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Cognitive control is the term applied to the set of processes that allow us to adapt our
behavior to a changing environment and evolving goals. Much of the research on
cognitive control is conducted using relatively simple experimental tasks. In this
review, we propose an integrative account of cognitive control to more complex task
situations. Specifically, we relate cognitive control theories from the laboratory to
situations where people attempt to comprehend a narrative through watching films. We
also incorporate how changes or breakdowns in control lead to mind wandering. To
accomplish this integration, we rely on the concept of task representation. That is, we
propose that changes in activation across a complex mental representation of a “task,”
incorporating knowledge about relevant stimulus, response, motivational, and other
representations may explain conscious and unconscious behavior across a wide variety
of real-world situations.
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How do people flexibly control their behavior
in complex dynamic environments? This is the
fundamental question addressed by research
into cognitive control. Researchers have learned
a great deal about cognitive control using labo-
ratory tasks (e.g., Stroop, Flanker, Simon, and

others). Researchers have also investigated how
we control our behavior in more complex envi-
ronments (e.g., when multitasking or when we
try to comprehend stories) and how control
changes or breaks down when our minds wan-
der or we daydream. In this review, we propose
a way to integrate these disparate research top-
ics. To do this, we propose that these very
different tasks rely on distinct task representa-
tions to drive goal-directed behavior. That is,
the conscious and unconscious aspects of the
mental organization of a task (i.e., the relevant
stimuli, responses, goals, and their interrelation-
ships) may explain how we control our behavior
across a wide variety of situations in the service
of attaining desired outcomes. Additionally,
changes or breakdowns in these task represen-
tations may explain different types of disengag-
ing behaviors (e.g., directed and undirected
mind wandering), as well.

To explore this proposal, we first provide a
conceptual review of current theories of task
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representation. These theories and the examples
used are derived from laboratory research using
relatively simple experimental tasks. Next, we
generalize these findings from the laboratory
and relate theories of task representation to the-
ories of more complex behaviors using film
viewing as a model task. We choose this task
because it offers an intermediate experimental
environment between simple laboratory tasks
and behaviors in the real world. The stimuli
involve complex audiovisual features that un-
fold dynamically over time (and evoke many of
the cognitive processes evolved for real-world
experiences) but are still able to be studied in a
relatively controlled setting. Additionally, theo-
ries exist for how we comprehend narratives
that can be explicitly related to task representa-
tion theories derived from simpler task situa-
tions.

Finally, we examine how task representation
is related to disengaging experiences such as
mind wandering, when mental cognition be-
comes decoupled from the current task at hand.
We consider different aspects of how task rep-
resentations changes with mind wandering;
for example, when our task representation
switches to an internal task—away from an
assigned task versus when our mind wanders
because of a loss of control. We also consider
the conscious and unconscious aspects of
mental processing during all these behaviors.
Through these examples, we highlight how
the way we represent our world fundamen-
tally affects how we behave in it.

Cognitive Control in the Laboratory

Traditionally, cognitive psychologists have
used simple experimental procedures to study
the fundamental building blocks of human cog-
nition. The goal is generally to limit the number
of mental processes manipulated by variables in
a task. This approach yields procedures that
may seem somewhat removed from the sorts of
activities people engage in throughout the
course of their daily life. Yet, the measurement
of reaction time (RT) and accuracy provides
cognitive scientists a window into the inner
workings of the human information processing
system.

This scientific paradigm has identified re-
sponse selection as a key component underlying
goal-directed behavior (Badre & Wagner, 2004;

Miller, 2000). That is, the mental processes that
activate a particular behavior given the current
state of the world and our goals underlie our
ability to produce complex, adaptive behavior.
There are two primary hurdles for developing a
model of human response selection: (a) how to
define value (utility function) for our behavior,
and (b) how to incorporate our capacity for
abstraction. By abstraction, we refer to a dimen-
sion on which the rules governing a task depart
from concrete stimulus-response (S-R) associa-
tions (Christoff & Keramatian, 2007). The the-
oretical integration of these two factors could
yield an integrative account for the influence of
context on performance (Schumacher & Hazel-
tine, 2016) and allow for models of agents that
are not simply bound by S-R associations and
therefore naturally incorporate utility and ab-
straction within the model.

Models of response selection based on feed-
forward S-R associations, on the contrary, fail
to properly account for behaviors grounded on
abstract relations between sets of stimuli and
responses (see Hazeltine & Schumacher, 2016
for a review). Rather, a hierarchical representa-
tion of a task, including representations of spe-
cific task-relevant stimuli and responses as well
as their more abstract relationships and the per-
formance goals of the individual may be neces-
sary to explain complex human behavior. Re-
cently, Schumacher and Hazeltine (2016)
proposed a representation called a task file,
which may aid our understanding of human
behavior. Building on other proposed mental
representations (e.g., object files; Kahneman,
Treisman, & Gibbs, 1992; event files; Hommel,
1998), task files may help expand our under-
standing of task representation (Schumacher &
Hazeltine, 2016).

The task file (shown in Figure 1) can be
thought of as connected representations of in-
tentional/motivational, perceptual, and motoric
concepts. The control of behavior may work
through task files or may be an emergent prop-
erty of the integration of these representations.
The task file breaks from the traditional feed-
forward framework of S-R associations by hav-
ing these associations mediated by abstract rep-
resentations, which may be biased by anterior
portions of a cognitive hierarchy (cf., Badre,
2008; Badre & D’Esposito, 2007; Koechlin &
Summerfield, 2007). In neural terms, the cogni-
tive hierarchies proposed by these theorists in-
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volve a gradient from anterior to posterior re-
gions. At more anterior levels of the hierarchy,
the representations demonstrate increased com-
plexity, abstraction, or operate across larger
time scales. We posit that task files are hierar-
chically structured but with bidirectional infor-
mation flow. Intentional states are situated at the
top of the task file hierarchy and by their nature
task files are goal driven. The degree to which
an individual expects to attain the goal state
may influence the level of motivation associated
with a task file, thereby weighting or giving
priority to some task files over others. For an
example of how motivation might weight com-
peting task files, consider procrastination. An
individual might have a goal of completing an
article, with the relevant perceptual-motor pro-

cesses linked in a task file. Yet if motivation is
too low, a competing task file, such as for In-
ternet browsing, might supersede the article-
writing task file and assume behavioral control.

The conceptualization of task files builds upon
existing cognitive psychological theories of men-
tal representation (e.g., Hommel, 1998; Kahne-
man et al., 1992; Norman & Shallice, 1986). It
also fits well with existing theories of functioning
in the prefrontal cortex. For example, Fuster
(2001, 2006) proposed that widely distributed net-
works of neurons, or cognits, are hierarchically
organized in the temporal-parietal association ar-
eas (perceptual memory/sensory hierarchy) and
the frontal cortex (executive memory/motor hier-
archy). These processing hierarchies are bound
together through long-range reciprocal connec-

Figure 1. This is a schematic of the representational domains involved in continuous
perceptual motor processing. Italics indicate the functions carried out by communication
between the connected links. One’s current situation will activate a subset of nodes. The
resulting task file is shown in the inset. Categories of information included in the file are
shown in larger text. Examples are shown in smaller text. This figure was originally published
in Schumacher & Hazeltine (2016).
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tions to form the perception-action cycle (Fuster,
2001; Fuster, 2006). Task files can be thought of
as states/configurations of the perception-action
cycle specific to a task.

Other researchers have generated theories of
how hierarchical levels of control are instanti-
ated along a rostro-caudal axis in the prefrontal
cortex. Koechlin and Summerfield (2007) pro-
posed a cascade model, where the temporal
distance defines the level of control in progres-
sively anterior regions of prefrontal cortex. Im-
mediate sensory control is carried out in the
posterior prefrontal cortex. Control signals that
span greater lengths of time, from context to
episodes to branching control, are implemented
in progressively more anterior regions. Badre
and D’Esposito (2007) described a similar ar-
chitecture, but proposed that rather than tempo-
ral distance, the rostro-caudal gradient repre-
sents the level of task abstraction at which
conflict arises. By this view, conflict at the level
of motor response selection is resolved in the
premotor cortex. Progressively anterior regions
are recruited to resolve competition at progres-
sively abstract levels of task representation,
from features to dimensions to contexts.

Our conceptualization of task files is also
compatible with another way of conceptualizing
cognition in a hierarchical system, namely,
through predictive coding. Predictive coding
models posit that the brain performs hierarchi-
cal Bayesian inference computations (Friston,
2008; Spratling, 2017). This framework ex-
plains both perception and action in terms of
predictions and prediction errors. Prediction and
prediction error units are located at each level of
the sensory-action hierarchy. Prediction units at
each level represent the predicted state of units
at the adjacent lower level. Prediction error
units at the lower level represent the discrep-
ancy between the higher level’s prediction and
the state of the lower level. The predictions are
adjusted based upon the prediction error gener-
ated by a Bayesian belief updating process,
where beliefs are probabilistic representations
of neural activity. For example, in the case of
action hierarchies, high-level predictions could
represent high-level motor commands, whereas
low-level predictions could represent motor
neurons that produce muscle movements (Ed-
wards, Adams, Brown, Pareés, & Friston,
2012). From the standpoint of predictive coding

a task file can be conceived of as a particular
configuration of hierarchical predictions.

Of course, the manner in which task files are
formed and developed is not fully understood.
However, Verbruggen, McLaren, and Cham-
bers (2014) suggest that abstract representa-
tions, like task files, may develop from basic
associative and reinforcement learning mecha-
nisms. Through these learning mechanisms,
simple S-R associations become the building
blocks for abstract representations of tasks, in
which intentional/motivational, perceptual, and
motoric concepts may be integrated and guide
behavior. Information that tends to co-occur in
time may serve as a salient cue for what be-
comes grouped together in a task file (Halvor-
son, Wagschal, & Hazeltine, 2013). However,
temporal contiguity is not sufficient to form task
files in all situations, and a distinct task file
might protect against incorporating temporally
contiguous information.

The behavioral findings supporting hierarchi-
cal task representations (i.e., task files) come
largely from experimental psychology studies
of cognitive control. One key piece of evidence
for the effect of task files on cognitive control is
the effect of S-R congruency on RT. People are
slower to respond to a stimulus when there are
competing stimuli. For example, in the classic
Stroop task, RTs to identify the color of color
words are slower when the font color and word
are incongruent (e.g., the word RED in the color
blue) than when the font color and word are
congruent (e.g., the word RED in the color red;
Stroop, 1935). Other experimental tasks that
manipulate the congruency between stimulus
and response features have provided evidence
that participants’ behavior is affected by the
way that they form abstract representations of
tasks. For example, Hazeltine (2005) had par-
ticipants perform a button-pressing task with
both hands in response to numbers and spatial
locations. Critically, the conceptual mappings
of numerical stimuli to finger responses were
manipulated between two groups of partici-
pants. Participants showed different effects of
congruency on RT depending on whether they
conceptually grouped responses as the left-to-
right fingers on each hand, or the fingers further
and closer from the middle of the body.

Dual-task procedures have also revealed the
influence of higher level abstractions. Many
studies have found that performing two tasks
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close together in time leads to processing costs,
which has commonly been interpreted as evi-
dence of a central processing bottleneck (cf.,
Pashler, 1994). However, other studies have
found that practice can substantially reduce
these interference costs (e.g., Hazeltine, Tea-
gue, & Ivry, 2002; Schumacher et al., 2001),
and the benefits of practice are greater for some
S-R pairings than others (Hazeltine, Ruthruff, &
Remington, 2006). These findings suggest that
dual-task performance is not limited by a central
bottleneck for S-R pairings, but rather by the
abstract representations that people form of con-
current tasks. We have recently shown addi-
tional evidence that task representation affects
dual-task processing (Schumacher et al., 2018).
In that study, we had participants make re-
sponses to stimuli (images of faces or buildings)
with the fingers of their left and right hands.
Some stimuli required no responses. Critically,
for some groups of S-R pairs, the responses
were independent of each other (i.e., the faces
and buildings were not associated with each
other). For other S-R pairs, the stimuli were
related and the responses depended on the par-
ticular pair of images presented. Because some
stimuli were associated with no responses,
each condition (viz., the independent and the
relational condition) included both one-hand
responses and two-hand responses. For the
independent condition, this corresponded to
single-task and dual-task conditions, but for
the relational condition, there was only one
task representation. The data showed a dual-
task cost for the independent but not the re-
lational condition. These laboratory data
demonstrate that the way we represent S-R
associations, as part of one task or in separate
task files, affects the way we behave.

Tasks Without Action

While much of the research on task represen-
tation has understandably focused on situations in
which overt responses are made, people in every-
day life often engage in goal-directed thinking
with no observable output. Consider the activities
of categorizing a piece of music as classical or
baroque, inhibiting intrusive thoughts, crafting the
best plan for your business, or predicting and
evaluating the actions of other people or even
fictional characters. There is a role for response
selection even in these types of behaviors—the

selection may involve a mental representation
(e.g., a categorization) rather than an overt re-
sponse. Although it is uncontroversial to classify
these types of thinking as tasks, the absence of
behavioral output makes them challenging to
study in the laboratory.

However, neurophysiological methods have
created new means to study tasks that lack overt
responses. Similarities across participants in the
signals from functional MRI (fMRI; Hasson et
al., 2008; Hasson, Nir, Levy, Fuhrmann, & Mal-
ach, 2004) and electroencephalography (EEG;
Dmochowski et al., 2014; Dmochowski, Sajda,
Dias, & Parra, 2012) as participants watch nar-
rative films can reveal commonalities in spatial
and temporal neural processing without requir-
ing the measurement of explicit motor re-
sponses from participants. In the extreme case
of patients who are conscious but unable to
generate overt responses, this technique has
been used to demonstrate synchronization of the
fMRI response between these patients and
healthy controls when viewing an engaging film
(Naci, Cusack, Anello, & Owen, 2014).

These and other studies have used the proce-
dure of viewing films to examine how cognitive
processes unfold during tasks that approximate
real-world experiences. By comparing responses
to realistic task demands with responses to labo-
ratory demands, one can explore how these pro-
cesses are similar or dissimilar, as well as how
they change over time during extended task en-
gagement. Films exist in a scientifically useful,
intermediate space between laboratory tasks like
the Stroop task or dual-task procedures and com-
plex real-world behaviors like braking a car at a
green light when an unexpected animal leaps into
the road or having interactive conversations with
others. They provide a continuous stream of com-
plex auditory and visual content at a pace time-
locked across participants. Attention, emotion,
and memory processes are engaged by films in a
similar fashion to how these processes occur dur-
ing real-life experiences. In the next section, we
discuss how viewers dynamically control complex
behavior during the experience of narratives.

Film Viewing as Goal-Directed Behavior

What is the task for the film viewer? One
strand of research has studied narrative compre-
hension, how people make sense of the incom-
ing sensory information. Film viewers construct
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situation models of the structure of events in a
narrative and as situations change, these active
models are updated or new models are gener-
ated (Graesser, Singer, & Trabasso, 1994;
Zwaan & Radvansky, 1998).

Studies of narrative comprehension demon-
strate that viewers impose order on the contin-
uous stream of information impinging on their
senses. According to the event segmentation
theory (EST), people divide continuous sensory
information into meaningful chunks of experi-
ence called events (Zacks, Speer, Swallow,
Braver, & Reynolds, 2007). The model of the
currently unfolding event serves to predict what
will happen next. To the extent that the model is
accurate, its structure can guide perception and
action. When the incoming sensory information
deviates from the predictions generated by the
active event model, EST proposes that the sys-
tem marks a boundary to the current event and
a new event model takes over. This organizing
process may govern the perception of events in
narratives and the experience of events in ev-
eryday life (Richmond & Zacks, 2017).

Several findings in behavioral and neuroim-
aging research support the claims of EST. Par-
ticipants are able to manually segment narra-
tives into coarse and fine events and the
boundaries of the fine events are typically em-
bedded hierarchically within the larger events.
Predictions about what will occur next in a
narrative are more accurate within an event than
across an event boundary. fMRI studies have
reported phasic increases in activity in similar
brain areas at event boundaries in passive view-
ings of everyday tasks (Zacks et al., 2001),
simple geometric animations (Zacks, Swallow,
Vettel, & McAvoy, 2006), and a narrative film
(Zacks, Speer, Swallow, & Maley, 2010).

A recent study used machine learning tech-
niques to test for evidence of event structure in
functional neuroimaging data (Baldassano et
al., 2017). Functional MRI volumes were col-
lected from participants as they watched a TV
program. Then, the time course of activation
across the brain was divided into segments that
transition through a series of stable activity pat-
terns. Results showed that activity across much
of the cortex was sensitive to the underlying
event structure of the program. The timescale of
the events formed a gradient across the visual
perceptual stream: early visual processing areas
in the occipital cortex displayed a pattern of

brief and dynamic events, higher order visual
processing regions represented events of longer
durations, and posterior medial regions captured
events that spanned minutes. These results are
consistent with prior work showing progres-
sively larger temporal receptive windows of
correlated brain activity across participants as
narratives become coherent on progressively
larger timescales (Lerner, Honey, Silbert, &
Hasson, 2011).

Interestingly, the event boundaries identified
in the patterns of posterior cingulate cortex ac-
tivity were significantly correlated with event
boundaries identified by participants in a behav-
ioral task in which participants had to con-
sciously identify event boundaries—suggesting
an overlap between the automatic and con-
trolled processes we use to segregate our world
(Lerner et al., 2011). Furthermore, the fact that
boundaries are observed at multiple levels sug-
gests that the event structure is hierarchical
rather than purely associative. This description
mirrors that of the task file, suggesting that
these disparate concepts may share representa-
tional substrates.

Though much progress has been made in
understanding basic narrative comprehension,
experiencing narratives is more than a passive
comprehension process. Richard Gerrig has ad-
vanced a participatory perspective of narrative
experiences, based on the observation that read-
ers and film viewers often generate mental re-
sponses during narratives that are similar to
those generated by side participants in conver-
sations (Gerrig, 1993; Gerrig & Jacovina, 2009;
Polichak & Gerrig, 2002). Thus, narrative com-
prehension is a task engaged in by the viewer.
By this view, the task of the viewer transcends
mere comprehension. Viewers develop prefer-
ences for potential narrative outcomes and then
engage in active mental participation in the service
of achieving or avoiding outcomes. Although
viewers are unable to alter narrative trajectories,
the participatory perspective argues that viewers
recruit similar mental processes to those engaged
by real-world situations where intervention is pos-
sible. A similar type of illusory participation
occurs in sport spectatorship (Pronin, Wegner,
McCarthy, & Rodriguez, 2006). Evidence for
mental participation has been found by catego-
rizing the utterances of participants asked to
speak their thoughts aloud while viewing film
scenes (Bezdek, Foy, & Gerrig, 2013). Ob-
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served participatory responses included emo-
tional reactions, problem-solving instructions
and assertions, replotting events, and character
evaluations. Bezdek et al. (2013) also manipu-
lated suspense by presenting the viewer with
information about threats that the characters
would face. Participatory responses, particu-
larly emotional reactions, were more frequent
when film scenes were framed to increase sus-
pense. These results suggest that viewers form
goals and preferences during narrative experi-
ences and engage in cognitive and emotional
processes in accordance with their goals. Fur-
ther, these results show that these processes are
affected by the knowledge that viewers bring to
a narrative experience.

EST (Zacks et al., 2007) and the participatory
perspective (Gerrig, 1993; Gerrig & Jacovina,
2009; Polichak & Gerrig, 2002) describe ways
in which our goals for understanding unfolding
experiences and the mental representations we
create guide the processing of a narrative. Both
of these theories are related to the concept of
narrative transportation, which is the tendency
for narratives to command viewers’ attentional
and emotional processes (Gerrig, 1993; Green
& Brock, 2000). As viewers become involved in
the world of the narrative, processing of narra-
tive-irrelevant stimuli in the physical environ-
ment is suppressed. Thus, when the partici-
pant’s goals and the environment (i.e., the
engaging narrative) support activation of a nar-
rative-relevant task file, viewers become affec-
tively and cognitively involved with the actions
and goals of the characters. However, some-
times the narrative does not engage the viewer
to maintain a narrative-relevant task file, per-
haps due to a poorly constructed plot. In addi-
tion, the viewer may hold active task files that
are irrelevant to the events of a narrative, such
as thoughts about important pending life events
that are external to the film. In such cases, these
task representations may shift viewers’ atten-
tion away from and outside the narrative.

The way in which narrative events are struc-
tured also affects the emotional and cognitive
processes of the viewer. Beginning a narrative
with a murder elicits feelings of curiosity typi-
cal of mysteries, while beginning with the
events leading up to a murder elicits feelings of
suspense (Brewer & Lichtenstein, 1980). These
and other discourse structures constrain the task
representations for the viewer’s cognitive pro-

cessing and behavior. For example, when
threats to characters are emphasized in a sus-
penseful narrative, attention to extranarrative
stimuli is suppressed. For example, participants
are slower and less accurate to respond with
button presses to auditory tones at these time
points than nonsuspenseful time points (Bezdek
& Gerrig, 2017). The narrowing of attention at
suspenseful peaks also impacts visual attention.

In an fMRI study, participants viewed sus-
penseful film scenes in the center of a screen
while checkerboards flashed continuously in the
visual periphery (Bezdek et al., 2015). We
found that increases in moments of suspense in
the film were associated with increases in ac-
tivity in regions that process the center of the
visual field (where the film was presented) and
decreases in regions that process the peripheral
flashing checkerboards. There were also in-
creases in activity in the ventral attention net-
work, a set of brain regions recruited when
attention is reoriented to salient stimuli (cf.,
Corbetta & Shulman, 2002), and decreases in
activity in the default mode network, a set of
brain regions found more active during in-
wardly focused tasks such as planning for the
future and mind wandering (cf., Raichle et al.,
2001). Subsequent research found that the nar-
rowed focus of attention at suspenseful mo-
ments generated consequences for subsequent
memory recall: participants showed better recall
for narrative events at moments of high sus-
pense than at moments of low suspense
(Bezdek, Wenzel, & Schumacher, 2017).

To illustrate how these processes may unfold
dynamically, consider the experience of a hy-
pothetical viewer at the cinema. As the lights
darken and the film begins, she may activate a
task file with goals of understanding the narra-
tive events and experiencing enjoyment. This
involves activating a set of linked representa-
tions for her goals, the stimuli relevant for the
task (viz., auditory and visual information from
the screen), and potentially relevant responses
(e.g., moving her eyes to the screen and perhaps
sitting up in her seat). This automatically en-
hances processing of representations within the
task file and suppresses ancillary information.
Yet, perhaps a neighbor is chewing popcorn
loudly enough to capture the viewer’s attention.
She then must exert additional control to acti-
vate her narrative task file, which suppresses the
popcorn-chewing sound and focuses attention
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on the film. As the film progresses, the dis-
course structure of the film may reveal that the
protagonist is in mortal danger. Now the viewer
more easily suppresses external noise and en-
codes the events of the narrative. Other behav-
iors, like drinking from her soda cup, may also
be suppressed. The task file for mental partici-
pation becomes more strongly activated, and
her conscious thoughts turn to problem solving
on behalf of the protagonist and generating
warnings and evaluations of the character’s ac-
tions—she has become transported into the nar-
rative. The suspense then resolves revealing that
the protagonist narrowly escapes his demise.
The viewer feels relief and perhaps an illogical
sense of pride that her warnings were heeded.
The sounds in the theater again intrude on her
consciousness and she must suppress them with
effort to be sure she is accurately constructing a
model of the new narrative event.

Both EST and the participatory perspective
describe a cognitive system that transcends the
sensory input at the immediate point in time. In
EST, prediction for upcoming sensory informa-
tion serves to test the accuracy of active event
models and determine when they need to be
updated. By the participatory perspective, a
viewer’s anticipation of potential future events
triggers conscious mental participation in the
narrative world, planning actions for characters
and reflecting on their past actions, according to
the current goals of the viewer. In the case of
suspense, threats to characters render viewers
less susceptible to distractions and enhance the
encoding of narrative events. The goals of the
viewer and the features of the narrative con-
strain and support the active task file and how
viewers behave as the story unfolds. Now we
turn to situations where the external environ-
ment may not adequately maintain a task file
representation.

Failures of Task Representation

In contrast to task-focused processing, disen-
gaging experiences consist of thoughts unre-
lated to the task the individual is currently per-
forming and a shift in attention away from the
assigned task. These instances in which cogni-
tion decouples from the task at hand are com-
monly referred to as mind wandering (Mrazek,
Phillips, Franklin, Broadway, & Schooler,
2013; Smallwood & Schooler, 2006). Mind

wandering occurs frequently, with previous re-
search estimating that it comprises between
30% and 50% of daily thoughts (Kane et al.,
2007; Killingsworth & Gilbert, 2010). Fre-
quently, the terms “mind wandering,” “task-
unrelated thought,” “spontaneous thought,” and
“stimulus-independent thought” have been used
interchangeably (but see Christoff, 2012, for a
discussion as to why these terms are not equiv-
alent). In this article, we use the term mind
wandering and refer to task-unrelated thoughts
and related off-task processes in the broadest
sense, in which attention is directed away from
an intentional, externally defined task.

How does mind wandering relate to task rep-
resentation? First, it is important to note that
mind wandering can occur with or without in-
tention, and vary across time, tasks, and indi-
viduals (Seli, Risko, Smilek, & Schacter, 2016).
The extent to which an individual mind wanders
intentionally or unintentionally can be related to
one’s intrinsic motivation and interest in the
task (Seli, Carriere, & Smilek, 2015). It can also
be related to the broader goal of experiential
avoidance, when the mind wanders as a way to
avoid unpleasant thoughts and current experi-
ences, such as boredom from tedious tasks
(Mooneyham & Schooler, 2013). Task diffi-
culty can also play a role, and emerging evi-
dence indicates that intentional mind wandering
is reported more frequently when performing
easy tasks compared with challenging tasks
(Seli, Risko, & Smilek, 2016).

In addition, the contents of mind wandering
are typically not random or meaningless.
Rather, mind wandering frequently consists of
thoughts related to past or future experiences
and other motivations and concerns of the indi-
vidual (Klinger, Koster, & Marchetti, 2017;
Smallwood, Nind, & O’Connor, 2009). For ex-
ample, the contents of mind wandering can be
primed by upcoming tasks, especially tasks that
may benefit from increased prospection. For
example, researchers examined the contents of
off-task thoughts that occurred during a medi-
tation exercise where participants were in-
structed that a geography quiz would follow.
Participants reported more geography-related
thoughts during meditation when they were in-
formed that the geography quiz consisted of
naming all the states of the United States (a task
that can benefit from forethought) compared
with when the quiz required simply counting the
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number of letters in the name of each state (a
task that would minimally benefit from fore-
thought; Morsella, Ben-Zeev, Lanska, & Bargh,
2010).

It may be that we have multiple task files par-
tially active—for different goals with different
levels of priority—and mind wandering may be
driven by switching between these task files as our
goals and priorities change. Defining mind wan-
dering as switching away from an assigned task
(as is often done in experimental research) means
that mind wandering will consist of instances
when thoughts are incongruent with the assigned
task goals, but congruent with other goals of the
individual. In these instances, mind wandering
represents a deviation from the assigned task goals
of the individual and is considered “off task”
relative to those goals. However, mind wandering
driven by other active task files of the individual
suggests that it may be more appropriate to con-
sider these thoughts as “on task” relative to the
individual’s goals.

To expand on this point, consider a student
arriving to a laboratory to complete an experi-
ment. He is a conscientious student and feels that
it is important to perform well in the experiment
but is also worried about his midterm the next day
and is excited for his upcoming weekend plans.
We consider each of these three topics—the ex-
periment, the midterm, and the weekend—to be
represented with task files held in varying activa-
tion states. Throughout the first half of the exper-
iment, the student is able to maintain focus on the
experimental task; thus, the task file for perform-
ing the experiment is strongly activated and guid-
ing his behavior. The second half of the experi-
ment is more challenging, however, and the
participant becomes fatigued. He struggles to
maintain the experiment task file, and thoughts
related to the upcoming weekend begin to enter
conscious awareness. He is able to suppress these
instances, but thoughts related to his looming mid-
term are harder to stop. As the student intention-
ally prospects about the test and devises a study
plan, the task file for passing his midterm strength-
ens in activation, and performance on the experi-
ment declines.

The balancing of multiple task files in different
activation states is a form of contention scheduling
(e.g., Norman & Shallice, 1986) where each task
file entails a personally relevant goal. Perhaps
through an interaction between anterior and pos-
terior regions of the prefrontal cortex (Koechlin &

Summerfield, 2007) or interactions between dif-
ferent brain networks for control (e.g., Dosenbach,
Fair, Cohen, Schlaggar, & Petersen, 2008), the
extent to which a particular task file will ulti-
mately drive thought and behavior depends on
both bottom-up and top-down processes. Bot-
tom-up factors are involved in such cases as task-
unrelated stimuli in the environment triggering
unintentional mind wandering Top-down control
processes are involved in such cases as when one
successfully performs an assigned task or when
one intentionally mind wanders away from the
original assigned task at hand and focuses on the
goals and concerns represented by the now-active
task file (Seli, Risko, Smilek, & Schacter, 2016).
In this latter instance, the individual may actually
be considered on task with respect to his or her
own goals.

To relate this to the topic of narrative com-
prehension discussed above, mind wandering
has been shown to vary based on different fac-
tors of the narrative experience. One study ex-
amined self-reported mind wandering during
the film The Red Balloon and manipulated prior
knowledge of the story by giving some partici-
pants a text version of the story before viewing
the film. Participants who received the prior
knowledge and had interest in the film reported
less mind wandering, especially as the film pro-
gressed over time (Kopp, Mills, & D’Mello,
2016). In this situation, the prior knowledge and
interest in the film may contribute to the instan-
tiation and maintenance of a strongly activated
task file that constrains cognitive processing to
the narrative and minimizes the influence of
distractors. In addition, mind wandering can be
detrimental to comprehending a narrative, but
the extent of the disruption depends on when
mind wandering occurs at different points in
the narrative. Smallwood, McSpadden, and
Schooler (2008) measured participants’ mind
wandering as they read a detective story and
then measured comprehension of key narrative
details. Mind wandering without awareness was
particularly detrimental to comprehending plot
details when mind wandering occurred early in
the narrative, when situation models, or task
files, were being developed. Conversely, and
more generally, mind wandering may be bene-
ficial for other aspects of narrative comprehen-
sion. Mind wandering has been proposed to
play a role in planning and anticipating future
outcomes (Baird, Smallwood, & Schooler,
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2011). In addition, mind wandering and ten-
dency to mind wander has been associated with
increased creativity, increased intelligence and
increased brain processing efficiency (e.g.,
Baird et al., 2012; Godwin et al., 2017). These
are functions that can aid in narrative compre-
hension and enrich narrative transportation ex-
periences. To be successful, a task file for nar-
rative comprehension may depend on the
suppression of unintentional mind wandering at
crucial points in a narrative, as well as the
augmentation of mind wandering at other times
to the extent that it is beneficial.

Regarding the brain mechanisms that may drive
the organization of mind wandering across task
files, the default mode network has been strongly
implicated in mind wandering and related sponta-
neous thought processes (Mason et al., 2007).
More recently, an interaction between the de-
fault mode network and networks that have
been associated with attention and control pro-
cesses, such as the fronto-parietal control net-
work, has been proposed to drive top-down,
goal-directed forms of thought (Christoff, Ir-
ving, Fox, Spreng, & Andrews-Hanna, 2016).
In contrast, the hippocampus is responsible for
the inception of more spontaneously generated,
unconstrained thoughts (Ellamil et al., 2016).
When off-task thought consists of top-down,
goal-directed processing, such as in the case of
our student devising a study plan, the task file
representing this goal drives the cognitive pro-
cessing and associated thought contents via
fronto-parietal control mechanisms just as in
other top-down processing. Concurrently, a
number of other goals may exist at varying
subthreshold activation levels, possibly within
the hippocampus (Ellamil et al., 2016) or ante-
rior prefrontal cortex (Koechlin & Summerfield,
2007). These may be triggered spontaneously
via activated connections in the semantic net-
work or through environmental cues (Klinger,
Koster, & Marchetti, 2017) and lead to the
instantiation of corresponding task files. Impor-
tantly, the likelihood of any given task file fur-
ther driving thought content is dependent in part
on the value of the associated behavior and
outcome.

Furthermore, it is possible that the extent of
engagement of the fronto-parietal control net-
work during off-task thought reflects a form of
abstraction within the task file, where the task
files of abstract goals (e.g., do well in school)

broadly constrain the generation of specific
goal-related thoughts (Andrews-Hanna, Irving,
Fox, Spreng, & Christoff, 2018). This may fol-
low the same hierarchical organization as de-
scribed above regarding laboratory tasks tap-
ping cognitive control processes. Thought
content may be generated by regions such as the
hippocampus (Ellamil et al., 2016) and down-
stream temporal-parietal association areas
forming the perceptual memory/sensory hierar-
chy as outlined by Fuster (2001, 2006). The
long-range reciprocal connections between
these regions and the prefrontal cortex may
drive the processing of thought in a bidirec-
tional manner, where the hierarchical organiza-
tion of the prefrontal cortex (e.g., Badre, 2008;
Badre & D’Esposito, 2007; Koechlin & Sum-
merfield, 2007) further influences the content of
specific thoughts depending on the level of ab-
straction of the task file (Andrews-Hanna et al.,
2018). While a number of research studies pro-
vide support for the hierarchical organization of
the prefrontal cortex within laboratory tasks
(e.g., Badre, 2008; Badre & D’Esposito, 2007;
Koechlin & Summerfield, 2007), the extent to
which this organization actually influences off-
task and unconstrained thought is an open ques-
tion (Andrews-Hanna et al., 2018).

Ultimately, the role of task files in driving off-
task thought is congruent to their role in driving
the cognition and behavior needed during on-task
performance. The contents of mind wandering are
typically not random or meaningless. Instead, they
usually reflect current drives and goals. Task files
compete with each other, such as those represent-
ing a task assigned by an instructor or researcher,
to further drive mental contents and behavior. The
mechanisms in which these task files function
may follow the organization proposed by Fuster
(2001, 2006) and, within the prefrontal cortex,
follow a rostral to caudal hierarchy based on ab-
straction (Badre, 2008; Badre & D’Esposito,
2007; Koechlin & Summerfield, 2007). Together,
these processes provide the foundation for the
dynamics of thought content and goal-directed
behavior.

Task Representation and Consciousness,
Cognitive Control, and Complex Action

Figure 2 shows a representation for how task
file activation may lead to controlled behavior
for watching a film, for directed mind wander-
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ing, and how breakdowns in a task file may lead
to undirected mind wandering. These phenom-
ena involve varying degrees of conscious effort.
We are typically conscious of the instructions in
a laboratory task or in our desire to understand
a Hollywood film. We may sometimes con-
sciously start to mind wander, but other times
our awareness of our mind wandering occurs
only after a period of time when we realize we
have disengaged from the assigned task

(Schooler et al., 2011). A related distinction for
these varying levels of consciousness from the
cognitive psychology literature is the difference
between automatic and controlled processing.
Automatic processing (i.e., processing that pro-
ceeds without conscious effort) is often re-
stricted to fixed sets of S-R associations and
requires a considerable amount of training to
achieve. Controlled processing, on the contrary,
is conscious and is based on limited capacity

Figure 2. Examples of task files when an individual carries out an externally driven goal, an
internally driven goal, and undirected thought. (A) The viewer has a goal to understand the
film. He activates a task file for narrative engagement and mentally participates in the
narrative. (B) The viewer is bored by the film and has an internal goal to think about work.
He successfully thinks about work decoupled from the present stimulus. (C) The viewer has
a goal to understand the film. He is distracted by thoughts about the jackhammer outside, the
pain in his foot, and the fly buzzing around him.
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mechanisms (e.g., working memory) that can
handle novel situations (e.g., Schneider &
Chein, 2003; Schneider & Shiffrin, 1977; Shif-
frin & Schneider, 1977).

Despite the fruitfulness of this distinction over
the past 40 years, the canonical definition of au-
tomatic versus controlled processing has limita-
tions when applied to many complex human be-
haviors. For example, both sleepwalkers and
individuals suffering from complex seizures have
been reported to engage in complicated activities
during these states, in which they were otherwise
unaware of their surroundings (Koch & Crick,
2001; Paulke, Wunder, & Toennes, 2015; Plazzi,
Vetrugno, Provini, & Montagna, 2005). Addition-
ally, utilization and imitation behaviors in patients
with prefrontal cortical damage can also often be
considered quite flexible, complex and adaptive—
even though they may not fit the traditional defi-
nition of “controlled” behavior (Lhermitte, 1986;
Lhermitte, Pillon, & Serdaru, 1986; Shallice, Bur-
gess, Schon, & Baxter, 1989).

It might be better to think of automatic and
controlled processing on a continuum rather than
as qualitatively different forms of processing
(Moors, 2016; Schneider & Chein, 2003; Shiffrin
& Schneider, 1977). At one end of the continuum,
processing is well integrated with the cortex’s
diverse network of processing hubs and, at the
other extreme, actions are governed by insulated
reflex circuits. A network conceptualization of a
task representation (like a task file) in which the
representation of a task is comprised of hierarchi-
cal connections between brain regions from per-
ceptual to association to motor cortices (e.g., Ba-
dre, 2008; Badre & D’Esposito, 2007; Badre &
Nee, 2018; Friston, 2008; Fuster, 2006; Koechlin
& Summerfield, 2007) incorporating motiva-
tional, emotional, and cognitive processes across a
variety of levels of abstraction may help explain
how complex, adaptive behavior is possible with-
out conscious awareness. For example, intermedi-
ate levels of a hierarchy may be responsible for
relatively complicated actions that are not inte-
grated with an individual’s conscious plans and
goals. These task representations may activate
higher order processing regions required for
bridging cross-temporal contingences (cf., Fuster,
2006) but not the highest order connector hubs
responsible for consciousness. In this way, auto-
maticity might be thought of as functional decou-
pling of higher order processing regions from
lower order regions.

With this conceptualization, mind wandering
without awareness may be the manifestation of
weak coupling within the upper regions of a hier-
archy and between the higher and intermediate
regions. In the case of multitasking, on the other
hand this decoupling may be strategic—such that
one task may proceed nearly automatically while
others are controlled. Furthermore, persistent or
sticky decoupling may occur in situations that, on
the surface, seem goal related. Transportation into
narrative worlds, for example, is often described
as an effortless experience (e.g., Green et al.,
2008) and given its phenomenology it might be
the product of decoupled processing. Readers and
filmgoers may intend to suppress emotional re-
sponses while transported into narrative worlds
but the elicitation of emotions associated with
narrative transportation may activate irrespective
of one’s goals (i.e., automatically). For example,
some people avoid horror movies to avoid feeling
excessive fear and others avoid tearjerkers to
avoid feeling sadness. In such cases, the neural
instantiation of transportation-elicited emotions
might be decoupled from regions involved in
emotion regulation, leading the viewer to avoid
certain types of narratives altogether to achieve
their desired goal. Though we argue that decou-
pling of brain regions may serve a viewer’s goals,
it is possible that in some cases, persistent and
nonintentional decoupling could lead to maladap-
tive or pathological outcomes, an idea which we
discuss in the following section.

Individual Differences and Clinical
Implications

Though a full discussion of individual differ-
ences in beyond the scope of this review, we note
that certain traits may influence the processes dis-
cussed above. For example, absorption, a trait
marked by a propensity for self-altering experi-
ences involving deep attentional engrossment with
a reduction of reality monitoring, is correlated
with narrative transportation (Green & Brock,
2000). Individuals high in this trait get lost in
nature, music, books, films, report cross-modal
sensory experiences, identify strongly with char-
acters in a narrative, and tend to lose awareness of
routine tasks while mind wandering (Tellegen &
Atkinson, 1974). Absorption is also correlated
with dissociation, hypnotic suggestibility, and fan-
tasy proneness (Carleton, Abrams, & Asmundson,
2010; Kihlstrom, Glisky, & Angiulo, 1994). Sim-
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ilar to high-absorption individuals, participants ex-
periencing transporting narratives show impaired
performance on experimenter-assigned tasks like
responding to surface details in the narratives (Co-
hen, Shavalian, & Rube, 2015; Green & Brock,
2000). These results suggest that transportation
can override executive monitoring processes. Dis-
sociative disorders have been proposed to relate to
functional decoupling (Edwards et al., 2012;
Tononi, Boly, Massimini, & Koch, 2016). Ab-
sorption and dissociation might stem from a dis-
position for sticky decoupling.

Rumination, a tendency for unintentional pre-
occupation with one’s distress, is another trait that
may be related to dysfunction in task file process-
ing. In particular, rumination has been proposed to
stem from a deficit in disengagement (Koster, De
Lissnyder, Derakshan, & De Raedt, 2011). A
growing literature generally supports a connection
between rumination and executive functioning,
though not always in a detrimental fashion (Alta-
mirano, Miyake, & Whitmer, 2010; De Lissnyder,
Derakshan, De Raedt, & Koster, 2011; Koster et
al., 2011; Kühn, Vanderhasselt, De Raedt, & Gal-
linat, 2012; Whitmer & Banich, 2007). For exam-
ple, ruminative tendencies are positively corre-
lated with performance on tasks requiring goal
maintenance and negatively correlated with per-
formance on tasks requiring goal shifting. (Alta-
mirano et al., 2010). Additionally, Whitmer and
Banich (2007) found that depressive rumination
was associated with poor inhibition of a prior task
set. Thus, rumination can be framed as impair-
ment in reconfiguring task files, but heterogeneity
in the relationship between rumination and task
shifting needs to be further explored (Whitmer &
Banich, 2007).

Conclusion

In conclusion, cognitive control allows for a
coherence of action. It ensures that actions are
taken to achieve a person’s goal and prioritize
goals when they conflict. The task file concept
offers a novel way of thinking about specific ex-
pressions of executive functioning and it fits well
into the existing theory of brain organization (e.g.,
Badre, 2008; Badre & Nee, 2018; Friston, 2008;
Fuster, 2006; Koechlin & Summerfield, 2007).
Furthermore, as outlined here, it may also help
develop an explanation for the processing de-
mands across a wide variety of tasks and behav-
iors.
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