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Abstract Growing evidence suggests that positive affect and
reward have differential effects on cognitive control. So far,
however, these effects have never been studied together. Here,
the authors present one behavioral study investigating the
influences of positive affect and reward (contingent and non-
contingent) on proactive control. A modified version of the
AX-continuous performance task, which has repeatedly been
shown to be sensitive to reward and affect manipulations, was
used. In a first phase, two experimental groups received either
neutral or positive affective pictures before every trial. In a
second phase, the two halves of a given affect group addition-
ally received, respectively, performance-contingent or random
rewards. The results replicated the typical affect effect, in
terms of reduced proactive control under positive as compared
to neutral affect. Also, the typical reward effects associated
with increased proactive control were replicated. Most inter-
estingly, performance-contingent reward counteracted the
positive affect effect, whereas random reward mirrored that
effect. In sum, this study provides first evidence that
performance-contingent reward, on the one hand, and positive
affect and performance-noncontingent reward, on the other
hand, have oppositional effects on cognitive control: Only
performance-contingent reward showed a motivational effect
in terms of a strategy shift toward increased proactive control,
whereas positive affect alone and performance-noncontingent
reward reduced proactive control. Moreover, the integrative
design of this study revealed the vulnerability of positive
affect effects to motivational manipulations. The results are

discussed with respect to current neuroscientific theories of
the effects of dopamine on affect, reward, and cognitive
control.
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Positive affect arises in a variety of situations—for instance,
being woken up by the sunlight after a long period of foggy
days, winning €100 by being the 100,000th customer of the
local hardware store, or getting a €100 bonus for above-
average performance as a piece-worker. These examples show
that exposure to positive stimuli, receiving an unexpected
random reward, or earning a performance-contingent reward
is associated with the elicitation of positive affect. Exactly this
obvious relationship between positive affect and reward has
been the basis of a very influential theory—namely, the neu-
ropsychological theory of positive affect by Ashby, Isen, and
Turken (1999; see also Ashby, Valentin, & Turken, 2002).
Because reward effects are mediated by dopamine activity
(see, e.g., Schultz, 1992), the authors argued that positive
affect effects might also be mediated by dopamine. More
specifically, they assumed that positive affect increases dopa-
mine release from the ventral tegmental area into anterior
cingulate cortex and prefrontal cortex, and this mechanism
supposedly modulates cognitive control, in terms of enhanced
cognitive flexibility, by facilitating selection of and switching
between cognitive sets. That is, positive affect—irrespective
of its origin—has long been assumed to have an important
influence on the regulation of cognitive control. But is it really
justified to treat positive affect from different sources as being
functionally the same?

On the one side, and on the basis of the intuitional relation-
ship between positive affect and reward along with supporting
theories like the neuropsychological theory of positive affect
(Ashby et al., 1999; Ashby et al., 2002), it is not surprising that
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the existing literature on affective modulations of cognitive
control often ignored the difference between affect and reward
manipulations. On the other side, it seems just as intuitive to
assume that positive affect as a result of performance-
contingent reward might rather have a motivational (as op-
posed to an affective) influence on behavior. And indeed, two
recent reviews (Chiew & Braver, 2011; Dreisbach & Fischer,
2012) challenged the idea of a common mechanism of posi-
tive affect and reward effects on the basis of a growing number
of diverging results on affect–cognition interactions. One
group of studies, all investigating processes of proactive and
reactive control (Braver, 2012; Braver, Gray, & Burgess,
2007), found opposing effects for positive affect and reward
(Chiew & Braver, 2013; Dreisbach, 2006; Fröber &
Dreisbach, 2012; Jimura, Locke, & Braver, 2010; Locke &
Braver, 2008; Padmala & Pessoa, 2011; vanWouwe, Band, &
Ridderinkhof, 2011). Likewise, another group of studies, in-
vestigating processes of sequential conflict adaptation (i.e.,
reduced response conflict on trials following conflict trials),
as well found opposing effects for positive affect and random
reward on the one side and performance-contingent reward on
the other (Braem, Verguts, Roggeman, Notebaert, &
Roggeman, 2012; Stürmer, Nigbur, Schacht, & Sommer,
2011; van Steenbergen, Band, & Hommel, 2009, 2010,
2012; van Wouwe et al., 2011). It thus seems that although
reward and positive affect are closely related, both have dis-
sociable effects on cognitive control—the former being moti-
vational and the latter affective. However, since affect and
reward have never been studied together, it is still hard to
judge which results can actually be attributed to the alleged
difference of reward and affect effects, and which are simply
due to other procedural differences between studies and
paradigms.

In the present study, we will focus on how positive affect and
reward influence cognitive control strategies within a single
paradigm. According to the dual mechanisms of control
(DMC) framework (Braver, 2012; Braver et al., 2007), two
control strategies, namely proactive—that is, preparatory—con-
trol and reactive—that is, just-in-time—control, can be differ-
entiated. In theDMC, preparatory control is aimed at preventing
conflict and optimizing task performance by sustained activa-
tion of task relevant information, whereas reactive control is a
less effortful strategy that works as a late correction mechanism
whenever a conflict actually occurs. Empirical results so far
indicate that reward increases proactive control strategies
(Chiew & Braver, 2013; Jimura et al., 2010; Locke & Braver,
2008; Padmala & Pessoa, 2011), whereas positive affect is
associated with reduced proactive control and/or increased re-
active control (Dreisbach, 2006; Fröber &Dreisbach, 2012; van
Wouwe et al., 2011). To illustrate, we will now shortly review
several studies all using the AX-continuous performance task
(AX-CPT; Servan-Schreiber, Cohen, & Steingard, 1996), a
paradigm that we also used in the present study.

The AX-CPT is a context processing task especially suited
to investigate changes in the use of proactive and reactive
control (cf. Braver, 2012; Braver et al., 2007). Therein, spe-
cific cue–probe sequences require target or nontarget re-
sponses: Target trials are specified as cue “A” followed by
probe “X” (AX trials), whereas nontarget trials can be AY
(target cue, nontarget probe), BX (nontarget cue, target probe),
or BY trials (nontarget cue, nontarget probe). AX sequences
appear with a frequency of 70%, resulting in a high expecta-
tion for target trials following the cue “A” and strong associ-
ations between the probe “X” and target responses. A proac-
tive control strategy in this task means strong maintenance of
the cue for in advance response preparation, which should
result in costs in AY trials, in which the cue-triggered expec-
tation is violated, and benefits in B-cue trials, in which the cue
unequivocally predicts the correct response. Conversely, reac-
tive control should result in benefits in AY trials, because there
is no misleading expectation to cause response interference,
and costs in BX trials, in which a predominant response
tendency triggered by the X probe has to be overcome. Two
studies (Chiew & Braver, 2013; Locke & Braver, 2008)
combined the AX-CPT with a reward manipulation: Both
started with a baseline condition without monetary incentives
followed by a performance-contingent reward block. Rewards
were given for each correct reaction time (RT) faster than the
individual median RT in the baseline block (Locke & Braver,
2008) or specifically in trials with an incentive precue and
correct RTs within the fastest 30th percentile of individual
baseline RTs (Chiew & Braver, 2013). The results showed a
clear motivational effect of reward with generally faster RTs in
the reward blocks. More importantly, the introduction of mon-
etary incentives lead to the adoption of a proactive control
strategywith increased error rates specifically onAY trials and
RT benefits especially in B-cue trials. Another two studies
(Dreisbach, 2006; vanWouwe et al., 2011) investigated purely
affective influences on performance in the AX-CPT: Affect
was manipulated with affective pictures—positive, neutral, or
negative—from the International Affective Picture System
(IAPS; Lang, Bradley, & Cuthbert, 1999) preceding every
trial (Dreisbach, 2006) or with emotional film clips—positive
or neutral—prior to the experiment (van Wouwe et al., 2011).
As compared to neutral (and negative) affect, positive affect
reduced error rates on AY trials (both studies), and resulted in
costs specifically in B-cue trials in the Dreisbach study.
Dreisbach interpreted this behavioral trade-off as evidence
for reduced maintenance of the cue under positive affect, that
is, reduced proactive control. Supported by additional analy-
ses of event-related potentials—no change in cue-related po-
tentials, affective modulation of probe-related potentials in
AY trials—van Wouwe et al. came to the conclusion that
positive affect increased reactive control. To sum up, reward
manipulations increased proactive control, whereas positive
affect reduced proactive and increased reactive control in the
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AX-CPT. Taken together, these studies thus demonstrate—at
odds with assumptions of the neuropsychological theory of
positive affect (Ashby et al., 1999; Ashby et al., 2002)—
diverging effects of reward and positive affect on cognitive
control, suggesting that the source of positive affect is indeed a
relevant factor.

Further studies (Braem et al., 2012; van Steenbergen et al.,
2009, 2010, 2012), all using an Eriksen flanker paradigm
(Eriksen & Eriksen, 1974), have indicated an even more com-
plex picture by revealing diverging effects of performance-
contingent and performance-noncontingent rewards. In these
studies, performance-contingent reward (i.e., reward only for
fast and correct responses) enhanced sequential adaptation
effects (Braem et al., 2012; see also Stürmer et al., 2011),
whereas performance-noncontingent reward (i.e., reward fol-
lowing a random subset of trials) or positive affect reduced
sequential conflict adaptation (van Steenbergen et al., 2009,
2010, 2012). Though these studies used different reward and
affect manipulations than theAX-CPTstudies reviewed above,
they again demonstrate oppositional effects of performance-
contingent reward and positive affect. In addition, they suggest
that giving random, performance-noncontingent rewards
might have an effect similar to that of direct positive-affect
induction. Taken together, the findings reviewed so far suggest
that at least performance-contingent reward and positive affect
are not interchangeable, since they do not allow the deduction
of effects from one another. Thus, the origin of positive af-
fect—via direct induction or as a consequence of performance-
contingent or -noncontingent reward—seems to be an impor-
tant but so far understudied issue. Consequently, recent re-
views on the roles of reward and affect in cognitive control
(Chiew & Braver, 2011; Dreisbach & Fischer, 2012) have
stressed the importance of a clear differentiation between mo-
tivational and affective manipulations, called for further re-
search to disentangle effects of reward and affect, and request-
ed new integrative studies, which could combine these so far
largely independent lines of research.1

The present study was designed to directly compare the
effects of reward and affect manipulations on cognitive con-
trol in a single experiment. For this purpose, we used a
modified version of the AX-CPT, because of its proven sen-
sitivity to reward and positive affect manipulations that we
reviewed above (Chiew & Braver, 2013; Dreisbach, 2006;
Locke & Braver, 2008; van Wouwe et al., 2011). The exper-
iment started with a first phase, which included only an affect
manipulation between participants (positive vs. neutral affect)
via affective pictures comparable to those in the study by
Dreisbach. In the second phase, the affect groups were split
in half and received either performance-contingent or

-noncontingent rewards, resulting in a complete orthogonal
design with the following groups: NeutralReward—that is,
neutral affect plus performance-contingent reward;
PositiveReward—that is, positive affect plus performance-
contingent reward; NeutralRandomReward—that is, neutral
affect plus performance-noncontingent reward; and
PositiveRandomReward—that is, positive affect plus
performance-noncontingent reward. The performance-
contingent reward manipulation was similar to the procedure
by Chiew and Braver (2013), with the first experimental phase
serving as a baseline condition. With this integrative design,
we would be able to directly investigate the possible interac-
tions between positive affect and reward manipulations.
Since, as was outlined above, both seem to have diverging
effects on cognitive control (i.e., motivational as opposed to
emotional), it is of major interest how the two might interact.
In principle, both effects could coexist, or one effect could
predominate over the other (see the more detailed hypotheses
below). In any case, the results would be of theoretical and
practical interest, since they might explain the somewhat
heterogeneous literature on cognition–emotion interactions.

On the basis of previous results (Dreisbach, 2006; Fröber &
Dreisbach, 2012; van Wouwe et al., 2011), the first phase was
expected to replicate positive affect effects, in terms of reduced
proactive control and/or increased reactive control, indicated
by a benefit in AY trials and probable costs in B-cue trials.
Again, following previous results (Chiew & Braver, 2013;
Jimura et al., 2010; Locke & Braver, 2008; Padmala &
Pessoa, 2011), performance-contingent reward was expected
to result in performance optimization via proactive control,
indicated by increased error rates specifically onAY trials, and
possibly faster responses in B-cue trials. This effect should be
stronger on incentive than on nonincentive trials (cf. Chiew &
Braver, 2013). On the basis of the results of van Steenbergen
and colleagues (2009, 2010, 2012), we assumed that the
effects of performance-noncontingent rewardmight resemble
those of the positive affect manipulation. Therefore, no shift in
cognitive control strategy was expected for participants in the
PositiveRandomReward group in the reward phase.
Performance in the NeutralRandomReward group would
show whether the positive affect induced by random reward
would overrule the neutral affect induced by neutral pictures.
Of major interest would be the performance in the
PositiveReward group, since it would be indicative of how a
motivational manipulation, which typically results in an in-
crease of proactive control, interacts with a positive affect
manipulation, which typically results in a decrease of proac-
tive control. Three different outcomes were feasible: (1) Both
effects might coexist, resulting in a shift toward proactive
control by adding performance-contingent rewards, but to a
lesser extent than in the NeutralReward group; (2) the moti-
vational effect might outweigh the positive affect effect,
resulting in a preference for proactive control comparable to

1 Another approach to shed further light on this complex interplay of
reward and affective modulations of cognitive control can be found in a
recent study by Braem et al. (2013).
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that in the NeutralReward group; or (3) the already-
established positive affect effect might resist a motivational
manipulation, indicated by no change in cognitive control
strategy from baseline to the reward phase.

Method

Participants

A group of 86 undergraduate students of Regensburg
University participated in the experiment for course credit or
€4.Without prior notice, participants received additional mon-
ey—up to €8, dependent upon the reward condition—after the
experiment. In all, 80 participants (see the Results for the
exclusion criteria) were included in the final data analysis
(mean age = 23.6 years, SD = 4.04, range 18–43; 66 female,
14 male). The participants were assigned randomly to the four
experimental groups (20 NeutralReward, 20 PositiveReward,
20 NeutralRandomReward, and 20 PositiveRandomReward;
no significant age differences between groups, F < 1). All
participants signed informed consent and were debriefed after
the session.

Apparatus

The experiment was run on a computer with a 17-in. monitor
(display resolution at 1,024 × 768 pixels) at a viewing distance of
approximately 50 cm. E-Prime 2.0 (Psychology Software Tools,
Sharpsburg, PA, USA) was used for experiment presentation,
and responses were collected via a QWERTZ keyboard, with the
“y” and “m” keys serving as the left and right response keys.

Materials and procedure

Each trial of the AX-CPT consisted of a sequence of letters
presented centered on a gray background. Only the cue–probe
sequence “A followed by X” (AX trials) required a target
response, whereas all other combinations (AY, BX, BY with
B representing any non-A cue and Y representing any non-X
probe) required a nontarget response. AX target trials occurred
with a frequency of 70% and nontarget trials with a frequency
of 10% each. A modified version of the AX-CPT was used
with distractor letters appearing within the interval between
cue and probe (cf. Dreisbach, 2006, Exp. 2). The actual letters
A and X were used in AX trials. B-cues, Y-probes, and
distractor letters were chosen randomly from the remaining
letters of the alphabet, direct repetitions were not allowed. To
facilitate the discrimination between cue, probe, and distractor
letters, distractors were presented in black (Arial font, bold,
size 24) whereas cue and probe were presented in magenta
(Arial font, bold, size 28). Participants were informed that
only the colored letters were relevant for the task.

Affective pictures from the IAPS (Lang et al., 1999) were
used as affect induction procedure (cf. Dreisbach, 2006). These
pictures have been shown to reliably elicit specific affective
reactions, even with shorter presentation durations than in the
present experiment (Codispoti, Mazzeti, & Bradley, 2009). Ten
neutral and ten positive pictures with low arousal were select-
ed, which have already been used in a previous study (Fröber
& Dreisbach, 2012; see the Appendix Table 2 for the numbers
of the specific IAPS pictures). The mean ratings from IAPS
norms for the neutral picture set were valence = 4.99 and
arousal = 2.45, and for the positive picture set valence = 7.99
and arousal = 4.55. All pictures were presented in landscape
format, adjusted to a size of 800 × 600 pixel, and positioned
centered on a grey background. Pictures were displayed in
random order with the exclusion of direct repetitions.
Participants were told that those pictures, like the distractor
letters, were irrelevant for the task.

Each trial started with the presentation of an IAPS picture—
neutral or positive, according to group—for 400 ms, followed
by a short blank screen (100ms). The cue appeared for 300ms,
followed by another blank screen (200 ms), a consecutive
presentation of the three distractor letters (300 ms each), and
another blank screen (200 ms). After that, the probe appeared
and remained on screen until the participant responded. The
response mapping of the target and nontarget responses to the
left or the right response key was counterbalanced across
participants. Responses were followed by an informative feed-
back for 1,500ms, which presented the word Richtig! (German
for “correct”) in blue after correct responses, or Falsch!
(German for “wrong”) in red after errors. The next trial started
after an intertrial interval of 500 ms (see Fig. 1).

The whole experiment consisted of two baseline blocks of
80 trials each (56 AX, 8 AY, 8 BX, and 8 BY, randomly
intermixed), with only the affect induction—neutral or positive
IAPS pictures preceding every trial (cf. Dreisbach, 2006)—
included, followed by another two blocks of 160 trials each
(112 AX, 16 AY, 16 BX, and 16 BY, randomly intermixed),
with the addition of two different reward manipulations—
performance-contingent or -noncontingent (see Fig. 2).

In both reward conditions, half of the trials started with an
incentive precue, which was a yellow Euro symbol (€, in 48-
point bold Arial font) presented centrally and superimposed
on the IAPS picture (see Fig. 1). For the performance-
contingent reward manipulation (cf. Chiew & Braver, 2013),
participants were informed that they could win additional
money (5 cents per incentive trial) on precued trials if their
response was accurate and fast enough. The individual RT
thresholds for reward receipt were derived from the baseline
performance2: For each trial type (AX, AY, BX, and BY), RTs

2 Individual RT thresholds were determined in the second baseline block
as a precautionary measure, to prevent possible practice effects. Analyses
of the block effects can be found online (in the supplementary materials).
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had to be within the fastest third of correct RTs for an indi-
vidual’s baseline performance. In the incentive trials, the
feedback messages were changed to Richtig! Bonus erhalten
(“Correct! Bonus won”) in green for correct answers within
the RT criterion, Zu langsam! Kein Bonus (“Too slow! No
bonus”) in blue for correct answers that were slower than the
RTcriterion, and Falsch! Kein Bonus (“Wrong! No bonus”) in
red for errors. For the performance-noncontingent reward
manipulation, participants were informed that they would
receive extra money as a gift (5 cents per incentive trial)
whenever the incentive precue appeared at the beginning of
a trial. For these trials, the feedbackmessages were changed to
Richtig! Bonus erhalten (“Correct! Bonus won”) in green for

correct answers, and Falsch! Bonus erhalten (“Wrong! Bonus
won”) in red for errors (see Fig. 3). Thus, the difference
between the two reward conditions was that in the random-
reward groups, any response in incentive trials (correct or
incorrect, irrespective of RT) was rewarded with 5 cents,
whereas in the performance-contingent reward groups, only
the respective correct and fast reactions (below the individual
threshold) were rewarded.

Participants were asked to answer as quickly and accurately
as possible. The experiment started with written instructions
and ten practice trials (seven AX, one AY, one BX, and one
BY, randomly intermixed) to explain the task. The instructions
included no prior notice regarding the upcoming reward

Fig. 1 Trial structure of an
example AX trial (target trial),
with an IAPS picture presented
with or without an incentive
precue (yellow Euro sign) shown.
In the second experimental
(reward) phase, the Euro sign was
superimposed on the IAPS picture
on half of the trials to indicate that
a monetary reward could be
achieved on the following trial. In
each trial, only the two colored
letters (cue and probe) were
relevant for the task

Fig. 2 Overview of the structure
of the experiment. The
experiment started with two
between-subjects affect groups
(neutral and positive), which were
subdivided into four orthogonal
groups (NeutralReward,
PositiveReward,
NeutralRandomReward, and
PositiveRandomReward) by the
introduction of two different
reward conditions in the second
phase of the experiment
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manipulations in the second phase. A feedback message after
the first reward block informed participants about their reward
sum so far (individual scores for performance-contingent re-
ward, or €4 for a performance-noncontingent reward), and the
total reward sum (individual scores or €8) was reported at the
end of the experiment. The four experimental blocks were
separated by self-paced breaks. After the experiment, all par-
ticipants filled out the Behavioral Inhibition System/
Behavioral Activation System scales (BIS/BAS; Carver &
White, 1994) in a translated version (Strobel, Beauducel,
Debener, & Brocke, 2001). Of particular interest for this study
was the BAS Reward Responsiveness subscale, to explore
associations with reward-related individual differences.

Design

In the first phase of the experiment, the baseline phase, a 2
(affect: neutral, positive) × 4 (cue–probe condition: AX, AY,
BX, BY) design was used. Affect was a between-participants
variable, and cue–probe condition was manipulated within
participants. In the second experimental phase, the reward
phase, the design was extended to a 2 (affect) × 2 (contingen-
cy: contingent, random) × 4 (cue–probe condition) × 2 (in-
centive: incentive, nonincentive) design with the additional
between-participants variable contingency and the within-
participants factor Incentive. Reaction times (in milliseconds)
and error rates (as percentages) served as the dependent
measures.

Results

Data analysis

Practice trials as well as the first trial of each experimental
block were excluded from the analysis. In addition, error trials
were removed prior to the RT analyses (3.96% of the data).
The data of five participants were excluded from further
analysis, due to exceptionally slow RTs in the baseline phase
as compared to the means of the respective affect groups (M >
699ms vs.Mneutral = 355ms, SDneutral = 78.03;M > 504ms vs.
Mpositive = 333 ms, SDpositive = 62.64), and one further partic-
ipant was excluded because of too many errors in the baseline
blocks (M = 24.3% vs.Mpositive = 2.7%, SDpositive = 2.89). Of
the remaining data, the mean error rates and mean median RTs
for each cue–probe condition were collapsed over blocks3 (the
additional analysis including the factor Block (1, 2) in the
respective baseline or reward phases can be found online in
the supplementary materials) and entered into two 2 (affect) ×
4 (cue–probe condition) mixed-factors analyses of variance
(ANOVAs) for the baseline phase. The reward phase was
analyzed with 2 (affect) × 2 (contingency) × 4 (cue–probe
condition) × 2 (incentive) mixed factors ANOVAs. In order to
look into the global reward effects, we also analyzed the
transition from baseline to reward phase for each experimental
group separately with 2 (phase: baseline, reward) × 4 (cue–
probe condition) repeated measures ANOVAs, separately for
the mean error rates and mean median RTs. Note that only
nonincentive trials of the reward phase were included, because
the procedure therein was identical to the procedure in base-
line trials (cf. Chiew & Braver, 2013). Furthermore, to mini-
mize the impact of practice effects, only data from the second
baseline block and first reward phase block were entered into
the analyses.

Baseline

The baseline phase included an affect manipulation (neutral
vs. positive) only. Thus, the results from baseline analyses
would be comparable to those of previous studies investigat-
ing AX-CPT performance under positive affect (Dreisbach,
2006; van Wouwe et al., 2011).

Error data The left panel of Fig. 4 shows mean error rates as a
function of affect (neutral, positive) and cue–probe condition
(AX, AY, BX, BY). The 2 × 4 ANOVA revealed significant
main effects of affect, F(1, 78) = 7.87, p < .01, η2p = .091, and
cue–probe condition, F(3, 234) = 43.08, p < .001, η2p = .355,

Fig. 3 Overview of informative feedback conditions, showing English
translations of the original German feedback. (a) Feedback for all trials of
the first experimental phase (baseline) and for nonincentive trials of the
second (reward) phase in all experimental groups. (b) Feedback for
incentive trials of the second phase in the performance-noncontingent
reward conditions (NeutralRandomReward and PositiveRandomReward
groups). (c) Feedback for incentive trials of the second phase in the
performance-contingent reward conditions (NeutralReward and
PositiveReward groups). The feedback message “Bonus won” meant an
addition of 5 cents to the participant’s payment

3 Although blockwise analyses showed some indications of practice
effects, the main findings for positive affect and reward contingency
effects were not reliably affected. Thus, for the sake of parsimony, only
analyses without the factor Block are reported in the main text.
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and a significant Affect × Cue–Probe Condition interaction,
F(3, 234) = 5.48, p < .01, η2p = .066. In line with our
predictions, planned comparisons showed a specific benefit
in AY trials under positive affect as compared to neutral affect
(F = 6.67, p < .05, 7.4% vs. 14.6%), whereas the error rates in
all other cue–probe conditions (AX, BX, BY) did not differ
significantly between groups (all Fs < 3.13, all ps > .08).

RT data The right panel of Fig. 4 shows mean RTs as a
function of affect (neutral, positive) and cue–probe condition
(AX, AY, BX, BY). The 2 × 4 ANOVA revealed a significant
main effect of cue–probe condition, F(3, 234) = 250.5, p <
.001, η2p = .763, as well as a significant Affect × Cue–Probe
Condition interaction, F(3, 234) = 2.84, p < .05, η2p = .035.
Single comparisons showed significant differences between
all cue–probe conditions (all Fs > 15, all ps < .001). The two-
way interaction mirrored the error pattern by again revealing a
specific AY benefit under positive affect. Planned compari-
sons showed significantly faster RTs in the positive than in the
neutral group in AY trials (F = 5.78, p < .05, 469 vs. 524 ms),
whereas no significant differences were found in all other cue–
probe conditions (all Fs < 1.26, all ps > .265). The main effect
of affect did not prove reliable (F = 1.98, p = .164).

Reward phase

Transient effects of the reward manipulations were analyzed
by comparing incentive and nonincentive trials within the
reward phase (cf. Chiew & Braver, 2013). Furthermore, our
integrative design allowed for direct comparisons between
reward contingency manipulations (contingent, random), af-
fective manipulations (neutral, positive), and interactions of
both manipulations.

Error data Figure 5 shows mean error rates as a function of
affect (neutral, positive), contingency (contingent, random),
cue–probe condition (AX, AY, BX, BY), and incentive (in-
centive, nonincentive). The 2 × 2 × 4 × 2 ANOVA revealed
significant main effects of contingency, F(1, 76) = 58.91, p <
.001, η2p = .437, and cue–probe condition,F(3, 228) = 156.65,
p < .001, η2p = .673, which were further qualified by a
significant Contingency × Cue–Probe Condition interaction,
F(3, 228) = 60.36, p < .001, η2p = .443. The main effect of
incentive,F(1, 76) = 3.78, p = .056, η2p = .047, almost reached
significance, whereas the main effect of affect (F < 1, p = .566)
and all other interactions (all Fs < 1.85, all ps > .178) did not
prove reliable. Planned comparisons on the significant two-
way interaction showed that participants in the performance-
contingent reward groups (NeutralReward, PositiveReward)
made significantly more errors on AY and AX trials than did
participants in the performance-noncontingent reward groups
(NeutralRandomReward, PositiveRandomReward); F = 63.2,
p < .001, 47% vs. 12%, and F = 4.1, p < .05, 1.76% vs. 0.8%,

respectively. No significant differences were found in B-cue
trials (all Fs < 2.12, all ps > .149). So, irrespective of the
actual availability of a reward on a given trial (i.e., in
nonincentive as well as incentive trials), performance-
contingent reward led to more errors, especially in A-cue
trials—and the effect was more pronounced in AY than in
AX trials—consistent with a proactive control bias.

RT data Figure 6 shows mean RTs as a function of affect
(neutral, positive), contingency (contingent, random), cue–
probe condition (AX, AY, BX, BY), and incentive (incentive,
nonincentive). The 2 × 2 × 4 × 2 ANOVA4 revealed signifi-
cant main effects of contingency, F(1, 75) = 34.68, p < .001,
η2p = .316, cue–probe condition, F(3, 225) = 575.2, p < .001,
η2p = .885, and incentive, F(1, 75) = 21.18, p < .001, η2p = .22,
as well as a significant Contingency × Incentive interaction.
The main effect of affect (F = 2.74, p = .102) and all other
interactions did not prove reliable (all Fs < 1.54, all ps > .205).
Planned comparisons showed significant differences between
all cue–probe conditions (all Fs > 239, all ps < .001), except
for the two B-cue sequences (F < 1, p = .856). Participants in
the performance-contingent reward groups (NeutralReward
and PositiveReward) were generally faster than participants
in the non-performance-contingent reward groups
(NeutralRandomReward and PositiveRandomReward, 250
vs. 317 ms). In addition, the significant two-way Reward ×
Incentive interaction revealed faster RTs in incentive than in
nonincentive trials (25 ms) for the performance-contingent
reward groups only (F = 22.7, p < .001), whereas this incen-
tive effect did not prove reliable in the performance-
noncontingent reward groups (F = 2.97, p = .089).

Transitions from baseline to reward phase

Sustained effects of the reward manipulation were analyzed by
directly comparing the baseline with reward-phase performance
(nonincentive trials only; cf. Chiew&Braver, 2013). Our study
included four different kinds of transitions from baseline to the
reward phase (Neutra lReward, Posi t iveReward,
NeutralRandomReward, PositiveRandomReward). Therefore,
four separate 2 (phase: baseline, reward) × 4 (cue–probe con-
dition: AX, AY, BX, BY) mixed-factors ANOVAs on error
rates and mean median RTs were conducted, to see how the
introduction of rewards (performance-contingent or -
noncontingent) would influence the affective modulation of
AX-CPT performance. Analyses for all four experimental
groups included only the second baseline and first reward
block, to minimize the influence of practice effects.

4 In the reward phase, total sample size was reduced to N = 79 in the RT
analysis, because the mean RTs from one participant in the
NeutralReward group were incomplete, due to 100% errors specifically
in AY trials.
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NeutralReward group The error rate analysis revealed signifi-
cant main effects of phase, F(1, 19) = 38.56, p < .001, η2p =
.670, and cue–probe condition,F(3, 57) = 63.13, p < .001, η2p =
.769, which were further qualified by a significant two-way
interaction, F(3, 57) = 38.86, p < .001, η2p = .672. Planned
comparisons showed an increase in error rates from the baseline
to the reward phase in AY trials only (14.02% vs. 47.05%; F =
40.83, p < .001; all other cue–probe sequences:F < 1, p > .543).
The same analysis with mean median RTs resulted in signifi-
cant main effects of phase, F(1, 19) = 29.68, p < .001, η2p = .61,
with generally faster RTs in the reward phase (271 vs. 334 ms),
and a significant main effect of cue–probe sequence, F(3, 57) =
190.6, p < .001, η2p = .909. Planned comparisons showed
significant differences between all cue–probe sequences (all
Fs > 37.73, ps < .001; BX vs. BY on the threshold of

significance: F = 4.28, p = .052). The two-way interaction did
not prove reliable (F < 1, p = .597).

PositiveReward group The error rate analysis mirrored the
results of the NeutralReward group, with significant main
effects of phase, F(1, 19) = 39.39, p < .001, η2p = .675, and
cue–probe sequence, F(3, 57) = 25.44, p < .001, η2p = .572, as
well as a significant two-way interaction, F(3, 57) = 33.18,
p < .001, η2p = 636. Again, specifically AY errors increased
from the baseline to the reward phase (5.0% vs. 36.25%,
F = 37.7, p < .001; all other cue–probe sequences: F < 2.82,
p > .109). The RT analysis also showed significant main
effects of phase, F(1, 19) = 33.26, p < .001, η2p = .636, and
cue–probe sequence, F(3, 57) = 190.84, p < .001, η2p = .909,
as well as a significant two-way interaction, F(3, 57) = 6.45,
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p < .001, η2p = .254. Planned comparisons revealed faster RTs
from the baseline to the reward phase in all cue–probe
sequences (all Fs > 10.57, ps < .01), except for AY
trials (F = 3.15, p = .092).

NeutralRandomReward group The error rate analysis showed
significant main effects of phase, F(1, 19) = 13.0, p < .01,
η2p = .406, and cue–probe sequence, F(3, 57) = 14.54, p <
.001, η2p = .432, which were further qualified by a significant
two-way interaction, F(3, 57) = 4.98, p < .01, η2p = .208. In
contrast to both performance-contingent reward groups,
planned comparisons on the two-way interaction revealed
decreased error rates from baseline to the reward phase spe-
cifically in AY trials (16.43% vs. 7.59%; F = 8.17, p < .05)
and a marginally significant decrease in BX trials (3.75% vs.
0.63%; F = 4.13, p = .056; AX and BY trials: F < 2.37,
p > .14). The RT analysis resulted in a significant main effect
of cue–probe sequence, F(3, 57) = 60.75, p < .001, η2p = .762,
with significant differences between all cue–probe sequences
(all Fs > 22.36, ps < .001), except for BX and BY (F = 1.0,
p = .333). The main effect of phase (F < 1, p = .937) and the
two-way interaction (F = 1.02, p = .392) did not prove
reliable.

PositiveRandomReward group The error rate analysis showed
only a significant main effect of cue–probe sequence, F(3, 57)
= 10.22, p < .001, η2p = .35. Planned comparisons showed no
significant difference between AX and BX trials
(F < 1, p = .794) and BX and BY trials (F = 1.88, p = .186),
whereas all other comparisons were significant (all Fs > 8.37,
ps < .01). The main effect of phase (F = 1.11, p = .163) and the
two-way interaction (F < 1, p = .704) did not prove reliable.
The RT analysis likewise revealed only a significant main

effect of cue–probe sequence, F(3, 57) = 116.66, p < .001,
η2p = .860, but no significant main effect of phase (F < 1,
p = .93) nor a significant two-way interaction (F < 1, p = .58).
Planned comparisons showed significant differences between
all cue–probe sequences (all Fs > 25.14, ps < .001), except for
BX and BY trials (F = 1.55, p = .229).

In sum, these analyses show that the introduction of
performance-contingent reward in both affect groups led to a
general speedup in RTs and increased error rates specifically
in AY trials, consistent with a shift toward a more proactive
control strategy. In contrast, random, performance-
noncontingent reward had no effect on RTs. In the
NeutralRandomReward group, AY error rates decreased in
the reward context—indicating a shift toward less proactive/
more reactive control—whereas error rates were not affected
by the reward manipulation in the PositiveRandomReward
group—indicating no change in their cognitive control
strategy.

Reward responsiveness, total reward sum, and BAS scores

The participants in both performance-contingent reward
groups, NeutralReward and PositiveReward, achieved
above-criterion performance—that is, they actually received
rewards—on 71.25% of the incentive trials, versus the expect-
ed rate of 33% reward from baseline performance (see also
Chiew & Braver, 2013, who found 78.5% reward reception
with a comparable performance criterion). That is, on average,
participants earned €5.7 of additional money (range €2.2–
€7.45), whereas the total reward sum did not differ signifi-
cantly between both groups (t < 1, p = .65; see Table 1 for
descriptive statistics). Ratings on the BAS Reward
Responsiveness subscale also did not differ significantly in
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the four experimental groups (F < 1, p = .963,M = 3.31, SD =
0.35; see Table 1 for the group means and standard devia-
tions). To see whether reward responsiveness was associated
with the range of received rewards (in both performance-
contingent reward groups), individual BAS scores on the
respective subscales were correlated with the individual total
reward sum. A significant positive correlation5 was found
between total reward sum and BAS Reward Responsiveness
rating in the PositiveReward group only, r = .494, p < .05,
indicating that the variability in the amount of reward received
might be explained by individual reward sensitivity, to some
extent. No such relationship was found for the NeutralReward
group (r = .094, p = .347).

General discussion

Purpose of the present study was to investigate whether posi-
tive affect from different sources—direct affect induction,
performance-contingent or -noncontingent reward—has differ-
ent influences on cognitive control processes. To this end, we
used an integrative design to directly compare effects of reward
and positive affect manipulations in a modified AX-CPTwith-
in a single study. In short, the present results replicated the
typical affect effect in terms of specific benefits in AY trials
under positive affect as compared to neutral affect (Dreisbach,
2006; van Wouwe et al., 2011). Also, typical reward effects, in
the form of accelerated RTs and error costs in AY trials, could
be replicated in the NeutralReward condition (Chiew &
Braver, 2013; Locke & Braver, 2008). Interestingly, the same
reward effect was also found in the PositiveReward but not in
the performance-noncontingent reward conditions
(NeutralRandomReward and PositiveRandomReward).6 That
is, the introduction of performance-contingent reward caused
an elimination of the AY benefit usually found under positive
affect, and instead impaired performance in AY trials compa-
rably to what was seen in the NeutralReward group. In con-
trast, adding random reward to the positive group had no
further modulatory influence on behavior; that is, the positive
affect effect, in terms of an AY benefit, remained stable
throughout the experiment in the PositiveRandomReward
group. Moreover, adding random reward to the neutral group
was accompanied by reduced AY errors in the reward phase,
resulting in similar performance in both performance-
noncontingent reward groups. Finally, reward sensitivity, as
measured by the BAS Reward Responsiveness subscale, did

not differ between groups, but did significantly correlate with
the total amount of reward received in the PositiveReward but
not in the NeutralReward group.

Behavioral consequences of affect versus reward contingency

With respect to the DMC framework (Braver, 2012; Braver
et al. 2007), behavior particularly in AY and BX trials can be
used to index changes in cognitive control strategies. In the
present study, performance in AY trials proved to be most
sensitive to the experimental manipulations. In the AX-CPT
paradigm, an AY trial is the only cue–probe sequence, in
which a proactive control strategy actually worsens perfor-
mance: utilizing actively maintained context information—in
this case, the cue letter A—results in a strong tendency for a
target response (due to the high frequency of AX target trials),
which has to be overcome when the unexpected probe Y
appears. Consequently, any manipulation that affects proac-
tive control should affect performance on AY trials as will be
discussed below. We found no specific influences of affect or
reward contingency on BX trial performance. Differences
from previous studies will be addressed below.

Positive affect

The specific benefit in AY trials under positive affect—less
errors and faster RTs in the baseline phase—as compared to
neutral affect can be interpreted as an indicator for less proac-
tive control and more reactive control (see also Fröber &
Dreisbach, 2012). This response pattern perfectly fits with
results from a previous study (vanWouwe et al., 2011), which
moreover could show that positive affect influences event-
related potentials associated with reactive control processes.
Another previous study (Dreisbach, 2006) found that this AY
benefit under positive affect was accompanied by costs in B-
cue trials, indicating that positive affect is beneficial when a to
be maintained goal unexpectedly changes (i.e., in AY trials),
but detrimental when it has to be executed (i.e., in BX and BY
trials). The absence of behavioral costs under positive affect in
the present study might be a consequence of differing feed-
back procedures.7 The present study included an informative
feedback following each trial, whereas in the Dreisbach study
feedback was only given to errors. Since action effects have a
motivational impact (Eitam, Kennedy, & Higgins, 2013), the
differential feedback might have resulted in motivational

5 Excluding one outlier with an (especially low) total reward sum of €2.2
reduced this correlation to a marginally significant effect (r = .36, p =
.065).
6 Note that in comparison with the performance-noncontingent reward
groups, we found evidence for sustained as well as transient reward
effects, in terms of faster RTs on incentive than on nonincentive trials in
the contingent-reward groups (see also Chiew & Braver, 2013).

7 The Dreisbach (2006) study and the AX-CPT study from van Wouwe
et al. (2011) differed in more aspects than feedback procedure. For
example, in the latter study an affect induction procedure with emotional
film clips prior to the actual experiment was used. Also, the AX-CPT
procedure was different than in the earlier study, with additional no-go
trials included, but without distractor letters between the cue and probe,
and without any feedback. Therefore, it is not clear how the control
feedback hypothesis is applicable to these behavioral differences.
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differences, so that participants in the Dreisbach study showed
an increased impact of positive affect on cognitive control
with even less proactive control (see the supplementary
materials, Table S11, for a direct comparison of the effect
sizes in the present study and in the Dreisbach, 2006, study).
Note that, in everyday life, this reluctant usage of proactive
control might serve an adaptive function. According to the
DMC framework (Braver, 2012; Braver et al., 2007), proac-
tive control is associated with more effort than reactive con-
trol, because it involves sustained maintenance of informative
context cues or task goals to optimize behavior via prepara-
tion. With respect to functional theories on positive affect
(e.g., Carver, 2003; Schwarz, 1990, 2012), positive affect
(and random reward) could have served as a feedback or
safety signal indicating the opportunity to refrain from proac-
tive control in terms of sustained task preparation—thereby
conserving effort—and instead rely on reactive control as
soon as the target appears.

Random, performance-noncontingent reward

In line with a series of studies by van Steenbergen and col-
leagues (2009, 2010, 2012), our study showed similar behav-
ior under positive affect and performance-noncontingent re-
ward. More precisely, the performance difference between
neutral and positive affect in the baseline was no longer
present in the reward phase: Introducing performance-
noncontingent reward did not affect performance in the
PositiveRandomReward group, suggesting no change in cog-
nitive control strategies. In the NeutralRandomReward group,
however, the transition from the baseline to the reward phase
was accompanied by decreased error rates specifically in AY
trials, indicating a shift toward reduced proactive control and/
or increased reactive control.

At this point, it is important to note that our performance-
noncontingent rewardmanipulation differed in two ways from
the respective reward procedures in the van Steenbergen et al.
(2009, 2012) studies. First, receipt of a reward in the van
Steenbergen (2009, 2012) studies was always signaled by a
smiley face, which makes it hard to decide whether partici-
pants experienced this cue rather as an affect or a reward cue.
Second, participants in the van Steenbergen (2009, 2012)
studies were not given any precues announcing a potential

reward but instead only learned about the reward via perfor-
mance feedback whereas our participants were cued before a
given reward trial. However, and interestingly so, within the
literature so far, consistent differences have only been reported
for reward contingency (contingent vs. not) but not for antic-
ipation (with precue vs. without). That is, rewards are often
announced with precues—thereby allowing anticipation of
reward before task performance (cf. Chiew & Braver, 2013;
Jimura et al., 2010; Kleinsorge & Rinkenauer, 2012; Locke &
Braver, 2008; Padmala & Pessoa, 2011), whereas other stud-
ies give performance (non)contingent rewards as feedback
only—that is, after task performance (Braem et al., 2012;
Stürmer et al., 2011; van Steenbergen et al., 2009, 2012).8

However, so far only contingency but not anticipation provid-
ed consistent and diverging effects on cognitive control
(Dreisbach & Fischer, 2012, and this study). This of course
might be an interesting endeavor for future research.

On a more general level, it seems remarkable that our
noncontingent reward manipulation—with anticipation of a
certain reward irrespective of task performance (accuracy and
RT level)—was not accompanied by more drastic changes of
behavior. Note that participants were rewarded entirely inde-
pendent from current behavior, even for error execution.
Therefore, a complete disengagement from the task—for ex-
ample, by pressing the same response key on every trial
irrespective of the current cue–probe sequence—would have
been a possible strategy without any negative consequences.
Participants would still have gained the same amount of
additional money, and even with less effort. Since effort
minimization in terms of avoiding physical as well as cogni-
tive demands is assumed to be a natural preference in human
behavior (Hull, 1943; Kool, McGuire, Rosen, & Botvinick,
2010), the enduring task engagement in the random-reward
groups calls for an explanation. First of all, the feedback
procedure in the present experiment remained informative—
that is, contingent on current task performance—which might
have caused enough motivation to maintain task engagement

8 Note, however, that participants in those studies that did not precue the
reward on a trial-by-trial basis were still informed that they would be
rewarded on some portion of the trials (either depending or not depending
on task performance). So, one might argue that reward anticipation is
present in all studies, either sustained or transient (depending on the
precue).

Table 1 Means, standard devia-
tions, and range of total reward
sum and BAS reward respon-
siveness ratings for all four ex-
perimental groups

Total Reward Sum BAS Reward Responsiveness Ratings

M SD Range M SD Range

NeutralReward €5.8 0.79 €4.55–€7.45 3.28 0.28 2.8–3.8

PositiveReward €5.6 1.15 €2.20–€7.25 3.34 0.35 2.8–4.0

NeutralRandomReward €8 fixed 3.35 0.43 2.6–4.0

PositiveRandomReward €8 fixed 3.3 0.39 2.6–3.8
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(cf. Eitam et al., 2013). Second, correct responses as compared
to errors are associated with intrinsic reward signals, which
can foster task engagement (i.e., intrinsic motivation) irrespec-
tive of extrinsic rewards or explicit feedback (Satterthwaite
et al., 2012). Third, the positive affect as a consequence of the
random rewardmight have kept participants in good temper to
continue following the task instructions. And this, in sum,
might have resulted in a reduced risk of performing errors in
the first place such that, overall, only very few errors were
actually rewarded. And finally, effort minimizationmight only
apply to situations associated with higher task demands (Kool
et al., 2010), whereas, with the rather simple AX task used
here, maintaining task engagement might have been more
attractive than task disengagement that would have been
associated with repeated (and presumably aversive) error
feedback. In any case, we believe the fact that rewarding
errors does not result in sloppy performance is indeed remark-
able and might be a promising topic for future research.

Performance-contingent reward

In both affect groups, performance-contingent reward resulted
in generally accelerated RTs9 and a remarkably high error rate
specifically in AY trials indicating that the prospect of receiv-
ing additional money caused participants to predominantly
use a preparatory, proactive control strategy (see also Jimura
et al., 2010; Padmala & Pessoa, 2011). This strategy was
successful, as can be seen in the above-expected rate of
actually received rewards (over 70% rewarded incentive trials
vs. an expected 33%, based on baseline performance). In sum,
these results are perfectly consistent with previous studies
investigating influences of performance-contingent reward
within the AX-CPT (Chiew & Braver, 2013; Locke &
Braver, 2008). Interestingly, in all these studies specific re-
ward effects were most pronounced for changes in AY error
rates, suggesting that AY trial performance is a more sensitive
indicator for changes toward proactive control than BX trial
performance. Again in line with previous research, the moti-
vational effect of reward—generally faster RTs combinedwith
increased error rates specifically in AY trials—was found for
incentive as well as (albeit to a lesser degree) nonincentive
trials (Chiew & Braver, 2013; Jimura et al., 2010; Kleinsorge
& Rinkenauer, 2012; Zedelius, Veling, Bijleveld, Aarts, &
Daunizeau, 2012). It thus seems that the context of reward
expectancy together with an established reward association to
a given task suffices to induce a shift to a more proactive
control mode resulting in a generally facilitative effect on

behavior. Note that this cannot be attributed to practice effects
because the RandomReward conditions had just the same
amount of practice and still did not shift to a more proactive
control strategy. Like the effort conserving influence of posi-
tive affect, this effort increasing influence of performance-
contingent reward seems to be a basic, adaptive mechanism
(see the reviews by Bijleveld, Custers, & Aarts, 2012a, b).

It is noteworthy, that in all studies mentioned here reward
achievement was contingent on both accuracy and RTs.
However, given that the effects are most pronounced in terms
of AYerrors, one might argue that these reward effects are no
motivational enhancement of task performance due to a shift
of cognitive control strategy, but instead mere results of a
speed–accuracy trade-off. What speaks against this assump-
tion is that performance-contingent reward resulted in gener-
ally faster RTs, whereas error rates from baseline to reward
phase increased in AY trials only (see also Chiew & Braver,
2013; Locke & Braver, 2008). Moreover, we can rule out that
participants applied a pure speed strategy like for example
always preparing for a target response after A-cues and always
preparing for a non.-target response after a B-cue no matter
what the target. With such a strategy participants should have
gained 90% of the maximum reward at the expense of 100%
errors on AY trials. Instead, the comparison of reward-phase
performance showed that performance-contingent reward as
compared to performance-noncontingent reward affected er-
ror rates in both A-cue trials—but more so on AY trials—
suggesting a true shift toward proactive control. That is, error
rates increased specifically in less predictive cue–probe con-
ditions (A-cue trials).10

Interaction of positive affect and performance-contingent
reward

The combination of affect and reward manipulations in a
single experiment allows first conclusions on how these two
opposing effects, the effort increasing motivational effect, on
the one side, and the effort conserving affect effect, on the
other side, interact. The results were clear cut: The motiva-
tional effect of performance-contingent reward in terms of
increased proactive control counteracted and virtually elimi-
nated the positive affect effect from the baseline condition. An
open question at this point is, why motivational effects—
induced by performance-contingent rewards—predominate
positive affect effects. From an evolutionary perspective,
adaptive reward pursuit—for instance, increasing effort to
gain access to food, sexual partners or safety—has been
essential for human survival, and should therefore have

9 In the PositiveReward group, analysis of the transition from the baseline
to the reward phase showed a significant RT speedup in all cue–probe
sequences, but only descriptively decreased RTs in AY trials. This non-
significant decrease in AY trials might be a consequence of the
preexisting positive affect effect found in the baseline, in terms of faster
RTs specifically in AY as compared to neutral affect trials.

10 To speculate, if accuracy had been stressed over time, this would
probably still have resulted in a shift toward more proactive control—
which, however, might then have resulted in generally reduced error rates
along with higher RTs, particularly onA-cue trials, and these effects could
be most pronounced on AY trials.
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highest priority. The effort decreasing effect of positive affect,
on the other hand, should rather be dependent on safe benign
situations (Schwarz, 1990, 2012) and should be easily
disrupted by significant changes in the environment. Thus, it
seems to serve an adaptive function that the influence of
positive affect can be easily overridden by a highly prioritized
mechanism like reward pursuit.

This vulnerability of positive affect effects to motivational
influences explains conflicting results from the literature (e.g.,
Locke & Braver, 2008, vs. Dreisbach, 2006). Moreover, it is
the first demonstration that positive affect effects on behavior
can be eliminated by motivation, an effect that is of obvious
importance in any applied (e.g., working or teaching) context
in which rewards are given. For example, consistent with our
results, studies on preschoolers showed that promising re-
wards for good performance enhanced goal-directed behavior,
but decreased the ability to switch between different goals
(Qu, Finestone, Qin, & Reena, 2013), whereas switching
performance could be promoted by a positive affect manipu-
lation (Wong, Jacques, & Zelazo, 2008). Likewise, research
from the 80ies already provided evidence that creativity in
children can be increased under positive affect (Greene &
Noice, 1988), whereas performance-contingent rewards
undermined creativity (Amabile, Hennessey, & Grossman,
1986). Thus, bearing in mind the vulnerability of positive
affect effects, standard procedure in everyday school life
(giving performance-contingent incentives in form of grades)
should be reconsidered, whenever tasks require reactive con-
trol rather than proactive control. That is, the appropriate
intervention to improve performance—performance-contin-
gent reward or positive affect—obviously depends on the
specific control demands of a given task and should therefore
be chosen with caution.

Neuropsychological foundation of affect and reward

Although our results fit nicely with a growing body of empir-
ical evidence showing diverging effects of performance-
contingent reward and positive affect (cf. the reviews by
Chiew & Braver, 2011, and Dreisbach & Fischer, 2012), the
neuropsychological foundation of these effects is still under
debate. With respect to reward, converging evidence exists
that the neurotransmitter dopamine (DA) plays a prominent
role (see, e.g., the reviews byBerridge, Robinson, &Aldridge,
2009; Cools, 2008; Schultz, 1997; and Wise & Rompre,
1989). In particular, current neuropsychological theories on
cognitive control imply that reward-predicting stimuli elicit
activity bursts of midbrain DA neurons into the prefrontal
cortex (PFC; Cohen, Aston-Jones, & Gilzenrat, 2004; Miller
& Cohen, 2001). This mechanism is assumed to work as a
gating signal that triggers updating of representations within
PFC and is sensitive to reward and reward predicting stimuli.
More precisely, unexpected rewards or unexpected increases

in predicted rewards elicit further DA responses, whereas
delays or decreases in predicted rewards inhibit DA responses,
thereby strengthening or weakening currently active represen-
tations within PFC. That is, the DA gating system supports
learning by reinforcement, which is assumed as the basis for
adaptive updating.

In the neuropsychological theory of positive affect (Ashby
et al., 1999; Ashby et al., 2002), this DA gating mechanism is
proposed to enhance cognitive flexibility by facilitating selec-
tion of and switching between cognitive sets. In the DMC
framework (Braver, 2012; Braver et al., 2007), on the other
hand, it is assumed that a preceding DA gating signal is a
necessary precondition for sustained activation of task repre-
sentations in PFC. Therefore, the DA gating mechanism is
proposed as the neuronal basis of proactive control, because
without a gating signal only transient PFC activations (i.e.,
reactive control) are possible. The motivational reward effects
in terms of increased proactive control presented here (in the
performance-contingent reward conditions) and reported else-
where (Chiew & Braver, 2013; Jimura et al., 2010; Locke &
Braver, 2008; Padmala & Pessoa, 2011) nicely fit with these
assumptions. But what about positive affect effects? Are these
also mediated by DA? From the intuitive relationship between
positive affect and reward (the first being the affective conse-
quence of the latter) both Braver (2012; Braver et al., 2007)
and Ashby (Ashby et al., 1999, 2002) reasoned that positive
affect might have comparable effects as reward—but with
diverging predictions concerning the impact on proactive
and reactive control. And there is indeed at least indirect
evidence for a mediating role of DA in positive affect effects.
Namely, a few studies (Dreisbach et al., 2005; Müller,
Dreisbach, Brocke, et al., 2007; Tharp & Pickering, 2011)
investigated how individual differences in DA activity—indi-
cated by the spontaneous eye blink rate (EBR; Elsworth et al.,
1991)—influence cognitive control processes in a cognitive
set switching task, a paradigm sensitive to positive affect
modulations (Dreisbach & Goschke, 2004). Results over all
three studies using the same paradigm consistently showed a
“positive affect” performance pattern for participants with a
higher EBR as compared to a low EBR. In particular, partic-
ipants with a higher EBR (i.e., higher DA activity) showed
enhanced cognitive flexibility accompanied by increased dis-
tractibility, just as the positive affect group in the original
study (Dreisbach & Goschke, 2004). However, the results
presented here stand in sharp contrast to the idea that positive
affect and reward share common grounds with respect to the
modulatory role of DA on cognitive control. By contrast, here
we found oppositional effects of positive affect and reward. A
possible solution to these obvious discrepancies on the role of
DA within motivational and affective modulations of cogni-
tive control could be the dual-state theory of PFC DA function
by Durstewitz and Seamans (2008). Therein, the authors
propose a dynamic balance between two distinct DA activity
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systems—one D1-receptor dominated and the other D2-
receptor dominated. Although the D1-receptor-dominated
state is characterized by stable maintenance of currently active
representations in PFC—comparable to the proactive control
mode in the DMC framework—the D2-receptor-dominated
state, on the other hand, promotes flexible and fast switching
among representations—comparable to the reactive control
mode. Thus, applied to our results, performance-contingent
reward might have lead to a D1-receptor-dominated state,
whereas performance-noncontingent reward and direct induc-
tion of positive affect might have resulted in a D2-receptor
dominated state. Moreover, dissociations between
mesocortical DA projections from ventral tegmental area into
PFC, on the one side, and nigrostriatal DA projections from
the substantia nigra into the striatum, on the other side, might
also explain the diverging effects of reward and positive
affect. Although DA activity in PFC is assumed to promote
cognitive stability—that is, proactive control—DA activity in
the striatum is associated with increased cognitive flexibility
(Cools, 2008). Thus, applied to our results, the performance-
contingent reward manipulation might have primarily influ-
enced the mesocortical DA system, whereas positive affect
(and random reward) might rather have influenced the
nigrostriatal DA system. And indeed, Ashby et al. (1999)
already speculated that nigrostriatal DA projections might be
relevant for the cognitive effects of positive affect. In fact, this
might be a way to disentangle the theoretical discrepancies
between the neuropsychological theory of positive affect
(Ashby et al., 1999, 2002) and the DMC framework (Braver,
2012; Braver et al., 2007).

A more recent review on the role of DA activity in cogni-
tive control (Cools & D’Esposito, 2011) integrates the above
mentioned theories on DA function (Cools, 2008; Durstewitz
& Seamans, 2008) by taking into account that there are
relatively fewer D2-receptors in PFC, but abundant D2-
receptors in the striatum. Therefore, Cools and D’Esposito
suggested two distinct DA systems with different functional
roles: On the one hand, the D1 receptor dominated activity in
PFC mediating stability (i.e., proactive control), and, on the
other hand, the D2 receptor dominated activity in the striatum
mediating flexibility (i.e., reactive control). More importantly,
both systems are assumed to be reciprocally connected—that
is, high activity in one system is accompanied by low activity
in the other, and vice versa—which might explain why moti-
vational effects under performance-contingent reward reduce
positive affect effects on cognitive control. Moreover, the
uncertainty of actually getting a reward or not in our
performance-contingent reward manipulation might have led
to more pronounced influences on DA activity, because espe-
cially unexpected rewards elicit strong DA responses (cf.
Schultz, Dayan, & Montague, 1997).

But, of course, DA is not the only candidate to modulate
cognitive control. For example, the neurotransmitter

norepinephrine (NE) has a modulatory influence on cognitive
control well documented in the literature (Aston-Jones &
Cohen, 2005a, b). Within this framework, phasic and tonic
activity modes of NE are assumed to promote exploitative or
explorative behavior, respectively, with the former being sim-
ilar to behavior under proactive control. Of relevance regard-
ing the neuropsychological background of positive affect and
reward effects are furthermore findings from Berridge and
colleagues (Berridge, 1996; Berridge et al., 2009; Smith,
Berridge, & Aldridge, 2011) suggesting three distinguishable
components of reward, namely “liking” (i.e., hedonic impact =
positive affect), “wanting” (i.e., incentive salience = motiva-
tion), and learning (i.e., predictive associations and cognition),
which are associated with distinct neuronal mechanisms.
According to this theory, “liking” can be manipulated inde-
pendent from “wanting” and vice versa, with not only DA
being involved but also other neurotransmitters like opioids
and glutamate. Taken together, several not mutually excluding
theories exist that are consistent with the diverging behavioral
effects of positive affect and reward presented here and else-
where (cf. Chiew&Braver, 2011; Dreisbach & Fischer, 2012).

Individual differences

In the present study, individual differences were apparent in
reward responsiveness measures as measured by the respec-
tive BAS subscale. Participants in the PositiveReward group
showed a positive correlation between total sum of received
reward and individual BAS reward responsiveness scores,
which was absent in the NeutralReward group (see
Supplementary Materials, Tables S7–S10, for complete cor-
relations with all BIS/BAS scales). Though both performance-
contingent reward groups did not differ significantly in their
mean total reward sums or BAS reward responsiveness scores,
greater ranges of both individual scores emerged in the
PositiveReward group (see Table 1). The positive correlation
of received reward and BAS scores suggests that this variabil-
ity might be a result of how people perceive rewards, at least
to some extent. A motivational reward manipulation seems to
have more effect—in terms of modifying behavior to success-
fully obtain rewards—on people, who are more sensitive
toward reward. In line with this, previous studies (Jimura
et al., 2010; Locke & Braver, 2008) showed positive correla-
tions between individual reward sensitivity scores and global
reward effects (RT facilitation in reward context or rate of
obtained reward, respectively), and, moreover, reward sensi-
tivity and modulations of brain activity, indicating a stronger
shift toward proactive control from reward sensitive persons
in rewarding contexts. Interestingly, in the present study, no
such relationship was found in the NeutralReward group. This
might be due to the differences in baseline performance be-
tween neutral and positive affect group. As compared to the
positive group, the neutral group already in the baseline phase
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showed relatively more proactive control. Thus, for these
participants the introduction of performance-contingent
reward in the second experimental phase was associated
with less obvious performance changes. In the
PositiveRewardGroup, by contrast, there was a clear strategy
shift from less to more proactive control from baseline to
reward phase possibly leaving more room for influences of
individual reward sensitivity.

The importance of considering individual differences can
also be seen in studies by Braem et al. (2012) and van
Steenbergen et al. (2009), who both used reward manipulations
without precues. Braem et al. (2012) found increased conflict
adaption in an Eriksen flanker task following performance-
contingent reward, and a positive correlation between this
behavioral effect and all BAS subscales. In a similar task, van
Steenbergen and colleagues (2009) found reduced conflict
adaptation after performance-noncontingent, random reward,
but also a positive correlation between BAS subscale drive and
the conflict adaptation effect. This suggests that subjects with a
strong drive to pursue rewards might generally put more effort
into a given task irrespective of the reward contingency.
Moreover, evidence in the literature suggests that the way a
participant perceives the prospect of monetary reward—either
as a demand signal to increase effort or as an easy opportunity
to make some extra money—influences whether reward has
rather motivational or affective effects. Müller and colleagues
(2007b) investigated reward effects on cognitive control with a
modified version of a cognitive set-switching task (Dreisbach
& Goschke, 2004) and—in a post-experimental question-
naire—asked participants about their reward perception. The
answers revealed that participants, who perceived the reward
condition as demanding, showed a typical motivational effect
with faster RTs and increased cognitive stability (i.e., proactive
control). In contrast, participants, who perceived the reward as
an easy gain, showed a typical “positive affect” response pat-
tern with increased cognitive flexibility and reduced stability. It
thus seems that subjective reward perception alsomodulates the
motivational versus affective impact that reward can have on
performance. In the study presented here, the effort-demanding
character of performance-contingent reward—which is obvi-
ously absent in the random, performance-noncontingent reward
manipulation—might be what caused the transition from an
affective to a predominantly motivational effect. In sum, the
present and previous results (e.g., Jimura et al., 2010; Locke &
Braver, 2008; Müller, Dreisbach, Goschke, et al., 2007) dem-
onstrate that individual differences in reward sensitivity and
reward perception further influence how affective and motiva-
tional manipulations modulate cognitive control.

Comment on Chiew and Todd (2014)

Finally we would like to take the opportunity to address the
study by Chiew and Todd (2014), in which the authors also

have shown comparable reward effects in terms of significant-
ly increased AYerrors. However, and in sharp contrast to our
results, the authors did not find any positive affect effect—or
if one did occur, it was even in the opposite direction. One
reason for this discrepancy might be the specific affect ma-
nipulation used by the authors. It is possible that the positive
film clip induced a positive mood that was then not further
modulated by the positive versus neutral picture stimuli in the
emotion block to follow.11 From a theoretical perspective, this
might of course point to the interesting idea that in contrast to
reward, which can have sustained and transient effects (as
evidenced by the difference in performance between
incentive and nonincentive trials first presented by Chiew
and Braver, 2013, and in part replicated here), affect effects
cannot easily be turned on and off. If we assume that reward
effects are mainly motivational and that affect effects are
rather emotional, it seems intuitively plausible that this may
indeed be the case. Of course, at this point, this speculation
awaits further investigation. Another reason for the discrepant
results might be the specific AX procedure that we applied.
Note that—in contrast to Chiew and Todd (2014)—we pre-
sented distractors between the cue and probe in order to
increase proactive control demands. Increasing proactive con-
trol demands of course leaves more room for the
(down)modulation of proactive control by positive affect.
This also is in line with the idea that positive affect increases
distractibility, which might go along with reduced proactive
control (e.g., Dreisbach & Goschke, 2004). Finally, our own
data show that positive affect effects obviously are vulnerable
to strategic motivational influences (in the PositiveReward
group). This observation of course should not be taken as a
convenient measure to explain discrepant results within the
existing literature, but should first and foremost guide future
research in finding ways to disentangle motivational from
emotional modulations of cognitive control (see also Gable
& Harmon-Jones, 2008, 2010).12

Conclusion

Positive affect arises in a variety of situations—for example,
as a consequence of direct affect induction, performance-
contingent reward, or noncontingent reward. However, recent
evidence from independent research lines indicated diverging
effects of positive affect and reward on cognitive control, with
the former being affective and the latter motivational (cf.

11 Note that the comparison between the emotion block and the respective
baseline block is confounded with practice and/or strategic knowledge
about the task, and therefore is not easy to interpret.
12 Gable and Harmon-Jones (2008, 2010) differentiated between low-
and high-approach-motivated emotions (e.g., joy vs. desire) and found
that these different emotions had opposite effects on attention (broaden-
ing vs. narrowing).
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Chiew & Braver, 2011; Dreisbach & Fischer, 2012). The
combined investigation of positive affect and reward manip-
ulations in a single study presented here showed that both
differentially modulate processes of cognitive control: (1)
Only performance-contingent reward but not random, non-
contingent reward had a motivational effect. (2) Performance-
contingent reward increased proactive control, whereas posi-
tive affect and random reward reduced proactive control and
increased reactive control. (3) Combining both experimental
manipulations revealed that motivational influences outweigh
affective influences. It will be an interesting endeavor for
future research to show how these opposing affect and moti-
vation effects generalize across different tasks and situations.
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