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Abstract

Mind-wandering was until recently not a mainstream topic of research. The aim of this literature 

review is to present current views on the definition of mind-wandering and how the phenomenon is ex-

perienced. Furthermore, it gives an account of the implications of mind-wandering on cognitive perfor-

mance, as well as its neurological correlates. In addition, the methods used to study mind-wandering are 

reviewed.

The study of mind-wandering reveals a highly frequent phenomenon with practical consequences 

on a broad scale, both disruptive and supportive to goal-related behaviour and wellbeing in general. 

Originating from the default network, and its regions related to representations of self, memory, Theory 

of Mind, empathy and creativity, mind-wandering is hypothesized to be a function for planning one’s 

future life. Suggested further research concerns how mind-wandering can be countered, detected from 

the outside and whether it alters the physical feature of the brain.

Keywords: mind-wandering, task-unrelated-thoughts, stimuli-independent-thoughts, self-generat-

ed thought, train of thought, the default mode network.
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Introduction

Consciousness is far from explained, although its intentional use is the primary object of research 

within cognitive neuroscience (Christoff, Ream & Gabrieli, 2004). Mind-wandering on the other hand, 

”a core component of human cognition” (Mason, Norton, Van Horn, Wegner, Grafton & Macrae, 2007) 

has been described and discussed for more than two and a half millennium within the Eastern religions, 

as well as in William James’ Principles of Psychology (1890). Still scientific research was scarce until 

recently. Probably one of the reasons why spontaneous thought has attracted so little attention is the 

difficulty of studying the occurrence and content of mental states, to which mind-wandering belongs. 

Another reason might be a tendency to deem unintentional mental activity as useless; a notion expressed 

in the different terms often used as synonyms to spontaneous thought. Examples are such as cognitive 

failure, absent-mindedness, repetitiveness, mind lapses and alike (Baars, 2010). 

It was not until the high metabolism of the supposedly resting brain was depicted that spontane-

ous thought and later mind-wandering finally attracted attention. The Swedish brain physiologist David 

Ingvar was the first to gather images of mental activity when participants were at rest, i.e., left to their 

stream of thoughts (1979). What surprised Ingvar and colleagues was the increase of activity during 

these resting states, predominantly in the prefrontal areas. Why would the brain consume nearly the same 

amount of energy while resting, as it did when occupied with a task? 

According to Raichle and Snyder (2007), external demands cause a very moderate increase of en-

ergy consumption, only 0.5-1.0 %. The remaining energy usage is dedicated to maintenance and internal 

activity (Raichle & Snyder, 2007). At that point, research explaining what this internal activity meant 

was basically lacking.

Ingvar’s discovery was later replicated in numerous times as positron emission tomography (PET) 

was introduced to brain research at the beginning of the 1980s. By inducing a radioactive tracer into the 

blood, a gamma-ray detector can plot the tracer as its emitted positrons collide with electrons. The plot-

ting creates an image of the blood flow, and more blood flow indicates higher metabolism in that brain 

area (Gazzaniga & Heatherton, 2009). 
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With PET technology came the methodology of subtracting functional images of on-task activ-

ity from images depicting the brain unoccupied by cognitive demands. The idea was to create a baseline 

state from which imagery of the expected on-task related activity could contrast. While in resting state, 

the participant was required to be passive, i.e., with eyes closed or visual fixation (Raichle & Snyder, 

2007). 

Scientists were surprised to find that the cognitive task conducted by the participant caused 

activation in recruited areas, but simultaneously a decrease of activity in other areas, compared to the 

resting state. These changes in metabolism (Uddin, Kelly, Castellanos & Milham, 2009) indicated that 

some kind of processing occurred in these areas when participant’s attention was not directed towards an 

external stimuli or a task (Buckner, Andrews-Hanna & Schacter, 2008). 

As the baseline state was required in a large number of experiments, neuroimaging from many 

different studies showed activity in the similar regions, indicating a network previously unknown (Ra-

ichle et al., 2007). In 2001, Marcus E. Raichle and colleagues proposed the concept of a brain default 

mode. Soon after the term default mode network emerged (Buckner, Andrews-Hanna & Schacter, 2008). 

The term default suggested a state to which the mind retreats in absence of external stimuli or intentional 

directing of attention (Mason, Norton, Van Horn, Wegner, Grafton & Macrae, 2007). 

With a basic terminology in place, a rapid production of scientific articles begun, exploring differ-

ent aspects of the default mode network. About ten articles were published in 2005 and more than 180 in 

the year 2010 according to the search conducted by Andrews-Hanna (2011) in February 2011. During the 

same period, the term gradually shortened to become the default network (DN). 

Comprising areas such as medial prefrontal cortex, posterior tempoparietal junction, the hip-

pocampal formation and the posterior cingulate cortex, there is strong evidence showing that DN is in-

volved in spontaneous cognition (Andrews-Hanna, Reidler, Huang & Buckner, 2012). Results also sug-

gest that disorders such as Alzheimer’s, hyperactivity and schizophrenia and other’s partially is related 

to the condition of the DN (Uddin et al., 2009). Organised in subsystems and integrating hubs providing 

different content typical of mind-wandering (Andrews-Hanna, Smallwood & Spreng, 2014), DN is now 

considered the main source of mind-wandering.  It will be elaborated in What is the neurological basis of 

mind-wandering? 

Studies of neural activity, as well as behaviour, indicate that mind-wandering also recruit execu-

tive functions, although this is the topic of an ongoing debate (Sheng et al., 2013) reviewed below. The 

DN interacts with at least three other networks related to goal-oriented behaviour and stimuli detection 

(Bonnelle et al., 2012; Spreng, Sepulcre, Turner, Dale Stevens & Schacter, 2013)

Parallel to the development of neuroimaging techniques and the increasing curiosity about the 

resting state brain activity, the methods to observe the occurrence and content of spontaneous thought 

also evolved (Schooler et al., 2014). Additional methods for validating self-reporting were developed as 

the research on mental representations always depends on subjective accounts (Christoff et al., 2004). 

Biofeedback and behavioural measurements, such as gaze duration while reading (Schooler et al., 2014), 

strengthened the validity of self-reports, described below in How is mind-wandering studied?  Still, the 

basic arguments concerning the limitations of self-reporting due to bias, limited memory capacity and a 

general human desire to appear likeable (Nisbett & Wilson, 1977) still have valid points. At least until 

the investigative techniques are further refined. In this context, Franklin, Schooler & Smallwood (2013) 

present interesting results indicating that by using an ordinary computer the occurrence of mind-wan-

dering can be detected from outside the mind. Although it is far from being able to observe the mind’s 

content, it is a step toward more valid research in the field of spontaneous thought.

Summarising so far, technological advances combined with improved research methodologies 

provided intriguing results as well as the tools required to further investigate spontaneous thought in 

general, and mind-wandering in specific. 

Since the break of the millennium, mind-wandering has become one of the established topics of 

cognitive neuroscience. Until 2013, 355 peer-reviewed articles were written, as compared to 25 between 

1920 and 1999 (Schooler et al., 2014). Another possible reason for this increase might be a general grow-

ing interest in the mind’s content as Eastern concepts like meditation have become mainstream in society 

(Daniel Broman, conversation 05/28/2014). Independent of reason, a phenomenon occupying up to 50% 

of our awake time (Smallwood & Schooler, 2006) seems worthy of investigation. What our minds spend 

so much time on doing can be expected to influence our lives, which it does.
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The seemingly random process of mind-wandering impacts among other things our mood (Kill-

ingsworth & Gilbert, 2010), intelligence testing (Mooneyham & Schooler, 2013), driving (Yanko, 2013) 

and reading comprehension (Feng, Mello & Graesser, 2013), potentially in conflict with our goals and 

search for well-being (Schooler et al., 2014). From that perspective, mind-wandering appears as some-

what of a nuisance, motivating further research that could open up for applications neutralising its down-

sides.

Changing to an evolutionary outlook one would expect that mind-wandering would be, if not an 

oxygen-wasting spandrel considerably frequent in our mental lives (Christoff et al., 2004: Smallwood & 

Schooler, 2006), of some kind of benefit to the participant. ”The high frontal activity suggests that in the 

resting conscious state – unaccompanied by movements, speech or behavioural reactions – the brain is 

active with an anticipatory ’simulation of behaviour’ ”. Ingvar (1979) interpreted his finding as an indi-

cation that the surprisingly high activity in the resting brain was adaptive (Buckner & Vincent, 2007). 

He pointed specifically at the prefrontal cortex, a region strongly related to features such as personality, 

planning and social behaviour (Gazzaniga & Heatherton, 2006). Evidence now suggests that mind-wan-

dering contributes to planning for long-term goals, as well as creativity (Schooler et al., 2014) and pain 

relief (Kuyci, Salomons & Davisa, 2013).

All things considered, mind-wandering is a highly frequent feature of the human psyche. Thanks 

to progress in technology, and research methods validating the so far inevitable self-reporting, mind-

wandering can be studied in a viable way, and results converge on that it has a significant impact on our 

lives. Having its origin primarily in the default network, a rather recently discovered system that self-

generates cognition, is but another reason to be curious about this human condition.

This thesis aims to give an overview of the present status of research on mind-wandering, organ-

ised around the following questions, which also compose the main headlines:

How is mind-wandering defined and manifested?

How is mind-wandering studied?

What is the neurological basis of mind-wandering?

What are the consequences of mind-wandering? 

Finally, a discussion on presented research follows, along with reflections on some of mind-wan-

dering’s general implications and suggestions for future research. 

Now, to put first things first, how is mind-wandering defined? To clarify the phenomenon further 

the following part also presents research on prevalence and content in an attempt to describe the experi-

ence of mind-wandering. 

How Is Mind-wandering Defined and Manifested?

The first fact for us, then, as psychologists, is that thinking of some sort goes on. I use the word 

thinking, in accordance with what was said on p. 186, for every form of consciousness indiscriminately. 

If we could say in English ‘it thinks,’ as we say ‘it rains’ or ‘it blows,’ we should be stating the fact most 

simply and with a minimum of assumption. As we cannot, we must simply say that thought goes on. 

(James, 1890).

As mentioned earlier,  have often been considered a nuisance and it is likely one of the reasons to 

why so little research has been conducted until recently. However, would it not be more appropriate to 

be curious about a process occupying such a large proportion of the human experience? One important 

question would be how mind-wandering is experienced and is it a similar experience to everybody? 

Generally speaking, when mind-wandering, attention turns inward to cognitive processes causing 

a period of decoupled processing; sensory input is processed independently from the internally generated 

representations of mind-wandering (Schooler et al., 2011). This facilitates the integrity of internal in-

formation (Smallwood, McSpadden & Schooler, 2007). Typically, this shift of attention is unintentional 

(Smallwood & Schooler, 2006). 

Moreover, a mind-wanderer quits consciously monitoring the task at hand and proceeds automati-

cally, sometimes resulting in a performance of greater speed (Schooler et al., 2014). 

Finally, mind-wandering means a temporary failure in meta-awareness, as the wanderer typically 

is unaware that he/she has drifted in focus. This unawareness is indicated every time a person shift atten-

tion back to the ongoing task, often mildly surprised of having been ’absent’ (Smallwood, McSpadden & 

Schooler, 2007). 
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So far a general description of what a mind-wanderer does and experience. In the following, an 

attempt will be made to define the term mind-wandering.

Defining Mind-Wandering

Mind-wandering as a scientific definition has its roots in a spectrum of related and often vaguely 

defined terms. Later on in the above-quoted work by James, ”The Principles of Psychology” (1890), 

the expression ”thought goes on” becomes ”the train of thought”. This term expresses the experience of 

how thoughts ceaselessly associate to another thought, and another. Spontaneous thought is a related and 

commonly used term, discriminating between intentional and unintentional thoughts. 

There are several terms indirectly describing and valuing spontaneous thought. Cognitive failure, 

rumination, distraction, repetitiveness, mind lapses and absent-mindedness all implicitly communicate 

how spontaneous thought has been valued when encountered in a variety of research, such as social cog-

nition, goal attainment, self-regulation etc. Accused of being just absent-minded, William James actually 

responded that, on the contrary, he was present-minded, although to his own thoughts. (Baars, 2010). 

Among spontaneous thoughts there are differences to take into account despite similarities (Mar, 

Mason & Litvack, 2011). Thinking ”attentively, repetitively or frequently about one’s self and one’s 

world,” has for example been categorized as repetitive thoughts (Segerstrom et al., 2003, referred to in 

Watkins, 2008) to which mind-wandering belongs, according to Watkins (2008). For an overview of dif-

ferent types of repetitive thoughts, see Appendix. 

Andrews-Hanna et al. (2014) argue that self-generated thought is a term more precise than spon-

taneous thought, and would encompass all thoughts requiring an internal process, intentional or not. The 

term self-generated thought express both mental activity and independence from current sensory stimu-

lation (Andrews-Hanna et al., 2014). Self-generated thought is the term used in the following when the 

context requires a more general term than mind-wandering.

So, having moved from the general to the specific, how should the term mind-wandering be de-

fined? Smallwood & Schooler in their 2006 review proposed the following: ”Mind-wandering means a 

shift of attention away from a primary task toward internal information, such as memories”. At that time, 

several terms were used as if they were interchangeable. Possibly, this indicated that mind-wandering 

was a topic in the periphery of modern psychology, as the terms rather described what it is not than what 

it is. Examples of such terms often used in mind-wandering-related articles are mind pops, zone outs, 

stimuli-independent thought (SIT) and task-unrelated thoughts (TUT) (Smallwood & Schooler 2006). In 

2009, confusion still reigned as Forster and Lavie wrote, ”TUTs or mind-wandering”, implicitly propos-

ing the terms to be interchangeable. Stawarczyk, Majerus, Catale and D’Argembeau (2014) combine two 

common terms to define the third, in their definition: ”the occurrence of thoughts that are both stimulus-

independent (SIT) and task-unrelated”.  However, as pointed out by Smallwood (2010), TUT and SIT 

both have their limitations. TUT only relates to circumstances when a task is at hand, not when resting in 

a functional magnetic resonance imaging (fMRI). fMRI uses the magnetic features of the haemoglobin 

in the blood, manipulated by a temporary magnetic field. As molecules are made to rotate, the scanner 

detects emitted energy and can create an image depicting blood flow, i.e., metabolism due to brain activ-

ity (Gazzaniga & Heatherton, 2009). SIT, on the other hand, puts a temporal aspect on the term stimuli. 

Thoughts related to previous stimuli is defined as mind-wandering although they still are of relevance to 

the circumstances, e.g., the memory of an earlier clue in a detective novel (Smallwood, 2010). 

A recent definition is the first to include the consequences of mind-wandering: “a shift in atten-

tional focus toward unrelated self-generated information at the cost of task-relevant perceptual stimuli” 

(Andrews-Hanna & Smallwood, 2014). Compared to Smallwood and Schooler’s attempt in 2006 pre-

sented above, it offers a distinct clarity and leaves all aspects of content out. At the same time it contrasts 

slightly from a proposal from Smallwood in 2006, mentioning a possible purpose of mind-wandering 

and hence indirect the content: ”a situation in which executive control shifts away from a primary task 

to the processing of personal goals.” Moreover, four years later Smallwood (2010) formulated a defini-

tion at least partially including the content and the origin of mind-wandering: ”mind-wandering is … a 

state that occurs when information generated by the default mode become available to consciousness.” 

All these three definitions have their merit as research on the content, neurological origin and the con-

sequences of mind-wandering are presented below. Until then, further clarification of mind-wandering 

might be achieved by looking a little bit on the side of the term itself.
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Defined by Its Opposites and Relatives

Sometimes the defining of a term can be simplified by describing its opposites and relatives. 

Those words can contrast and clarify the semantic borders of the term. In relation to mind-wandering 

two terms are extra useful: experiential awareness and meta-awareness, at times used with the term 

awareness replaced by consciousness. 

Experiential awareness is the normal mode of awareness as we are on task, ”the normal stream of 

consciousness” (Reichle, Reineberg & Schooler, 2010), the undisturbed mental representation of task-

related behaviour. 

Meta-awareness is the re-representation of our inner experience, enabling us to describe, interpret 

and in other ways define the current or recent state of our mind. Just as with ordinary consciousness, 

meta-consciousness can not be expected to cover all aspects of experience, especially when re-represent-

ing past episodes (Schooler, 2002). What is certain though is that meta-awareness drastically enhances 

the supervision of task-related behaviour compared to mind-wandering (Smallwood, McSpadden & 

Schooler, 2007). In short, meta-awareness is what we enter as we become aware of the fact that we have 

left experiential awareness (Reichle et al., 2010).

Although described here as opposites, mind-wandering and meta-awareness can co-occur, as 

opposed to meta-awareness and experiential awareness. This co-occurrence is experienced while medi-

tating. Then attention is directed towards the spontaneous stream of thoughts, without the intention of 

interfering with it (Blackmore, 2007). During such episodes, the neural recruitment of default and – po-

tentially – executive networks (see chapter on the neural basis of mind-wandering) is less extensive and 

performance is less disrupted. This suggests that mind-wandering is fully taking place only when meta-

awareness is passive (Christoff, Gordon, Smallwood, Smith & Schooler, 2009). Thorough mind-wan-

dering requires total unresponsiveness in all aspects, as acts demanding working memory resources can 

reduce the frequency of task-unrelated thoughts. Working memory is the capacity to retain and manipu-

late information (Gazzaniga et al., 2006).

Studies have shown that even the simplest intentional response has an impact on the rate of 

reports of self-generated thoughts (Smallwood & Schooler, 2006). Hence, mind-wandering is less pro-

nounced when meta-awareness takes place.

It should be noted that a definition of mind-wandering, in comparison to most definitions in 

Watkins (2008) overview (see Appendix) should state that the shift of attention often is unintentional 

(Smallwood & Schooler, 2006). This implies that our entering into mind-wandering, meditation being an 

exception, is only experienced as such as we become aware of our drifting attention. This differs from 

for example daydreaming that can be initiated at will, for example with the purpose of getting away from 

the current situation (Brannigan, Hauk & Guay, 1990). The content of our thoughts, on the other hand, is 

not a viable criterion to decide whether we were mind-wandering or not.

All in all, science lack an established definition of mind-wandering, although some features re-

occur among the definitions proposed above. Derived from these proposals, a definition of mind-wander-

ing would need to encompass at least three aspects: that mind-wandering begins with an unintentional 

shift of attention, from the ongoing task or stimuli, towards internal processes (Christoff et al., 2009); 

that the content of these processes are self-generated and can be of many different types (Baars, 2010); 

and potentially, that the loss of intentional external focus comes with a cost for the task-relevant stimuli 

(Andrews-Hanna et al., 2014). 

Definitions aside, humans mind-wander a lot and experience many different kinds of thought con-

tent while doing so. The next part aims to give an account of the experience of mind-wandering.

How Is Mind-wandering Manifested?

Prevalence. According to verbal reports from undisturbed experimental settings, 15 % to 50 % 

of the participant’s time is spent on mind-wandering (Smallwood & Schooler, 2006). Killingsworth and 

Gilbert (2010) used new consumer technology to get access to normal life situations. Results indicated 

that the prevalence of mind-wandering is even greater in everyday life. 

In the study, 2250 adults (58.8 % men, mean age of 34 years) answered questions randomly asked 

by a smart phone application. ”How are you feeling right now?” was to be answered by grading from 

very bad (0) to very good (100). Next question regarded which of 22 suggested activities the participant 
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was involved in at the moment. Finally, the third question focused on mind-wandering by asking “Are 

you thinking about something other than what you are currently doing?”. Four options were offered to 

the participants: No; Yes, Something pleasant; Yes, something neutral; or Yes, something unpleasant.

The results show that mind-wandering took place during at least 30 % of the time in all of the 

22 suggested activities, except making love. In total mind-wandering occurred in 49.6 % of the samples 

taken (Killingsworth & Gilbert, 2010). 

This figures can be compared to a similar study by Franklin et al., (2013) where 105 participants 

(~68 % female, mean age 23.1 years) also were asked a set of questions from a handheld computer. 68.1 

% of the thought probes were answered, as compared to 81 % in Killingsworth and Gilbert’s study and 

mind-wandering was reported during 26.2 % of all the probes (49.6 %). 

Although Killingsworth and Gilbert’s results indicate a high frequency of mind-wandering in 

nearly all types of everyday activities, there are factors unrelated to the current activity influencing the 

prevalence. Teasdale et al. (1995) found that the practicing of a task correlates with an increase of mind-

wandering. Alternatively, as Teasdale et al. put it, practice leads to less interference between performance 

and production of stimuli-independent-thoughts (SIT). This choice of words originated from the objec-

tive of the study, namely to investigate the relation between production of SIT and executive functions. 

The issue of this relation is included in a later part of the thesis.

In the experiment the participants (n = 32 females) were divided into two groups. One group prac-

ticed on a task pursuing a circling light while the other group practiced remembering digits presented 

from a tape recording. As thought probes were to be made during the test, participants also practiced at 

reporting mind content on a temporally randomized auditory cue from a tape recording. 

During the actual testing, half of the participants did the practiced task first and vice versa. Re-

corded verbal reports were categorized both by an experimenter and an independent judge unknowing of 

the participant’s experimental condition. Statistical analysis investigated the effect between the two prac-

ticed groups; within-participant performance on practiced vs. non-practiced; and performance at the first 

and second round of trails. The last dimension was included to measure effects of small-scale repetition. 

Data revealed that practiced participants showed a decrease of performance during the second round, as 

opposed to non-practiced participants who instead performed better. 

The overall results showed that practice correlated with better performance and more SIT produc-

tion as compared to non-practice, in both the memory task as well as in the pursuit task. In addition, the 

SIT production during the second trial of task performance also increased for both practiced and non-

practiced (Teasdale et al., 1995). 

Teasdale et al.s results, combined with Killingsworth and Gilbert’s (2010) research in everyday 

settings indicate that routines and practice mediate mind-wandering. In addition, Mason et al. (2007) 

found that mind-wandering peaked during visual fixation (= no cognitive demand) as compared to both 

practiced and novel tasks. This would be supportive to the proposal from Smallwood and Schooler 

(2006) that increased cognitive demand lead to decrease of mind-wandering. This proposal has been 

questioned, as McVay and Kane (2009) found that mind-wandering also increased if demands were too 

high for participants with low WMC. 

Here follows a study regarding WMC and the prevalence of mind-wandering, in a similar design 

to Killingsworth and Gilbert’s (2010).

After screening participants for working memory capacity, Kane et al. (2007) applied an experi-

ence sampling methodology. Using a Palm Pilot hand computer, the participants (n = 127, 35 male, 1 not 

identified, ages 17 through 35 years) were asked a set of questions eight times a day for seven days. If 

the participant responded positively on being off-task when a signal sounded, the hand computer asked a 

set of questions related to mind-control as well as the context (see questions in appendix). 

Results showed that persons were mind-wandering at nearly one-third of all probes, although the 

variation was rather large. Also, participants expressed only little surprise regarding that their mind wan-

dered. This indicated cases of intentional off-task focus. 

In relation to WMC Kane et al. found that the rate of mind-wandering in everyday life was unre-

lated to WMC measured in a laboratory setting, all contexts averaged. This similarity between high- and 

low-WMC persons was not found when participants faced a demanding task requiring prolonged con-

centration. Persons with higher WMC mind-wander less, or even nothing, as demands were high. Low-

WMC persons did the opposite during the most demanding tasks, a result in line with previously men-
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tioned study by McVay and Kane (2009).

In addition, Kane et al. found that high-WMC persons mind-wandered more as tasks were easy. 

Finally, no difference could be measured between high- and low-WMC persons when it came to tasks 

experienced as boring, meaningless or unsuitable for the individual. During such circumstances, all 

minds initiated more wandering than otherwise (Kane et al., 2007).

Besides WMC, there are other individual differences that have an impact on the prevalence of 

mind-wandering. In general, young people mind-wander more than elderly. Dysphoric (i.e., subclinical 

depression) persons mind-wander more than others (Smallwood et al., 2004), as negative mood corre-

lates with more off-task mind content (Smallwood, Fitzgerald, Miles & Phillips, 2009). 

In summary, mind-wandering is a highly prevalent phenomenon among humans, although dif-

ferences in mental disposition and the level of cognitive demand influence prevalence. Still, Mason et 

al. (2007) suggests that mind-wandering could be seen as a ”core component of human cognition” and 

might function as a default mode. This mode is left when a person’s attention is demanded elsewhere due 

to stimuli in the external world. Mason et al.s suggestion receives support from the research by Teasdale 

et al. (1995) who’s results show that lesser executive control demand – due to practicing – facilitate more 

mind-wandering. This would imply that as we go on living everyday lives with many routine tasks being 

done over and again, there is plenty of possibilities to mind-wander. But where do we wander? What is 

the content of mind-wandering?

Content. The stream of spontaneous thought is remarkably rich and self-relevant, reflecting one’s 

greatest personal concerns, interpersonal feelings, unfulfilled goals and unresolved challenges, worries 

and hopes, inner debates, self-monitoring, feelings of knowing, visual imagery, imaginary social interac-

tions, recurrent beliefs, coping reactions, intrusive memories, daydreams and fantasies, future plans, and 

more—all of which are known to guide the stream of thought. (Baars, 2010)

The quote above gives a proper picture of the content of mind-wandering according to several 

studies (Andrews-Hanna et al., 2014; Schooler et al., 2014; Mason et al., 2007; Ingvar, 1979). However, 

besides the structure and form of thoughts, they also awake an emotional reaction. Results from the 

previously presented study by Killingsworth & Gilbert (2010) showed that 42.5 % of the time the partici-

pant’s mind wandered to pleasant topics, as compared to unpleasant (26.5 %) or neutral (31 %). This was 

regardless of what kind of activity that was undertaken, making love being the exception. Similar to this, 

participants in the study by Kane et al. (2007) reported that off-task thought content mostly regarded 

everyday things, significantly fewer fantasies, and the least worries.

To further understand the content of mind-wandering, a recent study by Andrews-Hanna et al. 

(2013) brings forth an interesting analysis based on a new paradigm for studying thought content. Al-

though the aim of the study was to investigate the relation between well-being and the content of self-

generated thought, the results give a valuable contribution to the understanding of mind-wandering.

A group (n = 76,  age 18 to 35 years) were asked to recall 36 thoughts that recently had been 

on their mind in everyday life and make a three words description of each. Then they rated the thought 

based on twelve aspects, in the experiment called content variables: self-relevance, value/importance, 

central to self-identity, frequency of occurrence, valence, goal-orientation, emotional intensity, social 

orientation, specificity, perspective taking, imagery, duration of topic or event surrounding the thought, 

temporal orientation and certainty that the event for which the thought pertains occurred or will occur. 

Each variable were further explained by a question with optional answers (e. g. “Detail/specific-

ity: I would characterize this thought as being tied to a highly detailed and specific event.”) or a Likert 

scale.

Statistical analysis revealed that although the thought experience itself varied greatly between 

participants, a number of common themes emerged among the variables. Thoughts were experienced as 

of high personal relevance and moderately social. In addition, they were of moderate value/importance 

and only moderately central to self-identity. In line with the findings by Killingsworth and Gilbert (2010) 

thoughts were mostly of positive valence, yet females reported having more negative thoughts than 

male. Thoughts on average were reported to be of moderate emotional intense, moderately recurrent, and 

somewhat goal oriented. 

Also, 77.4 % of reported thoughts were related to an event and of those 59.8 % was future orient-

ed, and 40.2 % were past-oriented. The thought of event was on average expected to go on for a couple 

of days to a month. Also, 35.7 % of thoughts were not from a first person perspective and in general 
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imagery and specificity were reported as moderate.

Through further analysis, significant relationships between content variables became visible, as 

shown in figure 1 below. High value was attributed to thoughts that were more recurrent, related to one’s 

sense of self-identity and high in emotional intensity. Thoughts rated as personally significant also re-

lated to topics of longer durations while socially oriented thoughts were experienced as more emotional 

intense. Moreover, future-oriented thoughts were experienced as more positive while at the same time 

less specific, while past-oriented thoughts were experienced as more negative (Andrews-Hanna et al., 

2013). 

In general people tend to think prospectively when mind-wandering, but inter-individual differ-

ences have been measured. Individuals with a higher WMC has been shown to mind-wander in a more 

future-oriented way as compared to those with less capacity (Baird, Smallwood & Schooler, 2011). Also, 

having a personal history related to the current event might influence the direction of thought. A study 

from Smallwood, Nind and O’Connor (2009b) showed that the temporal focus of mind-wandering while 

reading a factual text varies in relation to experience. Readers inexperienced in the topic tended to pros-

pect while experienced persons mind-wandered in retrospect, supposedly due to personal associations 

(Smallwood et al., 2009b). 

Other examples of inter-individual differences regarding the content of mind-wandering can be 

found in research on daydreaming. Brannigan et al. (1990) show that individuals who attribute the conse-

quences of their actions to themselves (internal locus of control) spent more time on achievement day-

dreaming than on fear-of-failure daydreaming. Also, there are gender differences as females ”reported 

lower levels of daydreams of a sexual, bizarre-improbable, heroic and achievement-oriented nature” 

(Mar, Mason & Litvack, 2011).

In conclusion, the content of mind-wandering can be found in a wide range of thought types with 

planning the near future and reflecting on social events as two common topics. However, regardless of 

topic they have in common a high personal relevance to the participant and, mostly, the quality of be-

ing prospective and positive in valence. Furthermore, thought content during mind-wandering is a result 

from both personal attitudes as well as circumstances, with one’s gender, sense of locus of control and 

external memory cues as three influential factors.

All things considered; the term mind-wandering has at this point no established definition. Still 

there are aspects agreed upon among several researchers in the field. Mind-wandering means to mentally 

leave the task at hand in favor of internal processes. This shift in attention is normally unintentional, with 

meditation as an exception. As one’s focus is directed – or directs itself – towards the internal world, the 

performance of the task at hand is influenced, generally in a way detrimental to original objectives but 

possibly constructive to personal concerns.

As the content of the wandering mind show such a variety, a definition is likely to be more suc-

cessful without any relation to the content. What can be said though regarding content, is that the mind-

wanderer typically attend to topics of great personal value, often prospective and socially oriented, relat-

ed to an event in the near future reflected upon from a first person perspective. Most of the time thoughts 

are experienced as pleasant, but the person’s mood can alter that ratio in favor of unpleasant topics. What 

ought to be kept in mind is that all research on mental content relies on verbal reports. To counter the 

potential flaws of self-reporting, researchers in the field have adopted different methods. These will be 

reviewed in the following.

How Is Mind-Wandering Studied?

Experimental research in cognitive neuroscience typically tries to control participants’ mental 

processes through a task (Smallwood & Schooler, 2006), while using neuroimaging to contrast on-task 

brain activity from resting state activity (Raichle et al., 2007).  However, establishing the fact that mind-

wandering exists per se is one of the few scientific issues that doubtlessly can be solved through self-

reports based on introspection. Mind-wandering is simply too frequent to be questioned, according to 

(Smallwood & Schooler, 2006). 

At the same time, the nature of mind-wandering has appeared to be too subjective and irregular to 

be approached in the typical way mentioned above (Christoff et al., 2009). So far, research on frequency 

and content of mind-wandering rely on asking people how often and what they experience. Unfortunate-

ly, people in general are incapable of describing what happened at a higher cognitive level. The stimuli, 
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the response it elicited it and the 

connection between the two are 

often ignored. Likewise, when 

asked what they experienced and 

why they behaved in a certain 

way, people make reports ”based 

on a priori, implicit causal 

theories, or judgements about 

the extent to which a particular 

stimulus is a plausible cause of 

a given response” (Nisbett & 

Wilson, 1997). In addition, error 

and bias come as a consequence 

of the participant’s use of au-

tobiographical memory where 

judgments of events in hindsight 

are influenced by the current situation or even by intentional self-censoring. Furthermore, when asked 

questions on the general experience, participants tend to pronounce recent and striking events (Nisbett & 

Wilson, 1997). Due to this weakness of self-reporting, methods have been improved, supporting a grow-

ing acceptance of the validity of self-reports. This has in turn made it possible for mind-wandering to 

become an established scientific field (Schooler et al., 2014). One of the most recent advances regarding 

validation of self-reports is presented by Franklin et al. (2011). They show results indicating that mind-

wandering can be detected externally in experimental setting (study presented below). 

In conclusion, the human inability to report the precise mental dynamics of the moment (Shiff-

man & Stone, 1998; Nisbett & Wilson, 1977) poses a challenge for the study of mind-wandering. This 

asks for methods and non-verbal cues that can complement the inevitable self-reporting. Examples of 

such are biofeedback, behavioural measurements as well as methods for collecting data in everyday set-

tings. Here follows a review of such methods and cues used in mind-wandering research. 

Probing The Mind

How to observe the train of thought without altering it? Self-reports, as mentioned earlier, do not 

give direct access to mind content since they always are formulated in retrospect. However, there are dif-

ferent methods of so-called thought-sampling, useful in different aspects. 

During thought sampling participants are working on a task in an experimental setting (Small-

wood & Schooler, 2006). The experiment design varies on how mind content is classified and when it 

is probed. Research from Kam et al. (2011) can serve as an example of a common design, namely the 

Sustained- Attention-to-Response-Task, (SART). 

Participants fixated on a series of on-screen stimuli and were asked to press a button when targets 

– digits 0 - 9 – appeared. When non-targets were shown – letters – the pressing should be withheld (Kam 

et al., 2011). Typically mind-wandering cause participants to respond faster and more erroneously when 

non-targets appear (Franklin et al., 2011).

If the probe is experimenter-classified, participants are told that probing will occur but are given 

no other information regarding the experimental design. 

In the self-classification probe method, participants are trained to identify a described type of 

mind-wandering. When probed they are asked to confirm whether such mind-wandering has occurred or 

not (Smallwood & Schooler, 2006).

In self-caught thought sampling the participant monitors and reports when mind-wandering is 

occurring. This requires the participant to some degree of meta-awareness, a mnemonic and attentional 

demand that may have an impact on the participant’s performance of the task (Christoff et al., 2004). 

Therefore, self-caught thought sampling is regarded less reliable when it comes to measuring the fre-

quency of mind-wandering. Instead, it provides data regarding the participant’s awareness of mind-wan-

dering (Smallwood & Schooler, 2006). 

In probe-caught thought sampling the researcher interrupts the participant (Smallwood & School-

er, 2006) at unpredictable time-periods (Christoff et al., 2004) to get a report of the state of mind at that 

Fig. 1 Relationships between contentvariables. Relationships between 
content variables were averaged across 76 participants. Higher scores for 
Duration of Topic correspond to thoughts concerning topics or events last-
ing shorter durations. Graphic used with permission from author.
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instant. To allow for mind-wandering, the number of probes are naturally limited (Franklin et al., 2011). 

Fell (2013) suggests that probe-caught (”probe-elicited”) sampling is to prefer to self-caught 

(”self-elicited”) sampling for two reasons: due to the subtle character of mind-wandering it is more diffi-

cult to describe the experience when catching oneself, as compared to being probe-caught. Furthermore, 

if the temporal distribution of mind-wandering vs. meta-awareness is of interest, probing results in a 

more precise measurement (time of meta-awareness ≈ time between probing and response) hence clarify-

ing what is experienced during the resting state and what is not (Fell, 2013). If the participant is made to 

believe that the task at hand is in focus instead of the search for mind-wandering, probe-caught thought 

sampling is ”the most advanced experimental method for studying spontaneous thought to date” (Christ-

off et al., 2004). 

Self-caught or probe-caught, experimenter or participant classified, all can bring subjective re-

ports on both prevalence and content, each with its flaws. These can be countered by use of more objec-

tive measurements, like those presented below.

Cues to Mind-Wandering

By using brain scans, EEG, other technical devices as well as cognitive tasks (e. g. SART, see be-

low), behavioural, physiological and neurological indications of mind-wandering have been established. 

Performance errors (Mrazek, Franklin, Phillips & Schooler, 2013), shifts in gaze duration (Reichle, 

Reineberg & Schooler, 2010) and reaction time (Cheyne, Solman, Carriere & Smilek, 2009) are behav-

ioural changes related to mind-wandering, while pupil dilation, (Smallwood, Brown, Tipper, Giesbrecht, 

Franklin & Mrazek et al., 2011) and heart rate (Smallwood et al., 2004) are physiological dittos. Studies 

using fMRI (Christoff, Gordon, Smallwood, Smith & Schooler, 2009; Gilbert et al., 2006), electroen-

cephalogram EEG (Braboszcz & Delorme, 2011) and event-related potential ERP (Kam et al., 2011) 

show alterations in neural activity. EEG and event-related potential ERP both measures electric activity 

caused by firing neurons (Gazzaniga & Heatherton, 2009).

Moreover, Franklin, Smallwood and Schooler (2011) have shown that the occurrence of mind-

wandering can be detected covertly in studies of mind-wandering during reading. Franklin et al. involved 

49 participants (23 female, 26 male, mean age = 19.2 years) who were asked to read a text encompassing 

about 5.000 words. 28 participants were probed during reading while 21 participants read undisturbed. 

The words in the text had been classified regarding difficulty based on numbers of letters and syl-

lables. Before the experiment, a local and global reading time were measured for each participant. Slow 

and fast reading was then defined as a ratio between the two. 

Words were presented one and one on a screen, and the reading speed was measured as the par-

ticipant pressed a button to see the next word, with a minimum exposure of 150ms.

When a participant was measured reading a text considered difficult ‘fast’, the hypothesis predict-

ed that mindless reading occurred. Probing occurred to 28 participants when the speed indicated either 

on- or off-task behaviour. After the reading participants responded to 23 questions with four suggested 

answers, probing reading comprehension. Results showed that the speed of the advancement of words 

can be used as an indication of ongoing mind-wandering, hence adding another method to validate ver-

bal reports.

In brief, there are a variety of supplemental measurements that can be used to validate, although 

not replace self-reports regarding the prevalence of mind-wandering. In the next follows a review of how 

to acquire qualified reports.

Research in The Field 

Science is trying to describe reality. Hence, human behaviour needs to be studied in the normal 

ecological setting. Ecological momentary assessment (EMA) (Shiffman & Stone, 1998) or experience-

sampling (Csikszentmihalyi & Larson, 1987) is a paradigm measuring behaviour and mental processes 

during every-day life. 

Participants are handed a technical device (lap-top, programmed wrist-watch, beeper, Palm pilot) 

urging them to answer questions at random intervals (Shiffman & Stone, 1998). Depending on questions, 

the device collects data on a wide range of variables, among others frequency and duration of activities, 

social interaction, emotional, conative and cognitive aspects of experience (Csikszentmihalyi & Larson, 

1987) and of course, mind-wandering. These questionnaires are often fairly detailed and gather of a great 
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deal of data useful for factor analysis exposing differences at intra- and inter-individual levels. 

As an example of questions, Smallwood (2004) used parts of Dundee Stress State Questionnaire, 

containing items such as ‘‘I thought about how I should work more carefully’’ or ‘‘I thought about my 

level of ability’’ (on-task related) or ‘‘I thought about personal worries’’ or ‘‘I thought about something 

that happened earlier today’’ (off-task related). Still, questionnaires can not support researchers in search 

of mechanisms, only conclusions at the observational level (Christoff et al., 2004).  

As an example of an EMA, Kane et al. (2007) let participants fill in eight questionnaires a day 

during seven days, noon until midnight. Participants received training to handle the machines and had to 

download gathered data on the second and fourth day. The chance of winning gift-cards was supposed to 

enhance compliance (Kane et al., 2007).  

Depending on the numbers of items and repetition, the results are considered as a representa-

tive sample of the participant’s overall experience. Unfortunately, the advantage of bringing scientific 

research into normal life is somewhat diminished as the methods are expensive and demands quite a lot 

from the researchers as well as from the participants. Carrying and responding to the device at all kinds 

of circumstances is not always appreciated, a fact potentially influencing the response rate as well as the 

group’s composition. These disadvantages are yet considered to counter the upsides of the method, ac-

cording Shiffman and Stone (1998). Moreover, by questioning the participant immediately in the situa-

tion, bias due to retrieval and recall of memories is minimized. As it takes place amidst normal life, EMA 

acquires strong ecological validity as opposed to laboratory settings. Finally, EMA is superior when 

it comes to investigating variables interacting over time. Consequently, EMA offers an opportunity to 

study transient or temporary intense effects in a way summary data does not. (Shiffman & Stone, 1998). 

In short, despite its weaknesses, ecological momentary assessment should be considered a vital tool to 

understand the prevalence the effects of mind-wandering on everyday life.

Studying mind-wandering means to rely on the limitations of human memory and every indi-

vidual’s uniquely subjective experience combined with his or her (dis-)ability to describe mental content 

without interpreting or summarizing it. By using technology such as fMRI, EEG, computerized tests etc., 

chances to distinguish mind-wandering from on-task behaviour are improved. This means the possibility 

of understanding how mind-wandering influences our lives, as well as understanding its origin.

What Is The Neurological Basis of Mind-Wandering?

In general, mind-wandering is defined as a shift of attention from a current task to internal pro-

cesses (Smallwood & Schooler, 2006; Andrews-Hanna et al., 2014; McVay & Kane, 2009). So, from 

logically reasoning, mind-wandering ought to have one of three possible neurological origins. 

Either it originates from the so-called task positive networks (Spreng & Grady, 2010) or execu-

tive resources (Smallwood & Schooler, 2006) that are active to handle the task at hand. This would mean 

that brain regions related to error detection, bodily movement/motor skills, vision, etc. start to produce 

stimuli-independent thought, instead of task-related representations. Since the discovery by Ingvar 

(1979) it has been known that the brain activity during awake rest, when mind-wandering is most in-

tense, is negatively correlated to activity in many of the task positive brain regions, a fact supported by 

several studies (Raichle et al., 2001; Smallwood & Schooler, 2006; Buckner et al, 2008; Christoff et al., 

2009;). This was why the term task-induced deactivation was coined, i.e., when on-task behaviour causes 

certain areas to deactivate. Hence, it seems highly unlikely that executive networks are the neurological 

basis of mind-wandering.

Another option is that mind-wandering originates from a whole other set of brain regions, not pri-

marily involved in task-related performance. Instead, these regions would be significantly active during 

circumstances known to correlate with reports of mind-wandering. In addition, this set of regions would 

need to have the ability to produce thoughts of the kind reported by participants in the previously men-

tioned studies. Finally, the production of self-generated thought needs to enter consciousness during an 

ongoing task, for example by a mechanism facilitating a shift of attentional direction. 

The last option is that mind-wandering originates from a mix of these two kinds of networks, 

which is the topic of the current debate reviewed below (Smallwood 2010; McVay & Kane, 2010). No 

evidence has been presented suggesting that executive resources may play any significant role in the pro-

duction of content during mind-wandering. Instead, executive resources may contribute in the suggested 

goal-oriented aspect of mind-wandering (Smallwood & Schooler, 2006; Andrews-Hanna et al., 2014). 
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Here follows a review of the present research regarding the neurological basis of mind-wander-

ing, starting with the brain regions active when mind-wandering occurs, including the regions observed 

by Ingvar in 1979.

Neurological Activity During Mind-Wandering

Research on mind-wandering and the DN intensified at about the same time as the occurrence of 

the former correlates with the activity in the latter. (Smallwood et al., 2006). The original term default 

mode network expressed the idea that this network showed activity when a person was resting, without a 

task at hand. (Raichle et al., 2007). 

Mason et al. (2007) became one of the standard articles in the field (1010 citations according to 

Google Scholar, 06-08-2014), offering convincing evidence regarding the correlation between mind-

wandering and activity in the DN. Here follows a review of the study.

By first training participants (n = 19, 12 female, age unspecified, all college students) on a visuos-

patial working-memory task, Mason and colleagues created the possibility to measure the frequency of 

SIT (original term) during baseline (i.e., fixation), practiced and novel conditions. 

In the fourth day of training participants reported that the number of thought samples classified 

as SIT varied depending on if the task was baseline, novel or practiced. A larger proportion of SITs was 

reported during the baseline than during both practiced and novel. In addition, participants reported a 

significantly greater proportion of SIT during the practiced task than during the novel, a result supported 

by Teasdale et al. (1995). 

On the fifth day, participants were scanned by fMRI to define the role of the DN. This was done 

by comparing the baseline state to the activity during novel and practiced task. 

It turned out that the recruitment of the DN was greater during periods of frequent SIT (i.e., prac-

ticed task) as compared to periods of low frequency (novel task). No single area within the DN indicated 

greater activity during the novel task. 

This made Mason et al. suggest that the tonic activity observed in the DN during awake resting 

states is associated with mind-wandering. To collect more evidence, Mason et al. went on exploring the 

relationship between the DN and mind-wandering from another angle.

If the increased activity within the DN during low demand tasks represented mind-wandering, 

then the variation of the DNs BOLD activity between the practiced and novel tasks should be related to 

each participants’ individual tendency to mind-wander. BOLD (blood oxygenation-level dependent) is 

a measure of the ratio between oxygenated  and deoxygenated blood, which in turn is influenced by the 

activity in a specific area (Gazzaniga & Heatherton, 2009). 

Contrasted images of ’novel’ on ’practiced’ were voxel-wise correlated to participants’ standard-

ized score on a daydream frequency scale (Imaginal Processes Inventory). 

A significant positive relation was found between BOLD signal changes observed when partici-

pants did the practiced tasks, relative to novel tasks. Furthermore, no significant negative correlations 

could be detected between any default network area and the daydream frequency results. 

In brief, a decrease of cognitive demand correlates with an increase of both DN activity and SIT 

production. Furthermore, self-reported individual differences in tendency to mind-wander correlates with 

the size of BOLD increase during SIT-frequent tasks. 

All this combined provides a set of evidence suggesting that the activity in the DN correlates with 

periods of mind-wandering. Since Mason et al.s study (2007), research has repeatedly provided strong 

evidence for the DN as the primary source of self-generated thought (e.g. Raichle et al., 2001; Buckner 

et al., 2008; Christoff et al., 2009).

If the DN is the neurological basis of mind-wandering, it is necessary that the brain regions within 

the DN have the capacity to produce the content described by participants while mind-wandering. For 

instance, mind-wandering is to a large degree depending on representations of the self (e.g., Braboszcz 

& Delorme, 2010; Schooler et al., 2014), as during the very common activity of mental time travelling 

(Christoff et al., 2009). The neurological correlates are found in the frontal cortex (Wheeler, Stuss & 

Tulving, 1997), where one of the DNs subsystems resides. More of these correlates are needed to be able 

to establish the neurological basis of mind-wandering.

In addition, the interaction between the DN and other networks might bring clarity regarding the 

DNs relation to mind-wandering. This interaction seems to have an impact on the initiation and duration 
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of mind-wandering (Seeley et al., 2007; Spreng, Sepulcre, Turner, Stevens and Schacter, 2013). All these 

issues will be elaborated on in the following, starting with the organisation and function of the DN.

The Default Network

Although the research on the DN is rapidly growing, there are still questions regarding the precise 

anatomy of the network. What has been revealed is that the DN has an internal structure of dissociated 

subsystems interacting via hubs, located along the lateral parietal cortex, the medial temporal lobes and 

the anterior and posterior midline (Andrews-Hanna, Reidler, Sepulcre, Poulin & Buckner, 2010). Al-

though the specific function of each part requires more research (Andrews-Hanna et al, 2014), evidence 

strongly support that the DN holds the capacity needed to produce the content of mind-wandering (e.g., 

Mason et al. 2007). 

A network of subsystems. The default network is functionally divided into two subsystems inter-

acting via a core of two hubs according to Andrews-Hanna et al. (2010) who used functional connectiv-

ity MRI on spontaneous low-frequency fluctuation of BOLD among eleven regions within the default 

network. 

The map of the DN was added further clarity as Yeo et al. (2011) used resting state functional 

connectivity MRI to research the organisation of networks in the human cerebrum. Data from 1.000 

participants was used to discriminate regions that are functionally connected. The results defined the 

DN slightly different compared to Andrews-Hanna et al. (2010). Andrews-Hanna et al. (2014) combined 

results from both studies, and it is this combination that is presented below. 

Furthermore, 526 meta-analyses were done to extract which functions that are related to the three 

main parts of the DN (Yeo et al., 2011). An overview is presented in figure 2. below.

The core of the default network. Although none of the regions defined as part of the DN was com-

pletely isolated from the other regions, two regions, posterior cingulate cortex (PCC) and anterior medial 

prefrontal cortex (amPFC) stood out as they had significant correlations with all other regions. Subse-

quently PCC and amPFC are regarded as the hubs of the network (Andrews-Hanna et al., 2014).

The PCC is part of the limbic lobe, surrounding the corpus callosum in midbrain (Gazzaniga et 

al., 2009). Bordering and connected to many different regions, PCC has a range of functions. For exam-

ple, in experimental settings, activity in PCC has been stimulated  by letting participants make judgments 

of the emotional valence of words, with an increase of activity if those were threat-related. Increased 

activity is also reported in correlation to emotional disorders as schizophrenia and major depression as 

well as Obsessive-Compulsive Disorder (Maddock, Garrett & Buonocore, 2003). This indicates a close 

relationship to cortices inside the limbic system. Some evidence suggests that PCC also contributes to 

direction of attention (Gazzaniga et al., 2009). Retrieval of episodic memories, typically from medial 

temporal lobes, causes PCC to enlighten. Additionally, lesions in the region are associated with amnesia. 

amPFC is associated with self-related processes, as when retrieving personal knowledge, recall-

ing autobiographical memories, simulation of social and future events or reflecting on personal goals. 

Likewise amPFC show activity during decision making in relation to valued or similar persons, such as 

friends or family. In general amPFC is linked to positive emotional processes and reward, yet physical 

pain and threat are examples of negative material engaging the amPFC. Through extensive connectiv-

ity to many different regions amPFC has the potential for integrating information from both internal and 

external processes. Episodic memories in combination with current affect would have the hypothetical 

possibility to create a personal meaning with capacity to guide long-term behaviour (Andrews-Hanna et 

al., 2014).

The functional meta-analyses by Yeo et al. (2011) strengthen these evidence by relating PCC and 

amPFC with processes related to self. In addition, the core also deals with evaluation/emotion and mne-

monic processes shared by the two subsystems.

The distribution of functional connectivity between the remaining nine regions divided them into 

two subsystems named by Andrews-Hanna et al. (2014): the dorsal medial subsystem and the medial 

temporal subsystem.

The dorsal medial subsystem (blue in figure 2). Predominantly situated in the left hemisphere, it 

includes the dorsal medial prefrontal cortex (dMPFC), the lateral temporal cortex (LTC), the temporal 

pole (TempP) and the temporoparietal junction (TPJ). 

Lesion studies supports the suggestion that dMPFC has a major function in processing represen-
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tations including facets of self (Gusnard, Adbudak, Shulman & Raichle, 2001) as well as persons alike 

oneself (Buckner et al., 2008). Moreover, mPFC in general has shown to store self-related information 

and maintain a sense of self due to a local neural system summarising self-descriptive personality traits 

(Gazzaniga et al., 2009).

TPJ receives input from a wide range of sources such as limbic, somasthetic, visual and auditory 

areas and the thalamus. Connections to temporal lobes and the prefrontal cortex go both ways. Being this 

connected makes TPJ an important area for all kinds of processes regarding the self. Consequences from 

damages to TPJ include several disorders such as asomatognosia (unawareness of the condition of one or 

more body parts) and somatoparaphrenia (incorrect beliefs about the body). Moreover, electrical stimula-

tion of TPJ can cause out-of-body experiences (Decety & Lamm, 2007).

According to a meta-analysis by Yeo et al. (2011), the dorsal medial subsystem corresponded 

mostly with social cognition, mentalising, story comprehension and semantic and conceptual processing.

The medial temporal subsystem (green in figure 2). This system includes the hippocampal for-

mation (HF+), the parahippocampal cortex (PHC), the retrosplenial cortex (Rsp), the posterior inferior 

parietal lobule (pIPL) and the ventral medial prefrontal cortex (vMPFC) (Andrews-Hanna et al., 2013) 

The hippocampal formation (HF+) is known for its relation to memory encoding and retrieving. 

Furthermore, HF+ also contributes to spatial navigation, and it has been hypothesized that memories as 

well as locations are stored in hierarchical networks (Milivojevic & Doeller, 2013).

Past and future autobiographical thought, episodic memory and contextual retrieval were abilities 

related to the medial temporal subsystem according to the meta-analysis (Yeo et al., 2011). 

Andrews-Hanna and colleagues (2014) propose that the dorsal medial subsystem enables meta-

reflection on information related to others and self. Moreover, the medial temporal subsystem facilitates 

retrieval of associative information, functioning as building blocks in mental scenes. Finally, the core of 

the DN serves personally relevant infor-

mation (Andrews-Hanna et al., 2104).

In other words, the DN consists 

of a set of brain regions organised into a 

core and two subsystems, although the 

areas defining the network is not defi-

nitely defined. PPC and amPFC form the 

hub as they are intensely connected with 

the other parts of the network. Functions 

related to self, judgements, moral and 

social representations, as well as retrieving 

memories and mentalising, reside in the 

core. 

The dorsal medial subsystem 

shares some functionality with the core, 

but it is the capacity for meaning, lan-

guage, semantics, mental scenarios and 

Fig. 2. The default network A: 
Analysis of eleven DN regions 
during passive rest and active self-
generated task define dorsal medial 
and temporal medial subsystems 
converging on posterior cingulate 
cortex and anterior medial prefron-
tal cortex. The self-generated task 
refers to participants thinking on 
different self- or future-related top-
ics in Andrews-Hanna et al. 2010. 
amPFC: anterior medial prefrontal 
cortex, dmPFC: dorsal medial pre-
frontal cortex, HF+: hippocampal 
formation, LTC: lateral temporal 
cortex, MTL, medial temporal lobe, 
PCC: posterior cingulate cortex, 
PHC: parahippocampal cortex, 
pIPL: posterior inferior parietal 
lobule, RSC: retrosplenial cor-
tex, TempP: temporal pole, TPJ: 
temporoparietal junction, vmPFC: 
ventral medial prefrontal cortex 
(Andrews-Hanna et al., 2010). B: 
The elements of DN as defined by 
resting state fMRI data from 1000 
participants. Differences include posterior lateral prefrontal regions with the dorsal medial subsystem. The supe-
rior part of the angular gyrus is added to the medial temporal subsystem. Reproduced with permission from the 
author (Andrews-Hanna et al., 2014)

Fig. 3. The functions of the DN core and subsystems as a result 
of 526 automated fMRI meta-analyses. DN-areas from Yeo et al. 
(2011) were matched to 526 meta-analytic maps for each term or 
concept. The terms from those 15 meta-analytic maps with the 
strongest correlation for each subsystem are shown in the coloured 
boxes. Reproduced with permission from the author (Andrews-
Hanna et al., 2014).
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story that makes this subsystem unique.

Finally, in the medial temporal subsystem resides capacities related to episodic memory and past 

and future autobiography (Yeo et al., 2011). In addition, there is clinical evidence supporting the propos-

al that the DN encompass the capacities involved in the production of mind-wandering.

First, damages to some of the parts of the DN cause ’mental emptiness’ as well as the absence 

of spontaneous thought and speech. Secondly, the growing of plaques in the DN regions is associated 

with aging and a corresponding decrease of self-generated thought (Mason et al., 2007), although this is 

a question of the debate presented below. Thirdly, diseases with an impact on memory, social skills and 

self-perception such as Alzheimer’s, autism and schizophrenia all correlates with disruptions in the DN 

(Buckner et al., 2008). 

All in all, the DN encompass brain regions with the capacity to produce the content of mind-

wandering of the kind that has been described in several studies (e.g., Smallwood 2006; Killingsworth 

et al., 2010; Andrews-Hanna et al., 2014). Mental time travelling (Christoff et al., 2009)/past and future 

autobiographical thought (Yeo et al., 2011) are capacities within the medial temporal subsystem, as well 

as memory retrieval (Smallwood et al., 2006). The ability to simulate social scenarios (Ingvar, 1979) by 

utilising a theory of mind/mentalization resides in the dorsal medial subsystem. Self-relevance was a 

frequent quality among self-generated thought in the research by Andrews-Hanna et al. (2014), and brain 

regions related to self-representations such as PCC, amPFC form the core of the DN. Similarly, TPJ is 

involved in self-representations. Based on this it seems highly reasonable to describe the DN as the main 

producer of the content of mind-wandering. So now, to clarify how the content of the DN reaches con-

sciousness, the interactions between the DN and other regions are investigated.

The Default Network’s Interactions with Other Brain Regions

The DN interacts with several other brain systems although how and why is to a large degree not 

known and partially the topic of an ongoing debate. Here follows a review of three networks that accord-

ing to Andrews-Hanna et al. (2014) play significant roles in three different aspects.

The dorsal attention network (DAN) is anti-correlated to the DN and interrupts mind-wandering if 

salient external stimuli are detected. Besides, the frontal parietal control system (FPCN) is coupled to the 

DN and relates to goal-directed cognition (Spreng et al., 2013). Moreover, research indicates that during 

activity in the DN, the salience network function to detect salient external stimuli (Seeley at al., 2007). 

The three networks share the similarity of being functionally dissociated with sensorimotor sys-

tems, which could be indicating a significant role in higher cognitive processes (Andrews-Hanna et al., 

2014). But what role does higher cognitive processes play in mind-wandering? Does mind-wandering 

require executive resources or not, or is there another reason to why mind-wandering and on-task behav-

iour seem incompatible? The debate on this topic is reported below, followed by further elaboration on 

DAN, FPCN and the salience network.

Does mind-wandering require executive resources? As the DN was discovered in participants 

resting in PET and fMRI-machines, it could seem reasonable to expect that so-called task positive 

networks (Spreng & Grady, 2010) or executive resources (Smallwood & Schooler, 2006) are at rest as 

the DN activity increases. If so, mind-wandering would not be competing for executive resources. Still, 

several studies have been interpreted as indicating the opposite.

Smallwood and Schooler (2006) argue, in what Feng et al. (2013) call an executive-resources 

hypothesis that mind-wandering recruits executive resources. A main argument for this is the evidence 

that easy or practiced tasks show less interference with the production of mind-wandering (Teasdale et 

al., 1995; Mason et al., 2007). Moreover, low WMC correlate with more mind-wandering (e.g. Kane et 

al., 2007; Rummel & Boywitt, 2014). Smallwood et al. (2006) interpret this as evidence for competition 

for executive resources as the brain has to choose where to allocate WMC, hence the increase of mis-

takes during cognitive tasks. In addition, there is additional evidence supporting the executive resources 

hypothesis.

Mind-wandering decreases with age, a feature it shares with the executive functions mentioned 

in the hypothesis (Christoff et al., 2004). Also, when mind-wandering occurs without meta-awareness, 

which in itself demands executive functions, activity in the DN is most pronounced, including the ac-

tivity in the mind-wandering-relevant regions of the executive system (Christoff et al., 2009). Another 
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example is a test where participants are asked to produce a random series of numbers, a task demanding 

executive function as participants otherwise tend to spontaneously inflict order. Mind-wandering turns 

out to decrease the degree of randomness produced (Teasdale et al., 1995). 

In line with these results, Christoff and colleagues point out three potential explanations on why 

executive functions would matter to mind-wandering (2009). 

Firstly, conflict detection directed towards the content of mind-wandering itself could highlight 

discrepancies between the ongoing situation and personal goals in a general sense.

Secondly, enhanced cognitive control and conflict detection could serve the purpose of returning 

attention to the task at hand. Thirdly, executive resources could enable multitasking, i.e., mind-wander-

ing while simultaneously handling the current task. 

As meta-awareness decreases the magnitude of neural activity during mind-wandering, the first 

alternative seems most plausible, according to Christoff et al. (2009). This would mean that executive 

functions search for discrepancies between one’s life situation and personal goals, a frequent theme in 

mind-wandering. This hypothesis gain support from the fact that areas related to mental imagery and 

creativity, such as dorsal anterior cingulate cortex (dACC) showed more activity in absence of meta-

awareness (Christoff et al., 2009).

However, McVay and Kane (2009 and 2010) oppose the executive-resources hypothesis as they 

find several circumstances where it seems inconsistent. 

First of all, the fact that mind-wandering is initiated unintentionally is in itself hard to combine 

with the idea that executive resources are used. Unintentionality is almost by definition a sign of  absent 

executive control. Smallwood and Schooler (2006) tries to solve this paradox by arguing that thoughts of 

current concern can be triggered by salient external stimuli, but it does not suffices as strong evidence for 

the hypothesis according to McVay and Kane (2010).

Moreover, if mind-wandering relies on executive resources it ought to decrease as the mental 

ability to focus decrease. Nonetheless, research on effects from mental fatigue due to demanding tasks 

or from consumption of alcohol show an increase of mind-wandering during such states, not a decrease 

(McVay and Kane m 2010).

Regarding aging and decrease of mind-wandering, McVay and Kane acknowledge that the execu-

tive resources hypothesis seems plausible. Nevertheless they propose an alternative explanation. Elders 

normally have less and different goals than younger persons, leading to fewer concerns giving cause to 

mind-wandering. Also, in an experimental setting elders experience the environment less stimulating 

than younger individuals (computers, young staff) hence they are less externally triggered to mind-wan-

der. 

Finally, McVay and Kane (2010) suggest that potentially, elders’ responses to cognitive tasks are 

influenced by more self-evaluation compared to a young person’s. The reason would be a higher vulner-

ability to being judged as mentally deficient. This would in turn have a negative influence on perfor-

mance. 

In conclusion, McVay and Kane (2010) see the executive resource hypothesis as incapable of 

explaining the occurrence of several aspects of mind-wandering. Instead, they propose a control-failure 

hypothesis which explain mind-wandering as a consequence of an executive system, temporarily unable 

to preserve the integrity of task-related thoughts. 

According to McVay and Kane (2009) this integrity is mainly based on a person’s WMC, which 

has been shown to correlate with more mind-wandering (Kane et al., 2007; Rummel & Boywitt, 2014). 

McVay and Kane also refer to results by Duncan (1995) who suggests that low WMC correlates with less 

capacity to salient on-task stimuli in focus (referred to in McVay & Kane, 2009).

So, how is mind-wandering initiated according to the control-failure hypothesis? Instead of 

Smallwood’s idea of a surplus of executive resources enabling attention to turn inward, McVay and Kane 

(2010) offer a totally different explanation. 

Sharing the view that mind-wandering often is related to current personal concerns, McVay and 

Kane (2010) argue that control functions work to keep TUTs regarding these concerns out from con-

sciousness. For a thought to becoming accessible to consciousness, it needs to be at a level of construal 

that support the goal-oriented work in progress. This reasoning is based on research by Watkins regard-

ing repetitive thoughts (2008, referred to in McVay & Kane, 2010). 

The term level of construal refers to how concrete the thought is in relation to the current goal. 
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For example, during driving at dusk, thoughts of a violent accident or the final arrival (abstract to the ac-

tual driving) is optimally kept out of consciousness, while active vigilance towards wildlife on the road 

side (concrete to the driving) is allowed to enter. 

According to this view, high WMC regulates the ability to deny access for more abstract thoughts 

during demanding activities, hence benefitting the performance of the task. Mind-wandering then is a 

consequence of a failed regulation of access (McVay and Kane, 2010).

In a response to McVay and Kane, Smallwood (2010) presents an analysis of how well the con-

trol-failure hypothesis is capable of explaining mind-wandering in different circumstances, such as high 

or low cognitive demand. Smallwood points to the fact, that although participants generally are unaware 

of the fact that they begin mind-wandering, they can still report that they do and what content they expe-

rienced. This makes Smallwood argue that  ”…by virtue of being conscious, mind-wandering is always 

globally available to the system and thus consumes (at least temporarily) the information-processing re-

sources necessary for consciousness”(2010).  These resources are, according to Smallwood, categorised 

as executive. In addition and more recently, Andrews-Hanna et al. (2014) present evidence showing that 

WMC is diminished, particularly during prospective visualisation, a frequent event in mind-wandering. 

I short, a potential indication of the competition for executive resources that has been suggested (Small-

wood & Schooler, 2006; Smallwood, 2010)

So, just as the unintentionality of mind-wandering is a challenge to explain for the executive 

resources hypothesis, the global availability of mind-wandering is a similar challenge for the control-

failure hypothesis. As none of the debaters seem to question the existence of these problematic features 

(unintentionality and global availability) as such, the discussion of whether mind-wandering requires 

executive control or not is at least partially a question of definition – what should be counted as execu-

tive? Further research is required as both hypotheses have their merits.

The dorsal attention network. The DN anti-correlates with the dorsal attention network (DAN), 

a brain system supporting visuospatial processing specifically. As activity in the DAN reduces due to 

self-generated thought, perceptual decoupling occurs, i.e., sensory information processing diminishes. 

This leads to a decrease in attention to environmental stimuli, supposedly to enable an undisturbed train 

of self-generated thought (Andrews-Hanna et al., 2014). As this issue concerns the broader function of 

the DN and not strongly relates to mind-wandering, it will not be further elaborated on here. 

The frontal parietal control network. The central areas of FPCN are dorsal lateral prefrontal 

cortex and the anterior inferior parietal lobe, accompanied by rostral prefrontal cortex, the dorsal anterior 

cingulate cortex, the frontal operculum/anterior insula, the precuneus and the posterior inferior lateral 

temporal cortex (Yeo et al., 2011). Its location between the DN and the DAN implies the possibility that 

the FPCN act as a modulator in activating and suppressing the other networks in relation to shifting of 

goal states. As shown in the previous graphic the connectivity is intense, an indication of high level of 

integration (Doucet et al., 2011). 

In a study aimed at clarifying the architecture of the three systems, Spreng et al. (2013) used 

resting state functional connectivity MRI. They found nodes within the FPCN of three types: default 

aligned, dorsal-attention aligned and dual aligned. This was interpreted as if the FPCN interacted both 

separately and simultaneously with the DN and the DAN. In turn,  Spreng et al. suggest that the FPCN 

upholds a flexible balance between the DN and the DAN, hence mediating internally and externally 

directed cognition (2013). If this is correct, the FPCN influences when mind-wandering occurs. Another 

such system is the salience network.

The salience network. The salience network is interesting from a mind-wandering perspective as 

evidence suggests that the network engages in the detection of external salient stimuli relevant to behav-

iour. Seeley et al. (2007) subtracted fMRI activation maps from a resting state functional connectivity 

MRI on 21 participants. They identified a network comprising the dorsal anterior cingulate cortex/par-

acingulate cortex, the orbital frontoinsula, the anterior insulae and the superior temporal lobe, connected 

to subcortical regions. Based on the network components’ capacities to monitor conflict, and interocep-

tive and reward processing, Seeley et al. referred to this as the salience network. 

Furthermore, participants were asked to rate their level of anxiety on a visual analogue scale rang-

ing from 0 (none) to 7 (maximal). Analyses showed a strong relation between anxiety and the connectiv-

ity within the network. 

While recognising that the testing of anxiety was imprecise (answers could refer to both state and 
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trait anxiety), the results combined suggest that the salience network possibly mediates behaviour in rela-

tion to internal and external stimuli, i.e., “paralimbic emotional salience processing” (Seeley et al, 2007). 

Likewise, Bonnelle et al. (2012) studied how participants (25 healthy volunteers and 57 with trau-

matic brain injury, 11 female, mean age 36.7 years, span 18-62 years) were able to inhibit responses in a 

stop-signal test, thus probing the ability to inhibit an already initiated response. The hypothesis was that 

participants with damaged structural integrity between networks would perform less efficient compared 

to healthy participants as the ability to coordinate actions between larger networks was impaired.

The brain activity associated with stop-signal behaviour was measured by fMRI. Damages to 

white matter tracts, i.e., disrupted axonal connections between different networks, was  quantified 

through diffusion tensor imaging, DTI (Bonnelle et al., 2012). As water is known to diffuse in a restrict-

ed way inside axons, DTI measures the weight and motion of that water, thereby creating an image of 

axonal structures (Gazzaniga et al., 2009).

The inhibition required in the stop-signal test demands a shift from relatively automatic to strictly 

controlled behaviour, normally causing suppression of the DN in favour of executive systems. The 

results showed that a similar activation occurred in injured and healthy participants in relation to attend-

ing to the stop signal, as well as during inhibitory response. Differences between the two groups were 

revealed as the DN showed less deactivation during stopping in the injured group. 

Bonnelle and colleagues (2012) summarise that although the result from the stop signal test does 

not offer evidence for a direct connection between the salience network and inhibitory processing, results 

indicate that a functioning salience network is essential to successful regulation of the DN.

In conclusion, research implies that besides the FPCN, the salience network might also be in-

volved in the suppression and allowance of mind-wandering as it turns focus to salient external stimuli 

(Bonnelle et al., 2012). In addition, it seems plausible that the DN is interacting with task positive net-

works, potentially in a competing fashion (Smallwood & Schooler, 2006) as attention can not be con-

sciously directed internally and externally at the same time. 

All things considered, does the DN hold the capacity to be the main neurological basis of mind-

wandering? According to research, the DN comprises regions with the capacity to cause a stream of 

thought described by mind-wandering participants (Andrews-Hanna et al., 2014). Moreover, the systems 

connected to the DN appear to deal with external processes as such (Bonnelle et al., 2012), or the pri-

oritising between internally - externally oriented attention (Spreng et al., 2013). All in all, and while no 

other suggestions has been found, this would imply that the DN is likely the neurological basis of mind-

wandering and access consciousness via interaction with other brain systems.

Consequences of Mind-Wandering

It has been proposed that mind-wandering can be defined as “a shift in attentional focus toward 

unrelated self-generated information at the cost of task-relevant perceptual stimuli” (Andrews-Hanna & 

Smallwood, 2014). Generally speaking, mind-wandering leads to a decrease of task performance re-

garding signal detection, encoding and reading (Forster & Lavie, 2009). Moreover, the external world 

is represented with less detail (Smallwood & Schooler, 2006) and information processing is decoupled, 

meaning that sensory input is kept out of the internal stream of thought (Schooler et al., 2011). 

In short, mind-wandering interferes with performance, although the extent is a topic of debate. 

According to the executive resource hypothesis, mind-wandering recruit task positive regions (Small-

wood & Schooler, 2006) which would explain the increase of performance errors during mind-wander-

ing, for example during SARTs (sustained attention to response test). However, this correlation is ques-

tioned.

McVay and Kane (2009) sought to examine the relation between working memory capacity, goal 

neglect and mind-wandering. Goal neglect is a term referring to when a person fails to maintain goal 

focus during a task. The cause is an incapacity to ignore irrelevant information. The incapacity correlates 

with low general intelligence and damages to the prefrontal cortex. Nevertheless the person can state the 

goal on a direct question (Kane & Engle, 2003). Goal neglect could be seen as an alternative explanation 

to performance errors, besides mind-wandering. 

McVay and Kane tested the 243 participants for working memory capacity. The participants were 

then tested in a SART combining both semantic and perceptual targets, hence causing different cogni-

tive demands as semantic targets involve more executive resources. Moreover, McVay and Kane choose 
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SART as it does not require the participant to intentionally encode or retrieve information and therefore 

differed from most other experiments in the field. Encoding and retrieving could function supportive to 

goal maintenance, based on indicative results from Smallwood and Schooler (2006).

During the SART participants were probed for TUTs (original term) immediately after responses 

and answered by choosing one of six predefined TUT-categories. 

Results showed that mind-wandering participants correctly withheld their responses to stimuli 

42% of the time. As comparison, on-task participants responded 34% of the time incorrectly. The re-

sponse times (RTs) were also much shorter for errors than for appropriate responses, but off-task RTs 

were just a little shorter than on-task RTs. 

In addition, semantic processing did not alter the TUT-production as compared to perceptual 

processing, which would have happened according to the executive-resource hypothesis. Finally, results 

did not support the claim that high cognitive demand always leads to low frequency of mind-wandering 

(Smallwood & Kane, 2009). People with low WMC experienced more mind-wandering, compared to 

high-WMC persons during a demanding primary task.

McVay and Kane find that the differences between on- and off-task behaviour are too small to 

support the idea of mind-wandering as the cause for an increase of performance errors. Instead, McVay 

and Kane argue that mind-wandering and goal neglect are only partially the cause and point to the previ-

ously reviewed control-failure hypothesis.

So, although no-one appears to question that performance is affected by mind-wandering, the 

debate concerning the range of its impact is still to be settled. Nevertheless there are interesting effects 

on performance during mind-wandering, both beneficial and detrimental to the subject.

Mind-Wandering and Reading

Besides causing an internal imagery, reading involves both eye-motor functions as well as text 

comprehension, including interpretations of hints and symbolism. If reading to say a child, voice and 

speech are also involved. Mind-wandering affects all of these aspects but perhaps not in the way one 

would guess.

Compared to on-task reading, lexical differences between words are ignored, causing the reader 

to move equally fast over long and short as well as familiar and unfamiliar words. This is in line with 

results from SARTs where mind-wandering participants respond faster and more erroneous (Small-

wood, 2004). An experiment presented earlier have shown that during so-called mindless reading – here 

treated as synonymous to reading while mind-wandering – the eyes continue to move along the text as if 

the reader were on-task. Unsurprisingly, reading comprehension correlates negatively to the amount of 

mind-wandering (Franklin et al., 2011).

Moreover, reading mindlessly impairs the ability to figure out who committed the crime in a de-

tective story with hints, a reading comprehension deficit at maybe the most complex level. 

Furthermore, mindless reading also distort the way meaning and models are created from a nar-

rative without mystery to the point that the reader fail to detect that the text no longer makes sense. 

(Schooler et al., 2014). 

The tendency to speed up could indicate a decoupling between activity in the motor modalities 

and brain regions dealing with directing attention and encoding. The fact that mind-wandering typically 

correlates with weak reading comprehension add further indications (Schooler et al., 2014).

Additionally, Franklin, Mooneyham, Baird & Schooler (2014) showed results indicating that 

mindless reading is more frequent when reading aloud compared to when reading silent. When reading 

mindlessly, the voice express lower variability and increased volume, which again suggests that atten-

tional decoupling takes place. It might be comparable to when listening with earplugs, which commonly 

leads to an increase in speech volume. This behaviour could imply that mind-wandering can be detected 

from outside and therefore be countered (Franklin et al., 2014), resulting in an increase of reading com-

prehension. 

All in all, mind-wandering is common when reading and has a detrimental effect on both encod-

ing, understanding and expression. 
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 Mind-Wandering and Driving

Besides catching oneself being off-task, driving a car might be the most common experience of 

oneself unintentionally turning attention inwards. Suddenly we have reached a waypoint or destination 

without recalling the distance just passed. Yanko (2013) investigated how mind-wandering affects driv-

ing in an experiment with a driving simulator.

In all the three experiments the participants (n = 17 – 26) were asked to drive along a route of 12 

km. The positioning of the car, its speed and distance to one other car in the simulation were measured. 

The first experiment measured differences in RT between drivers to which the route had been 

made familiar and a group of drivers new to the route. RT was measured in relation to drivers’ reactions 

to central events (e. g., the car in front brakes) and peripheral events (a woman in a red dress appears on 

the roadside). The participants were instructed to press a button when the woman was detected. If she 

entered the driveway, participants were told not to avoid collision. 

Results showed that familiar drivers reacted faster on central events but slower on peripheral, as 

compared to unfamiliar drivers. They also drove with less distance to the pace car, which all participants 

had been instructed to follow to maintain a steady pace. 

In a second experiment, Yanko instructed drivers to keep a speed of 72 km/h while the pace car 

now was programmed to maintain a distance of 30 m. The central event was a sudden brake by the pace 

car, decreasing speed to 30 km/h and then accelerating back to 30 meters ahead again. Apart from that, 

peripheral events were as in experiment 1. 

Collected data showed that familiar drivers still responded slower than unfamiliar drivers to 

peripheral events. What was less expected was that RT for central events increased by about 20 % for 

familiar drivers. Yanko regards this as an implication that the reduced RTs in experiment 1 was due to 

the short distance to the pace car maintained by familiar drivers.

In the third experiment Yanko tested the hypothesis that increased cognitive demand correlates 

with a decrease of mind-wandering. If this is correct, familiar drivers ought to respond faster than in pre-

vious experiments, possibly indicating less mind-wandering. Therefore, drivers were instructed to main-

tain a speed of 72 km/h. If the speed varied outside an interval of 65-75 km/h, one of  two tone signals 

were presented indicating a need to speeding up or down. 

During these conditions the differences between the two groups decreased, a result indicating that 

more intense attention towards the primary task causes less off-task attention for familiar drivers. 

Interesting to note is Yanko’s comparison to behaviour during dual-tasking and driving, where 

research shows that velocity usually decreases and headway distance increase (Yanko, 2013 referring to 

e. g. Chaing, Brooks & Weir, 2004 respectively Strayer & Drews, 2004). This could be compared to the 

tendency to increase reading speed when mind-wandering (Franklin et al., 2013) or shortened RT in rela-

tion to erroneous responses on SART (Schooler et al., 2004).

All in all, route-familiarity seems to mediate mind-wandering, just as practicing has been done 

(Teasdale et al., 1995; Mason et al., 2007). In a driving context, mind-wandering correlates with shorter 

headway distance and longer RT to peripheral events (Yanko, 2013), increasing the risk of collision.

Mind-Wandering, Mood and Affect 

In addition to the indirect consequences of decreased performance, mind-wandering has implica-

tions for personal well-being as it influences mood and affect. Mood refers to a longer lasting emotional 

valence while affect is more temporary, often related to the subjective experience of goal-achievement 

(Blackmore, 2007). 

Killingsworth and Gilbert (2010) gathered and analysed samples from 2250 individuals in the 

U.S., showing several interesting results, albeit some of them are questioned by other data. The experi-

ment has been described in the chapter How is mind-wandering experienced?

First, people reported to be less happy when mind-wandering than when not, including during the 

least enjoyable activities. The thought content, although mostly positive, made little impact as pleasant 

topics did not cause higher happiness ratings than being on task (Killingsworth & Gilbert, 2010). 

At the same time, Franklin et al. (2013) found other results. Participants rated episodes of mind-

wandering on topics considered useful at the same happiness level as when being on-task. In addition, 

mind-wandering episodes with interesting topics were rated happier than on-task episodes. Likewise, 
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results from daydreaming research indicate that depending on which individual a person dream about, 

life satisfaction can be influenced in a negative or positive way (Mar et al., 2012). 

Secondly, analyses propose that mind-wandering rather was the cause for unhappiness than vice 

versa (Killingsworth & Gilbert, 2010). Results indicating that minor lapses of attention, as short as tens 

of milliseconds, causes subjective experiences of boredom, supports this proposal. Individual differences 

regarding proneness to boredom and capacity for mindfulness play a role here. (Cheyne, Carriere & 

Smilek, 2006). 

The idea of boredom due to mind-wandering is interesting as negative mood is also known to 

cause mind-wandering (Schooler et al., 2014). It seems as if mind-wandering can be initiated by unpleas-

antness as well as sustain it.

Finally, variance in between-person differences regarding mood was explained to 3.2 % of what 

people were doing, compared to 17.7 % for what people were thinking (Killingsworth & Gilbert, 2010). 

In addition, results from Baars (2010) show that self-generated positive thought predicts life satisfaction, 

a personal judgement of life based on a subjective set of criteria (Pavot & Diener, 1993). This would 

suggest that mind-wandering has potential to cause mood and affect experienced as both positive and 

negative. 

All things considered, mind-wandering seem to influence well-being to a great degree, although 

individual differences and mind content has a great influence on whether this influence is regarded posi-

tive or negative (Mar et al., 2012). In general, prospective thoughts are considered positive  and they 

comprise a large proportion of all mind-wandering (Baird et al. 2011). Is it planning that goes on?

Mind-Wandering and Planning

A frequent proposal for the adaptiveness of mind-wandering is that the dreamer engages in it as a 

long-term goal-oriented behaviour (Mason et al., 2007; Bar, Amin off, Mason & Fenske, 2007; Schooler 

& Smallwood, 2006), to create and adjust plans for the future (Schooler et al. 2014). The general goal for 

this striving is suggested by Klinger’s (1987) concept of current concerns. This states that all organisms 

constantly strive towards goals relevant to their existence in a wider sense, although they are not thinking 

about it every day. Such ’sub-conscious’ goals would grant mind-wandering a purpose of great value and 

at the same time explain its high frequency. 

Further evidence supporting the idea of mind-wandering as a planning function is provided from 

Baird et al. (2011). In the experiment (n = 47, age range 17 – 32 years) the participants’ WMC were 

measured with an OSPAN (operation span) test. 

In short, during an OSPAN-test participants are required to alternate between memorising and 

recalling a series of letters and verifying the accuracy of a mathematical equation. The time limits are 

automatically individualised by a computer so that participants are forced to calculate the mathematics 

instead of rehearsing letters. The test scores are based on the ability to recall the letters in the correct 

order.

In the next step, participants were asked to view a screen showing one digit at a time and respond 

whether it was even or odd by clicking a computer mouse. At random intervals, participants were probed 

via a text appearing on screen: ‘‘Please describe anything in your stream of consciousness in the mo-

ments prior to the probe.’’ Four independent judges later categorised the probe regarding focus (on-/off-

task), temporal direction (past, present, future) as well as the thoughts general dimension (self-related, 

goal-directed). Thoughts about one’s performance were considered on-task.

Results showed that for off-task thoughts, 48 % were future-oriented, 12 % past-oriented while 29 

% were future-oriented. For on-task 74 % were present-oriented but only 3 % future-oriented (Baird et 

al., 2011).

Baird et al. interpret this as the majority of mind-wandering is prospective and often contains 

autobiographical planning, ”the anticipation and planning of personally relevant future goals”. This ten-

dency turned out to be even stronger among those rated as high-WMC (Baird et al., 2011).

Altogether, there is evidence indicating that mind-wandering has a supportive function to the 

achievement of personal goals, although it happens without explicit control. Smallwood (2010) suggests 

that this capacity support managing multiple goals in life. If so, it would only be one of the beneficial 

processes going on during mind-wandering. Creative thinking is another.
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Mind-Wandering and Creativity

As mentioned earlier, ADHD correlates positively with mind-wandering (Forster & Lavie, 2009) 

but also with higher test scores on creativity as well as assessments of achievements in the creative arts 

(Schooler et al., 2014). Does this indicate that mind-wandering plays a constructive role for creativity? 

Working with intense focus on a problem is likely to disrupt creativity (Schooler et al., 2014), 

while taking a break and engage in an undemanding task has proven to support problem-solving. The un-

demanding task function as a substrate for mind-wandering, possibly providing resources for a problem-

solving process outside awareness, something a no-task break or a demanding task prohibits. However, 

the enhanced creativity is related only to the current task, not just any problem. In other words, a goal-

oriented, creative process potentially takes place during mind-wandering (Baird et al., 2012). Further-

more, this implies a positive correlation between mind-wandering and creativity, which is supported by a 

result from Baird et al. (2012). 

Participants were tested with the unusual use task in which they within a time-limit are requested 

to suggest as many ways as possible to use an object. The scores were compared to scores acquired from 

the daydreaming subscale of the Imaginable Processes Inventory, measuring a person’s tendency to 

mind-wander in everyday life.

Results indicated that individuals who spend comparatively more time mind-wandering in their 

daily lives also are more creative in general (Baird et al., 2012).

In conclusion, mind-wandering is a catalyst for problem-solving outside consciousness and corre-

lates with a strong capacity for creativity in general. And just as creativity can be used to leave a boring 

present, evidence suggests that mind-wandering also could be beneficial for people in pain.

Mind-Wandering as an Escape

Mind-wandering has until recently been valued as useless; a notion expressed in terms such as 

TUT, mindedness-mindedness and alike (Baars, 2010). Now the ability to leave the present is rather 

understood as adaptive in regard to both cognitive as well as physical discomfort (Kucyi, Salomons and 

Davis 2013; Schooler et al., 2014). 

The prevalence and content of mind-wandering differs between and in individuals, depending on 

context, age, mood, WMC and gender (e.g., Smallwood et al., 2009a; Teasdale et al., 1995; McVay & 

Kane, 2009; Mason et al., 2007; ). In addition to this, some people seem to have neurological advantages 

as their mind-wandering can relieve them from pain.

In an experiment Kucyi, Salomons and Davis (2013) studied participants’ tendency to mind-wan-

dering during induced pain in relation to the structural and functional connectivity between the DN and 

pain-modulating brain systems.

Evidence was found that the DN was activated during mind-wandering away from pain. In ad-

dition, significant interaction took place between the DN and the periaqueductal gray (PAG), an opiate-

rich region with ability to suppress pain. Moreover, individuals prone to mind-wandering have stronger 

connections between the two regions. Nevertheless, as research on the relation between the DN and the 

pain-modulating brain systems is scarce, Kucyi et al. refrain from claiming that the DN actually causes 

pain relief. To do this, participants would have to be asked to rate the pain. This was not done as it was 

assumed to influence the tendency to mind-wander. Still, mind-wandering might have the potential to of-

fer pain relief, depending on biology and the current medical case (Kucyi et al., 2013).

Much less detrimental to well-being but still unwanted, boredom is also part of life. As previously 

mentioned, mind-wandering on pleasant topics can enhance positive mood. From an evolutionary per-

spective, this can be seen as an adaptive aspect of mind-wandering. When occupied with a necessary yet 

tedious task or event, mind-wandering is initiated to enhance persistence. 

Preliminary support of such a relationship was found in an experiment (Baird, Smallwood, & 

Schooler, 2010, referred to in Schooler et al., 2014) where participants were given a boring task dur-

ing 45 minutes, designed to facilitate mind-wandering. Before and after the task participants rated their 

mood. The comparison between the ratings showed a drop, i.e., people rated themselves as less happy 

after the tedious task. However, there was a positive correlation between mind-wandering and mood, 

indicating that boredom was relieved as participants turned attention away from the current external situ-

ation (Schooler et al., 2014).
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Besides making a boring situation more entertaining by attending to internal musings, relief can 

be found by increasing the perceived time. This is what happens during mind-wandering as compared 

to both objective durations and on-task estimates. In other words, mind-wandering makes it possible to 

fast-forward during a boring situation.

To summarise, mind-wandering support the ability to persist events that are unable to cause sat-

isfying external stimulation. In addition, there are indications that mind-wandering might activate pain-

relieving brain systems. In both cases disturbing or unsatisfying stimuli are replaced by more intriguing 

internal processes.

In conclusion, mind-wandering correlates with several consequences. Driving mindlessly leads to 

less safety as distance to the car in front shrinks. Similarly, reading with our attention off-task has a detri-

mental effect on encoding as well as understanding both straight facts, as well as more complex patterns. 

In the worst case readers hardly notice if the text lack all sensible meaning. Moreover, being on-task has 

shown to be the best choice if a good mood is desired, although mind-wandering prospectively about 

positive topics generally is a positive experience as well. In addition, mind-wandering benefits the plan-

ning of personal goals and correlates with creativity defined as the ability to come up with many associa-

tions. Finally, evidence suggests that mind-wandering might serve as a pain relief as well as a mean to 

escape from boredom. 

All in all, mind-wandering is a phenomenon with a significant impact on people’s lives and hence 

a well-being factor to be taken seriously.

Discussion

The aim for this thesis has been to present an overview of current research on mind-wandering 

regarding its definition, how it is experienced and studied, its neurological basis and its consequences. 

Below is a brief review and discussion of the mentioned issues. Thereafter some overarching reflections 

and suggestions for future research, followed by a conclusion.

Mind-wandering as its own topic of research is comparatively new and gained momentum around 

the break of this millennium (Schooler et al., 2014). This can be seen as peculiar since the phenomenon 

as such is hard to deny even without objective measures (Small et al., 2006). Possibly the difficulty of 

studying mental states are one reason mind-wandering never awoke the interest among established scien-

tists. Another reason could be the notion that the study ‘mindedness-mindedness’ has no value compared 

to explicit goal-oriented behaviour (Baars, 2010).

This changed as new technology made it possible to measure brain activity. In the first stage, PET 

made resting brain activity visible, attracting the interest of neuroscientists of the late 1970’s and 1980’s 

(Ingvar, 1979). As fMRI developed, scientists collected more detailed evidence showing that reported 

mind-wandering correlated with activity in a specific, previously unknown network. This resting-state 

activity was assumed to correspond to a default mode. Hence, the term default mode network was 

coined. However, as the term mode could imply a passive state it was dropped (Raichle et al., 2007). At 

the same time new studies confirmed the now common hypothesis that the content of mind-wandering 

originates from the default network (DN) (Raichle et al., 2001; Mason et al., 2007; Buckner et al., 2008; 

Christoff et al., 2009). 

With more than 355 articles written since year 2000, a definition of mind-wandering is still to  

be established. Initially, terms were imported from research with on-task behaviour in focus, such as 

task-unrelated thoughts, stimuli-independent-thoughts and zone-outs. After more than a decade there 

are several definitions proposed, sometimes stressing either content (memories), source (default mode), 

consequence (comes at the cost of task-relevant perceptual stimuli) or purpose (processing of personal 

goals) (Smallwood et al., 2006; Smallwood 2010; Andrews-Hanna & Smallwood, 2014). These differ-

ences reflect the fact that the purpose and consequences of mind-wandering is not entirely agreed upon 

within the science community. Especially the latter is part of the debate referred to earlier (Smallwood 

2010 vs. McVay and Kane 2010) regarding whether mind-wandering consumes executive resources such 

as WMC. If so it causes performance errors, otherwise not (McVay and Kane, 2009). 

Nevertheless, among these and other proposals there are common features to take into account 

when defining mind-wandering. First of all, the term refers to a shift of attention from an ongoing task 

towards self-generated thoughts. Secondly, this shift is unintentional. Thirdly, external stimuli are pro-

cessed at a un-conscious level causing deficits in perception in relation to the current task. These criteria 
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leave room for the variety of thoughts that mind-wandering encompass (Baars, 2010; Andrews-Hanna et 

al., 2013), as well as the spectra of emotional valence that is experienced (e.g., Killingsworth & Gilbert 

2010; Andrews-Hanna et al., 2013; Franklin et al., 2013). Furthermore, a definition ought to express the 

content-neutrality that is essential to mind-wandering and maybe its almost unique feature compared to 

other respective thoughts (Watkins, 2008).

When it comes to prevalence results vary greatly depending on environment and number of par-

ticipants in the study. In undisturbed experimental settings 15- 50 % has been suggested (Smallwood & 

Schooler, 2006) while EMA-studies facilitated by mobile electronic equipment give a range of about 25 

(n = 105) to 50 % (n = 2250) (Franklin et al., 2013; Killingsworth & Gilbert, 2010). This big difference 

is difficult to explain based as the experimental design was very similar, except for sample size and the 

recruitment of participants. 

Killingsworth and Gilbert created an application that contacted people through their iPhones. 

Not only did it given them access to many people (smart-phone owners) in all walks of life and of many 

nationalities, participants were already experienced and used to the probing device which should lead to 

few failed or disturbed probes. 

This differs from the smaller study (Franklin et al., 2013) where only 105 persons participated, 

all recruited from a campus area. In addition, they had to remember the handheld computer asking the 

questions. This could influence the tendency to mind-wander as even small cognitive demands and meta-

awareness have shown to decrease the frequency of mind-wandering (Smallwood & Schooler, 2006; 

Christoff et al., 2009). 

Another difference between the two studies is that Killingsworth and Gilbert did not offer any 

reward. Instead participants voluntarily joined the study via a webpage. It is likely that those who choose 

to participate were intrinsically motivated to do so. In the case of Franklin et al., a monetary reward was 

offered, indicating an expectation of less personal interest among the participants. 

All this combined could at least partially explain the higher rate of mind-wandering responses in 

the larger study. Also, there are a natural fluctuations of prevalence of mind-wandering. 

In situations requiring mental effort the level of working memory capacity (WMC) is negatively 

related to mind-wandering (McVay & Kane, 2009; Mrazewk et al, 2012; Rummel & Boywitt, 2014) as 

low-WMC persons mind-wander more during difficult tasks as compared to high-level WMC persons 

who instead wander comparatively more during easy tasks (Andrews-Hanna et al., 2013). Equally, peo-

ple tend to mind-wander more during practiced tasks (Teasdale et al., 1995; Mason et al., 2007).

Other factors facilitating mind-wandering are dysphoria (Smallwood et al., 2009), external stimuli 

and age as youth correlates with more mind-wandering (Smallwood et al., 2004). The latter has been 

related to a general decrease of mental ability as aging proceeds (Smallwood & Schooler, 2006). Yet it 

has been proposed that the latter is due to experimental circumstances where older people might be less 

triggered and/or more self-conscious than younger persons If so, this would suppress the capacity to 

mind-wander (McVay & Kane, 2010).

The stream of thought has proved to show a great variety of content (Baars, 2010). In general 

mind-wandering is pleasant, highly self-relevant and to a large degree experienced from a first person 

perspective. Proposed to be mental simulations (e.g., Ingvar, 1979), self-generated thoughts are often of 

a social character typically involving events in the near future. (Andrews-Hanna et al., 2013; Franklin et 

al., 2013). Emotional intensity and long duration seem to  indicate that a thought is of high value to the 

subject. The temporal direction is mostly future oriented although retrospection is not at all uncommon, 

although perceived as less positive of the two (Andrews-Hanna et al., 2013). The tendency to prospect 

correlates with high WMC (Baird et al., 2011) but can also be countered by external stimuli causing ret-

rospective associations (Smallwood et al., 2009b). 

Furthermore, there are gender differences as females tend to experience more negative thoughts 

than male (Killingsworth & Gilbert, 2010). On the other hand, male engage in more sexual, fantastic 

and achievement-oriented content (Mar, Mason & Litvack, 2011). It seems intuitive to wonder if these 

differences are somehow related to differences in expectation on the two genders. No conclusions can 

be drawn at this point though. What can be said though is that research regarding the content of mind-

wandering points in the same direction. Still there are differences when it comes to the proportion of 
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specific emotional valence and the temporal directions (Andrews-Hanna et al. 2013 compare with and 

Baird 2011; Killingsworth & Gilbert 2010 compared to Franklin et al., 2013). Potentially based in the 

design of questions and the classification of responses, causes to these differences could also be sought 

in the general circumstances during which research was done. For example, does temporary national or 

international crises influence the content and prevalence self-generated thoughts? It seems plausible ac-

cording to presented results. Likewise, what about living conditions such as safety, both economical as 

physical. What impact do these factors have when comparing an international sample of participants to a 

homogenous group of individuals recruited from a U.S. campus? Threatening situations cause negative 

stress, which in turn should be expected to lower the mood and hence influence mind-wandering. To find 

out more, future studies should seek correlations between such factors. 

The study of mind-wandering can be generalised into three basic approaches. 

First, scientists measure the occurrence and content of mind-wandering in relation to a variety 

of cognitive demands, typically by mixing standard cognitive tests (e.g., OSPAN, SART) with thought 

probes, i.e., self-reports and experimenter-classified questionnaires (Teasdale et al., 1995). 

Secondly, to collect data from everyday life mind-wandering is studied by ecological momentary 

assessments or experience sampling. Typically this includes answering questions probed by an electronic 

device (Killingsworth & Gilbert, 2010; Franklin et al., 2013).

Thirdly, the final source of data is verbal reports based on introspection and self-classifications of 

mental state and content (e.g., Andrews-Hanna et al., 2013). Here lies one of the challenges of today’s 

research, as self-reports are known to be more or less inaccurate due to contaminated memories, ten-

dency to be influenced by present but irrelevant stimuli, self-censoring etc. (Nisbett & Wilson, 1977). 

To counter this, additional measures are made during experiments. Performance errors (Mrazek et al., 

2013), pupil dilation (Smallwood et al., 2011), heart rate (Smallwood et al., 2004), shift in gaze duration 

(Reichl et al., 2010) and most recently, reading speed (Franklin et al., 2013) are examples of externally 

observable biofeedback and behaviour that can validate the participants’ reports. Naturally fMRI, EEG 

and similar conventional neuroscience technology are also used in this aspect (e.g., Christoff et al., 2009; 

Kuyci et al., 2013). 

Despite the weakness of self-reports, there is to be a firm consensus that proper research can be 

done based on these premises. Moreover, as posed by Smallwood and Schooler (2006), the existence of 

mind-wandering as such is too obvious to require anything else than self-reports as scientific proof.

A vast collection of resting state data were gathered when PET and fMRI came into use showing 

that the brain hardly decreased its metabolism when participants spontaneously turned attention inwards 

(Raichle & Snyder, 2007). Today it has been established that such activity originates from the DN and 

produce the content of mind-wandering (Buckner et al., 2008; Mason et al., 2007; Christoff et al., 2009).

The DN is organised as a core with two subsystems. The core encompasses the posterior cingulate 

cortex (PCC) and the anterior medial prefrontal cortex (amPFC), both having extensive connections to 

the other parts of the DN as well as other brain regions. Their capacities combined facilitate self-related 

representations, episodic memory retrieval, integration of internal and external information and possibly 

the creation of personal meaning.  In addition, the core organise aspects shared by the two subsystems, 

such as evaluation, emotion and mnemonic processes (Yeo et al., 2011; Andrews-Hanna et al., 2013).

The dorsal medial subsystem encompasses dorsal medial prefrontal cortex (dMPFC), the lateral 

temporal cortex (LTC), the temporal pole (TempP) and the temporoparietal junction (TPJ) and is primar-

ily based in the left hemisphere. 

Regarding the capacities of the subsystem, Yeo et al.s (2011) results differs slightly from other’s 

(Gusnard, Adbudak, Shulman & Raichle, 2001; Buckner et al., 2008; Gazzaniga et al., 2009; Decety & 

Lamm, 2007). According to Yeo et al., the dorsal medial subsystem corresponds primarily with social 

cognition, mentalizing, semantic and conceptual processing and story comprehension. Other studies 

show evidence that the TPJ and dmPFC are related to representations of self. One potential reason for 

this could be that the self as such has in comparison to more task-related aspects not attracted much at-

tention until recently. If so, the studies analysed by Yeo et al. simply did not use self as a term, although 

self-representations is likely to be included in the mentioned social cognition and maybe also in mental-

ising. However, the dorsal medial subsystem has been proposed to facilitate meta-reflection on informa-
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tion concerning others and self (Andrews-Hanna et al., 2013).

The other subsystem is the medial temporal subsystem, including the hippocampal formation 

(HF+), the parahippocampal cortex (PHC), the retrosplenial cortex (Rsp), the posterior inferior parietal 

lobule (pIPL) and the ventral medial prefrontal cortex (vMPFC) (Yeo et al., 2011). 

Results indicate that the regions involved have the capacity to retrieve associative information 

that construct the environment of mental scenes (Andrews-Hanna et al., 2013). In conclusion, the DN 

can produce the content of mind-wandering, such as judgement, visualisation, semantic understanding, a 

notion of self and social scenarios (Mason et al. 2007). Furthermore, clinical research adds more support 

as damage to the DN causes deficits in the above capacities on a general level (Mason et al.,2007; Buck-

ner et al., 2008). All this supports the idea of the DN as the origin of mind-wandering. Still the core and 

the two subsystems do not provide any explanation of how or when mind-wandering is initiated. Instead, 

these mechanism is found within the interaction between the DN and a series of networks. 

The DAN maintains visuospatial processing and correlates negatively with the production of 

self-generated thoughts. This means that the processing of sensory information diminishes, possibly to 

maintain the integrity of the stream of thought (Andrews-Hanna et al.,2014). What is interesting is the 

possibility of a mechanism that facilitate an undisturbed stream of self-generated thoughts. If evolution 

has resulted in such protection, it could support the idea that mind-wandering is an adaptive process. 

Another system connected to the DN is the FPCN. It  also connects to DAN, and it is proposed to 

be mediating externally and internally directed attention (Spreng et al., 2013). If so, the FPCN is one of 

the regulating factors behind the occurrence of mind-wandering.

The salience network has the capacity to inhibit activity in the DN based on salient external 

stimuli (Seeley et al., 2007). According to Bonnelle et al., (2012) this capacity is needed for a person to 

refrain from the automated behaviour caused by activity in the DN. This could be seen as the opposite of 

the mechanism described in relation to the DAN. The salience network seems to disrupt the integrity of 

self-generated thought, hence directing the attention to important external information. In combination 

the DAN, the FPCN and the salience network provide at least some of the structures regulating the oc-

currence of mind-wandering. Alternatively, the prioritising of attentional direction.

The topic that causes the most intense debate within the field of mind-wandering is whether ex-

ecutive resources – often synonymous to WMC – are recruited during mind-wandering. The question is 

most relevant in relation to the consequences of mind-wandering, but it also relates to the adaptiveness 

of the phenomenon.

If WMC is consumed during mind-wandering it is the likely reason to the performance errors 

found in many studies (e.g., Teasdale et al., 1995; Mason et al., 2007; Yanko 2013; Franklin et al., 2013 

& 2014). On the other hand, if WMC is not required for mind-wandering there are other reasons to be 

found. The arguments of the primary opponents (McVay and Kane, 2009 & 2010, vs. Smallwood 2010) 

have been presented earlier, here follows a discussion.

If global availability equals the use of executive resources, as Smallwood claim (2010), the ques-

tion at its most general level is answered. Yet, McVay and Kane do have a valid point when arguing that 

the executive resource hypothesis (ERH) (Smallwood) fail to explain the increase of mind-wandering 

during mental fatigue or alcohol consumption. In addition, ERH does not take into account the results 

indicating that low-WMC persons mind-wander also during cognitively demanding tasks (Kane et al., 

2007).

At the same time, the control-failure hypothesis (CFH) appears less complete when it comes to 

explaining the mechanisms behind disrupted attention. While ERH attributes the occurrence of mind-

wandering to a surplus of WMC, the CFH explains that the control of attention fails, the individual 

suffers from goal-neglect, and all this correlates with low WMC. There is no suggestion regarding what 

or why the integrity breaks, neither in general nor at the specific moment. Moreover, and what could be 

seen as the strongest argument against CHF is that if mind-wandering is a result from a failure then it can 

not be adaptive. In this regard, the ERH offers a more intuitive reasoning and is the most likely hypothe-

sis. Also, according to the number of names on articles explicitly in the debate, Smallwood’s ERH seems 

to gather the most support at the time.

The consequences of this integrated, self-generated brain activity are manifold. Automated behav-
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iours appear in familiar circumstances such as driving (Yanko, 2013) or other practiced tasks, correlat-

ing with an increase of performance errors (Teasdale et al., 1995; Mason et al., 2007). The capacity to 

understand written text is also decreased during mind-wandering, both at a complex and concrete level 

as (Franklin et al., 2013; Schooler et al., 2014). What might come as more of a surprise is the fact that 

mind-wandering is more prevalent when reading out loud as compared to silent reading (Mooneyham et 

al., 2014), causing the readers vocal expression become louder and less variable. This is another example 

of decoupled processing, as mind-wandering has become the focus.

So far mind-wandering seems to be an undesired condition, but not always so. In regard to mood, 

mind-wandering can enhance a positive or negative mood, depending on the topic and temporal direc-

tion.  Still, opposing results have been presented, showing that in general people are less happy or just 

as happy off-task as on-task (Baars, 2010; Franklin et al., 2013; Killingsworth & Gilbert, 2010). This is 

supported by evidence pointing at mind-wandering as the cause for boredom, not the effect (Cheyne et 

al., 2006), which might be expected.

Also, advantageous consequences have been found. As mind-wandering often deals with future 

events including autobiographical elements, planning has been proposed to be its adaptive purpose 

(Baird et al., 2011; Smallwood & Schooler, 2006). As creativity is useful when organising the unknown 

future it seems natural that research show that frequent mind-wanderers (including persons with ADHD) 

also display higher levels of creativity (Baird et al., 2012). Furthermore, problem-solving takes place 

during activities facilitating mind-wandering, e.g., tasks with moderate cognitive demand (Baird et al., 

2012). 

The final consequence to be mentioned happens to express the core of the mind-wandering expe-

rience, namely the mental departure from the external situation. Research show that the mood enhanc-

ing qualities of mind-wandering support a persistence while doing tedious tasks. Equally, the temporal 

experience during mind-wandering, e.g.,  time being faster, can make a boring situation end quicker 

(Schooler et al., 2014). In addition, preliminary evidence suggests that mind-wandering related activity 

in the DN might stimulate pain-modulating brain systems.

Overarching Reflections

A question worthy of more research is related to the idea that mind-wandering promotes long-

term planning and goal-reflection (Mason et al., 2007; Bar et al., 2007; Schooler & Smallwood, 2006). 

How can we know that these goals are sound to us, as opposed to simply internalised ideas inherited 

from parents and other significant persons, cultural or societal concepts of happiness? 

As pointed out by Sheldon (2004), striving as well as accomplishing goals based on what is per-

ceived as one’s true self leads to greater life-satisfaction than if goals are consciously or unconsciously 

superimposed. This implies that the goals pondered through mind-wandering might or might not be 

purposeful from a well-being perspective. Further research could lead to screening techniques useful in 

therapy and coaching with the aim of assisting people in making effective life choices.

Looking at uncontrolled mind-wandering as a life-forming phenomenon possibly comparable to 

socioeconomic background makes further research interesting to anyone wishing to level out big differ-

ences regarding life opportunities. This is said from a personal experience.

What further research would be useful in relation to mind-wandering? One topic of obvious value 

is how to counter the downsides of mind-wandering. That is, how can it be minimized in situations 

where awareness is strongly needed for performance, such as education and driving? 

From a methodological perspective, further research regarding externally detectable signs of 

mind-wandering would benefit the validation of self-reports. In addition, such knowledge could lead to 

the development of devices countering mind-wandering in say airplane cockpits, cars, etc.

Looking from a health perspective it would be valuable to find out how to counter mind-wander-

ing in monotonous working conditions, as evidence suggest that negative mood is caused by off-task 

attention (Cheyne et al., 2006). A related question is how extensive mind-wandering alters the physical 

features of the brain during cognitively undemanding circumstances. If such alteration occurs, how does 

it impact general mental abilities, and in the long run, subjective well-being?

There might be reasons both to control our minds as well as letting go and enjoy the ride. How-

ever, maybe the most important lesson is the fact that the mind really has a life of itself, which leads to a 
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questioning of the entire construct of self. Who really came up with that brilliant idea of mine? Honestly, 

I just don’t know, do I?

All in all, with its neural correlates fairly defined and with valid research methods at hand, mind-

wandering can be studied, and evidence suggests it be done as it has a significant impact on our lives. 

Not only is the scientific evidence amounting after the recent years of intensified research. The Hindu-

Buddhist philosophers, which can be seen as the intellectual forefathers of today’s researchers in the 

field, would probably agree. After all, they invested two and a half millennium of practice into medita-

tion techniques, aiming to liberate man from the costs of an unregulated mind. Now, when some of the 

most productive scientists in the field recently reviewed the relation between mindfulness and mind-

wandering (Schooler et al., 2014), it is a gap closing. 

Conclusion

Mind-wandering, the unintentional shift of attention from external demands toward internal pro-

cesses, occupies the human mind to a large degree. Today science has a set of methods delivering reli-

able and valid data, progressively illuminating the earlier so shadowy backyard of subjective experience. 

While the definition of the phenomenon is yet to be formulated, its basic features are defined and suitable 

for studying as is its neurological basis the default network. 

Results show that mind-wandering comes with consequences, both negative and positive to per-

formance and well-being. Thus it is valuable to learn to control one’s wandering mind, but evidence also 

suggests that it wanders for a reason, possibly offering a tool for the most valuable of operations – the 

pursuit of a good life.
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Appendix B: Questions used by Kane et al. (2007)

Questionnaire Items Related to Thought Content and Control

1. At the time of the beep, my mind had wandered to something other

than what I was doing.

2. I was surprised that my mind had wandered.

3. I allowed my thoughts to wander on purpose.

4. I was daydreaming or fantasizing about something.

5. I was worrying about something.

6. I was thinking about normal, everyday things.

Item 1 required a Yes (coded as 1) or No (coded as 2) response;

Items 2 through 6 were skipped if the response was No. Items 2 through 6

were answered on a scale from 1 to 7 (1 3 not at all, 4 5 moderately, 6 7 very much).

Contextual Predictors of On-Task Thoughts Versus Mind-wandering Episodes

Predictor   

Negative predictors: sleepiness, stress, disliked activities

What I’m doing right now is boring. 

I would prefer to do something else right now. 

I feel anxious right now. 

Right now, there is a lot going on around me.

 What I’m doing right now is stressful.

What I’m doing right now is related to schoolwork.

I feel tired right now. 

Positive predictors: happiness, competence, focus, enjoyment

I had been trying to concentrate on what I was doing. 

I like what I’m doing right now. 

I feel happy right now. 

I’m good at what I’m doing right now. 

Null predictors: challenging, novel, important activities; substance use

[Number of alcoholic beverages since last signal] 

[Number of cigarettes since last signal] 

[Number of caffeinated beverages since last signal] 

What I’m doing right now is challenging.

What I’m doing right now is unusual for me. 

It takes a lot of effort to do this activity. 

What I’m doing right now is important.

Note. All predictors were questionnaire items. Except for the items pertaining to substance use 

(in brackets), they were answered on a 7-point scale anchored by not at all (1), moderately (4), and very 

much (7). The scale for substance use ranged from 0 beverages/

cigarettes (1) to 6 or more beverages/cigarettes (7). Higher scores on the dependent variable indi-

cate more on-task thought and less mind-wandering.
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