & Delorme, 2011; Kirschner 

et al., 2012). 

 

Specific predictions from the MW hypothesis for ADHD 

The MW hypothesis proposes that altered interaction between the four large scale networks 

(DMN, executive control network, salience network and visual network), and that deficient 

DMN deactivation during task activities will lead to excessive spontaneous MW, lacking in 

coherence and topic stability, which in turn will lead to ADHD symptomatology.  

To investigate this hypothesis, future work could apply experimental designs that have been 

successfully applied to manipulate and measure MW and measures the neural correlates of 

MW in controls samples, to ADHD case-control studies, or by investigating correlations to 

dimensional measures of ADHD symptoms. Examples include sustained attention and 

inhibitory control tasks, varying cognitive load by using manipulations such as altering the 

stimulus presentation rate (Christakou et al., 2013) or introducing a working memory 

component (Baird et al., 2014). This would enable investigation of context regulation and 

sensory decoupling in relation to ADHD. A further manipulation would be to the comparison 

of high and low reward conditions, to investigate the effects of salience (Liddle et al., 2011). 

Inferring causal directions may be difficult because of the close temporal timing of neural, 

cognitive performance and MW events if they covary strongly with each other. One approach 

to infer causal relationships is to use treatment interventions such as stimulant mediation, to 

bring about change in the various outcome measures (Kendler & Neale, 2010). Then the 

causal relationships between these can be modelled. Mindfulness training is another 

intervention that is thought to act on the regulatory processes involve in MW and ADHD 

(Mrazek, Mooneyham, & Schooler, 2014). Recent studies suggest effects of mindfulness 

training that are potentially comparable to those seen for ADHD medications (Hepark et al., 

2015). 

To guide future work, we outline specific predictions derived from this hypothesis. 

 

Perceptual decoupling 

We propose that individuals with ADHD will experience greater perceptual decoupling driven 

by the proposed ADHD-specific MW, compared to controls during long-lasting (>30min) 

sustained attention paradigms. A potential neural correlate is absent or reduced inter-
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regional synchronisation or positive functional correlation between DMN and visual 

networks. Using EEG, reduced mean P1 and N1 amplitudes will reflect inefficient early 

perceptual processes in ADHD. 

 

Context regulation  

We propose that individuals with ADHD will be unable to adapt to increasing cognitive 

(attentional, control) demands both at the neural level, and behaviourally; and that deficient 

context regulation of neural activity in ADHD will be related to the frequency of MW. 

Regarding neural correlates of these processes, we propose that a reduced positive functional 

connectivity between DMN and salience network will reflect the deficit in switching from rest 

to task, task to rest and from a low to high demand condition. Another neural correlate will 

be an absent change in frontal midline theta power from rest to task, hypoactivation in the 

DMN from task to rest and hypoconnectivity or reduced positive functional connectivity 

within the DMN (posterior cingulate cortex and medial prefrontal cortex) during rest.  

 

Behavioural correlates of DMN and FPN dysregulation 

We propose that variable reaction times will stem from MW and serve as a behavioural 

correlate of reduced negative functional correlation (or even disconnection) between default 

mode and executive control network and hyperactivity within the DMN during cognitive 

paradigms. 

 The neural inefficiency in the large-scale networks will manifest in increased phase 

inconsistency/variability of parietal or frontal theta in response to task-related stimuli, which 

will coincide with excessively frequent episodes of MW. 

Changes in the content and context of MW is likely to reflect differential recruitment of DMN 

regions (Stawarczyk & D'argembeau, 2015). For instance, depressive thoughts might result in 

greater connectivity between the core DMN and salience network, and a weaker connectivity 

between these two networks with the FPN and the medial temporal lobe (DMN hub).  

Excessive MW was correlated with the highest degree of DMN activation, suggesting that 

overactivity of the DMN might reflect the frequency rate of MW (Kucyi et al., 2016). 

Therefore, MW in ADHD will be characterized by hyper-connectivity within both right medial 

temporal lobe and right medial prefrontal cortex (DMN hubs) during on-task.  
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Conclusion 

Converging evidence indicates that both MW (Kucyi et al., 2016) and ADHD (Sidlauskaite et 

al., 2016) are linked to dysregulated DMN activity and a dysregulated interaction between 

right medial temporal/prefrontal cortex (DMN hubs) and FPN. These neural effects are 

present in ADHD independent of age, clinical characteristics and type of task (Cortese et al., 

2012; Plichta & Scheres, 2014), supporting the MW hypothesis. A dysfunctional and later 

absent interaction between the four major networks (DMN, executive control network, 

salience network and visual network) is proposed to underlie different aspects of cognitive 

and behavioural impairment associated with MW in ADHD. 

Future studies should focus on understanding whether completely different neural processes 

underlie MW in ADHD compared to controls, or there is simply neural attenuation in ADHD. 

Understanding context regulation requires the use of conditions varying in cognitive demand. 

Another necessary study is to measure effects of reward, or whether reward ‘normalsies' MW 

in ADHD compared to controls. Importantly, validation across different MW measures and 

conceptualization of different types of MW will enable the investigation of neural activity 

underlying specific types of MW.  

 

 

 

 

 

 

 

 

 

 

 

 



28 

 

REFERENCES 

Achard, S., Salvador, R., Whitcher, B., Suckling, J., & Bullmore, E. (2006). A Resilient, Low-

Frequency, Small-World Human Brain Functional Network with Highly Connected 

Association Cortical Hubs. The Journal of Neuroscience, 26(1), 63-72.  

Albrecht, B., Brandeis, D., Sandersleben, H. U., Valko, L., Heinrich, H., Xu, X., . . . Müller, U. C. 

(2014). Genetics of preparation and response control in ADHD: the role of DRD4 and 

DAT1. Journal of Child Psychology and Psychiatry, 55(8), 914-923.  

Andreou, P., Neale, B. M., Chen, W., Christiansen, H., Gabriels, I., Heise, A., . . . Banaschewski, 

T. (2007). Reaction time performance in ADHD: improvement under fast-incentive 

condition and familial effects. Psycholological Medicine, 37(12), 1703-1715.  

Andrews-Hanna, J. R., Reidler, J. S., Huang, C., & Buckner, R. L. (2010). Evidence for the Default 

Network9s Role in Spontaneous Cognition. Journal of Neurophysiology, 104(1), 322-

335.  

Antrobus, J. S., Singer, J. L., & Greenberg, S. (1966). Studies in the stream of consciousness: 

experimental enhancement and suppression of spontaneous cognitive processes. 

Perceptual and Motor Skills, 23(2), 399-417.  

Asherson, P., & Agnew-Blais, J. (2018). Does late-onset ADHD exist. Journal of Child 

Psychology and Psychiatry, In press.  

Asherson, P., Akehurst, R., Kooij, J. S., Huss, M., Beusterien, K., Sasané, R., . . . Hodgkins, P. 

(2012). Under diagnosis of adult ADHD: cultural influences and societal burden. 

Journal of Attenion Disorders, 16(5_suppl), 20S-38S.  

Asherson, P., Buitelaar, J., Faraone, S. V., & Rohde, L. A. (2016). Adult attention-deficit 

hyperactivity disorder: key conceptual issues. The Lancet Psychiatry, 3(6), 568-578.  

Baird, B., Smallwood, J., Lutz, A., & Schooler, J. W. (2014). The decoupled mind: mind-

wandering disrupts cortical phase-locking to perceptual events. Journal of Cognitive 

Neuroscience, 26(1), 2596-2607. 

Banaschewski, T., Jennen‐Steinmetz, C., Brandeis, D., Buitelaar, J. K., Kuntsi, J., Poustka, L., . . 

. Albrecht, B. (2012). Neuropsychological correlates of emotional lability in children 

with ADHD. Journal of Child Psychology and Psychiatry, 53(11), 1139-1148.  



29 

 

Barkley, R. A., Fischer, M., Smallish, L., & Fletcher, K. (2002). The persistence of attention-

deficit/hyperactivity disorder into young adulthood as a function of reporting source 

and definition of disorder. Journal of Abnormal Psychology, 111(2), 279-289.  

Barron, E., Riby, L. M., Greer, J., & Smallwood, J. (2011). Absorbed in thought: The effect of 

mind wandering on the processing of relevant and irrelevant events. Psychological 

Science, 22(5), 596-601.  

Biederman, J., Petty, C. R., Ball, S. W., Fried, R., Doyle, A. E., Cohen, D., . . . Faraone, S. V. 

(2009). Are cognitive deficits in attention deficit/hyperactivity disorder related to the 

course of the disorder? A prospective controlled follow-up study of grown up boys 

with persistent and remitting course. Psychiatry Research, 170(2), 177-182.  

Braboszcz, C., & Delorme, A. (2011). Lost in thoughts: Neural markers of low alertness during 

mind wandering. NeuroImage, 54(4), 3040-3047.  

Broadway, J. M., Franklin, M. S., & Schooler, J. W. (2015). Early event-related brain potentials 

and hemispheric asymmetries reveal mind-wandering while reading and predict 

comprehension. Biological Psychology, 107, 31-43.  

Brown, A. J., & Harkins, S. G. (2016). Threat does not make the mind wander: Reconsidering 

the effect of stereotype threat on mind-wandering. Motivation Science, 2(2), 85.  

Buckner, R. L., & Vincent, J. L. (2007). Unrest at rest: default activity and spontaneous network 

correlations. NeuroImage, 37(4), 1091-1096.  

Callard, F., Smallwood, J., Golchert, J., & Margulies, D. S. (2013). The era of the wandering 

mind? Twenty-first century research on self-generated mental activity. Frontiers in 

Psychology, 4, 1-11. 

Carriere, J. S., Seli, P., & Smilek, D. (2013). Wandering in both mind and body: Individual 

differences in mind wandering and inattention predict fidgeting. Canadian Journal of 

Experimental Psychology/Revue Canadienne De Psychologie Expérimentale, 67(1), 19.  

Castellanos, F. X., & Aoki, Y. (2016). Intrinsic functional connectivity in attention-

deficit/hyperactivity disorder: A science in development. Biological Psychiatry: 

Cognitive Neuroscience and Neuroimaging, 1(3), 253-261.  

Castellanos, F. X., & Proal, E. (2012). Large-scale brain systems in ADHD: beyond the 

prefrontal–striatal model. Trends in Cognitive Sciences, 16(1), 17-26.  



30 

 

Castellanos, F. X., & Tannock, R. (2002). Neuroscience of attention-deficit/hyperactivity 

disorder: the search for endophenotypes. Nature Reviews Neuroscience, 3(8), 617-

628.  

Cheung, C. H., McLoughlin, G., Brandeis, D., Banaschewski, T., Asherson, P., & Kuntsi, J. (2017). 

Neurophysiological correlates of attentional fluctuation in attention-

deficit/hyperactivity disorder. Brain Topography, 30(3), 320-332.  

Cheung, C. H., Rijsdijk, F., McLoughlin, G., Brandeis, D., Banaschewski, T., Asherson, P., & 

Kuntsi, J. (2016). Cognitive and neurophysiological markers of ADHD persistence and 

remission. The British Journal of Psychiatry, 208(6), 548-555.  

Christakou, A., Murphy, C., Chantiluke, K., Cubillo, A., Smith, A., Giampietro, V., . . . Murphy, 

D. (2013). Disorder-specific functional abnormalities during sustained attention in 

youth with attention deficit hyperactivity disorder (ADHD) and with autism. Molecular 

Psychiatry, 18(2), 236-244.  

Christoff, K. (2012). Undirected thought: Neural determinants and correlates. Brain Research, 

1428, 51-59.  

Christoff, K., Gordon, A. M., Smallwood, J., Smith, R., & Schooler, J. W. (2009). Experience 

sampling during fMRI reveals default network and executive system contributions to 

mind wandering. Proceedings of the National Academy of Sciences, 106(21), 8719-

8724.  

Christoff, K., Irving, Z. C., Fox, K. C., Spreng, R. N., & Andrews-Hanna, J. R. (2016). Mind-

wandering as spontaneous thought: a dynamic framework. Nature Reviews 

Neuroscience, 17(11), 718-731.  

Coghill, D., Nigg, J., Rothenberger, A., Sonuga‐Barke, E., & Tannock, R. (2005). Whither causal 

models in the neuroscience of ADHD? Developmental Science, 8(2), 105-114.  

Cooper, R. E., Skirrow, C., Tye, C., McLoughlin, G., Rijsdijk, F., Banaschweski, T., . . . Asherson, 

P. (2014). The effect of methylphenidate on very low frequency 

electroencephalography oscillations in adult ADHD. Brain and Cognition, 86, 82-89.  

Cortese, S., Kelly, C., Chabernaud, C., Proal, E., Di Martino, A., Milham, M. P., & Castellanos, 

F. X. (2012). Toward systems neuroscience of ADHD: a meta-analysis of 55 fMRI 

studies. American Journal of Psychiatry, 169(10), 1038-1055.  



31 

 

Di Martino, A., Fair, D. A., Kelly, C., Satterthwaite, T. D., Castellanos, F. X., Thomason, M. E., . 

. . Zuo, X.-N. (2014). Unraveling the miswired connectome: a developmental 

perspective. Neuron, 83(6), 1335-1353.  

Dockstader, C., Gaetz, W., Cheyne, D., Wang, F., Castellanos, F. X., & Tannock, R. (2008). MEG 

event-related desynchronization and synchronization deficits during basic 

somatosensory processing in individuals with ADHD. Behavioral and Brain Functions, 

4(8), 1-13.  

Dosenbach, N. U., Nardos, B., Cohen, A. L., Fair, D. A., Power, J. D., Church, J. A., . . . Lessov-

Schlaggar, C. N. (2010). Prediction of individual brain maturity using fMRI. Science, 

329(5997), 1358-1361.  

Du Rietz, E., Cheung, C. H., McLoughlin, G., Brandeis, D., Banaschewski, T., Asherson, P., & 

Kuntsi, J. (2016). Self-report of ADHD shows limited agreement with objective markers 

of persistence and remittance. Journal of Psychiatric Research, 82, 91-99.  

El‐Sayed, E., Larsson, J. O., Persson, H., Santosh, P., & Rydelius, P. A. (2003). “Maturational 

lag” hypothesis of attention deficit hyperactivity disorder: an update. Acta 

Paediatrica, 92(7), 776-784.  

Fair, D. A., Cohen, A. L., Dosenbach, N. U., Church, J. A., Miezin, F. M., Barch, D. M., . . . 

Schlaggar, B. L. (2008). The maturing architecture of the brain's default network. 

Proceedings of the National Academy of Sciences, 105(10), 4028-4032.  

Fair, D. A., Dosenbach, N. U., Church, J. A., Cohen, A. L., Brahmbhatt, S., Miezin, F. M., . . . 

Schlaggar, B. L. (2007). Development of distinct control networks through segregation 

and integration. Proceedings of the National Academy of Sciences, 104(33), 13507-

13512.  

Faraone, S. V. (2015). Attention deficit hyperactivity disorder and premature death. The 

Lancet, 385(9983), 2132-2133.  

Faraone, S. V., & Biederman, J. (2016). Can attention-deficit/hyperactivity disorder onset 

occur in adulthood? JAMA Psychiatry, 73(7), 655-656.  

Fassbender, C., Zhang, H., Buzy, W. M., Cortes, C. R., Mizuiri, D., Beckett, L., & Schweitzer, J. 

B. (2009). A lack of default network suppression is linked to increased distractibility in 

ADHD. Brain Research, 1273, 114-128.  



32 

 

Fayyad, J., De Graaf, R., Kessler, R., Alonso, J., Angermeyer, M., Demyttenaere, K., . . . Lara, C. 

(2007). Cross–national prevalence and correlates of adult attention–deficit 

hyperactivity disorder. The British Journal of Psychiatry, 190(5), 402-409.  

Filler, M. S., & Giambra, L. M. (1973). Daydreaming as a function of cueing and task difficulty. 

Perceptual and Motor Skills, 37(2), 503-509.  

Fischer, M., Barkley, R. A., Edelbrock, C. S., & Smallish, L. (1990). The adolescent outcome of 

hyperactive children diagnosed by research criteria: II. Academic, attentional, and 

neuropsychological status. Journal of Consulting & Clinical Psychology, 58(5), 580-588.  

Forster, S., & Lavie, N. (2009). Harnessing the wandering mind: The role of perceptual load. 

Cognition, 111(3), 345-355.  

Fox, K. C., Spreng, R. N., Ellamil, M., Andrews-Hanna, J. R., & Christoff, K. (2015). The 

wandering brain: Meta-analysis of functional neuroimaging studies of mind-

wandering and related spontaneous thought processes. NeuroImage, 111, 611-621.  

Fox, M. D., Snyder, A. Z., Vincent, J. L., Corbetta, M., Van Essen, D. C., & Raichle, M. E. (2005). 

The human brain is intrinsically organized into dynamic, anticorrelated functional 

networks. Proceedings of the National Academy of Sciences in the United States of 

America, 102(27), 9673-9678.  

Francx, W., Oldehinkel, M., Oosterlaan, J., Heslenfeld, D., Hartman, C. A., Hoekstra, P. J., . . . 

Mennes, M. (2015). The executive control network and symptomatic improvement in 

attention-deficit/hyperactivity disorder. Cortex, 73, 62-72.  

Franklin, M. S., Mrazek, M. D., Anderson, C. L., Johnston, C., Smallwood, J., Kingstone, A., & 

Schooler, J. W. (2017). Tracking Distraction:The Relationship Between Mind-

Wandering, Meta-Awareness, and ADHD Symptomatology. Journal of Attention 

Disorders, 21(6), 475-486.  

Galéra, C., Orriols, L., M’Bailara, K., Laborey, M., Contrand, B., Ribéreau-Gayon, R., . . . Fort, A. 

(2012). Mind wandering and driving: responsibility case-control study. BMJ, 345, 

e8105.  

Gao, W., Zhu, H., Giovanello, K. S., Smith, J. K., Shen, D., Gilmore, J. H., & Lin, W. (2009). 

Evidence on the emergence of the brain's default network from 2-week-old to 2-year-

old healthy pediatric subjects. Proceedings of the National Academy of Sciences, 

106(16), 6790-6795.  



33 

 

Ghelani, K., Sidhu, R., Jain, U., & Tannock, R. (2004). Reading comprehension and reading 

related abilities in adolescents with reading disabilities and attention‐

deficit/hyperactivity disorder. Dyslexia, 10(4), 364-384.  

Giambra, L. M., & Grodsky, A. (1989). Task-Unrelated Images and Thoughts While Reading. In 

J. E. Shorr, P. Robin, J. A. Connella, & M. Wolpin (Eds.), Imagery: Current Perspectives 

(pp. 27-31). Boston, MA: Springer US. 

Golchert, J., Smallwood, J., Jefferies, E., Seli, P., Huntenburg, J. M., Liem, F., . . . Villringer, A. 

(2017). Individual variation in intentionality in the mind-wandering state is reflected 

in the integration of the default-mode, fronto-parietal, and limbic networks. 

NeuroImage, 146, 226-235.  

Gruberger, M., Ben-Simon, E., Levkovitz, Y., Zangen, A., & Hendler, T. (2011). Towards a 

neuroscience of mind-wandering. Frontiers in Human Neuroscience, 5(56), 1-11. 

Hart, H., Radua, J., Nakao, T., Mataix-Cols, D., & Rubia, K. (2013). Meta-analysis of functional 

magnetic resonance imaging studies of inhibition and attention in attention-

deficit/hyperactivity disorder: exploring task-specific, stimulant medication, and age 

effects. JAMA Psychiatry, 70(2), 185-198.  

Helps, S. K., Broyd, S. J., James, C. J., Karl, A., Chen, W., & Sonuga-Barke, E. J. (2010). Altered 

spontaneous low frequency brain activity in attention deficit/hyperactivity disorder. 

Brain Research, 1322, 134-143.  

Hepark, S., Janssen, L., de Vries, A., Schoenberg, P. L., Donders, R., Kan, C. C., & Speckens, A. 

E. (2015). The efficacy of adapted MBCT on core symptoms and executive functioning 

in adults with ADHD: A preliminary randomized controlled trial. Journal of Attention 

Disorders, 1-12. 

James, S.-N., Cheung, C. H., Rijsdijk, F., Asherson, P., & Kuntsi, J. (2016). Modifiable arousal in 

attention-deficit/hyperactivity disorder and its etiological association with fluctuating 

reaction times. Biological Psychiatry: Cognitive Neuroscience and Neuroimaging, 1(6), 

539-547.  

Kam, J. W., & Handy, T. C. (2014). Differential recruitment of executive resources during mind 

wandering. Consciousness and Cognition, 26, 51-63.  

Kane, M. J., Brown, L. H., McVay, J. C., Silvia, P. J., Myin-Germeys, I., & Kwapil, T. R. (2007). For 

whom the mind wanders, and when: An experience-sampling study of working 

memory and executive control in daily life. Psychological Science, 18(7), 614-621.  



34 

 

Kelly, A. C., Di Martino, A., Uddin, L. Q., Shehzad, Z., Gee, D. G., Reiss, P. T., . . . Milham, M. P. 

(2008). Development of anterior cingulate functional connectivity from late childhood 

to early adulthood. Cerebral Cortex, 19(3), 640-657.  

Kendler, K. S., & Neale, M. C. (2010). Endophenotype: a conceptual analysis. Molecular 

Psychiatry, 15(8), 789-797.  

Kirschner, A., Kam, J. W. Y., Handy, T. C., & Ward, L. M. (2012). Differential synchronization in 

default and task-specific networks of the human brain. Frontiers in Human 

Neuroscience, 6(132),1-10. 

Kóbor, A., Takács, Á., Bryce, D., Szűcs, D., Honbolygó, F., Nagy, P., & Csépe, V. (2015). Children 

with ADHD show impairments in multiple stages of information processing in a Stroop 

task: An ERP study. Developmental Neuropsychology, 40(6), 329-347.  

Kofler, M. J., Rapport, M. D., Sarver, D. E., Raiker, J. S., Orban, S. A., Friedman, L. M., & 

Kolomeyer, E. G. (2013). Reaction time variability in ADHD: a meta-analytic review of 

319 studies. Clinical Psychology Review, 33(6), 795-811.  

Kooij, S. J., Bejerot, S., Blackwell, A., Caci, H., Casas-Brugué, M., Carpentier, P. J., . . . Fitzgerald, 

M. (2010). European consensus statement on diagnosis and treatment of adult ADHD: 

The European Network Adult ADHD. BMC Psychiatry, 10(67), 1-24.  

Kopp, K., Mills, C., & D’Mello, S. (2016). Mind wandering during film comprehension: The role 

of prior knowledge and situational interest. Psychonomic Bulletin & Review, 23(3), 

842-848.  

Kucyi, A., Esterman, M., Riley, C. S., & Valera, E. M. (2016). Spontaneous default network 

activity reflects behavioral variability independent of mind-wandering. Proceedings of 

the National Academy of Sciences, 113(48), 13899-13904.  

Kuntsi, J., Pinto, R., Price, T. S., van der Meere, J. J., Frazier-Wood, A. C., & Asherson, P. (2014). 

The separation of ADHD inattention and hyperactivity-impulsivity symptoms: 

pathways from genetic effects to cognitive impairments and symptoms. Journal of 

Abnormal Child Psychology, 42(1), 127-136.  

Kuntsi, J., Wood, A. C., Johnson, K. A., Andreou, P., Arias-Vasquez, A., Buitelaar, J. K., . . . Uebel, 

H. (2010). Separation of cognitive impairments in attention-deficit/hyperactivity 

disorder into 2 familial factors. Archives of General Psychiatry, 67(11), 1159-1166.  



35 

 

Kuntsi, J., Wood, A. C., Van Der Meere, J., & Asherson, P. (2009). Why cognitive performance 

in ADHD may not reveal true potential: findings from a large population-based sample. 

Journal of the International Neuropsychological Society, 15(4), 570-579.  

Lee, J. S., Kim, B. N., Kang, E., Lee, D. S., Kim, Y. K., Chung, J. K., . . . Cho, S. C. (2005). Regional 

cerebral blood flow in children with attention deficit hyperactivity disorder: 

comparison before and after methylphenidate treatment. Human Brain Mapping, 

24(3), 157-164.  

Levinson, D. B., Smallwood, J., & Davidson, R. J. (2012). The persistence of thought: evidence 

for a role of working memory in the maintenance of task-unrelated thinking. 

Psychological Science, 23(4), 375-380.  

Lichtenstein, P., & Larsson, H. (2013). Medication for attention deficit-hyperactivity disorder 

and criminality. New England Journal of Medicine, 367(21),2006-2014.  

Liddle, E. B., Hollis, C., Batty, M. J., Groom, M. J., Totman, J. J., Liotti, M., . . . Liddle, P. F. (2011). 

Task‐related default mode network modulation and inhibitory control in ADHD: 

Effects of motivation and methylphenidate. Journal of Child Psychology and 

Psychiatry, 52(7), 761-771.  

Mak, L. E., Minuzzi, L., MacQueen, G., Hall, G., Kennedy, S. H., & Milev, R. (2017). The default 

mode network in healthy individuals: a systematic review and meta-analysis. Brain 

Connectivity, 7(1), 25-33.  

Makeig, S., Delorme, A., Westerfield, M., Jung, T.-P., Townsend, J., Courchesne, E., & 

Sejnowski, T. J. (2004). Electroencephalographic brain dynamics following manually 

responded visual targets. PLoS Biology, 2(6), 0747-0762.  

Mason, M. F., Norton, M. I., Van Horn, J. D., Wegner, D. M., Grafton, S. T., & Macrae, C. N. 

(2007). Wandering minds: the default network and stimulus-independent thought. 

Science, 315(5810), 393-395.  

Mattfeld, A. T., Gabrieli, J. D., Biederman, J., Spencer, T., Brown, A., Kotte, A., . . . Whitfield-

Gabrieli, S. (2014). Brain differences between persistent and remitted attention deficit 

hyperactivity disorder. Brain, 137(9), 2423-2428.  

McAuley, T., Crosbie, J., Charach, A., & Schachar, R. (2014). The persistence of cognitive 

deficits in remitted and unremitted ADHD: A case for the state‐independence of 

response inhibition. Journal of Child Psychology and Psychiatry, 55(3), 292-300.  



36 

 

McKiernan, K. A., D'angelo, B. R., Kaufman, J. N., & Binder, J. R. (2006). Interrupting the 

“stream of consciousness”: an fMRI investigation. NeuroImage, 29(4), 1185-1191.  

McLoughlin, G., Albrecht, B., Banaschewski, T., Rothenberger, A., Brandeis, D., Asherson, P., 

& Kuntsi, J. (2009). Performance monitoring is altered in adult ADHD: a familial event-

related potential investigation. Neuropsychologia, 47(14), 3134-3142.  

McLoughlin, G., Albrecht, B., Banaschewski, T., Rothenberger, A., Brandeis, D., Asherson, P., 

& Kuntsi, J. (2010). Electrophysiological evidence for abnormal preparatory states and 

inhibitory processing in adult ADHD. Behavioral and Brain Functions, 6(66), 1-12.  

McLoughlin, G., Palmer, J. A., Rijsdijk, F., & Makeig, S. (2014). Genetic overlap between evoked 

frontocentral theta-band phase variability, reaction time variability, and attention-

deficit/hyperactivity disorder symptoms in a twin study. Biological Psychiatry, 75(3), 

238-247.  

McVay, J. C., & Kane, M. J. (2009). Conducting the train of thought: working memory capacity, 

goal neglect, and mind wandering in an executive-control task. Journal of 

Experimental Psychology: Learning, Memory, and Cognition, 35(1), 196-204.  

McVay, J. C., & Kane, M. J. (2012). Why does working memory capacity predict variation in 

reading comprehension? On the influence of mind wandering and executive attention. 

Journal of Experimental Psychology: General, 141(2), 302-320.  

Metcalfe, J., & Xu, J. (2016). People mind wander more during massed than spaced inductive 

learning. Journal of Experimental Psychology: Learning, Memory, and Cognition, 42(6), 

978-984.  

Metin, B., Krebs, R. M., Wiersema, J. R., Verguts, T., Gasthuys, R., van der Meere, J. J., . . . 

Sonuga-Barke, E. (2015). Dysfunctional modulation of default mode network activity 

in attention-deficit/hyperactivity disorder. Journal of Abnormal Psychology, 124(1), 

208-214.  

Metin, B., Wiersema, J. R., Verguts, T., Gasthuys, R., van Der Meere, J. J., Roeyers, H., & 

Sonuga-Barke, E. (2016). Event rate and reaction time performance in ADHD: Testing 

predictions from the state regulation deficit hypothesis using an ex-Gaussian model. 

Child Neuropsychology, 22(1), 99-109.  

Michelini, G., Jurgiel, J., Bakolis, I., Cheung, C. H., Asherson, P., Loo, S. K., . . . Mohammad-

Rezazadeh, I. (2017). Atypical Functional Connectivity in Adolescents and Adults With 

Persistent and Remitted Attention-Deficit/Hyperactivity Disorder (ADHD). BioRxiv, 

201772 



37 

 

Michelini, G., Kitsune, G., Hosang, G. M., Asherson, P., McLoughlin, G., & Kuntsi, J. (2016a). 

Disorder-specific and shared neurophysiological impairments of attention and 

inhibition in women with attention-deficit/hyperactivity disorder and women with 

bipolar disorder. Psychological Medicine, 46(3), 493-504.  

Michelini, G., Kitsune, G. L., Cheung, C. H., Brandeis, D., Banaschewski, T., Asherson, P., . . . 

Kuntsi, J. (2016b). Attention-deficit/hyperactivity disorder remission is linked to better 

neurophysiological error detection and attention-vigilance processes. Biological 

Psychiatry, 80(12), 923-932.  

Miller, A. C., Keenan, J. M., Betjemann, R. S., Willcutt, E. G., Pennington, B. F., & Olson, R. K. 

(2013). Reading comprehension in children with ADHD: cognitive underpinnings of the 

centrality deficit. Journal of Abnormal Child Psychology, 41(3), 473-483.  

Mittner, M., Hawkins, G. E., Boekel, W., & Forstmann, B. U. (2016). A neural model of mind 

wandering. Trends in Cognitive Sciences, 20(8), 570-578.  

Mooneyham, B. W., & Schooler, J. W. (2013). The costs and benefits of mind-wandering: a 

review. Canadian Journal of Experimental Psychology/Revue Canadienne De 

Psychologie Expérimentale, 67(1), 11-18.  

Mowlem, F. D., Skirrow, C., Reid, P., Maltezos, S., Nijjar, S. K., Merwood, A., . . . Asherson, P. 

(2016). Validation of the mind excessively wandering scale and the relationship of 

mind wandering to impairment in adult ADHD. Journal of Attention Disorders, 

1087054716651927.  

Mrazek, M. D., Mooneyham, B. W., & Schooler, J. W. (2014). Insights from quiet minds: the 

converging fields of mindfulness and mind-wandering. In Meditation–Neuroscientific 

Approaches and Philosophical Implications (pp. 227-241): Springer. 

Mrazek, M. D., Phillips, D. T., Franklin, M. S., Broadway, J. M., & Schooler, J. W. (2013). Young 

and restless: validation of the Mind-Wandering Questionnaire (MWQ) reveals 

disruptive impact of mind-wandering for youth. Frontiers in Psychology, 4, 1-7.  

Nazari, M., Berquin, P., Missonnier, P., Aarabi, A., Debatisse, D., De Broca, A., & Wallois, F. 

(2010). Visual sensory processing deficit in the occipital region in children with 

attention-deficit/hyperactivity disorder as revealed by event-related potentials during 

cued continuous performance test. Neurophysiologie Clinique/Clinical 

Neurophysiology, 40(3), 137-149.  

Paloyelis, Y., Mehta, M. A., Kuntsi, J., & Asherson, P. (2007). Functional MRI in ADHD: a 

systematic literature review. Expert Review of Neurotherapeutics, 7(10), 1337-1356.  



38 

 

Papenberg, G., Hämmerer, D., Müller, V., Lindenberger, U., & Li, S.-C. (2013). Lower theta 

inter-trial phase coherence during performance monitoring is related to higher 

reaction time variability: a lifespan study. NeuroImage, 83, 912-920.  

Pazvantoğlu, O., Aker, A. A., Karabekiroğlu, K., Akbaş, S., Sarısoy, G., Baykal, S., . . . Şahin, A. 

R. (2012). Neuropsychological weaknesses in adult ADHD; cognitive functions as core 

deficit and roles of them in persistence to adulthood. Journal of the International 

Neuropsychological Society, 18(5), 819-826.  

Peterson, B. S., Potenza, M. N., Wang, Z., Zhu, H., Martin, A., Marsh, R., . . . Yu, S. (2009). An 

FMRI study of the effects of psychostimulants on default-mode processing during 

Stroop task performance in youths with ADHD. American Journal of Psychiatry, 

166(11), 1286-1294.  

Pitts, M., Mangle, L., & Asherson, P. (2015). Impairments, diagnosis and treatments associated 

with attention-deficit/hyperactivity disorder (ADHD) in UK adults: results from the 

lifetime impairment survey. Archives of Psychiatric Nursing, 29(1), 56-63.  

Plichta, M. M., & Scheres, A. (2014). Ventral–striatal responsiveness during reward 

anticipation in ADHD and its relation to trait impulsivity in the healthy population: A 

meta-analytic review of the fMRI literature. Neuroscience & Biobehavioral Reviews, 

38, 125-134.  

Polanczyk, G., de Lima, M. S., Horta, B. L., Biederman, J., & Rohde, L. A. (2007). The worldwide 

prevalence of ADHD: a systematic review and metaregression analysis. American 

Journal of Psychiatry, 164(6), 942-948.  

Posner, J., Park, C., & Wang, Z. (2014). Connecting the dots: a review of resting connectivity 

MRI studies in attention-deficit/hyperactivity disorder. Neuropsychology Review, 

24(1), 3-15.  

Power, J. D., Fair, D. A., Schlaggar, B. L., & Petersen, S. E. (2010). The development of human 

functional brain networks. Neuron, 67(5), 735-748.  

Randall, J. G., Oswald, F. L., & Beier, M. E. (2014). Mind-wandering, cognition, and 

performance: A theory-driven meta-analysis of attention regulation. Psychological 

Bulletin, 140(6), 1411-1431.  

Riby, L. M., Smallwood, J., & Gunn, V. P. (2008). Mind wandering and retrieval from episodic 

memory: A pilot event-related potential study. Psychological Reports, 102(3), 805-

818.  



39 

 

Roman-Urrestarazu, A., Lindholm, P., Moilanen, I., Kiviniemi, V., Miettunen, J., Jääskeläinen, 

E., . . . Barnett, J. H. (2016). Brain structural deficits and working memory fMRI 

dysfunction in young adults who were diagnosed with ADHD in adolescence. European 

Child & Adolescent Psychiatry, 25(5), 529-538.  

Rommel, A.-S., Kitsune, G. L., Michelini, G., Hosang, G. M., Asherson, P., McLoughlin, G., . . . 

Kuntsi, J. (2016). Commonalities in EEG spectral power abnormalities between women 

with ADHD and women with bipolar disorder during rest and cognitive performance. 

Brain Topography, 29(6), 856-866.  

Rommelse, N. N., Altink, M. E., Martin, N. C., Buschgens, C. J., Faraone, S. V., Buitelaar, J. K., . 

. . Oosterlaan, J. (2008). Relationship between endophenotype and phenotype in 

ADHD. Behavioral and Brain Functions, 4(4), 1-7.  

Rubia, K. (2013). Functional brain imaging across development. European Child & Adolescent 

Psychiatry, 22(12), 719-731.  

Rubia, K., Alegria, A. A., Cubillo, A. I., Smith, A. B., Brammer, M. J., & Radua, J. (2014). Effects 

of stimulants on brain function in attention-deficit/hyperactivity disorder: a 

systematic review and meta-analysis. Biological Psychiatry, 76(8), 616-628.  

Rubia, K., Halari, R., Cubillo, A., Mohammad, A.-M., Brammer, M., & Taylor, E. (2009). 

Methylphenidate normalises activation and functional connectivity deficits in 

attention and motivation networks in medication-naive children with ADHD during a 

rewarded continuous performance task. Neuropharmacology, 57(7), 640-652.  

Ruby, F. J., Smallwood, J., Engen, H., & Singer, T. (2013). How self-generated thought shapes 

mood—the relation between mind-wandering and mood depends on the socio-

temporal content of thoughts. PLoS One, 8(10), e77554, 1-7. 

Rummel, J., & Boywitt, C. D. (2014). Controlling the stream of thought: Working memory 

capacity predicts adjustment of mind-wandering to situational demands. Psychonomic 

Bulletin & Review, 21(5), 1309-1315.  

Sato, J. R., Salum, G. A., Gadelha, A., Picon, F. A., Pan, P. M., Vieira, G., . . . Moura, L. M. (2014). 

Age effects on the default mode and control networks in typically developing children. 

Journal of Psychiatric Research, 58, 89-95.  

Schooler, J. W., Smallwood, J., Christoff, K., Handy, T. C., Reichle, E. D., & Sayette, M. A. (2011). 

Meta-awareness, perceptual decoupling and the wandering mind. Trends in Cognitive 

Sciences, 15(7), 319-326.  



40 

 

Seli, P., Cheyne, J. A., Xu, M., Purdon, C., & Smilek, D. (2015). Motivation, intentionality, and 

mind wandering: Implications for assessments of task-unrelated thought. Journal of 

Experimental Psychology: Learning, Memory, and Cognition, 41(5), 1417-1425.  

Seli, P., Wammes, J. D., Risko, E. F., & Smilek, D. (2016). On the relation between motivation 

and retention in educational contexts: The role of intentional and unintentional mind 

wandering. Psychonomic Bulletin & Review, 23(4), 1280-1287.  

Sergeant, J. A. (2005). Modeling attention-deficit/hyperactivity disorder: a critical appraisal of 

the cognitive-energetic model. Biological Psychiatry, 57(11), 1248-1255.  

Shahaf, G., Reches, A., Pinchuk, N., Fisher, T., Bashat, G. B., Kanter, A., . . . Aharon-Peretz, J. 

(2012). Introducing a novel approach of network oriented analysis of ERPs, 

demonstrated on adult attention deficit hyperactivity disorder. Clinical 

Neurophysiology, 123(8), 1568-1580.  

Shaw-Zirt, B., Popali-Lehane, L., Chaplin, W., & Bergman, A. (2005). Adjustment, social skills, 

and self-esteem in college students with symptoms of ADHD. Journal of Attention 

Disorders, 8(3), 109-120.  

Shaw, G., & Giambra, L. (1993). Task‐unrelated thoughts of college students diagnosed as 

hyperactive in childhood. Developmental Neuropsychology, 9(1), 17-30.  

Sheehan, N. A., Meng, S., & Didelez, V. (2011). Mendelian randomisation: a tool for assessing 

causality in observational epidemiology. Methods in Molecular Biology, 713, 153-166.  

Sidlauskaite, J., Sonuga-Barke, E., Roeyers, H., & Wiersema, J. R. (2016). Altered intrinsic 

organisation of brain networks implicated in attentional processes in adult attention-

deficit/hyperactivity disorder: a resting-state study of attention, default mode and 

salience network connectivity. European Archives of Psychiatry and Clinical 

Neuroscience, 266(4), 349-357.  

Skirrow, C., McLoughlin, G., Banaschewski, T., Brandeis, D., Kuntsi, J., & Asherson, P. (2015). 

Normalisation of frontal theta activity following methylphenidate treatment in adult 

attention-deficit/hyperactivity disorder. European Neuropsychopharmacology, 25(1), 

85-94.  

Skirrow, C., McLoughlin, G., Kuntsi, J., & Asherson, P. (2009). Behavioral, neurocognitive and 

treatment overlap between attention-deficit/hyperactivity disorder and mood 

instability. Expert Review of Neurotherapeutics, 9(4), 489-503.  



41 

 

Smallwood, J. (2010). Why the global availability of mind wandering necessitates resource 

competition: reply to McVay and Kane (2010).  

Smallwood, J. (2013). Penetrating the fog of the decoupled mind: The effects of visual salience 

in the sustained attention to response task. Canadian Journal of Experimental 

Psychology/Revue Canadienne De Psychologie Expérimentale, 67(1), 32-40.  

Smallwood, J., & Andrews-Hanna, J. (2013). Not all minds that wander are lost: the 

importance of a balanced perspective on the mind-wandering state. Frontiers in 

Psychology, 4, 1-11.  

Smallwood, J., Beach, E., Schooler, J. W., & Handy, T. C. (2008). Going AWOL in the brain: Mind 

wandering reduces cortical analysis of external events. Journal of Cognitive 

Neuroscience, 20(3), 458-469.  

Smallwood, J., Brown, K., Baird, B., & Schooler, J. W. (2012). Cooperation between the default 

mode network and the frontal–parietal network in the production of an internal train 

of thought. Brain Research, 1428, 60-70.  

Smallwood, J., Fitzgerald, A., Miles, L. K., & Phillips, L. H. (2009). Shifting moods, wandering 

minds: negative moods lead the mind to wander. Emotion, 9(2), 271-276.  

Smallwood, J., McSpadden, M., & Schooler, J. W. (2007). The lights are on but no one’s home: 

Meta-awareness and the decoupling of attention when the mind wanders. 

Psychonomic Bulletin & Review, 14(3), 527-533.  

Smallwood, J., Mrazek, M. D., & Schooler, J. W. (2011). Medicine for the wandering mind: 

mind wandering in medical practice. Medical Education, 45(11), 1072-1080.  

Smallwood, J., Nind, L., & O’Connor, R. C. (2009). When is your head at? An exploration of the 

factors associated with the temporal focus of the wandering mind. Consciousness and 

Cognition, 18(1), 118-125.  

Smallwood, J., & O'Connor, R. C. (2011). Imprisoned by the past: unhappy moods lead to a 

retrospective bias to mind wandering. Cognition & Emotion, 25(8), 1481-1490.  

Smallwood, J., Ruby, F. J., & Singer, T. (2013). Letting go of the present: mind-wandering is 

associated with reduced delay discounting. Consciousness and Cognition, 22(1), 1-7.  

Smallwood, J., & Schooler, J. W. (2006). The restless mind. Psychological Bulletin, 132(6), 946-

958.  



42 

 

Smallwood, J., & Schooler, J. W. (2015). The science of mind wandering: Empirically navigating 

the stream of consciousness. Annual Review of Psychology, 66, 487-518.  

Smith, A., Cubillo, A., Barrett, N., Giampietro, V., Simmons, A., Brammer, M., & Rubia, K. 

(2013). Neurofunctional effects of methylphenidate and atomoxetine in boys with 

attention-deficit/hyperactivity disorder during time discrimination. Biological 

Psychiatry, 74(8), 615-622.  

Sonuga-Barke, E. J., & Castellanos, F. X. (2007). Spontaneous attentional fluctuations in 

impaired states and pathological conditions: a neurobiological hypothesis. 

Neuroscience & Biobehavioral Reviews, 31(7), 977-986.  

Spreng, R. N., Stevens, W. D., Chamberlain, J. P., Gilmore, A. W., & Schacter, D. L. (2010). 

Default network activity, coupled with the frontoparietal control network, supports 

goal-directed cognition. NeuroImage, 53(1), 303-317.  

Sripada, C. S., Kessler, D., & Angstadt, M. (2014). Lag in maturation of the brain’s intrinsic 

functional architecture in attention-deficit/hyperactivity disorder. Proceedings of the 

National Academy of Sciences, 111(39), 14259-14264.  

Stawarczyk, D., & D'argembeau, A. (2015). Neural correlates of personal goal processing 

during episodic future thinking and mind‐wandering: An ALE meta‐analysis. Human 

Brain Mapping, 36(8), 2928-2947.  

Stawarczyk, D., Majerus, S., Maj, M., Van der Linden, M., & D'Argembeau, A. (2011b). Mind-

wandering: phenomenology and function as assessed with a novel experience 

sampling method. Acta Psychologica, 136(3), 370-381.  

Stawarczyk, D., Majerus, S., Maquet, P., & D'Argembeau, A. (2011a). Neural Correlates of 

Ongoing Conscious Experience: Both Task-Unrelatedness and Stimulus-Independence 

Are Related to Default Network Activity. PLoS One, 6(2), e16997.  

Steger, J., Imhof, K., Steinhausen, H.-C., & Brandeis, D. (2000). Brain mapping of bilateral 

interactions in attention deficit hyperactivity disorder and control boys. Clinical 

Neurophysiology, 111(7), 1141-1156.  

Stern, P., & Shalev, L. (2013). The role of sustained attention and display medium in reading 

comprehension among adolescents with ADHD and without it. Research in 

Developmental Disabilities, 34(1), 431-439.  

Supekar, K., Musen, M., & Menon, V. (2009). Development of large-scale functional brain 

networks in children. PLoS Biology, 7(7), e1000157, 1-15. 



43 

 

Tallon-Baudry, C., Bertrand, O., Delpuech, C., & Pernier, J. (1996). Stimulus specificity of 

phase-locked and non-phase-locked 40 Hz visual responses in human. Journal of 

Neuroscience, 16(13), 4240-4249.  

Thomason, M. E., Chang, C. E., Glover, G. H., Gabrieli, J. D., Greicius, M. D., & Gotlib, I. H. 

(2008). Default-mode function and task-induced deactivation have overlapping brain 

substrates in children. NeuroImage, 41(4), 1493-1503.  

Thomson, D. R., Besner, D., & Smilek, D. (2015). A resource-control account of sustained 

attention: evidence from mind-wandering and vigilance paradigms. Perspectives on 

Psychological Science, 10(1), 82-96.  

Thomson, D. R., Seli, P., Besner, D., & Smilek, D. (2014). On the link between mind wandering 

and task performance over time. Consciousness and Cognition, 27, 14-26.  

Tye, C., Asherson, P., Ashwood, K. L., Azadi, B., Bolton, P., & McLoughlin, G. (2014). Attention 

and inhibition in children with ASD, ADHD and co-morbid ASD+ ADHD: an event-

related potential study. Psychological Medicine, 44(5), 1101-1116.  

Tye, C., Johnson, K. A., Kelly, S. P., Asherson, P., Kuntsi, J., Ashwood, K. L., . . . McLoughlin, G. 

(2016). Response time variability under slow and fast‐incentive conditions in children 

with ASD, ADHD and ASD+ ADHD. Journal of Child Psychology and Psychiatry, 57(12), 

1414-1423.  

Uchida, M., Spencer, T. J., Faraone, S. V., & Biederman, J. (2015). Adult outcome of ADHD: An 

overview of results from the MGH longitudinal family studies of pediatrically and 

psychiatrically referred youth with and without ADHD of both sexes. Journal of 

Attention Disorders, 22(6), 523-534. 

Uebel, H., Albrecht, B., Asherson, P., Börger, N. A., Butler, L., Chen, W., . . . Schäfer, U. (2010). 

Performance variability, impulsivity errors and the impact of incentives as gender‐

independent endophenotypes for ADHD. Journal of Child Psychology and Psychiatry, 

51(2), 210-218.  

Unsworth, N., & Robison, M. K. (2016). The influence of lapses of attention on working 

memory capacity. Mem Cognit, 44(2), 188-196. doi:10.3758/s13421-015-0560-0 

Vaa, T. (2014). ADHD and relative risk of accidents in road traffic: A meta-analysis. Accident 

Analysis & Prevention, 62, 415-425.  



44 

 

Valera, E. M., Spencer, R. M., Zeffiro, T. A., Makris, N., Spencer, T. J., Faraone, S. V., . . . 

Seidman, L. J. (2010). Neural substrates of impaired sensorimotor timing in adult 

attention-deficit/hyperactivity disorder. Biological Psychiatry, 68(4), 359-367.  

Van den Driessche, C., Bastian, M., Peyre, H., Stordeur, C., Acquaviva, É., Bahadori, S., . . . 

Sackur, J. (2017). Attentional lapses in attention-deficit/hyperactivity disorder: blank 

rather than wandering thoughts. Psychological Science, 28(10), 1375-1386.  

van Rooij, D., Hoekstra, P. J., Mennes, M., von Rhein, D., Thissen, A. J., Heslenfeld, D., . . . 

Franke, B. (2015). Distinguishing adolescents with ADHD from their unaffected siblings 

and healthy comparison subjects by neural activation patterns during response 

inhibition. American Journal of Psychiatry, 172(7), 674-683.  

Villena-González, M., López, V., & Rodríguez, E. (2016). Orienting attention to visual or 

verbal/auditory imagery differentially impairs the processing of visual stimuli. 

NeuroImage, 132, 71-78.  

Weissman, D. H., Roberts, K., Visscher, K., & Woldorff, M. (2006). The neural bases of 

momentary lapses in attention. Nature Neuroscience, 9(7), 971-978.  

Weyandt, L. L., & DuPaul, G. J. (2008). ADHD in college students: Developmental findings. 

Developmental Disabilities  Research Reviews, 14(4), 311-319.  

Xu, J., & Metcalfe, J. (2016). Studying in the region of proximal learning reduces mind 

wandering. Memory & Cognition, 44(5), 681-695.  

Yanko, M. R., & Spalek, T. M. (2013). Route familiarity breeds inattention: A driving simulator 

study. Accident Analysis & Prevention, 57, 80-86.  

Yu-Feng, Z., Yong, H., Chao-Zhe, Z., Qing-Jiu, C., Man-Qiu, S., Meng, L., . . . Yu-Feng, W. (2007). 

Altered baseline brain activity in children with ADHD revealed by resting-state 

functional MRI. Brain and Development, 29(2), 83-91.  

Zedelius, C. M., Broadway, J. M., & Schooler, J. W. (2015). Motivating meta-awareness of mind 

wandering: A way to catch the mind in flight? Consciousness and Cognition, 36, 44-53.  

 

 

 

 



45 

 

Acknowledgements: 

Philip Asherson’s research is supported by the National Institute for Health Research 

(NIHR) Biomedical Research Centre at South London and Maudsley NHS 

Foundation Trust and King’s College London, and an NIHR Senior Investigator 

award (NF-SI-0616-10040). 

Natali Bozhilova’s research is supported by a studentship awarded by the Medical 

Research Council, as part of a doctoral training programme (DTP).  

Dr Syng Tan is the author of the figure to this paper.  We would like to thank her for 

visualising the MW hypothesis through her brilliant artwork. 

“This paper represents independent research part funded by the National Institute for 

Health Research (NIHR) Biomedical Research Centre at South London and Maudsley 

NHS Foundation Trust and King’s College London. The views expressed are those of 

the authors and not necessarily those of the NHS, the NIHR or the Department of 

Health. 

We would like to thank Jonny Smallwood, Katya Rubia, Florence Mowlem, Bartosz 

Helfer, Celine Ryckaert and Talar Moukhtarian whose research and hard work has 

inspired our theoretical views. 

 

Conflicts of interest 

Professor Jonna Kuntsi has given talks at educational events sponsored by Medice: all 

funds are received by King’s College London and used for studies of ADHD. 

Kings College London research support account for Professor Philip Asherson 

received honoraria for consultancy to Shire, Flynn-Pharma, Eli-Lilly, Novartis, 

Lundbeck and Medice; educational/research awards from Shire, Lilly, Novartis, Flynn 

Pharma, Vifor Pharma, GW Pharma and QbTech; speaker at sponsored events for 

Shire, Lilly, Novartis, Medice and Flynn Pharma.  



46 

 

 

Figure 1. Visualisation of the linear relationship between neural activity, mind-wandering 

(MW), inattentive symptoms and attentional lapses in the MW hypothesis.  

The top, central image represents the three neural networks underlying excessive and 

spontaneous mind-wandering in ADHD.  The key hubs of the default mode network are the 

posterior cingulate cortex, and ventromedial prefrontal cortex, associated with active mind-

wandering. The central executive network includes dorsolateral prefrontal cortex, and 

posterior parietal cortex, which are active during cognitively demanding tasks and serve as a 

marker of task focus. The salience network involves the anterior cingulate cortex, and 

anterior insula, linked to the regulation of the interaction between the default mode and 

central executive network.  

The bottom, left image represents inattentive symptoms in ADHD. The bottom, right image 

represents the greater variability in the distribution of reaction time scores in ADHD.  


