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Abstract

Bias in perceptual decision making can have both sensory and decisional origins. These distinct sources of bias are typically
seen as static and stable over time. However, human behavior is dynamic and constantly adapting. Yet it remains unclear
how sensory and decisional biases progress in distinct ways over time. We addressed this question by tracking the dynamics
of sensory and decisional biases during a task that involves a visual illusion. Observers saw multiple pairs of peripherally
presented faces that induce a strong illusion making the faces appear distorted and grotesque. The task was to judge whether
one of the last two faces had true physical distortion (experimentally introduced in half of the trials). Initially, participants
classified most faces as distorted as exemplified by a liberal response bias. However, over the course of the experiment,
this response bias gradually disappeared even though the distortion illusion remained equally strong, as demonstrated by a
separate subjective rating task without artificially distorted faces. The results suggest that the sensory bias was progressively
countered by an opposite decisional bias. This transition was accompanied by an increase in reaction times and a decrease in
confidence relative to a condition that does not induce the visual illusion. All results were replicated in a second experiment
with inverted faces. These findings demonstrate that participants dynamically adjust their decisional bias to compensate for

sensory biases, and that these two biases together determine how humans make perceptual decisions.
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Introduction

Perceptual decision making can be influenced by both sen-
sory and decisional biases. Sensory biases stem from the
processing of sensory evidence and are exemplified by visual
illusions like the Muller-Lyer illusion (Witt et al., 2015). In
contrast, decisional biases arise within the decision-making
process and are exemplified by adjustments to response strat-
egies in the absence of differences in sensory evidence (Gold
& Shadlen, 2007). Most previous research has attempted
to determine whether a particular bias occurs due to sen-
sory (Jazayeri & Movshon, 2007; Rahnev, 2021b; Shams &
Kim, 2010), decisional (Bang & Rahnev, 2017; Bowen et al.,
2020; Odgaard et al., 2003), or both sensory and decisional
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processes (Linares et al., 2019; Rahnev & Denison, 2018).
The underlying assumption in this line of work is that, unless
the task structure changes (e.g., by introducing different pay-
off schemes), sensory and decisional biases are stable and
do not change over time.

However, research has shown that human behavior is
inherently dynamic and that our decisions often undergo
changes over time. These dynamics are well documented in
fields such as reinforcement learning (Shteingart & Loewen-
stein, 2014) but occur for virtually all human behavior,
including low-level perceptual effects such as visual adapta-
tion (Gao et al., 2022; Webster, 2015) and perceptual learn-
ing (Goldstone, 1998). Human decisions are also known
to vary on a short time scale based on immediate previ-
ous stimuli and decisions (Frund et al., 2014; Yu & Cohen,
2008), as well as drift unpredictably over longer time scales
(Norton et al., 2017; Wei et al., 2021). Critically, even per-
ceptual changes, such as visual adaptation, have been argued
to have both sensory and decisional components (Witthoft
et al., 2018). Therefore, it is likely that sensory and deci-
sional biases are dynamically adjusted over time.
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Yet no study to date has reported the existence of dynamic
changes of either sensory or decisional biases that occur pre-
dictably and consistently across participants in the absence
of changes to the task structure. Most studies simply aver-
age the data across time under the implicit assumption that
both types of biases remain largely stable. However, if the
two biases do change over time, such averaging can lead to
misleading results (Gao et al., 2019, 2021). Therefore, it
is critical to track the evolution of sensory and decisional
biases to determine their temporal dynamics.

Here we sought to determine if we can identify changes
in sensory and decisional biases over the course of a sin-
gle session with a perceptual task. Participants completed a
task that induces the flashed face distortion effect (FFDE),
a visual illusion where the presentation of a series of faces
leads to distorted or grotesque face perception (Balas &
Pearson, 2019; Bowden et al., 2019; Tangen et al., 2011;
Wen & Kung, 2014). The face distortion illusion typically
requires the presentation of multiple faces in spatial align-
ment. Although the underlying mechanisms are largely uni-
dentified, this phenomenon offers a valuable opportunity to
investigate how sensory and decision biases dynamically
evolve throughout the development of the illusory percept.
The task was to judge whether one of the last two faces
had true physical distortion, which was experimentally
introduced in half of the trials. Critically, in addition to the
illusion condition where we present a series of faces, we
also included a control condition that did not produce face
distortion. We found that the illusion and control condition
initially featured vastly different response bias (participants
were much more likely to indicate that faces are distorted in
the illusion compared with the control condition), but that
this difference disappeared over time. These results were
driven by a stable sensory bias that was progressively coun-
tered by an opposite decisional bias, an affect that could also
be observed in reaction time and confidence data. Our find-
ings thus demonstrate that decisional biases are dynamically
adjusted to compensate for sensory bias.

Methods
Participants

We recruited 27 participants for Experiment 1, tested
with upright faces (12 females and 15 males, mean
age=19.74 years, SD=1.68, range: 18-25). We addition-
ally recruited another 27 participants for a control experi-
ment with inverted faces (nine females and 18 males, mean
age=19.96 years, SD=3.07, range: 18-31). These sample
sizes were chosen to achieve 80% statistical power given a
medium effect size (0.5). We recruited another 20 partici-
pants for Experiment 2 (five females and 15 males, mean
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age=20.35 years, SD=1.93, range: 18-26). All participants
had normal or corrected-to-normal vision and provided a
signed consent form approved by the Institutional Review
Board of the Georgia Institute of Technology. Participants
were recruited from the Georgia Institute of Technology and
were compensated for 1 SONA credit or $10/hour.

Procedure

All experiments consisted of two conditions designed to
either induce or not induce a visual illusion (Fig. 1A). In
the illusion condition, we presented 15 flashes of faces that
induced a known visual illusion called the flashed face dis-
tortion effect (Balas & Pearson, 2019; Bowden et al., 2019;
Tangen et al., 2011; Wen & Kung, 2014). In this illusion
condition, faces presented after the first few flashes begin
to appear increasingly distorted and even grotesque. In con-
trast, in the control condition, we presented a single flash of
faces that did not induce a perceptual illusion. In both cases,
a single flash included two different faces presented on the
left and right of fixation, following a standard design in the
literature (Balas & Pearson, 2019; Wen & Kung, 2014).
While it is possible to present a single face on the left or
right of fixation, such a design would risk participants inad-
vertently diverting their gaze from the fixation dot.

In Experiment 1, participants’ task was to indicate
whether any of the last pair of faces was physically dis-
torted. To make the task meaningful, we manually created
artificially distorted faces (Fig. 1B). On half the trials from
each condition, either the left or the right face was artifi-
cially distorted, whereas on the other half of the trials, both
faces were undistorted. In the illusion condition, the first
14 flashes always had only undistorted faces. Prior to the
experiment, we informed participants that they might experi-
ence the face distortion illusion in certain instances.

In Experiment 1, each trial began with the presentation
of a red dot at fixation for a random duration between 800
to 1,300 ms. Depending on the condition, we then presented
either 15 or a single flash of faces (height=6 degrees,
width=6 degrees). We included two stimulus manipula-
tions—flash duration and stimulus eccentricity. Specifically,
on half the trials, each flash lasted for 250 ms, whereas on
the other half of the trials, each flash lasted for 1,000 ms.
Independently, on half the trials, the faces were presented
at 2° eccentricity, whereas on the other half of the trials,
the faces were presented at 8° eccentricity. These manipu-
lations were included as part of an independent effort to
replicate previous findings regarding how flash duration and
eccentricity affect FFDE (Balas & Pearson, 2019), which
was published separately (Gao et al., 2024). Nevertheless,
we confirmed that our main results of an interaction between
the response bias for the illusion and control conditions were
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Fig. 1 Task and stimuli. A Example trials from the illusion and con-
trol conditions. The illusion condition featured 15 flashes of faces that
led to a strong visual illusion where faces appeared distorted and gro-
tesque. The control condition featured a single flash of faces and did
not induce any illusionary distortion. All faces on a given trial were
presented for either 250 or 1,000 ms (same duration for all faces).

present separately in each experimental condition (Supple-
mentary Fig. 2).

Each combination of number of flashes, duration, and
eccentricity was repeated twice per block with each block
having 16 trials. After the face presentation, participants saw
a single response screen with three questions. The first ques-
tion asked participants to indicate whether either of the last
two faces was distorted. The second question asked partici-
pants to rate their confidence using a 4-point scale (not con-
fident at all, somewhat confident, very confident, extremely
confident). Finally, the third question asked participants to
provide a subjective rating of the level of distortion (not
distorted, minor distortion, major distortion, extreme distor-
tion). This question was included as part of our independent
effort to replicate previous findings in the literature (Balas &
Pearson, 2019) and was not analyzed here. Participants were
allowed unlimited time to respond. Each question appeared
on the same response screen, but each subsequent question
was shown only after the participant responded to the pre-
vious question. Participants did not receive any feedback

Participants answered three questions after each trial: Q1. Is either of
the last two faces distorted? Q2. How confident are you? Q3. Rate
the level of distortion. B An example of an undistorted face and arti-
ficially distorted faces created by different methods. (Color figure
online)

following their responses. Participants completed 10 blocks
corresponding to a total of 160 trials.

In Experiment 1, we presented all faces upright. This
standard approach to induce FFDE may lead to increased
sensitivity in the illusion but not in the control condition
over time, complicating response bias interpretation. To
address this, we conducted a replication experiment with
all faces presented in an inverted orientation. This replica-
tion aimed to equalize learning effects between illusion and
control conditions by minimizing the disparity in sensitivity
change over time.

Experiment 1 contained artificially distorted faces,
which allowed us to measure response bias. We conducted
Experiment 2 to test whether the strength of the distor-
tion illusion changed over time. The experiment had the
same design as Experiment 1, except for the following two
changes. First, we only used normal faces (i.e., no faces
were artificially distorted). Second, because we were only
interested in participants’ subjective ratings, participants
only indicated the subjective level of distortion (third
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question from Experiment 1) but did not need to judge
whether faces were objectively distorted or provide con-
fidence (since there were no artificially distorted faces).
These changes were designed to directly test the strength
of participants’ subjective distortion, independent of their
judgments regarding objective distortion (which made
Question 3 difficult to interpret in Experiment 1).

To confirm that the face distortion illusion did not
weaken over time, we sent out a brief, one-question sur-
vey a few weeks following Experiment 1. We asked par-
ticipants, “Did this illusion change over the course of the
experiment?” We note that all participants were aware
that they were experiencing a visual illusion. First, we
had informed them about the illusion in the preexperiment
instructions. Second, participants knew that only the last
flash could contain artificially distorted faces, but people
begin to experience distortion starting after only a few
face flashes. Therefore, it is easy to infer that the distortion
one experiences before the last flash is due to an illusion.
Participants chose among five response options, indicating
whether the illusion became much weaker, a little weaker,
a little stronger, much stronger, or that it stayed the same.
In Experiment 2, we collected the same survey response
as in Experiment 1 immediately upon completion of the
experiment.

Stimuli

To generate the artificially distorted faces, we employed
five distinct distortion methods. The first four methods used
the nudge function of PicMonkey Photo Editor and Graphic
Design Maker (picmonkey.com). All original faces were
positioned on an 8 by 8 grid, and individual points on each
face were shifted manually to produce different distortions.
The four artificial face distortions involved (1) stretching the
eyes and mouth, (2) squeezing the eyes and mouth, (3) twist-
ing the eyes and mouth, and (4) stretching the eyes, nose, and
contour of the face (see Fig. 1B for examples of distorted
faces). For the fifth distortion method, we utilized custom
MATLAB codes (The MathWorks, Natick, MA) to contract
the eyes and mouth of each face using algorithms described
in Webster and Maclin (1999) and Yamashita et al. (2005)
(see Fig. 1B for an example distorted face). In addition,
we adjusted the luminance of the face images to match the
average luminance of the face set. The original face images
were selected from the Karolinska directed emotional faces
database (Lundqvist et al., 1998). We chose 15 male and 15
female faces and created five distorted versions of each face
according to all five methods described above. The faces pre-
sented were randomly drawn so that in the illusion condition
each of the 30 identities was shown exactly once, whereas in
the control condition two identities were selected randomly.
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Analyses

For each block, we computed sensitivity (d") and response
criterion (c) based on the signal detection theory (Green &
Swets, 1966) formulas:

dr = @~ (hitrate) — ¢~ (falsealarmrate)
and

@~ (hitrate) + ¢~ (falsealarmrate)
2 9

where @~ ! represents the inverse of the cumulative standard
normal distribution transforming the hit rate and false alarm
rate to Z scores. We coded objectively distorted faces as the
nontarget and nondistorted faces as the target. As such, a
larger ¢ value indicates a bias towards saying “distorted”
more frequently, which indexes the presence of the flashed
face distortion illusion.

We performed two-way analysis of variance (ANOVA)
with repeated measures to compare d’, the response crite-
rion, confidence rating, and reaction time (RT) between the
illusion and control conditions, with block number and con-
dition as the independent factors. The RT was computed as
the time it took participants to respond to the initial question
regarding whether either of the two faces was distorted. To
maximize power, we merged the data from different flash
durations and eccentricities. Separating eccentricity and
flash duration into distinct factors would necessitate esti-
mating sensitivity (d’) and response bias (c¢) from merely
four trials per participant, rendering the estimation noisy.
Consequently, we opted to aggregate the data over both
eccentricity and flash duration.

In addition, we fitted the data of the 10 blocks with linear
regression models and performed paired ¢ tests on the slopes
of the models to determine how d’, ¢, confidence, and RT
changed over blocks. We report effect size for all t tests and
ANOVAs and Bayes factors (Krekelberg, 2022) for all ¢ tests
and ANOVAs where p > 0.05.

Results

Experiment 1: Sensory bias progressively counteracted by
an opposite decisional bias.

Response bias diminishes over time for the illusion
condition only

In Experiment 1, participants completed a face distortion
detection task over 10 blocks. Critically, there were two
conditions: an illusion condition that made even normal
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faces appear distorted and a control condition that did not
induce illusory percepts. We first examined how response
bias changed over time in the illusion and control condi-
tions. We found an interaction between condition and block
number, F(9, 234)=6.19, p=7.8 X 1078, t);f = 0.19. Post
hoc analysis shows that, initially, participants were much
more biased towards saying “distorted” in the illusion com-
pared with the control condition (all Bonferroni-corrected
ps <0.002, all BF,,>262.68), but that this difference disap-
peared by the last three blocks (all uncorrected ps> 0.64,
all BF,,; >4.44; Fig. 2A). To capture the change over time,
we computed the slope of the response criterion over the 10
blocks and found that the response criterion became pro-
gressively less biased over blocks in the illusion condition,
t(26)=4.09, p =0.0004, BF,,=81.55, Cohen’s d=0.79, but
remained relatively stable over blocks in the control condi-
tion, #(26)=11.54, p=0.14, BF,; =1.72, Cohen’s d=0.30.
Critically, the response criterion decreased at a faster rate
in the illusion than in the control condition, #(26)=15.23,
p=1.8x10° BF,,=1.2x10% Cohen’s d=1.01. This pattern
of results demonstrates that participants experienced strong
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Fig.2 Results for Experiment 1 with upright faces. A Response bias
sharply decreased over time in the illusion but remained stable in the
control condition. B Sensitivity (d) improved slightly in the illusion
but remained largely stable in the control condition. C RT decreased
over time in both conditions, but the decrease was smaller for the
illusion compared with the control condition. D Confidence was ini-
tially similar across the two conditions but became gradually lower

distortion percepts in the illusion condition. Like many other
illusions, the face distortion illusion does not become weaker
over time, which suggests that participants adjusted their
decisional bias over time to counteract the perceptual bias
caused by the illusion.

One possibility is that the decrease in response bias in
the illusion condition is due to a corresponding change in
sensitivity. To check whether this is the case, we examined
how sensitivity (d') changed over time in each condition
(Fig. 2B). We found an interaction between condition and
block number, F(9, 234)=3.02, p=0.002, I)g = 0.10. Spe-
cifically, sensitivity did not change over time in the con-
trol condition, #(26) =0.45, p=0.65, BF;, =4.46, Cohen’s
d=0.09, but increased slightly across blocks in the illusion
condition, #(26)=3.68, p=0.001, BF,,=31.93, Cohen’s
d=0.71. These results are consistent with the notion that
participants exhibited faster learning in the more unusual
illusion condition, as also suggested by a significant dif-
ference in the rate of d' increase, #(26)=2.94, p=0.007,
BF,,=6.52, Cohen’s d=0.57. These results do not exclude
the possibility that the response bias is partially explained
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for the illusion compared with the control condition. Overall, these
results are consistent with the notion that the perceptual bias induced
by the face distortion illusion was gradually counteracted by an oppo-
site decisional bias. Error bars indicate SEM. Asterisks indicate the
results of paired 7 tests after Bonferroni correction between the con-
trol and illusion conditions. ***p<.001. **p<.01. *p<.05. ns.,
p>.05. (Color figure online)
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by d' but make it unlikely that the shift in response bias is
solely explained by the change in sensitivity.

To address this issue, we conducted a control experi-
ment (N=27) that used an identical design except that all
faces were inverted instead of upright. This design led to an
equivalent change in d' over time for the illusion and con-
trol conditions, such that there was not interaction between
condition and block number, F(9, 234)=0.49, p=0.88,
BF,, =169.86, );)Z = 0.02 (Supplementary Fig. 1). Neverthe-
less, we still found a significant interaction between condi-
tion and block number for response bias, F(9, 234)=6.04,
p=13x10", t)fj = (.19. These results replicate our findings
with upright faces and show that the response bias effects
occur even in the absence of corresponding changes in d'.

Shift in response bias in the illusion condition
is accompanied by corresponding shifts in RT
and confidence

The results so far suggest that participants continuously
adjusted their decisional bias to counteract the percep-
tual bias in the illusion condition. We therefore examined
whether such decisional adjustment would be reflected in
a change in RT and confidence over time. This was indeed
the case: Both RT and confidence were similar for the illu-
sion and control conditions in the early blocks for diverged
in the later blocks (Fig. 2C-D). Indeed, we found an inter-
action between condition and block number for both RT,
F(9,234)=4.63,p=1.2X 107, t); = (.15, and confidence,
F(9, 234)=2.8, p=0.004, t)]% = 0.10. Specifically, the
rate of decrease in RT over time was slower for the illu-
sion compared with the control condition, #(26)=4.51,
p=12x 104, BF,,=222.08, Cohen’s d=0.87. Similarly,
the rate of increase in confidence was higher for the control
compared with the illusion condition, #(26) =3.20, p =0.004,
BF,,=11.14, Cohen’s d=0.62. These results are consist-
ent with a gradual increase in decisional bias over time in
the illusion condition, resulting in slower decisions and
decreased subjective confidence in the illusion compared
with the control condition.

Experiment 2: The face distortion illusion does not
weaken over time.

The results of Experiment 1 are consistent with the
interpretation that the perceptual bias induced by the face
distortion illusion is counteracted over time by an opposite
decisional bias. However, this interpretation relies on the
assumption that the face distortion illusion did not weaken
over time. To track how the strength of the face distortion
illusion changed over time, we conducted Experiment 2
where no artificially distorted faces were included. We asked
participants after each trial to rate the subjective strength
of face distortion they perceived. Note that we collected
similar ratings in Experiment 1, but the question there was
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ambiguous because the presence of artificially distorted
faces likely led some participants to report their belief that
a face is artificially distorted rather than simply indicate their
subjective experience. By removing artificially distorted
faces altogether in Experiment 2, we were able to obtain
purer ratings of participants’ subjective experience.

We found a very large main effect of condition, F(1,
171)=127.99, p=7.0X 10719, t)f7 = 0.93, confirming that
participants’ distortion ratings were significantly higher in
the illusion compared with the control condition (Fig. 3).
Critically, there was no main effect of block number, F(9,
171)=0.92, p=0.51, BF;; =691.69, t)fj = 0.09, and no
interaction between block and condition, F(1, 171)=1.89,
p=0.06, BF,, =135.37, t)ﬁ = 0.09, demonstrating that the
strength of the face distortion illusion did not change over
time. This conclusion was further supported by a direct
test for the slope in the illusion, #(19)=0.06, p=0.95,
BF,; =4.30, Cohen’s d=0.01, and the control condition,
1(19)=2.45, p=0.02, BF,,=2.50, Cohen’s d=0.55.

In addition, after the completion of each experiment
(Experiment 1, Experiment 2, and the control experiment),
we asked participants whether the illusion changed over the
course of the experiment. Participants consistently reported
experiencing the face distortion illusion as maintaining its
intensity or, in some instances, becoming slightly stronger
over time (see Supplementary Results and Supplementary
Fig. 3). Overall, these results strongly support the notion that
the strength of the face distortion illusion either remained
consistent over time or perhaps even slightly increased.
Therefore, the decrease in response bias in Experiment 1
is most consistent with decisional bias counteracting the
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Fig.3 Experiment 2: The face distortion illusion does not weaken
over time. Subjective face distortion ratings in Experiment 2. The
distortion strength did not change over time in the illusion condi-
tion, while it slightly increased for the control condition. Error bars
indicate SEM. Asterisks indicate the results of Bonferroni-corrected
paired ¢ tests between the control and illusion conditions. ***p <.001.
(Color figure online)
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sensory bias, rather than the sensory bias becoming weaker
over time.

Discussion

Perceptual decision making contains at least two compo-
nents: sensory processing, primarily occurring within an
early time window in occipital areas, and decision making,
primarily occurring later in parietal and frontal areas (Mos-
tert et al., 2015). The sensory and decisional components
of perceptual decision making can separately bias the final
perceptual decision, but distinguishing between these two
types of biases has been challenging, and the dynamics
of these biases are virtually unknown. Here, we show that
sensory and decisional biases can be dissociated during a
single session in which participants completed a task that
induced a face distortion illusion. We showed that response
criterion, which encompasses both sensory and decisional
biases, decreases substantially over the course of the session.
Using a separate distortion rating task, we demonstrated that
the sensory signal remained unchanged over the course of
the session, signifying that it is the decision bias that was
dynamically adjusted by participants. In accordance with
this interpretation, we also found corresponding changes in
both RT and confidence. These findings offer compelling
evidence for the differentiation of sensory and decisional
biases and reveal that people dynamically adjust their deci-
sional bias to compensate for sensory information judged
to be illusory.

Studies to date have struggled separating sensory and
decisional biases, making it difficult to track individual
changes separately. For example, while signal detection the-
ory allows separating sensitivity and response bias (Green &
Swets, 1966), the response bias encompasses both sensory
and decisional biases (Bang & Rahnev, 2017; Rungratsa-
meetaweemana & Serences, 2019; Rungratsameetaweemana
et al., 2018; Witt et al., 2015). Similarly, some studies have
attempted to map the parameters of the drift diffusion model
to sensory versus decisional effects (Germar et al., 2014;
Voss et al., 2008), but this mapping has been shown not to
hold in all cases (Chen & Rahnev, 2023; Sanchez-Fuenzalida
et al., 2023; Starns et al., 2012; White & Poldrack, 2014).
Some researchers have proposed that examining the distribu-
tions of confidence and RT as a function of feature strength
can distinguish sensory from decisional biases (Gallagher
et al., 2019, 2021; Maldonado Moscoso et al., 2020), but
this conclusion has also been challenged (Chen & Rahneyv,
2023). Thus, while many signatures of sensory versus deci-
sional effects have been examined, clearly distinguishing
between the two biases remains a challenge.

Here, we take a different approach to dissociating sen-
sory from decisional biases. First, we use a strong visual

illusion (the flashed face distortion effect) that is known to
lead to large sensory biases. Because they induce consist-
ent and large sensory bias, visual illusions are an ideal test
case for tracking compensation by decisional biases. Sec-
ond, we track the sensory biases via a separate task. This
approach allows us to sidestep the difficulties of using the
same set of data to separately infer sensory and decisional
biases. Our approach has similarities with the approach by
Séanchez-Fuenzalida et al. (2023), who also used a visual
illusion to induce a large sensory bias. However, unlike us,
Séanchez-Fuenzalida et al. used a reproduction task to dis-
tinguish sensory from decisional biases and did not examine
the dynamics of these biases over time.

The distinct dynamics of sensory and decisional biases
provide critical insights into the progression of perceptual
judgments. Our study indicates that repeated perceptual
judgments in general may involve a decisional bias that pro-
gressively counteracts the sensory bias. While the perceptual
judgments change over time, it is plausible that there is no
change over time in the sensory cortex, but with changes in
decisional areas in the parietal/frontal cortex. In fact, this
possibility may explain previous findings where repeated
visual adaptation reduced the aftereffects measured by
behavioral judgments but without observing changes in the
sensory cortex (Dong et al., 2016, 2020). More generally,
our approach allows follow-up studies to map the neural cor-
relates of sensory and decisional biases.

We interpret our results as showing a dynamic decisional
bias adjustment. Another way of thinking about our results is
that participants learned to dissociate the experienced illu-
sion (illusory distortions) from the physical face distortions.
We believe that these two ways of describing our results are
equivalent to each other: By changing their decisional bias
in the illusion condition, participants are in effect down-
weighing the influence of the illusory percepts. Critically,
it is unlikely that participants changed the task they were
performing. Indeed, they were informed about the existence
of the illusion during the instructions, so they were aware
of their task from the very beginning. Therefore, the effects
we observe cannot be due to an initial confusion about the
nature of the task and instead are in line with decisional
adjustments that participants were able to make over the
course of the experiment.

Our findings suggest that participants gradually changed
their decisional bias for the illusion but not for the control
condition. Therefore, in the second half of Experiment 1,
participants were maintaining different sets of decision cri-
teria for the illusion and control conditions. This may seem
surprising as several previous studies have suggested that
people may struggle with maintaining two independent sets
of criteria for interleaved conditions (Gorea & Sagi, 2000,
2002; Gorea et al., 2005). Nevertheless, follow-up research
has demonstrated that while separately maintained sets of
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criteria undergo a process of “criterion attraction,” they can
nonetheless remain strongly differentiated (Rahnev, 2021a;
Zak et al., 2012). Our experiment made it especially easy
to maintain separate sets of decision criteria because of the
immediately obvious difference between illusion trials (con-
sisting of 15 flashes) and control trials (consisting of a single
flash). Furthermore, the long stimulus presentation in the
illusion condition afforded participants additional time to
adjust their criteria. Researchers planning to conduct studies
on the dynamics of decisional bias should be aware of the
problem of criterion attraction and ensure that their design
makes it easy for participants to maintain separate sets of
decision criteria for different conditions.

Supplementary information The online version contains supplemen-
tary material available at https://doi.org/10.3758/s13423-024-02539-8.
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