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Motivation biases behavior but not
perception

Check for updates

Christian Wolf 1 , Markus Lappe 1 & Hugh Riddell 2,3

Why do people differ in their perceptual judgment despite observing the same situation? According to
“motivated perception”, a person’s motivation can alter how the brain interprets incoming sensory
information. Yet, empirical support remains mixed, often due to methodological confounds. Here, we
systematically tested whether motivation alters perception or whether it instead biases behavior.
Across four experiments, weassessed thequality andquantity ofmotivation (self-concordance, value)
and two key dimensions of perception: bias and sensitivity. Moreover, we tested two potentially
mediating mechanisms (gaze position, spatial attention) as well as an implicit perceptual measure.
Using smooth pursuit eye movements as an implicit measure of motion perception, we show that
motivationbiases responseswithout altering perception (Experiment 2, n = 20).Changes in perceptual
sensitivity (Experiment 1, n = 60) and perceptual bias (Experiments 3–4, n = 16 and 24) only arise when
participants can freely select their gazeposition in response to uncertain or ambiguous visual displays.
Our findings therefore challenge the notion of “motivated perception”. Instead, they suggest that
motivation shapes how we look and respond – but not how we perceive.

Imaginewatching a soccermatch inwhich a shot hits the goal line, leaving it
ambiguous whether the ball fully crossed the line. According to accounts of
motivated perception1–4, observers are more likely to perceive the ball as
having crossed the line when the apparent goal favors their own team.
Motivated perception refers to phenomena suggesting that the process
responsible for initiating and maintaining goal pursuit (i.e., motivation)
influences how the brain constructs a representation of the environment
from incoming sensory information (i.e., perception). Indeed, motivation
has been described to change reported percepts of world events, covering
vision5–9, audition10, and olfaction11. For example, Balcetis and Dunning6

told people that the category of animal images (farm animal versus sea
creature)would predictwhether theywould receive a pleasant or unpleasant
food item after the experiment. The crucial image shownwas an ambiguous
seal-donkey figure, and most people reported perceiving the animal asso-
ciated with the pleasant item.

Work questioning motivational effects on perception12–16 explains
these effects by demand characteristics and methodological pitfalls. A key
challenge is distinguishing perception from report. When confronted with
the same objective situation, differences between people may arise because
their motivation alters their perception, biasing how sensory input is
interpreted. Alternatively, people perceive the same thing, yet report or
respond differently to align with a desired outcome. Thus, the question
remains: doesmotivation change perception, or does it change behavior? In
laboratory experiments, motivated perception is typically studied using

ambiguous or near-threshold stimuli, which allow researchers to capture
subtle, often unconscious biases that participants themselves might not be
aware of. However, because most experiments rely on perceptual reports
from participants, teasing perception and response apart can be difficult.

How then can we dissociate perception and response? One approach
uses computational modeling to identify latent variables. Signal-detection
theory17 separates bias from perceptual sensitivity but cannot distinguish
whether a bias reflects altered perception or response strategy. Similarly,
drift-diffusion modeling18 interprets changes in the starting point of evi-
dence accumulation as response bias, and changes in the rate of evidence
accumulation (drift rate) as perceptual19–21. Yet even this distinction is not
clear-cut: First, changes in the drift rate can be explained by dynamically
evolving response biases22,23. Second, changes in the drift rate can also be
observed in studies investigating reward-based motor decisions24–26 (rather
than perceptual judgments), suggesting that changes in the drift rate might
instead reflect changes in motivation – and not changes in perception.

A second approach relies on neural or behavioral correlates of per-
ception. Neuroimaging can unveil perceptual processing, but is also sensi-
tive to reporting demands27,28. A promising alternative involves implicit
behavioral readouts – such as smooth pursuit eye movements – which
reflect perceptual processing without requiring explicit judgments27,29,30.
Because they unfold online and continuously, such measures provide a
unique window into perceptual dynamics, relatively uncontaminated by
post-perceptual processes.
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If motivation indeed shapes perception, then their relationship might
be more nuanced than biasing the interpretation of incoming sensory
information. First, motivation may not impinge directly on perception, but
motivational effects may be mediated by processes such as attention and
gaze. Motivation can modulate visual selective attention31, which in turn
alters perceptual processing32,33. Similarly, in visual tasks, motivation man-
ifests in more accurate eye movements24,25 that in turn support perceptual
fidelity34,35. Second, any motivational effect on perception might not
necessarilymanifest as aperceptual bias, but could instead affect another key
perceptual dimension: sensitivity – that is, how well something is perceived
rather than what is perceived. Such effects are particularly plausible con-
sidering the vast differences in visual sensitivity across the visualfield36,37 and
attentional modulations thereof 32,33. Finally, any relationship between
motivation and perception might not necessarily be about motivational
quantity (i.e., whether or how much somebody is motivated), but about
motivational quality (i.e., why somebody is motivated). Contemporary
theories such as Self-Determination Theory38,39 emphasize the importance
of motivational quality rather than quantity for initiating, sustaining, and
benefiting fromgoal-directedbehavior.Critically, internallymotivated goals
(commonly termed self-concordant40) producemore effective goal-directed
behavior than externally motivated ones41. Despite this, most motivated
perception studies to date have focused on motivational quantity only.

The aim of the current study was to put the relationship between
motivation and perception to a clear and rigorous test. Across four
experiments, we assessed distinct motivational facets (value, self-con-
cordance) and two key dimensions of perception (bias, sensitivity), while
simultaneously controlling for possible mediating processes (gaze position,
spatial attention) and distinguishing perceptual and response biases. We
hypothesized that if the notion of motivated perception was correct, moti-
vation should directly influence perceptual sensitivity or perceptual bias.
Alternatively, if the apparent relationship between motivation and per-
ception arises frommediatingprocesses, differences inperceptual sensitivity
and bias should be explained by factors such as gaze position, spatial
attention, or response biases. Our results provide strong, convergent evi-
dence that motivational value biases behavior – response behavior and gaze
behavior. Gaze behavior, in turn, explains differences in perceptual sensi-
tivity, or the perceptual biases found with ambiguous stimuli.

Methods
Transparency and openness
We report all data exclusions, manipulations, and measurements, and jus-
tify sample sizes. Hypotheses, dependent variables, sample size justification,
trial number, and analysis plan of Experiment 1 were preregistered (https://
doi.org/10.17605/OSF.IO/Q79HR) on 2023-10-19, prior to data collection
(starting 2023-10-27). Deviations from the preregistration arementioned in
the “Methods” section and/or Supplementary Table 1. Experiments 2–4
were not preregistered.

Participants
We recorded data of 60 healthy adults for Experiment 1 (M = 22 years,
SD = 4.8; range: 18–51, 10 males, 50 females; see Supplementary Note 1).
Experiment 2 was piloted with two naïve participants, yielding an effect size
of d = 6.39 (paired t-test, psychophysical bias versus oculomotor bias). A
power analysis using G*Power 3.142 indicated that three participants would
be required to detect this effect (two-tailed paired t-test, alpha = 0.05,
power = 0.95). To ensure normality and to provide robust findings, we
decided to record 20 participants (age range: 20–34, 6 males, 14 females).
Experiments 3 and 4 included convenience samples of 16 (age range: 20–33,
4 males, 12 females) and 24 participants (age range: 19–27, 4 males, 20
females). Participants from all experiments were undergraduate students
from the University of Münster and were reimbursed with course credit or
8€/h. Additionally, participants of Experiments 1 and 2 received a
performance-related payment (Experiment 1: 0.50–2.60€, median = 1.70€;
Experiment 2: 6.60–9.40€, median = 8.40€).

The experimental procedure was approved by the local ethics com-
mittee (ID: 2023-47-ChW), and all experiments were conducted in accor-
dance with this approved protocol and the Declaration of Helsinki. All
participants provided written informed consent before testing. Gender was
assessed using self-report. No data on ethnicity or socioeconomic status
were collected.

Motivation quality (C-RAI)
Following Self-Determination Theory39, motivation quality was assessed
using the Comprehensive Relative Autonomy Index (C-RAI)43, a validated
24-item scale, comprising subscales of autonomous and controlled moti-
vation. Self-concordance was calculated by taking the difference between
autonomous and controlled motivation subscales. Raw scores were
z-standardized for analysis.

The item stems were adapted to suit each experimental task, and
participants of all experiments filled out the questionnaire after a brief demo
to familiarize themwith the task.We translated the scale intoGerman using
a forward-back procedure44. The translated subscales demonstrated good
reliability in all experiments (αcontrolled = 0.79–0.84,
αautonomous = 0.81–0.91). More details on the translation process are avail-
able in theSupplementaryMethods.The translatedscale is publicly available
(https://doi.org/10.17605/OSF.IO/2S5V6).

Experiment 1 (sensitivity experiment)
Stimuli and setup. In Experiment 1, we used four different stimulus
categories (Fig. 1): (i) a pre-saccadic disc, two post-saccadic targets
containing either (ii) only noise or (iii) an additional digit covered in
noise, and (iv) Gabor gratings. The former three were used in eye
movement trials, the latter in attention trials.

The pre-saccadic disc (2° diameter) was slightly darker (4.9 cd/m2)
than the background (8.75 cd/m2). Post-saccadic targets contained lumi-
nance noise, maximal within the central 0.71° (21 pixels) and gradually
fading toward the disc periphery. Noise values were Gaussian and inde-
pendent for each pixel.

Half of the post-saccadic targets additionally contained one of eight
digits (1, 2, 3, 4, 6, 7, 8, 9) covered in noise (Fig. 1A). Digit luminance was
either brighter (~8 cd/m2) or darker (~2 cd/m2) than the disc. For digit
pixels, noise strength was reduced to 20%.

Gabor gratings (1.2 cycles/deg)were seen through aGaussian envelope
(sd = 0.3°) and tilted by ±10° relative to vertical. Grating contrast was
initially set to 0.82 (Michelson contrast). Two QUEST staircases45 (one per
location) subsequently controlled the Michelson contrast within a range of
0.01–0.9, using a prior contrast of 0.2 (sd = 0.3), derived from piloting.
Stimuli were presented using the Psychtoolbox46 in MATLAB (The Math-
Works, Natick, MA). Eye position of the right eye was recorded at 1000 Hz
using the EyeLink1000 (SR Research, Mississauga, ON, Canada) and the
EyeLink Toolbox47.

Eye movement trials. At trial onset, a fixation cross appeared 6° left of
the screen center (Fig. 1B). After a random interval, a gray disc appeared
12° to the right. Provided that participants made a saccade that crossed
the vertical monitor midline, they were free to look anywhere. Once the
horizontal gaze position crossed the vertical monitor midline, the pre-
saccadic disc split into the two post-saccadic disks, vertically separated by
6° (±3° from the horizontal monitor midline). Each disc contained visual
noise, with or without an embedded digit, shown for 307 ms. Afterwards,
one disc remained on screen (without any stimulus or noise), indicating
to participants to report the digit presence/absence for this disc using the
keyboard. After the participants’ response, the obtained score per trial
was shown for 107 ms as feedback. Correct “digit absent” responses
yielded 5 points, whereas correct “digit present” responses yielded points
equal to the digit’s value. If incorrect, 5 points were subtracted. Collected
points were transformed into a monetary reward at the end of the
experiment (500 points = 1€).
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Crucially, one post-saccadic disc mostly contained high-value digits
(>5),whereas the otherdiscmostly contained low-valuedigits (<5).We refer
to these disks as high-value and low-value targets, respectively. The two
locations were balanced across participants. Digits were randomly drawn
from a normal distribution: For the high-value (low-value) target,
approximately 75% (25%) of digits were above 5, with the digit 7 (3) being
the most frequent digit for most participants. Digit value and digit presence
were independent across disks. We made it explicit to participants that (i)
one location mostly contained high-value digits, whereas the other location
mostly contained low-value digits, (ii) which disc was high value and which
disc was low value, and (iii) that knowing a digit was present/absent for one
location did not provide any information about the other location. Hence,
participantsweremotivated toperceive a digit at thehigh-value location and
no digit at the low-value location. Nonetheless, they could maximize their
monetary reward if they responded accurately20,21.

The experiment comprised 500 trials (400 eye movement trials, 100
attention trials), randomly interleaved. Prior to the main experiment, par-
ticipants completed a 30-trial demo (24 eye movement trials, 6 attention
trials) that was easier than the actual experiment (longer stimulus pre-
sentation, higher contrast) but approached the experimental difficulty
throughout the demo. The only possible score that could be obtained or
lost was ±5.

Attention trials. During attention trials (Fig. 1C), participants fixated the
fixation cross while a Gabor grating was shown at one of the two post-
saccadic locations (40 ms). Afterwards, a vertical bar appeared at that
location, and participants indicated whether the grating was tilted
clockwise or counterclockwise. Correct and incorrect responses yielded
±5 points, respectively. There were 50 trials for each location.

Data analysis. Saccade onsets and offsets were defined using the Eye-
Link1000 algorithm. Perceptual responses in eye movement trials were

analyzed using signal-detection theory17, yielding criterion (response
bias) and d′ (perceptual sensitivity) separately for the high- and low-value
target location.

In attention trials, we measured contrast thresholds for each location
using theQUESTprocedure45, resulting in a posterior distribution.We used
the posterior’s mean as an index of contrast thresholds. Given that means
were not normally distributed, we deviated from our preregistered analysis
plan and computed a normalized difference score instead: the attentional
imbalance. The attentional imbalance, Δattention, was computed as:

Δattention ¼
ðMlow �MhighÞ
ðMlow þMhighÞ

ð1Þ

Thus, Δattention values > 0 indicate higher thresholds (i.e., worse per-
formance) at the low-value location.

Inferential statistics were carried out in JASP 348 and R. To test the
effects of motivational value (i.e., difference between high-value and low-
value location) on criterion, d′, attentional imbalance, and saccade end-
points, we used one-sided t-tests, as our preregistered hypotheses regarding
motivational value were directed. To assess the relationship between two
variables (non-directed hypotheses), we used linear regressions. We based
our conclusions on frequentist statistics but supplementedour analyseswith
the equivalent Bayesian test using default priors. Bayes Factors (BF10) > 1
favor the alternative, and values < 1 favor the null-hypothesis, with values
between 0.33 and 3 typically considered inconclusive or anecdotal
evidence49.

Assumptions of normality were assessed by visually inspecting data
distributions. Except for the contrast threshold measure described above,
the data were approximately normally distributed.

Fig. 1 | Experiment 1: stimuli and trial procedure. A Example stimuli used in eye
movement trials. Half of the post-saccadic targets contained a digit (Helvetica font;
approximately 0.5° height) embedded in noise. Digits could be either brighter (upper
example) or darker (lower example) than the background disc. B Trial procedure in
eyemovement trials andC trial procedure in attention trials. Red dashed circles (not

shown during actual experiment) denote an example gaze position on the initial
fixation cross and during stimulus presentation. In attention trials, participants
reported the perceived orientation of the grating by selecting one of two orientations
of the white bar.
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Experiment 2 (bias experiment)
Stimuli, procedure, and design. Participants pursued two successively
presented moving dots and indicated whichmoved faster. First, a red dot
(0.5° diameter) appeared at the screen center. After a random interval, the
dot was displaced 1° to the left and moved rightward (step-ramp-
paradigm50). Thereafter, a second dot appeared and moved similarly. A
central “1 or 2?” signaled participants to respond. Motion durations
varied (540, 720, 900 ms) to avoid judgments about final position, rather
than velocity. We explicitly told participants that neither the dots’ final
position nor their presentation duration is informative about their
velocity.

We used the method of constant stimuli: one dot, the standard sti-
mulus, moved with 8°/s, whereas the comparison moved with one out of
nine possible velocities (4, 6, 7, 7.5, 8, 8.5, 9, 10, or 12°/s). Each block
contained 216 trials, consisting of 36 trials for each of the threemost difficult
comparisons (7.5, 8, 8.5°/s) and 18 trials for each of the remaining ones.
Stimulus order, motion duration, and comparison velocity were balanced.

Participants completed two blocks. In the second (biased) block, par-
ticipants received an additional response-contingent reward. Importantly,
reward magnitude depended on the chosen response: Half of the partici-
pants received a largemonetary reward (10 cents) when correctly indicating
the first stimulus as faster, and a small reward (1 cent) for correctly indi-
cating the second stimulus as faster (reversed for the other half). Consistent
with Experiment 1 and prior studies on “motivated perception”20,21,51, par-
ticipants made the most money if they responded accurately. Participants
completed eight unbiased practice trials of random velocities before the
experiment.

Data analysis. Eye velocity was obtained by differentiating eye position.
Position and velocity signals were filtered using Butterworth filters, and
saccades were removed from velocity traces using linear interpolation.
Pursuit velocity was averaged 250–500 ms after target onset. To assess
oculometric functions52, we computed the proportion of trials in which
comparisons were pursued faster than the standard. Psychometric/ocu-
lometric functions were fit using psignifit453 in MATLAB R2021b (The
Mathworks, Natick, MA, USA). For each participant, we fitted four
psychometric and four oculometric functions, one for each combination
of stimulus order (standard first vs second) and block (unbiased vs
biased). We computed two bias indices derived from points of subjective
equality (PSE): the psychophysical bias and the oculomotor bias.
Therefore, we computed the PSE difference from the biased block, rela-
tive to the same difference from the unbiased block. Values > 0 indicate
that participants more frequently pursued (oculomotor bias) or reported
(psychophysical bias) the highly rewarded stimulus. Normality was
formally tested using the Shapiro–Wilk test. Bias indices were compared
against 0 using one-sample t-tests and against each other using a paired-
sample t-test.

Experiments 3 and 4 (ambiguity experiments)
We conducted two experiments using ambiguous stimuli. Experiment 3
tested whether spontaneous and intentional reversals in perception are
accompanied by differences in gaze position. Experiment 4 tested whether
enforced differences in gaze position bias perception.

Stimuli. Both experiments used ambiguous visual illusions and compo-
site images. Illusion stimuli included the seal-donkey illusion (also
known as the horse-seal figure), the duck-rabbit illusion, the young-
woman-old-woman illusion (also known as “Mywife andmymother-in-
law”), and the B-13 illusion, obtained from publicly available online
resources (Google image search). Stimuli were displayed with a size of
19.4 × 19.8° (seal-donkey), 19.4 × 12.9° (duck-rabbit), 11.6 × 15.9°
(young-old woman), and 11.6 × 10.56° (B-13). Composite stimuli were
created bymorphing face andhouse images. Face imageswere taken from
the Chicago Face Database54, house images were taken from the SUN
database55. For Experiment 3, 30 composite stimuli were created with

equal contributions of face and house information. For Experiment 4, we
selected four composite stimuli and varied the relative face-house pro-
portion (0.2, 0.33, 0.42, 0.48, 0.5, 0.52, 0.58, 0.66, 0.8). Composite images
were displayed with a size of 19.4 × 19.4°.

For each stimulus used in Experiment 4, we had pre-selected two
diagnostic image locations that were preferentially chosen by participants in
Experiment 3. For the composite stimuli, selected house features overlapped
with the face in the image.

Procedure and design. Experiment 3 consisted of 34 trials, each com-
prising three phases. At the beginning of each trial, text indicated the two
possible percepts (e.g., “seal versus donkey”). In Phase 1 (spontaneous
perception), participants freely viewed the stimulus and continuously
reported the currently dominant percept via button press. This phase
captured spontaneous perceptual reversals and ended when participants
pressed the space bar. In Phases 2 and 3 (intentional bias), participants
were instructed to bias their perception toward one of the two possible
percepts. Once successful, participants pressed the space bar and were
asked to maintain their percept for the remaining 2500 ms of stimulus
presentation. The trial order was randomized across participants.

Experiment 4 tested whether enforced fixations on diagnostic image
features bias perception. It comprised twoblocks: an illusionblock (40 trials)
and a composite block (560 trials). In both blocks, stimuli were viewedwhile
participantsfixated on one of two predefined image locations. At trial onset,
a fixation cross was displayed on the screen. Once participants looked at the
fixation cross, the image appeared for 307ms or once participants’ gaze
moved more than 1.5° away from the fixation location. The image location
on the screen was jittered by introducing a random horizontal (-1, 0, +1°)
and vertical offset (-1, 0,+1°).

In the illusion block, each stimulus was shown 10 times (five times per
fixation location) in a random order. Participants reported which percept
was dominant in their perception. The composite block contained 280 trials
for each fixation location (and thus for each psychometric function). Par-
ticipants indicatedwhether the faceor thehousehadahigher intensity in the
image. For each fixation location, the difficult intensity proportions (0.42,
0.48, 0.5, 0.52, 0.58) were repeated 40 times, and the easier proportions (0.2,
0.33, 0.66, 0.8) were repeated 20 times. The trial order was randomized.

Analysis. To analyze whether spontaneous reversals are preceded by
systematic gaze differences, we measured the gaze distance to diagnostic
image regions associated with face perception56. For composite images,
we used the location between both eyes; for illusion stimuli, we selected
the eyes of the seal, the eyes of the young lady, and the top gap in the B-13
image. Time courses of gaze distances were temporally aligned with
perceptual reversals and compared using a cluster-permutation test.
Therefore, we randomly permuted the assignment between individual
time courses and the dominant perception using 1000 permutations. For
every comparison, we report the sum of t-values, tsum, as an index of the
cluster strength of the original data, the critical cluster value, tcrit, the p-
value, and the time window of the (strongest) cluster. The critical cluster
value is determined by computing the strongest cluster for every per-
mutation and then taking the 95th percentile. The p-value is given by the
proportion of permuted clusters exceeding the cluster strength in the
original data.

To analyze whether gaze positions differ when participants inten-
tionally bias their perception in ambiguous stimuli, we used permutation
tests (1000 permutations) by permuting the assignment between individual
fixation locations and the intended percept. For illusion stimuli, we com-
pared gaze positions between the two percepts. For composite stimuli, we
compared thedistance to the eye regionwhenparticipants perceived the face
or the house. For each permutation test, we report the observed gaze dis-
tance,Δgaze, the p-value, as well as the critical gaze distances,Δgazecrit, thus
the 95th percentile of the permuted gaze distance.

To analyze whether enforcedfixations bias perception (Experiment 4),
we compared perceptual reports to chance (0.5) using t-tests.Normalitywas
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formally tested using the Shapiro–Wilk test. Although the data deviated
from normality, we report t-tests for consistency. Nonparametric tests
(Wilcoxon signed-rank tests) yielded the same conclusion (Supplementary
Table 2). For composite stimuli, we computed two psychometric functions
for each observer using psignifit53, one for each fixation condition. We
compared points of subjective equality using t-tests.

Results
Motivation quantity does not affect perceptual sensitivity after
controlling for gaze position (Experiment 1)
In Experiment 1, participants detected digits embedded within visual noise
(Fig. 1A) – a challenging perceptual task that can best be solved by directly
looking at the stimulus. We simultaneously recorded eye movements as an
index of gaze strategy (Fig. 1B), and assessed contrast thresholds at each
target location as an index of spatial attention (Fig. 1C). The reward
structure was chosen so that participants were motivated to perceive a digit
at the high-value location andno digit at the low-value location, yet accurate
responses maximized their payoff 20,21.

Figure 2 shows the data from a representative participant. We used
signal-detection theory toanalyze response behavior (Figs. 2A, 3A,B) and to
distinguish between bias (criterion) and sensitivity (d′). Mean d′ values
(Mhigh = 0.63, SDhigh = 0.56, Mlow = 0.45, SDlow = 0.49) were not larger for

the high- compared to the low-value location, t(59) = 1.68, p = 0.050,
d = 0.22, 95% CI [−0.04, 0.47], BF10 = 0.997 (anecdotal evidence) (Fig. 3B).
Thus, the difference in perceptual sensitivity did not cross the predefined
statistical threshold. Nevertheless, when sensitivity is compared without
accounting for potential mediating mechanisms, descriptively higher d′
values are observed at the high-value location.

We therefore next analyzed spatial attention and gaze position as
potential determinants of perceptual sensitivity. Attentional performance did
notdiffer between locations, t(59) = 0.118,p = 0.453,d= 0.02,95%CI [−0.24,
0.27], BF10 = 0.155 (Fig. 3C), nor did we find evidence that sensitivity was
related to spatial attention, F(1, 58) = 0.7, p = 0.405, BFM = 0.352 (anecdotal
evidence).Hence,wedidnotfindany evidence that spatial attentionmediates
the effects of motivational quantity on perceptual sensitivity.

In contrast, mean saccade endpoints were biased towards the high-
value location,M= 0.3° (SD = 0.98), t(59) = 2.39,p = 0.010,d = 0.31, 95%CI
[0.05, 0.57], BF10 = 3.85 (Fig. 3D). Participants with an average endpoint
closer to the high-value location had higher sensitivity for that location, F(1,
58) = 23.08, p < 0.001, β = 0.534, BFM = 1506 (Fig. 3E) and lower sensitivity
for the low-value location, F(1, 58) = 20.71, p < 0.001, β =−0.513,
BFM = 681.6. Hence, perceptual sensitivity depended on gaze behavior. A
within-participant analysis yielded the same conclusions (Supplemen-
tary Note 2).

Fig. 2 | Experiment 1: individual data of one representative participant. A Signal-
detection scores (criterion and d′) obtained from behavioral responses in eye
movement trials (n = 1 participant). B C-RAI data (motivation quality). The left
panel shows the average item score for the six subscales (INT intrinsic, IDE iden-
tified, IJP positive introjection, EXT external, AMO amotivated, IJN negative
introjection) with the sum of the former three yielding the value for the combined
scale autonomous (AUT), and the latter three yielding the controlled scale (CON).
The lowest and the highest possible values are denoted by the horizontally dashed

lines. A self-concordance index reflecting motivation quality is given by the differ-
ence between autonomous and controlledmotivation.CVertical saccade endpoints.
Each dot represents one trial; the black line is a running average that was computed
by means of a sliding Gaussian window. Colored horizontal lines denote the
respective target positions. Vertically dashed lines indicate experimental breaks.
D Left panel: Contrast values of the Gabor gratings shown in attention trials over the
course of the experiment, separate for the two QUEST staircases. Right panel: Final
posterior distributions.
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For both target locations, the regressions between d′ and saccade
endpoint yielded a nearly identical intercept (β0 = 0.53; Fig. 3E), suggesting
that differences in sensitivity can be explained by differences in gaze posi-
tion. To test this notion, we compared d′ values after controlling for saccade
endpoints by first regressing d′ on individual saccade endpoints and then
comparing residuals for the low-value and high-value locations. We found
no evidence for differences in perceptual sensitivity when gaze behaviorwas
considered, t(59) = 0.081, p = 0.936, d = 0.01, 95% CI [−0.24, 0.26],
BF10 = 0.142. Importantly, differences in d′ between the high- and low-value
location were significantly reduced after controlling for gaze position,
t(59) = 2.39, p = 0.020, d = 0.31, 95% CI [0.05, 0.57], BF10 = 1.95 (anecdotal
evidence). Taken together, this shows that any apparent motivational effect
on perceptual sensitivity is mediated by gaze behavior.

Motivation quantity biases responses (Experiment 1)
Criterion values (Fig. 3A) were negative for the high-value location, indi-
cating a bias towards reporting digits as present (Mhigh =−0.24,
SDhigh = 0.40), thigh(59) =−4.58, p < 0.001, d = 0.59, 95% CI [0.32, 0.86],
BF10 = 794.89. Criterion values for the low-value target were not sig-
nificantly above zero (Mlow =−0.09, SDlow = 0.42), tlow(59) =−1.65,
p = 0.948, d = 0.21, 95% CI [−0.04, 0.47], BF10 = 0.057. Directly comparing
locations revealed a more negative criterion for the high- compared to the
low-value target, t(59) = 1.78, p = 0.04, d = 0.23, 95% CI [0.03, 0.49],
BF10 = 1.19 (anecdotal evidence), indicating a bias in line with the value

manipulation. However, any effect in the criterion may reflect either a
response bias or a perceptual bias.

Motivation quantity biases explicit but not implicit perceptual
measures (Experiment 2)
Experiment 1 could not distinguish whether motivation induces a percep-
tual bias or a response bias. Experiment 2 aimed to disentangle these two
possibilities using an implicit behavioral readout. We simultaneously
assessed perceptual reports and pursuit eye movements as an implicit
measure ofmotionperception, allowing us to compare biases obtained from
perceptual reports with biases observed in pursuit. Although pursuit and
motion perception can be dissociated57–60, they typically show a substantial
agreement61–63: First, pursuit follows the perceived motion rather than the
retinal stimulus64. Second, compared toperception, pursuit shows a similar52

or even superior65 sensitivity to velocity changes. Third, both can be suc-
cessfullymodeled as resulting from the combination of sensory input with a
zero-velocity prior66–68, suggesting that both operate at a comparable level in
the visual hierarchy. Hence, we reasoned that a perceptual bias should
manifest in both perceptual reports and in pursuit, whereas a response bias
should affect reports only.

Participants pursued two subsequentlymovingdotswith their eyesand
indicatedwhichmoved faster (Fig. 4A,B). In anunbiasedblock, participants
performed the task without anymanipulation regardingmotivation. In this
unbiased condition, smooth pursuit and motion perception showed a

Fig. 3 | Experiment 1: behavioral results. A Violin plots for criterion values
obtained from signal-detection theory for the low (red color) and the high-value
location (turquoise color). Each dot denotes one individual (n = 60 participants), the
solid black line indicates the overall mean. Asterisks below a distribution indicate a
significant difference from 0; asterisks and lines above indicate a difference between
value locations.B d′ for the low- and high-value location (left panel) as well as for the

location that is farther or closer relative to an individual’s mean endpoint. C Left
panel: Attentional thresholds (i.e., the posterior mean). Right panel: attentional
imbalance score. DMean vertical endpoint. The asterisk denotes a significant dif-
ference from 0.ERelationship between eyemovement endpoints and d′, for the low-
value target (left panel) and the high-value target (right panel). Colored lines in (D)
and (E) indicate the respective target positions.
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substantial agreement, r(18) = 0.95, p < 0.001,BF10 = 211. In a second block,
we manipulated participants’ motivation by rewarding them for a correct
response on perceived dot speed, and each participant was motivated to
either perceive the first or the second dot as moving faster.

We computed bias indices from perceptual reports (psychophysical
bias) and frompursuit (oculomotor bias) (Fig. 4C). The psychophysical bias
(Mpsych = 1.75, SDpsych = 1.88), was different from zero, t(19) = 4.165,
p < 0.001, d = 0.93, 95% CI [0.40, 1.45], BF10 = 64.1 (Fig. 4D), highlighting
the presence of a bias. The presence of a similar bias in the oculomotor
domainwouldbe indicativeof aperceptual bias.Conversely, the absenceof a
bias in the oculomotor domain would instead indicate a response bias.
Crucially, we observed no bias in oculomotor responses, suggesting that the
bias found in perceptual reports can be attributed to a response bias. Spe-
cifically, the mean oculomotor bias, (Moculo = 0.04, SDoculo = 1.96), was
significantly smaller than the psychophysical bias, t(19) = 2.897, p = 0.009,
d = 0.65, 95% CI [0.16, 1.13], BF10 = 5.476, and indistinguishable from zero,
t(19) = 0.10, p = 0.921, d = 0.02, 95% CI [−0.42, 0.46], BF10 = 0.233, con-
sistent with motivation biasing response behavior but inconsistent with
motivation biasing perception. Thus, we conclude that the observed psy-
chophysical bias reflects a response bias, not a perceptual bias.

Gaze behavior determines perception in ambiguous stimuli
(Experiments 3 and 4)
The first two experiments showed effects of motivation on perceptual
reports but did not provide any evidence that motivation biases perception
or changes perceptual sensitivity. This contrasts with studies presenting
evidence for motivated perception6,20. We reasoned that a possible expla-
nation for this discrepancymight be the combination of ambiguous stimuli
with differences in gaze position. Based on our finding that motivation

changes gaze position (Experiment 1; Fig. 3), we hypothesized that when
using ambiguous stimuli, for example, drawn visual illusions6 or composite
images20,21,51 (i.e., morphed face-house images), people may select different
gaze positions based on their behavioral goal. These different gaze positions
may, in turn, produce different percepts. Under this view, motivation does
not bias how the incoming sensory input is interpreted; it rather changes the
sensory input itself by behavioral selection.

We tested this hypothesis using three complementary approaches.Our
first approach examined whether spontaneous perceptual reversals are
preceded by changes in gaze position. In our second approach, we tested
whether participants select different gaze positions when intentionally
biasing their perception. Our third approach assessed whether perceptual
biases emerge when gaze position is experimentally enforced. The first two
approaches were tested in Experiment 3, and the third in Experiment 4.

In Experiment 3 (Approach 1), participants freely viewed composite
face/house images or ambiguous visual illusions while continuously
reporting their perception. In composite images, perceptual reversals were
preceded by a shift in gaze position (Fig. 5A), tsum = 7300, tcrit = 765.8,
p < 0.001, time window: [−328ms to 1000ms]. Specifically, participants
reported perceiving the face as more dominant, shortly after looking at the
eye region of the face. Conversely, perceiving the house as dominant was
preceded by gaze shifts away from the eye region. Similar patterns were
observed with all illusions (Fig. 5B), seal-donkey, tsum = 6366, tcrit = 799.5,
p < 0.001, time window: [−282ms to 961ms], duck-rabbit, tsum = 5119,
tcrit = 805.5, p < 0.001, timewindow: [−272ms to 1000ms], young-woman-
old-woman, tsum = 4253, tcrit = 647.8, p < 0.001, time window: [−355ms to
682ms], and B-13, tsum = 1086, tcrit = 581.2, p = 0.014, time window:
[−67ms to 196ms]. This suggests that systematic differences in gaze
position are preceding differences in perception.

Fig. 4 | Experiment 2: motivation biases perceptual reports but not implicit
measures of perception. A Trial procedure. Each trial requires participants to
pursue two moving dots and decide which of the two moved faster. B Pursuit trace
(orange) intervened by a catch-up saccade (black) relative to the moving dot (red).
C Psychometric (blue, left panel) and oculometric (orange, right panel) functions of
one participant in the biased block. This example participant received a higher
reward when correctly indicating that the first dot moved faster. A separate function
was fit for each stimulus order (standard stimulus first, lighter colors, or standard

stimulus second, darker colors). The psychophysical (oculomotor) bias is derived
from the difference in PSE values between the two psychometric (oculometric)
functions relative to the same difference from the unbiased block.D Psychophysical
and oculomotor bias. The black data point denotes the overall mean with 95%
confidence intervals. The diagonal error barmarks the within-participant variability
between the two bias indices and must be compared to the identity line. Gray circles
denote data from individual participants (n = 20 participants).
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Fig. 5 | Experiments 3 and 4: Gaze behavior explains perception in ambiguous
stimuli. A Changes in gaze position precede spontaneous perceptual reversals.
Colors denote the dominant percept after the reversal (time: 0 ms). Shaded areas are
95% confidence intervals. Lines and asterisks indicate a significant difference as
revealed by a cluster-permutation test (n = 16 participants). B Stimuli and fixation
maps from representative individual participants when asked to bias their percep-
tion to one of two possible interpretations (red: face, seal, rabbit, young woman, 13;
blue: house, donkey, duck, old woman. B Each map depicts fixations from a single
participant (participants differ across panels). Each disc represents one fixation, with
the disc size scaling with fixation duration. Composite stimuli (top panel) were
created bymerging face and house images. Face images were taken from theChicago
Face Database (CFD)54, used with permission. House images were taken from the
SUN Database55. The illusion stimuli depicted in the figure were redrawn by the

authors and are not the actual illusion stimuli used in the experiments. C Boxplots
showing the proportion perceptual reports were in line with the forced-fixation
manipulation in the visual illusion stimuli (n = 24 participants). Asterisks denote a
significant difference from chance (t-test andWilcoxon signed-rank).DThe effect of
forced fixations on composite stimuli. Example psychometric functions from one
participant. A separate psychometric function was fit when participants were forced
to fixate on the eye region of the face (red) or on a salient house feature (blue).
Colored vertical lines indicate the points of subjective equality. E Scatter plot of PSE
values (n = 24 participants). The black data point denotes the overall mean with 95%
confidence intervals. The diagonal error barmarks the within-participant variability
and must be compared to the identity line. Gray circles denote data from individual
participants.
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Within Experiment 3 (Approach 2), we also tested whether partici-
pants can voluntarily bias their perceptionof the sameambiguous stimuli by
selecting different gaze positions. We asked participants to voluntarily bias
their perception to one of the two alternatives. Importantly, eyemovements
or gaze position were not mentioned in the instructions. We tracked par-
ticipants’gaze (Fig. 5B) andcomparedgazepositionswhenasked toperceive
one percept (e.g., the seal) or the other (e.g., the donkey). Gaze positions
differed for composite images,Δgaze = 2.85°,Δgazecrit = 0.17°, p < 0.001, the
seal-donkey illusion, Δgaze = 6.21°, Δgazecrit = 2.75°, p < 0.001, the duck-
rabbit illusion, Δgaze = 4.63°, Δgazecrit = 3.29°, p < 0.001, the young-
woman-old-woman illusion, Δgaze = 2.50°, Δgazecrit = 1.93°, p < 0.001,
and the B-13 illusion, Δgaze = 2.37°, Δgazecrit = 1.69°, p < 0.001. This sug-
gests that participants can voluntarily bias their perception by selecting a
different gaze position.

Experiment 4 (Approach 3) then tested the effect in the reverse
direction by examining whether perception is biased when enforcing fixa-
tion on diagnostic image regions. Across the four visual illusions presented,
perception was biased in line with the gaze manipulation (Fig. 5C),
t(23) = 4.12, p < 0.001, d = 0.84, 95% CI [0.37, 1.30], BF10 = 76.45. Sig-
nificant differences were found for B-13, t(23) = 4.16, p < 0.001, d = 0.85,
95% CI [0.37, 1.31], BF10 = 83.41, young-woman-old-woman, t(23) = 3.73,
p = 0.001, d = 0.76, 95% CI [0.30, 1.21], BF10 = 32.27, duck-rabbit,
t(23) = 2.22, p = 0.036, d = 0.45, 95% CI [0.03, 0.87], BF10 = 1.68 (anecdotal
evidence), but not for the seal-donkey figure, t(23) = 1.68, p = 0.107,
d = 0.34, 95% CI [−0.07, 0.75], BF10 = 0.72 (anecdotal evidence).

Lastly, we tested the same notion for composite stimuli. When parti-
cipants were forced to fixate in-between the eyes, a lower face signal was
sufficient for both categories to be perceived as equally strong (Meyes= 0.43,
SDeyes = 0.075) compared to a fixation on a salient house feature,
(Mhouse = 0.49, SDhouse = 0.068), t(23) = 3.28, p = 0.003, d = 0.67, 95% CI
[0.22, 1.11], BF10 = 12.51 (Fig. 5D, E). This shows that differences in gaze
position do not only covary with changes in perception, but that differences
in gaze position are causal in biasing perception, both for visual illusions and
composite stimuli. Thus, all three approaches provided converging evidence
that perceptual biases in ambiguous stimuli can be explained by differences
in gaze position.

No evidence for an influence of motivational quality
Across all four experiments, motivational quality was unrelated to all per-
ceptual and behavioral measures. Further, motivational quality did not
modulate the effect of motivational quantity. Hence, we did not find evi-
dence in support of the idea that motivational quality contributes to the
effects observed in the present studies. The corresponding results can be
found in the Supplementary Figs. 1–4.

Discussion
Our results provided no evidence for a direct link between motivation and
perception. Instead, motivation induced a response bias (Fig. 4) and biased
gaze behavior, which in turn modified perceptual sensitivity (Fig. 3) and
explainedperceptual biases in ambiguous stimuli (Fig. 5). Thus, ourfindings
contradict the motivated perception hypothesis3,6,20 and provide a clear
alternative explanation for many of the findings in this literature: Rather
than changing how the brain interprets the incoming sensory information,
motivation changes how the world is visually sampled and thus alters the
sensory input itself.

The idea that our desires, goals, and motivation change how we per-
ceive the world can be traced back to the New Look movement during the
middle of the last century69. However, these early claimswere disproven and
explained by methodological shortcomings70. Ever since these ideas reap-
peared around the beginning of the current century5,6, there has been an
intense debate as to whether we really do see what wewish to see or whether
these findings reflect response biases12–14,16,71. Our study builds upon this
work, addressing motivated perception from a cognitive neuroscience
perspective19,20,29. By integrating earlier findings on the interplay between
motivation andgaze24–26,72, and between gaze andperception73–76, we provide

evidence that many phenomena that have been attributed to top-down
modulation of perception by motivation may not be as surprising as they
initially seem. Instead, these findings can be explained by response biases
and differences in gaze position. Importantly, we show for the same set of
stimuli that have been used in motivated perception studies that (i) per-
ception is biased depending on the gaze position, that (ii) people select
different gaze positions when they intentionally control their perception,
and that (iii) perceptual reversals are preceded by changes in gaze position –
an observation that has also been made for binocular rivalry74,77. Interest-
ingly, response and gaze behavior can also alter activity in the brain areas
previously reported to be associatedwithmotivated perception20,27,78–83. Our
results, therefore, raise the question as to whether neuroimaging evidence
for motivated perception may similarly be explained by these mechanisms.

The simultaneous recording of gaze position and spatial attention as
possible mediators between motivation and perception allowed us to dif-
ferentiate between potential explanatory mechanisms underpinning pur-
portedmotivatedperceptual effects.While gazepositionwas themain factor
driving perceptual sensitivity (Fig. 5F), our measure of spatial attention was
unrelated to reports and perception. We aimed to obtain an attentional
measure independent of eye movement preparation by presenting atten-
tional probes before the onset of any peripheral stimuli that could prompt a
gaze shift. This allowed us to detect whether one target location was
attentionally depreciated throughout the experiment. The results suggested
this was not the case. However, this does not rule out the involvement of
attentional mechanisms; rather, it suggests that attention shifts may have
occurred after stimulus onset, in which case theywould likely be reflected in
eye movement endpoints84,85.

Our study concurrently assessed two facets ofmotivation:wemeasured
the self-concordant quality of each participant’s motivation and manipu-
lated the quantity of motivation for perceiving alternative outcomes by
changing the reward structure of the task. Unlike motivational quantity,
motivational quality had no influence on perception and behavior (Sup-
plementary Figs. 1–4). One explanation for these results is thatmotivational
value immediately influences behavior and is therefore reflected in short
experimental tasks, whereas motivational quality is more important for
sustained goal regulation41. While the selected tasks served to study moti-
vated perception with a high degree of experimental control, the tasks
themselves were difficult to reconcile with complex, real-world goals (e.g.,
having a successful career)– the typical target domain of the used self-report
instrument43.

Limitations
Since we had no experimental control over the questionnaire data, one
weakness of our approach to measure motivational quality was that our
sample was quite homogeneous and reported relatively high self-
concordant motivation (115/120 participants had positive self-
concordance indices, reflecting internalized motivation). It is possible that
wider variability in motivation quality would have produced more pro-
nounced differences; however, given that the results acrossmultiple samples
consistently suggest that thedegree of one’s self-concordantmotivation for a
task doesnot contribute tomotivatedperception in thepresent experiments,
we consider it unlikely that the results would have changed with a more
balanced sample. Despite these limitations, we contend that our con-
sideration of both motivational quality and quantity represents a more
encompassing view of motivation than has been taken in the past – a view
that is in line with the contemporary conceptualization ofmotivation in the
social sciences38,39,86.

Perception is shaped by goal-directed behavior
This leaves us with the question of what is perception? In our view, per-
ception is the process of constructing an understanding of the world based
on the activity of our sensors. However, this sensor activity is shaped by an
inherently active, goal-directedprocess:Wemoveourhands so that our skin
receptors provide most information about the material properties we want
to estimate87, we turn our head to better localize sound sources88, and we
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move our eyes to that detail of the visual world that is relevant for us or that
we consider interesting34,35,89. Our research suggests that differences in
perception do not come about because the perceptual systems of different
people interpret the same sensory input differently, colored by desire or
motives. On the contrary, it is this second process, re-directing our sensors
in a goal-directed manner, that can explain individual differences in per-
ceptual judgments when people are confronted with the same situation. A
radiologist might move her eyes differently than her colleague, depending
on her search strategy or depending on what she expects to find90,91, causing
her to perceive what her colleague misses. An experienced driver might
monitor the road and traffic differently92, beingmore sensitive to dangerous
situations. And an expert baseball player might know how to control his
gaze to gather all the relevant visual information to hit the ball93. All these
scientifically examined real-world scenarios describe cases in which people
control their gaze in a top-down manner, thereby altering what they per-
ceive. Our work adds to this by demonstrating that although gaze patterns
are influenced by goals andmotivation, the perceptual construction process
itself is not.

Conclusion
In conclusion, when you watch soccer with others and shout “Goal!” while
someone rooting for the other team insists that the ball didnot cross the line,
the disagreementmaynot stemfrom fundamentally different perceptions of
the same sensory input. Rather, you might have been looking at different
aspects of the event: perhaps your eyeswere drawn to the goal line, while the
other personwas focused on the ball. Even if you both happened to focus on
the same part of the scene and perceive the event in the same way, your
motivation –hoping for a goal –mayhave biased your response towhat you
saw.Ourfindings suggest that such disagreements are not necessarily due to
perceptual distortions – the ball does not appear larger8; the goal line does
not appear closer9 – but rather to differences in overt attention and in how
people respond to ambiguous situations, thereby identifying the behavioral
pathway throughwhichmotivational states influenceperceptual judgments.
In short, motivation doesn’t change how our brains make sense of the
sensory input – it changes where we look, and what we say.

Data availability
The data of all experiments (primary data as well as aggregated data) are
publicly available. Data and material (including the German version of the
C-RAI questionnaire) can be accessed via the Open Science Framework
(https://doi.org/10.17605/OSF.IO/2S5V6).

Code availability
Analysis scripts reproducing the Figures are publicly available. The codewas
written and tested using MATLAB R2021a. Scripts can be accessed via the
Open Science Framework (https://doi.org/10.17605/OSF.IO/2S5V6).

Received: 21 August 2025; Accepted: 15 April 2026;

References
1. Dunning, D. & Balcetis, E. Wishful seeing: how preferences shape

visual perception. Curr. Dir. Psychol. Sci. 22, 33–37 (2013).
2. Sharot, T. Is visual representation coloured by desire? Nat. Hum.

Behav. 3, 891–892 (2019).
3. Cole, S. & Balcetis, E. Motivated perception for self-regulation: How

visual experience serves and is served by goals. In Advances in
Experimental Social Psychology Vol. 64, 129–186 (Elsevier, 2021).

4. Molinaro,G. &Collins, A.G. A goal-centric outlookon learning.Trends
Cogn. Sci. 27, 1150–1164 (2023).

5. Proffitt, D. R., Stefanucci, J., Banton, T. & Epstein,W. The role of effort
in perceiving distance. Psychol. Sci. 14, 106–112 (2003).

6. Balcetis, E. & Dunning, D. See what you want to see: motivational
influences on visual perception. J. Pers. Soc. Psychol. 91, 612–625
(2006).

7. Radel, R. & Clément-Guillotin, C. Evidence of motivational influences
in early visual perception: hunger modulates conscious access.
Psychol. Sci. 23, 232–234 (2012).

8. van Koningsbruggen, G.M., Stroebe,W. & Aarts, H. Through the eyes
of dieters: Biased size perception of food following tempting food
primes. J. Exp. Soc. Psychol. 47, 293–299 (2011).

9. Balcetis, E. & Dunning, D. Wishful seeing: more desired objects are
seen as closer. Psychol. Sci. 21, 147–152 (2010).

10. Mayor Poupis, L. Wishful hearing: the effect of chronic dieting on
auditory perceptual biases and eating behavior. Appetite 130,
219–227 (2018).

11. Shanahan, L. K., Bhutani, S. & Kahnt, T. Olfactory perceptual
decision-making is biased by motivational state. PLoS Biol. 19,
e3001374 (2021).

12. Firestone, C. & Scholl, B. J. Cognition does not affect perception:
evaluating the evidence for “top-down” effects. Behav. Brain Sci. 39,
e229 (2016).

13. Durgin, F. H., DeWald, D., Lechich, S., Li, Z. &Ontiveros, Z. Action and
motivation: measuring perception or strategies? Psychon. Bull. Rev.
18, 1077–1082 (2011).

14. Durgin, F. H. et al.Who is beingdeceived?The experimental demands
of wearing a backpack. Psychon. Bull. Rev. 16, 964–969 (2009).

15. Riddell, H., Wolf, C. & Lappe, M. Self-concordant goal motivation
influences how people respond to crowds, but not how they perceive
them.Motiv. Emot. 49, 1–14 (2025).

16. Gilchrist, A. The integrity of vision. Perception 49, 999–1004 (2020).
17. Green, D. M. & Swets, J. A. Signal Detection Theory and

Psychophysics, 1 (Wiley, New York, 1966).
18. Ratcliff, R. A theory of memory retrieval. Psychol. Rev. 85, 59

(1978).
19. Voss, A., Rothermund, K. & Brandtstädter, J. Interpreting ambiguous

stimuli: separating perceptual and judgmental biases. J. Exp. Soc.
Psychol. 44, 1048–1056 (2008).

20. Leong, Y. C., Hughes, B. L., Wang, Y. & Zaki, J. Neurocomputational
mechanisms underlying motivated seeing. Nat. Hum. Behav. 3,
962–973 (2019).

21. Leong, Y. C., Dziembaj, R. & D’Esposito, M. Pupil-linked arousal
biases evidence accumulation toward desirable percepts during
perceptual decision-making. Psychol. Sci. 32, 1494–1509 (2021).

22. Hanks, T. D., Mazurek, M. E., Kiani, R., Hopp, E. & Shadlen, M. N.
Elapsed decision time affects the weighting of prior probability in a
perceptual decision task. J. Neurosci. 31, 6339–6352 (2011).

23. Moran, R. Optimal decision making in heterogeneous and biased
environments. Psychon. Bull. Rev. 22, 38–53 (2015).

24. Manohar, S. G. et al. Reward pays the cost of noise reduction inmotor
and cognitive control. Curr. Biol. 25, 1707–1716 (2015).

25. Wolf,C., Steinborn,M.B.&Huestegge, L.Effort in oculomotor control:
role of instructions and reward on spatiotemporal eye movement
dynamics. J. Exp. Psychol. Hum. Percept. Perform. 51, 1279–1302
(2025).

26. Wolf, C. & Lappe,M.Motivation by reward jointly improves speed and
accuracy, whereas task-relevance and meaningful images do not.
Atten. Percept. Psychophys. 85, 930–948 (2023).

27. Frässle, S., Sommer, J., Jansen, A., Naber, M. & Einhäuser, W.
Binocular rivalry: frontal activity relates to introspection and action but
not to perception. J. Neurosci. 34, 1738–1747 (2014).

28. Cohen, M. A., Ortego, K., Kyroudis, A. & Pitts, M. Distinguishing the
neural correlates of perceptual awareness and postperceptual
processing. J. Neurosci. 40, 4925–4935 (2020).

29. Marx, S. & Einhäuser, W. Reward modulates perception in binocular
rivalry. J. Vis. 15, 11 (2015).

30. Hesse, J. K. & Tsao, D. Y. A new no-report paradigm reveals that face
cells encode both consciously perceived and suppressed stimuli.
eLife 9, e58360 (2020).

https://doi.org/10.1038/s44271-026-00461-4 Article

Communications Psychology |            (2026) 4:72 10

https://doi.org/10.17605/OSF.IO/2S5V6
https://doi.org/10.17605/OSF.IO/2S5V6
www.nature.com/commspsychol


31. Bourgeois, A., Chelazzi, L. & Vuilleumier, P. How motivation and
reward learning modulate selective attention. Prog. Brain Res. 229,
325–342 (2016).

32. Carrasco, M. How visual spatial attention alters perception. Cogn.
Process. 19, 77–88 (2018).

33. Carrasco, M., Ling, S. & Read, S. Attention alters appearance. Nat.
Neurosci. 7, 308–313 (2004).

34. Schütz, A. C., Braun, D. I. & Gegenfurtner, K. R. Eye movements and
perception: a selective review. J. Vis. 11, 9 (2011).

35. Wolf, C. & Lappe, M. Vision as oculomotor reward: cognitive
contributions to the dynamic control of saccadic eye movements.
Cogn. Neurodyn. 15, 547–568 (2021).

36. Strasburger, H., Rentschler, I. & Jüttner, M. Peripheral vision and
pattern recognition: a review. J. Vis. 11, 13 (2011).

37. Rovamo, J., Virsu, V. & Näsänen, R. Cortical magnification factor
predicts the photopic contrast sensitivity of peripheral vision. Nature
271, 54–56 (1978).

38. Deci, E. L. & Ryan, R. M. Self-determination theory. Handb. Theor.
Soc. Psychol. 1, 416–436 (2012).

39. Deci, E. L. & Ryan, R.M. IntrinsicMotivation and Self-Determination in
Human Behavior (Springer Science & Business Media, 2013).

40. Sheldon, K. M. & Elliot, A. J. Goal striving, need satisfaction, and
longitudinal well-being: the self-concordance model. J. Pers. Soc.
Psychol. 76, 482 (1999).

41. Sezer, B. et al. Goal motives, approach/avoidance appraisals,
psychological needs, and well-being: a systematic review and meta-
analysis.Motiv. Sci. 11, 259–276 (2024).

42. Faul, F., Erdfelder, E., Lang, A.-G. & Buchner, A. G*Power 3: a flexible
statistical power analysis program for the social, behavioral, and
biomedical sciences. Behav. Res. Methods 39, 175–191 (2007).

43. Sheldon, K.M., Osin, E. N., Gordeeva, T. O., Suchkov, D. D. & Sychev,
O. A. Evaluating the dimensionality of self-determination theory’s
relative autonomy continuum. Pers. Soc. Psychol. Bull. 43,
1215–1238 (2017).

44. Toma, G., Guetterman, T. C., Yaqub, T., Talaat, N. & Fetters, M. D. A
systematic approach for accurate translation of instruments:
experience with translating the Connor–Davidson Resilience Scale
into Arabic.Methodol. Innov. 10, 1–17 (2017).

45. Watson, A. B. & Pelli, D. G. Quest: a Bayesian adaptive psychometric
method. Percept. Psychophys. 33, 113–120 (1983).

46. Kleiner, M., Brainard, D. & Pelli, D. What’s new in Psychtoolbox-3?
Perception 36, 1–16 (2007).

47. Cornelissen, F.W., Peters, E.M. &Palmer, J. TheEyelink Toolbox: eye
tracking with MATLAB and the Psychophysics Toolbox. Behav. Res.
Methods Instrum. Comput. 34, 613–617 (2002).

48. Wagenmakers, E.-J. et al. Bayesian inference for psychology. Part II:
Example applications with JASP. Psychon. Bull. Rev. 25, 58–76
(2018).

49. Jeffreys, H. The Theory of Probability (Oxford Univ. Press, Oxford,
1998).

50. Rashbass,C. The relationshipbetweensaccadicandsmooth tracking
eye movements. J. Physiol. 159, 326–338 (1961).

51. Kim,H., Liu, A. & Leong, Y. C. Desirability biases perceptual decisions
in the aversive domain. Emotion 25, 1564–1578 (2025).

52. Kowler, E. & McKee, S. P. Sensitivity of smooth eye movement to
small differences in target velocity. Vision Res. 27, 993–1015
(1987).

53. Schütt, H. H., Harmeling, S., Macke, J. H. &Wichmann, F. A. Painfree
and accurate Bayesian estimation of psychometric functions for
(potentially) overdispersed data. Vision Res. 122, 105–123 (2016).

54. Ma, D. S., Correll, J. & Wittenbrink, B. The Chicago face database: a
free stimulus set of faces and norming data.Behav. Res. Methods 47,
1122–1135 (2015).

55. Xiao, J., Hays, J., Ehinger, K. A., Oliva, A. & Torralba, A. Sun database:
Large-scale scene recognition from abbey to zoo. In 2010 IEEE

Computer Society Conference on Computer Vision and Pattern
Recognition 3485–3492 (IEEE, 2010).

56. Peterson, M. F. & Eckstein, M. P. Looking just below the eyes is
optimal across face recognition tasks.Proc.Natl. Acad. Sci. USA 109,
E3314–E3323 (2012).

57. Gegenfurtner, K. R., Xing, D., Scott, B. H. & Hawken, M. J. A
comparison of pursuit eye movement and perceptual performance in
speed discrimination. J. Vis. 3, 19 (2003).

58. Braun, D. I. et al. Smooth pursuit eye movements to isoluminant
targets. J. Neurophysiol. 100, 1287–1300 (2008).

59. Spering,M., Pomplun,M. &Carrasco,M. Trackingwithout perceiving:
a dissociation between eye movements and motion perception.
Psychol. Sci. 22, 216–225 (2011).

60. Hughes, A. E. Dissociation between perception and smooth pursuit
eye movements in speed judgments of moving Gabor targets. J. Vis.
18, 4 (2018).

61. Spering, M. & Montagnini, A. Do we track what we see? Common
versus independent processing for motion perception and smooth
pursuit eye movements: a review. Vision Res. 51, 836–852 (2011).

62. Stone, L. S. & Krauzlis, R. J. Shared motion signals for human
perceptual decisions and oculomotor actions. J. Vis. 3, 7 (2003).

63. Price, N. S. C. & Blum, J. Motion perception correlates with volitional
but not reflexive eyemovements.Neuroscience 277, 435–445 (2014).

64. Steinbach, M. J. Pursuing the perceptual rather than the retinal
stimulus. Vision Res. 16, 1371–1376 (1976).

65. Tavassoli, A. & Ringach, D. L. When your eyes see more than you do.
Curr. Biol. 20, R93–R94 (2010).

66. Weiss,Y., Simoncelli, E. P. &Adelson, E.H.Motion illusionsasoptimal
percepts. Nat. Neurosci. 5, 598–604 (2002).

67. Bogadhi, A. R., Montagnini, A., Mamassian, P., Perrinet, L. U. &
Masson, G. S. Pursuing motion illusions: a realistic oculomotor
framework for Bayesian inference. Vision Res. 51, 867–880 (2011).

68. Freeman, T. C., Champion, R. A. & Warren, P. A. A Bayesian model of
perceived head-centered velocity during smooth pursuit eye
movement. Curr. Biol. 20, 757–762 (2010).

69. Bruner, J. S. &Goodman,C.C.Valueandneedasorganizing factors in
perception. J. Abnorm. Soc. Psychol. 42, 33 (1947).

70. Eriksen, C. W. Figments, fantasies, and follies: a search for the
subconscious mind. J. Pers. 30, 158 (1962).

71. Harber, K. D., Stefanucci, K. J. & Stokes, D. R. The integrity of
motivated vision: a reply to Gilchrist, 2020. Perception 50, 287–293
(2021).

72. Isaacowitz, D. M. Motivated gaze: the view from the gazer. Curr. Dir.
Psychol. Sci. 15, 68–72 (2006).

73. vanEe, R., vanDam, L.C. J. &Brouwer,G. J. Voluntary control and the
dynamics of perceptual bi-stability. Vision Res. 45, 41–55 (2005).

74. van Dam, L. C. J. & van Ee, R. The role of saccades in exerting
voluntary control in perceptual and binocular rivalry. Vision Res. 46,
787–799 (2006).

75. Tsal, Y. & Kolbet, L. Disambiguating ambiguous figures by selective
attention. Q. J. Exp. Psychol. Sect. A 37, 25–37 (1985).

76. Laubrock, J., Engbert, R. & Kliegl, R. Fixational eye movements
predict the perceived direction of ambiguous apparent motion. J. Vis.
8, 13 (2008).

77. Kingir, E., Segawa,R.,Hesse, J.K., Kagan, I. &Wilke,M. Fixationshifts
in a novel “no-report” binocular rivalry paradigm induce saccade-
related perceptual switches. Conscious. Cogn. 133, 103891 (2025).

78. Corbetta, M. & Shulman, G. L. Control of goal-directed and stimulus-
driven attention in the brain. Nat. Rev. Neurosci. 3, 201–215 (2002).

79. Bédard, P. & Sanes, J. N. Gaze and hand position effects on finger-
movement-related human brain activation. J. Neurophysiol. 101,
834–842 (2009).

80. Menon, V. & Uddin, L. Q. Saliency, switching, attention and control: a
network model of insula function. Brain Struct. Funct. 214, 655–667
(2010).

https://doi.org/10.1038/s44271-026-00461-4 Article

Communications Psychology |            (2026) 4:72 11

www.nature.com/commspsychol


81. Farooqui, A. A. & Manly, T. When attended and conscious perception
deactivates fronto-parietal regions. Cortex 107, 166–179 (2018).

82. Ischebeck, A. et al. Target processing in overt serial visual search
involves the dorsal attention network: a fixation-based event-related
fMRI study. Neuropsychologia 153, 107763 (2021).

83. Dellert, T. et al. Neural correlates of consciousness in an auditory no-
report fMRI study. Curr. Biol. 35, 5721–5733.e3 (2025).

84. Deubel, H. & Schneider, W. X. Saccade target selection and object
recognition: Evidence for a common attentional mechanism. Vision
Res. 36, 1827–1837 (1996).

85. Kowler, E., Anderson, E.,Dosher,B. &Blaser, E. The role of attention in
the programming of saccades. Vision Res. 35, 1897–1916 (1995).

86. Cerasoli, C. P., Nicklin, J. M. & Ford, M. T. Intrinsic motivation and
extrinsic incentives jointly predict performance: a 40-year meta-
analysis. Psychol. Bull. 140, 980 (2014).

87. Lederman, S. J. & Klatzky, R. L. Hand movements: a window into
haptic object recognition. Cognit. Psychol. 19, 342–368 (1987).

88. Goossens, H. H. L.M. & VanOpstal, A. J. Influenceof headposition on
the spatial representation of acoustic targets. J. Neurophysiol. 81,
2720–2736 (1999).

89. Land, M., Mennie, N. & Rusted, J. The roles of vision and eye
movements in the control of activities of daily living. Perception 28,
1311–1328 (1999).

90. Drew, T. et al. Scanners and drillers: characterizing expert visual
search through volumetric images. J. Vis. 13, 3 (2013).

91. Littlefair, S., Brennan, P., Reed, W. & Mello-Thoms, C. Does
expectation of abnormality affect the search pattern of radiologists
when looking for pulmonary nodules? J. Digit. Imaging 30, 55–62
(2017).

92. Konstantopoulos, P., Chapman, P. & Crundall, D. Driver’s visual
attention as a function of driving experience and visibility. Using a
driving simulator to explore drivers’ eye movements in day, night and
rain driving. Accid. Anal. Prev. 42, 827–834 (2010).

93. Liu, S., Edmunds, F. R., Burris, K. & Appelbaum, L. G. Visual and
oculomotor abilities predict professional baseball batting
performance. Int. J. Perform. Anal. Sport 20, 683–700 (2020).

Acknowledgements
This work was funded by the DFG (German Research Foundation), Project
No. 427754309, awarded to C.W. Scientific exchange was funded by the
DAAD (German Academic Exchange Service), Project No. DAAD57654886,
awarded to H.R. and M.L. The funders had no role in study design, data
collectionandanalysis,decision topublish,orpreparationof themanuscript.
The authors thank Linda Tackenberg for collecting the data.

Author contributions
C.W., M.L., and H.R. conceptualized the study. C.W. and H.R. analyzed the
data. C.W. visualized the data and wrote the first manuscript draft. C.W.,

M.L., and H.R. revised the manuscript and approved the final manuscript
version for submission.

Funding
Open Access funding enabled and organized by Projekt DEAL.

Competing interests
The authors declare no competing interests.

Additional information
Supplementary information The online version contains
supplementary material available at
https://doi.org/10.1038/s44271-026-00461-4.

Correspondence and requests for materials should be addressed to
Christian Wolf.

Peer review informationCommunicationsPsychology thanksFrankDurgin
and the other anonymous reviewer(s) for their contribution to the peer review
of thiswork. PrimaryHandling Editors:Mael Lebreton andTrobyKa-Yan Lui.
A peer review file is available.

Reprints and permissions information is available at
http://www.nature.com/reprints

Publisher’s note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in anymedium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in the
article's Creative Commons licence and your intended use is not permitted
by statutory regulation or exceeds the permitted use, you will need to
obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2026

https://doi.org/10.1038/s44271-026-00461-4 Article

Communications Psychology |            (2026) 4:72 12

https://doi.org/10.1038/s44271-026-00461-4
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/
www.nature.com/commspsychol

	Motivation biases behavior but not perception
	Methods
	Transparency and openness
	Participants
	Motivation quality (C-RAI)
	Experiment 1 (sensitivity experiment)
	Stimuli and setup
	Eye movement trials
	Attention trials
	Data analysis

	Experiment 2 (bias experiment)
	Stimuli, procedure, and design
	Data analysis

	Experiments 3 and 4 (ambiguity experiments)
	Stimuli
	Procedure and design
	Analysis


	Results
	Motivation quantity does not affect perceptual sensitivity after controlling for gaze position (Experiment 1)
	Motivation quantity biases responses (Experiment 1)
	Motivation quantity biases explicit but not implicit perceptual measures (Experiment 2)
	Gaze behavior determines perception in ambiguous stimuli (Experiments 3 and 4)
	No evidence for an influence of motivational quality

	Discussion
	Limitations
	Perception is shaped by goal-directed behavior

	Conclusion
	Data availability
	Code availability
	References
	Acknowledgements
	Author contributions
	Funding
	Competing interests
	Additional information




