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Abstract

Mind wandering is an important part of the stream of consciousness, which
allows the stream of consciousness to continue when the individual does not
process external stimuli or does tasks. The neural mechanism of mind wan-
dering is the current research hotspot. This study involves the brain’s default
network and two theories of different positions, one is the theory of executive
control, and the other is the theory of executive control failure. The study
discusses adaptive functioning of mind wandering, especially in terms of cre-
ative problem solving. Finally, there is a discussion of how to reduce the neg-
ative effects of mind wandering—mindfulness training.
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1. Introduction

In the fields of cognitive neuroscience and psychology, there has been a wave of
interest in the study of mind wandering. Every one of us should have had the
experience, for example, when you were working on a document editing job, did
you ever get the idea that your mind had drifted away to eat at night? Or you
may find that you can’t remember the steps and principles that the teacher has
just explained. This situation, for different studies, has different definitions. In
this article, we call this phenomenon “mind wandering”. In other words, mind
wandering referred to a shift in the contents of thought away from an ongoing
task and/or from events in the external environment to self-generated thoughts
and feelings.

People will find that sometimes individuals can let their ideas flow freely,
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away from their activities. And it happens quite frequently every day. Previous
experimental studies have shown that adults have mental wandering about 30 to
50 percent of the time when they are awake every day (Andrews-Hanna et al.,
2014). So what is the mechanism by which mind wandering occurs. There is a
combination of executive control and executive control failure (McVay & Kane,
2010) that explains the mind wandering. At the same time, a large number of
studies on the cognitive neural mechanism show that the default mode network
is one of the important factors for the generation of mind wandering. Default
mode network: a network of brain regions involving the medial surface of the
cortex that is engaged by the sort of thinking that occurs during mind wandering
(e.g., the future, the self, other people) and is active during periods of mind
wandering (Smallwood & Schooler, 2015). In addition, many studies have fo-
cused on the loss of task performance and even psychological distress caused by
mind wandering (Mooneyham & Schooler, 2013). So we try to focus on the oth-
er side of mind wandering—its functional role and how it can be used to crea-
tively solve problems.

Finally, based on previous studies, we will explain how mindfulness can be

used to reduce the negative effects of mind wandering in our daily lives.

2. Mental and Neural Mechanisms of Mind Wandering
2.1. Default Mode Network

Although mind wandering accounts for a large proportion of our waking lives,
its neural basis and relationship to sustained behavior remain controversial. In
one of the most interesting areas of neuroscience in the past two decades, there
is a study that researchers observed that certain areas of the brain begin to func-
tion, while these areas are less in need of external tasks. This brain region is the
“default mode network” (Shulman et al., 1997; Raichle et al., 2001; Gusnard &
Raichle, 2001).

The default mode network is a network composed of several brain regions
that are interconnected and maintain healthy metabolic activity while the brain
is at rest. The posterior cingulate gyrus and medial prefrontal cortex form the
core of the default mode network, and also interact with subnetworks including
the medial temporal leaf system and the dorsal subsystem (Andrews-Hanna et
al., 2014). The core of the posterior cingulate gyrus and medial prefrontal cortex
is often involved in self-reference, or autobiographical memory; The inner sub-
system is usually involved in the process of the plot, such as the recognition of
the scene or simulation; The dorsal subsystem is involved in social processes,
such as analyzing the behavioral intention of others or reviewing some social
common sense.

A growing number of research topics are discussing the role of default mode
networks in internalizing or self-generated thoughts. The use of self-reported
mind wandering suggests that the individual’s self-generated thoughts at this

time typically consist of three parts: reminiscing about the past, planning for the
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future, and other thoughts and experiences about the individual.

Spontaneous thought is divided into two situations: the first is as part of a
task, where the individual must make a decision depending on the internal re-
presentation to understand the stimulus and produce the answer to the problem
by reconstructing or imagining the situation. The second type occurs indepen-
dently of external tasks, such as when individuals are daydreaming or when they
are performing tasks (Andrews-Hanna et al., 2014).

Therefore, research has raised the possibility that the mental content of
self-generated mind wandering is the product of the episodic memory system
(Smallwood & Schooler, 2015). In addition, studies using FMRI and empirical
sampling have provided strong theoretical support for the hypothesis of episodic
memory (Christoff et al., 2009). It is proved that the default mode network is
involved in the thoughts experienced by an individual during mind wandering.
When an individual’s task is to imagine another place or time (Addis et al,,
2012) or when he thinks about self-correlation (Kelley et al., 2002), the regional
activity of the default mode network is significantly enhanced.

Therefore, we can consider the process of mind wandering as the opposite of
external perception. In other words, in the resting state, the core area of the de-
fault mode network is negatively correlated with the core area of the brain in-
volved in the process of external perception (such as the occipital cortex) (Vin-
cent et al., 2006). Other studies have also shown that the default mode network is
characterized by increased activity during the period of task-independent think-
ing (Allen et al., 2013). So we can infer that mind wandering is important to our
brain. The seemingly pointless “daydreams” or “mind-wandering” that we gener-
ate in our daily lives are then integrated by the default mode network, which fa-

cilitates future behavioral choices.

2.2. Executive Control Theory

The default mode network is not alone. Besides the default network, it is also
associated with the neural mechanism of mind wandering. Besides the default
network, it is also associated with the behavioral theory of task irrelevant
thoughts and the relationship of executive control resources. Studies have em-
phasized the dynamics of the default network and its interaction with the execu-
tive control system in the management of internal thoughts (Andrews-Hanna et
al., 2014). Executive control function refers to the psychological process in which
individuals have conscious control over their thoughts and behaviors. Mind
wandering consumes execution resources (Smallwood & Schooler, 2006), during
which we are concerned with pulling our execution functions away from the
current external tasks and applying them to task independent, internally gener-
ated stimulus content. That is to say, during the mind wandering, the resources
to perform the control function are not all consumed in the external task, but
some of them are used in the spontaneous thought. At the same time, other stu-

dies showed that when subjects reported that they were not aware of their mind
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wandering, their default network and executive network had higher neural en-
gagement than when they were aware of their mind wandering (McVay & Kane,
2010).

It can be seen from this that mind wandering is most obvious when individu-
als lack metacognition (Christoff et al., 2009). That is, in the absence of effective
metacognitive monitoring, the brain regions responsible for mental locomotion
are more likely to separate the executive resources from the current main tasks
and allocate them to mental locomotion activities.

Christoff et al. (2009) found that some areas of the executive system (such as
the anterior cingulate gyrus and dorsolateral prefrontal cortex) were also acti-
vated during mind wandering using empirical sampling and FMRI techniques.
At present, behavioral and neuroimaging studies offer different perspectives on
the contribution of the executive system to mind wandering. Behavioral research
using empirical sampling (Teasdale et al., 1995; Smallwood & Schooler, 2006;
Kane et al., 2007) demonstrated that mind wandering is a complex psychological
activity that often interferes with cognitively demanding tasks, suggesting that
task processing overlaps with the executive system of the brain. In contrast,
neuroimaging results focus on the default network (McKiernan et al., 2006; Ma-
son et al., 2007). So far, neuroimaging studies have concluded that compared
mind wandering, in under the condition of different tasks are highly familiar
with tasks and “rest” conditions (It is known with a relatively high incidence of
mind wandering related) with novel and requiring higher cognitive task (It is
known is associated with a relatively low incidence of mind wandering) (Small-
wood & Schooler, 2006; Mason et al., 2007). In these comparisons, a related re-
duction in cognitive needs from activation to baseline may inhibit the participa-
tion of default network areas during mind wandering. So it turns out that the
default network of the brain is called upon to engage in mind wandering.

Therefore all of these studies support the conclusion that mind wandering re-
ally requires the resource consumption of the executive system. Mind wandering
varies with the difficulty of the task, and Smallwood and Schooler (2006) explain
this finding as a trade-off between the execution of the task and the execution of
unrelated thoughts. For example, as the rate of stimulus presentation increases
in vigilance tasks and other aspects of difficulty as memory burdens or tasks in-
crease, mind wandering decreases accordingly (Ruby et al., 2013). However, there
is still a clear difference between mind wandering and typical executive control
theory, that is, executive control emphasizes the obvious purpose in processing.
However, in the state of mind wandering, the individual is often generated
without paying attention (i.e. without metacognition).

Many experimental results support the theory of executive control of mind
wandering. But some researchers don’t agree on the exact relationship between
mind wandering and executive control. So there’s a lot of debate as to whether
mind wandering reflects executive control or failure of executive control. Expe-

rimental studies have shown that mind wandering is caused by the failure of ex-
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ecutive control (Kane & McVay, 2012), without consuming execution resources.

2.3. Executive Control Failure Theory

Mind wandering produced not only depends on external stimuli and inner clues to
respond by the emergence of authigenic thought still depends on the executive con-
trol system is unable to process due to the Task irrelevant thoughts (Task-Unrelated
thoughts). Klinger’s current concerns combined with the assumption of execu-
tive control failure partly supports the idea that mind wandering is caused by
executive control fajlure. The executive control system should play a role in con-
trolling or preventing mind wandering. Therefore, mind wandering reflects the
failure of the control system, possibly because the execution resources cannot be
used for correct thought control (McVay & Kane, 2010).

Previous research has shown that, if the assumption is made that executing
resources are exhausted in the case of demanding tasks and alcohol overdose,
and that mental wandering requires executing resources, then task-free thinking
should be reduced in the case of excessive fatigue or drunkenness. However,
Kane and McVay believed that the failure of the executive control system led to
mind wandering. As the executive control system became tired or impaired due
to alcohol, the resulting tasks should have more failures or errors, and mind
wandering should occur more frequently. For the mechanism of mind wander-
ing, Smallwood proposed to combine the theory of executive control and the
hypothesis of executive control failure for interpretation and explanation. The
relationship between mind wandering and executive control needs further ex-

ploration.

3. The Adaptive Function of Mind Wandering Is about
Creative Problem Solving

As the research on mind wandering deepens, previous studies have paid more
attention to the costs and costs of mind wandering, but more and more recent
studies have noticed that mind wandering also has some positive adaptive func-
tion.

In particular, how to solve problems creatively, how to improve students’
creativity and how to improve work performance by promoting decision-making.
About how to solve the problem, creatively Baird et al., set up an experiment, the
participants in the setting time for common everyday objects (e.g., bricks)
named as much as possible the purpose of (called the unusual use of task
(UUT)) (Mrazek et al., 2012a), the rest time between two UUT, for don’t need to
be highly focused tasks or task difficulty is relatively low, the mind is among the
highest of shifting frequency.

In the meantime, the more content participants thought about, the more ideas
they came up with about the object’s purpose. In the past, some studies have
shown that mind wandering does not seem to improve the performance of

projects that have not been encountered before. Baird et al. believe that instead
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of playing a general role in improving creativity, it is better to provide creative
opportunities to come up with new solutions to problems that have been en-
countered before (Mrazek et al., 2012a).

It is obvious, therefore, that the conditions for maximum mental mobility are
also most conducive to creative problem solving, although it should also be
noted that the performance of repetitive creativity problems and new creativity
problems is positively correlated with the mind wandering tendency of individu-
als measured by image process inventory (Ruby et al., 2013). In this study, Braid
et al. found a relationship between individuals’ tendency to drift their minds and
their performance on abnormal use tests, an indicator of divergent thinking
(Smallwood & Andrews-Hanna, 2013; Smallwood & Schooler, 2015; Kane et al.,
2017). In addition, there is the application of the theory of “hatching effect”, that
is, by diverting attention from a headache-inducing problem, thereby temporarily
relieving the individual from his conscious effort to solve the problem. Mind
wandering can shift one’s problem-solving efforts to unconscious processing,
which has been theorized to facilitate new associations and combinations of ex-
isting knowledge (Schooler et al., 2011; Mooneyham & Schooler, 2013; Zedelius
& Schooler, 2015; Dane, 2018).

A mind-wandering environment (i.e., engaging in non-demanding tasks or
less demanding tasks) has more potential benefits than those that require con-
stant external attention or idle breaks (Zedelius & Schooler, 2015), involved in
the study of creative problem solving to mind wandering research can indirectly
reflect the Wallace (Wallas) four stages theory (namely the study of creative
thinking, important model, the model that creative thinking stage including
preparation, gestation period, anacreontic, validation) in the brain mechanism
of gestation period, with the default mode network have a close relationship.

Existing research on creative thinking has also shown that mind wandering
contributes to the performance of individual creative tasks. The gestation period
in the four-stage theory indicates that the brain region associated with the de-
fault mode network will be activated, and the gestation period is needed to trig-
ger the emergence of Epiphany. So we can conclude that mind wandering does
promote creative thinking. As for the task performance of mind wandering in
organizations, as the researchers have observed, mind wandering can promote
creativity (Mooneyham & Schooler, 2013).

Creativity is a key input in many job performances in today’s world (Dane,
2018). In addition to the incubation effect described above, there is another way
in which the creative benefits of mind wandering can be seen. In some
mind-wandering plots, the individual can generate possibilities by free sliding
(Dane, 2018). In some cases, interesting possibilities created by mind wandering
can constitute creative ideas, that is, ideas that are both new and useful. In fact, it
is often found in study or work that if we stop focusing on the result of things
and turn to the freedom and flexibility of exploring or constructing “methods”

to solve problems (Dane, 2018), there will be interesting thinking.
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The interesting possibilities of mind wandering can promote creativity by fa-
cilitating problem discovery (Robison & Unsworth, 2018). This means “invent-
ing” a problem that is worth solving. Usually, we mean the discovery of a prob-
lem in the presence of a problem (for example, the discovery of a faulty steam

engine that needs to be repaired in time).

4. Mindfulness Training Interventions for Mind Wandering

Mindfulness training has been widely used in our daily life, such as meditation
training, yoga, etc. One view defines mindfulness as persistent unbiasedness
(Brown & Harkins, 2016; Zanesco et al., 2016) and multi-factor mindfulness not
only emphasizes the knowledge of current experience, but also emphasizes cu-
riosity, openness and acceptance (Mrazek et al., 2012b; Rahl et al., 2017). Mind-
fulness is purposeful and conscious. It pays attention to and perceives everything
in the present, and does not make any judgments, any analysis, or any reaction
to the present. It simply observes it and pays attention to it. Mindfulness has its
roots in Eastern contemplative traditions. In fact, mindfulness has been called
the “heart” of Buddhist meditation. Mindfulness, however, is more than medita-
tion. It is “inherently a state of consciousness” which involves consciously at-
tending to one’s moment-to-moment experience (Brown & Ryan, 2003). Al-
though there are differences of opinion among the studies, the researchers agree
that sustained attention is essential to mindfulness. Given that mindfulness and
mind wandering seem to be opposing constructs for the ability to remain undis-
turbed, it has become a current focus to examine whether mindfulness training
can reduce mental wandering. First, contrary to mindfulness, mind wandering
requires the ability to avoid distractions, characterized by the interruption of
task focus (TUT) (Mooneyham & Schooler, 2016; Pachai et al., 2016; Wu et al.,
2016; Zanesco et al., 2016).

Many behavioral markers of mind wandering have a distinct trait, such as ab-
sent-minded forgetting (Cheyne et al., 2006) and paying little attention to voca-
bulary or language features when reading. In addition, underlying studies related
to events suggest that mind wandering is characterized by reduced awareness of
task stimuli and external environment (Schooler et al., 2011; Zanesco et al.,
2016). As a result, the ability to focus on a task seems directly counter to the
tendency for attention to linger on issues unrelated to the task. So we can as-
sume that the place where mindfulness ends is the beginning of mind wander-
ing.

Studies have shown that mindfulness training can improve participants’ read-
ing comprehension scores on the GRE test and their working memory ability
(Mrazek et al., 2013). Studies have also shown that mindfulness training is pro-
tective for mind wandering in individuals with anxiety. Meditation prevents
thoughts from increasing over time and improves performance interruptions
during tasks. At the same time, the researchers also found that the meditative

intervention can promote the shift of attention from the internal world to the
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external world (Xu et al., 2017).

Researchers have shown that mindfulness training, regardless of its intensity,
can significantly reduce mind wandering and improve performance in the gen-
eral population (Mrazek et al., 2013). However, the results of this study are con-
sistent with those of other studies (Zedelius & Schooler, 2015), which suggest
that mindfulness training can only prevent mental wandering from adversely af-

fecting individuals who suffer from highly negative effects.

5. Future Research Issues

The specific term “mind wandering” has increased in recent years, with defini-
tions like “mind-wandering”, “daydreaming”, and “task-free thinking” appear-
ing more frequently in studies before 2002. We can see that long-term studies
have looked at the negative effects of mental wandering (e.g. Mind wandering
leads to traffic accidents). But, as mentioned above, there’s also research on how
mental wandering plays its adaptive role in increasing creativity. Future research
should focus on exploring the potential adaptive function of mind wandering.
Even if studies have found the potential function of mind wandering, there is no
evidence to support it as well as the negative effects of mind wandering. What’s
more, what’s most interesting is the brain mechanisms of mind wandering, what
do individuals think when they think about their thoughts? How does the default
mode network interact with other large-scale brain systems while maintaining
internal thinking?

Regardless of the method used to measure mind wandering, the researchers’
point is simply to compare and contrast changes in brain areas during mind
wandering versus changes in non-mind wandering. However, recently Christoff
et al. (2016) have made a distinction between conscious mind wandering and
unconscious mind wandering from the perspective of different mental states
(such as daydreaming, mind wandering, creative thinking, goal-directed think-
ing, and compulsive thinking) and proposed a new theoretical framework.

All these reveal that future research should not only study the unconscious
mind wandering, but also pay attention to the mechanism, effect and influence
of conscious mind wandering. Other researchers have found that people tend to
experience restlessness during periods of inattention or mind wandering. One
study examined whether individual differences in inattention and mind wan-
dering in daily life were associated with spontaneous and involuntary move-
ments (i.e., restlessness) (Christoff et al., 2009; Mooneyham & Schooler, 2013;
Smallwood & Andrews-Hanna, 2013). Further needs to understand individual
differences in mind wandering, including negative characteristics (e.g., various
mental disorders) and positive characteristics (e.g., creativity) in relation to
them.

Finally, we need to identify reliable behavioral and physiological measures
that can indicate that mind wandering begins and cancels, rather than relying on

individual self-reporting. By making more accurate judgments of mind wander-
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ing, develop more techniques to minimize mind wandering (at inopportune

times) and further observe the effects of mindfulness training.

6. Conclusion

With a growing interest in mind wandering, a con-comitant increase in atten-
tion directed toward rigorous research in this area is needed. We have intro-
duced comprehensively a perspective on the role of default mode network and
different executive control theories. A lot of research has shown activation of
default mode network regions during mind wandering. However, there is still
controversy about whether it is due to the execution of control to consume re-
sources or the execution of control failure. More researchers are still inclined to
approve the idea of controlling consumption of resources. A new perspective on
the mechanism of mind wandering thinks that the theory of executive control
and the hypothesis of executive control failure are combined for explanation.
Moreover, we introduced the adaptive function of mind wandering. In terms
of creativity, mind wandering has a huge advantage. We often think that mind
wandering has great drawbacks in learning and work, but as the research
progresses, its benefits are slowly being explored. And mindfulness can reduce
the mind wandering and change the performance of the general population

which has been confirmed by research.
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