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Abstract To make behavioral choices that are in line
with our goals and our moral beliefs, we need to gather
and consider information about our current situation.
Most information present in our environment is not
relevant to the choices we need or would want to make
and thus could interfere with our ability to behave in
ways that reflect our underlying values. Certain sources
of information could even lead us to make choices we
later regret, and thus it would be beneficial to be able to
ignore that information. Our ability to exert successful
self-governance depends on our ability to attend to
sources of information that we deem important to our
decision-making processes. We generally assume that,
at any moment, we have the ability to choose what we
pay attention to. However, recent research indicates that
what we pay attention to is influenced by our prior
experiences, including reward history and past suc-
cesses and failures, even when we are not aware of this

history. Even momentary distractions can cause us to
miss or discount information that should have a greater
influence on our decisions given our values. Such biases
in attention thus raise questions about the degree to
which the choices that we makemay be poorly informed
and not truly reflect our ability to otherwise exert self-
governance.

Keywords Attention . Cognitive control .Working
memory. Learning . Self-governance

We continuously gather information to guide and inform
our behavior. Given the abundance of information in the
environment and the limited processing capacity of the
brain, we must regularly select which sources of infor-
mation to focus on and which, by extension, to ignore.
Control over the deployment of attention, the process by
which we select some sources of information over
others, is therefore intimately associated with our be-
havioral choices. As a consequence of the tight coupling
between attentional selection and the information avail-
able to support decision-making, the study of attentional
control has strong implications for understanding how
we make choices that are consistent with our goals and
moral beliefs, referred to here as self-governance.

As we will discuss, behavioral goals do not always
prevail in determining which sources of information are
attended. We begin by describing how behavioral goals
generally do guide attentional selection. We then go on
to examine recent work suggesting that implicitly
learned reward associations powerfully and automati-
cally shape attentional selection, providing evidence
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that we are sometimes unable to prevent attending to
certain stimuli even when the selection of these stimuli
is in conflict with our goals. Onmultiple other levels, we
present evidence from psychological research suggest-
ing that we do not always have control over how we
allocate our attention. We conclude by exploring the
implications of these findings for the issue of self-
governance.

By way of example, imagine that you are on a ship
that begins to sink. You are a strong swimmer and are
able to carry one person to shore with you. Your goals
and morals would lead you to help the person in greatest
need, perhaps the least capable swimmer. In order to
make a decision that reflects these goals and values, you
must pay attention to each individual person, evaluate
their need, and then use this information to compare
across individuals. Accordingly, your desire and intent
is to pay equal attention to each person in order to ensure
that this decision process is not arbitrarily biased to-
wards one individual or another. The challenge is that
you can only pay attention to a small number of people
at a particular moment in time, perhaps one or two, and
there are pressures to make a decision quickly.

What if a certain individual was more attention-
grabbing than the others in this example? Perhaps this
person yells the loudest, making it difficult for you to
shift your focus to someone else. You would certainly
come to learn more about that attention-grabbing per-
son, and you would have greater confidence in the
accuracy of that information. The needs of this person
would also be more likely to be considered than those of
others when evaluating the consequences of potential
helping behaviors. Youmight even be completely obliv-
ious to the needs of certain other people in the process.
In short, your decisions would be biased towards this
attention-grabbing person, potentially leading you to
make a decision that does not objectively reflect your
goals and values, even though this was never your
intent. The question for successful self-governance then
becomes: can you choose or otherwise control what you
pay attention to? We argue here that the answer to this
question is Bnot necessarily,^ depending on the individ-
ual and situation, and we explore the implications that
this answer has for the concept of self-governance.

It is important to note that the attention-grabbing
individual in the above example does not actually
change the observer’s goal of saving the least competent
swimmer and the impact of this goal on the decision-
making process. Instead, the observer is faced with

needing to make a decision that is most in line with his
or her goals given only limited information about the
true state of the world. Attentional selection sculpts our
perception of the world around us, limiting what infor-
mation reaches conscious awareness [1, 2]. Throughout,
we argue that it is this acquisition of information that is
sometimes biased in ways that lead us to make decisions
that oppose our behavioral goals, decisions that we
would not have made were our representation of the
world unbiased. Accordingly, we focus on a particular
and important aspect of self-governance in our consid-
eration of attentional biases: the capacity to minimize
the difference between the actions our explicitly held
goals and aspirations would lead us to perform and the
decisions we actually make based on incomplete and
noisy information. This is by no means a complete
definition of self-governance, and there are several other
aspects of goal-oriented control that are relevant to this
issue but are outside the scope of this paper. In particu-
lar, as we will explain, our abilities to self-govern are
tempered by the degree to which the information we rely
on to plan our behaviors is biased as the result of
attentional selection. That is not to say that all of the
goals and values that shape our behavior are explicitly
represented, and one may question the role of implicitly
held values in determining our behavior and whether
that behavior ultimately reflects effective self-gover-
nance. But if our ability to act in accordance with
explicit goal representations were to be biased by infor-
mation that is irrelevant to the decision at hand, that
would speak in important ways to our ability to self-
govern in general. Also, in our consideration of goal-
directed behavior, we do not draw a distinction between
whether these goals are or are not beneficial to the
individual. Again, it is important to the issue of self-
governance to understand the circumstances under
which explicitly held goal representations are and are
not effective in guiding behavior, and it is a separate and
interesting issue whether goal-directed yet ultimately
self-destructive behavior reflects effective self-
governance or a failure to self-govern.

In contrast to our example of the sinking ship in
which the observer has the singular goal of selecting
the least competent swimmer, in everyday life, our goals
are frequently multidimensional such that sub-goals
may sometimes conflict. For example, an individual
may have the long-term goal of being healthy and
happy. Although there are certainly many behavioral
choices that successfully fulfill both dimensions of this
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goal, what happens when an individual is faced with a
choice between prioritizing health or happiness, such as
when deciding whether to eat a donut or choose a
healthy (but less tasty) snack? In this case, eating the
donut fulfills the goal of happiness, but directly opposes
the goal of living a healthy lifestyle. When deciding
whether to eat the donut, the individual must preferen-
tially weight one goal dimension over the other.
Determining the current prioritization of goals gives rise
to a conceptually similar challenge as when we must
decide between multiple options in the face of a singular
goal: there is an optimal decision to bemade that reflects
an unbiased weighting of the importance of pursuing
each of these priorities in light of the circumstances in
which we find ourselves, but our access to the current
state of our circumstances is limited and influenced by
attention. Attending to a particular aspect of the envi-
ronment, (e.g., the look and smell of the delicious, but
unhealthful, food) may give greater weight to the corre-
sponding decision outcome (e.g., consuming the donut)
when considering alternatives. If we are acutely aware
of the donut and its enticing qualities at the moment we
experience it, this may cause us to fail to adequately
consider certain aspects of its health consequences be-
fore arriving at a decision. Conversely, if the donut were
not present, we may more easily prioritize the goal of
health when deciding our actions. Although the overall
goal of health and happiness does not change, attention
biases moment-by-moment behavioral outcomes.

Converging evidence from studies of non-human
primate and human cognition has revealed the impor-
tance of attentional selection for behavioral choice out-
comes [3]. Human fixation patterns bias behavioral
choices such that items that are fixated longer are more
likely to ultimately be chosen as having greater value
[4–6]. For example, when deciding which of two apples
to select at the supermarket, an individual may repeat-
edly make eye movements between both fruits, accu-
mulating evidence about the quality of each. Using a
variant of a drift diffusion model, a popular computa-
tional approach for modeling the accumulation of evi-
dence for each of two options for a binary choice,
Krajbich and colleagues found that behavioral decisions
were biased in favor of targets that participants spent
more time fixating while making a decision [4]. If one
apple is particularly salient, and thus more likely to be
attended, the observer’s goal of selecting the best apple
does not change, but the observer’s information on
which to base his or her decision will be biased toward

the preferentially attended apple.Whether an observer is
selecting an apple at the supermarket or the least capable
swimmer on a sinking ship, they must make a behavior-
al decision based on the incomplete, and potentially
biased, information that they have gathered about the
current state of their environment.

Until recently, researchers have attributed the likeli-
hood that a particular source of information will be
attended, referred to as the stimulus’s attentional prior-
ity, purely to the physical properties of the stimulus and
to the moment-by-moment goals of the observer. For
example, the abrupt onset of a stimulus involuntarily
captures the focus of attention [7–9] and stimuli that
differ in physical characteristics compared to surround-
ing stimuli receive elevated priority [10–13]. However,
behavioral goals shape the degree to which physically
salient stimuli involuntarily capture attention [14–17].
For example, although a physically salient, but task-
irrelevant, stimulus (referred to as a distractor) captures
participants’ attention when they search for a physically
salient target, they are able to ignore this same distractor
when the target itself is not physically salient. Although
participants use physical salience to guide visual search
in the first case, they readily ignore salient stimuli in the
latter because salience itself does not provide goal-
relevant information [18, 19]. Relatedly, when searching
for a target that is identifiable on the basis of a known
physical feature, such as the color red, stimuli that share
this feature capture attention while those that lack this
goal-relevant feature do not [14–16]. Our moment-by-
moment behavioral goals, therefore, powerfully influ-
ence the likelihood that a particular item in the world
will be attended, thereby promoting self-governance in
accordance with the principles that we hold to be
important.

A large body of research supports biased competition
as the mechanism through which goal-relevant stimuli
are given greater representation in the brain and irrele-
vant information is suppressed [20, 21]. It is thought that
the connections among neurons within a particular brain
area, which represents a particular kind of information,
are mutually inhibitory. This organization leads to
winner-take-all competition between the set of neurons
that represent one object (for example) and the set of
neurons that represent a different object. The outcome of
the competition can be influenced by excitatory inputs
from other brain areas. These inputs are called Bbias
signals.^ Bias signals are thought to increase the activity
of the cells representing the information that has high
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attentional priority, making it more likely that the activ-
ity of these cells will win the competition. These bias
signals come from prefrontal and parietal regions of the
cerebral cortex.

The prefrontal and parietal cortices have been impli-
cated in the maintenance of behavioral goals and task
rules [22–29]. The ability to consistently keep our cur-
rent goals and the individual pieces of information that
are necessary to achieve those goals actively in mind,
and the ability to use that information to direct thought
and behavior, has been called Bworking memory.^
Working memory depends critically on the prefrontal
cortex (PFC), where reverberating neural circuits appear
to enable patterns of activity representing currently rel-
evant information to be sustained for several seconds
[30]. Unlike long-term memory, working memory has a
very limited capacity because its purpose is to only
remember what is most important right now, so that
our behavior is guided only by what is most important.
The PFC integrates information from multiple senses,
and across time [31, 32]. It also may participate in
predicting possible future outcomes based on models
of the state of the environment [33]. Furthermore, there
appears to exist a gradient of representation within the
PFC such that more anterior regions represent more
abstract information, or information that is further ex-
tended in time, that then feeds back and influences lower
levels of the hierarchy [34]. Thus, if one’s long-term
goal is to graduate from school, and the more immediate
goal is to pass today’s exam, then attention needs to first
be focused on when and where the exam will be given,
and then on the content necessary to perform well dur-
ing the exam. A question arises, however, as to how we
arrive at those initial goal representations that then in-
fluence attentional selection and ultimately allow for
successful self-governance. Furthermore, how do we
maintain and use those goal representations in the face
of distractions that could capture attention despite our
best intentions?

The PFC receives inputs from all of the sensory
areas, including somatosensory and parietal cortex,
which provide feedback about what actions we are
currently engaged in and are intending for the future
[35]. The PFC also receives inputs from brain areas
involved in representing information recalled from
long-term memory. These inputs are thought to be inte-
grated and compared in the PFC [36]. This accumula-
tion and integration of evidence about the current envi-
ronment and how it compares to past experience leads to

the representation in PFC of expected rewards for con-
trolling our attention or other behaviors in a particular
way [37]. The representation of behavioral goals and
their relationship to the current sensory environment
may proactively bias attention in accordance with
context-based expectations. For example you may bias
your attention toward red things when searching for a
friend whom you know to be wearing a red shirt. We
may also reactively refresh or refine our representation
of the information that we need to affectively bias our
attention to reach our goals when certain stimuli inform
us that our current biases are not effective. For example,
you may add hair color to shirt color in your represen-
tation of things that should draw your attention after
being distracted during your search for your friend by
other individuals who happen to be wearing red [38].

In summary, the determination of relevance arises
from the accumulation of evidence from all of the brain
areas representing sensory inputs, memories, and ex-
pected rewards. Our understanding of the current situa-
tion and predicted future outcomes then biases the com-
petition among sensory representations in areas such as
visual cortex. We argue that it is this accumulation of
evidence that forms the basis of our goals and beliefs. In
other words, we learn from this evidencewhat the nature
of the world is and what behaviors tend to result in good
or bad outcomes in different situations. As defined
above, comparing an individual’s actual actions in a
particular situation to these goals and beliefs about what
behavior should have resulted in a good outcome serves
as a metric of self-governance. When we attend to
sources of information that we expect to be important
for achieving our goals, our behavior may closely match
the aspirations and beliefs we have acquired through
previous experiences, an indicator of effective self-gov-
ernance. However, what happens when attention instead
selects information that is not relevant to our current
goals? Moreover, as discussed above, we may have
multiple goals that can at times come into conflict, such
as when deciding between a tasty but unhealthy food
option (goal of enjoying food) and a healthful but not
very tasty food option (goal of becoming more healthy).
In such cases for which there exists competition be-
tween conflicting goals, the biases introduced by invol-
untary attentional control processes may hold even
greater significance in the determination of behavioral
outcomes. The greater input from the involuntarily
attended information may tip the balance of the compet-
ing representations in favor of that with the most prior
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experience and potentially in the direction opposite what
we would have chosen had our representation of the
world been unbiased by this experience-driven
attention.

Up until this point, we have reviewed a number of
studies that provide evidence that goal representations,
arising from the accumulation of sensory evidence,
guide the deployment of attention. Such an account is
readily applied to the question of self-governance.
Behavioral goals bias competing sensory representa-
tions of information in the brain, allowing those sources
that are most relevant at any particular moment to re-
ceive preferential processing and guide our future
behavior.

However, recent research demonstrates that there are
multiple factors that influence our attention and our
behavior. Explicit goals maintained in working memory
or recalled reactively are not always effective in guiding
the deployment of attention. For example, it is known
that the goal-directed orienting of attention is imprecise,
such that we often mistakenly direct our attention to
stimuli that only look somewhat like what we actually
want to pay attention to [39, 40]. Furthermore, there are
limits in the degree to which these deliberately remem-
bered goals can allow us to ignore certain stimuli.
Automatic control of attention according to learned
reward associations is generally useful for guiding be-
havior with less effort and more reliability than con-
stantly maintaining goals and the means to achieve them
in working memory. Thus, reward learning can improve
self-governance. However, the effects of reward learn-
ing can also lead to failures of self-governance if one’s
situation or goals have changed. Next, we examine the
evidence that reward learning plays a crucial role in
future, automatic attentional selection and discuss its
implications for self-governance.

Extrinsic Reward and Attentional Control

Learned reward associations modulate representations
of stimuli throughout early visual cortex [41].
Moreover, these reward-based changes in representation
are independent of the participant’s value ratings of
stimuli, suggesting that neural representations of value
are at least partially divorced from our subjective valu-
ations. In particular, the actual experienced rewards
were a better predictor of visual cortical activity than
were explicit value perceptions derived from these

experiences, and these explicit value perceptions were
only weakly associated with the actual differential value
of the stimuli. In addition to increasing the amplitude of
early visual responses, reward history has also been
associated with a change in the tuning of neurons in
early visual areas, presumably allowing for better dis-
crimination between high and low reward stimuli [42].
The visual system may therefore regularly adjust tuning
according to reward expectations, thereby influencing
the sensory information that is available to guide behav-
ioral decision making.

In addition to altering early sensory representations,
associations with reward have been linked to changes in
attentional priority. In particular, when behavioral goals
and learned reward associations are in agreement, atten-
tional selection is facilitated [43, 44]. Using the N2pc,
an event-related potential component in electroenceph-
alography recordings consisting of enhanced contralat-
eral negativity over posterior electrode sites following
the deployment of spatial attention [45], Kiss and col-
leagues measured whether reward associations modu-
lated the time course and strength of attentional selec-
tion. Participants completed a visual search task in
which color-defined targets were associated with either
high or low magnitude monetary rewards. High-value
targets were associated with earlier and stronger N2pc
components than were low-value targets, suggesting
that participants deployed attention earlier and more
robustly to the high-value targets than to the low-value
targets [43]. Moreover, priming of pop-out, a phenom-
enon in which repeated presentations of a salient target
leads to more efficient selection [46], is enhanced for
targets associated with comparatively high monetary
value [47], providing further evidence that is consistent
with more robust processing of stimuli that are currently
associated with reward. One way to interpret these find-
ings is that extrinsic reward provides an incentive that
enhances the pertinence of current goals, priorities, and
moral considerations, thereby facilitating attention in a
way that promotes self-governance when goals are con-
sistent with reward associations.

Other research suggests that attending and ignoring
biases can become habitual when reinforced by a reward
structure. Della Libera and Chelazzi trained participants
to associate target and distractor stimuli with monetary
rewards. In a follow-up test phase in which participants
no longer received rewards, stimuli that were previously
rewarded as targets were more interfering when later
presented as distractors than stimuli that were not
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associated with reward. However, those stimuli that
were previously associated with high reward when ig-
nored during training were more easily ignored during
the test phase [48]. Thus, reward history can influence
attentional priorities, either biasing selection or facilitat-
ing ignoring, even when the reward structure is no
longer in place to explicitly incentivize performance.
Similarly persistent attentional biases were reported by
Raymond and O’Brien when examining the selection of
stimuli over time [49].

Relatedly, response conflict resolution is also sensi-
tive to reward learning. Krebs, Boehler, and Woldorff
showed participants Stroop color word stimuli for which
the semantic meaning of the word (e.g. BGREEN^) was
printed in either a congruent (green) or incongruent (red)
ink color [50]. Participants reported the color of the ink,
therefore requiring suppression of the irrelevant seman-
tic meaning. Critically, a subset of the ink colors used in
the study was associated with monetary rewards.
Participants demonstrated increased behavioral interfer-
ence of the incongruent to-be-ignored semantic meaning
when this meaning matched a rewarded ink color, rela-
tive to when the incongruent meaning lacked a reward
association [50]. Conversely, interference was reduced
when the ink color was a more highly reward-associated
color. These results provide further evidence that reward
associations influence information processing, facilitat-
ing self-governance when these associations are consis-
tent with behavioral goals, but critically, impairing per-
formance when they oppose current behavioral goals. In
a follow-up study employing functional neuroimaging,
researchers found dissociable neural mechanisms for the
relevant and irrelevant reward associations, suggesting
that dissociable neural systems may play a role in
reward-facilitated and reward-impaired cognitive con-
trol [51].

Beyond Behavioral Goals: Implicit Reward
Associations Involuntarily Guide Attention

In the studies reviewed above, the value-associated
stimuli were not explicitly task-irrelevant. That is, par-
ticipants did not have the explicit goal of ignoring the
previously reward-associated stimuli. It is therefore im-
possible based on these data alone to determine whether
learned reward associations can compete with, and even
override, behavioral goals. To investigate whether
stimulus-reward associations can indeed compete and

win against representations of goals when setting atten-
tional priority, other researchers have used paradigms in
which selection of reward-associated targets is in con-
tradiction to current behavioral goals [52–54].

In a typical study, participants first complete a train-
ing phase in which they search for color-defined targets
in an array of multi-colored distractor items and accu-
mulate monetary rewards for correct target identification
(see Fig. 1). Critically, participants receive a high mag-
nitude reward when they select targets of a particular
color and a low magnitude reward when they select
targets of the other color. Following training, partici-
pants complete a test phase in which stimulus color is
now irrelevant and they search for a shape-defined
target. For one-half of test phase trials, one of the non-
targets is rendered in a previously rewarded target color
from the training phase, making this item a task-
irrelevant distractor. Using this design, Anderson and
colleagues found that response times (RT) for trials in
which a previously rewarded distractor item was present
were slower than were RTs for trials in which the previ-
ously rewarded distractor items were absent, reflecting
involuntary attentional processing of the distractor [53].
Importantly, since the formerly rewarded color never
served as the target in the test phase, the findings cannot
be attributed to behavioral goals. Other studies have
revealed that value-based attentional priority transfers
across experimental tasks [55], involves the spatially-
specific processing of the distractor [56], extends to
involuntary eye movements [57, 58], and can persist
over long periods of time without intervening training
[59]. In all cases, learned value associations influenced
attentional priority in opposition to the observer’s be-
havioral goals—participants could not resist paying at-
tention to previously rewarded stimuli that they wanted
to ignore.

Additional evidence that reward associations influ-
ence the deployment of attention in a fashion that is
independent of goal-directed control comes from studies
of reward priming [48, 60, 61]. In one study, participants
searched for the uniquely-shaped item in a search array
while receiving rewards for accurate performance [60].
On the majority of trials, one of the non-target items
served as a salient color singleton. Critically, the major-
ity and singleton colors sometimes swapped between
trials such that the previously ignored color of trial n
would become the goal-relevant color of trial n + 1. In
line with the research described above, participants were
slower for color swap trials relative to no color swap
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trials following a trial in which they received a high
magnitude reward. Conversely, the pattern was reversed
following low reward trials. The receipt of a high value
reward on one trial thus primes greater distraction on the
next, even when this priming contradicts behavioral
goals [60, 61].

One possible account of value-driven attentional cap-
ture is that reward serves as a motivator that speeds up
the development of automatic selection habits. This
explanation would suggest that the degree to which
previously rewarded items capture attention is to some
degree dependent on, and a reflection of, the goals of the
observer during training. Even in the absence of explicit
reward, individuals develop over time the tendency to
automatically select items that have repeatedly been
behaviorally relevant in the past, reflecting something
akin to a perseverating goal. This phenomenon, referred
to as perceptual learning, has been observed across a
wide range of paradigms and usually occurs following
thousands of trials of exposure to a particular stimulus
set [62–65]. Although value-driven attentional capture

has been observed following far fewer than the number
of trials necessary for traditional perceptual learning,
reward serves as a motivator of accurate behavioral
performance [66] and reward speeds the rate at which
individuals are able to locate targets that are consistent
with behavioral goals [43, 47, 67]. Therefore, it is pos-
sible that goal-oriented processes, seeking to maximize
reward, generally speed the rate at which automatic
selection unfolds for simple visual search tasks.

To address this possibility, Sali and colleagues tested
participants on a variant of the paradigm developed by
Anderson et al. [53, 68]. Critically, acrossmultiple tasks,
participants received monetary rewards for visual search
that were not uniquely predicted by the target stimulus
color. Instead, reward magnitude was either selected
randomly from a predetermined distribution, was con-
sistent for all trials, or was based on trial-by-trial perfor-
mance. One final group of participants completed a
version of the task in which target color predicted trial-
by-trial reward magnitude as in the earlier work by
Anderson and colleagues. Participants demonstrated

Fig. 1 The value-driven attentional capture paradigm. (a) During
the training phase, participants searched for a red or green circle
target and reported the orientation of the line segment falling
within the target. For half of the participants, successfully finding
the red target was associated with a high magnitude monetary
reward, while successfully finding the green target was associated
with a low magnitude monetary reward. The reward-color

relationship was reversed for the remainder of the participants.
(b) During a subsequent test phase, participants searched for the
unique shape in each array. On half of the trials, a non-target item
appeared in one of the previously reward-associated colors
(distractor present trials), while on the remainder of trials none of
the colors had been associated with reward during training
(distractor absent trials) [Figure adapted from 53]
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significant slowing for distractor present trials relative to
distractor absent trials in the test phase only following
training in which trial-by-trial target stimulus color pre-
dicted rewardmagnitude, even though theywere strong-
ly motivated by reward to select the target during learn-
ing in each case [68]. This finding is consistent with
animal models of associative reward learning, which
state that stimulus-reward associations form only for
those stimuli that provide information regarding the
receipt of reward that is not redundant with other stimuli
in the environment [69, 70]. Thus, attentional biases for
reward-related stimuli are learned only when this spe-
cific association with a particular stimulus is important
for optimizing behavior. The motivational aspects of
being in a rewarding context while performing a task
with that stimulus are not sufficient to modulate atten-
tional priority in an enduring way.

Although motivation alone does not serve as the
mechanism for value-based attentional priority, value-
driven attentional capture may still require that partici-
pants are motivated to select the reward-associated stim-
uli during training. To test whether stimuli must be goal
relevant to acquire value-based priority, Le Pelley and
colleagues employed a clever design in which the color
of a salient distractor predicted the size of the reward
that would be given for correctly performing a task in
which the color of stimuli was explicitly irrelevant [71].
Participants were slower to report a shape-defined target
when the high value distractor was present relative to the
low value distractor. This effect was true even when
selection of the distractor actually resulted in omission
of the reward [71–74]. These findings suggest that stim-
uli do not need to be goal relevant in order for associated
rewards to powerfully influence the deployment of at-
tention—reward associations may influence how we
process and experience our environment without ever
being relevant to our behavioral goals.

The above findings have strong implications for the
role value-driven attention plays in self-governance.
The rapid value-based instantiation of attentional prior-
ity described above suggests that implicitly learned re-
ward associations can counteract explicit goal-oriented
attentional control processes. We may attend to a source
of information if it was associated with reward in the
past even if that information actually conflicts with our
current behavioral goals. For example, although wemay
pay attention to specific food items when it is our goal to
eat them, the rewarding experience of consuming par-
ticular foods can cause those foods to later capture our

attention even if they conflict with a diet we are current-
ly on. Furthermore, we may not always be consciously
aware of these involuntary attentional selections
[75–77]. In this way, reward history likely plays an
important role in determining which information about
the environment receives attentional selection. These
attentional biases play a particularly important role
when goal representations conflict, tipping the balance
in competition between potential behavioral outcomes
according to an incomplete and often skewed represen-
tation of the current state of the world. It is important to
note that not all decisions require evaluation of infor-
mation about the current state of the world and may
instead place greater weight on previous experiences,
but such prior experiences must also be selectively
recalled from memory from amongst competing alter-
natives, and this selection process is similarly subject to
bias [78], including biases driven by reward history
[79–82]. Even the decisions we make with our goals in
mind are susceptible to the influence of biased attention-
al selections. With information from sources that may
directly oppose our current goals, our behavior may
deviate from the decisions our aspirations and moral
responsibilities would lead us to make given a complete
and unbiased representation of the environment.

Reward Biases Attention Unequally
Across Individuals

Also relevant to the control of attention, as it applies to
the concept of self-governance, is the issue of individual
responsibility. Perhaps we are biased by reward history
to process certain sources of information more readily
than other sources, but if we are all similarly subject to
the same sort of biases, maybe we are all equally ac-
countable for our failures to uphold principles we be-
lieve to be important. Recent findings suggest that this
assumption is also not without serious challenges. One
prominent challenge can be found in the case of drug
addiction. It is well known that chronically drug-
dependent individuals have great difficulty ignoring
stimuli associated with their drug of abuse [83], and
the magnitude of such attentional biases in an individual
predicts whether that individual will relapse during
treatment [84, 85]. In particular, addicted individuals
may simultaneously have the goal of being healthy as
well as the goal of relieving craving and withdrawal
symptoms. In such cases, involuntary attentional
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selections may tip the balance of competition between
conflicting goal representations, such that paying atten-
tion to drug-associated stimuli in turn draws attention to
craving and withdrawal symptoms, thus increasing the
likelihood that the individual will use the drug [86]. This
example is very contextually specific, however, and an
important question that arises is whether some people
are more susceptible to reward-related attention biases
in general, and thus a greater tendency towards chronic
maladaptive behavior, than others.

It turns out that drug-dependent patients also exhibit
a reduced ability to ignore stimuli previously associated
with non-drug (monetary) reward compared to individ-
uals who are not struggling with drug dependence [76],
suggesting a broader bias to attend to irrelevant infor-
mation that was previously associated with reward. The
same is true for individuals who are not currently drug
dependent but have a history of drug dependence [77],
suggesting that such attentional biases reflect a stable
individual trait that does not come and go as a conse-
quence of active drug use. The magnitude of reward-
related attentional biases also predicts impulsive non-
planning behaviors (e.g., acting without considering the
consequences) [77], providing further evidence that
these biases are relevant to failures to exert self-control.
Susceptibility to attentional capture by previously
rewarded stimuli also changes over the lifespan, being
greater in adolescents than in young adults [87],
reflecting age-related changes in risky decision-making.
When it comes to our ability to exert control over the
information that we pay attention to, it would appear
that the playing field is unequal—some people may be
more capable of self-governance than others.

Environmental Influences on Attentional Control

A final area of research on reward-related attentional
capture with implications regarding the regulation of
behavior is the role of the environment in shaping the
deployment of attention. If an individual learns to asso-
ciate a particular stimulus feature in one environmental
context with reward, does that mean that this bias will
color perception in all contexts? Recent evidence sug-
gests that value-driven attentional priority is context
specific [75]. Participants learned to associate stimulus
color with monetary rewards, as in earlier studies.
However, a background scene (either a city or forest
image) predicted which of two potential target colors

could be rewarded if present. In a subsequent unreward-
ed test phase, reward-associated distractors only captured
attention if they appeared in the context for which they
were rewarded in the past. Contextual cues therefore
play a role in determining the degree to which reward
associations guide our behavior. This finding is impor-
tant for self-governance because it suggests that reward
associations are called upon to guide behavior only for
contexts in which these associations were previously
experienced. It also implies that the prior reward associ-
ations that guide attention are activated by the experience
of a physical environment, rather than the kind of reward
expectations that are under voluntary control, suggesting
that unbiased self-governance may be more feasible in
certain situations compared to others.

Other recent evidence has suggested that environ-
mental structure may also influence how effectively
our goals influence attentional selection. Across a series
of studies, researchers manipulated the statistical struc-
ture of a goal-directed attentional orienting paradigm
such that participants were more likely to be cued to
perform a spatial shift of attention either at particular
moments in time or in particular contexts [88]. In sup-
port of an environmental influence on preparatory goal-
directed control, participants were more efficient at
shifting attention in contexts that had previously been
associated with the need to frequently shift attention
than in contexts previously associated with maintaining
a stable focus of attention. The statistical regularities of
an environment, and their associated demands on selec-
tion, may therefore influence the degree to which an
individual is able to quickly shift the current focus of
attention. Once we learn that shifting or maintaining the
focus of attention is advantageous in a particular situa-
tion, we have a strong tendency to bias future attention
allocation accordingly.

Of course, as discussed earlier, these automatic and
unconscious influences on attention can be (at least
eventually) overridden by voluntary control. The better
one is able to keep in mind one’s goals and explicit
reward expectations for the current situation, the better
one will be able to refocus attention away from irrele-
vant information. As discussed earlier, this ability is
referred to as working memory, and it depends on neural
activity patterns in the PFC that represent information
that we are consciously aware is important to the current
task. The strength and specificity of these patterns of
activity influences the degree to which workingmemory
representations are able to guide attention and behavior.
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The ability to guide attention according to the contents
of working memory is also variable across individuals
and variable within an individual at different ages [89]
and in different circumstances. For example, stress is
known to modulate the degree to which PFC-mediated
working memory representations guide behavior rela-
tive to basal ganglia-dependent habitual responses [90],
which includes value-driven attentional orienting
[91–93]. Researchers have proposed that our ability to
maintain information in working memory (such as be-
havioral goals) follows an inverted U-shaped curve of
D1 receptor activity in both non-human primates and
humans [94]. Under conditions of high stress, elevated
levels of noradrenaline and dopamine impair executive
functioning that is carried out in the PFC, but strengthen
fear conditioning that is mediated by subcortical struc-
tures such as the amygdala [90]. The overall availability
of dopamine and other neuromodulators, and their re-
ceptors, also varies genetically, and the combinations of
several different genetic variations influence both PFC
function and decision-making [95]. Our ability to con-
trol behavior in accordance with our goals and concept
of morality therefore diminishes in periods of stress, and
may overall be stronger in some individuals than others.

Conclusions

In order to consistently make decisions that reflect our
goals and values, we need to gather the information
necessary to guide these decisions, and ignore informa-
tion that is irrelevant. Although the momentary acquisi-
tion of irrelevant information will not likely change our
goals, biases in attentional selection may still profound-
ly influence behavioral outcomes, tipping the balance
between competing options when faced with a single
goal (e.g., save the least competent swimmer) or be-
tween simultaneously competing goals (e.g., relieve
drug craving and withdrawal symptoms vs. maintain
abstinence). An important component of self-
governance might, therefore, be the ability to exert
control over how we represent our world as we consider
different potential courses of action. Our experiences
throughout our lives shape our goals and values, and
this can explicitly bias how we choose to interpret the
world. One who is successful at self-governance will
still be influenced, for good or ill, by these experiences.
As we have argued here, however, our history also
biases the information that we have access to in ways

that are beyond control and awareness. The information
that influences our decisions about which course of
action to take is subject not only to the influence of
our explicitly held goals and values. At times uncon-
scious biases in information processing can be in direct
opposition to what we think we are paying attention to.
Furthermore, some individuals seem more prone to
failures to ignore task-irrelevant stimuli than others.
This individual variability can be driven both by differ-
ences in the degree of capture by previously rewarded
stimuli and by differences in the degree to which we can
maintain our explicit, current goals in working memory
in order to override such distraction.

In light of these findings, the concept of self-
governance needs to be understood within a framework
in which the individual may be operating with incom-
plete information and with certain sources of informa-
tion more strongly represented than others. Two people
with the same goals and values but with different learn-
ing histories may experience the same situation differ-
ently, leading them to different conclusions or actions.
And the control each individual has over this process is
not without limits, nor is it necessarily equal across
individuals. Neither case necessarily reflects a failure
of self-governance, even if the individual would have
decided differently if they had complete and unbiased
access to all information relevant to a particular situa-
tion. Rather, such a reality demands that the congruence
between actions and a person’s ethical and moral prin-
ciples, which we often use as a standard for successful
self-governance, be tempered with the understanding
that how a situation is experienced is not entirely a
matter over which self-control is possible.
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