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Abstract
Monetary rewards facilitate performance on behavioral and cognitive tasks, even when these
rewards are perceived without conscious awareness. Also, recent research suggests that
consciously (vs. unconsciously) perceived rewards may prompt people to more strongly
concentrate on task stimuli and details. Here we propose that the latter is sometimes
dysfunctional, in that it prevents improvements in task performance. We used an Attentional
Blink paradigm, in which such enhanced concentration on task stimuli is detrimental to
performance. Participants were consciously (supraliminally) or unconsciously (subliminally)
exposed to a high-value or low-value coin that they could earn by performing well on an
Attentional Blink trial. As hypothesized, high-value rewards increased performance when
they were presented subliminally, while this performance benefit vanished when high-value
rewards were presented consciously. We discuss this finding in the context of recent research

on unconscious goal pursuit.

Keywords: rewards, unconscious motivation, priming, Attentional Blink, working memory
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Once the Money is In Sight:

Distinctive effects of Conscious and Unconscious Rewards on Task Performance

In colloquial life, money is everywhere. Humans learn about its use and function
starting at a young age (Berti & Bombi, 1988), and it is therefore not surprising that the
psychological effects of money are widespread and profound (Lea & Webley, 2006). Money
has been used as a powerful motivator for centuries, which makes sense: For money, humans
are willing to work. Specifically, when monetary rewards are at stake, people perform better
on tasks, generally increasing their chances at reward attainment. But is this always true?
Following current perspectives on conscious and unconscious processes in motivation and
goal pursuit, we propose that monetary rewards can impact performance unconsciously
(Bargh, Gollwitzer, & Oettingen, 2010; Custers & Aarts, 2010). Furthermore, we propose that
conscious awareness of these rewards can additionally prompt people to more strongly
concentrate on task stimuli and details, and we investigate a situation in which such increased
concentration is counterproductive. In so doing, we test the intriguing possibility that
monetary reward cues only increase performance when they are processed unconsciously.

Traditionally, research on reward effects has employed explicit reward cues (or
instructions) that can readily be consciously perceived. In typical experiments, participants
learn that they will receive money contingent on their performance and are told—or informed
by means of a visual cue—how much can be earned in an upcoming task (e.g., Eisenberger &
Aselage, 2009; Glucksberg, 1962; Richter & Gendolla, 2009). Such studies suggest that
monetary rewards that are at stake generally increase task concentration and engagement, but
that this is not always functional as to improving performance (rewards may even be
detrimental). Here, we dissociate between unconscious and conscious reward processing to
enhance our understanding of when monetary reward cues leads to better performance—and

when they do not.
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Remarkably, recent research shows that conscious awareness of rewards is not a
necessary condition for them to increase task performance. Specifically, in an experiment
(Pessiglione et al., 2007), participants were shown a coin (of high or low value) that they
could earn by forcefully squeezing a handgrip. Not surprisingly, people squeezed harder when
a high-value coin was at stake. Strikingly, however, people also exerted more force for high-
value coins when these were presented subliminally (i.e., too briefly to be consciously
perceived). Thus, bypassing conscious awareness of the reward at stake, just a slight amount
of reward-cue input is sufficient to increase task performance.

This finding has been replicated for cognitive tasks. Subliminal rewards seem to
increase cognitive performance to the same extent as do ‘normal’ (consciously perceived)
rewards, as revealed by converging evidence from working memory tasks (Zedelius, Veling,
& Aarts, in press; Capa, Bustin, Cleeremans, & Hansenne, in press), mathematical tasks
(Bijleveld, Custers, & Aarts, 2010), and physiological measurements (Bijleveld, Custers, &
Aarts, 2009). These findings indicate that monetary rewards enhance performance on various
cognitive tasks, including those reliant on working memory, without awareness.

Recent work in cognitive neuroscience offers an account for these findings.
Specifically, reward cues are processed in subcortical brain structures, such as the ventral
striatum. While these lower-level structures presumably function independently of conscious
awareness, they play a central role in assessing the rewarding value of outcomes. Importantly,
these subcortical areas are known to directly connect to brain areas that are implicated in
working memory and action control in goal pursuit, located in the frontal cortex (Aston-Jones,
& Cohen, 2005). Whereas such higher-order processes are traditionally thought to require
conscious intention and awareness to occur (Baars & Franklin, 2003; Baddeley, 1993), the
interconnected nature of the subcortical reward center and frontal-cortical areas suggests the

possibility that rewards can facilitate cognitive task performance directly and unconsciously.
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In line with this notion, and building on the conceptual distinction between consciousness and
attention (Dehaene, Changeux, Naccache, Sackur, & Sergent, 2006; Koch & Tsuchiya, 2007,
Lamme, 2003), Dijksterhuis and Aarts (2010) recently proposed that goals may recruit
working memory and attentional control processes, but that these processes do not necessarily
require conscious awareness of the goal to occur. Consistent with this suggestion, recent
research shows that people can be unconsciously motivated to engage in working memory
processes (Aarts, Custers, & Veltkamp, 2008; Hassin, Bargh, Engell, & McCulloch, 2009).

Although the studies alluded to above seem to indicate that rewards evoke the same
response irrespective of whether they are perceived consciously, this is not always the case.
Instead, several lines of research suggest that (or goals) may change the way people process
incoming information and deal with task stimuli when these rewards permeate into
consciousness (Baars, 2002; Bijleveld et al., 2010; Dehaene & Naccache, 2001, Dijksterhuis
& Aarts, 2010; Zedelius et al., in press). That is, because consciously perceived rewards cause
people to reflect on what is at stake, conscious awareness of rewards may prompt people to
more strongly concentrate on task stimuli and details. Consistent with this idea, paying money
according to performance induces people to focus more strongly on the task that is
instrumental in attaining the money (Baumeister, 1984; Hertwig & Ortmann, 2001).
Paradoxically, however, this enhanced concentration on task information may sometimes
interfere with effective performance, e.g., when enhanced concentration also entails better
processing of irrelevant information. In other words, while people may hold the belief that
increased concentration on the task helps them to perform better, this may in fact backfire in
some tasks.

Inspired by this recent literature, we propose that valuable rewards may affect
performance or not as a function of whether the reward is consciously perceived. While

unconsciously perceived rewards facilitate cognitive (working memory) processes, this should
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in principle enhance task performance. Nevertheless, focusing too much on task details in
response to a consciously perceived valuable reward may thwart this performance
enhancement. To test this idea, we used an Attentional Blink paradigm—a paradigm
examining the human ability to process serially presented information—in which consciously
focusing on details of the task is a dysfunctional strategy.

Rewards and the Attentional Blirikhe Attentional Blink (AB) is a phenomenon that
occurs when two target stimuli appear in between distracters and in close temporal proximity.
While people can generally detect the first target with high accuracy (T1), they can only
detect the second target (T2) fairly successfully if it follows the first either directly or after at
least 500 ms (Raymond, Shapiro, & Arnell, 1992). If the second target follows the first after
200-500 ms, the AB occurs: during this interval, detection accuracy is severely diminished.
The general explanation for this effect pertains to the occurrence of a two-stage process, in
which an initial perceptual process is followed by a second stage in which stimuli are
transferred into working memory. If both targets successfully pass through these two stages,
they can be accurately reported, which is the (only) goal in the AB task. Several studies show
that improved performance on the AB task is dependent on working memory functioning
(Arnell, Stokes, MacLean, & Gicante, 2010). Therefore, valuable monetary rewards should in
principle induce people to perform better on the AB.

While motivational aspects of the AB increasingly enjoy empirical attention
(Raymond & O'Brien, 2009), recent research suggests that consciously perceived monetary
rewards do not enhance AB performance (Olivers & Nieuwenhuis, 2005, for a null finding).
An explanation for this comes from studies showing that focusing too much on AB stimuli is
detrimental (instead of beneficial) for performance. Indeed, in the AB, concentrating on task
stimuli does not selectively facilitate processing of targets but also of distracters, thereby

increasing their potential for interference. For example, when participants are instructed to
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adopt a more absent-minded processing goal they paradoxically perform better—instead of
worse (Olivers & Nieuwenhuis, 2006). Taken together, concentrating too much on the task—a
strategy that we hypothesized is adopted only after a valuable reward is consciously
perceived—thwarts the otherwise favorable reward effect on AB performance (see also
Arend, Johnston, & Shapiro, 2006; Dale & Arnell, 2010).

In sum, we propose that unconsciously perceived valuable rewards facilitate working
memory processes (Dijksterhuis & Aarts, 2010), and hence improve performance on the AB.
When consciously perceived, however, valuable rewards likely change people’s task strategy
to focus too much on subsequent task stimuli, including the distracters, which undermines the
effects of rewards on AB performance. The present experiment tests this idea by examining
effects of consciously (supraliminally) and unconsciously (subliminally) presented high-value
vs. low-value monetary rewards on the AB.

Method

Participants and Desigrkifty-three students (15 males; mean age = 20) participated.
Participants learned that on each trial they would first see a coin. In line with typical AB
tasks, the coin was followed by a stimulus-presentation stream. Participants could earn the
coin by accurately reporting the two targets. The experiment started with 15 practice trials,
followed by 128 experimental trials, 32 repetitions per lag (see below), which were crossed in
a 2(reward: 1 cent versus 50 cents) x 2(presentation: subliminal versus supraliminal) design.
Experimental trials were presented in two blocks of equal length.

Procedure and Trialgrigure 1 illustrates the course of a trial. Each trial started with a
fixation cross (500 ms), after which participants saw a coin. Participants learned that the coin
was sometimes difficult to see. Accordingly, coins were presented either supraliminally (i.e.,
consciously visible; 300 ms) or subliminally (20 ms). The coin was either of high (50 cents)

or low (1 cent) value. It was preceded by a pre-mask and followed by a post-mask to ensure
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that participants would not be able to consciously see the coin when it was presented very
briefly’. Irrespective of condition, the pre-mask, the coin, and the post-mask were always on
screen for 1000 ms. After the post-mask, participants saw another fixation cross (1500 ms).

Next, participants saw a typical AB stream, containing 19 distractors (uppercase white
letters) and two targets (white digits). Distractors and targets were randomly drawn from the
alphabet or the digits 2—9, respectively. However, the letters I, O, Q, and S were left out
because of their resemblance to digits; the digit 5 was left out because of its relation to the
high-value coin. In rapid succession, items were presented for 50 ms each, followed by 50 ms
blanks. The first digit (T1) appeared on the 10-13th temporal position. The position of T2
(i.e., the Lag factor) was 1, 2, 3, or 7 temporal positions after T1. After having seen the AB
stream, participants reported the two targets in order. Next, participants received feedback:
when they had correctly identified T1 and T2, they saw a coin with a plus-sign (indicating
reward attainment). When they were incorrect, they saw a coin blotted out by a red cross
(indicating no reward). Finally, they saw their earnings, cumulative over trials.

Results

To assess performance on the AB task, average T1 and T2 identification accuracy
were submitted to an ANOVA according to the design. Trials were scored as accurate when
T1 and T2 were reported in order.

Figure 2 (top panels) shows the results for T1. There was only a main effect of Lag,
F(3, 153) = 142.80p < .001,112p = .74, indicating that accuracy was higher at longer lags
(otherF’s < 1). Figure 2 (bottom panels) shows the results for T2 when T1 was identified
correctly, which is the standard measure for the AB effect. There was a main effect of Lag,
F(3, 153) =61.18p < .001,112p = .55, indicating a strong AB effect (Raymond et al., 1992).
Importantly, this effect was qualified by the Reward x Presentation x Lag interdetion,

153) = 2.64p = .05,n2p: .049. Inspection of the pattern of means suggests that the direction
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of this interaction is in line with the hypothesis that rewards mainly improve AB performance
when they are presented subliminally (vs. supraliminally). To test this hypothesis, we
conducted 2(Reward) x 4(Lag) analyses separately for the subliminal and supraliminal
conditions.

In the subliminal condition, there was a main effect of I[E{§, 153) = 39.00p <
.001,1]2p = .43. Moreover, there was a marginally significant effect of Rewdid,51) =
2.82,p= .10,112p = .05. Importantly, these effects were qualified by the predicted Reward x
Lag interactionF(3, 153) = 3.83p = .Ol,nzp = .07. Consistent with our predictions, the
pattern of means indicated that the drop in accuracy on lags 2 and 3—as compared to 1 and
7—was shallower when a high reward was at stake. To establish this pattern statistically, we
tested whether the quadratic contrast of the Lag factor interacted with Reward, which turned
out to be the cas€(1, 51) =9.78p = .004,112p =.16. In other words, subliminal rewards
improved AB performance.

In the supraliminal condition, there was a main effect of E¢8, 153) = 50.24p <
.001,1]2p = .50, indicating the presence of the AB effect. Importantly, there was no effect of
Reward,F(1, 51) <1, nor a Reward x Lag interacti®(3, 153) < 1. Thus, in line with our
predictions, supraliminal rewards did not improve AB performance.

To further substantiate the idea that subliminal but not supraliminal rewards
significantly increase performance during the specific AB interval (i.e., lags 2 and 3),we
conducted a separate 2(reward: 1 cent vs. 50 cents) x 2(presentation: subliminal vs.
supraliminal) x 2(lag: 2 vs. 3) ANOVA. This analysis revealed the predicted Reward x
Presentation interactiof(1, 51) = 5.38p = .024,112p =.10, confirming that rewards enhanced
performance during the AB interval when they were subliminally presdrtgd51) = 7.23,
p= .010,112p = .12, but not when they were supraliminally preserfét, 51) < 1.

Discussion



Once the Money 10

The present research showed that subliminal presentation of a valuable reward
improves performance on the Attentional Blink task (Raymond et al., 1992), whereas
supraliminal presentation of the same valuable reward does not. The former finding indicates
that unconscious rewards can increase performance on a task that relies on working memory
and attention processes, thus offering support for recent models that propose that people can
engage in working memory processes in the absence of awareness of the goals they pursue
(Dijksterhuis & Aarts, 2010). Importantly, however, our data also suggest that this facilitating
response is thwarted when people consciously reflect on the reward, likely due to a
dysfunctional task strategy of concentrating too much on the task at hand (Olivers &
Nieuwenhuis, 2006).

In support of this suggestion, research shows that conscious, task-related strategies
paradoxically impede performance in various other domains as well, such as category learning
(DeCaro, Albert, Thomas, & Beilock, in press), decision making (Dijksterhuis & Nordgren,
2006), and skilled motor performance (Lewis & Linder, 1997). Moreover, rewarding
performance with money is thought to encourage exactly these strategies, as this induces
people to become more concerned with doing well on the task and with complying with task
instructions (Hertwig & Ortmann, 2001). The current findings thus contribute to a growing
body of literature that shows that increased task focus can hurt performance, and support the
specific idea that such negative performance effects are rooted in consciousness (Baumeister,
Masicampo, & Vohs, 2011; Dijksterhuis & Aarts, 2010).

Previously, research on unconscious processes in the pursuit of rewards and goals has
generally taken the approach of showing that unconsciously induced motivation (e.g., via
priming) has the same gqualities as consciously induced motivation (Bargh, 2006; Bargh,
Gollwitzer, Lee-Chai, Barndollar, & Trétschel, 2001; Bijleveld et al., 2009; Custers & Aarts,

2005; Gollwitzer, Parks-Stamm, & Oettingen, 2008). This approach has certainly been
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informative, but has led some to suggest that the effects of unconscious manipulations (e.g.,
priming effects on behavior) are mediated by conscious processes, e.g., biasing of conscious
perceptions (see Custers & Aarts, 2010, for a discussion). By revealing an effect that only
holds for unconscious rewards, we provide compelling evidence in support of the idea that the
unconscious component has a favorable effect by itself, free of any conscious intervention.

The present research suggests that consciously reflecting on a reward prompts people
to use strategies that they think will increase the probability of reward attainment (Bijleveld et
al., 2010). While this may sometimes support performance, the present research shows that
such a money-induced task focus is not always a good thing (Beilock & Carr, 2001;
Dijksterhuis & Nordgren, 2006; Olivers & Nieuwenhuis, 2006). Furthermore, as money is
generally assumed to be a powerful motivator for performance (Lea & Webley, 2006), our
findings offer intriguing and novel evidence indicating how money may not be desirable (cf.
Deci, Koestner, & Ryan, 1999). Accordingly, by demonstrating that the reward-effect that
otherwise would occur may be thwarted when people are aware of what is at stake, the present
work breaks new ground in examining the role of conscious awareness in the pursuit of
rewards and goals.

Footnote

'Subliminality of the stimuli was confirmed in a separate task. Twenty different participants
were randomly presented with a set of 1 cent and 50 cents coins, masked in the same way as
the 20-ms condition. Participants indicated the value of each presented coin (1c or 50c).
Performance at discriminating between the coins was no better than changgs,™.516

(SD = .113)}(19) = .61,p = .55.
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Figure 1. The course of a trial. First, participants saw a coin of high or low value that was
masked such that it could be consciously perceivable or not. Then, 21 items were displayed in
fast succession (50 ms each; each followed by a 50 ms blank). Among the distracter items
(letters) were two targets (digits), that participants had to report on the end of each trial. The
interval between the two targets (i.e., lag) varied (1, 2, 3, or 7). When participants correctly

reported the two digits, they received the coin.
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Figure 2. Performance (accuracy) as a function of reward presentation, lag, and reward value.

Top panels indicate detection of the first target (T1). Bottom panels indicate detection of the

second target on trials where the first was accurately detected (T2|T1).
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