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Abstract

In this article, literature from neuroscience, cognitive psychology, and
social cognition is integrated to discuss the relation between goals,
attention, and consciousness. Goals are the tools with which people
engage in volitional behavior. Whereas goal pursuit was traditionally
assumed to be strongly related to consciousness, recent research and
theorizing suggest that goals guide behavior through attention, and
this guidance can occur outside of a person’s awareness. The crucial ex-
planatory role of goals and attention in behavior, as well as the relative
unimportance of consciousness, is examined in the context of social cog-
nition research on goal priming. Furthermore, three research domains
are discussed that are relevant for the understanding of the implemen-
tation of volitional behavior: implicit learning, evaluative conditioning,
and unconscious thought. It is concluded that these processes are goal
dependent and that they need attention, but that they can generally
proceed without awareness. Finally, when people are consciously aware
of their behavior or their goals, the effects can be beneficial as well as
detrimental.
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Goals: the mental
representation of
behaviors or
behavioral outcomes
that are associated with
positive affect. They
determine our actions

Volition: also often
called the will. The
process by which we
“decide” to engage in a
particular behavior

Consciousness: the
ability to be aware of
things. Contents of
consciousness are
assumed to be available
for verbal report
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INTRODUCTION

Don’t know what I want but I know how to

get it.

The Sex Pistols

The ability to engage in volitional behavior is
often considered to be a uniquely human trait.
Human behavior is motivated by, and directed
at, goals. When we set, strive for, and attain our
goals, we have a sense of agency or willfulness
in that we experience ourselves as the cause of
our own behavior as a result of decisions and
actions. Volition, then, is a fundamental feature
of the way people see and define themselves.
People have long assumed that volition and
consciousness are intimately linked. We know
what we want, and when we act on what we
want, we do so by making a conscious decision.
Moreover, when we make a conscious decision
to act—such as to buy a new pair of jeans, to
call a friend, or to order a pepperoni pizza—it
feels as if that conscious decision is the first and
foremost cause of the act that follows. Whereas
it is accepted that many mundane behaviors are
automatized in that they bypass consciousness
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(Bargh & Chartrand 1999), the field of psychol-
ogy has not yet fully come to grips with the role
of consciousness in behavior that is (or at least
feels as if it is) clearly volitional.

The idea that consciousness is necessary to
evoke volitional behavior was severely shaken
by a famous experiment by Libet and colleagues
(1983). They asked participants to freely choose
when to move their index fingers and measured
the movement itself, to report their conscious
decision to start the movement, and the onset
of the brains’ readiness potentials preparing the
movement. As expected, the conscious decision
preceded the act itself (roughly by a quarter of
a second). However, readiness potentials could
beidentified up to a full second before the actual
movement, clearly demonstrating that the brain
started to prepare the movement long before
consciousness became involved.

Libets work was—and  still
controversial. Arguably, the most important

is—

problem in interpreting Libet’s findings is that
one can contend that the movement still starts
with a conscious decision (van de Grind 2002).
After all, the chain of events starts with an
experimenter telling participants that they have
to move their finger and, obviously, participants
are consciously aware of this instruction. One
could conclude that participants unconsciously
decided when to make the actual movement,
but not whether to make the movement in the
first place.

Recently, Soon and colleagues (2008) ex-
tended the findings by Libet and colleagues.
They changed the paradigm in such a way that
participants not only chose when to engage in
a specific act, but also which one of two possi-
ble acts to make. They replicated Libet’s work
and found readiness potentials (in the supple-
mentary motor area, or SMA) some time be-
fore participants reported making a conscious
decision as to which act to engage in. More im-
portantly, they found activity predictive of the
specific act in the frontal and parietal cortex up
to 10 seconds before the actual act. In other
words, we unconsciously choose which behav-
ior to engage in long before we are consciously
aware of it.
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The assumption that the role of conscious-
ness in volitional behavior is much more mod-
est than long assumed is also emphasized by
recent research showing that goals and higher
cognitive processes that rely on cortical brain
areas can be modulated by unconscious stim-
uli. In a recent experiment, for instance, Lau &
Passingham (2007) instructed participants to
either prepare a phonological judgment or a
semantic judgment on an upcoming word. In
some trials, however, they were subliminally
primed to do the opposite. On these trials, it
was found that brain activity in areas relevant
to the instructed task was reduced, whereas ac-
tivity related to the primed task was enhanced.
The cognitive control system, in other words,
can be activated by subliminal stimuli. In addi-
tion, Pessiglione and colleagues (2007) showed
that strength of motivation can be subliminally
primed. Participants in their experiment did a
task whereby they could win money on succes-
sive trials by squeezing a handgrip. The amount
of money at stake (a pound versus a penny) was
subliminally primed during each trial, and it in-
deed affected force of handgrip, along with skin
conductance and activation in the ventral palla-
dium, an area known to be devoted to emo-
tional and motivational output of the limbic
system. Pushing the bar even higher, Bijleveld
etal. (2009) recently showed that people recruit
more resources in response to high (as com-
pared to low) subliminal reward cues, but only
when the reward required considerable men-
tal effort to obtain. This research demonstrates
that people use reward information in a strate-
gic manner to recruit resources, without this in-
formation ever reaching conscious awareness.

These findings concur with a growing body
of literature from the social cognition domain
showing that goals can affect higher cognitive
processes and overt behavior without conscious
awareness of the goal. For example, Bargh and
colleagues (2001) unobtrusively exposed partic-
ipants to words such as “strive” and “succeed”
to prime an achievement goal and then gave
them the opportunity to perform well by giv-
ing them a set of anagrams. Participants primed
with an achievement goal outperformed those

who were not primed with the goal. Bargh
et al. (2001) also demonstrated that such goal
priming leads to qualities associated with mo-
tivational states or “goal-directedness,” such
as persistence and increased effort (for other
such demonstrations, see, e.g., Aarts etal. 2008,
Fitzsimons & Bargh 2003, Lakin & Chartrand
2003, Shah et al. 2002).

In summary, people become consciously
aware of an act only after they unconsciously
decide to engage in it. In addition, at least some
volitional behavior does not require any con-
scious awareness at all: Goals and motivation
can be unconsciously primed.

In the present contribution, we aim to ex-
plore how goals, attention, and consciousness
are related to gain a better understanding of
how people can engage in goal-directed, vo-
litional behavior in the absence of conscious
awareness. The central message and organiz-
ing theme is the following: People have long
assumed that consciousness plays a leading role
in guiding volitional behavior, but we contend
that the lead role is actually for goals and for
attention. They are the stars of the play called
volitional behavior. Goals guide attention and
thereby often behavior, and both goals and
attention are largely independent from con-
sciousness. To bolster this claim, literature from
social psychology, cognitive psychology, and
neuroscience on the relation between goals, at-
tention, and (un)consciousness, is reviewed in
this article.

In the next section, the key concepts are de-
fined, and more importantly, recent research
on their relations is discussed in the context of
social cognition research on goal priming. Be-
cause goals seem to originate in the unconscious
(e.g., Libet et al. 1983, Soon et al. 2008), it is
essential to understand how such unconsciously
evoked goals may control volitional behavior.
Furthermore, if goals are capable of directing
attention and behavior outside of awareness, it
is possible that goals modulate bottom-up in-
formation processes relevant for the creation
and implementation of volitional behavior. Ac-
cordingly, we review recent developments in
three lines of research against the background
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Unconscious: all the
psychological
processes of which we
are not aware at a
given moment in time

Attention: the extent
to which incoming
information is
processed
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of the proposed relationship between goals,
attention, and consciousness. Specifically, im-
plicitlearning, evaluative conditioning, and un-
conscious thought are elaborated upon as in-
stances of bottom-up processes that may be
moderated by goals and attention in the ab-
sence of awareness. Finally, the possible role of
consciousness in volitional behavior is analyzed,
whereby a framework is presented about when
conscious awareness is beneficial and when it is
(potentially) harmful for effective goal-directed
behavior.

GOALS, ATTENTION,
AND CONSCIOUSNESS

Goals are conceptualized as mental representa-
tions of behaviors or behavioral outcomes that
are desirable or rewarding to engage in or to
attain. Most goals are linked to lower-level acts
and skills and thus provide a reference point
for cognition and action (Aarts & Dijksterhuis
2000, Hommel 1996, Jeannerod 1997,
Vallacher & Wegner 1987). Goals are the
starting point and/or reference point of almost
all behavior. Furthermore, the notion that
goals are rewarding to attain suggests that goals
control behavior through cognitive as well
as motivational processes (Bargh et al. 2009,
Custers & Aarts 2005). Accordingly, any behav-
ior or outcome that is represented in terms of
a result of more concrete action can potentially
operate as a goal if one is motivated or encour-
aged by the external environment to attain it.
An abundance of recent evidence (reviewed
more fully below) demonstrates that goals can
be activated unconsciously by features of the en-
vironment (Aarts & Dijksterhuis 2000, Bargh &
Gollwitzer 1994, Bargh et al. 2001, Kruglanski
et al. 2002). Given that people unconsciously
“decide” what goals to pursue merely as a
consequence of priming by the environment,
goals must be mentally represented (Bargh &
Gollwitzer 1994). In a recent research program,
Custers & Aarts (2005) unveiled the structure of
such goal representations. They selected behav-
iors that were pretested as neutral (doing puz-
zles, studying, going for a walk) and conditioned
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these activities with positive, neutral, or nega-
tive words. This was done subliminally: The
participants could consciously detect the va-
lenced words but not the activities that were
conditioned. The results showed that partici-
pants later wanted to engage in the positively
conditioned activities but notin the other activ-
ities. In another experiment, participants were
promised they could engage in the conditioned
activity after doing a filler task. Participants who
were promised they could do something that
was positively conditioned and that they wanted
to engage in completed the filler task faster than
did other participants. In summary, when the
representation of a behavior becomes uncon-
sciously associated with positive affect, it be-
comes a goal that motivates people to maintain
and achieve it.

Attention is commonly referred to as the
selective processing of one aspect while ignor-
ing other irrelevant aspects. About one million
fibers leave each human eye, meaning that we
have to deal with about one megabyte of raw
data each second (Koch & Tsuchiya 2006). It
is impossible to process all this information on
higher levels. Because information-processing
capacity involved in the control of higher-level
cognition and behavior is limited, attention fa-
cilitates which stimuli and actions get access
to these capacity-limited processes. Therefore,
attention must be flexibly applied to differ-
ent processes (Kahneman 1973, Moors & de
Houwer 2006). As Moors & De Houwer (2006)
pointed out, early stages of information pro-
cessing (sensory analysis) generally require no
attention, whereas later stages require an in-
creasing amount. Given that attention is a lim-
ited resource, some of these later processing
stages do indeed continue because enough at-
tention is devoted to them, whereas other pro-
cesses are “filtered out” by lack of attention.

Whether incoming information is attended
to or not—that is, whether incoming informa-
tion is processed on higher stages—is deter-
mined both by bottom-up and top-down pro-
cesses (Corbetta & Shulman 2002, Dehaene
etal. 2006, Koch & Tsuchiya 2006). Bottom-up
(exogenous) attentive processes are involuntary
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and elicited by stimulus saliency, such as bright-
ness or speed of movement and stimuli that are
of instinctive or learned biological importance
(Koch & Ullman 1985). However, most atten-
tive processes are driven by top-down (endoge-
nous) concerns, and this is where goals come
into play. Both the amount and duration of at-
tention devoted to incoming information is de-
termined by active goals: Incoming information
thatis relevant for goal attainmentis attended to
much more than information that is irrelevant.
If one is thirsty, drinks attract more attention
than things one cannot drink (e.g., Aarts et al.
2001).

As a general rule, attention in the service of
goals involves two interconnected faculties that
usually act in close harmony: stability or focus
(the ability to keep information active for action
or further processing) and flexibility (the ability
to be flexible enough to switch to, and take ad-
vantage of, contextual variations). The balance
between focus and flexibility is crucial for goals
to do their work effectively. Disturbance of this
balance, however, leads to inferior performance
(e.g., Aston-Jones & Cohen 2005). This is elab-
orated upon below.

Defining consciousness is a complex and
thorny issue that psychologists (and philoso-
phers) have struggled with for a long time. In
this contribution, we consider conscious pro-
cesses as processes that are accompanied by
awareness of certain aspects of the process
and/or awareness of relevant contents. In exper-
imental research, conscious awareness of pro-
cess or content can be assessed by investigating
whether people are able to verbalize processes
or contents. If they are, a process can be said
to be conscious. Driving is conscious, as when
people drive they are (at times at least) con-
sciously aware of sitting in a car, and they are
able to verbalize this. It is enough to be aware
of some aspects of the process for it to qualify
as a conscious process (Dijksterhuis 2009). For
instance, speaking is conscious because we are
aware of our speaking while we do it. However,
the processes guiding the production of speech
are largely unconscious, and we are not aware
of the search for each word. We are never aware

of all aspects of a psychological process. Each
and every conscious process is accompanied by
(or is a residual of) unconscious processes.

In short, goals direct attention in the service
of goal pursuit, and certain aspects of the atten-
tion process may enter consciousness or not.
Although goals can control behavior in the ab-
sence of conscious awareness, goals guide these
behavioral effects by modulating attention pro-
cesses. In the next section, we examine how
goals, attention, and consciousness are related.

THE RELATION BETWEEN
ATTENTION AND
CONSCIOUSNESS

It is important to realize that there is no
one-to-one relation between attention and
consciousness. Researchers who advocate
the importance of unconscious processes by
demonstrating that important psychological
processes do not need any conscious guidance
(e.g., Bargh et al. 1996, 2001; Dijksterhuis &
Nordgren 2006; Libet et al. 1983; Reber 1967)
often meet with resistance because it feels as
if consciousness simply must be involved in
these important processes. However, attention
is the guiding principle here, not conscious
awareness. Part of the confusion arises because
attention  (especially top-down attention)
and consciousness are correlated in real-life
experiences. When one pays more attention to
an incoming stimulus, the probability that one
becomes consciously aware of it increases.
However, attention and consciousness are
distinct. More and more recent research and
theorizing is aimed at understanding the dis-
tinction, and there is now some agreement that
psychological processes can best be understood
as falling into one of the cellsofa2 x 2 taxon-
omy based on whether stimuli are attended to or
notand whether they are reportable or not (that
is, whether one is consciously aware of them or
not; Baars 1997, Damasio 1999, Dehaene et al.
2006, Koch & Tsuchiya 2006, Lamme 2003,
Wegner & Smart 1997). An abundance of prim-
ing research shows thatstimuli thatdonotreach
conscious awareness can still influence various
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psychological processes, including overt behav-
ior (see, e.g., Dijksterhuis & Bargh 2001 for a
review), but some degree of attention to these
stimuli is necessary for these effects to occur.
Likewise, recent research shows that people can
engage in rather complicated activities in the
absence of conscious awareness (Bargh et al.
2001, Dijksterhuis et al. 2006); however, these
processes are goal dependent and most likely
do require a certain degree of attention. Con-
versely, people can be (generally fleetingly) con-
sciously aware of stimuli without paying much
attention to them.

Whereas recent theorizing is mostly based
on findings on visual perception, Wegner &
Smart (1997) applied the 2 x 2 taxonomy to
a broader domain. They distinguished between
activation level and consciousness. Specifically,
in addition to states of no activation (no atten-
tion and no consciousness) and full activation
(both attention and consciousness), they also
distinguished states of deep activation (stimuli
that are attended to but are unconscious) and
surface activation (stimuli that are not attended
to but are conscious). An example of deep ac-
tivation, based on Wegner’s own work (e.g.,
Wegner 1994), is thoughts that are temporarily
suppressed. Such thoughts are highly active but
do not appear in consciousness, at least not as
long as suppression is successful. Good exam-
ples of surface activation are the sort of fleeting
thoughts we may have when we daydream or as-
sociate freely. We do not pay attention to them,
but they can briefly appear in consciousness.

THE RELATION BETWEEN
GOALS AND CONSCIOUSNESS

Volitional behavior was traditionally associated
with consciousness, in that goal pursuit was as-
sumed to be the consequence of a conscious in-
tention to perform a specified behavior or to
attain a goal. According to this notion, peo-
ple experience themselves to be the agent of
their behaviors and goal pursuits, as these ex-
periences of self-agency are the result of con-
sciously forming, pursuing, and attaining one’s
goals.
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However, recent research challenges this
view. There is a bulk of experimental work
showing that the mere activation of a goal
representation guides behavior and higher
cognitive processes involved in goal-directed
behavior in the absence of a person’s conscious
awareness. The idea that goals can direct
behavior unconsciously is based on the notion
that goals are part of knowledge networks
that include representations of the goal itself,
actions, procedures, and objects that may
aid goal pursuit as well as situational or
contextual features related to the goal (Aarts &
Dijksterhuis 2000, 2003; Bargh & Gollwitzer
1994; Cooper & Shallice 2006; Kruglanski
etal. 2002). These knowledge networks enable
people to act on goals without intentional
control or without explicit expectancies. Thus,
goal-directed behavior can start outside of con-
scious awareness because goal representations
can be primed by, and interact with, behavioral
and contextual information.

Part of the research on unconscious goal
pursuit deals with habit formation processes
(Aarts & Dijksterhuis 2000, Bargh 1990,
Fishbach et al. 2003, Moskowitz et al. 2004,
Shah 2003). Specifically, for goal pursuit to be-
come automatized, one needs some practice
with the selection and execution of the most
effective action in the goal-relevant situation.
Indeed, there is evidence showing that peo-
ple immediately activate the means to reach a
goal upon the unconscious instigation of that
goal, but only when that goal-directed behav-
ior has been performed frequently in the past
and has become a habit (Aarts & Dijksterhuis
2000, Hommel 2000, Sheeran et al. 2005).

Other studies have tested whether goal
priming facilitates the utilization of skills associ-
ated with the goal even though these skills have
not been previously applied to the task at hand.
In a demonstration of this idea, Holland et al.
(2005) examined whether the mere perception
of odor is capable of directly activating goals.
They exposed some participants to the scent of
all-purpose cleaner without participants’ con-
scious awareness of the presence of the scent.
Because the scent of all-purpose cleaner was
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assumed to enhance the accessibility of the goal
of cleaning, Holland et al. (2005) hypothesized
that participants exposed to the scent would
spontaneously start to be cleaner. Participants
were requested to eat a very crumbly cookie
in the lab, and indeed, participants exposed to
the scent put in more effort to keep their di-
rect environment clean and crumb-free, even
though the task and situation in which they ap-
plied their skills of cleaning were novel. These
results indicate that goal activation can encour-
age people to exploit new opportunities in novel
settings without awareness of the operation of
the goal.

Goalsinferred from another person’s actions
can also be activated in a perceiver and can con-
trol subsequent behavior without conscious in-
tent, thus leading to goal contagion (Aarts et al.
2004, Dik & Aarts 2007, Loersch etal. 2008). As
Hassin etal. (2005) have demonstrated, goal in-
ferences can occur spontaneously, without con-
scious intentions and awareness. Building on
this knowledge, Aarts and colleagues (2004)
briefly exposed participants to a short script
either implying the goal of earning money or
not. After reading the goal-implying scenario,
participants were told that they could partic-
ipate in a lottery in which they could win
money, but only if there was enough time left.
They were then given a computer task, and
the question was whether participants would
speed up their performance as a means to en-
sure that they could participate in the goal-
relevant task. Results showed that participants
who were exposed to the behavior implying the
goal of earning money were indeed faster than
those in the control condition. These behav-
ioral changes occurred without conscious in-
tent and were more pronounced when the de-
sire to earn money was relatively strong. These
findings were replicated in another experiment
with heterosexual male students and the goal of
seeking casual sex.

Goals may also be automatically activated by
being primed with significant others. Research
has shown that goals and resultant actions are
activated when people are exposed to the names
of friends, parents, and spouses. Fitzsimons &

Bargh (2003) showed that subliminal priming
of the names of one’s parents triggers the moti-
vation to achieve and that exposure to names of
good friends primes the habitual goal and re-
sultant concrete behavior of helping (see also
Shah 2003). A recent line of experimentation
replicated and extended these subliminal goal-
priming effects in the realm of social stereotypes
(Aarts et al. 2005a, Custers et al. 2008). Specif-
ically, it was tested and confirmed that prim-
ing members of social groups that contain the
representation of a goal that is believed to be
held by that group causes people to automat-
ically pursue the goals (e.g., the goal of help-
ing or making money that are stereotypical for
nurses or stockbrokers, respectively). Finally,
Fitzsimons et al. (2008) showed that goals can
even be activated by the perception of objects
that are associated with goals. For instance, ex-
posing people to a Mac computer leads to the
goal to be creative in comparison to exposing
people to an IBM computer.

Taken together, the results of a large body
of research over the past ten years indicate that
goal-directed volitional behavior can be evoked
outside of awareness. Specifically, goal priming
causes us to initiate and exhibit lower-level acts
and skills that are available in our repertoire and
associated with the primed goal without con-
scious intent and awareness of the actual goal
causing the behavior. Importantly, the obser-
vation that our goal pursuits can emerge un-
consciously suggests that conscious intentions
and goals are distinct concepts that can oper-
ate independently from each other, served by
different processes and brain networks (Frith
etal. 2000, Haynes et al. 2007, Lau et al. 2004).
Whereas intentions refer to our conscious re-
flection or deliberation on attaining a behav-
ioral goal, goals are representations of desired
states or outcomes that guide overt behavior
without conscious awareness.

The idea that our goal pursuits also mate-
rialize unconsciously may sound counterintu-
itive because the actions we conduct and the
outcomes they produce are often accompa-
nied with conscious experiences of self-agency.
How can much of our behavior unfold outside
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conscious awareness if we have those pervasive
agency experiences? A possible way to under-
stand this issue is to suggest that our conscious
experience of self-agency is an inference that
occurs fluently and perfunctorily after action
performance and is not accurate per se (Prinz
2003, Wegner 2003). This inferential character
of experiences of self-agency has become appar-
ent in a number of recent studies (Aarts et al.
2005b, 2009a,b; Dijksterhuis et al. 2008; Jones
et al. 2008; Sato 2009; Sato & Yasuda 2005,
Wegner & Wheatley 1999) demonstrating that
these experiences are the result of a match be-
tween the outcome of an action and knowledge
about the outcome that was made active just
prior to its occurrence.

In one study (Aarts et al. 2005b), partici-
pants and the computer each moved a single
gray square in opposite directions on a rect-
angular path consisting of eight white tiles.
Participants’ task was to press a key to stop
the rapid movement of the squares. This ac-
tion turned one of the eight tiles black. In re-
ality, the computer determined which of the
tiles would turn black. From a participant’s per-
spective, though, this black tile could represent
the location of either her square or the com-
puter’s square at the time she pressed the stop
key. Thus, the participant or computer could
have caused the square to stop on the position
(outcome), rendering the exclusivity of causes
of outcomes ambiguous (Wegner & Wheatley
1999). Participants either consciously set the
intention to stop on a position or were sub-
liminally primed with that position before they
saw the presented stop on the correspond-
ing location. To measure experiences of self-
agency, participants rated the extent to which
they felt to have caused the square to stop
on the presented location. Results showed that
both intention and priming lead to an increased
sense of self-agency, suggesting that online self-
agency experiences were primarily based on
a match between preactivated and actual out-
comes, irrespective of the conscious or uncon-
scious source of this activation. These and other
findings indicate that agency experiences not
only arise from our conscious goals, but also
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accompany the unconscious activation of goal
representations, leading us to believe that the
outcomes of our behaviors were consciously in-
tended, whereas in fact they were influenced by
cues in our environment outside our conscious

awareness.

THE RELATION BETWEEN
GOALS AND ATTENTION

Attention is a functional process that selects
and biases the incoming flow of information
and internal representations in the service of ef-
fective goal achievement. Thus, the content of
attention represents the goals that are active at
a specific moment in time. One of the most im-
portant roles for attention is to translate goals
into overt behavior (Monsell & Driver 2000). If
a goal can always be executed directly in the very
same environment, attention would merely
reflect the translation of a perceived relevant
stimulus into a response in real-time. However,
because goals cannot always be enacted directly
in the same situation, we often have to take
temporal and spatial aspects into account.
Moreover, the social environment often poses
conflicts on our goals such that interfering
information needs to be ignored or inhibited
for effective goal performance to proceed. In
short, attention does not only orient and alert
the person to goal-relevant information; it also
plays a supervisory role in translating goals
into behavior (Posner & Fan 2007).

Indeed, recent research has started to model
goal-directed behavior in terms of executive
control processes (Funahashi 2001, Miller &
Cohen 2001, Miyake & Shah 1999). An im-
portant aim of this research is to understand
how people maintain and manipulate informa-
tion in the service of goal pursuit and to pro-
vide a neurocognitive account for the ability to
guide attention and action in accord with goals.
A common framework proposed in this research
is that the prefrontal cortex (PFC), anterior cin-
gulate cortex, and posterior parietal cortex are
the main areas taking care of attentional and
control processes, consistent with theories of
PFC function and the involvement of these
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areas in the distributed working memory
system. Importantly, these cortical areas are
believed to be part of a network for conscious
processes, and hence are implicated in volitional
behavior (Baars & Franklin 2003, Baddeley
1993, Haggard 2008, Smith & Jonides 1999).
Thus, the functionality and structure of execu-
tive control and working memory are examined
by presenting participants explicitly with mate-
rials that they explicitly have to work on. That
is, participants are explicitly instructed to ac-
tively maintain goal information over time or to
ignore irrelevant information to keep focused
on the goal task at hand, thereby (often un-
stated) assuming that these processes also occur
during self-motivated performance. However,
under this working assumption, it is difficult to
understand how goal pursuit is supported by
attention and higher cognitive processes that
make use of executive control structures with-
out the person being aware of it. That is, how
can goal-directed attention to, and transforma-
tion of, relevant information occur outside of
conscious awareness?

One way to approach this issue is to pro-
pose that, in principle, the operation of higher
cognitive processes does not care much about
the conscious state of the individual. In other
words, conscious and unconscious goals partly
rely on the same functional architecture of at-
tention and information processing in which
the same cognitive functions or hardware are
recruited and shared to translate goals into be-
havior (Aarts 2007, Badgaiyan 2000, Hassin
et al. 2009). Thus, goals modulate attention
processes, irrespective of the conscious or un-
conscious source of the activation of the goal.
Although this may be a controversial proposi-
tion, there is some recent evidence for it.

First, from research on working memory, we
know that the activation of semantic items de-
cays in short-term memory over very short pe-
riods of time, usually within a couple of seconds,
unless some intervention or goal holds the items
active (Baddeley & Logie 1999, McKone 1995).
Exploiting this notion, research has demon-
strated that an unconsciously activated goal can
maintain relevant information active as well.

For instance, Aarts et al. (2007) examined how
the mental accessibility of a desired goal after a
short interval changes as a function of sublimi-
nally priming the goal. In one of their studies,
participants were either primed with the goal to
socialize or not, and after a delay of two minutes,
the accessibility of the goal was tested in a lexical
decision task by measuring the speed of recog-
nizing words related to the goal. Results showed
that the representation of the goal remained ac-
cessible when participants were primed to at-
tain the goal, but that the sustained activation
faded away quickly as soon as desire to attain
that goal was gone. Similar persistent activa-
tion effects of unconsciously activated desired
goal-states have been obtained in other stud-
ies (Aarts et al. 2004, Bargh et al. 2001), sug-
gesting that some kind of focus or rehearsal
process keeps goal-relevant information active
unconsciously.

Furthermore, recent work has started to ex-
plore whether humans can keep their eyes on
their ongoing goal pursuit in a unconscious
manner when competing goals or temptations
conflicts with these pursuits. For instance, if
one wants to lose weight, one has to be able to
resist the temptation to eat a late-night snack.
People usually engage in this type of attention
process when they have to deal with interfer-
ence that stems from other goals or tempta-
tions that compete for attention and behavior,
a process that is commonly conceived of as re-
quiring conscious and intentional control (see,
e.g., work on delay of gratification; Mischel
et al. 1989). However, there are studies that
tell a somewhat different story. For instance,
Shah and colleagues (2002) demonstrated that
when participants are unconsciously instigated
to pursue a given goal (by subliminal exposure
to words representing the goal, e.g., studying),
they inhibited competing accessible goals (e.g.,
going out); moreover, this inhibition facilitated
the achievement of the unconsciously activated
goal. These findings provide support for the ex-
istence of an unconscious attention/inhibition
mechanism that shields goals from distracting
thoughts (see also Aarts et al. 2007, Fishbach
et al. 2003, Papies et al. 2008).
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In summary, several lines of research suggest
that goals can be translated into overt behav-
ior outside the person’s awareness of the acti-
vation and operation of the goal. Furthermore,
unconscious goal pursuit is supported by atten-
tion that operates on higher cognitive processes
according to principles of executive control and
working memory. And these processes (and the
information on which they operate) seem to run
below the threshold of consciousness.

In the next section, recent developments
in three research areas are reviewed, with
the above framework in mind. Specifically,
we elaborate on implicit learning, on evalua-
tive conditioning, and on unconscious thought,
whereby we postulate that these processes are
goal dependent, that they require some at-
tention, but that they do not need conscious
guidance.

IMPLICIT LEARNING

In order to stay one step ahead in the world, hu-
mans and other animals use the world’s regular-
ities in order to anticipate events. Furthermore,
learning regularities that pertain to rules of pre-
dictive relations is especially important for op-
timal guidance of goal-directed behavior (e.g.,
one needs to know which action leads to the
attainment of a goal). People are able to learn
complex rules and relations between events that
they encounter in a bottom-up fashion with-
out being aware of them. In the seminal work
by Reber (1967, 1993; for a recent review, see
Frensch & Runger 2003) on implicit learning,
participants were presented with sets of letter
strings, such as “XXRTRXV” and “AABEBAP.”
These strings obey specific rules that are unbe-
knownst to the participants. However, after an
initial learning phase during which participants
are repeatedly presented with such strings, they
can to some extent classify new strings as to
whether they follow the learned rule or not.
Interestingly, participants can do without be-
ing able to verbalize the rules, which reflects
actual human speech: We follow grammatical
rules, often without being able to explain these
rules.
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What exactly people can learn without con-
scious guidance is still a matter of debate, and
we concede that to which implicit learning is
dependent on goals and on attention still war-
rants further investigation. However, it is our
contention that people can indeed learn com-
plex rules and relations without being con-
sciously aware of them (Halford et al. 2005,
Lewicki et al. 1992, Nissen & Bullemer 1987),
but that these learning processes are goal de-
pendent and do require at least some atten-
tion. Jimenez & Mendez (1999), for instance,
conducted various studies in which participants
engaged in sequential learning under either
single- or dual-task conditions. Although they
found that general attentional load hardly af-
fected learning, it also became clear that par-
ticipants do need selective attention to the cru-
cial information. In order to learn a relation
between two components, participants had to
be able to hold the two components in working
memory simultaneously.

Recently, Eitam et al. (2008) extended this
work by showing that implicit learning is influ-
enced by goals. They primed half their partici-
pants with the goal to achieve, whereas the oth-
ers were not primed. Participants then engaged
in a dynamic, complex learning task, based on
the research by Berry & Broadbent (1984).
Their research clearly demonstrated that par-
ticipants who were primed with achievement
performed considerably better than control
participants—that is, they implicitly learned
more. However, the ability to consciously de-
scribe what they had learned was equally poor
in both conditions. In other words, goals af-
fected implicit learning without any improve-
ment in conscious recognition of what was
learned.

The principle of implicit learning has also
been examined in the context of associative ver-
sus predictive relations. Whereas it is gener-
ally assumed that bidirectional structures (i.e.,
associations) can be learned automatically and
without conscious awareness, the formation of
more precise structures that capture the predic-
tive relation between events (e.g., predictive or
causal rules) are assumed to require strategic
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processing and conscious awareness of the
events and their relation (Berry & Dienes 1993,
Sloman 1996). These assumptions mainly fol-
low from the idea thatlearning mechanisms that
rely on bottom-up processes (e.g., Hebbian as-
sociative learning) are able to operate outside
of awareness, whereas top-down processes (e.g.,
predictive relations or rule-based learning) are
generally assumed to require conscious aware-
ness (e.g., Hayes & Broadbent 1988, Keele etal.
2003, Lewicki et al. 1987, Reber 1989). These
assumptions were explicitly tested in recent re-
search by Alonso et al. (2006). In a learning
phase, in which participants had to categorize
target words (e.g., dog, chair) as members of
two categories (animal, furniture), each target
was preceded by one of two additional category
labels (body and plant) that were to be ignored
by the participant, but fully predicted the cate-
gory of the target word. Alonso and colleagues
reasoned that the structure of the learned re-
lation between primes and targets could be re-
vealed by testing this relation in the reverse di-
rection: If the learned relation was bidirectional
(association), priming the target categories of
the learning phase should facilitate members
of the related category that served as a prime
in the learning phase. This should not, how-
ever, be the case for unidirectional structures
(predictive relation).

In order to investigate the role of awareness,
participants were either explicitly asked to re-
port the relation at the end of the experiment
(Study 1) or conscious awareness was actively
prevented by presenting the category primes in
the learning phase subliminally (Study 2). It was
found that when participants were consciously
aware of the predictive relations in the learning
phase, no facilitation in the reversed order was
observed in the test phase, whereas such facil-
itation was demonstrated for participants who
were unaware of the relation, or for participants
for whom awareness was actively prevented by
presenting the primes subliminally in the learn-
ing phase. These findings suggest that bidirec-
tional memory structures (i.e., associations) are
formed without awareness, whereas awareness
of the predictive relation between events leads

to the formation of unidirectional structures.
Hence, these findings seem to support the gen-
eral belief that the formation of bidirectional as-
sociations can occur without conscious aware-
ness of the relation, but that such awareness
is needed for the formation of unidirectional
structures that capture the predictive relation
between events.

The finding that learning of predictive rela-
tions requires conscious awareness of the rela-
tion seems to be at odds with the literature on
implicit learning. Most relevant to the current
discussion, it may be the case that awareness
of the relations is confounded with attention,
and hence, learning of predictive relations may
occur without conscious awareness when, for
example, participants are primed with the goal
to process predictive relations. In a recent test
of this idea, Custers & Aarts (2009) employed
the learning and test phase utilized by Alonso
et al. (2006). However, before participants en-
gaged in the learning phase, they performed a
task that either unobtrusively primed the goal
to process co-occurring stimuli in terms of pre-
dictive relations or did not. The idea here is
that the implicit goal that is used in a prior task
transfers to the later learning phase and deter-
mines whether primes and targets are stored in
unidirectional or bidirectional memory struc-
tures, even when awareness of the relation is
actively prevented by presenting the category
primes subliminally in the learning phase. In-
deed, the data across three experiments showed
that goal priming led to unidirectional memory
structures: The target words from the learning
phase speeded up the recognition of the cat-
egory primes in the no-goal prime condition,
whereas no such facilitation in the reversed or-
der was observed in the goal prime condition.
These effects even showed up when the cate-
gory primes were presented subliminally in the
learning phase. These results suggest that con-
scious awareness is not the critical moderator
that determines how predictive relations are ac-
quired. The acquisition relies on top-down pro-
cesses in which attention is directed outside of
awareness by processing goals relevant for the
task at hand.
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EVALUATIVE CONDITIONING

When an object (the conditioned stimulus, or
CS) is repeatedly paired with a familiar ob-
ject that already has a positive or negative va-
lence (the unconditioned stimulus, or US), this
object takes on the valence of the object it
is paired with. Evaluative conditioning is fun-
damental to the shaping of preferences and
goals, and it has been applied in many differ-
ent domains. Most initial demonstrations (e.g.,
Razran 1940) were done in the context of per-
suasion, whereby a message was paired with
a positive CS. Evaluative conditioning (EC)
has been applied to heighten self-esteem (e.g.,
Baccus et al. 2004, Dijksterhuis 2004), to in-
crease motivation strength in goal-directed be-
havior (e.g., Custers & Aarts 2005, Ferguson
2007), and to understand clinical phenomena
such as spider phobia (Merkelbach et al. 1993).
Jones and colleagues (2004) reported an engag-
ing demonstration of the effects of evaluative
conditioning. People generally find the letters
in their own name more positive than other
letters. Because of this, people like objects—
including other people—more when they are
associated with letters in their own name. For
this reason, people are disproportionately likely
to marry others whose first or last names resem-
ble their own!

Early demonstrations of the effects were
open to alternative explanations such as demand
effects (Razran 1940, Staats & Staats 1958),
as participants were often explicitly aware of
the possible relation between the CS and the
US and/or of the intentions of the experi-
menter. However, recent demonstrations have
dealt with such problems. Various researchers
have shown that evaluative conditioning occurs
when either the CS or the US, or even both, are
presented subliminally (e.g., Custers & Aarts
2005, Dijksterhuis 2004, Krosnick et al. 1992,
Murphy et al. 1995, Niedenthal 1990), ren-
dering any alternative explanation that requires
conscious awareness highly unlikely. Krosnick
etal. (1992), for instance, presented their partic-
ipants with nine slides of a target person engag-
ing in routine daily activities. These slides were
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preceded by slides of positive or negative events
(e.g., a child with a Mickey Mouse doll versus a
bloody shark) presented for a mere 13 millisec-
onds. Later, participants were asked to evaluate
the target person. A target person paired with
positive stimuli was evaluated more positively in
general and was rated as having a nicer person-
ality compared to a target person paired with
negative stimuli.

Despite the findings with subliminal stimuli,
whether conscious awareness of the contingen-
cies is necessary for EC effects to occur is still
a matter of debate. However, Field & Moore
(2005) recently obtained evidence for the cen-
tral role of attention rather than consciousness.
In their first experiment, some participants
could process the conditioned stimuli (CSi)
under normal conditions, whereas for others
attention was depleted with a distractor task.
Indeed, only nondistracted participants—that
is, participants who could pay sufficient
attention to the CSi—demonstrated EC
effects, whereas distracted participants did not.
Awareness of the contingency between CSi
and unconditioned stimuli (USi) did not affect
the results. In a second experiment, Field &
Moore (2005) manipulated attention while they
presented the USi subliminally and found com-
parable effects: Attention drove the EC effects,
whereas contingency awareness played no role.

Pleyers et al. (2007) correctly reasoned that
the conclusions of Field & Moore (2005) were
based on findings where participants were all
aware of the contingencies (i.e., attention-
enhanced condition) or where no evaluative
conditioning effect was found (i.e., distraction
condition). Such a strategy may be suboptimal,
and Pleyers and colleagues (2007) have sug-
gested that contingency awareness should not
be measured for each participant, but rather on
the level on each CS-US combination for each
participant. In their experiments, they showed
EC effects for CS-US combinations that par-
ticipants were aware of, and no EC effects for
CS-US combinations that participants were not
aware of. Interestingly, a close reading of their
data reveals that the vast majority of their par-
ticipants were aware of all CS-US pairings,
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whereas the remaining few were not aware of
any pairings. There were no participants who
were aware of roughly half the pairings and not
the others. This suggests that the way in which
the CS-US combinations were constructed
(a picture of a consumer product together with
another positive or negative feature) caused
most participants to be aware of the relation,
and that this awareness (including the few in-
stances in which participants did not attend to
or missed the relation) correlated with the eval-
uative conditioning effect. Given the results on
conditioning with subliminal stimuli, it is more
likely that the seeming contingency awareness
is merely the consequence of some other factor
that is necessary for conditioning, most likely
attention. That is, it is likely that conditioning
is goal dependent and that a certain degree of
attention—driven by processing goals—is nec-
essary during encoding for conditioning to be
able to occur.

Later work by Corneille and colleagues
(2009) supports this interpretation. If EC is de-
pendent on attention rather than on conscious-
ness, it should also be responsive to goals. They
gave some participants CS-US pairings while
instructing them to pay attention to similari-
ties, whereas other were instructed to pay atten-
tion to differences. Indeed, they found larger
EC effects among people who paid attention
to the similarities, demonstrating that process-
ing goals and thereby attention influence EC
effects. Priluck & Till (2004) recently found
that EC effects are stronger among highly in-
volved people and people scoring high in need
for cognition.

Given these findings, it is likely that EC ef-
fects are dependent on processing goals and
on attention and that effects of contingency
awareness are merely obtained because contin-
gency awareness generally increases with more
attention.

UNCONSCIOUS THOUGHT

Recently, evidence has been collected showing
that an important stage of a decision process
can also occur outside of conscious awareness.

When people have processed information
about various choice alternatives, how do they
form a preference for one of the alternatives?
Traditionally, people have thought that con-
scious deliberation is necessary. However, it is
possible that people can engage in unconscious
thought and that conscious thought is not
necessary to arrive ata decision. In fact, because
consciousness is often poor at weighting the
relative importance of attributes (Wilson et al.
1993), unconscious thought may be preferable
for arriving at a preference in a complex deci-
sion situation (Dijksterhuis 2004, Dijksterhuis
et al. 2006, Dijksterhuis & Nordgren 2006).

In a typical experiment on unconscious
thought, participants read information per-
taining to a choice problem. More specifi-
cally, they would be presented with informa-
tion about four different apartments, whereby
each apartment was described by 12 different
aspects (Dijksterhuis 2004). One apartment had
many more positive attributes (and therefore
fewer negative attributes) than the others. Af-
ter participants had read all the information,
some were asked to choose between the apart-
ments immediately. Others were given some
time to consciously think before they chose,
whereas a third group was distracted for a
while and then asked to choose. Participants
in this latter group were performing a very
taxing working memory task, preventing con-
scious thought. Instead, they were hypothesized
to engage in unconscious thought. What was
found with this paradigm is that unconscious
thinkers make better decisions than do either
conscious thinkers or immediate choosers, in
that they choose alternatives with more positive
and fewer negative characteristics (for more de-
tails, see Dijksterhuis 2004, Dijksterhuis et al.
2006, Dijksterhuis & Nordgren 2006, Ham
et al. 2009). Moreover, similar effects were ob-
tained with participants who chose an actual ob-
ject (such as a poster) rather than a hypothetical
one, with quality of choice operationalized as
postchoice satisfaction (Dijksterhuis etal. 2006,
Dijksterhuis & van Olden 2006).

In a recent set of experiments, it was shown
that unconscious thought is a goal-dependent
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process (Bos et al. 2008; see also Zhong et al.
2008). In the experiments, participants were
again given information about a decision prob-
lem. All participants were distracted before
they made a decision. However, one group
was told that they would later be asked some
questions about the decision problem before
they were distracted (as in previous experi-
ments). The other group was told that they were
done with the decision problem and would not
be asked anything about it later on. In other
words, one group had the goal to further pro-
cess the information, whereas the other group
had no such goal. Results showed that the for-
mer group made better decisions than did the
latter. Hence, unconscious thought is a goal-
dependent process. Without a goal to reach a
decision, unconscious thought is not elicited.

The idea that people can think uncon-
sciously has met with considerable resistance
(e.g., Payne et al. 2008, Weber & Johnston
2009). However, as our current framework sug-
gests, the fact that we can think without con-
sciousness does not mean it does not require
attention. Indeed, the fact that unconscious
thoughtis goal dependent but takes place with-
out conscious guidance strongly suggests that
it does require attention. Preliminary results
(E. van Harreveld, A. Dijksterhuis, & M.W.
Bos, manuscript in preparation) show that per-
formance on the working memory task during
unconscious thought covaries with the success-
fulness of unconscious thought, in that perfor-
mance on the distracter task suffers from un-
conscious thoughtand vice versa. This indicates
that unconscious thought uses working mem-
ory resources. This conclusion is corroborated
by other recent findings showing that effects
of unconscious goals on attention and behav-
ior are impeded when people have to perform
a secondary working memory task (Aarts et al.
2008, Oikawa 2004).

The conclusion of this section is that implicit
learning, evaluative conditioning, and uncon-
scious thought are almost certainly not depen-
dent on conscious awareness. However, they
are goal directed and they do require attention
(Bargh et al. 2001, Bos et al. 2008, Custers &
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Aarts 2009, Eitam et al. 2008, Field & Moore
2005).

FOCUS, FLEXIBILITY, AND
THE TWO-FACED ROLE
OF CONSCIOUSNESS

Volitional behavior involves the initiation and
maintenance of goal pursuit. However, in many
cases this is only half the story. Once a goal has
been established, people often have to compare
their desired state with their actual state and
react to arising discrepancies in order to main-
tain their goal (Powers 1973). Furthermore,
new goals may enter the scene that may ask
for action. Given the potential interference of
distracting information on the one hand and
the dynamic nature of our world on the other,
people often face the challenge to remain fo-
cused to maintain and stabilize one’s goals and,
at the same time, to be flexible and to adjust be-
havior to adapt to changing circumstances. Al-
though operating in an antagonistic way, both
aspects of attention are needed for optimal goal
pursuit. Adaptive volitional behavior requires a
context-dependent balance between focus and
flexibility.

Whereas recent research recognizes the im-
portance of a balance between focus and flexi-
bility for effective goal pursuit, little is known
about the mechanisms involved in establish-
ing this balance. Research with frontal-lobe
patients suggests that the frontal brain areas
are involved in this process. Frontal-lobe pa-
tients display rigid behaviors and less flexibil-
ity in tasks that require switching between cog-
nitive rules (Luria 1973, Shallice 1988, Stuss
& Levine 1992). Furthermore, these patients
seem to be unable to suppress impulses and
well-practiced habits in response to objects
and tools, also known as utilization behavior
(Lhermitte 1983).

The idea that frontal cortical areas are
involved in the dynamic balance between
focus and flexibility raises the possibility that
consciousness plays a prominent role in this
process. Although tempting, this suggestion is
empirically questionable. For instance, studies
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using a set-switching task or selective visual
attention task have shown that the balance be-
tween focus and flexibility is modulated by the
incidental activation of positive affect or reward
cues (Della Libera & Chelazzi 2006, Dreisbach
& Goschke 2004, Muller etal. 2007). According
to Cohen and colleagues (Aston-Jones & Co-
hen 2005, Cohen et al. 2004), the regulation of
the balance is hard-wired in the brain. Although
the neurological basis is not yet fully delin-
eated, it appears that flexible action is driven
by subcortical output that releases dopamine
in the PFC. This release is elicited by rewards
or other positive cues that signal the incentive
value of a goal (Berridge 2007). Furthermore,
enhanced focus is more likely to ensue when
action is required to keep the goal active and
to shield it from distraction. Such goal-related
monitoring processes are supposed to be
controlled by the anterior cingulate cortex,
which triggers the release of norepinephrine in
the locus coeruleus, thereby enhancing focused
attention processes in the PFC.

Thus, the balance between focus and flex-
ibility is driven by the rewards and require-
ments associated with the goals that motivate
the person to achieve them. Given the finding
that reward-priming effects on decision mak-
ing and resource recruitment can be brought
about unconsciously (e.g., Bijleveld et al. 2009,
Pessiglione et al. 2007) and given the hu-
man capacity to monitor goal-directed behav-
ior unconsciously (e.g., Custers & Aarts 2007,
Fourneret & Jeannerod 1998), it appears that
the dynamic balance between focus and stabil-
ity can occur in the absence of conscious aware-
ness. This line of reasoning is consistent with
research in social cognition that considers the
motivation and attentional operation of goals to
emerge from unconscious interactions of repre-
sentations of goals and positive affect that can
act as an incentive or effort mobilizer (Aarts
etal. 2008, Custers & Aarts 2005).

The analysis above suggests that focus and
flexibility are in good balance when uncon-
scious goals interact with the environment in
a proper way. However, this should not lead
to the conclusion that consciousness does not

play any role at all in goal-directed volitional
behavior. Sometimes, the balance between fo-
cus and flexibility is imperfect or severely dis-
turbed and people become aware of their un-
conscious goals. Indeed, research shows that the
probability that unconsciously activated goals
reach conscious awareness increases when goal
progressis obstructed (Bongers etal. 2009), and
it is this episode of conscious awareness that is
said to typify a shift from unconscious, auto-
mated behavior to conscious, willful behavior
(e.g., James 1890, Norman & Shallice 1986).
However, how this state of conscious aware-
ness unfolds and whether it serves a causal role
in guiding volitional behavior is an essential
problem in its own right and remains a topic
of intriguing theorizing and empirical scrutiny
(Aarts et al. 2007, Blackmore 2003, Bongers &
Dijksterhuis 2009). Although we cannot solve
the issue here, allow us to speculate on how
conscious awareness of behavior may influence
the balance between focus and flexibility.

Specifically, assuming that conscious aware-
ness of goals directs attention in a similar way
to that of unconscious goals, effects on behav-
ior may depend on whether conscious atten-
tion co-occurs with and is directed at the im-
perfect balance between focus and flexibility
during the process of goal pursuit. When con-
scious attention coincides with and is directed at
restoring an imperfect balance, it may improve
performance and adaptive behavior. However,
when conscious awareness of goals emerges
while the balance between focus and flexibil-
ity operates adequately—that is, when keeping
one’s eye on the goal and tuning behavior to
changing circumstances act in close harmony—
performance may not benefit from conscious
awareness. In fact, it may even be jeopardized
by conscious awareness. Such impairments may
arise when people are explicitly forced to focus
conscious attention on their behavior, thereby
disturbing rather than promoting a good bal-
ance. A few examples of both beneficial and
harmful effects of conscious awareness are given
below.

Beneficial effects may occur when an imper-
fect balance during unconscious goal pursuit is
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encountered that requires a mode of informa-
tion processing that cannot be relied on outside
of conscious awareness. Specifically, we may en-
counter a deadlock, such as when goal-directed
behavior is obstructed in such a way that nei-
ther focus nor flexibility is adaptive to deal with
the problem. Often, this implies the planning
of a course of action that is totally new or that
has never been executed before in the situation
at hand. According to Global Workspace The-
ory (e.g., Baars 1997, 2002), conscious aware-
ness then helps to mobilize and integrate brain
functions that otherwise operate independently
in the process of building up an action that is
not available in the person’s repertoire. It offers
a “facility for accessing, disseminating, and ex-
changing information, and for exercising global
coordination and control” (Baars 1997, p. 7).

In research on the cognitive underpinnings
of action planning, it has been suggested that
planning integrates sensori-motor information
regarding one’s future behavior into a novel ac-
tion representation that should be capable of
bridging the gap between goals and behavior
(Hommel et al. 2001). Furthermore, various
studies have shown that conscious planning can
lead to more successful goal achievement when
such plans establish links between representa-
tions of relevant actions and cues (Gollwitzer &
Sheeran 2006). That is, forming implementa-
tion intentions as to when, where, and how one
will act to attain one’s goal helps the progress
of goal pursuit. Importantly, once the plan is
formed, subsequent action initiation and per-
formance display features of automaticity, in the
sense that the action can be directly triggered
by and executed in the anticipated environment
without much conscious intervention. Thus, it
seems that the obstruction of unconscious goal
pursuit can benefit from the conscious aware-
ness it evokes by rendering plans that specify
how one needs to proceed. As soon as goal pur-
suit is reinitiated, the imbalance between focus
and flexibility is restored, and unconscious goals
can continue to do their work.

Whereas conscious awareness can clearly
help goal pursuit, there is also support for detri-
mental effects of externally forced conscious
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awareness on goals. We briefly discuss three ex-
amples here. The first example pertains to the
attentional blink phenomenon (e.g., Chun &
Potter 1995, Marois & Ivanoft 2005, Raymond
etal. 1992). When participants are asked to de-
tect two briefly presented target stimuli within
a stream of distracter stimuli, they show an im-
paired ability to identify the second of the two
targets when they are presented in close suc-
cession. Whereas this attentional blink effect is
generally thought to reflect a fundamental cog-
nitive limitation, recent research indicates that
an overinvestment of conscious attention to the
stream of stimuli may drive the effect (Colzato
etal. 2008; Olivers & Nieuwenhuis 2005, 2006).
This research has demonstrated that a reduc-
tion in conscious attention limits the number
of items in the stream that are fully processed,
and as a consequence, this reduces the atten-
tional blink effect. Also, incidental activation
of positive affect or higher central dopaminer-
gic function during the task decreases the at-
tentional blink effect, a finding that is in line
with the idea that positive affect modulates the
balance between rigidly focusing on a task and
a more flexible mode of processing. In short,
conscious attention to goals can cause people to
concentrate too hard and this promotes rather
than prevents the occurrence of a rigid mode
of information processing as reflected in the at-
tentional blink effect.

Another line of research that reveals the
potential for impairment in performance as
a result of externally cued conscious aware-
ness comes from research on decision making.
Whereas conscious thought about a decision
problem is sometimes helpful to reach more ra-
tional decisions (see, e.g., Newell et al. 2007),
an abundance of research shows that conscious
thought can also interfere with sound deci-
sion making (Dijksterhuis & Nordgren 2006,
Reyna & Brainerd 1995, Schooler et al. 1993,
Wilson & Schooler 1991). Some consider these
findings counterintuitive (see, e.g., Weber &
Johnston 2009), and this reaction is proba-
bly evoked by the attempt of some people
to maintain that consciousness plays a crucial
causal role in decision making and behavior in
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general. However, the findings on unconscious
thought are fully in line with the current theo-
rizing. When people make goal-directed deci-
sions they can well deal with unconsciously (that
is, when there is a good balance between focus
and flexibility), conscious thought—elicited nor-
mative pressure or experimental instructions
(Schooler et al. 1993) can interfere with deci-
sion making. One major problem is that people
can often weight the relative importance of at-
tributes quite well unconsciously (Dijksterhuis
& Nordgren 2006, Wilson & Schooler 1991)
and that conscious thoughtleads to biases in this
weighting process, for instance because con-
scious thought tends to lead verbalizable infor-
mation to receive too much weight and non-
verbalizable information to receive too little
weight (Reyna & Brainerd 1995, Schooler etal.
1993, Wilson & Schooler 1991). This jeopar-
dizes the decision process.

A third area of study concerns skills. Skill-
ful behavior can generally ensue without con-
scious awareness, and skills are often stored as
abstract high-level patterns that serve a goal.
When thirsty, for instance, grasping a glass and
bringing it to one’s mouth usually serves to
take a sip. When goals guide attention in good
balance between focus and flexibility, the per-
son can unconsciously execute individual action
sequences that capture the essential structure
of the skill (e.g., when and how much a hand
should be opened to reach for the glass) and
adjust to changes in circumstances (e.g., differ-
ent distance to and/or weight of the glass). It
has been shown that consciously focusing on
the execution of specific components of a com-
plex motor skill can impair performance (e.g.,
Baumeister 1984, Beilock & Carr 2001, Lewis
& Linder 1997). For instance, experienced soc-
cer players handle the ball better with their
dominant foot when they are distracted from
executing a skill (e.g., dribbling) than when they
are asked to consciously focus on specific action
components. An explanation for this choking-
under-pressure effect is that the conscious at-
tention to separate components overrules the
more efficient organizational structure of the
skill. In other words, it disturbs the balance

between focus and flexibility in the unconscious
execution of a skill in the environment that usu-
ally is guided by the goal. This causes the build-
ing blocks of the skill to function as separate
components, in a similar way as before the skill
was acquired. Once the structure breaks down,
each component is executed separately, which
takes more time and leaves more room for
error.

CONCLUSIONS

Goals are the tools with which people engage
in volitional behavior. They define what we
find desirable to attain and thereby what we
strive for. Goals exert their effects on behavior
by modulating attention. Generally, informa-
tion that can serve goal attainment is attended
to more than information that is irrelevant for
achieving goals.

Whereas goal pursuit was traditionally as-
sumed to be strongly related to consciousness,
recent research strongly suggests this not to be
the case. Indeed, goal pursuit often proceeds
entirely unconsciously. The role of conscious-
ness in domains such as implicitlearning, evalu-
ative conditioning, and unconscious thought is
still debated, in that some are willing to accept
the idea that such important processes can en-
sue without conscious guidance, whereas oth-
ers are not willing to endorse the viewpoint.
However, recent research from various areas
strongly suggests such processes to be depen-
dent on goals and on attention but not on con-
scious awareness per se.

When people try to attain goals, attention
serves to maintain a balance between focus and
flexibility. That is, when people engage in goal
pursuit, they face the challenge to remain fo-
cused and, at the same time, to be flexible
and to adjust behavior to adapt to changing
circumstances. Sometimes this balance is im-
perfect, and when people become consciously
aware of their goals or behaviors because of
endogenous factors, this generally helps to re-
store the balance between focus and flexibility.
However, when the balance is adequate but peo-
ple become consciously aware of their goals or
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behaviors for exogenous reasons (e.g., norma-  balance can be disturbed, which will jeopardize
tive pressure, experimental instructions), the goal pursuit.

SUMMARY POINTS
1. Attention is largely determined by goals.

2. Consciousness and attention may be correlated in real life (such that stimuli that are
attended to are more likely to enter consciousness), but they are independent.

3. Processes that we may think we need consciousness for are usually dependent on attention
and not on consciousness.

4. Goal pursuit is dependent on both focus (the ability to keep the same information active)
and flexibility (the ability to respond to changing circumstances).

5. Attention is responsible for a balance between focus and flexibility.

6. Conscious intervention may help to restore the balance between focus and flexibility.
However, it can also disturb an already appropriate balance.

FUTURE ISSUES

1. The distinction between consciousness and attention should be more critically examined
in studies showing that information processing and performance are dependent on goals.

2. The empirical study of the causal status of our conscious experiences of wilfulness in
guiding behavior is underdeveloped.

3. What are the exact mechanisms that cause nonconscious goals to enter consciousness?

4. When exactly is consciousness helping the balance between focus and flexibility, and
when is it harmful?

DISCLOSURE STATEMENT

The authors are not aware of any biases that might be perceived as affecting the objectivity of this

review.

ACKNOWLEDGMENTS

Work on this review was supported by two VICI-grants from NWO (453-05-004 and 453-06-002).
We thank Ruud Custers, Harm Veling, and Hans Marien for their valuable input.

LITERATURE CITED

Aarts H. 2007. Unconscious authorship ascription: the effects of success and effect-specific information priming
on experienced authorship. 7. Exp. Soc. Psychol. 43:119-26

Aarts H, Chartrand TL, Custers R, Danner U, Dik G, et al. 2005a. Social stereotypes and automatic goal
pursuit. Soc. Cogn. 23:465-90

Aarts H, Custers R, Holland RW. 2007. The nonconscious cessation of goal pursuit: when goals and negative
affect are coactivated. 7. Personal. Soc. Psychol. 92:165-78

Dijksterbuis o Aarts



Annu. Rev. Psychol. 2010.61:467-490. Downloaded from arjournals.annualreviews.org
by Radboud Universiteit Nijmegen on 03/01/10. For personal use only.

Aarts H, Custers R, Marien H. 2008. Preparing and motivating behavior outside of awareness. Science 319:1639

Aarts H, Custers R, Marien H. 2009. Priming and authorship ascription: when nonconscious goals turn into
conscious experiences of self-agency. 7. Personal. Soc. Psychol. 96:967-79

Aarts H, Custers R, Veltkamp M. 2008. Goal priming and the affective-motivational route to noncon-
scious goal pursuit. Soc. Cogn. 26:497-519

Aarts H, Custers R, Wegner DM. 2005b. On the inference of personal authorship: enhancing experienced
agency by priming effect information. Conscious. Cogn. 14:439-58

Aarts H, Dijksterhuis A. 2000. Habits as knowledge structures: automaticity in goal-directed behavior.
7. Personal. Soc. Psychol. 78:53-63

Aarts H, Dijksterhuis A. 2003. The silence of the library: environment, situational norm, and social behavior.
7. Personal. Soc. Psychol. 84:18-28

Aarts H, Dijksterhuis A, De Vries P. 2001. On the psychology of drinking: being thirsty and perceptually
ready. Br. 7. Psychol. 92:631-42

Aarts H, Gollwitzer PM, Hassin RR. 2004. Goal contagion: perceiving is for pursuing. 7. Personal. Soc. Psychol.
87:23-37

Aarts H, Oikawa M, Oikawa H. 2009. Cultural and universal routes to authorship ascription: effects of outcome
priming on experienced self-agency in The Netherlands and Japan. 7. Cross-Cult. Psychol. In press

Alonso D, Fuentes L], Hommel B. 2006. Unconscious symmetrical inferences: a role of consciousness in event
integration. Conscious. Cogn. 15:386-96

Aston-Jones G, Cohen JD. 2005. An integrative theory of locus coeruleus-norepinephrine function: adaptive
gain and optimal performance. Annu. Rev. Neurosci. 28:403-50

Baars BJ. 1997. In the Theater of Consciousness: The Workspace of the Mind. New York: Oxford Univ.
Press

Baars BJ. 2002. The conscious access hypothesis: origins and recent evidence. Tiends Cogn. Sci. 6:47-52

Baars BJ, Franklin S. 2003. How conscious experience and working memory interact. Trends Cogn. Sci. 7:166-72

Baccus JR, Baldwin MW, Packer DJ. 2004. Increasing implicit self-esteem through classical conditioning.
Psychol. Sci. 15:498-502

Baddeley AD. 1993. Working memory and conscious awareness. In Theories of Memory, ed. A Collins, S
Gathercole, pp. 11-28. Hillsdale, NJ: Erlbaum

Baddeley AD, Logie RH. 1999. The multiple-component model. In Models of Working Memory: Mechanisms of
Active Maintenance and Executive Control, ed. A Miyake, P Shah, pp. 28-61. Cambridge, UK: Cambridge
Univ. Press

Badgaiyan RD. 2000. Executive control, willed actions, and nonconscious processing. Hum. Brain Mapp.
9:38-41

Bargh JA. 1990. Auto-motives: preconscious determinants of thought and behavior. In Handbook of Motivation
and Cognition, ed. ET Higgins, RM Sorrentino, Vol. 2, pp. 93-130. New York: Guilford

Bargh JA, Chartrand TL. 1999. The unbearable automaticity of being. Am. Psychol. 54:462-79

Bargh JA, Chen M, Burrows L. 1996. Automaticity of social behavior: direct effects of trait construct and
stereotype activation on action. 7. Personal. Soc. Psychol. 71:230-44

Bargh JA, Gollwitzer PM. 1994. Environmental control of goal-directed action: automatic and strategic con-
tingencies between situations and behavior. In Integrative Views of Motivation, Cognition, and Emotion.
Nebraska Symposium on Motivation, ed. WD Spaulding, Vol. 41, pp. 71-124. Lincoln, NE: Univ. Nebraska
Press

Bargh JA, Gollwitzer PM, Lee-Chai A, Barndollar K, Trotschel R. 2001. The automated will: non-
conscious activation and pursuit of behavioral goals. 7. Personal. Soc. Psychol. 81:1014-27

Bargh JA, Gollwitzer PM, Oettingen G. 2009. Motivation. In The Handbook of Social Psychology, ed. ST Fiske,
DT Gilbert, G Lindzey. Boston, MA: McGraw-Hill. 5th ed. In press

Baumeister RF. 1984. Choking under pressure: self-consciousness and paradoxical effects on incentives on
skillful performance. 7. Personal. Soc. Psychol. 46:610-20

Beilock SL, Carr TH. 2001. On the fragility of skilled performance: What governs choking under pressure?
7. Exp. Psychol. Gen. 130:701-25

Berridge KC. 2007. The debate over dopamine’s role in reward: the case for incentive salience. Psychopharma-
cology 191:391-431

www.annualreviews.org o Goals, Attention, and (Un)Consciousness

Argues and explains
how conscious and
unconscious goals
(partly) rely on the same
functional architecture
of attention and
information processing
in which the same
cognitive functions or
hardware are recruited
and shared to translate
goals into behavior.

A highly readable,
though somewhat
dated, introduction to
what is now a dominant
view on the role of

consciousness.

A very comprehensive
article by the father of
automaticity research in
social psychology.

The most influential
article on unconscious
goal activation, written
by the people who
thought of it first.



Annu. Rev. Psychol. 2010.61:467-490. Downloaded from arjournals.annualreviews.org
by Radboud Universiteit Nijmegen on 03/01/10. For personal use only.

Empirical groundwork

to come to a definition

of goals.

A theory that specifies

how conscious and

unconscious thought
work and a summary
the early findings on
unconscious thought
and decision making.

of

486

Berry D, Dienes ZP. 1993. Implicit Learning: Theoretical and Empirical Issues. Hove, UK: Erlbaum

Berry DC, Broadbent DE. 1984. On the relationship between task performance and associated verbalizable
knowledge. Q. 7. Exp. Psychol. A Hum. Exp. Psychol. 36:209-31

Bijleveld E, Custers R, Aarts H. 2009. The unconscious eye opener: Pupil dilation reveals strategic recruitment
of mental resources upon subliminal reward cues. Psychol. Sci. In press

Blackmore S. 2003. Consciousness: An Introduction. New York: Oxford Univ. Press

Bongers KCA, Dijksterhuis A. 2009. Goals and consciousness. In Encyclopedia of Consciousness, ed. W Banks.
Amsterdam: Elsevier. In press

Bongers KCA, Dijksterhuis A, Spears R. 2009. Self-esteem regulation after success and failure to attain un-
consciously activated goals. 7. Exp. Soc. Psychol. 45:468-77

Bos MW, Dijksterhuis A, Baaren RB. 2008. On the goal-dependency of unconscious thought. 7. Exp. Soc.
Psychol. 44:1114-20

Chun MM, Potter MC. 1995. A two-stage model for multiple target detection in rapid serial visual presentation.
7. Exp. Psychol. 21:109-27

Cohen JD, Aston-Jones G, Gilzenrat MS. 2004. A systems-level theory on attention and cognitive control:
guided activation, adaptive gating, conflict monitoring, and exploitation versus exploration. In Cognitive
Neuroscience of Attention, ed. M Posner, pp. 71-90. New York: Guilford

Colzato LS, Slagter HA, Spapé MMA, Hommel B. 2008. Blinks of the eye predict blinks of the mind. Nex-
ropsychologia 46:3179-83

Cooper RP, Shallice T. 2006. Hierarchical schemas and goals in the control of sequential behavior. Psychol.
Rev. 113:887-916

Corbetta M, Shulman GL. 2002. Control of goal-directed and stimulus-driven attention in the brain. Naz.
Rev. Neurosci. 3:201-15

Corneille O, Yzerbyt VY, Pleyers G, Mussweiler T. 2009. Beyond awareness and resources: evaluative con-
ditioning may be sensitive to processing goals. 7. Exp. Soc. Psychol. 45:279-82

Custers R, Aarts H. 2005. Positive affect as implicit motivator: on the nonconscious operation of
behavioral goals. 7. Personal. Soc. Psychol. 89:129-42

Custers R, Aarts H. 2007. In search of the unconscious sources of goal pursuit: accessibility and positive
affective valence of the goal state. 7. Exp. Soc. Psychol. 43:312-18

Custers R, Aarts H. 2009. Learning of predictive relations between events depends on goals, not necessarily
on awareness. Manuscript under review

Custers R, Maas M, Wildenbeest M, Aarts H. 2008. Nonconscious goal pursuit and the surmounting of
physical and social obstacles. Eur: 7. Soc. Psychol. 38:1013-22

Damasio AR. 1999. The Feeling of What Happens: Body and Emotion in the Making of Consciousness. New York:
Harcourt

Dehaene S, Changeux JP, Naccache L, Sackur J, Sergent C. 2006. Conscious, preconscious, and subliminal
processing: a testable taxonomy. Tiends Cogn. Sci. 10:204-11

Della Libera C, Chelazzi L. 2006. Visual selective attention and the effects of monetary rewards. Psychol. Sci.
17:222-27

Dijksterhuis A. 2004. Tlike myself but I don’t know why: enhancing implicit self-esteem by subliminal evaluative
conditioning. 7. Personal. Soc. Psychol. 86:345-55

Dijksterhuis A. 2009. Automaticity and the unconscious. In The Handbook of Social Psychology, ed. ST Fiske,
DT Gilbert, G Lindzey. Boston, MA: McGraw-Hill. 5th ed. In press

Dijksterhuis A, Bargh JA. 2001. The perception-behavior expressway: automatic effects of social perception
on social behavior. Adv. Exp. Soc. Psychol. 33:1-40

Dijksterhuis A, Bos MW, Nordgren LF, Van Baaren RB. 2006. On making the right choice: the deliberation-
without-attention effect. Science 311:1005-7

Dijksterhuis A, Nordgren LF. 2006. A theory of unconscious thought. Perspect. Psychol. Sci. 1:95-109

Dijksterhuis A, Preston J, Wegner DM, Aarts H. 2008. Effects of subliminal priming of self and God on
self-attribution of authorship for events. 7. Exp. Soc. Psychol. 44:2-9

Dijksterhuis A, van Olden Z. 2006. On the benefits of thinking unconsciously: unconscious thought can
increase postchoice satisfaction. 7. Exp. Soc. Psychol. 42:627-31

Dijksterbuis o Aarts



Annu. Rev. Psychol. 2010.61:467-490. Downloaded from arjournals.annualreviews.org
by Radboud Universiteit Nijmegen on 03/01/10. For personal use only.

Dik G, Aarts H. 2007. Behavioral cues to others’ motivation and goal pursuits: the perception of effort facilitates
goal inference and contagion. 7. Exp. Soc. Psychol. 43:727-37

Dreisbach G, Goschke T. 2004. How positive affect modulates cognitive control: reduced perseveration at
the cost of increased distractibility. 7. Exp. Psychol. Learn. Mem. Cogn. 30:343-53

Eitam B, Hassin RR, Schul Y. 2008. Nonconscious goal pursuit in novel environments: the case of implicit
learning. Psychol. Sci. 19:261-67

Ferguson M]J. 2007. On the automatic evaluation of end-states. 7. Personal. Soc. Psychol. 92:596-611

Field AP, Moore AC. 2005. Dissociating the effects of attention and contingency awareness on evaluative
conditioning effects in the visual paradigm. Cogn. Emot. 19:217-43

Fishbach A, Friedman RS, Kruglanski AW. 2003. Leading us not unto temptation: momentary allurements
elicit overriding goal activation. 7. Personal. Soc. Psychol. 84:296-309

Fitzsimons GM, Bargh JA. 2003. Thinking of you: nonconscious pursuit of interpersonal goals associated with
relationship partners. 7. Personal. Soc. Psychol. 84:148-64

Fitzsimons GM, Chartrand TL, Fitzsimons GJ. 2008. Automatic effects of brand exposure on motivated
behavior: how apple makes you “think different.” 7. Consum. Res. 35:21-35

Fourneret P, Jeannerod M. 1998. Limited conscious monitoring of motor performance in normal subjects.
Neuropsychologia 36:1133-40

Frensch PA, Runger D. 2003. Implicit learning. Curr: Dir. Psychol. Sci. 12:13-18

Frith CD, Blakemore S-J, Wolpert DM. 2000. Abnormalities in the awareness and control of action. Philos.
Trans. R. Soc. Lond. 355:1771-88

Funahashi S. 2001. Neuronal mechanisms of executive control by the prefrontal cortex. Neurosci. Res. 39:147—
65

Gollwitzer PM, Sheeran P. 2006. Implementation intentions and goal achievement: a meta-analysis of effects
and processes. Adv. Exp. Soc. Psychol. 38:69-120

Haggard P. 2008. Human volition: towards a neuroscience of will. Naz. Rev. Neurosci. 9:934-46

Halford GS, Baker R, McCredden JE, Bain JD. 2005. How many variables can humans process? Psychol. Sci.
16:70-76

Ham J, Van Den Bos K, Van Doorn E. 2009. Lady Justice thinks unconsciously: unconscious thought can lead
to more accurate justice judgments. Soc. Cogn. In press

Hassin RR, Aarts H, Eitam B, Custers R, Kleiman T. 2009. Nonconscious goal pursuit and the effortful
control of behavior. In Oxford Handbook of Human Action: Mechanisms of Human Action, ed. E Morsella,
JA Bargh, PM Gollwitzer, pp. 549-68. New York: Oxford Univ. Press

Hassin RR, Aarts H, Ferguson M]J. 2005. Automatic goal inferences. 7. Exp. Soc. Psychol. 41:129-40

Hayes NA, Broadbent DE. 1988. Two modes of learning for interactive tasks. Cognition 28:249-76

Haynes JD, Sakai K, Rees G, Gilbert S, Frith C, Passingham RE. 2007. Reading hidden intentions in the
human brain. Curr: Biol. 17:323-28

Holland RW, Hendriks M, Aarts H. 2005. Nonconscious effects of scent on cognition and behavior. Psychol.
Sci. 16:689-93

Hommel B. 1996. The cognitive representation of action: automatic integration of perceived action effects.
Psychol. Res. 59:176-86

Hommel B. 2000. The prepared reflex: automaticity and control in stimulus-response translation. See Monsell
& Driver 2000, pp. 221-42

Hommel B, Miisseler ], Aschersleben G, Prinz W. 2001. The theory of event coding (TEC): a framework for
perception and action planning. Bebav. Brain Sci. 24:849-78

James W. 1890. The Principles of Psychology. New York: Henry Holt

Jeannerod M. 1997. The Cognitive Neuroscience of Action. New York: Blackwell

Jimenez L, Mendez C. 1999. Which attention is needed for implicit sequence learning? 7. Exp. Psychol. Learn.
Mem. Cogn. 25:236-59

Jones JT, Pelham BW, Carvallo M, Mirenberg MC. 2004. How do I love thee? Let me count the Js: implicit
egotism and interpersonal attraction. 7. Personal. Soc. Psychol. 87:665-83

Jones SR, de-Wit L, Fernyhough C, Meins E. 2008. A new spin on the wheel of fortune: priming of action-
authorship judgements and relation to psychosis-like experiences. Conscious. Cogn. 17:576-86

www.annualreviews.org o Goals, Attention, and (Un)Consciousness

An up-to-date
assessment of what
neuroscience “knows”
about volition.

487



Annu. Rev. Psychol. 2010.61:467-490. Downloaded from arjournals.annualreviews.org
by Radboud Universiteit Nijmegen on 03/01/10. For personal use only.

Eloquently discusses
the independence of
attention and

consciousness.

Possibly the most

important psychological

experiment ever.

488

Kahneman D. 1973. Attention and Effort. Englewood Cliffs, NJ: Prentice-Hall

Keele SW, Ivry R, Mayr U, Hazeltine E, Heuer H. 2003. The cognitive and neural architecture of sequence
representation. Psychol. Rev. 110:316-39

Koch C, Tsuchiya N. 2006. Attention and consciousness: two distinct brain processes. Trends Cogn.
Sci. 11:16-22

Koch C, Ullman S. 1985. Shifts in selective visual attention: towards the underlying neural circuitry. Hum.
Neurobiol. 4:219-27

Krosnick JA, Betz AL, Jussim LJ, Lynn AR. 1992. Subliminal conditioning of attitudes. Personal. Soc. Psychol.
Bull. 18:152-62

Kruglanski AW, Shah JY, Fishbach A, Friedman R, Chun WY, Sleeth-Keppler D. 2002. A theory of goal
systems. Adv. Exp. Soc. Psychol. 34:311-78

Lakin JL, Chartrand TL. 2003. Using nonconscious behavioral mimicry to create affiliation and rapport.
Psychol. Sci. 14:334-39

Lamme VAF. 2003. Why visual attention and awareness are different. Tiends Cogn. Sci. 7:12-18

LauHC, Passingham RE. 2007. Unconscious activation of the cognitive control system in the human prefrontal
cortex. J. Neurosci. 27:5805-11

Lau HC, Rogers RD, Haggard P, Passingham RE. 2004. Attention to intention. Science 303:1208-10

Lewicki P, Czyzewska M, Hoffman H. 1987. Unconscious acquisition of complex procedural knowledge.
Learn. Mem. 13:523-30

Lewicki P, Hill T, Czyzewska M. 1992. Nonconscious acquisition of information. Am. Psychol. 47:796-801

Lewis BP, Linder DE. 1997. Thinking about choking? Attentional processes and paradoxical performance.
Personal. Soc. Psychol. Bull. 23:937-44

Lhermitte F. 1983. “Utilization behavior” and its relation to lesions of the frontal lobes. Brain 106:237-55

Libet B, Gleason CA, Wright EW, Pearl DK. 1983. Time of conscious intention to act in relation
to onset of cerebral activity (readiness-potential): the unconscious initiation of a freely voluntary
act. Brain 106:623-42

Loersch C, Aarts H, Payne KB, Jefferis VE. 2008. The influence of social groups on goal contagion. 7. Exp.
Soc. Psychol. 44:1555-58

Luria AR. 1973. The Working Brain. New York: Basic Books

Marois R, Ivanoff J. 2005. Capacity limits of information processing in the brain. Trends Cogn. Sci. 9:296-305

McKone E. 1995. Short-term implicit memory for words and nonwords. 7. Exp. Psychol. Learn. Mem. Cogn.
21:1108-26

Merkelbach H, de Jong PJ, Arntz A, Schouten E. 1993. The role of evaluative learning and disgust sensitivity
in the etiology and treatment of spider phobia. Adv. Behav. Res. Ther. 15:243-55

Miller EK, Cohen JD. 2001. An integrative theory of prefrontal cortex function. Annu. Rev. Neurosci. 24:167—
202

Mischel W, Shoda Y, Rodriguez MI. 1989. Delay of gratification in children. Science 244:933-38

Miyake A, Shah P. 1999. Models of Working Memory: Mechanisms of Active Maintenance and Executive Control.
Cambridge, UK: Cambridge Univ. Press

Monsell S, Driver J. 2000. Control of Cognitive Processes: Attention and Performance XVIII. Cambridge, MA: MIT
Press

Moors A, De Houwer J. 2006. Automaticity: a theoretical and conceptual analysis. Psychol. Bull. 132:297-326

Moskowitz GB, Li P, Kirk ER. 2004. The implicit volition model: on the preconscious regulation of tem-
porarily adopted goals. Adv. Exp. Soc. Psychol. 36:317-414

Muller J, Dreisbach G, Goschke T, Hensch T, Lesch KP, Brocke B. 2007. Dopamine and cognitive control:
the prospect of monetary gains influences the balance between flexibility and stability in a set-shifting
paradigm. Eur. 7. Neurosci. 26:3661-68

Murphy ST, Monahan JL, Zajonc RB. 1995. Additivity of nonconscious affect: combined effects of priming
and exposure. 7. Personal. Soc. Psychol. 69:589-602

Newell BR, Lagnado DA, Shanks DR. 2007. Straight Choices: The Psychology of Decision Making. New York:
Routledge

Niedenthal PM. 1990. Implicit perception of affective information. 7. Exp. Soc. Psychol. 26:505-27

Dijksterbuis o Aarts



Annu. Rev. Psychol. 2010.61:467-490. Downloaded from arjournals.annualreviews.org
by Radboud Universiteit Nijmegen on 03/01/10. For personal use only.

Nissen M], Bullemer P. 1987. Attentional requirements of learning: evidence from performance measures.
Cogn. Psychol. 19:1-32

Norman DA, Shallice T. 1986. Attention to action: willed and automatic control of behavior. In Consciousness
and Self-Regulation, ed. GE Schwartz, D Shapiro, Vol. 4, pp. 1-18. New York: Plenum

Oikawa M. 2004. Moderation of automatic achievement goals by conscious monitoring. Psychol. Rep. 95:975-80

Olivers CNL, Nieuwenhuis S. 2005. The beneficial effect of concurrent task-irrelevant mental activity on
temporal attention. Psychol. Sci. 16:265-69

Olivers CNL, Nieuwenhuis S. 2006. The beneficial effects of additional task load, positive affect, and instruc-
tion on the attentional blink. 7. Exp. Psychol. Hum. Percept. Perform. 32:364-79

Papies EK, Stroebe W, Aarts H. 2008. The allure of forbidden food: on the role of attention in self-regulation.
7. Exp. Soc. Psychol. 44:1283-92

Payne J, Samper A, Bettman JR, Luce MF. 2008. Boundary conditions on unconscious thought in complex
decision making. Psychol. Sci. 19:1118-23

Pessiglione M, Schmidt L, Draganski B, Kalisch R, Lau H, et al. 2007. How the brain translates money into
force: a neuroimaging study of subliminal motivation. Science 316:904-6

Pleyers G, Corneille O, Luminet O, Yzerbyt V. 2007. Aware and (dis)liking: Item-based analyses reveal that
valence acquisition via evaluative conditioning emerges only when there is contingency awareness. 7. Exp.
Psychol. Learn. Mem. Cogn. 33:130-49

Posner MI, Fan J. 2007. Attention as an organ system. In Neurobiology of Perception and Communication: From
Synapse to Society. De Lange Conference IV, ed. ] Pomerantz. Cambridge, UK: Cambridge Univ. Press

Powers WT. 1973. Behavior: The Control of Perception. Chicago: Aldine

Priluck R, Till BD. 2004. The role of contingency awareness, involvement, and need for cognition in attitude
formation. 7. Acad. Mark. Sci. 32:329-44

Prinz W. 2003. How do we know about our own actions? In Voluntary Action: Brains, Minds, and Sociality, ed.
S Maasen, W Prinz, G Roth, pp. 21-33. New York: Oxford Univ. Press

Raymond JE, Shapiro KL, Arnell KM. 1992. Temporary suppression of visual processing in an RSVP task: an
attentional blink. 7. Exp. Psychol. Hum. Percept. Perform. 18:849-60

Razran GHS. 1940. Conditioned response changes in rating and appraising sociopolitical slogans. Psychol.
Bull. 37:481

Reber AS. 1967. Implicit learning of artificial grammars. 7. Verbal Learn. Verbal Bebav. 6:855-63

Reber AS. 1989. Implicit learning and tacit knowledge. 7. Exp. Psychol. Gen. 118:219-35

Reber AS. 1993. Implicit Learning and Tacit Knowledge: An Essay on the Cognitive Unconscious. London: Oxford
Univ. Press

Reyna VF, Brainerd CJ. 1995. Fuzzy-trace theory: an interim synthesis. Learn. Individ. Differ. 7:1-75

Sato A. 2009. Both motor prediction and conceptual congruency between preview and action-effect contribute
to explicit judgment of agency. Cognition 110:74-83

Sato A, Yasuda A. 2005. Ilusion of sense of self-agency: Discrepancy between the predicted and actual sensory
consequences of actions modulates the sense of self-agency, but not the sense of self-ownership. Cognition
94:241-55

Schooler JW, Ohlsson S, Brooks K. 1993. Thoughts beyond words: when language overshadows insight.
F- Exp. Psychol. Gen. 122:166-83

Shah JY. 2003. Automatic for the people: how representations of others may automatically affect goal pursuit.
7. Personal. Soc. Psychol. 84:661-81

Shah JY, Friedman R, Kruglanski AW. 2002. Forgetting all else: on the antecedents and consequences of goal
shielding. 7. Personal. Soc. Psychol. 83:1261-80

Shallice T 1988. From Neuropsychology to Mental Structure. Cambridge, UK: Cambridge Univ. Press

Sheeran P, Aarts H, Custers R, Rivis A, Webb TL, Cooke R. 2005. The goal-dependent automaticity of
drinking habits. Br: 7. Soc. Psychol. 44:47-63

Sloman SA. 1996. The empirical case for two systems of reasoning. Psychol. Bull. 119:3-22

Smith EE, Jonides J. 1999. Storage and executive processes in the frontal lobes. Science 283:1657-61

Soon CS, Brass M, Heinze HJ, Haynes JD. 2008. Unconscious determinants of free decisions in the
human brain. Nat. Neurosci. 11:543-45

www.annualreviews.org o Goals, Attention, and (Un)Consciousness

A remarkable recent
experiment that can be
seen as an important
follow-up on the Libet
work.

489



Annu. Rev. Psychol. 2010.61:467-490. Downloaded from arjournals.annualreviews.org
by Radboud Universiteit Nijmegen on 03/01/10. For personal use only.

A beautiful book that

explains how conscious

experience leads to
feelings of free will.

490

Staats AW, Staats CK. 1958. Attitudes established by classical conditioning. 7. Abnorm. Soc. Psychol. 11:187-92

Stuss DT, Levine B. 1992. Adult clinical neuropsychology: lessons from studies of the frontal lobe. Annu. Rev.
Psychol. 33:401-33

Vallacher RR, Wegner DM. 1987. What do people think they’re doing? Action identification and human
behavior. Psychol. Rev. 94:3-15

van de Grind W. 2002. Physical, neural, and mental timing. Conscious. Cogn. 11:241-64

Van Harreveld F, Dijksterhuis A, Bos MW. 2009. Unconscious thought and working memory. Manuscript in
preparation

Weber E, Johnston E. 2009. Mindful decision making. Annu. Rev. Psychol. 60:53-85

Wegner DM. 1994. Ironic processes of mental control. Psychol. Rev. 101:34-52

Wegner DM. 2003. The Lllusion of Conscious Will. Cambridge, MA: MIT Press

Wegner DM, Smart L. 1997. Deep cognitive activation: a new approach to the unconscious. 7. Consult. Clin.
Psychol. 65:984-95

Wegner DM, Wheatley TP. 1999. Why it feels as if we’re doing things: sources of the experience of will. Az.
Psychol. 54:480-92

Wilson TD, Lisle DJ, Schooler JW, Hodges SD, Klaaren KJ, LaFleur S]. 1993. Introspecting about reasons
can reduce postchoice satisfaction. Personal. Soc. Psychol. Buil. 19:331-39

Wilson TD, Schooler JW. 1991. Thinking too much: Introspection can reduce the quality of preferences and
decisions. 7. Personal. Soc. Psychol. 60:181-92

Zhong CB, Dijksterhuis A, Galinsky AD. 2008. The merits of unconscious thought in creativity. Psychol. Sci.
19:912-18

RELATED RESOURCE
Wilson TD. 2002. Strangers to Ourselves. Cambridge, MA: Belknap

Dijksterbuis o Aarts



Annu. Rev. Psychol. 2010.61:467-490. Downloaded from arjournals.annualreviews.org
by Radboud Universiteit Nijmegen on 03/01/10. For personal use only.

R

R

Annual Review of
Psychology

Volume 61, 2010

vi

Contents

Prefatory

Love in the Fourth Dimension

Ellen Berscheid ........... ..

Brain Mechanisms and Behavior

The Role of the Hippocampus in Prediction and Imagination

Randy L. Buckner ...

Learning and Memory Plasticity; Neuroscience of Learning

Hippocampal-Neocortical Interactions in Memory Formation,
Consolidation, and Reconsolidation

Szu-Han Wang and Richard G.M. Morris ...,

Stress and Neuroendocrinology

Stress Hormone Regulation: Biological Role
and Translation Into Therapy

Florian Holsboer and Marcus Ising .....................c.cciiiiiiiii,

Developmental Psychobiology

Structural Plasticity and Hippocampal Function

Benedetta Leuner and Elizabeth Gould ............... ... .. . . ..

Cognitive Neuroscience

A Bridge Over Troubled Water: Reconsolidation as a Link Between
Cognitive and Neuroscientific Memory Research Traditions

Oliver Hardt, Einar Orn Einarsson, and Karim Nader ...........................

Cognitive Neural Prosthetics

Richard A. Andersen, Eun fung Hwang, and Grant H. Mulliken ..............

Speech Perception

Speech Perception and Language Acquisition in the First Year of Life

Fudit Gervain and Jacques Mebler ............................



Annu. Rev. Psychol. 2010.61:467-490. Downloaded from arjournals.annualreviews.org
by Radboud Universiteit Nijmegen on 03/01/10. For personal use only.

Chemical Senses (Taste and Smell)

An Odor Is Not Worth a Thousand Words: From Multidimensional
Odors to Unidimensional Odor Objects
Yaara Yeshurun and Noam Sobel ........... ... . . . . . 219

Somesthetic and Vestibular Senses

Somesthetic Senses
Mark Hollins ...... .. 243

Basic Learning and Conditioning

Learning: From Association to Cognition
David R. Shamks .......... ... 273

Comparative Psychology

Evolving the Capacity to Understand Actions, Intentions, and Goals
Mare Hauser and Fustin Wood ....... ..., 303

Human Development: Processes

Child Maltreatment and Memory
Gail S. Goodman, Jodi A. Quas, and Christin M. Ogle .................................. 325

Emotional, Social, and Personality Development

Patterns of Gender Development
Carol Lynn Martin and Diane N. Ruble ...............................c.cccccciiin.. 353

Adulthood and Aging

Social and Emotional Aging
Susan T. Charles and Laura L. Carstensen ............. ... 383

Development in Societal Context

Human Development in Societal Context
Aletha C. Huston and Alison C. Bentley .....................cciiiiiiiiiiiiiiiiin 411

Genetics and Psychopathology

Epigenetics and the Environmental Regulation
of the Genome and Its Function
Tie-Yuan Zbang and Michael J. Meaney ..................c.cccciiiiiiiiiiiiiiiiiiiiin. 439

Social Psychology of Attention, Control, and Automaticity

Goals, Attention, and (Un)Consciousness
Ap Dijksterbuis and Henk Aarts ... 467

Contents

vil



Annu. Rev. Psychol. 2010.61:467-490. Downloaded from arjournals.annualreviews.org
by Radboud Universiteit Nijmegen on 03/01/10. For personal use only.

viil

Bargaining, Negotiation, Conflict, Social Justice

Negotiation
Leigh L. Thompson, fiunwen Wang, and Brian C. Gunia ............................... 491

Personality Development: Stability and Change

Personality Development: Continuity and Change Over the
Life Course
Dan P. McAdams and Bradley D. Olson .....................c.ccioiiiiiii 517

Work Motivation

Self-Regulation at Work
Robert G. Lord, James M. Diefendorff, Aaron C. Schmidt, and Rosalie J. Hall ........ 543

Cognition in Organizations

Creativity
Beth A. Hennessey and Teresa M. Amabile ...............................ccccccciii.. 569

Work Attitudes (Job Satisfaction, Commitment, Identification)

The Intersection of Work and Family Life: The Role of Affect
Lillian 'T. Eby, Charleen P. Mahber, and Marcus M. Butts ................................ 599

Human Factors (Machine Information, Person Machine Information,
Workplace Conditions)

Cumulative Knowledge and Progress in Human Factors
Robert W. Proctor and Kim-Phuong L. Vit ..................c.coiiiiiiii, 623

Learning and Performance in Educational Settings

The Psychology of Academic Achievement

Philip H. Winne and Jobn C. Nesbit ..., 653
Personality and Coping Styles
Personality and Coping

Charles S. Carver and Fennifer Connor-Smith .............................cccccceiin. . 679
Indexes
Cumulative Index of Contributing Authors, Volumes 51-61 ........................... 705
Cumulative Index of Chapter Titles, Volumes 51-61 .........................cooeee, 710
Errata

An online log of corrections to Annual Review of Psychology articles may be found at
http://psych.annualreviews.org/errata.shtml

Contents



	Annual Reviews Online
	Search Annual Reviews
	Annual Review of Psychology
Online
	Most Downloaded Psychology
Reviews
	Most Cited Psychology
Reviews
	Annual Review of Psychology
Errata
	View Current Editorial Committee

	All Articles in the Annual Review of Psychology
Vol. 61  
	Love in the Fourth Dimension
	The Role of the Hippocampus in Prediction and Imagination
	Hippocampal-Neocortical Interactions in Memory Formation,Consolidation, and Reconsolidation
	Stress Hormone Regulation: Biological Role and Translation Into Therapy
	Structural Plasticity and Hippocampal Function
	A Bridge Over Troubled Water: Reconsolidation as a Link Between Cognitive and Neuroscientific Memory Research Traditions
	Cognitive Neural Prosthetics
	Speech Perception and Language Acquisition in the First Year of Life
	An Odor Is Not Worth a Thousand Words: From Multidimensional Odors to Unidimensional Odor Objects
	Somesthetic Senses
	Learning: From Association to Cognition
	Evolving the Capacity to Understand Actions, Intentions, and Goals
	Child Maltreatment and Memory
	Patterns of Gender Development
	Social and Emotional Aging
	Human Development in Societal Context
	Epigenetics and the Environmental Regulation of the Genome and Its Function
	Goals, Attention, and (Un)Consciousness
	Negotiation
	Personality Development: Continuity and Change Over the Life Course
	Self-Regulation at Work
	Creativity
	The Intersection of Work and Family Life: The Role of Affect
	Cumulative Knowledge and Progress in Human Factors
	The Psychology of Academic Achievement
	Personality and Coping




