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Deliberate constraints

Dreaming Mind-
wandering

Creative
thinking

Rumination and obsessive thought

Goal-directed 
thought

Spontaneous thought

Thought
A mental state, or a sequence 
of mental states, including the 
transitions that lead to each 
state.

Mental state
A transient cognitive or 
emotional state of the organism 
that can be described in terms 
of its contents (what the state is 
‘about’) and the relation that 
the subject bears to the 
contents (for example, 
perceiving, believing, fearing, 
imagining or remembering).

Task-unrelated thoughts
Thoughts with contents that 
are unrelated to what the 
person having those thoughts 
is currently doing.

Daydreaming
Thinking that is 
characteristically fanciful (that 
is, divorced from physical or 
social reality); it can either be 
spontaneous, as in fanciful 
mind-wandering, or 
constrained, as during 
deliberately fantasizing about  
a topic.

This definition has been implicitly or explicitly 
endorsed by most of the empirical investigations on 
mind-wandering so far26. Although it has generated a 
wealth of empirical findings about task-unrelated and 
stimulus-independent thought, this content-based 
definition fails to capture what is arguably the key fea-
ture of mind-wandering27,28, reflected in the term itself: 
to wander means to “move hither and thither without 
fixed course or certain aim” (REF. 29).

To say that one’s mental states are task unrelated or 
stimulus independent tells us nothing about how such 
states arise or change over time27. Only once we consider 
the dynamics of thought are we able to make crucial dis-
tinctions between different types of thought. One such 
distinction is between rumination and mind-wandering. 
Rumination is sometimes viewed as negatively valenced 
mind-wandering20 (or mind-wandering gone awry). 
In one way, this makes sense: both mind-wandering 
and rumination tend to be stimulus independent and 
unrelated to the current task (that is, what the subject 
is currently doing)21,30. However, when we consider the 
dynamics of thought, mind-wandering and rumination 
seem antithetical: although thoughts during mind- 
wandering are free to ‘move hither and thither’, thoughts 
during rumination tend to remain fixed on a single 
theme or topic27. Furthermore, the content-based view of 
mind-wandering relies on a relatively narrow definition 
of the term ‘task’ as being confined to the goals of the 
current experiment. However, if we define the term task 
more broadly to also include one’s personal concerns (for 
example, completing an essay by the end of the week), 
then mind-wandering is often task related because spon-
taneously occurring thoughts often reflect personal goals 
and concerns19,27,31,32.

Spontaneous thought: a definition
Here, we define spontaneous thought as a mental state, 
or a sequence of mental states, that arises relatively freely 
due to an absence of strong constraints on the contents 
of each state and on the transitions from one mental state 
to another. We propose that there are two general ways 
in which the content of mental states, and the transitions 
between them, can be constrained (FIG. 1). One type of 
constraint is flexible and deliberate26, and implemented 
through cognitive control33,34. For example, we can deliber-
ately maintain our attention on a dry and boring lecture, 
bringing our thoughts back to the lecture whenever they 
begin to stray. Another type of constraint is automatic in 
nature. Automatic constraints can be thought of as a fam-
ily of mechanisms that operate outside of cognitive con-
trol to hold attention on a restricted set of information27. 
Affective salience35–37 and sensory salience38 can both act as 
sources of automatic constraints. Despite our efforts, for 
example, we may find ourselves unable to disengage our 
attention from a fly buzzing in a quiet library or from a 
preoccupying emotional concern.

Within our framework, mind-wandering can be 
defined as a special case of spontaneous thought that 
tends to be more-deliberately constrained than dream-
ing, but less-deliberately constrained than creative 
thinking and goal-directed thought39 (BOX 1; FIG. 1). In 
addition, mind-wandering can be clearly distinguished 
from rumination and other types of thought that are 
marked by a high degree of automatic constraints, such 
as obsessive thought.

Recent advances have begun to reveal the neural 
underpinnings of spontaneous thought and mind- 
wandering. We review these advances through the lens 
of our framework, which explains the contrast between 
spontaneous and constrained thought in terms of the 
dynamic interactions between large-scale brain net-
works. Using this framework, we also discuss a number 
of clinical conditions that are marked by excessive varia-
bility or excessive stability of thought and the way mental 
states change over time.

Brain networks and their interactions
Among brain networks that are currently recognized 
in cognitive neuroscience, the DN (FIG. 2a) is most fre-
quently brought up in relation to mind-wandering and 
spontaneous thought. The DN was originally identified7,8 
as a set of regions that are consistently deactivated across 
a range of externally oriented experimental tasks. This 
network has been linked to spontaneously occurring, 
internally oriented mental processes22,23,40. However, DN 
recruitment is not specific to spontaneous cognition: it 
is also consistently observed during internally oriented, 
but deliberate, goal-directed tasks, including episodic 
memory retrieval, autobiographical future thinking  
and mentalizing41–44.

The DN is composed of several functionally distinct 
subsystems45 (FIG. 2a). The core DN subsystem (DNCORE) 
is characterized by its hub-like properties and its con-
tributions to internally oriented cognition45. The second 
DN subsystem is centred around the medial temporal 
lobe (MTL) and is known for its roles in memory and 

Figure 1 | Conceptual space relating different types of thought. Deliberate and 
automatic constraints serve to limit the contents of thought and how these contents 
change over time. Deliberate constraints are implemented through cognitive control, 
whereas automatic constraints can be considered as a family of mechanisms that operate 
outside of cognitive control, including sensory or affective salience. Generally speaking, 
deliberate constraints are minimal during dreaming, tend to increase somewhat during 
mind-wandering, increase further during creative thinking and are strongest during 
goal-directed thought39. There is a range of low-to-medium level of automatic 
constraints that can occur during dreaming, mind-wandering and creative thinking, but 
thought ceases to be spontaneous at the strongest levels of automatic constraint, such as 
during rumination or obsessive thought.
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