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Humans are so sensitive to faces and face-like patterns in the environment that sometimes we mistakenly see
a face where none exists—a common illusion called “face pareidolia.” Examples of face pareidolia, “illusory
faces,” occur in everyday objects such as trees and food and contain two identities: an illusory face and an
object. In this study, we studied illusory faces in a rapid serial visual presentation paradigm over three exper-
iments to explore the detectability of illusory faces under various task conditions and presentation speeds.
The first experiment revealed the rapid and reliable detection of illusory faces even with only a glimpse, sug-
gesting that face pareidolia arises from an error in rapidly detecting faces. Experiment 2 demonstrated that
illusory facial structures within food items did not interfere with the recognition of the object’s veridical
identity, affirming that examples of face pareidolia maintain their objecthood. Experiment 3 directly com-
pared behavioral responses to illusory faces under different task conditions. The data indicate that, with
extended viewing time, the object identity dominates perception. From a behavioral perspective, the findings
revealed that illusory faces have two distinct identities as both faces and objects that may be processed in
parallel. Future research could explore the neural representation of these unique stimuli under varying cir-
cumstances and attentional demands, providing deeper insights into the encoding of visual stimuli for detec-
tion and recognition.

Public Significance Statement
In this article, we find behavioral evidence that rules out the claim that we see illusory faces in examples
of face pareidolia because the available object information is weak or unrecognizable. Ambient exam-
ples of face pareidolia contain visual cues that are consistent with an object identity and a face identity,
even when the attentional load is increased. This highlights the examples of face pareidolia as a unique
category of visual stimuli that can be employed to help us understand how the brain builds representa-
tions of faces and objects for the purposes of supporting behavior.
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Face detection mechanisms are thought to emerge very early in
human development (Goren et al., 1975; Tsao & Livingstone,
2008) and are shared with other primates (Taubert et al., 2017).
We are so sensitive to faces and face-like patterns in the environment
that sometimes we mistakenly see a face where none exists—a com-
mon illusion called “face pareidolia.” Examples of face pareidolia,
herein referred to as “illusory faces,” frequently occur in ordinary,
inanimate objects such as tree trunks, cars, and food items such
as sliced capsicums and cups of coffee (see Figure 1A). Studies
measuring time-resolved neural signals have suggested that illusory

faces are initially processed in similar ways to human faces, engag-
ing face detection mechanisms in the human and macaque brain
(Decramer et al., 2021; Rekow et al., 2022; Taubert et al., 2022;
Wardle et al., 2020). This error of face detection is then quickly cor-
rected by the brain, and illusory faces are eventually encoded as
objects (Decramer et al., 2021; Taubert et al., 2020; Wardle et al.,
2020). In this study, we investigated whether these two apparently
distinct stages of neural processing are reflected in human behavior.

From a behavioral perspective, it remains unclear whether our per-
ception of illusory faces arises from our capacity to rapidly detect
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Figure 1
Experimental Design

Note. (A) Example stimuli for each condition across Experiments 1–3. (B) Specific examples of targets
and distractors for each experiment. Colors correspond to categories in (A). (C) Example trial timeline
for Experiment 1. Images were presented in succession with a blank gap between each image. The presen-
tation rate was 6 or 30 Hz. A face (Experiments 1 and 3) or food target (Experiments 2 and 3) was present in
50% of trials, displayed between distractor images. SOA= stimulus onset asynchrony; ISI= interstimulus
interval. See the online article for the color version of this figure.
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faces and face-like patterns (Keys et al., 2021) or our capacity to rein-
terpret visual ambiguity as being “face like” (Liu et al., 2014). In pre-
vious tasks designed to measure how similar illusory faces are to
human faces, researchers have often instructed the participants to
explicitly look for facial structure (Epihova et al., 2022; Omer et al.,
2019; Taubert et al., 2023; Uchiyama et al., 2012; Wardle et al.,
2022). In other behavioral experiments, the participants have been
tasked with judging facial attributes such as expressions, gaze direc-
tion, or age (Alais et al., 2021; Palmer & Clifford, 2020; Wardle
et al., 2022). These approaches might have inadvertently drawn atten-
tion toward any face-like cues available within the larger image—
which typically include their natural backgrounds—that could be
interpreted as face like and therefore encouraged a particular response
profile. Importantly, the perception of the illusory face as an object has
never been probed. Therefore, our aim was to measure the detectabil-
ity of illusory faces under different task conditions and attentional
demands. To this end, we used a rapid serial visual presentation
(RSVP) paradigm to determine whether illusory faces could be accu-
rately detected in a speeded detection task based on either their face
(Experiments 1 and 3) or object (Experiments 2 and 3) identity.
In this study, we addressed three specific questions: First, can illusory

faces be detected in a RSVP face detection task (Experiment 1)?
Secondly, can illusory faces found in food items be detected in a
RSVP food detection task (Experiment 2)? And finally, are illusory
faces easier to detect as faces or food, and how does this vary with pre-
sentation time (Experiment 3)? We compare behavioral performance
in face and food detection tasks because both food items and faces
form separate classes of visual stimuli that are biologically relevant
to humans. In other words, being able to recognize the things we can
eat and the people we can talk to could be considered central to our sur-
vival (Jain et al., 2023; Khosla et al., 2022). Further, images of food,
like images of faces, form a class of visual stimuli that are known to
drive activity in multiple brain areas (Avery et al., 2021; van der
Laan et al., 2011), including stimulus-selective visual areas in the fusi-
form gyrus (Jain et al., 2023; Kanwisher et al., 1997). Given the paral-
lels between food and faces, and the observation that illusory faces
frequently occur in food items (Wardle et al., 2022), we chose food
as an appropriate target category for Experiments 2 and 3.
For both the face- and food detection tasks (Experiments 1–3), we

used an RSVP paradigmwhere, on every trial, we presented a sequence
of 20 naturalistic images in quick succession. In Experiment 1, partic-
ipants completed a face detection task; the participants were instructed
to press a button if they detected a face, which was present in 50% of
trials. In this experiment, half of the face targets were human faces and
the other half were illusory faces. We included two presentation speeds
in the experimental design, 6 and 30 Hz, designed to bias processing to
later and earlier stages of processing, respectively (Collins et al., 2018;
McKeeff et al., 2007). Previous research has already shown that partic-
ipants are aware of illusory faces and recognize them as faces at higher
frequencies (i.e., 60 Hz; Rekow et al., 2022), but this performance was
not benchmarked against human faces. It follows that, in Experiment 1,
we expected to partially replicate the results of Rekow et al. (2022) by
finding that participants would be able to detect illusory faces as faces
even at fast presentation speeds (30 Hz). However, we also expected
that the participants would show higher detection sensitivity to
human faces than illusory faces (Keys et al., 2021; Saurels et al., 2024).
In Experiment 2, participants completed a food detection task; the

participants were instructed to press a button if they saw a food item.
In this experiment, targets were either illusory faces in food items or

matched food items. Thus, wewere able to test whether the object iden-
tity of illusory faces was spared at fast presentation speeds when visual
processingwas limited. Further, if face pareidolia arises from an error of
rapid face detection, then the expectation was that illusory faces would
be detected more easily than food items without illusory faces because,
evenwhen task irrelevant, their face identity would summon attentional
resources (Jakobsen et al., 2023; Saurels et al., 2024).

In Experiment 3, we combined the face and food detection tasks in a
blocked, repeated measures experiment to distill any task-based differ-
ences in the detection of illusory faces. We ensured that the only dif-
ference between the two task blocks was the instructions given to the
participants about what constituted a target. The same illusory faces
were, thus, targets in both tasks, allowing us to directly compare behav-
ior toward these images under different task conditions. Assuming that
the perception of face pareidolia is the consequence of erroneous face
detection that occurs before the brain encodes the object identity
(Wardle et al., 2020), we expected that images containing illusory
faces would be more easily detected in the face detection task than
the food detection task, when presentation time was limited (30 Hz).
Whereas, in the corresponding 6 Hz condition, we expected that the
exact same illusory face stimuli would be easier to detect when partic-
ipants were looking for food than when they were looking for faces
because the low-level visual cues in illusory faces are more consistent
with the object identity than the face identity (Keys et al., 2021).

Transparency and Openness

Data were analyzed using MATLAB (MathWorks Version
R2021_b) and SPSS software (IBM Version 27). All data, analysis
code, and research materials are available from the Open Science
Framework as the additional online materials (https://osf.io/hvuwd).
For each experiment, we report how we determined our sample size,
all data exclusions (if any), all manipulations, and all measures in
the study. This study’s design and its analysis were not preregistered.

Experiment 1: The Rapid Detection of Illusory Faces in a
Face Detection Task

Method

Experiment 1 was designed to probe face detection performance for
human and illusory faces during rapid image presentation. Images
were shown at two different presentation rates to assess how presenta-
tion time influenced face detection for human and illusory faces.

Participants

A power analysis was run on pilot data to determine the sample size.
Data from the first participant were analyzed in a one-way repeated
measures analysis of variance (ANOVA) of “unique condition” using
the trial as the unit of analysis and a proxy for the participant. For
this analysis, “unique condition” had four levels (6 Hz human face,
6 Hz illusory face, 30 Hz human face, and 30 Hz illusory face). The
observed effect size for the overallF value (ηp

2= .32) was used to deter-
mine the sample required to find differences across the unique condi-
tions was 20 (using GPower software; Faul et al., 2007). Although
we were targeting 20 participants, 27 participants (Mage= 23.6 years;
13 male and 14 female) volunteered and were tested. This sample
size is similar to the previous work of Keys et al. (2021; n= 18) and
Rekow et al. (2022; Experiment 2, n= 22) who also investigated the
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detection of illusory faces in a laboratory setting. Indeed, Rekow et al.
(2022) used a very similar RSVP paradigm and reported the detection
of face-like objects at 30 Hz, but they did not compute detection sensi-
tivity as d′ making it difficult to determine the expected effect size. In
sum, a sample size of 27 was considered appropriate.
For every participant, we investigated whether detection sensitivity

was 3 SDs away from the group mean, in any condition, but this was
not the case. Thus, there were no outliers, and data from all partici-
pants were analyzed. All participants gave consent to participate
and reported normal or corrected-to-normal vision, and all participants
were psychology undergraduate students recruited from a paid partic-
ipant pool (the School of PsychologyResearch Participation Scheme).
Participants received a $20 voucher for their time and were debriefed
at the conclusion of the experiment.

Stimuli

The stimulus set included 300 distractor images (ordinary objects
with no faces such as buildings, tools, and vehicles as well as food
images were included as distractors here), 100 illusory faces, and
100 human faces. All stimuli were obtained from Google Images
or Pinterest and were uploaded to the Open Science Framework as
the additional online materials (https://osf.io/hvuwd/). For the dis-
tractor images, the focal objects were in naturalistic settings with
complex backgrounds to match the conditions the illusory faces
were found in. All 500 images in the stimulus set were cropped to
be 400× 400 pixels in size and were displayed on a grey background
at a size of 4.9× 4.9 degrees of visual angle.

Design

The experimental protocol included 400 target-present trials and
400 target-absent trials (800 trials in total). The experimental manip-
ulations included both target type (human face and illusory face) and
presentation frequency (6 and 30 Hz).

Procedure

Before beginning the experiment, participants were shown exam-
ples of a human face, an illusory face, and a distractor object. The
examples shown were not part of the experimental stimulus set.
Participants were instructed to detect images of face within a
sequence of distractor object images. Participants were told both
human faces and illusory faces counted as “faces” in the experiment.
During the experiment, participants were required to focus on the

centered fixation cross at the beginning and for the duration of each
trial. After an initial fixation period (500 ms), a sequence of 20
images was rapidly presented in the center of the screen, behind
the fixation cross. The images were presented at one of the two fre-
quencies: 6 Hz (166.67 ms stimulus onset asynchrony [SOA]) or
30 Hz (33.33 ms SOA). Stimuli were presented with a 50% on–off
duty cycle: 83.33 ms stimulus duration and 83.33 ms blank inter-
stimulus interval (ISI; 6 Hz) or 16.67 ms duration and 16.67 ms
ISI (30 Hz). Images in fast sequences are subject to forward masking
from the previous image and backward masking from the next image
in the sequence. A blank ISI was introduced to reduce forward mask-
ing (Bachmann & Allik, 1976) and allow strong initial responses to
each stimulus (Robinson et al., 2019). It should be noted that the
blank ISI following an image allows the image to continue being
processed; each image is not masked until the next image appears.

Thus, in this design, we consider the unrestricted processing time
to be equal to the SOA: 166.67 ms for the 6 Hz sequences and
33.33 ms for the 30 Hz sequences.

A target—an illusory face or a human face—was presented in
50% of trials (target present vs. target absent). Targets could appear
between the fifth and 15th distractor images. This constraint was to
reduce the effects of primacy and recency on performance. At the
conclusion of each trial, participants were asked (with text on the
screen): “Was there a face present in any images?” with answer
options: “yes” or “no.” If participants answered “yes,” a secondary
question appeared asking, “What type of face did you see?” either
an “illusory face” or “human face.” Participants responded using a
handheld 5-button response box (RESPONSEPixx with custom
white buttons; https://vpixx.com/products/handheld/) using the left
and right buttons to indicate “yes” or “no.”After a response was reg-
istered, the next trial would begin. We note that no feedback regard-
ing performance was given. Target-absent trials were identical to
target-present trials except no face stimulus was presented.

There were 800 trials in total, and targets were present in 50% of
trials. In general, the experiment took participants 40–50 min to com-
plete, with no formal breaks provided, but trials were self-paced.
Targets were presented twice each, once in a 6 Hz trial and once in
a 30 Hz trial. The order of images in each trial was randomized,
and the order of trials was randomized for each participant (see
Figure 1C for trial structure).

Apparatus

The experiment was run using MATLAB R2021b (https://www
.mathworks.com) and the psychtoolbox (https://psychtoolbox.org/).
The stimuli were presented on a cathode ray tube replacement monitor
purchased from Vpixx Technologies (https://vpixx.com/products/
viewpixx-eeg/; Model: VPX-VPX-2006B). The resolution of the
monitor was set to 1,920× 1,080 pixels, and its refresh rate was
60 Hz. Participants viewed the trials 720 mm away from the monitor
with their heads placed on a chin rest.

Analysis

For every condition per participant, we computed a sensitivity
index (d′) for each of the four unique experimental conditions
because a valid measure of “detection performance” needs to take
into account both hit rate and false alarm rate. Hit rate was calculated
as the percent of correctly detected targets in each condition (6 Hz
human face, 6 Hz illusory face, 30 Hz human face, and 30 Hz illu-
sory face). False alarm rate was calculated using the percent of non-
target trials per frequency (6 and 30 Hz) for which participants
reported a target was present. Notably, the same false alarm rate
was used for the human and illusory faces per frequency condition.
The d′ value is undefined when a false alarm or hit rate is equal to 0%
or 100%. Therefore, for participants with zero false alarms, the false
alarm rate was set to 0.5%, and for participants with 100% accuracy
in target-present trials, the hit rate was set to 99.5%.

To assess how detection performance varied over task condition, we
performed a 2× 2 repeated measures ANOVAwith factors of presen-
tation frequency (6 and 30 Hz) and target type (human face and illusory
face). Additionally, we assessed if the detection performancewas above
chance using one-sample t tests for each of the four conditions com-
pared to zero, Bonferroni corrected for the two tests per frequency.
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Results

The analysis of the target detection sensitivity showed performance
varied across target type and presentation frequency (Figure 2A).
A 2 (frequency: 6 and 30 Hz)× 2 (target type: human face and illusory
face) repeated measures ANOVA revealed a main effect of frequency,
F(1, 26)= 138.40, p, .001, indicating that the participants were better
at detecting target faces in the 6 Hz condition (M= 2.61, SE= 0.16)
compared to the 30 Hz condition (M= 1.36, SE= 0.11). There was
a significant main effect of the target type, indicating that the partici-
pants were better at detecting human faces (M= 2.65, SE= 0.14)
than illusory faces (M= 1.32, SE= 0.12). Therewas a significant inter-
action between frequency and target type, F(1, 26)= 8.71, p= .007.
Paired sample t tests were conducted to compare detection sensitivity
for human and illusory faces at each presentation frequency (adjusted
for multiple comparisons using the Bonferroni rule). In 6 Hz trials, par-
ticipants were significantly better at detecting human faces (M= 3.35,
SE= 0.17) compared to illusory faces (M= 1.87, SE= 0.16), t(26)=
15.74, pBonferroni, .001. Similarly, in 30 Hz trials, human faces (M=
1.96, SE= 0.13) were significantly more detectable than illusory faces
(M= 0.76, SE= 0.10), t(26)= 16.31, pBonferroni, .001.
One-sample t tests were also conducted to determine if detection

sensitivity was above chance in each condition (i.e., d′ . zero). In
6 Hz trials, the detection was significantly above chance performance
for human faces, t(26)= 19.24, pBonferroni, .001, and illusory faces,
t(26)= 11.50, pBonferroni, .001. In 30 Hz trials, detection was signif-
icantly above chance performance for human faces, t(26)= 15.08,
pBonferroni, .001, and illusory faces, t(26)= 7.77, pBonferroni, .001.

Experiment 2: The Rapid Detection of Illusory Faces in a
Food Detection Task

In Experiment 1, we uncovered evidence that the illusory faces
in examples of face pareidolia can be reliably detected as faces,
even at fast presentation speeds (30 Hz). This finding is consistent
with the neural correlates described by Wardle et al. (2020; see also

Mei et al., 2022). However, the examples of face pareidolia have
two identities: an illusory face and an object. Is the perception of
the object identity subject to the same temporal processing limitations
as the face identity?

In Experiment 2, we examined rapid detection of food items using
the same task described in Experiment 1. There were two target con-
ditions in Experiment 2; illusory faces in food items and matched,
nonface, food items (see Figure 1A). The distractors were limited
to manmade inanimate objects such as tools, sporting equipment,
and vehicles as well as buildings (see Figure 1B). On one hand, if,
at fast presentation speeds (30 Hz), illusory faces are perceived as
faces but not objects, detection sensitivity would be lower in the illu-
sory face condition than in the food item condition. On the other
hand, if illusory faces are perceived as both faces and objects, then
there should be no effect of target type, even in the 30 Hz condition.

Method

Participants

Given the similarity between Experiments 1 and 2 in terms of
experimental design and analysis, minimally, we required a sample
size of 20. Ultimately, 25 participants (Mage= 22.8; 19 female and
six male) were recruited by the University of Queensland School
of Psychology First Year Research Participation Scheme.
Participants either received course credit or a $20 voucher as com-
pensation. All participants gave consent to participate and reported
having normal or corrected-to-normal vision. As in Experiment 1,
we determined that there were no outliers; however, we note that
two participants had previously completed Experiment 1.

Stimuli

The stimulus set in Experiment 2 included 234 distractors (ined-
ible objects; e.g., cars and pens), 50 illusory faces found in food
items (referred to as illusory faces), and 50 matched food items

Figure 2
Target Detection Performance for Experiments 1 and 2

Note. Violin plots showing detection sensitivity for (A) Experiment 1: Face detection task (n= 27) and (B) Experiment 2: Food detection task (n= 25).
See the online article for the color version of this figure.
* p, .05.
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with no facial structure present (referred to as matched food; see
Figure 1A).

Design

The experimental protocol included 200 target-present trials and
200 target-absent trials (400 trials in total). The experimental manip-
ulations included both target type (illusory face and matched food)
and presentation frequency (6 and 30 Hz).

Procedure

The task was to detect food items among a sequence of distractor
objects. Before beginning the experiment, participants were shown
illustrative examples of what matched food targets and distractor
images would look like. It was explained that “food” counted as all
consumables, which included drinks and ingredients involved in
cooking. Participants were told to ask for clarification from the exper-
imenter if they were unsure about whether an image counted as
“food.” The examples of illusory face images were not presented as
illustrative examples because the presence of illusory faces was not
discussed until the conclusion of the experiment. This was to discour-
age participants from expecting and looking for both food items and
illusory faces.
The trial structure of Experiment 2 was replicated from

Experiment 1. Targets were shown twice in the experiment, once in
a 6 Hz trial and once in a 30 Hz trial. At the conclusion of each
trial, participants were asked on the screen “Was there food present
in any images?” with answer options “yes” or “no.” If participants
answered “yes,” a secondary question appeared asking, “Did you
like the type of food you saw?” with answer options “yes” or “no.”
This secondary question was designed to keep the trial structure of
Experiment 2 comparable to that of Experiment 1, but the results of
this question were not analyzed. Again, no feedback regarding perfor-
mance was given. It took participants approximately 35 min to com-
plete Experiment 2. The order of images in each trial was randomized,
and the order of trials was randomized for each participant.

Apparatus and Analysis

Weused the same instruments and analysis pipeline for Experiment 2
as were described for Experiment 1.

Results

A 2 (frequency: 6 and 30 Hz)× 2 (target type: illusory face and
matched food) repeated measures ANOVA was performed (see
Figure 2B). The main effect of frequency was significant, F(1, 24)=
185.09, p, .001, such that participants were better at detecting targets
in the 6 Hz frequency (M= 2.37, SE= 0.16) compared to the 30 Hz
frequency (M= 0.28, SE= 0.10). However, we found no evidence
of a main effect of target type, F(1, 24)= 0.829, p= .372. The inter-
action between frequency and target type was also not significant,
F(1, 24)= 0.983, p= .331.
One-sample t tests were also conducted to determine if detection

sensitivity was above chance performance in each condition (adjusted
for multiple comparisons using the Bonferroni rule). In 6 Hz trials,
detection sensitivity was significantly above chance performance
for matched food items (M= 2.44, SE= 0.19), t(24)= 12.70,
pBonferroni, .001, and food items with illusory faces (M= 2.30,

SE= 0.13), t(24)= 17.78, pBonferroni, .001. However, in 30 Hz tri-
als, detection sensitivity was only above chance for matched food
items (M= 0.28, SE= 0.10), t(24)= 2.81, pBonferroni= .02, not for
food items with illusory faces (M= 0.28, SE= 0.12), t(24)= 2.30,
pBonferroni= .06.

Experiment 3: Repeated Measures Experimental Design

Collectively, the results of Experiments 1 and 2 demonstrate that
examples of face pareidolia have two distinct identities that can be rec-
ognized even at fast presentation speeds. More specifically, when the
pareidolia illusion occurs by happenstance in food items, the object
can be recognized either as a face or as a food item. This suggests
that examples of face pareidolia have two recognizable identities
that co-occur even when seen very briefly (Mei et al., 2022).
However, it remains unclear whether the examples of face pareidolia
seen in Experiments 1 and 2 were more easily recognized in the face-
or food detection task because different samples were collected, and
different stimuli were employed. Therefore, to address this question,
we combined both tasks into a repeated measures design. Further,
we used the exact same stimuli in both tasks. In other words, we
employed illusory faces in food items as targets in both the face detec-
tion task and food detection task (see Figure 1A). We used the same
distractors as in Experiment 2, except we removed and replaced a
small number of kitchen tools because they were “food related.” In
accordance with how illusory faces are represented in the brain during
the first 200 ms (Wardle et al., 2020), we predicted that detection sen-
sitivity for illusory faces would be higher in the face detection task
than in the food detection task when presentation time was limited
in the 30 Hz condition. In contrast, detection sensitivity for illusory
faces would be equivalent across tasks when participants have more
time to view the stimuli (i.e., in the 6 Hz condition).

Method

Participants

As this study combines Experiments 1 and 2, we took the original
target sample size (n= 20) and doubled it because (a) we needed to
counterbalance task order and (b) if task order was a significant fac-
tor, we would need to perform the full analysis, separately, on the
two groups. Although 42 participants (29 female and 13 male) vol-
unteered to participate, two had been excluded from the analysis
because of scores in one condition falling more than 3 SDs below
the group mean. After these participants were replaced, the final
analysis included 40 participants (27 female, 13 male; Mage= 22.8
years); 20 completed the face detection task first. Participants
reported normal or corrected-to-normal vision and gave informed
consent to participate. Participants were compensated with a $20
voucher or course credit.

Stimuli

The stimuli for Experiment 3 were 50 human faces, 50 food items
with illusory faces (illusory faces), 50 matched food items without
illusory faces (hereafter referred to as food items), and 229 distractor
objects. Twelve of the illusory faces from Experiment 2 were
replaced with different stimuli in Experiment 3. This was to improve
the detectability of the food identity as some of the original stimuli
were thought to be too ambiguous (e.g., stimuli depicting raw
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chicken, dipping oil, or empty drinking glasses). The 50 human
faces were randomly selected from the set that had been employed
in Experiment 1. We note that the same 50 faces were used to test
every participant.

Design

The experiment included 400 target-present trials and 400
target-absent trials (800 trials in total). The experimental design
included three factors in a repeated measures design: (a) task type
(face and food), (b) presentation frequency (6 and 30 Hz), and (c)
target type (illusory face target and real target).
The face- and food detection tasks were organized as blocks, and

these two blocks of trials were counterbalanced across participants
such that half of the participants completed the face detection task
first, whereas the others completed the food detection task first. In
the face detection task, the targets were faces (human faces or illu-
sory faces). In the food detection task, the targets were food items
(food items with or without illusory faces). Consequently, the
exact same illusory face stimuli served as targets in both tasks,
while the human faces and matched nonface food items functioned
as targets in their respective task blocks, but as distractors in the
opposing task block (Figure 1B). Trials were either 6 or 30 Hz,
and every target was presented once in each frequency condition
in each task block. A summary of all the stimuli deployed in
Experiment 3 is available in Table 1.
On an individual participant basis, every target image was placed

among distractor images to form the trial sequences for Block 1.
Then, in Block 2, the trial sequences were kept intact, althrough
the image order was reshuffled. Therefore, the exact same trial
sequences were presented in in Block 1 and Block 2 with the only
difference being the instructions to participants. This was to ensure
that targets placed among weaker or stronger distractors in Block 2
could not explain performance. In the face detection task, after view-
ing a trial sequence, participants were asked whether a face was pre-
sent among the images. Conversely, in the food detection task after
viewing a trial sequence, participants were asked whether a food
item was present among the images. There were no secondary ques-
tions in this experiment to ensure the only difference between the
task-type blocks was the task instructions.
Among the target-present trials, we included trials where both a

human face and a food item were present. Depending on the task
type block, one would be a target and the other a distractor. This
is because participants may have learnt that the presence of one

target type could indicate the absence of the other target type. For
example, participants who had completed the face detection block
and were onto the food detection block may have learnt that when
a human face was present in a trial, a food item would not be.
They may then see a human face in a trial and disengage from the
trial, knowing a food item target would not appear. To prevent this
from happening, when a nonillusory face target (i.e. human face
or ordinary food item) was present, 25% of the time, it was paired
with an opposing target. Therefore, participants would not form a
belief that only one type of target would ever appear in a sequence.
In each 20-item sequence, a target could appear between the fifth and
15th items. In sequences where both food and faces appeared, they
were at least three positions apart.

Procedure

The tasks used were identical to those described in Experiments 1
and 2. The only difference in procedure was the blocked task struc-
ture and the instructions to participants. At first, participants were
shown examples of the targets and distractors that would be used
in their first task. The second task was not mentioned until the par-
ticipant had reached the end of the first block and was preparing to
begin the second block of trials. Participants were not given verbal
instructions about how to respond to images containing illusory
faces but were shown illusory faces as examples of targets for
both tasks. The entire experiment took participants approximately
40–50 min to complete.

Apparatus and Analysis

The same apparatus and calculations of detection performancewere
used for Experiment 3 as were described for Experiments 1 and 2. To
assess how detection performance varied over task condition, we per-
formed a 2× 2× 2 repeated measures ANOVA with factors of task
type (face detection, food detection), presentation frequency (6 and
30 Hz) and target type (nonillusory face, illusory face).

Results

The results of Experiment 3 revealed a distinction in detection
performance across the food and face tasks (Figure 3). A three-way
ANOVA among task type, target type, and frequency was con-
ducted. A main effect of task type was revealed, F(1, 39)= 85.34,
p, .001, with participants better at detecting targets in the face

Table 1
Summary of the Trial Structure Used in Experiment 3

Stimuli per sequence
Number of

Sequences per
Frequency× Task

Target present or absent

Human
face

Illusory
face

Matched
food

Face detection
task

Food detection
task

1 0 0 25 Target present Target absent
1 0 1 25 Target present Target present
0 1 0 50 Target present Target present
0 0 1 25 Target absent Target present
0 0 0 75 Target absent Target absent

Note. This table provides an overview of the number of human faces, illusory faces, and matched food
stimuli per sequence in Experiment 3.We note that the exact same sequences were used in both tasks (i.e.,
face- and food detection).
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detection task (M= 2.20, SE= 0.06) compared to the food detection
task (M= 1.60, SE= 0.08). As expected, we also found a main
effect of frequency, F(1, 39)= 776.88, p, .001, such that detection
sensitivity was higher in 6 Hz trials (M= 3.03, SE= 0.10) com-
pared to 30 Hz trials (M= 0.78, SE= 0.05). A main effect of target
type was revealed, F(1, 39)= 270.64, p, .001, such that partici-
pants were better at detecting nonillusory stimuli (human faces
and food items; M= 2.28, SE= 0.07) compared to food items
with illusory faces (M= 1.52, SE= 0.06).
The three-way interaction among frequency, task type, and target

type was significant, F(1, 39)= 8.68, p= .005. To follow-up the
significant three-way interaction, six Bonferroni-corrected pairwise
comparisons between discrete conditions were conducted. When
participants were detecting faces and the presentation speed was
slow (6 Hz; Figure 3A, left), detection sensitivity was significantly
higher for human face targets (M= 4.0, SE= 0.11) compared
to illusory face targets (M= 2.48, SE= 0.08), t(39)= 15.22,
pBonferroni, .001. Similarly, when the presentation speed was fast
(30 Hz; Figure 3A, right), detection sensitivity was still significantly
higher for human faces (M= 1.97, SE= 0.07) compared to illusory
faces (M= 0.35, SE= 0.07), t(39)= 21.77, pBonferroni, .001. This
is consistent with results in Experiment 1; when looking for faces,
human faces were more easily detected than illusory faces at both
slow and fast presentation speeds.
However, we found a different pattern of results when participants

were looking for food items. When the presentation speed was slow
(6 Hz), sensitivity was significantly higher for food items with illu-
sory faces (M= 2.94, SE= 0.15) compared to matched food items
without illusory faces (M= 2.68, SE= 0.13), t(39)=−4.28,
pBonferroni, .001 (see Figure 3B, left). However, at the faster presen-
tation speed (30 Hz), this behavior pattern reversed. Participants were
less sensitive to food items with illusory faces (M= 0.31, SE= 0.05)
than matched food items (M= 0.48, SE= 0.05), t(39)= 3.07,
pBonferroni= .02 (see Figure 3B, right). Therefore, sensitivity to the
food targets with and without illusory faces depended on the presen-
tation speed.
Next, we compared sensitivity to illusory face stimuli across the

face- and food detection tasks (Figure 3C). On one hand, in the
6 Hz frequency condition, participants were more sensitive to

illusory faces when looking for food than when looking for faces,
t(39)=−3.61, pBonferroni= .005 (see Figure 3C). On the other
hand, in the 30 Hz condition, participants were equally sensitive
to illusory faces, regardless of the task at hand, t(39)=−0.58,
pBonferroni= 1 (see Figure 3C).

Discussion

This study investigated the rapid detection of illusory faces across
different task conditions. Consistent with the findings of Rekow
et al. (2022), Experiment 1 revealed evidence that participants
are sensitive to illusory faces in a face detection task, even when
presentation time was extremely limited. This capacity to reliably
detect illusory faces with only a glimpse supports the claim that
the experience of face pareidolia is the consequence of an error
in the processes responsible for rapidly detecting human faces
(Jakobsen et al., 2023; Keys et al., 2021; Omer et al., 2019;
Saurels et al., 2024; Taubert et al., 2018, 2020, 2022; Wardle,
et al.,. 2020). However, detection sensitivity was higher for
human faces than illusory faces, an observation which is consistent
with a number of previous behavioral findings (Alais et al., 2021;
Jakobsen et al., 2023; Keys et al., 2021; Saurels et al., 2024).
This is consistent with the claim that illusory faces are more hetero-
geneous than human faces in terms of their low-level visual proper-
ties (Caruana & Seymour, 2022; Epihova et al., 2022).

In Experiment 2, we measured behavioral responses to illusory
faces in a task focused on object attributes rather than face attributes.
To this end, we designed a food detection task and collected exam-
ples of food items, such as a sliced capsicum, with and without illu-
sory faces. The results revealed that food items could be accurately
detected in both the 6 and 30 Hz conditions. This is consistent with
the idea that food items, like faces, form a class of biologically rel-
evant and visually salient stimuli that can be detected, even under
extreme processing limitations. Although we found no evidence
that frequency interacted with target type, when we tested whether
sensitivity across the four unique conditions was above chance, we
found that food detection in the 30 Hz condition was only spared
for matched food items. This result suggests that, when faces are
irrelevant to the task at hand, the presence of an illusory face

Figure 3
Target Detection Performance for Experiment 3

Note. Violin plots showing target detection performance for each condition in Experiment 3 (n= 40). (A) Performance in the face detection task. (B)
Performance in the food detection task. (C) Comparisons between illusory face detection performance across task types. See the online article for the
color version of this figure.
* p, .05.
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might interfere with the categorization of an object’s veridical iden-
tity, but only at fast presentation speeds.
The specific motivation for Experiment 3 was to directly compare

behavioral responses to a set of illusory faces under different task
conditions. Thus, we combined the face detection task with the
food detection task in a repeated measures design. The results dem-
onstrate that when images of food that also contain illusory faces
were presented at 6 Hz, people were more sensitive to their food
identity than their face identity. However, this advantage for illusory
faces in the food task was not observed when the presentation time
was reduced; when images containing illusory faces were presented
at the faster rate of 30 Hz, there was no evidence of a difference for
illusory faces across the two tasks. Interestingly, when asked to
detect food, participants in Experiment 3 showed higher sensitivity
to food items with illusory faces than matched food items in the 6 Hz
condition, a similar trend to Experiment 2 (see Figure 2B). Yet,
when the presentation speed was increased to 30 Hz, the participants
in both Experiments 2 and 3 showed lower sensitivity to the illusory
faces. Collectively, these findings suggest that when the presentation
time is longer, allowing for more processing, the presence of an illu-
sory face might, under some experimental circumstances, bolster
performance in a food detection task. However, when presentation
time is decreased, the presence of an illusory face reliably and nega-
tively impacts food detection; in Experiment 2, illusory faces elimi-
nated detection sensitivity and, in Experiment 3, although sensitivity
remained above chance, it was lower in the illusory face condition
than in the matched food item condition. Overall, these findings are
consistent with recent neurophysiological and neuroimaging data
showing that the neural representation of illusory faces changes over
time with examples of face pareidolia being initially represented as
more similar to faces and then, later, being represented as more similar
to objects (Wardle et al., 2020).
The tasks employed in Experiments 1–3 involved the detection of

stimuli from broad categories (faces and food) among a set of highly
variable distractor stimuli. We show that participants could detect
targets in both tasks, even at the fastest presentation rate, indicating
that illusory faces have two robust, yet concurrent identities perhaps
being processed in parallel. Lower sensitivity at the faster 30 Hz pre-
sentation speed supports previous findings that faster RSVP streams
lead to lower fidelity image representations because of image masking
(Maguire & Howe, 2016; Potter et al., 2014; Robinson et al., 2019).
Thus, one intriguing finding is the heightened sensitivity to illusory
faces relative to matched food items at 6 Hz but not 30 Hz
(Figure 3B). The same pattern of results was evident in Experiment
2, though was not significant (Figure 2B) possibly because we used
a number of ambiguous stimuli as food targets in Experiment 2,
such as oil and raw chicken. Nonetheless, the observation that illusory
faces were easier to detect than matched food items in Experiment 3,
when participants were directed to look for food items, indicates that
illusory faces spontaneously boosted food detection. This is consistent
with the idea that illusory facial features are often incorporated into
architecture, art, and commercial products because they automatically
summon attention (Delbaere et al., 2011; Di Salvo&Gemperle, 2003;
Martinez-Conde et al., 2015; C. Wang et al., 2022; Wodehouse et al.,
2018). Further, previous work has shown that attentional enhance-
ment occurs 150 ms after image presentation (Moerel et al., 2022).
Thus, the benefit of having a superfluous illusory face should be pro-
nounced when an image can be continually processed for longer than
150 ms, as was the case in Experiment 3. In sum, by measuring

behavior toward illusory faces in a food detection task, we found
that illusory facial features confer attentional benefits for object targets
that are independent of task.

Our findings highlight a number of gaps in our understanding of
illusory face perception. From the findings, we conclude that the
object identity of illusory faces dominates perception at slow, but
not fast, presentation speeds. One alternative explanation is that we
were unable to detect differences at the fast presentation speed
owing to poor performance. However, target detection performance
was still above chance at this speed, and the results dofit with previous
work on the face identity of illusory faces. Indeed, in the food detec-
tion task of Experiment 3, the detection of matched food items was
higher than that of illusory faces at 30 Hz (i.e., the reverse trend to
6 Hz), which fits with the claim that illusory faces might be initially
detected as faces and that this mistake might interfere with food detec-
tion. Yet, at longer presentation times, this interference is reduced per-
haps because the erroneous face identity is suppressed. Nevertheless,
these results indicate that illusory face stimuli can be detected as either
faces or food items, even at very short durations. One unknown is
whether different features in the images are prioritized according to
the task at hand, although we think this unlikely because of the
high featural variation in the illusory face images.

General Discussion

At present, representations of visual stimuli in the primate brain
are thought to be organized according to whether the stimulus is
an animate object, like a face, or an inanimate object, like a food
item (Downing et al., 2006; Kiani et al., 2007; Kriegeskorte et al.,
2008; Long et al., 2018). However, the factors that give rise to this
apparent organization are unknown (Op de Beeck et al., 2019;
Taubert et al., 2022). Understanding how the brain processes objects
with two identities, one animate and one inanimate, as is the case
with examples of face pareidolia, will be important for obtaining a
complete understanding of how the brain encodes visual stimuli for
visual recognition in the real world. But, first, we need to understand
how the perception of face pareidolia changes across time and circum-
stance. In this study, we took steps toward understanding how illusory
faces are perceived across different time limitations and task condi-
tions. Our data reveal that examples of face pareidolia have two over-
lapping identities that are recognizable at two time points. This
distinguishes ambient examples of face pareidolia, as a class of visual
stimuli separate from faces in noise (Liu et al., 2014; Summerfield
et al., 2006; Zimmermann et al., 2019) or difficult to see Mooney
faces (Palmer et al., 2022; Taubert & Parr, 2011) because those stimuli
are only perceived as faces once structure is detected, before that they
are merely noise. Similarly, these results suggest that the perception of
an illusory face in an example of face pareidolia differs from the per-
ception of a bistable face stimulus, which is thought to oscillate
between a face and a nonface identity over time (Tong et al., 1998;
M. Wang et al., 2013). Future research can now focus on characteriz-
ing the neural representation of these unique stimuli under different
circumstances by manipulating task.
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