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Predictable action outcomes are central to goal-directed behavior. Prior research has shown that expected
action effects confer performance advantages. Yet the mechanisms underlying this phenomenon remain
debated. Across six preregistered online experiments (N = 702), we examined whether the expectancy of an
action effect shapes the affective evaluation of corresponding action–effect episodes. In each study,
participants responded to stimuli by clicking on buttons that produced effects with either high (stimulus-
congruent) or low (stimulus-incongruent) expectancy. Induced affect was assessed using both implicit
(affective priming) and explicit (valence ratings) measures. Overall, high-expectancy episodes elicited
relatively more positive affect than low-expectancy episodes. For our implicit measure, this effect persisted
unless correspondence among all task events (stimulus, response, and effect) was simultaneously reduced
(Experiments 2 + 3). Furthermore, this outcome could not be attributed to mere visual mismatch between
stimulus and effect (Experiment 4) and was observed even when stimulus-congruent effects were less likely
to occur than stimulus-incongruent ones (Experiments 5 + 6). These findings suggest that expected action
outcomes elicit positive affect, thus offering a parsimonious explanation for performance advantages
previously attributed to more complex mechanisms like ideomotor accounts or response monitoring. More
broadly, we propose that affective evaluation of action–effect episodes represents a fundamental mechanism
governing behavior across multiple psychological domains, from basic action control to complex behavior
in various settings.

Public Significance Statement
This research shows that when people produce effects that they expect, they feel more positive compared
to when effects are unexpected. Across six online experiments with more than 700 participants, we
demonstrate that this affective signal can be detected in both implicit and explicit evaluations. These
findings help explain why people perform better when their actions lead to predictable outcomes, and
they highlight the rewarding nature of control in everyday life.
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Agents typically move their body to alter their perception in a way
that they intended prior to moving. In other words, they act in a goal-
oriented manner (Eitam et al., 2013; Hommel et al., 2001; Kunde et
al., 2017; Pfister, 2019, Shin et al., 2010; Wirth et al., 2015). Yet,
when being in the position to produce perceptual changes on
purpose, that is, when being in control (Haggard, 2017), this has
consequences on an agent’s future behavior. For example, monkeys
prefer to engage in actions (e.g., moving a lever) that reliably
produce contingent effects (e.g., changes in light intensity or sound
volume) over other actions that do nothing (Moon & Lodahl, 1956;

Barnes & Kish, 1961). Along the same lines, adults prefer any
action, even those that result in negative consequences, such as
administering electrical shocks to themselves, over doing nothing at
all (Wilson et al., 2014). It thus seems that producing certain effects
is rewarding, although no part of the action–effect episode appears
spectacularly attractive in itself.

This preference for producing controllable outcomes extends far
beyond laboratory settings. In organizational contexts, employees
demonstrate higher engagement and motivation when their actions
lead to predictable and controllable results (Ryan & Deci, 2000). In
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educational settings, learners develop greater mastery and persis-
tence when they experience clear contingencies between their ef-
forts and learning outcomes (Weiner, 1985). Even in product and
user interface or user experience design, it has been shown that
predictable systems and reliable human–computer interactions lead
to increased user satisfaction (Willermark et al., 2021).
However, not all effects seem to be experienced as equally

rewarding, and they can shape respective actions in different ways.
First, responses which produce expected rather than unexpected
changes are generated more quickly and accurately (prospective
performance benefits; e.g., Dignath et al., 2014; Kunde, 2001).
Second, producing expected effects has very immediate con-
sequences for an agent’s subsequent behavior, usually improving
performance in a concurrent task (retrospective performance ben-
efits; e.g., Schaaf et al., 2022; Wessel & Aron, 2013). For instance,
in a dual-task study by Wirth, Janczyk, and Kunde (2018), pro-
ducing an effect which was spatially compatible to the response
(e.g., right response leads to a right effect) accelerated subsequent
responses. While prospective performance benefits are often ex-
plained by ideomotor approaches (James, 1890; Janczyk & Kunde,
2020; Prinz, 1997), for retrospective performance benefits, various
explanations have been proposed, like effect (Notebaert et al., 2009)
or response monitoring (Bratzke et al., 2009). All these explana-
tions, however, are either more or less agnostic regarding respective
mental underpinnings or revolve merely around “cold” cognition.
Here, we propose a parsimonious and overarching alternative

explanation for such findings. We hypothesize that producing
expected action effects is associated with positive affect, while
producing unexpected action effects is evaluated as relatively
more negative. The implications of this simple model would be
manifold for the field of human action control. First, it would
provide a unifying umbrella framework for retrospective perfor-
mance benefits (e.g., Bratzke et al., 2009; Wirth & Kunde, 2020)
by relating very separate phenomena to a common, affective
mechanism. Negative events are known to grab more attention
(Pessoa et al., 2002) and to deteriorate performance more than
positive or neutral events (Padmala et al., 2011). Episodes that
trigger a relatively more negative evaluation would thus lead to
processing costs, therefore delaying responses in subsequent tasks.
Further, it would enrich the current theories for prospective
performance benefits (Janczyk & Kunde, 2020) by not only
assuming that goal-directed behavior is driven by anticipating
specific goal-related perceptual states but also anticipating their
affective quality, thereby assuming similar cognitive mechanisms
for action control before and after an action is carried out. Finally,
it would further strengthen the assumed relation between cognition
and affect (Botvinick, 2007), thus providing a range of real-world
applications and interventions, which we will elaborate on in the
General Discussion section.
To test the assumption that producing expected (vs. unexpected)

effects leads to relatively more positive affect, we conducted six
preregistered experiments (N = 702). In each study, participants
were prompted to click one out of four buttons, producing a certain
effect. We manipulated the expectancy of this effect (high vs. low)
and tested for affective aftereffects with an established implicit
measure (i.e., affective priming; Dreisbach & Fischer, 2012; Wirth
& Jall, 2026) as well as explicit valence ratings. Between experi-
ments we manipulated certain aspects of the experimental procedure

to shed light on underlying mechanisms and to test potential
alternative explanations.

Method

To keep this section concise and reduce redundancy, we report all
experiments in a combined, tabular manner.

Transparency and Openness

We preregistered our hypotheses, the analysis plan, and the
sampling strategy before data collection had started (Experiment 1,
https://osf.io/j3d24/; Experiment 2, https://osf.io/xz5aw/;
Experiment 3, https://osf.io/stp3j/; Experiment 4, https://osf.io/
6xbh3/; Experiment 5, https://osf.io/j36tb/; Experiment 6, https://
osf.io/smx76/). The underlying data and the analysis scripts can be
found on the Open Science Framework (https://osf.io/e3srg/).

Sample Sizes and Statistical Power

Due to the novelty of the present study design, for Experiment 1,
we decided to recruit a large sample of 200 U.K.-based participants
via Prolific. This sample size provides high statistical power to
detect even small effect sizes (1 − β = 90% for dz ≥ 0.23, α = .05,
two-tailed testing, computed in R, Version 4.1.1, via the power.t.test
function of the statistics package). Due to a sampling error, the final
sample of Experiment 1 consisted of 202 participants (but all
analyses lead to similar conclusions when excluding the two most
recent data sets). Based on the results of Experiment 1, we adjusted
our planned sample size to 100 U.K.-based participants for the
subsequent experiments (1 − β = 90% for dz ≥ 0.33). Further, to
prevent noise and to keep the experimental procedure as similar as
possible for all participants, we recruited only right-handed parti-
cipants for Experiments 2–6. Table 1 shows detailed demographics
for all experiments.

As preregistered for each study, we excluded data sets of par-
ticipants who committed >25% errors (by either clicking the wrong
button in Task 1 or incorrectly classifying the target item in Task 2).
Furthermore, data sets with <10 remaining trials per combination of
expectancy and valence (and button type condition for Experiments
5 and 6) were completely excluded from the analysis (see the Data
Treatment and Analysis section for details). Excluded data sets were
replaced by new ones.

All studies were conducted in accordance with the Declaration
of Helsinki and the guidelines set by the American Psychological
Association. Participants provided informed consent before
participation.

Experimental Procedure

All experiments were conducted online and followed a similar
experimental procedure. At the start of each study, we presented
participants with detailed instructions and included corresponding
practice trials. Participants had to achieve a sufficiently high per-
formance in these practice trials to proceed to the main experiment.

Each trial in the main experiment consisted of two tasks (see
Figure 1). As Task 1, we employed a symbol task in which par-
ticipants had to produce a symbol on screen by clicking one of four
virtual buttons that were horizontally aligned in the lower half of
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their screen. Each button produced one of four symbols: anchor,
bottle, couch, or dress. The order of the buttons was randomized but
constant for each participant. Above these buttons, a fixation cross
was presented for 250 ms and marked the start of each trial. After
this time, the stimulus appeared at the position of the fixation cross
in gray color. Participants were asked to respond to the stimulus by
clicking the required button as fast as possible. This response time
will be called RT1 in the following. For Experiments 2–6, we
additionally introduced a free-choice condition in which participants
could freely choose which button to click. These free-choice trials
were prompted by the presentation of a question mark instead of the
stimulus word. In these trials the (visual) correspondence between
Task 1 events was reduced, as there was no specific stimulus at all.
Clicking one of the buttons immediately triggered the presen-

tation of an action effect, which was displayed in white color. In
some experiments, the effect was layered on top of the stimulus (see
Figure 1), and in some experiments, the effect replaced the stimulus
on screen (for an overview, see Table 2). In “expected trials,” the
action effect was congruent to the selected response button (e.g.,
clicking the “anchor” button makes an anchor appear). In “unex-
pected trials,” an incongruent action effect appeared (i.e., one of the

nonchosen symbols). This way, over the entire run of the experi-
ment, all effect symbols were displayed approximately equally often
(except for Experiment 5).

After 250 ms of the action effect onset, Task 2 of the experimental
setup commenced. If Task 2 was the word task (80% of all trials), we
assessed implicit evaluations. To do so, we presented words with a
clear positive or negative valence (e.g., “peace” or “war,” adapted
from Wirth, Foerster, et al., 2018), which participants had to cat-
egorize according to their valence. This response time will be called
RT2 in the following. Participants received feedback on their
performance in this task (i.e., “too slow” for response times ≥1,000
ms and “wrong response” for incorrect target categorization). In
Experiment 1, participants made their response by quickly moving
the mouse cursor either to the right or to the left (randomized
mapping for each participant). The response time for this trial was
recorded when the mouse was moved >2.5% of the vertical screen
resolution. For all subsequent experiments, we replaced this res-
ponse by mechanic keypress responses via the A and S buttons of a
keyboard (with randomized mapping for each participant).

If Task 2 was the rating task (20% of all trials), we assessed
explicit evaluations. In this case, the action effect was presented for
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Table 1
Demographic Data for All Experiments (Gender, Age, Handedness)

Experiment n

Gender Age (years) Handedness

Female Male Nonbinary No response M SD Right Left Ambidextrous No response

Experiment 1 202 72 88 3 39 25.5 3.5 157 17 3 25
Experiment 2 100 43 52 4 1 24.9 3.5 100 0 0 0
Experiment 3 100 43 52 4 1 24.9 3.6 100 0 0 0
Experiment 4 100 54 44 2 0 24.4 3.8 100 0 0 0
Experiment 5 100 44 54 2 0 25.7 3.6 100 0 0 0
Experiment 6 100 50 49 1 0 25.0 3.4 100 0 0 0

Note. Demographics were collected via self-report, and all available response options are presented in the table. In Experiment 1, it was optional for
participants to provide their gender information. Responses for age were entered as numbers in a free-response box.

Figure 1
General Trial Procedure (Task 1 + Task 2) and Experimental Design

Note. In Task 1, participants saw a fixation cross and then were prompted to click a corresponding button based on a presented
stimulus. In “expected” trials, a stimulus-congruent effect appeared, and in “unexpected” trials, a stimulus-incongruent effect
appeared. Afterward, participants either had to categorize a target word depending on its valence (word task, 80% of all trials) or
rate the valence of the action effect on a visual scale (rating task, 20% of all trials). The shown trial procedure refers to Experiment
1. Differences between the experiments are shown in Table 2. See the online article for the color version of this figure.
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1,000 ms instead of 250 ms. Participants were asked to rate the last
symbol that they produced on a visual scale from “very negative” to
“very positive.”Responses were scaled from 0 to 10 (in steps of 0.1),
with higher values indicating more positive ratings. The next trial
started immediately afterward.

Hypotheses and Methodological Adjustments

Since every manipulation is implemented only after the Task 1
response, we did not expect any systematic results for RT1. Our
hypotheses concern the implicit (RT2) and explicit (rating) eval-
uation after the action–effect episode. Assuming that an expected
action–effect episode indeed triggers a relatively more positive
signal than an unexpected episode, we expected an affective priming
effect in all experiments, that is, faster RT2s for positive words
relative to negative words after expected episodes and faster RT2s
for negative words relative to positive words after unexpected
episodes (indicated by an interaction between the factors expectancy
and valence). In the explicit evaluation, we expected more positive
ratings after expected compared to unexpected episodes.
In the following, we outline the research question for each

experiment and explain how we adjusted the experimental proce-
dure to address it.

Experiment 1: Do Action–Effect Episodes Trigger an
Affective Evaluation?

In our first study, action–effect mismatches were made as salient
as possible. We did this by using symbols as stimuli and effects, and
the response buttons were also marked with the same symbols.
Stimuli and effects were layered, so that a mismatch would be
visually distinct (see Figure 1). Expected and unexpected action
effects occurred with equal probabilities for all buttons (i.e., 50% for
the expected effect and 16.7% for each unexpected option). The
experiment comprised 15 blocks of 20 trials each.

Experiment 2: Were the Effects in Experiment 1 Only
Driven by Visual Correspondence?

To differentiate between visual mismatches and expectation mis-
matches, we removed all visual correspondence between stimuli,

responses, and effects in Task 1. Stimuli were now words (“anchor,”
“bottle,” “couch,” “dress”) instead of symbols, and buttonsweremarked
with the first letter of the associated word (e.g., “A” for “anchor”;
participants were instructed about these mappings). As effects we still
used symbols, but effects now replaced the stimulus on screen (i.e., the
stimulus disappeared with effect onset), so mismatches would not be as
visually salient. Furthermore, in one third of all trials, participants were
free to click any button (“free-choice trials”). While there were still 15
blocks, we increased the number of trials per block from 20 to 30.

Experiments 3 + 4: What Correspondence Drives
Affective Evaluation?

In Experiment 2, we removed all correspondence between the
Task 1 events. In Experiments 3+ 4, we gradually reintroduced them
to see when affective evaluation will reappear. In Experiment 3, we
tested for stimulus–effect correspondence by using symbols for both
but kept the response labels as letters. As in Experiment 1, effects
were layered on top of the stimulus symbols to make mismatches
salient. Experiment 4 was identical to Experiment 3 with the
exception that the effect symbol replaced the stimulus symbol instead
of being layered on top of it. Both experiments comprised 10 blocks
with 50 trials each (one fifth of all trials were free-choice trials).

Experiments 5 + 6: Does Statistical or Conceptual
Expectancy Shape Affective Evaluation?

In the previous experiments, “expected trials” involved two
different kinds of expectancy: statistical and conceptual. First,
congruent action effects were statistically more likely to occur
compared to each individual incongruent effect (statistical expec-
tancy; 50% vs. 16.7%). Second, congruent action effects were
conceptually more similar to the stimulus compared to each
incongruent effect (conceptual expectancy). In Experiments 5 + 6,
we now disentangled both types of expectancy. Therefore, the
overall procedure of Experiment 5 was identical to Experiment 3,
but we manipulated the likelihood to which a button would produce
a certain effect. For two buttons we used the same probabilities as in
the previous experiments (50% for the congruent effect and 16.7%
for each incongruent option, which should replicate previous re-
sults). Yet, for the other two buttons, a congruent effect appeared in
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Table 2
Methodological Adjustments and Key Results for All Experiments

Exp Stimulus Response Effect
Number of

incongruent options
Probability of
congruent effect

p

Implicit
evaluation

Explicit
evaluation

1 Symbol Symbol Layered on stimulus 3 50% <.001 <.001
2 Word Letter Replaces stimulus 3 50% .389 .005
3 Symbol Letter Layered on stimulus 3 50% .001 .007
4 Symbol Letter Replaces stimulus 3 50% .027 .748
5.1 Symbol Letter Layered on stimulus 3 50% .001 .020
5.2 Symbol Letter Layered on stimulus 1 50% .005 .263
6.1 Symbol Letter Layered on stimulus 3 50% .002 <.001
6.2 Symbol Letter Layered on stimulus 3 16.7% .005 .059

Note. p values refer to the interaction of expectancy and valence regarding Response Time 2 (implicit evaluation) and the main effect of
expectancy for valence ratings (explicit evaluation). Statistically significant effects (p < .05) are highlighted in bold. All significant effects
indicate relatively faster response times for positive compared to negative target words for expected versus an unexpected action effect (implicit
evaluation) and more positive valence ratings for expected compared to unexpected action effects (explicit evaluation). Exp = experiment.
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50% of the cases, and a fixed incongruent effect (the symbol of the
respective other button) also appeared with a probability of 50%,
thus making both effects statistically equally “expected.”While this
makes comparisons between these two button types possible, it tilts
the balance between effect symbols, as some symbols were overall
nowmore likely to appear than others. Experiment 6 controls for this
imbalance by employing an evenmore extrememanipulation.While
two buttons still employed the likelihood of the previous experi-
ments, two other buttons reversed them completely, that is, a fixed
incongruent effect appeared in 50% of the cases, and the remaining
three effects (including the congruent effect) all appeared with a
probability of 16.7%. That way, the overall probability of each effect
was balanced again. In both experiments, the buttons with the
adjusted likelihoods were chosen randomly for each participant.
There were 10 blocks with 50 trials each (one fifth of all trials were
free-choice trials).

Results

Data Treatment and Analysis

As preregistered, we did not analyze practice trials. Furthermore,
we excluded trials in which participants committed an error either in
Task 1 (clicking the wrong button) or in Task 2 (categorizing a
positive stimulus as negative or vice versa). Moreover, we excluded
trials in which RT2 > 1,000 ms and trials in which RT1 or RT2
deviated more than 2.5 standard deviations from the respective
cell mean. Specially for Experiment 1, we also excluded trials for
which the initial mouse movement during Task 2 went to the wrong
direction and trials in which the mouse movement was executed
very hesitantly (i.e., when movement speed, i.e., the time between
movement initiation and response registration, was >25 ms). Also,
trials in which this movement speed deviated more than 2.5 standard
deviations from the respective cell mean were excluded. Finally, for
Experiments 2–6, free-choice trials were not included in the main
analysis but were analyzed within separate exploratory analyses.
For the implicit measure, we calculated a repeated measures

analysis of variance for RT2 with two within-subject factors:
expectancy of the action effect in Task 1 (expected vs. unexpected)
and valence of the target word in Task 2 (positive vs. negative). For
Experiments 5 and 6, we additionally included the factor button type
(Experiment 5: three possible incongruent options vs. one possible
incongruent option; Experiment 6: probability for a congruent
action effect 50% vs. 16.7%) next to expectancy and valence.
Significant interactions were then followed by separate one-sided
t tests, comparing trials with negative versus positive target words
for each expectancy condition (and each button type in Experiments
5 and 6).
For the explicit measure, we compared valence ratings between

“expected” and “unexpected” trials with a one-sided t test. In
Experiments 5 and 6, we analyzed ratings via a two-way repeated
measures analysis of variance with the factors expectancy and
button type. Significant interaction effects were followed by one-
sided t tests, comparing valence ratings between expected
and unexpected action effect trials separately for each button
type. Table 2 provides an overview on the methodology and key
results for all experiments.
Figures 2 and 3 provide a more detailed overview of the

main results regarding our implicit and explicit measure for all

experiments. Additional violin plots for each study, showing
the distribution of individual responses, can be found in the
Supplemental Figures S1 and S2.

Experiment 1: Do Action–Effect Episodes Trigger an
Affective Evaluation?

In Experiment 1, we tested whether action–effect expectancy
comes with an affective signal by making action–effect corre-
spondence as salient as possible through visual layering and symbol-
based stimuli, responses, and effects.

Responses after expected action effects (654 ms) were faster than
after unexpected action effects (666 ms), F(1, 201) = 126.34, p <
.001, η2p = .39. Further, responses to positive words (658 ms) were
faster than to negative words (663 ms), F(1, 201) = 8.60, p = .004,
η2p = .04. A significant interaction between expectancy and valence,
F(1, 201) = 20.01, p < .001, η2p = .09, indicated faster responses to
positive words compared to negative words after expected effects,
t(201)= 4.88, p< .001, dz= 0.34,Δ= 9 ms,1 but no such difference
after unexpected effects (t < 1, Δ = 1 ms).

Valence ratings for expected action effects (5.6) were signifi-
cantly higher than for unexpected action effects (5.3), t(201) = 3.81,
p < .001, dz = 0.27.

Experiment 2: Were the Effects in Experiment 1 Only
Driven by Visual Correspondence?

In Experiment 2, we removed all visual and conceptual corre-
spondence that we implemented in Experiment 1 by using words
as stimuli, letters as response labels, and symbols as effects. This
way, we could test whether results in Experiment 1 relied on an
expectancy mismatch or merely a visual mismatch.

Responses after expected action effects (603 ms) did not
differ significantly from responses after unexpected action effects
(606 ms), F(1, 99)= 2.29, p= .134, η2p = .02. However, responses to
positive words (600 ms) were faster than to negative words (609 ms),
F(1, 99) = 7.52, p = .007, η2p = .07. Expectancy and valence did not
interact (F < 1).

Valence ratings for expected action effects (6.1) were signifi-
cantly higher than for unexpected action effects (5.6), t(99) = 2.86,
p = .005, dz = 0.29.

Experiment 3: What Correspondence Drives
Affective Evaluation?

In Experiment 3, we investigated whether affective evaluation is
driven by stimulus–effect correspondence (using symbols for both
but keeping response labels as letters). To make mismatches as
salient as possible, effects were layered on top of the stimulus
symbols.

Responses after expected action effects (571 ms) were faster than
after unexpected action effects (601 ms), F(1, 99)= 29.53, p < .001,
η2p = .23. However, responses to positive words (587 ms) did not
differ significantly from responses to negative words (586 ms),
F < 1. A significant interaction between expectancy and valence,
F(1, 99) = 11.46, p = .001, η2p = .10, indicated opposing effects
of valence on response times after expected effects, t(99) = 1.24,
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1 Please note that we present absolute values for Δ.
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p = .109, dz = 0.12, Δ = 4 ms, and unexpected effects, t(99) = 1.57,
p = .060, dz = 0.16, Δ = 5 ms.
Valence ratings for expected action effects (5.6) were signifi-

cantly higher than for unexpected action effects (5.2), t(99) = 2.76,
p = .007, dz = 0.28.

Experiment 4: What Correspondence Drives
Affective Evaluation?

To again assess the relevance of visual (vs. expectancy) mis-
match for affective evaluation, we kept Experiment 4 identical to

Experiment 3 with one exception: The effect symbol was not
layered on top of the stimulus symbol but replaced it.

Responses after expected action effects (572ms)were faster than after
unexpected action effects (633ms),F(1, 99)= 85.29, p< .001, η2p = .46.
However, responses to positive words (602 ms) did not differ signifi-
cantly from responses to negative words (604 ms), F < 1. A significant
interaction between expectancy and valence, F(1, 99) = 5.02, p = .027,
η2p = .05, indicated faster responses to positive words compared to
negative words after expected effects, t(99) = 1.77, p = .040, dz = 0.18,
Δ = 6 ms, but no such difference after unexpected effects (t < 1, Δ =
1 ms).

Valence ratings for expected action effects (5.4) did not differ
from valence ratings for unexpected action effects (5.4), t < 1.
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Figure 2
Average Response Times in the Word Task for All Experiments

Note. The figure illustrates mean RT2 (word task, RT2). Response times of
negative target items are shown in red, and response times of positive target
items are shown in green. Error bars show SEPD, calculated separately for
each expectancy condition (Pfister & Janczyk, 2013). SEPD = standard errors
of the paired differences; RT2 = response times in Task 2; IA* = p < .05 for
the interaction of expectancy and valence. See the online article for the color
version of this figure.

Figure 3
Valence Ratings for All Experiments

Note. The figure illustrates mean ratings in Task 2 (rating task). Higher
values indicate more positive evaluations of the produced action effect. Error
bars show SEPD(Pfister & Janczyk, 2013). SEPD = standard errors of the
paired differences.
* p < .05.
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Experiment 5: Does Statistical or Conceptual Expectancy
Shape Affective Evaluation?

In Experiment 5, we tested whether our findings are driven by
statistical or conceptual expectancy by manipulating the likelihood
to which a button would produce a certain effect (two buttons with
one fixed incongruent option appearing in 50% of the cases vs. two
buttons with three incongruent options appearing with a probability
of 16.7% each).
Responses after expected action effects (567 ms) were faster than

after unexpected action effects (578 ms), F(1, 99) = 23.73, p < .001,
η2p = .19. However, responses to positive words (572 ms) did not
differ significantly from responses to negative words (573 ms), F< 1.
Similarly, responses did not differ significantly between buttons that
had three incongruent options (573 ms) or one incongruent option
(572ms),F(1, 99)= 1.23, p= .270, η2p = .01. A significant interaction
between expectancy and button type, F(1, 99)= 11.66, p= .001, η2p =
.11, indicated larger expectancy effects after buttons with three
incongruent options, t(99) = 5.57, p < .001, dz = 0.56, Δ = 15 ms,
compared to after buttons with one incongruent option, t(99) = 2.86,
p = .003, dz = 0.29, Δ = 7 ms. Most importantly, a significant
interaction between expectancy and valence, F(1, 99) = 21.87, p <
.001, η2p = .18, indicated faster responses to positive words compared
to negative words after expected effects, t(99) = 2.58, p = .006,
dz = 0.26, Δ = 7 ms, but no such difference after unexpected effects,
t(99) = 1.34, p = .091, dz = 0.13, Δ = 4 ms. No further interactions
were significant (Fs < 1).
Valence ratings for expected action effects (5.5) were signifi-

cantly higher than for unexpected action effects (5.4), F(1, 99) =
5.72, p = .019, η2p = .05. They were not significantly affected by
button type or the interaction between expectancy and button type
(Fs < 1).

Experiment 6: Does Statistical or Conceptual Expectancy
Shape Affective Evaluation?

In Experiment 6, we employed an even more extreme manipu-
lation of statistical expectancy, with two buttons producing a likely
congruent effect (50% vs. 16.7% for each incongruent option) and
the remaining two buttons producing a likely incongruent effect
(50% vs. 16.7% for the two remaining incongruent options and the
congruent option).
Responses were not significantly affected by expectancy (expected

action effects: 560ms vs. unexpected action effects: 562ms),F(1, 99)=
3.26, p = .074, η2p = .03, or valence (positive target words: 561 ms
vs. negative target words: 561 ms), F < 1. Similarly, responses did
not differ significantly after buttons with a likely congruent effect
(561 ms) and after buttons with a likely incongruent effect (561 ms),
F < 1. A significant interaction between expectancy and button type,
F(1, 99)= 7.17, p = .009, η2p = .07, indicated expectancy effects after
buttons with a likely congruent effect, t(99) = 2.91, p = .002, dz =
0.29, Δ = 6 ms, but no such effect after buttons with a likely
incongruent effect (t< 1,Δ< 1ms). A significant interaction between
valence and button type, F(1, 99) = 11.42, p = .001, η2p = .10,
indicated opposing effects of valence on response times after buttons
with a likely congruent effect, t(99)= 1.46, p= .074, dz= 0.15,Δ= 4
ms, and a likely incongruent effect, t(99) = 1.66, p = .050, dz = 0.17,
Δ = 5 ms. Most importantly, a significant interaction between
expectancy and valence, F(1, 99) = 13.42, p < .001, η2p = .12,

indicated faster responses to positive words compared to negative
words after expected effects, t(99) = 2.09, p = .020, dz = 0.21, Δ = 6
ms, and a difference in the opposite direction after unexpected effects,
t(99)= 2.00, p= .024, dz= 0.20,Δ= 7ms. The three-way interaction
between all factors was not significant (F < 1).

Valence ratings for expected action effects (5.3) were signifi-
cantly higher than for unexpected action effects (5.1), F(1, 99) =
13.47, p < .001, η2p = .12. They were not significantly affected by
button type or the interaction between expectancy and button type
(Fs < 1).

Exploratory Analyses

As an exploratory analysis, we compared the affective aftereffects
of expected and unexpected action–effect episodes between free-
and forced-choice trials. We did so to test the robustness of our
results across different study designs. Furthermore, as there was no
stimulus in free-choice trials, this manipulation allowed us to further
explore the relevance of stimulus–response and stimulus–effect
correspondence for the affective evaluation of action–effect epi-
sodes. To do so, we calculated the same analyses for our implicit and
explicit measure as reported above but included choice (free-choice
vs. forced-choice) as an additional within-subjects factor. As there
were no free-choice trials in Experiment 1, these analyses were only
conducted for Experiments 2–6. The same exclusion criteria as for
our preregistered analyses were applied (note that the increased
number of available trials led to the inclusion of a few participants
who were excluded from the main analysis). To keep it brief, we will
focus on those statistics in which the factor choice modulated our
main results (i.e., interactions between expectancy, valence and
choice in RT2, and interactions between expectancy and choice in
valence ratings).

In Experiments 2, 4, 5, and 6, there was no three-way interaction
between expectancy, valence, and choice for RT2 (Fs < 1).
However, said interaction was found in Experiment 3, F(1, 99) =
4.52, p = .036, η2p = .04, indicating a significant interaction of
expectancy and valence only for forced-choice trials, F(1, 99) =
11.46, p= .001, η2p = .10 (as reported above), but not for free-choice
trials (F < 1). Similarly, there was no two-way interaction of
expectancy and choice for valence ratings in Experiments 2, 3, 4,
and 6 (Fs ≤ 2.29, ps ≥ .133, η2ps ≤ .02). However, said interaction
was found in Experiment 5, F(1, 99) = 7.84, p = .006, η2p = .07,
indicating a larger expectancy effect for free-choice trials, t(99) =
3.78, p < .001, dz = 0.38, Δ = 0.5, compared to forced-choice trials,
t(99) = 2.39, p = .009, dz = 0.24, Δ = 0.1.

Cross-Experimental Analyses

Finally, we conducted a cross-experimental analysis, for which
we pooled the data of all six studies (excluding free-choice trials).
Statistical tests were like our main analyses; however, we included
experiment (1 vs. 2 vs. 3 vs. 4 vs. 5.1 vs. 5.2 vs. 6.1 vs. 6.2) as an
additional between-subjects factor. As the factor button type was
only manipulated in Experiments 5 + 6, we treat the different levels
of this factor as separate studies (i.e., 5.1 + 5.2 and 6.1 + 6.2).

For RT2, we found significant main effects of experiment, F(7,
894) = 40.95, p < .001, η2p = .24; expectancy, F(1, 894) = 213.93,
p< .001, η2p = .19; and valence, F(1, 894)= 6.96, p= .008, η2p = .01.
Furthermore, there were significant interaction effects of experiment
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and expectancy, F(7, 894) = 37.39, p < .001, η2p = .23, and of
experiment and valence, F(7, 894) = 2.21, p = .032, η2p = .02. Most
importantly, in line with our main analyses, there was a significant
interaction of expectancy and valence, F(1, 894) = 61.00, p < .001,
η2p = .06. Finally, there was also a significant three-way interaction
of all factors, F(7, 894) = 2.46, p = .017, η2p = .02, which indicates
differences in the interaction between expectancy and valence
between the experiments, as described in the main analysis.
For valence ratings, there was a significant main effect of

experiment, F(7, 894) = 2.42, p = .019, η2p = .02, and, in line with
our main analysis, also for expectancy, F(1, 894) = 47.39, p < .001,
η2p = .05, Finally, both factors interacted with each other, F(7, 894)=
2.31, p = .025, η2p = .02, again highlighting the differences in
expectancy effects between experiments as described in the main
analysis.

Discussion

The present research provides systematic evidence that action–
effect expectancy elicits an affective signal, which may serve as a
fundamental mechanism underlying human behavior. In six pre-
registered experiments, participants produced effects with either
high (i.e., congruent to the conducted action) or low expectancy (i.e.,
incongruent to the conducted action). We measured induced affect
via implicit (i.e., affective priming) and explicit measures (i.e.,
valence ratings).
In Experiment 1, producing expected compared to unexpected

effects led to enhanced positive affect (implicitly and explicitly). For
our implicit measure, this effect persisted when stimulus–response
(S–R) and response–effect (R–E) correspondence were reduced
(Experiments 3–6) and could not be explained by mere visual
mismatch (Experiment 4; see Dreisbach & Fischer, 2012) or sta-
tistical expectancy (Experiments 5+ 6). The effect disappeared only
when S–R, R–E, and stimulus–effect (S–E) correspondence were
simultaneously reduced (Experiment 2). In contrast, for explicit
valence ratings, such an effect still occurred when correspondence
between all task events was attenuated (Experiment 2) but vanished
when the expected effect was not more likely to occur than an
unexpected one (Experiments 5 + 6).
As an exploratory analysis, we tested how these effects differ

when participants are not instructed to click a specific button but
freely choose between all four options. Overall, choice had little
influence on our findings, supporting the robustness of our results.
Only for Experiment 3, the effect on our implicit measure differed
between free- and forced-choice trials. As in this study, effects were
layered on top of the stimulus symbols, the additional visual
mismatch between stimulus and effect in forced-choice trials may
have amplified affective evaluation of respective episodes. Yet, as
the present experiments were not explicitly designed to test for an
influence of choice and contained only a small share of free-choice
trials, this aspect should be closer investigated in future research.
Our findings align with earlier research indicating that the con-

firmation of specific sensory predictions facilitates subsequent re-
sponses (“reinforcement from sensorimotor predictability”; Hemed
et al., 2025; Karsh et al., 2016). If participants in Task 1 of our
studies predicted that clicking a given symbol would produce a
congruent effect, this could explain why responses in Task 2 were
faster if this prediction was (vs. was not) fulfilled. However, we did
not only find overall faster responses for high versus low expectancy

trials but, more importantly, also an interaction of expectancy and
the valence of the target word in Task 2. That is, a larger response
time benefit for positive over negative target words emerged for high
compared to low expectancy trials, indicating that high expectancy
trials elicit relatively more positive affect.

This outcome could be interpreted in twoways:2 First, participants
may have perceived the production of a stimulus-congruent effect as
the goal of the task, and achieving (vs. not achieving) this goal
induced relatively more positive affect. This interpretation would be
in line with earlier research, suggesting that goal-related stimuli are
automatically evaluated (and this evaluation may serve as an index
of goal strength; Ferguson, 2007), thus facilitating instrumental
responses (Bindra, 1968). Second, our findings may suggest that all
action–effect episodes are evaluated on an affective scale, inde-
pendent of the action’s outcome (i.e., whether a goal was achieved or
not). One way to disentangle both possibilities would be to introduce
small random variations of expected effects (see, e.g., Hemed et al.,
2025). In this case, a perfect prediction of the action effect would not
be possible anymore, which should reduce the overall facilitation
of responses in following trials. If this manipulation has a similar
influence on an affective level, this outcome would support the
second interpretation (outcome-independent evaluation). In this case,
affective evaluation of action–effect episodes could be interpreted as
a novel behavioral marker of reinforcement.

Our results complement previous, purely cognitive models in this
field by indicating that affective evaluation of action–effect episodes
represents an essential component of human action control. Frame-
works like the theory of event coding (Hommel et al., 2001) or binding
and retrieval in action control (Frings et al., 2020) propose that
perception and action are bound into integrated event files via shared
feature codes. Our research suggests that affective experiences are
crucial features that are also bound or that these bindings are affec-
tively weighted, based on expectancy fulfillment. Similarly, ideomotor
theory (James, 1890) assumes that actions are controlled by antici-
pation of respective effects, thus enabling goal-directed behavior
through effect-based action selection (e.g., Janczyk & Kunde, 2020).
Our findings imply that such anticipationmay be affectivelymotivated
(Leotti et al., 2010), which could explain performance benefits before
(prospective performance benefits) and after (retrospective perfor-
mance benefits) such rewarding effects. That is, certain actions may
not (only) be facilitated because anticipating an expected action effect
is easier than an unexpected one (e.g., Janczyk & Kunde, 2020) but
simply because people anticipate positive affect linked to this action.
In line with such reasoning, earlier research suggests that prior
negative experiences promote avoidance behavior (Nikitin & Freund,
2010) and anticipating negative affect hampers subsequent perfor-
mance (Greitemeyer, 2009). Similarly, performance after the pro-
duction of an expected action effect may be improved simply due
to the induced positive affect, without the necessity of other
explanatory mechanisms like response or effect monitoring (for an
overview, see Wirth, Janczyk, & Kunde, 2018). Future research
should put these assumptions to closer investigation and examine
how exactly elicited affect is linked to performance benefits
(prospective and retrospective).

Yet the implications of our findings may extend beyond basic
action control to various domains inside and outside of psychology.
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2 We thank Baruch Eitam for suggesting these possible interpretations of
our results.
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For instance, our results could help to explain a paradox long
recognized in motivational psychology: Why do humans engage in
extensive goal-directed behavior when simpler strategies might
suffice (see Inzlicht et al., 2018)? Our results suggest that action–
effect contingencies themselves can be affectively motivating, or put
differently, the experience of predictability in producing effects may
be fundamentally rewarding. While perceived control was not
directly measured in our studies, this connects to the broader lit-
erature on intrinsic motivation and sense of agency, indicating a
bidirectional link between the perception of being in control over
your environment and positive affect (Leotti & Delgado, 2011;
Leotti et al., 2010; Reis et al., 2022, 2023; Ryan & Deci, 2000).
Applied to educational and organizational settings, this would imply
that tasks should be structured to provide clear, predictable action–
effect contingencies, to promote engagement, persistence, and
performance. For instance, learning to play an instrument, master a
sport, or develop professional expertise all depend on developing
accurate predictions of how actions produce effects. Our findings
suggest that this learning process may be inherently affective:
As learners develop expectations and repeatedly confirm them,
they experience positive affect, which may reinforce continued
engagement and deeper skill development. Conversely, tasks with
ambiguous causality or unpredictable outcomes may undermine
motivation because they fail to produce the affective rewards of
experienced control. Finally, from a clinical perspective, feelings
of helplessness, loss of control, and inability to predict the con-
sequences of one’s actions are hallmarks of depression, anxiety, and
trauma (e.g., Maier & Seligman, 1976). Our findings suggest that
these psychological disorders may partly reflect disrupted affective
evaluation of action–effect contingencies. Therapeutic interventions
that help individuals to establish or restore predictable action–effect
relationships (e.g., through behavioral activation, exposure-based
therapies, or cognitive restructuring) may work in part by restoring
positive affective responses to self-produced action–effect episodes.
Our implicit and explicit measure did not always provide con-

sistent results. On one hand, such differences may be rooted in
structural differences between both measures (see Payne et al.,
2008). On the other hand, this result pattern may reflect different
cognitive processes that underlie implicit and explicit judgments.
While implicit evaluations are rather based on automatic and
associative processes, explicit evaluations mainly reflect proposi-
tional processes (Gawronski & Bodenhausen, 2014). Due to these
differences, it is not uncommon to obtain diverging results for
explicit and implicit evaluations (see, e.g., Chen et al., 2018; Nosek,
2005). In the present context, statistical expectancy (i.e., the like-
lihood that a congruent effect appears) may be more important for
explicit evaluations (see Experiments 5 + 6), while the corre-
spondence of different task events may be of higher relevance for
implicit evaluations (see Experiment 2).
Our results provide several avenues for future research. Prior

studies not only found performance benefits for high-expectancy
episodes in terms of S–E correspondence but also regarding spatial
(e.g., pressing the right key makes an effect occur on the right side of
the screen; Kunde, 2001) or temporal correspondence (e.g., an effect
occurs immediately instead of delayed; Dignath et al., 2014).
Possibly, such findings could also be explained by relatively more
positive affect caused by such compatibility (see also Karsh et al.,

2016). Moreover, it should be investigated which part of the action–
effect episode evokes this affective signal: (a) The stimuli that
signals the possibility of an upcoming expected versus unexpected
effect, (b) the response that will produce the effect, or (c) the
expected versus unexpected effect itself.

Conclusion

With these experiments, we demonstrate that action–effect
expectancy consistently elicits an affective signal, providing a novel
explanation for established performance benefits in goal-directed
behavior. By showing that expected action outcomes induce pos-
itive affect in both implicit and explicit evaluations, the findings
underline the fundamental role of affect in human behavior. These
insights not only enrich cognitive models but also offer practical
implications for designing environments that foster motivation and
agency through predictable action outcomes.

Constraints on Generality

While our experimental approach comes with high internal
validity, it may not fully capture the embodied nature of action–
effect relations in naturalistic contexts. Furthermore, all studies were
conducted online, and our samples exclusively consisted of
U.K.-based adults with access to a computer. We decided on such a
homogenous sample to limit random between-subject variance and
thus increase statistical power. Furthermore, for Experiments 2–6,
participation was limited to right-handers. Future research should
thus investigate interindividual (e.g., cross-cultural) differences
regarding our findings.
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