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Attentional Control: Strategies for Structuring Cognition

Jesse Edelstein
University of California, Merced

Human attention is partly under voluntary control, and partly under involuntary control. (Pos-
ner & Petersen, 1990) In light of the fact of reflexive attention, how do we deploy voluntary
(endogenous) attention to achieve our goals? In this thesis I first discuss the problem of at-
tentional control and the history of its study. I present two series of experiments investigating
attentional control, and what happens when attention lapses. In a first group of studies, subjects
performed a spatial cuing task, in which some subjects received mostly valid cues and some
received mostly incorrect cues, in an extension of spatial cuing to new dimensions of stimuli.
In the second group of experiments, subjects received a creative task where they had to come
up with answers to an open-ended task (Baird et al., 2012), then performed a distractor task,
and finally returned to the initial task. By varying the attentive demands of the in-between
task, I manipulated the level of subjects’ mind wandering, as detected by changes in creative
incubation. From these experiments, I infer that humans’ attentional control strategies are
adaptive and powerful, if not always consistent.

Keywords: attentional control, executive control, attentional cuing, mind wandering

Background

Cognitive science is a project by human minds to under-
stand human minds. There is no paradox here, but as cog-
nitive scientists our investigations are always informed by
personal intuitions about the phenomena being studied. And
no subject I know of brings out stronger intuitive judgments
than the phenomenon of attention. We humans seem to be
“paying attention” all the time during waking life, giving
us limitless experience with the first-person phenomenology
of attention—however, we scientists have little clear under-
standing of how these attentive processes work. In this the-
sis I present work from a series of psychology experiments
on the topic of attention, in order to help answer a specific
question in attention research: How do people deploy their
attention to achieve their goals?

Ontology of attention

At the outset, it is worth discussing why this problem mat-
ters. In the first place, do people actually deploy attention—
at all? Anderson (2011) argues they do not: “. . . attention
never causes anything, because there is no such thing as at-
tention. There are, however, many empirical findings that
can accurately be labeled attentional.” Anderson (like most
attention scholars) is concerned about the vague definitions
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and appeals to intuition seen in attention research, but his
main argument is that scientists erroneously reify attention
by treating it as a cause rather than an effect. His prescription
is to eliminate attention as a causal element in a cognitive-
psychological understanding of the mind, to be replaced per-
haps with “an alternative conceptual foundation that does not
dichotomize or reify, and yields a terminology in which at-
tentional effects are seen to emerge as a consequence of spe-
cific and experimentally manipulable factors.”

This is a critique that should be considered carefully, be-
cause it is not a priori clear that attention really causes other
events, and we could be completely misleading ourselves
with this assumption. Clearly, we do not know for sure that
attention is an instantiated, causally active thing because no
one has ever isolated an attention in the laboratory, and be-
cause no events can be unambiguously attributed to the effect
of attention. In other words, cognitive psychology has have
no foolproof test for the presence or absence of attention,
only post hoc reasoning about results to infer the influence
of attention.

And it is likely to stay that way because attention is not
a single overarching construct. For instance, neuroscientists
currently identify three “relatively independent aspects of at-
tention”: alerting, orienting, and executive control. (Fan,
McCandliss, Fossella, Flombaum, & Posner, 2005; Petersen
& Posner, 2012) Likewise, Parasuraman (1998, p. 4) writes
“there cannot be a single definition of, and probably not a sin-
gle, overarching theory of, attention.” Even though attention
is no monolith, we still have the problem of defining attention
in a useful way. If Anderson believes that attentional influ-
ence is only detectable as an effect—and if these attentional
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influences are “continuously distributed, rather than merely
present or absent”—then what causes those attentional ef-
fects? Perhaps this cause is not rightly labeled attention but
instead “attentional control.” Still, we can be specific: In
response to Anderson’s criticism, I will specify that I am in-
terested in attention as a cause of other events. Even this
statement does make some presuppositions about the nature
of attention, such as assuming it is a process taking place at
a certain time and place, but such assumptions are the price
of taking attention seriously as a cognitive phenomenon.

Can we approach attention from an intuitive stance? As
Bacon (1995) demonstrated, we all use generalizations about
what attention is in day-to-day life—for instance, if my
friend is reading a book I intuit that she is probably not fully
attuned to everything around her. But to take this too far is to
fall into what Anderson criticized as “Jamesian Confidence”,
the resort to the cliche “Everyone knows what attention is”
(James, 1890) as a definition or explanation for attention.
The problem, according to Anderson, is not that we all think
we know what attention is, but instead that we mistakenly be-
lieve we all have the same thing in mind when we talk about
attention. However, this might be unfair to James, who in
fact went on to provide a substantial and credible definition
for attention:

Every one knows what attention is. It is the tak-
ing possession by the mind, in clear and vivid
form, of one out of what seem several simultane-
ously possible objects or trains of thought. Fo-
calization, concentration, of consciousness are
of its essence. It implies withdrawal from some
things in order to deal effectively with others,
and is a condition which has a real opposite in
the confused, dazed, scatterbrained state which
in French is called distraction and Zerstreutheit
in German. (p. 403-4)

This definition has some things going for it: it seems to
capture the essence of attention as a first-person experience,
it suggests some directions for attention researchers, and it is
not laden down with the baggage of excessive theory about
what attention actually is. There are any number of defini-
tions of attention with these qualities, but I see no special
reason to prefer any others over James’s definition. In tak-
ing Anderson’s point to heart we should remember, however,
that definitions can be misleading if we take them as strict
constraints. With that in mind, I now move to detailing the
kinds of attentive phenomena that are relevant to the research
question.

Dividing attention. It seems intuitively obvious that at-
tention is useful in completing goals, for the reason that we
do better in doing tasks we are actively attending to. (If a
driver pays less than full attention to the road, he or she
is driving distractedly, and we would expect worse perfor-
mance at the task of driving.) But it is not so clear that we are

able to deliberately choose what to do with our attention—at
least, not all the time. If I hear a nearby gunshot, I am imme-
diately obliged to pay attention to it, no matter how closely
I was concentrating a moment before. Indeed, it seems there
is a constant tension between paying attention “on purpose”
and paying attention to something without meaning to. In at-
tention research, voluntary attention is known as endogenous
attention, and attention captured by some external stimulus is
exogenous attention.

In fact, the exogenous/endogenous distinction is only one
of several contrasts that scholars have regarded as important.
Wu (2014) cites the following “common ways of dividing
attention”:

• Top-down versus bottom-up
• Endogenous versus exogenous (cf. intrinsic
versus extrinsic)
• Goal-directed versus stimulus driven
• Controlled versus automatic
• Voluntary versus involuntary (p.29)

I agree with Wu that these divisions are ill-defined
and hard to distinguish—for instance, I have already
claimed that voluntary/involuntary is the same thing as
endogenous/exogenous. However, Wu believes that top-
down/bottom-up are effectively identical with endoge-
nous/exogenous, but that controlled/automatic is distinct.
Wu treats top-down/bottom-up and controlled/automatic as
orthogonal, so there are four possible categories of attentive
activities. If Wu is correct there should be 2×2 combinations
of attention, for the following categories: (Wu, 2014)

1. Top-down, controlled attention;
2. Bottom-up, automatic attention;
3. Top-down, automatic attention;
4. Bottom-up. controlled attention. (p. 34)

Cases 1 and 2 are intuitively familiar; indeed it is tempting
to identify top-down with control and bottom-up with auto-
maticity. Wu also allows that there is apparently no case of
4 since control requires intent and bottom-up processes hap-
pen in the absence of intent. But importantly he argues that
case 3 has been replicated in the laboratory, citing work by
Yarbus (1967), who pioneered the use of eye tracking in the
USSR. Yarbus used a “cap” device which directly adhered to
the cornea (pp. 29-40); in the cited study subjects looked at
a painting with different tasks in mind, such as remembering
what the people in the painting were wearing. (pp. 171-196)
Top-down, automatic attention is claimed to occur in the pat-
tern of eye movements across objects in the painting: “As the
pattern is not controlled, it is automatic.” (Wu, 2014)

In my opinion this claim is not very convincing. It
is widely believed that eye movements and attention are
related—indeed, the strong form of the premotor theory of
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attention essentially claims that spatial attention is motor
planning in prefrontal cortex. (Noudoost, Chang, Steinmetz,
& Moore, 2010; D. T. Smith & Schenk, 2012) Whatever the
precise nature of the connection between frontal eye fields
(FEF) and attention, it seems clear that almost any case of
top-down visual attention will display this sort of automatic-
ity, in the form of such unconscious behavior as saccading
around a visual scene. Therefore I argue that the Yarbus ex-
periment was basically category 1, since the visual attention
paid by subjects was goal-directed and deliberate overall.

In fact, these ways of dividing up attention are all fairly
similar to one another, though they are certainly used in dif-
ferent senses. They all capture the same essential property of
attention: in some cases it is top-down and deliberate, while
at other times it is bottom-up and automatic, and there is no
bright line dividing the two. For clarity I will stick with the
terms exogenous and endogenous attention, and I will as-
sume the other ways of dividing attention are basically talk-
ing about the same phenomenon.

We should also note the distinction between overt atten-
tion and covert attention, which is not the same as the ear-
lier dichotomies. This distinction is widely observed in stud-
ies of visual attention, as in a subject (covertly) attending to
a target while simultaneously fixating his or her eyes on a
designated point. In overtly attending, on the other hand, a
person orients a sense organ to gain more information about
a target. (Kaspar, 2013; Posner, 2012) This might include
movement of the eyeball, orienting of the ears, reaching out
to touch something, or even sniffing the nose in search of an
odor (Keller, 2011)—the point is that the act of overt atten-
tion is observable in behavior, typically in a way that ampli-
fies the perceptive signal of the target, while covert attention
does not involve such muscle movements. This distinction is
real, in that it is clearly defined and occurs naturally; how-
ever, it appears to me that this distinction is less important
than some researchers think. (Cameron & Tai, 2002; Datta
& DeYoe, 2009; Ling & Carrasco, 2006) For one thing, the
distinction is meaningless for attention to inner thoughts or
memories—perhaps I stroke my chin while recalling an ex-
perience, but this overt behavior is not necessary or sufficient
for covert remembering. Along these same lines Mole sug-
gests “. . . mental arithmetic certainly requires attention, but it
may involve no attempt to perceive anything, nor any attempt
to execute an action. The attention in such a case therefore
seems to be attentive thinking” (Mole, 2011, p. 5–6, author’s
emphasis)—a question regarding the possible subjects of at-
tention. Jennings (2012) is in partial agreement, pointing out
that there is no clear limit to potential targets for one’s at-
tention, even if those targets may be pure fiction. Another
troubling issue is that there may be no clearly defined divi-
sion between overt and covert acts of attention—it may be
impossible to tell whether any particular twitch of the eye or
ears is an overt orientation towards an attended target. For

these reasons, I do not concentrate on overt/covert attention
as a critically important distinction.1

The last distinction I will discuss is the line between at-
tention and consciousness. Informally these terms are often
used interchangeably, or at least without a clear understand-
ing of how they might be different. Some authors (such as
James, above) see attention as something that moves per-
ceptions into consciousness. This would mean that attention
makes us more conscious of some events and less conscious
of other (unattended) events. (Minsky, 1986, p. 151) As-
suming some kind of link exists between attention and con-
sciousness is not really controversial, but various research
programs have yielded very different answers as to the nature
of that link. Does attention give rise to conscious percepts,
or does conscious reasoning ultimately direct attention, or
do attention and consciousness both cause each other some-
how? It may even be that consciousness can occur entirely
without attention (Koch & Tsuchiya, 2012), though carefully
working through these claims has not always yielded defini-
tive results. (Jennings, 2015) This question is important for
understanding attention as a cognitive phenomenon, but it is
beyond the scope of this paper. From here on, I will focus on
a specific problem within attention, though I hope that a good
answer will shed some light on big-picture questions such as
the relationship between attention and consciousness. At the
beginning of this section, I asked how people deploy their
attention to achieve their goals. I refer to this as the problem
of attentional control.

Approaches to attentional control

Endogenous attention is defined as the sort of attention
that we can deliberately direct. In other words, using endoge-
nous attention is optional—even if I attend to a certain stim-
ulus, I could have decided to attend elsewhere. (James, 1890,
p. 402) writes “My experience is what I agree to attend to.”
Is this “agreement” violated if James notices something that
he was not trying to pay attention to? In fact, this ideal sce-
nario of only endogenous, top-down attention is implausible,
because bottom-up processing never turns off completely. A
person could not operate in everyday life without exogenous
attention, because we depend on the ability of salient, impor-
tant stimuli to “catch” our attention. But just knowing that
there are bottom-up and top-down influences on attention
does not explain how they work. How do these influences
work together to structure cognition in an appropriate way?

By attentional control, I mean the interacting complex of
attentional strategies and automatic processes that make at-
tention an ecologically useful process. As discussed previ-
ously, attention serves different kinds of goals in our lives.

1However, overt and covert modes of attention are of particular
interest to visuospatial attention researchers. Koch and Tsuchiya
(2007) have used clever techniques that can “make people look but
not see” (Koch, 2012, p. 46)
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For instance, Ward (2008) describes attention as important
for orienting, filtering, and searching, while (Pashler, 1999)
considers selective attention, divided attention, and the lim-
its of the “attentional set.” Some researchers have considered
only the field of visual attention; for instance Yap and Lim
(2012) found evidence for an adaptive capability of split-
ting attention. No matter how the exact atomic tasks involv-
ing attention are divided up, we can see that any number of
tasks require attentional control. The scope of the problem is
therefore broad, and furthermore it cannot be limited to en-
dogenous attention. Of course the deliberate direction of (se-
lective) attention to amplify an existing signal is attentional
control (Treisman, 1969), but so is staying vigilant for an
expected signal. In a state of vigilance, the signal is sure
to attract attention exogenously when it occurs, but even so,
when it happens one “’pays attention.” Specifically, I am ar-
guing that a person’s attitude and reaction to a stimulus, even
one that is not immediately present, should all be considered
under the rubric of attentional control.

Below I review three notable theoretical approaches to ex-
plaining attentional control: mindfulness, flow, and cognitive
unison. Mindfulness scholars emphasize that attention can
be directed consciously and deliberately, especially by those
who work to develop self-control skills. Flow is modeled
on the efficient application of limited attentional resources,
which produces an “optimal experience” in the right circum-
stances. The cognitive unison theory holds that attention is
best understood adverbially rather than as a state or process
in its own right. I then compare these ways of viewing at-
tentional control with the mainstream research program in
cognitive science, exemplified by the work of Posner (1980,
2012) and Koch and Tsuchiya (2007, 2012), which focuses
on the model of attention as a gatekeeper.

Mindfulness. Manner of attentional control seems to
be closely related to mindfulness (or lack thereof) regard-
ing one’s conscious experiences. Mindfulness-oriented prac-
tices such meditation and cognitive therapy have proved use-
ful as treatments for stress and mental illness (Teasdale, Se-
gal, & Williams, 1995) but they have significant implica-
tions for cognitive science as well. Bishop et al. (2004)
write that mindfulness “begins by bringing awareness to cur-
rent experience—observing and attending to the changing
field of thoughts, feelings, and sensations from moment to
moment—by regulating the focus of attention.” They regard
“self-regulation of attention” as one component of mind-
fulness, along with “adopting a particular orientation to-
wards one’s experiences in the present moment.” The lat-
ter implies a kind of meta-attention, a personal awareness of
world awareness. Self-regulation of attention, on the other
hand, is of particular interest because it is a way of talk-
ing about attentional control. Notably, mindfulness train-
ing has been shown to enhance attentive skills. Participants
in a mindfulness-based stress reduction (MBSR) course had

improved orienting performance on test of attentive cuing.
(Jha, Krompinger, & Baime, 2007) Another study by Jensen,
Vangkilde, Frokjaer, and Hasselbalch (2012) showed that se-
lective attention benefits are special to MBSR meditation—a
control group, practicing a form of stress relief mediation
not based on developing mindfulness, showed no compa-
rable improvement. Delevoye-Turrell and Bobineau (2012)
suggested that MBSR acts to improve bodily performance of
actions by combining bottom-up and top-down in an optimal
way.

Claims about attention in the mindfulness literature are
typically not framed as a question of exogenous or endoge-
nous attention. However, similar to the components Bishop
et al. (2004) discuss, Lutz, Slagter, Dunne, and Davidson
(2008) divide mindfulness meditation into two kinds of train-
ing, “Focused Attention” and “Open Monitoring.” Focused
attention meditation appears to be closely linked to endoge-
nous attentional control—it involves voluntarily attending
to an object and then returning one’s attention to the ob-
ject of meditation (such as the sensation of breathing). The
authors comment that focused attention cultivates three at-
tentive skills: monitoring one’s attention to watch for mind
wandering, disengaging attention from a distracting object,
and redirecting attention to a chosen object. (Compare this
trio of attention tasks with the ones proposed by Ward and
Pashler.) Open monitoring practice branches off from fo-
cused attention; it emphasizes nonjudgmental awareness of
one’s attention and lacks the explicit focus on objects in-
herent to focused attention. This adoption of “non-reactive
meta-cognitive monitoring” is said to be effortless for skilled
practitioners, while sustaining active attention on a target is
effortful. The similarity to endogenous attention is striking.
In summary, exogenous and endogenous attention are clearly
linked to the skills developed in mindfulness meditation—
in fact, the evidence from MBSR suggests that training in
mindfulness acts via enhancing attentive orienting and moni-
toring. Furthermore, the two proposed components of mind-
fulness (regulation of attention and meta-cognitive monitor-
ing) are compellingly similar to exogenous and endogenous
attention.

It may even be misleading to say that mindfulness affects
attention (Jensen et al., 2012; Jha et al., 2007), because mind-
fulness and attention appear to be two ways of looking at
the same phenomenon. From this perspective mindfulness
as an activity is really an application of attention. This ap-
plication is special in a way because the practitioner is at-
tending specifically to his or her own awareness and trying
to avoid “monkey mind”, the state in which attention jumps
from one target to another and another during meditation.
(Gunaratana, 1992) MBSR developer Kabat-Zinn (2003) de-
fines mindfulness as “the awareness that emerges through
paying attention on purpose, in the present moment, and non-
judgmentally to the unfolding of experience moment by mo-
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ment”, which makes clear that it is specifically focused on
attentional control.

Mindfulness meditation can be seen as an attempt to di-
rectly interrogate attentive experiences while pushing all
other factors out of consciousness—for instance, —but we
should keep in mind that complete sensory deprivation is not
attained by sitting in a dark, quiet room. This may help re-
move many distractions but attention must still be actively
filtering out some irrelevant sensations, such as the feeling of
sitting in a chair. Therefore some “background” attention (or
similar filtering process) must always be present when some-
one is meditating, even if he or she has managed to clear the
mind of conscious distractions, so it would be misleading to
say that that mindfulness is a state of unalloyed attention, or
of total control over one’s attention. But the literature does
show that mindfulness meditation focuses on and develops
attentional control.

Flow. Another way of looking at attentional control, un-
der another set of special circumstances, is the study of posi-
tive psychology, especially the concept of flow, often associ-
ated with the work of psychologist Mihaly Csikszentmihalyi.
Flow is sometimes known as optimal experience, because it
refers to that state where challenge, skill, interest, and pres-
sure are in a seemingly perfect balance. The experience of
one’s attention being absorbed entirely by a book or movie
is a case of flow, as is the experience of effortless conver-
sation with an old friend. Csikszentmihalyi, Abuhamdeh,
and Nakamura (2014b) define it as “a subjective state that
people report when they are completely involved in some-
thing to the point of forgetting time, fatigue, and everything
else but the activity itself.” Taken on its own terms, flow
seems to be a kind of attentional control where all attention
is paid to the immediate problem at hand; other concerns
fade into the background. This is not to say that a person
in a flow state cannot notice a surprising event such as a gun-
shot; exogenous attention still exists for the person experi-
encing flow, but that person’s attentive field (Yoshimi & Vin-
son, 2015) subjectively appears to include only the activity
at hand. Csikszentmihalyi (1975, 1990, 2014a) stresses that
attention is about directing the contents of consciousness, ar-
guing that attention is necessary for any coherent experience.
(One exception he notes is people with schizophrenia, who
are sometimes unable to control their attention and report the
feeling of uncontrolled thoughts “flooding” into their minds.)

Flow is reportedly a very robust effect—in one volume
Csikszentmihalyi (2014a) discusses people in varied sce-
narios such as sailors at sea in extreme conditions, moth-
ers with young children, rock climbers, couples having sex,
music composers and listeners, doctors performing surgery,
and such everyday cases as someone having the freedom to
choose what he or she will do during the day. All of these
settings are said to be places where flow can occur. In gen-
eral, flow is a possibility when the challenges and skill of an

activity are balanced. This line of thinking led to the original
model of flow first seen in Csikszentmihalyi (1975), shown
in Figure 1. This figure also shows a newer model of flow
that breaks up the experience of an activity into several more
possible states; this more up-to-date model recognizes that
a low-skill, low-challenge situation does not inspire flow so
much as apathy.

Figure 1. Reproduced from Csikszentmihalyi,
Abuhamdeh, and Nakamura (2014b), these conceptual
graphs show an early model of flow (left) and a more re-
cent one (right). The left-hand model indicates that flow
is possible when skill and challenge are about equal.
The right-hand model adds more cognitive states, such
as worry and relaxation, and it only allows for flow when
both skill and challenge are fairly high. The concen-
tric rings indicate intensity of experience—the further
an activity from the center, the more intense the expe-
rience. The top right of the graph may correspond to a
profoundly engaging “deep flow” experience.

Furthermore, Csikszentmihalyi and Nakamura (2010) en-
dorse the view that attention is a depletable resource:

Because attention is needed to have experiences
in the first place, and to accomplish any task
that requires conscious effort, we may think of
it as psychic capacity, a definition that high-
lights the narrow bandwidth of information we
can process at any given time, or as psychic en-
ergy, a definition that foregrounds the fact that
any complex mental “work” requires the input
of attention. These definitions are only heuris-
tic; they remind us that attention is a limited re-
source that must be allocated to becoming aware
of what we experience at the moment and to de-
termine what experiences we shall have in the
future, thus shaping the quality of our lives. (p.
180)

If attention is a vital cognitive resource in short supply,
then perhaps a miserly strategy for paying attention is a good
idea. This might mean adopting a disinterested attitude to-
wards phenomena in the world, not focusing too closely on
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anything—indeed, this resembles the behavior of people who
are exhausted and have little attention to spare. Csikszentmi-
halyi (1990, p. 29) and Csikszentmihalyi (2014a, p. xvi) es-
timate that people can process some 120 bits of information
per second. As discussed above, this theoretical limit can-
not actually be reached because some attention (i.e., psychic
capacity) is always devoted to background monitoring and
other targets of interest. This is analogous this to the back-
ground attention apparently employed by meditation experts,
who can still be disturbed by outside events. (Gunaratana,
1992, p. 178)

But it also would be important, if attention is scarce, to
spend it wisely. As “optimal experience”, flow is a state
where attention is being efficiently applied to focus one’s ex-
perience on some interesting task. There is strong evidence
that people are happier and more satisfied when life has more
flow, which is an “autotelic experience” (Csikszentmihalyi,
2014b, pp. 145-6) interesting in itself rather than a means to
an end. However, there are times when people seem to expe-
rience effortless attention but it is not associated with a pos-
itive emotion. For example, if a victim is threatened with a
weapon, his or her memory is likely to be heavily focused on
the weapon rather than the criminal holding it. Loftus, Lof-
tus, and Messo (1987) as well as Pickel (1998) discussed this
weapon focus as a narrowing of attention, which is validated
by empirical work by Hope and Wright (2007). The latter
authors commented dryly on the “significance” of a weapon
being related to its threatening nature and its conceptual link
to robberies; to put this in more stark terms, a weapon is an
object of attention because it poses an immediate and terrify-
ing threat. They also showed that weapon focus occurs even
when subjects actively try to attend to something else and
a weapon appears. Attention is directed effortlessly toward
the weapon, much like in a flow experience, but this is not
the flow Csikszentmihalyi discusses—instead, it is a negative
and stressful focusing of attention.

Earlier I claimed that mindfulness could represent a spe-
cial kind of attentional control. Can we say say the same
of flow? Flow-like states with negative emotional valence (a
kind of “anti-flow”) are one reason to say no. They provide
evidence that effortless attention is not limited to flow. On the
other hand, if we look at the broader category of all subjec-
tively effortless attention we can see that there are significant
links to attentional control. In fact we have already looked
at one broad category of effortless attention: exogenous at-
tention. The very idea of attentional capture by something
outside of one’s body is a perfect example of attending with-
out meaning to. Rather than seeing flow as a special, unique
activity it makes more sense to think of it as one species of
a larger genus, including other sorts of “accidental” atten-
tional capture. Flow, however, is distinguished from other
attentional capture because it represents a case of deliberate
attentional capture where one’s endogenous (intentional) at-

tentional control is nicely correlated with the high (inciden-
tal) salience of the task.

This interpretation requires an explanation of salience,
which has been used by scholars in several different
ways. (Adams & Mamassian, 2004; Rosenblatt, Green-
berg, Solomon, Pyszczynski, & Lyon, 1989; Smallwood,
Nind, & O’Connor, 2009) Despite the potential for confu-
sion, salience is the consensus term for the exogenous atten-
tional attractiveness of a target. Salient stimuli are defined
functionally as those which force us to pay attention whether
we want to or not. Targets might attract exogenous attention
because they are desired, or arousing, or disturbing, or beau-
tiful, or annoying, to pick a few possibilities. We can also
distinguish between salience for the purposes of exogenous
attention and salience for endogenous attention. A clunky
term, “salience for endogenous attention” is related to how
much one deliberately attends. I propose that this kind of
salience is part of attentional control. Attentional control can
work like a salience map (Shomstein, 2012), in that it de-
fines how much endogenous attention will be paid to a given
target.

This idea of attentional control will help us understand
the research question, but in using terms such as “how much
attention” we have crossed a threshold. Previously, we have
discussed either attending or not attending, though in the sec-
tion on divisions of attention we saw that one can pay atten-
tion in different ways. Now I propose that attention is better
understood as a continuum from complete inattention to rapt,
full attention. If there is only one target with any salience it
may be capable of drawing one’s full attention (as in the flow
experience, where irrelevant stimuli seem to fade away), but
this is obviously not the most common scenario of using at-
tention. In everyday life, we are more likely to have any
number of “interesting” targets in visual space alone, to say
nothing of other sensory modalities, sense of one’s body and
self, and thoughts or memories that can be highlighted by at-
tention. Here we must be careful not to confuse phenomenol-
ogy (first-person experience) with an objective, third-person
understanding of what the brain is actually doing. Introspec-
tion might indicate that we only attend to one target (or per-
haps one “train of thought”) at a time, and Figure 2 shows
how Gurwitsch describes this single target paradigm.

Here, we can apply some theory from the early/late selec-
tion debate. This controversy was around before cognitive
science itself, reflected in works such as Broadbent (1958)
(on the side of an early “perceptive filter”) and J. A. Deutsch
and Deutsch (1963) (for extensive processing and a late fil-
ter). According to Mole (2013, sec. 2.1–2.4), this conflict
ended in stalemate, with many people agreeing that some
wrong assumption had been the basis for the dispute, but
no agreement on which assumption was mistaken. One mis-
taken assumption, with the benefit of hindsight, is that a tar-
get is necessarily either attended or unattended, For instance,
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Figure 2. This before-and-after diagram, by Yoshimi
and Vinson (2015), illustrates Aron Gurwitsch’s ideas
about attention. The math problem is the initial theme
of one’s attention, while the flower pot, music, and bod-
ily sensations are part of the margin. When the flower
pot grabs one’s attention it moves into the theme, while
the math problem recedes into the margin.

Eriksen and St. James (1986, p. 239) present the zoom-lens
metaphor which says that spatial attention can be spread over
a smaller or larger area: “as the size of the attentional field
increases, the density of processing resources within the field
decreases.” In the case of filtering, the data are best fit by
taking an in-between approach: earlier (feature-based) and
later (semantic) filters both have an effect, but they attenu-
ate a signal rather than cutting it off from attention entirely.
(Treisman, 1964; Treisman & Gelade, 1980)

In Gurwitsch’s terms, we normally have one primary
theme of attention and any number of marginalia receiving
little or no attention. Items in the margin are capable of
becoming the object if circumstances change (a flowerpot
might attract my attention when it falls off the windowsill)
which suggests they are not totally ignored—instead, they
are apparently getting at least some attention, some psychic
capacity devoted to them. This does not mean marginal tar-
gets are attended like the theme is attended, or even that the
resources devoting attention to a target in the margin are only
devoting attention to that target. (More on what “resources”
might mean in the next section.)

I claimed earlier that flow is not a unique kind of effort-
less attention, but that instead all exogenous attention is ef-
fortless. This is in line with Csikszentmihalyi and Nakamura
(2010, p. 187) who argue that the flow experience is par-
ticularly good for paying attention, even as it feels effort-
less to attend. Again, there is no real contradiction as long
as we keep straight the distinction between lived experience
and outside measurement. Consider programmers in “deep
hack mode”, which is a flow state in which their full expe-
rience is devoted to coding. Csikszentmihalyi, Abuhamdeh,
and Nakamura (2014a, p. 235) cite volunteer work on open-
source software as an example of the benefits of flow. Obvi-

ously programmers experiencing the phenomenology of flow
are doing some sort of mental work, even if their attention
is directed effortlessly. This effortless productivity, inciden-
tally, is one of the reasons flow is said to cause such positive
feelings. Overall, flow seems to be a state of great coordina-
tion between exogenous and endogenous attention—if you
are experiencing flow, then your theme of attention is both
fascinating to you and very interesting in its own right—so
much so that the distinction between endogenous and exoge-
nous attention is blurred.

Cognitive unison. Mole (2011, p. 51) presents “cogni-
tive unison” as a specific kind of focus on a task, which is
equivalent to doing that task attentively:

Let α be an agent, let τ be some task that the
agent is performing, and call the set of cognitive
resources that α can, with understanding, bring
to bear in the service of τ, τ’s ‘background set’.
α’s performance of τ displays cognitive unison
if and only if the resources in τ’s background set
are not occupied with activity that does not serve
τ.

This is the basic definition of cognitive unison; the full
explanation occupies an entire chapter in Mole’s book. To
briefly summarize the overall argument: A theory of atten-
tion should be adverbial—it should define what it is to do
something attentively—because attention is not a single pro-
cess. Instead, attention consists of subsidiary cognitive pro-
cesses, which can be applied in unison to allow a person to
act in an attentive manner. States of inattention or mind wan-
dering may also instantiate cognitive unison, but in Mole’s
view these are not kinds of attention; on the other hand, he
does allow for divided attention as a case of attention, and
shows why it might be easy or hard to divide attention under
different circumstances. (Mole, 2011, pp. 47–87) Wu (2014,
p. 100) puts this as “for an action to be performed attentively,
every relevant cognitive capacity is put to work to aid the ac-
tion or if, not aiding the action, at least not put to work in the
aid of any other action.”

Cognitive unison as a theory of attention is attractive be-
cause it is designed to be compatible with cognitive science,
in that it makes use of data from cognitive psychology and
avoids making untenable assumptions. It also provides some
guidance to the field, suggesting a way that attention could
function conceptually. Adapting a theory from a broad con-
ceptual level all the way down to a specific implementation
level (neurobiology in particular) is no small feat, but this
philosophical argument can also support other disciplines as
they attempt to understand attention. Cognitive unison is
also relevant to attentional control for two more reasons: its
claims can be evaluated with evidence from the neuroscience
of attention and contrary to claims by Anderson (2011, dis-
cussed above) it purports to show that attention has causal
efficacy.
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The theoretical neuroscience of cognitive unison is en-
tailed in the above definition—there exist “cognitive re-
sources” that can do certain tasks, and applying all the re-
sources that can apply to one task is necessary and sufficient
for paying attention. If some of those resources are diverted
in the service of another task, it is a case of divided atten-
tion. (Mole, 2011, pp. 74–83) Dividing one’s attention is
easy if the resources needed for each task do not overlap
at all. However, if there is some competition for resources
performance of one or the other task is likely to suffer. For
instance, most people can drive a car while listening to the
radio, but if some unusual event occurs on the road or on the
airwaves it is likely to attract more attention to that domain.
The theory also implies that two tasks are in direct compe-
tition for a vital resource, without which neither task can be
performed, the tasks cannot both be attended to at once.

But all this is dancing around the question: What are the
actual resources attention needs? One possible answer is
that certain neural groups are needed to attentively perform a
task. For instance, anterior cingulate cortex (ACC) appears to
be an important component of an executive attention network
which serves tasks such as focalizing attention on a target.
(Petersen & Posner, 2012) If a person is deliberately dividing
his or her attention to two different objects within the visual
field, it might be that the difficulty of the tasks is due to the
dual demands on ACC. The only way to attend to both is with
a sort of time-sharing, in which attention to both objects is
impaired because neither can get the full use of ACC. Over-
all this answer is compatible with Mole’s explanation of di-
vided attention, but it is not clear to me that the neuroscience
supports the conclusion—is it necessarily the case that the
neurons in ACC, or any other neural group, can be occupied
with only one attentive task at a time? (Botvinick, Cohen,
& Carter, 2004; Bush, Luu, & Posner, 2000) This question
is not trivial, because extant brain imaging tools only show
gross activity of neural areas, not specifics about which neu-
rons are firing or what they are processing. (Christoff, Gor-
don, Smallwood, Smith, & Schooler, 2009) And it seems to
me to be a real problem with any account of neural groups as
the key resource for attention. It is not really a useful claim
because every neural activity is the activation of certain neu-
ral groups.

Viewing the use of neural groups as cognitive resources
works well in the case of “easy divided attention”, as Mole
(2011, pp. 75–76) puts it. This is when a person performs two
separate, attended tasks but performance is not meaningfully
impaired. Seminal work by Allport, Antonis, and Reynolds
(1972, Experiment II) showed that certain attention-required
tasks can be performed simultaneously, including auditory
speech shadowing while sight-reading (and playing) piano
music. In the cognitive unison framework, it must be true
that “since the background sets of these tasks do not inter-
sect, there is no conflict between the requirements of unison

for each of them” (Mole, 2011, p. 75) For example, one task
might use ACC as a resource while the other task does not.
This would be consistent with multiple-networks theories of
attention, which hold that different attentive tasks are car-
ried out by different brain areas, rather than there being one
“attention center.” (Fan et al., 2005; Posner, 2012; Sridha-
ran, Levitin, & Menon, 2008) But alternative resources could
be substituted here; what about glucose in the bloodstream
as the vital resource for attentional control? (Schmeichel
& Baumeister, 2010, pp. 42–44) There is some compelling
evidence that glucose is a physiological side of self-control
(Gailliot et al., 2007) but this does not provide a satisfying
explanation for how divided attention could sometimes be
instantiated with no cost to performance. If two simultane-
ously attended tasks to not interfere with each other, are the
tasks both necessarily very easy? This might be the case for
walking and chewing bubblegum, but playing piano music
from a score and auditory shadowing are subjectively chal-
lenging tasks and seem to require active attention to perform
successfully.

In general I think any claims about “cognitive resources”
and attention will remain troublesome, because we just do
not have any good idea of what resources are strictly nec-
essary for paying attention. With a better understanding of
the brain, it might be possible to identify such resources, but
as of now we will have to be content with resources as an
abstraction. This is not necessarily a bad thing; we can still
talk about such resources (which presumably exist, in some
fashion) but we will have to keep in mind that such resources,
for the foreseeable future, will only be measured indirectly.
The proposed “background set” seems difficult to pin down
as well, because we really have no idea about the full extent
of the resources required for a given attentive task. In short,
it might be that attention is cognitive unison, but there is no
real way to tell if a performance of a task is actually dis-
playing cognitive unison. This is of course contingent on the
current state of neuroscience; if a reliable cognitive unison-
detector were available it would make this theory more read-
ily testable.

Suppose there is a task τ that could be performed either at-
tentively or inattentively—and ignore for the moment claims
about partial attention, which Mole (2011, pp. 85–87) be-
lieves are not really cases of attention. There are many such
tasks in everyday life; when eating with friends I can fo-
cus on the meal, or I can eat inattentively while attending
to the conversation around me. (Cohen & Farley, 2008)
Call these alternative performances τattended and τunattended.
Now, what is the actual difference between these task per-
formances? There might be behavioral differences such as
where one’s gaze falls—these are overt clues about attention.
But as discussed previously, apparently attentive behaviors
are neither necessary nor sufficient to conclude that a task is
really being performed attentively. There are sure to be phe-
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nomenological differences, as paying attention (τattended) will
inevitably feel different than not attending (τunattended). But
qualia are first-person phenomena; outside observers cannot
tell for sure when a person is experiencing attention or not.
The critical difference must be something about the manner
in which τ is performed, which would be detectable in how
the task is carried out or in the results. It is not necessarily
the case that τattended will have a better result than τunattended,
but it should be at least possible for them to have different
results, or else attention has no effect on τ—and in that case,
why bother attending to the task at all? The point of this
exercise is to show that attention must have a causal effect
on events (both inside and outside of the body), or else it is
epiphenomenal and not particularly interesting.

Mole believes that the theory of cognitive unison is defen-
sible against “causation-based objections.” These objections
apply to all sorts of ambitious theories in cognitive psychol-
ogy. They refute arguments of the type “mental phenomenon
X has metaphysical analysis ξ” by observing that since X
causes events to happen in the world, events which ξ ap-
parently does not cause, X , ξ. (Mole, 2011, p. 88) This
argument is indisputable as long as the premises hold up;
to thwart it requires showing that ξ does have causal power.
In this case, the problem is to show that the metaphysical
phenomenon of attention is causing things to happen. (pp.
90-91) This brings us back to Anderson’s argument about at-
tention never directly causing measurable events, and we can
now bring the argument to a satisfying conclusion. Many
tasks can be performed (or at least attempted) attentively or
inattentively. What does it mean to do a task without attend-
ing to it—to inattentively eat one’s meal, or to later wash the
dishes absent-mindedly? We mainly think of this in terms of
a counterfactual: If I had (or had not) attended to my task,
subsequent events would have been different. Paying atten-
tion (acting deliberately) might have prevented a spilled wine
glass or a dropped plate, but the skeptic could always counter
that this is begging the question. Perhaps the use of certain
brain resources would have prevented the accident, but there
are no grounds for saying that some special (metaphysical)
relationship of these resources causes anything observable.
This line of debate could go on for quite some time, and in-
deed it has.

In defending his theory Mole emphasizes that cognitive
unison, which is “composed from nothing over and above in-
stances of cognitive processing” (p. 112), can have a causal
effect detectable by the effect of inattention (i.e., failure of
the background set to instantiate cognitive unison). This is
a counterfactual argument about what would have happened
if cognitive unison had been instantiated—if the processes in
the appropriate background set had been occupied with the
task at hand, different events would have followed. The argu-
ment for why cognitive unison is causally relevant is on the
abstruse, technical side (pp. 88–116) but it basically relies

on the idea that we can avoid the causal redundancy between
unison and the processes that constitute it by redrawing the
boundary between an event’s cause and the background con-
ditions allowing that event to happen. For instance, for the
wine to spill it is necessary that my elbow bumped the wine
glass with sufficient force to tip it, that I did not already drain
the glass, that the bottled was opened and poured earlier, and
so on, moving to ever more distal causes of the event (which
effectively blend into the background conditions). Mole sug-
gests that attention acts as a critical background condition,
one that influences the manner of performance. This only
works if attention is an adverbial state rather than a certain
process, which is, as discussed previously, the essential point
of cognitive unison theory. This is not the most compelling
philosophical argument I have ever read, but it does sketch
out a believable account of how attention could be causally
active.

Cognitive unison is a good theory of attention; it generally
agrees with experimental results, it seems intuitively reason-
able, and it provides a useful road map for cognitive psy-
chologists to follow. (Mole, 2011, pp. 117–135) But is it
a correct theory of attention? This is hard to answer given
what we know today. For the purpose of answering ques-
tions about attentional control, I think its real value is in illus-
trating how a philosophical theory can support psychological
work in this area. If cognitive unison turns out to be an accu-
rate description of attention there are obvious consequences
for attentional control, which might be said to consist of the
recruitment of appropriate resources for the background set
of a task τ—and the suppression of any processing in the
background set not concerned with τ. (This summary elides
the significance and complexity of what “unoccupied” means
with regard to cognitive resources; see Wu, 2014, pp. 99–103
for an analysis of this issue.) We might still have other ques-
tions about attentional control, but to take an optimistic view
of future research, the theory of cognitive unison looks like
the start of a strong philosophical background for a useful
understanding of attention.

Mainstream cognitive science. The theories of atten-
tional control discussed in this section are not fringe ideas
but they are idiosyncratic from the point of view of orthodox
cognitive science. Even before the cognitive revolution, psy-
chology had been skeptical of the idea of a “special activity
of attention.” (Bradley, 1886) Perhaps it is not surprising that
cognitive psychology, which deals basically with mental pro-
cesses, has traditionally taken a “process-first” view. (Mole,
2011, pp. 35–46) At times, this means paying lip service to
attention without allowing for it to play a meaningful role in
cognitive models.

However, the attentional control material I reviewed previ-
ously is indeed relevant to current cognitive science work. So
far I have not referred much to neuroscience data pertinent to
attention, but there is significant overlap. One interesting re-
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search program on the cognitive neuroscience of attention is
the collaboration of Koch and Tsuchiya (2007, 2012), which
has produced several impressive studies. This effort is based
around the idea that attention and consciousness are dissocia-
ble processes that do not necessarily have to co-occur. There-
fore there are not only neural correlates of consciousness to
find (Block, 2005; Tononi & Koch, 2015); there should also
be neural correlates of attention detectable in the laboratory.
The study of these correlates in the larger brain has so far
been limited, owing to the difficulty of testing large-scale
cognitive models (Fan, McCandliss, Sommer, Raz, & Posner,
2002; Petersen & Posner, 2012) and the fact that attention
seems to be widely connected to other cognitive faculties.
If attentional control in this context refers to the means of
directing top-down attention (and top-down attention only—
Koch and Tsuchiya largely ignore exogenous/bottom-up at-
tention) then the attentional control strategy will determine
what gets into consciousness, so it is of great importance to
this work.

The general question of how a person responds to incom-
ing stimuli is a nontrivial problem of attentional control. For
instance, if visual attention is cued to a location, does the re-
sponse depend on whether the cue was expected or not? Does
it matter if the cue is deliberately attended to or captures at-
tention exogenously? Furthermore, do these proposed pat-
terns of attentional control hold up if the attention in question
is not perceptual or spatial, but instead executive attention
connected to ACC and juggling different attentional modal-
ities? This is the motivation for a series of experiments de-
scribed in the next section.

In the section after that I describe a family of experiments
that took my work in a different direction, into the atten-
tional control of (alleged) unconscious thought and creativ-
ity. Scholars have long argued about whether there is any se-
rious unconscious work done in the brain, and if so what form
it takes. (Newell, Wong, Cheung, & Rakow, 2009; Shanks &
St John, 1994) In these experiments I investigated how atten-
tional control might work in the absence of consciousness,
potentially fueling creativity in the cognitive background.

How do we deploy attention to achieve our goals? I think
I have shown that attention is a complex, non-unitary con-
struct of great importance to everyday life, including atten-
tion deliberately directed from within and attention inciden-
tally captured from without. Also vital is the way that this
attention is controlled; I characterize the methods that cog-
nizers adopt to navigate a world of attention-grabbing stimuli
as attentional control. As we move into the experimental data
we do not have to commit to any one way of looking at at-
tentional control—the approaches I laid out are neither mutu-
ally exclusive nor entirely complementary with one another.
I think the real value of these varied approaches is in getting
an idea of how attentional control has been understood in
different traditions, which will inform the hypotheses to be

tested in the experimental sections.

Attentional control for visual cues

Out of the different ways of paying attention, probably the
most studied modality is visuospatial attention. Visuospatial
attention is important in everyday life and easily manipulated
in the laboratory. In general it involves discriminating targets
from nontargets based on their appearance (“what”) and lo-
cating targets in the visual field (“where”). This section doc-
uments a series of four experiments aimed at clarifying how
attentional control works on visuospatial attention compared
to other modalities of attention.

Posner’s (1980) spatial cuing task is a common paradigm
used to study the effect of visuospatial attention on behav-
ior. This task consists of repeated trials in which a cue is
presented, followed by a target. The subject’s job is to re-
spond to the target by pressing the key or button correspond-
ing to the target’s location. When a cue correctly indicates
the target’s location, it is called a valid trial; invalid trials
have misleading cues, while neutral trials present no cue at
all. In addition to the relevance of the cue, the type of cue is
also manipulated. The basic types of cues are spatial, which
highlight a place where a target could appear, and symbolic,
which are centrally located and point towards where a target
could appear. Some authors (Klein & Ivanoff, 2011; Rafal,
Calabresi, Brennan, & Sciolto, 1989) refer to spatial and
symbolic cues as exogenous and endogenous respectively,
because spatial cues involuntarily attract attention (to a pe-
ripheral region of the visual field) while symbolic cues indi-
cate a direction rather than a location. To avoid confusion I
do not use these terms in this sense. Figure 3 shows a proto-
typical task of this sort.

Data from Posner-type experiments is usually reported in
terms of response time (RT). As long as the cues are mostly
valid (not always the case, as we will see) there is a consis-
tent pattern here: the lowest mean RT is for trials with valid
cues, the next-lowest RT is for neutral trials, and the highest
RT is seen on invalid trials. It seems that subjects are able
to take advantage of valid cues to quicken their responses
whereas there is a “cost” for invalid cues, presumably related
to the need to orient away from the cued location. Figure
4 shows one of the early publications indicating this rule.
The x-axis of the graph is the independent variable, the lag
between the presentation of the cue and the presentation of
the target, known as stimulus onset asynchrony (SOA). At an
SOA of 0 the cue and target are presented at the same time,
so it does not matter whether the cue is valid, invalid, or neu-
tral. But when the SOA is increased to as little as 50 ms, the
response data diverge greatly, indicating that an extremely
brief cuing interval can inform a subject’s response. As SOA
is increased to as much as 1 second, the gap between valid
and invalid trial RTs stops expanding and even shrinks. This
reversal is apparent in the downward slope of the invalid trial
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Figure 3. The basic 2 × 2 experimental manipulation in
the Posner cuing task. Symbolic and spatial cues dif-
fer in the type of cue presented, while valid and invalid
refer to cues that are correct or incorrect with regard
to the appearance of the target. Neutral trials with no
cue presented are also possible. Diagram adapted from
Wikipedia. (Local870, 2012)

RTs, which means that as the cue-target gap increases, the
cost of a misleading cue is lessened.

Executive attention has been characterized as the abil-
ity to coordinate and control attention between multiple
sources from a top-down, goal-oriented perspective. (Erick-
son, 2008; Maddox, Ashby, & Waldron, 2002) While spatial
attention is typically classifiable as an endogenous or exoge-
nous phenomenon (or a combination), executive attention is
described in different terms. If visuospatial attention falls
into the activities of orienting and alerting, then executive
attention is responsible for helping to makes decisions and
manage tasks; obviously this connects closely to mental pro-
cesses such as reasoning, memory, and learning. In fact one
can reasonably question whether executive attention is really
a kind of attention at all, though I think it is. Both exec-
utive and visuospatial attention, as well as attention in other
modalities, can be seen as means to allocate scarce mental re-
sources. But does the lack of a clear endogenous/exogenous
distinction for executive attention mean that it is always top-
down, rather than bottom-up? Furthermore, if executive at-
tention is managing resources, do these resources overlap
with those used by other modalities of attention? These ques-
tions provided the motivation for a series of experiments in-
vestigating the distinctions and commonalities between ex-
ecutive and visuospatial attention.

Figure 4. This graph from Posner, Nissen, and Ogden
(1978, p. 141) shows the usual benefit (or cost) of cues:
RT is quickest for valid trials, slowest for invalid trials,
and in the middle for neutral (uncued) trials. The x-axis
indicates the stimulus onset asynchrony (SOA), which
starts to have significant effects on RT with a cue-target
time gap as low as 50 ms.

Experiment 1

Within the Posner spatial cuing environment, one possi-
ble experimental manipulation is to vary the overall utility of
cues. In a between-subjects design, subjects can be put into
a valid group that receives mostly helpful cues and an invalid
group that receives unhelpful cues containing, on average, no
predictive information about the target location. (Prinzmetal,
Zvinyatskovskiy, Gutierrez, & Dilem, 2009) This means that
subjects in different groups, if they seek to minimize RT
while remaining accurate, could adopt different attentional
control strategies with regard to the cues. Subjects who find
that the cues are usually accurate could take advantage of
them by allowing their attentional spotlight to be guided by
the cues, while subjects who find the cues are useless would
be best served by ignoring the cues altogether, but this is an
unachievable ideal. Even a cue that is known to be mean-
ingless captures attention exogenously, and moreover Posner,
Rafal, Choate, and Vaughan (1985) as well as several others
(Klein & Macinnes, 1999; Sapir, Soroker, Berger, & Henik,
1999; Tipper, Driver, & Weaver, 1991) have described ro-
bust “inhibition of return” in these situations. For subjects in
the invalid cue group, when SOA is long enough (typically
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> 250 ms), RT is higher for valid cue trials than invalid cue
trials. Inhibition of return suggests that that subjects are pref-
erentially attending to uncued locations, because the cues are
usually wrong. This might be an optimal attentional control
strategy if the cued locations were less likely than other lo-
cations to contain the target, but it is being adopted in a less
than optimal circumstance.

This first experiment was based on the work of Prinzmetal
et al. (2009, Experiments 1 and 2), who designed a version
of the cuing task in which subjects identified target letters,
flanked by distractor letters, in one of four target boxes. The
target on each trial was either an F or a T in the center of one
of the boxes, and subjects pressed one of two keys for which
target they detected. The targets were flanked by the letters
O or or H, making discrimination of targets more involved.
When the distractors are O’s the task is the feature condition
because the target can be discriminated from the distractors
by just one feature, such as the horizontal lines in F and T.
This means it is easier to orient attention to the target and
decide which letter it is. The conjunction condition uses H’s
as flankers, which cannot be distinguished from the targets
by just one feature; instead some cognitive system must put
together the subcharacter features to distinguish between a
target F or T and a non-target H. Conjunction searches take
longer, presumably due to the increased perceptual demands.
(Treisman & Schmidt, 1982) Furthermore, each trial was
spatially cued with a dark box that appeared to highlight one
of the target boxes, with an SOA of 280 ms—thought to be
long enough to elicit voluntary attention in addition to reflex-
ive involuntary attention. Finally, the stimuli were presented
for only 120 ms (after a training period) which made the task
challenging, requiring search of short-term visual memory.
Figure 5 shows the basic sequence of a trial. Two groups
participated in this trial; a “voluntary” group received 80%
right cues, while their “involuntary” counterparts got only
25% right cues, no better than chance.

The critical results from Prinzmetal et al.’s Experiment
1, as in other cuing experiments (Langdon & Smith, 2005;
Rafal et al., 1989), are in the form of differences between in-
valid trial RT and valid RT. This is seen as the cost of having
a wrong cue as opposed to a right one; usually invalid RT is
higher and this cost is positive. For the valid group (described
here as the “voluntary group”, because they are incentivized
for attending to the cue), the cost was 104 ms on the feature
condition and 187 ms on the conjunction condition. For the
invalid group (the “involuntary group”), however, the feature
cost was only 26 ms and the conjunction cost an insignificant
6 ms. This dissociation is a three-way interaction between
group, type of search, and cue validity, but the upshot is that
“[m]aking the task more difficult reduced the cueing effect
by lengthening the time between the selection process and
the completion of perceptual processing” (p. 358).

For Prinzmetal et al, this is evidence for different mecha-

Figure 5. A trial sequence in Prinzmetal, Zviny-
atskovskiy, Gutierrez, and Dilem (2009, Experiment 1).
The cue is the dark box; for one group of subjects this
cue is usually predictive while for the other group it is
not. Of the two screens on the bottom, the left-hand
one is a feature search because the distractors share no
subcharacter features with the targets, while the right-
hand task is a conjunction search where the H distractor
shares the same subcharacter features with the F and T
targets. The targets in both cases are in the upper right
box, while the cue is in the lower left—for both, this is
an invalid cue trial.

nisms activated by endogenous and exogenous attention. Ex-
ogenous attention is selection for perception: “Voluntary at-
tention selects for perceptual enhancement. More perceptual
processing resources are allocated to attended objects leading
to a more veridical perceptual representation.” (p. 364) En-
dogenous or involuntary attention is nonperceptual, instead
being used for localization or selection of a stimulus for re-
sponse. The dissociation interaction seems to support this
hypothesis. The more difficult perceptual task (conjunctive
search) is helped more significantly by a valid cue than the
easier search task for the voluntary group, who are deliber-
ately attending to the cue. On the other hand, the involun-
tary group does not have enhanced perception from the occa-
sional valid cues; instead they have only a location. Process-
ing the conjunctive task—i.e., decoding the target letter when
it is surrounding by H’s—takes slightly longer than process-
ing the feature task. Since less time must be spent on reading
the letter in the feature case, the total time elapsed since the
presentation of the cue (SOA + time to read the target) will
be somewhat shorter than the elapsed time since cuing in the
conjunction condition. Per the earlier inhibition of return
discussion, we know that the longer the time elapsed from
cue to target presentation, the less significant the effect of
involuntary cuing. This hints that the effect might not exist
only in SOA manipulation, but also in the total time from
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cue to response. Therefore the difference for the involuntary
group—that valid cues are somewhat helpful with the easy
task but less helpful for the hard task—is due to the involun-
tarily attended cue wearing off more in the hard task.

To test this, I ran an experiment similar to the one in Fig-
ure 5. I wished especially to explore the effect of SOA ver-
sus perceptual challenge. Like the groups in Prinzmetal et
al. (2009), I divided subjects into a valid group and and an
invalid group, receiving right cues 80% or 25% of the time,
respectively, and subjects were advised of which group they
were in. Each subject did a total of 10 blocks of 40 trials
each. Each block had an SOA of either 40, 160, 280, 400, or
520 ms and involved either a conjunctive or a feature search
task (the same tasks as in the previous study); the 10 blocks
occurred in random order, following a practice block to in-
sure basic competence on the task.

Figure 6. RT costs (the difference of mean invalid RT
mean valid RT) for the groups and conditions in Experi-
ment 1. Error bars are 95% confidence intervals. n = 29
for the involuntary group; n = 30 for the voluntary
group. Note that the voluntary group (receiving mostly
good cues) displays on both search tasks an overall pos-
itive slope with respect to SOA, while the involuntary
group does not look as strongly influenced by SOA.

Figure 6 shows the data from my Experiment 1. As I ex-
pected, the voluntary group experiences greater costs of in-
valid cues for the harder search task than for the easier task.
For 280 ms SOA blocks, which were very similar to Ex-
periment 1 in Prinzmetal et al. (2009), conjunction searches
had an invalid cue cost of 350 ms, while feature searches
had a cost of 156 ms. In both cases the cost I calculated
is considerably higher than that reported by Prinzmetal et
al. Things diverge further from that study when we exam-
ine the involuntary (cued at chance) group. At all SOA levels
the invalid cue cost was higher for conjunction searches than
feature searches, failing to show the dissociation seen in the
earlier study. Overall this experiment represents a dramatic
failure to replicate the study it was based on, as the task was
virtually the same when SOA was 280 ms. It also did not
show other effects I expected. As SOA increased the cost of

a bad cue increased for the involuntary group, in both easy
and hard searches. I interpret this to mean that the longer the
cue is on the screen alone, the more the cued location tends
to attract attention. In attentional control terms this means a
strategy of focusing on cued areas, where the focus strength-
ens the longer the cue is displayed. On the other hand, the
involuntary group displayed little apparent effect from SOA.
No matter how long or short the cue-target presentation in-
terval, the cost of getting an invalid cue over getting a valid
one was about the same. The involuntary group subjects’
performance was still negatively affected by getting a bad
cue over a good one, but the length of presentation of that
cue was irrelevant. This suggests that the involuntary group
was not using the same overall attentional control approach
as the voluntary group, but instead one that was indifferent
to the length of cue presentation. This also does not show
the effect we would expect from the conventional wisdom
on inhibition of return (Klein, 2000), which would indicate
a negative cost (i.e., invalid RT faster than valid RT) for the
involuntary group at longer SOA. Instead the near-zero slope
across both tasks seems to show that inhibition of return is
absent.

Ultimately Experiment 1 raised more questions than it an-
swered. There are a few possible reasons for the significant
divergence between my predictions and the results. It is pos-
sible that the changes between Prinzmetal et al.’s Experiment
1 and my Experiment 1 were significant enough to cause dra-
matic changes in the outcome. For instance, Prinzmetal et
al. did not vary SOA within subjects, while I gave subjects
blocks with several different SOA levels. There could also be
more generic problems, like differences between the subject
pools used or differences in the physical setup of the labo-
ratory. It is possible that Prinzmetal et al. made systematic
errors in their work, but their results were hardly out of line
with typical work on Posner-type cuing. It is also possible
that the reported results are simply much less robust than had
been assumed, so they are hard to replicate. Overall none
of these explanations is particularly satisfying because it it
easy to gainsay any of them, so the results remain difficult to
interpret.

Experiment 2

Experiment 2 moved in a different direction, investigating
the idea of exogenous and endogenous effects in “higher”
attention. In this simple design, subjects sat at a computer
and responded using the keyboard, viewing a screen that was
divided into three boxes. On each trial a number of shapes
appeared in each box, and the goal was to pick the box that
contained different types of shapes from the other two boxes.
The number of shapes in each box served as a cue—not only
was there an oddball shape on each trial but on many trials
there was an oddball number in one of the boxes as well.
Figure 7 shows a trial from this experiment.
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Figure 7. Trial from Experiment 2. The object is to pick
the box with different shapes than the other two, so the
right-hand box is the target. However, the box on the
left is cued by the different number of shapes. Since the
cue and the target do not match, this is an invalid cue.

In this experiment, all 32 subjects did the same task with
the same settings. Half of the 500 trials were uncued, so
the same number of shapes appeared in each box. Another
25% had valid cues (where the box with a different number
of shapes was also the box with a different type of shapes),
while the final 25% were invalid cues, like the cue in Figure
7.

I intended to test the hypothesis that executive attention
would be susceptible to the same kind of endogenous and
exogenous effects that influence visual attention. The exper-
iment was effectively an attempt to replicate the findings of
Posner (1980), who found the consistent effect which can
be expressed as “invalid RT > neutral RT > valid RT”, in
a somewhat different modality. That work was based on
centrally-located symbolic cues alerting subjects to the area
where a target was likely to occur. Two key differences in my
experiment were that I used a number-based cue and a target
that was more difficult to detect than the targets used by Pos-
ner, Nissen, and Ogden (1978), for instance. To detect a tar-
get in that study, subjects had only to detect its appearance in
one of two peripherally located boxes. In my Experiment 2,
subjects had to detect the shapes in all three boxes, figure out
which box had the oddball shape type, and respond appropri-
ately. Therefore, Experiment 2 used a more difficult task than
the subjects performed in either Posner et al. (1978) or Pos-
ner (1980). Because discerning both the cue and the target
required more mental work for my subjects, I expected that
RTs would would be significantly higher overall than the RTs
reported in the prior studies. Another important difference is
that Experiment 2 has zero SOA, because the cue is presented
as part of the overall stimulus instead of prior. Note in Figure
4 how the classic work showed no effect at all from the cue
when SOA was 0. I expected that the salience of the number
cue would overcome the fact that it was presented along with
the target.

The results of were interesting, if not very conclusive. Ta-

Table 1
Experiment 2 Results

Type of cue Mean RT (ms) Standard error (ms)
Invalid 897.3 33.4
No cue 794.9 26.3
Valid 790.3 25.7

RT and standard error for each kind of trial. Data from
correct responses only. n = 32 subjects.

ble 1 shows the RT data. In Experiment 2, it seems that in-
valid RT > neutral RT = valid RT. Neutral and valid RTs were
very similar and not significantly different, both at about
790 ms (t(62) = 0.1249, n.s.) Mean invalid RT was about
900 ms, significantly higher than the neutral (uncued) case
(t(59) = −2.4081, p < 0.01). My expectation was that ask-
ing people to look at shape and number would be more chal-
lenging than simply orienting to a stimulus, and thus require
executive attention for control over which modality (shape
or number) to attend to. In this view, valid trials would have
been easier than neutral trials, because whichever modality
was chosen (number or shape), the subject would automati-
cally be orienting to the correct box. This did not occur. One
possible reason for the valid RT = neutral RT effect is that
this sort of task can be seen as a visual search task, in which
case the pop-out effect would have made the different shapes
easy to find via a parallel search process. (Treisman, 1969)
I also erred in giving ambiguous instructions to the subjects,
who had no real motive to look at the number instead of just
focusing on the shape. Even though the subjects were not
instructed to follow the cue, it is likely that they exogenously
oriented toward the cue, because the oddball number of items
was highly salient, but it does not necessarily follow that this
exogenous orientation affected the executive attention pro-
cess. Alternatively they might simply have ignored the odd-
ball number in this case. It is of course true that the cost of
invalid cue trials, versus valid cues or no cue, was some 100
ms. This means that cues did matter and therefore must have
had some practical salience. But there was no comparable
savings for valid-cued trials over uncued trials. I find this to
be an intriguing outcome, which I interpret as showing that
people cannot take advantage of a good cue in this situation,
but they can be thrown off by a bad one. One more reason
for these results could simply be that there is no special boost
for having a good cue or cost for having a bad cue—instead,
there could be a cost of interference in the task-switching
sense. (Logan, 2003) This implies that the real cognitive
process that is adding processing time is disengaging from
one task (looking at the cue) and moving to another (finding
the target).
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Experiment 3

The previous experiment showed that, in the modalities of
number-based cues and shape-based targets, there is a cost
to having a bad cue, but there is not necessarily a savings
of a good cue, compared to no cue. With the design of Ex-
periment 3, I attempted to correct some of the missteps of
its predecessor. The experiment retained oddball shape as an
indicator of the target, but the numerical cue was removed
and replaced with differing colors. A typical invalid cue trial
is seen in Figure 8. In briefing subjects for this experiment, I
emphasized the role of the oddball shape as the target, since
the color cue was not a helpful guide to the location of the
target. 37 subjects ran 500 trials, all getting the same ran-
dom mix of cases: 25% valid cues (matching oddball shape
and color), 25% invalid cues, 25% uncued, and 25% am-
biguously cued—each shape a different color so there was no
oddball color highlighting a particular shape. The motivation
for this last case was partly just curiosity about how subjects
would react; I predicted that the ambiguous case would take
some extra effort to ignore the unclear cue, so ambiguous cue
RT would be greater than uncued RT.

Figure 8. An Experiment 3 trial. The target is the odd-
ball shape, the circle. The (invalid) cue is the oddball
color on the left triangle. There is no SOA.

The results of Experiment 3 are displayed in Figure 9.
While it appears at first glance that there is some difference
in the different levels—for instance, valid trials look about
50 ms faster than invalid trials—this is not supported by my
analysis. A one-way ANOVA did not find a significant ef-
fect of cue type on RT (F(3, 140) = 0.6614, MSE = 19,280,
n.s.) Furthermore, an ad-hoc t-test found no difference be-
tween even the most extreme values, the invalid and the valid
cases (t(68.6) = 1.2522, n.s.) I found this result a surprise.
Why would color not act as a salient cue, while number did
(at least in the case of invalid versus neutral, in Experiment
2)? I had expected to see color attracting attention due to the
well-documented pop-out effect. (Treisman, 1969).

This experiment’s resulting RT data did not reach signif-
icance, and probably would not reach significance without
many more subjects. However, if we throw caution to the
wind and suppose that the invalid-valid cost is actually about
50 ms—the calculated 95% confidence interval is −29 ms up

Figure 9. Data from Experiment 3. n = 35; two particu-
larly inaccurate (< 80% correct) subjects were removed
from the analysis. Incorrect trials and trials with RT >

3000 ms were also removed from this analysis. Error
bars represent standard error.

to 129 ms—we still have a difference substantially smaller
than the 107 ms invalid-valid cost in Experiment 2. Why the
change? It might be that this Experiment 3’s tasks were just
less cognitively taxing than Experiment 2’s—note that abso-
lute response times ended up faster for Experiment 3 than
2. This could mean that executive attention is less required
for this task than it was for the previous one, so there is less
of a processing cost for the invalid case where the cue and
target are in conflict. Interpreted this way, these results are
similar to those of Experiment 2, in that valid and neutral
RTs are nearly equal, and invalid RT reflects an extra cost
on top of that baseline. Alternatively, it could simply be the
luck of the draw that caused the difference–for both experi-
ments there are large standard deviations and low numbers of
participants, so confidence intervals are fairly large. In this
interpretation, the true invalid-neutral difference (a popula-
tion variable) might actually be similar for both experimental
setups. Clearly more study is needed.

Experiment 4

Experiments 2 and 3 fixed some of the rough bits from Ex-
periment 1, but the question remained: is executive attention
affected by exogeneity in a manner comparable to perceptual
or spatial attention? In this experiment I reintroduced an ele-
ment from Experiment 1, the use of different subject groups
who received differently rates of valid and invalid cues. This
is an important consideration for attentional control, because
it gets at how the “users” of attention plan to react to various
events. Such strategies and goals are relevant when we con-
sider that in selective visual attention, valid exogenous (spa-
tial) cues still have a strong facilitative effect even if most of
the cues are invalid. R. D. Wright and Ward (2008, p. 23)
reason that
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over the course of several trials of a location-
cuing experiment, observers learn that low-
validity cues are not useful for determining the
impending target’s location and, as a result, they
do not voluntarily use these cues to direct their
attention. . . [T]he continued facilitative effect
of low-validity direct cues, even though subjects
may have realized that they are not useful, in-
dicates that this effect is mediated by reflexive,
stimulus-driven processes. [Emphasis as in orig-
inal.]

Would we see this same effect in executive attention if we
manipulated cue validity? If so, it would provide insight into
parallels between executive attention and visual attention. To
do this, I split 77 subjects up into three groups. A “mostly
good” group got 60% valid cues and 15%, a “control” group
got an even split of valid and invalid, and a “mostly bad”
group got only 15% valid and 60% invalid cues. Across all
groups, the remaining 25% of trials were uncued. The task
was basically the same as that in Experiment 3: identify the
oddball shape out of three shapes, with oddball color option-
ally serving as a cue. However, there were no ambiguous cue
trials. Each subject spent about twenty minutes running 1000
trials.

The theoretical reason to run this experiment was to ex-
plore whether executive attention behaved like visual atten-
tion under different strategic and validity conditions, thereby
providing possible evidence for the hypothesis that executive
attention can be manipulated by the same attentional effects
known to exist in visuospatial attention. Since I was trying
to validate this hypothesis, I expected to see time savings
for valid trials, even for groups that were trying to ignore or
avoid the cues. This would be due to an exogenous orienting
process toward the cue. I also expected to see some costs
for all groups on invalid trials due to the conflict that must
be mediated by executive attention, but since the mostly bad
group was most prepared for those invalid trials I expected to
see lower processing costs (difference from the neutral base-
line) for that group. As for which group would be fastest
at the task in general (that is, with RTs combined across the
different conditions), I was agnostic. I had no theoretical
basis to say that any of the groups would be overall faster
or slower. Finally I felt that due to the extended length of
this experiment over Experiment 2 (1000 versus 500 trials),
it would be useful to look at early trials versus late trials,
expecting that due to experience the RTs would drop across
the board. R. D. Wright and Ward (2008, pp. 31–32) point
out that after doing an attentional task for a while, subjects
learn better strategies and are better able to disengage from
distractions and focus on targets. On the other hand, I would
expect fatigue and boredom effects to start pushing RTs up if
the experiment dragged on long beyond half an hour.

Figure 10 shows the results of this experiment. The RT

Figure 10. Data from Experiment 4. The clusters of
bars represent each group subjects were placed in; n is
23, 23, and 28 for each of the three groups. The three
bars in each cluster indicate mean RT for valid, uncued
(neutral), and valid trials, and error bars are standard
error.

analysis is complicated. To start, a two-way mixed ANOVA
was performed, with RT predicted by group and trial condi-
tion. There was a condition effect (F(2, 142) = 155.57, MSE
= 121,204, p < .001) and a significant interaction between
condition and group (F(4, 142), MSE = 8,745, p < .001).
There was, however, no effect for group (F(2, 71) = 2.14,
MSE = 100,681, n.s.) The most important specific findings
were the following: First, the mostly good group appeared to
be slower than the other two groups, even when given valid
cues. There is a significant difference between the mostly
good and control groups (t(135) = 3.72, p < .001). How-
ever, this result is not significant when comparing the mostly
good and mostly bad groups (t(151) = 1.26, n.s.). Second,
within groups invalid cues appear to take longer than the
other two cases. However, this effect is marginally signifi-
cant for the mostly good group (t(40) = 1.43, p < .1) and not
significant for the control (t(42) = 0.84, n.s.) or mostly bad
(t(52) = 0.72, n.s.) groups. Third, there was no significant
difference within any group between neutral and valid cues.
(Mostly good group: t(44) = 0.7958, n.s. Control group:
t(44) = −0.066, n.s. Mostly bad group: t(54) = −0.1362,
n.s.)

The first finding, that the mostly good group was slower
than the control group (if not significantly different from
the mostly bad group) was a surprise to me. It seems that
what the mostly good group was doing tacked on some ad-
ditional control cost, which the control group did not have
to pay. In fact, a linear regression model found that being
in the valid group increased response times by a mean 75
ms. Why should this be? An attentional control explana-
tion might be that the subjects in the mostly good group,
since they had been instructed to pay attention to the usu-
ally helpful color cues, had an extra task to keep in working
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memory or executive attention. (Logan, 2004; Spence, 2010)
Then they might have had an extra step to take in looking for
the oddball shape, because they first located the color, and
only then looked for the shape. I did not expect that this
would be an issue, because I expected color to be perceived
along with shape more or less automatically (as in the ex-
ample of the binding problem) but this may have not been
the case. A non-attentional explanation (and perhaps a more
parsimonious one) would be that the subjects in the mostly
good group judged that the task was more complicated than
the subjects in the other groups, and therefore went about it
more carefully and deliberately. Subjects in the mostly bad
group were under instructions to actively avoid the cue be-
cause it would usually highlight the wrong thing, while the
control group was instructed to ignore the cue, which would
seem to be a simpler operation requiring no integration of
information. The possibility, not statistically verified, that
invalid cues take longer than other cues is in line with prior
theorizing, but why was there no difference, for any group,
between RTs for valid and uncued trials? This reminds me
of Experiment 2, where the cue was successful in slowing
respondents down but it did not speed them up, compared to
uncued trials. The large standard errors in Figure 10 indicate
that there was a lot of variation between subjects, so maybe
the uncertainty would have shrunk significantly by running
many more subjects.

Analysis of trial-to-trial carryover was inconclusive. I hy-
pothesized that it would be faster to respond to a target when
the previous target was in the same place onscreen, due to
priming for that location or attentional carryover from one
trial to the next. But effects were small and cannot be stated
with confidence.

Figure 11. Across all conditions, subjects performed
better later in Experiment 4 than earlier. Out 1000 tri-
als, the early trials are taken from trials 200–400 and the
late trials are 800–1000. These data are the difference,
within each condition, between the mean late trial RT
and the mean early trial RT, taken for correct trials only.

I also looked at the influence of trial number on perfor-

mance. I expected that later trials would be faster as subjects
got better at the task, and I was right. Figure 11 displays
the improved performance on later trials (from trial 800 to
1000) over earlier ones (from trials 200–400). For all condi-
tions across all groups, RT decreased as the experiment went
on, presumably due to the effect of experience on the sub-
jects’ ability. Note that the mostly good group seems to have
gained the most—this makes sense if it is true that the mostly
good group had a harder task, because they have more room
to improve before hitting a floor.

Discussion

Table 2 contains an overview of each experimental setup.
These 4 experiments represent an exploratory program rather
than a highly structured, systematic study of the topic (ex-
ecutive attention versus perceptual or visuospatial attention)
Overall I was struck by the difference between expectations
and outcomes, as the results of Experiments 1–4 were not
exactly as expected.

Experiments 1 and 4 both presented different levels of cu-
ing effectiveness to different groups, albeit in different ways;
while subjects receiving usually valid cues were more able
to take advantage of them than subjects getting random or
misleading cues, the critical effects seen in (for instance)
Prinzmetal et al. (2009) were not observed, nor was there any
evidence that the experiments were applying the characteris-
tic endogenous/exogenous distinctions to executive attention
as intended. Experiments 3 and 4 used similar designs for
stimuli, with targets indicated by oddball shape and cue in-
dicated by oddball color. This was a high-salience cue and
target, and so was the shape and number setup used in Exper-
iment 2. But while these salient cues did slow down perfor-
mance on trials where the cue and target were incongruent (as
shown in Table 1), they did not allow for any detectable ef-
fects of endogeneity that would have enhanced responses on
trials with good cues. In other words, these kind of cues (that
use alternate modalities from the traditional cuing paradigm)
might harm you in the worst case but they can’t help you
in the best case. Overall the most consistent finding is the
lack of support for my hypotheses regarding how executive
attention would be affected. If executive attention actually
works like I expected, it is too subtle an effect to notice in
any of the data analysis I have performed.

There are lessons here for attentional control. Maddox
(2002) and Maddox et al. (2002) proposed a testable sepa-
ration between high-level decisional/executive processes and
low-level perceptual processes, and I reasoned that attention
would reflect this separation. Perhaps it simply does not—
the attentional control that applies to a person’s executive
function might not be closely connected. I have already ar-
gued that attention is not all-or-nothing and that attention
is not necessarily identified with certain processes but in-
stead is a performative characteristic of some cognitive ac-
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Table 2
Experiments 1–4: Design overview

Experi-
ment

Cue type Target type Num. target
locations

SOA Cue validity

1 dark box
(spatial)

T or F as targets, O and
H as flankers

4 40–520
ms

80% (voluntary group) or 25%
(involuntary group)

2 oddball
number

oddball shape 3 0 25% valid, 25% invalid, 50% uncued

3 oddball
color

oddball shape 3 0 25% valid, 25% invalid, 25% uncued,
25% ambiguous

4 oddball
color

oddball shape 3 0 60% (mostly good), 37.5% (neutral),
15% (mostly bad)

tivities. In light of Experiments 1–4 it might be reasonable
to assume that the “unity of attention” I once sought—based
in commonalities between different attentive actions—is not
going to materialize. An alternate interpretation is that my
experiments were not sensitive enough or were looking in
the wrong place. Still, I felt that the evidence for number
and color attracting pop-out attention was strong so I found
the results of Experiments 2–4 particularly startling; it is not
immediately clear what would need to be changed to get bet-
ter results. One thing we can say about attentional control
is that in seemingly simple laboratory situations, peoples’ at-
tentional strategies are not necessarily optimal for the tasks
at hand. They are adaptive in many cases (in that there are
obvious but worse strategies which people can avoid using)
but they do not always take advantage of all options that we
would expect to improve performance.

Mind wandering and attentional control

Can we attend without realizing it—that is, can there be
attention in the absence of consciousness? For Koch and
Tsuchiya (2007, p. 17), certainly:

Subjects can attend to a location for many sec-
onds and yet fail to see one or more attributes
of an object at that location. . . [P]riming has
been elicited for invisible words (suppressed by
a combination of forward and backward mask-
ing), but only if the subject was attending to
the invisible prime-target pair; without atten-
tion, the same word fails to elicit priming. Male
and female nudes attract attention when they
are rendered completely invisible by continuous
flash suppression. Interestingly, in heterosexu-
als, these effects are apparent only for nudes of
the opposite sex. Note that without the mask,
these stimuli are clearly visible.

Koch and Tsuchiya (2007, 2012) cite several other exam-
ples. All of them have in common that a subject is apparently

attending to a location or object while lacking conscious
awareness of that attention. Despite the fact that attention
does not give rise to conscious awareness in these situations,
the effects of attending to the stimulus are still detectable,
as in the case of priming for an attended but invisible word.
Koch and Tsuchiya may be using “attention” in a broader
sense than others such as Wu (2014), but their understanding
of attention is still in line with James’s definition and with
the general research program I have been describing. But it
leads one to wonder what roles attention might be playing in
the absence of consciousness.

Mind wandering is the ubiquitous phenomenon in which
we “experience our minds drifting away from a task toward
unrelated inner thoughts, fantasies, feelings, and other mus-
ings.” (Smallwood & Schooler, 2006, p. 946) In the Jame-
sian sense, perhaps one’s train of thought takes a meander-
ing, circuitous route that does not necessarily help with the
task at hand (if any). This may be regarded as a lapse of
attentional control, a lapse which allows attention to move
away from immediate concerns onto practically anything
else. Mind wandering is not well-studied but it happens all
the time—an experience sampling study by Killingsworth
and Gilbert (2010) showed that about half of waking life
involves a degree of mind wandering, which occurred con-
sistently through almost all activities of daily life. Just the
frequency of the activity makes mind wandering of interest
to cognitive psychologists, and the most obvious question to
ask is why our minds are spending so much time wander-
ing about. It seems a priori unlikely that such a common
activity is in no way helpful or adaptive, but there is not a
lot of evidence indicating what mind wandering is good for.
(Mooneyham & Schooler, 2013) On the contrary mind wan-
dering has been associated with unhappiness (Killingsworth
& Gilbert, 2010), with failure to comprehend stories or rep-
resent the environment fully (Smallwood, McSpadden, &
Schooler, 2008), with unproductive and even harmful rumi-
native thought (Smallwood & O’Connor, 2011), with alcohol
abuse and drunkenness (Sayette, Reichle, & Schooler, 2009),
and so on. If mind wandering has such bad consequences,
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why would humans be evolved to spend so much time doing
it? Is mind wandering just a weird bug in our cognitive setup,
a flaw in attentional control which does not keep us focused
on a relevant task?

Baird et al. (2012) seem to have provided an answer for
how mind wandering is useful: it may help us come up with
new ideas and ways of looking at problems. This effect is
called creative incubation. For instance, the mathematician
Henri Poincaré related a story in which he struggled for days
with a difficult algebra problem. Frustrated, he spent some
time at the seaside, thinking of other things, when suddenly
he realized there was a deep connection between his algebra
woes and the theory of non-Euclidean geometry. (Poincaré
& Halsted, 1913, p. 388) Of course this is only an anecdote,
but it reflects an experience that many can identify with.
It seems as if Poincaré’s brain was occupied with thought
that Poincaré, phenomenologically, was unaware that he was
thinking. This “background” thought put together the pieces
of the puzzle which was beguiling Poincaré in his conscious
life and then the solution apparently popped into his con-
sciousness one day at the beach. At least, that is the post-
hoc story that he told; it may be that his introspection was
inaccurate so it is important to test this kind of claim in the
laboratory.

The idea behind creative incubation under conditions of
mind wandering is that it may be adaptive to think about
seemingly irrelevant things because those thoughts may
come in handy later. Furthermore, it may be useful to think in
a stochastic, undirected way to inspire creativity. Christoff,
Gordon, and Smith (2008) describe three modes of thought:
the goal-directed mode that directly attacks a problem, the
spontaneous mode (including mind wandering) which is less
focused and seems to be based on the “default network” in
the brain, and the creative mode which is somewhere be-
tween these extremes. Having less strict cognitive control,
they report, is associated with creative output. So the seem-
ing randomness of where one’s mind goes during mind wan-
dering may be useful after all—it may be the mind’s way of
approaching problems from different angles. To take a more
mundane example, if I am listening to a dull lecture my mind
might wander off to my plans for dinner tonight. It might in
fact be a better use of my time to attend to what I will prepare
for dinner than to attend to the content of the lecture, even if
the lecturer is unlikely to share this view.

In this way, I view mind wandering as a kind of atten-
tional control strategy. We never have complete control of
where our mind goes, but the evidence from mindfulness
meditation suggests that people are able to take some con-
trol of where their attention goes and they have some say
in whether it stays fixed or wanders away. Mind wandering
is not exactly done on purpose, but the choice to ease up
on attentional control and let one’s attention flit away to new
subjects may be adaptive and helpful. (Smallwood, Beach, &

Schooler, 2008) The series of five experiments in this section
is a look at the workings of mind wandering, incubation, and
attentional control. Each of these experiments used an A–
B–A design: I gave subjects a task requiring some creativity
to perform, then gave an in-between task manipulating the
level of cognitive load, then returned subjects to the original
creativity task to try to come up with more answers. The
hypothesis in all cases is that more cognitive challenge in the
in-between task will reduce the opportunity for mind wan-
dering and therefore will tend to produce fewer responses in
the final creativity task.

In my experiments, the main task to measure creativity
was the Unusual Uses Test (UUT). In this task a subject is
prompted with an everyday item such as a brick, and given a
short time to come up with as many uses for the item as pos-
sible. This is considered a “divergent” test of creative think-
ing, because the subject is not trying to find a right answer
but instead come up with as many plausible answers as possi-
ble. (Guilford, 1967) A divergent test is good for measuring
creative fluency, the ability to produce a lot of spontaneous
responses to an open-ended problem, which is the primary
creativity variable I looked at. An example of a convergent
test is the task I used in Experiment 8, the Remote Asso-
ciates Test. The RAT prompts with three words that are all
related by another word and there is only one right answer—
for clues “wagon”,“rubber”, and “aid”, for example, the tar-
get is “band.” (Mednick, 1962) A convergent test rewards the
ability to form associations and notice similarities between
sometimes very different targets. But a disadvantage of a
convergent test in this kind of study is that subjects may hit a
ceiling or floor, squishing any differences between subjects.
The RAT has also been reported by Vul and Pashler (2007)
to lead to incubation inconsistently, another reason I avoided
using it for several experiments.

Experiment 5

In this experiment, I attempted to replicate and extend the
results of Baird et al. (2012), who argued that mind wander-
ing was linked to creative incubation. Baird et al. used an
A–B–A format study where task A was the UUT and task
B was determined by one of four experimental conditions.
The first three were 12 minutes of either a hard task (the 1-
back test), an easier task (0-back), or simply resting in the
test room for a while. The fourth was no incubation period
at all—subjects went right back to the UUT. In the second
instance of the UUT, subjects saw some of the same prompts
they had seen before and some new ones. After complet-
ing those, subjects took an inventory to assess propensity for
mind wandering. The major finding of this study was the
effect of condition on UUT improvement (from the first to
the second test). Among repeated UUT prompts—those seen
previously in the first UUT and repeated in the second—the
0-back group showed some 40% improvement on the test,
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significantly higher than all other groups. The 0-back group,
performing a fairly unchallenging task, showed a strong in-
cubation effect, and this effect seemed to be absent altogether
for the 1-back subjects and for the subjects who simply rested
with no stimulation. Why is it that only an easy task facili-
tated incubation, while a harder task or no task did not? Baird
et al. point out that the less-demanding 0-back task was asso-
ciated with high levels of mind wandering; they propose that
“simple external tasks” (p. 4) that generate mind wandering
are the best at stimulating creativity. Cognitively the main
difference between 1-back and 0-back is that 1-back seems to
require more mental effort, demanding that a subject hold the
immediate last cue in working memory. The authors surmise
that the concentration required by 1-back does not lend itself
to mind wandering. Conversely, resting for 12 minutes did
not lead to mind wandering or incubation effects; this may
be because a low level of cognitive load does not lead to the
mind wandering that would enhance creativity.

One consequential change I made in the design of Exper-
iment 5, compared to Baird et al. (2012), was to use the Sus-
tained Attention to Response Test (SART) instead of the n-
back test. The SART, first used by Robertson, Manly, An-
drade, Baddeley, and Yiend (1997), is another kind of test
thought to require continuous focused attention. The task is
very simple: single digits appear on the screen, and the sub-
ject is to press a button when any digit appears—except if
the digit is 3, in which case he or she should do nothing and
wait for the 3 to disappear. Manly, Robertson, Galloway, and
Hawkins (1999) argued that the SART was good at detect-
ing momentary attentional lapses. However, there is some
dissent on this topic, as Helton, Kern, and Walker (2009)
have claimed that the test is more a measurement of inhibit-
ing impulsive responses. Work by Dillard et al. (2014), pub-
lished after I conducted this series of experiments in 2012,
claimed to show that the SART does not actually promote
mindlessness, which is the traditional interpretation for er-
roneous presses in the task. I hoped to shed some light on
this issue by manipulating how much focus subjects put on
the SART—in Experiment 5 and several others we urged one
group of subjects to focus on the SART as the most vital
part of the experiment, while another group was told that
the SART was a “filler task” to collect “supplemental data.”
As an experimenter, one useful aspect of the test is that it
not only requires focused attentional control, it automatically
measures when a subject’s attention has drifted and he or she
is mindlessly pressing the button.

Experiment 5’s A–B–A design consisted of two UUTs
separated by a SART section. The UUTs were both 2 min-
utes long and asked subjects to think of all the uses they
could for a brick. The SART segment took about 11 min-
utes, including 250 trials of 2500 ms each (2000 ms fixation
+ 500 ms stimulus display) and also several interruptions for
thought probes regarding where the subject’s mind was. Af-

ter some false starts with data collection, I ran 93 subjects
across both groups with the help of undergraduate RAs. 45
subjects were in the “important” group and were told to make
sure to attend to the SART, while the 48 subjects in the “not
important” group were informed that the SART was less im-
portant than the UUT section. Neither group, importantly,
was informed that they would be returning to the same UUT
after the SART, so there was not explicit encouragement to
think about unusual uses during the SART.

Results for this experiment were not conclusive. Ana-
lyzing accuracy rates on the SART, I found that while the
higher-performing halves of both groups did about as well as
each other and were close to the ceiling of 100% accuracy,
the subjects who performed below the median substantially
diverged in each group. In the important group, the bottom
half averaged around 78% right, while the bottom half of the
not important group got only 48% right. This result is shown
in Figure 12. I interpret this to mean that there was a per-
formance effect from the manipulation; however, the effect
of this manipulation on UUT performance is not clear. Fig-
ure 13 shows the data for unique responses to the first and
second UUT prompts, broken up by subject group and per-
formance on the SART (above or below the median for that
group). There are a few things to note regarding this chart.
First, it appears that group had no influence on fluency for
the first UUT, and that subjects who did better on the SART
generally did better on the UUT; this makes sense because
the group manipulation did not directly affect the first UUT
and subjects who did well on the SART were likely better-
motivated and able to do well on the UUT as well. Second,
performance on the second UUT did not depend on higher
or lower performance on the SART, but group did make a
difference in second UUT performance. In fact, it looks like
subjects in the not important group actually had less creative
incubation, because they produced fewer unique responses
on average. This is the opposite of the effect I expected to
see.

What could account for the reversal of the incubation ef-
fect reported in Baird et al. (2012)? The leading candidate
is the main change from that study to Experiment 5, the
introduction of the SART instead of n-back. As discussed
above, there is an open scientific question of whether SART
really measures sustained attention. If performing well on
the SART actually requires something other than attentional
control—for instance, an ability to suppress inappropriate re-
sponses that is not based in attention—then it might well be
that focusing more on the SART increases implicit creativity
rather than suppressing it.

Experiment 6

This experiment was similar to the previous one. The
change was an attempt to ratchet up the emphasis (or de-
emphasis) placed on the SART task. To that end, I not only
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Figure 12. Accuracy data for the SART component of
Experiment 5. Both subject groups have been split up
into high-performers and low-performers, depending on
whether their accuracy was above or below the group
median. The high-performers in both conditions scored
about as high as each other, but the low-performers of
the “important” group beat the low-performers of the
“not important” group by 30%. Error bars show stan-
dard error: negligible for the high-performers, highly
variable for low-performers.

stressed the SART to subjects in the important group while
briefing them, I also manipulated the instructions to the sub-
jects that appeared onscreen during the experiment. Subjects
in the important group got larger fonts for the SART brief-
ing and text urging them to do their best for a “critical” part
of the experiment, while subjects in the not important group
saw smaller font and less urgent text.

I had hoped that increasing the strength of the manipula-
tion would lead to a pronounced incubation effect, but the
data did not support this. The resulting data were quite close
to those in those in Experiment 6, and doing the same tests
showed no statistical differences. I judged this experiment
unsuccessful and moved on to an even stronger manipulation.

Experiment 7

Experiment 7 retained the same UUT–SART–UUT setup
as previous experiments. I removed the in-experiment em-
phasis (or deemphasis) for the SART tasks because it did not
appear to have any effect. In this experiment, the difference
between groups was that we explicitly informed one group
that they would be seeing the same UUT again, and would
have to come up with new answers. The other group was
not told about the second UUT until encountering it. I refer
to these groups as the informed group and the uninformed
group. I reasoned that the informed group might be more
interested in considering more unusual uses while the SART
was going on; the uninformed group would have less moti-
vation to think about other unusual uses while doing the in-

Figure 13. Mean unique responses for the UUTs in Ex-
periment 5, a measurement of creative fluency. As in
Figure 13 the groups are further split up into those who
performed above the median accuracy on the SART and
those who scored below it. “SART++” and “SART--”
refer to the important and not important groups, while
“low acc” and “high acc” are for the low-performing
and high-performing subgroups. Error bars are standard
error.

between task. 64 subjects participated in the informed con-
dition and 59 in the uninformed condition. From the analysis
I removed 5 subjects who managed to get less than 50% of
SART trials right, leaving 60 in the informed condition and
58 in the uninformed.

As in the previous experiments I included a thought probe
that popped up while subjects performed the SART. Subjects
answered this question nine times at irregular intervals. The
probe text was as follows:

PAUSE! Try to remember what you were think-
ing about just a moment ago, and enter response
1, 2, 3, or 4:

I was thinking about. . .

1. The current number task

2. The previous brick uses task

3. Something else about the study

4. Something unrelated to the study

I had hoped to see an effect of group on the frequency of
“2” answers; if the informed group was really more moti-
vated to think about the UUT, they should be able to report
as much during thought probes. Out of 9 probes, the average
subject in the informed group picked the second choice 1.22
times, while the average uninformed subject picked it 0.43
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times. This difference was highly significant: t(86.1) = 3.33,
p < 0.001. I also hypothesized that there would be a corre-
lation between reported thoughts about the UUT and fluency
on the second UUT, but this was not detected: for the in-
formed group, r(58) = 0.193, n.s., and for the uninformed
group r(56) = 0.109, n.s. I furthermore tested for a a neg-
ative correlation between the number of “1” answers, which
serve as a gauge of how much a subject is attending to the
SART, and performance on the SART. This was not detected
in either group—for the informed subjects, r(58) = −0.141,
n.s., and for the uninformed group r(56) = 0.012, n.s. I con-
clude from this analysis that my manipulation did affect the
reported amount of task-unrelated thought (Levinson, Small-
wood, & Davidson, 2012), but it is unclear if this actually
represents an experimental induction of mind wandering be-
cause none of the expected effects of increased mind wander-
ing were noted.

Performance on the task did not display any apparent ef-
fects from group assignment. On the first and second UUT,
the number of unique answers produced by the average mem-
ber of each group was practically the same. Both groups got
about 85% mean accuracy on the SART as well (note that
this is with the very lowest performers removed, who would
otherwise drag down the informed group somewhat). There-
fore, the group assignment was only detectable in the thought
probes but not in performance. Simply telling or not telling
subjects about the upcoming task may have been too subtle
a manipulation to make a real difference. Again the results
were not as I expected. By this point I had grown a weary
of the paradigm’s null results so I decided to switch up the
design a bit in the next experiment, by giving subjects a dif-
ferent test of creativity.

Experiment 8

As discussed above, there are some disadvantages to using
a convergent test of creativity such as the Remote Associates
Test. But at this point in the series of incubation experiments
I had had enough of the UUT’s vagaries and wanted to try a
different task; this experiment was therefore a RAT–SART–
RAT design. Building an experiment around a convergent
test like RAT is a somewhat different problem than the previ-
ous experiments posed. If subjects are going to be exposed to
the same RAT prompts before and after an incubation period,
it makes sense to collect answers only the second time the
RAT questions are posed to subjects. So the first RAT was
only a period of exposure to the triplet RAT cues, without
any chance to answer. (This followed a brief RAT training
session with easier questions and explicit feedback.)

The experimental manipulation was similar to that in Ex-
periment 7: an informed group knew that they would be re-
turning to the RAT prompts for a chance to answer them,
while I told the uninformed group that they would be run-
ning a different set of RAT prompts in the final part of the

experiment. In fact, both groups returned to the same 20 RAT
problems they had seen before, this time with the chance to
answer them.

In analyzing the data from Experiment 8 I threw out one
subject who did very poorly on the SART, erroneously hit-
ting the key 92% of the time that the digit 3 appeared. This
left 19 subjects in the informed group and 15 in the unin-
formed group. Unfortunately, the results were similar to
previous ones in their lack of statistical significance. The
two groups were not statistically different in how many RAT
problems they got right: t(31.7) = −0.268, n.s. Like in Ex-
periment 7, the groups did differ in the amount of reported
thoughts about the RAT problems: t(26.4) = 2.25, p < .05.
But there was no significant correlation between RAT-related
thoughts and ultimate performance on the RAT. For the in-
formed group, r(17) = 0.052, n.s.; for the uninformed group
r(13) = −0.192, n.s. Again, it appears that I succeeded in
inducing some task-unrelated thought into the SART phase,
but this did not have any detectable effect on incubation or
performance otherwise.

Experiment 9

Experiments 5–8 failed to find solid results to support the
claims made by Baird et al. (2012), so I decided to go back to
fundamentals, trying to replicate that study as closely as pos-
sible. Baird et al. used the UUT to measure divergent think-
ing and manipulated condition by changing the intervening
task, so I did the same. Out of curiosity I added SART as an
incubation task, in addition to the 0-back and 1-back tasks
used by Baird et al. Following their example, I gave subjects
two initial UUT problems, with two minutes for each, then
at the second UUT I repeated those two problems along with
two new ones. In all conditions, subjects were not informed
that they would be returning to the UUTs they saw at the
beginning. There were three groups: the SART, the 0-back,
and the 1-back. When designing this replication, I planned
to add the other two conditions from Baird et al., which were
the rest condition and no break, but I did not get a chance to
run these variants. Still, the three conditions I did run can ad-
vance our understanding of mind wandering and incubation.

Baird et al. (2012, p. 1118) cited four hypotheses in their
paper, which I set out to test as well. First, they expected to
find more mind wandering for an undemanding task (0-back)
than a demanding one (1-back). Second, they theorized that
the undemanding condition would display a greater incuba-
tion effect than the demanding condition. Third, they ex-
pected to see a similar amount of explicit thoughts about the
UUTs under both demanding and undemanding conditions.
The theoretical reasoning for this was that explicit thoughts
are not the mediator of the mind wandering-incubation rela-
tionship, but instead implicit thoughts are what leads to bet-
ter creative incubation performance. Fourth, they looked for
increased performance on repeated UUT problems but not
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new ones, as confirmatory evidence that the improvement in
creative fluency was not attributable to a general increase in
problem-solving ability.

To test these hypotheses, I set up Experiment 9 to be as
close the experiment run by Baird et al. as possible. There
were some qualitative differences that could have conceiv-
ably influenced my results, such as the subject pool and the
look and feel of the laboratory, but it seems unlikely that any
significant effect would be suppressed by minor differences
such as these. I also did not use the same UUT problems
as Baird et al. because they were not in the original article;
while I used “brick” and “soda can” for the repeated UUTs I
later learned that the original study used “sheet of paper” and
“hanger” (B. Baird, personal communication). Even with
this caveat I do not think the replication is significantly com-
promised, because the UUT has been shown to be robust over
changes by Ellwood, Pallier, Snyder, and Gallate (2009). To
increase statistical power over previous experiments, I ran a
total of 211 subjects: 85 in the SART group, 64 in the 0-back
group, and 62 in the 1-back group.

For the first hypothesis I compared performance on the in-
between task between the undemanding and the demanding
conditions as a measurement of mind wandering. A one-
tailed t-test found that undemanding task performance was
significantly lower than than demanding task performance:
t(124) = −4.60, p < 0.001. For the second hypothesis I used
the number of new answers on the second UUT as a mea-
surement of incubation. However, I found that there was no
statistical difference between this measurement for the two
groups: t(119, 9) = 0.548, n.s. This hypothesis was not sup-
ported.

I tested the third hypothesis by comparing the distribu-
tion of survey responses. Subjects reported how focused they
were on a scale of 1–5, averaged over six different ways of
asking the same basic question. The undemanding group re-
ported overall that they were slightly more focused on the in-
termediate task than the demanding group was, with a mean
3.63 compared to 3.39 for the demanding group.. The effect
is not significant in a two-tailed test: t(121) = 1.622, n.s.
This concurs with Baird et al.’s findings. The fourth hypoth-
esis was unsubstantiated: The sample mean for responses to
the repeated UUT was barely higher than that for responses
to the new UUT, and this did not reach statistical significance
in a paired t-test: t(212) = 0.516, n.s.

Overall the key results from the study by Baird et al.
(2012) were only partially replicated in my experiment. The
mind wandering manipulation was successful, judging from
the first and third hypotheses. However the failure to repli-
cate the second and fourth ones seems to indicate that while
I did have an effect on mind wandering it was not strong
enough under the circumstances to change creative perfor-
mance on the UUT.

Discussion

Table 3 provides an overview of Experiments 5–9. Anal-
ysis of data from these experiments suggests that I was suc-
cessful in manipulating mind wandering but not in manipu-
lating incubation effects. Why were these effects so difficult
to replicate from the studies presented by Baird et al. (2012)?
Aside from error on my part, the simplest explanation is that
the mind wandering-creativity link is less robust than the-
orized. Smallwood and Schooler (2015, p. 507) argue that
“fundamental similarity exists between the creative experi-
ence and the self- generated thoughts that arise during mind
wandering”, but in my work subjects whose minds wandered
more were not significantly different in creative performance
from those who stayed in the moment.

One of the theories about mind wandering I hoped to test
with this research is what Smallwood (2011) proposed as
the “cascade model of inattention.” This model is intended
to explain the occurrence of “mindless reading”—moving
one’s eyes over a text while not attending to the text—a use-
ful case of mind wandering because later probes can deter-
mine whether a subject was actually reading a passage by
asking about its content. According to Smallwood, this is
a decoupling of attention from the external world; attention
moves instead to internally generated concerns. (This con-
curs with Mole’s earlier comments regarding mental arith-
metic.) The moral of this model is that because inattention
cascades up the hierarchy of reading processes, from low-
level visual recognition up to semantic understanding, the
effects of mindless reading are felt more strongly by “higher”
processes such as encoding episodic memory about the text.
However, my experiments found no effect of mind wander-
ing on task performance. It would be interesting to run some
similar studies on mindless reading, to see if the reported re-
sults hold up. It might be the case that Smallwood has gone
too far in concluding that mindless reading is an appropriate
model for mind wandering and attentional control.

Another compelling clue about what is happening in mind
wandering comes from Mrazek, Franklin, Phillips, Baird,
and Schooler (2013), who showed that mindfulness train-
ing improved cognitive and test performance, an effect medi-
ated by mind wandering. An interesting corollary experiment
could investigate how mindfulness training affected creativ-
ity, which might also be mediated by mind wandering. Ac-
cording to work like that of Baird et al. (2012) there should
be a positive correlation between mind wandering and cre-
ative output, and since mindfulness tends to suppress mind
wandering, we would expect a negative effect of mindfulness
training on creativity. Is this a possible downside to mindful-
ness? Further work might answer this question.

To come back to the problem at the outset of this section:
What is mind wandering actually doing for us? Based on Ex-
periments 5–9 I think there is reason for skepticism that the
answer is creativity. The prospective (forward-looking) bias
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Table 3
Experiments 5–9: Design overview

Experiment A task (repeated) B task manipulation
5 UUT (×1) SART briefing/frame changed
6 UUT (×1) SART briefings and fonts
7 UUT (×1) SART informed/uninformed groups
8 RAT (×20) SART informed/uninformed groups
9 UUT (×2) SART, 0-back, or 1-back groups

in mind wandering might mean that mind wanderers are ac-
tually planning for the future, but there seems to be little ex-
perimental evidence for this idea. Smallwood and Schooler
(2015) have some other proposals for the utility of mind wan-
dering, such as taking mental breaks to relieve boredom and
something analogous to the use of dreams (though dreams
are not exactly well-explained by the state of the art either).
One of these proposals could turn out to be true, but it re-
mains for future research to detect these positive effects and
situate them in the rest of cognitive science. Mind wander-
ing currently has an air of mystery about it and as my exper-
iments have shown it is not always predictable, but it may
hold the key to understanding how attention is directed.

Conclusion

Review articles by Eysenck, Derakshan, Santos, and
Calvo (2007) and Eysenck and Derakshan (2011) discussed
attentional control theory in somewhat different terms than I
have used in this paper. They stressed the importance of anx-
iety as a factor impairing attentional control, causing trouble
with normal cognitive functioning: “anxiety increases the al-
location of attention to threat-related stimuli. . . anxiety typ-
ically reduces attentional focus on the current task unless it
involves threatening stimuli.” (Eysenck et al., 2007, p. 338)
However, they go on to conclude that the narrowing of focus
due to anxiety can be adaptive because it moves control from
the “goal-directed attentional system” (i.e., endogenous at-
tention) to a “stimulus-driven” (exogenous) type of control,
sometimes very useful in the presence of important objects
like a threatening weapon. As mentioned this is like an ‘anti-
flow” state that can be a situationally appropriate state of at-
tentional control, and Eysenck et al. concur on this point.
Their work approaches manipulation of attentional control
from a different direction than mine, showing that there is
robustness to the idea. I would go on to add that this is a
fundamentally participatory, first-person phenomenon. Even
when we are under stress and attentional control is not func-
tioning normally, there is an element of choice: I attended to
the oncoming truck and thereby avoided a collision, but if I
had so chosen I could have attended elsewhere, with differ-
ent consequences. This is why I refer to attentional control
strategies that allow us to shape experience in a helpful way.
While attention can always be pulled away by exogenous

factors, we have some degree of choice in how we choose
to react or orient to those distractors.

The experiments I have presented were chosen to test ap-
plications of attentional control theory. In the attentive cu-
ing experiments, the theorized application was the effect of
endogeneity or exogeneity on performance of Posner-style
tasks. I expected, but did not find, that executive attention
would be subject to the same effects that others found, ef-
fects suggesting a link to lower-level attention. In the mind
wandering experiments I hoped to see if there was a link be-
tween attentional control and creative incubation. I found
little evidence for such a link, though it is not clear if my hy-
potheses were ultimately tested in an ecologically valid way.
The experimental work does not prove that attentional con-
trol exists—in fact it is a construct—but it may be helpful in
demonstrating how attentional control might be deployed in
the world and how it could be investigated in the laboratory.

We can draw some broad conclusions about attentional
control and the role it plays in daily life. Controlling at-
tention is a skill; there are individual differences but it can
also be trained with certain practices like mindfulness medi-
tation. Attentional control is adaptive, in that our disposition
toward stimuli (present or not) can be changed to suit current
goals, and this change in attitude can be accomplished de-
liberately or implicitly. Lacking attentional control is more
than a state of Zerstreutheit; attention-deficit/hyperactivity
disorder is partly attributable to a poverty of attentional con-
trol resources and appropriate strategies. (Seli, Smallwood,
Cheyne, & Smilek, 2015) The affective component of atten-
tional control is less explored than other aspects; it is clear
however that powerful emotions like fear or anxiety have the
potential to override normal attentional control.

Future work in this field is promising. Because the atten-
tive systems of the brain are not unified or always working
together, attentional control has different effects in various
guises. Further study will help to clarify how different moti-
vators for attention can work together or separately, teasing
out the various effects at work. The neuroscience of atten-
tion (and cognitive psychology in general) is an increasingly
popular topic because it is paying off. Breakthroughs in neu-
roscience understanding may go beyond the gross localiza-
tion of processes and start to decode the actual codes behind
cognitive control. There is a long way to go in understanding
the connection between attention and conscious awareness;
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the evidence from some mind wandering work suggests that
attention is often wandering without the attender actually be-
ing aware of it.

In this paper I have presented work towards an under-
standing of human attentional control. Attentional control
is critical to our cognition; without it, most thinking would
not be on-topic or productive. We can never rid ourselves
entirely of outside influences over attention or other kinds of
distractors that can capture attention, but we do structure our
cognition with a certain preparation towards possible stim-
uli. Therefore attention is never entirely directed or entirely
reacted; attention exists in a dynamic tension between the
two, and other proposed modes of attention such as flow hint
that it is more than a one-dimensional relationship. The ques-
tion of attentional control has important bearing on matters
of memory, perception, judgment, social conduct, and others.
I hope this work will be useful for others working toward a
full understanding of attention and experience.
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