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BACKGROUND

Humans have evolved specialized neural mechanisms to sensitively detect faces and evaluate the im-
portant social signals they convey (Harries & Perrett, 1991; Haxby et al., 1999, 2002; Kanwisher et al.,
1997; Perrett et al., 1985). This perceptual sensitivity has supported human evolution, by allowing us
to communicate with conspecifics and rapidly detect face cues (e.g., fearful expressions) which signal
threat (e.g., predators) in our environment (Ohman, 2009; Ohman et al., 2001; Pascalis & Kelly, 2009;
Sander et al., 2007). Recent studies show that our sensitivity for face information may also extend to
illusory faces in inanimate objects (see Figure 1a for examples); a phenomenon known as face pareidolia
(Palmer & Clifford, 2020; Partos et al., 2016; Wardle et al., 2017a, 2017b; Zhou & Meng, 2020). Research
on face pareidolia indicates that the detection of what has been referred to as ‘false positive’ faces may
be a by-product of an error-prone face detection mechanism that favours sensitivity over specificity
(Palmer & Clifford, 2020; Taubert et al., 2018, 2019; Wardle et al., 2017a). Indeed, it has been shown
that within the first 200 ms after stimulus onset, brain responses to objects that induce face pareidolia
are distinguishable from responses elicited by objects sharing similar visual information and semantic
identity (Hadjikhani et al., 2009; Wardle et al., 2017b). Interestingly, these eatly signals seem to be more
similar to those brain responses conveying information about real faces and driven by low-level visual
features, such as high-contrast and low-spatial frequency components of face configuration (Wardle
et al., 2017b). Also, results from recent gaze cueing and cross-adaptation studies indicate that sensory
mechanisms recruited for viewing human faces may overlap with those recruited for viewing parei-
dolia faces (Alais et al., 2021; Palmer & Clifford, 2020; Takahashi & Watanabe, 2013). Together, these
findings suggest that the mechanisms involved in the early stages of visual processing might treat face
pareidolia stimuli like real faces.

There is growing evidence that the initial stages of face detection rely on a rapid subcortical
pathway relaying coarse visual information to the amygdala via the superior colliculus and pulvinar
(Johnson, 2005; McFadyen et al., 2017, 2020; Morris et al., 1999; Senju & Johnson, 2009). This
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FIGURE 1 (a) Example of matched stimuli for objects with and without illusory face features. The full stimulus set is
available on the Open Science Framework (https://osf.io/9g4rz) and exemplars shown here are adapted from Wardle et al.
(2020) with permission under a Creative Commons Attribution 4.0 License. (b) A schematic representation of an example
trial. Under continuous flash suppression (CFS), separate stimuli are presented to each eye. A target stimulus is presented to
the non-dominant eye and is rendered invisible for several seconds by a high-contrast mask presented to the dominant eye.
The target stimulus is temporarily suppressed by the mask from visual awareness. Masks (dominant eye) were updated at

10 Hz. When the target stimulus became visible to the participant, they were required to quickly and accurately press a button
to indicate whether it appeared on the left or right side of fixation. The time taken for observers to detect the target stimulus
under these conditions (i.e., ‘suppression time’) was taken as an index of stimulus potency in accessing conscious awareness
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pathway is proposed to underpin the rapid detection and orienting responses to face stimuli, and is
thought to operate reflexively and outside of conscious awareness. In a recent study by Taubert et al.
(2018), it was shown that bilateral lesions to the amygdala in rhesus monkeys eliminate a robust and
automatic looking preference for real faces and face pareidolia stimuli, suggesting an involvement
of the amygdala and possible recruitment of the fast broadly tuned subcortical route in face parei-
dolia (Taubert et al., 2018). Currently, however, no research has shown evidence for face pareidolia
recruiting this pathway in humans.

The primary aim of the current study was to test whether face pareidolia implicates the involvement
of a broadly tuned, rapid face detection mechanism using a direct behavioural measure. Specifically, we
used breaking continuous flash suppression (b-CFS; see Figure 1) to examine whether face pareidolia
stimuli were prioritized over other stimuli matched for object content and visual features (Tsuchiya &
Koch, 2005). B-CFS is a method argued to probe the earliest preconscious stages of visual processing,
including the rapid subcortical face detection pathway (Yang et al., 2007). Previous studies using b-CFS
have shown that real faces gain privileged access to visual awareness and are detected faster than other
objects (Caruana et al., 2019; Stein et al., 2016). Face inversion effects are also observed under b-CFS,
whereby the upright canonical view is detected faster than its inverted counterpart (Caruana et al., 2019;
Stein et al., 2016). In this study, we used this same approach, but substituted real face stimuli with face
pareidolia stimuli (Figure 1b). We predicted that recruitment of early face detection mechanisms for face
pareidolia stimuli would result in faster awareness of these stimuli compared to control images matched
for object content.

A second, exploratory, aim of this study was to determine whether this b-CFS paradigm could
be used to probe behavioural markers of hallucination proneness at the earliest stages of visual pro-
cessing. Existing face pareidolia research in humans indicates significant individual differences in
this phenomenon (Smailes et al., 2020; Zhou & Meng, 2020). In particular, links have been made
between face pareidolia and proneness to experiencing hallucinations—particularly in patients di-
agnosed with Parkinson's disease with Lewy body dementia (Akdeniz et al., 2020; Uchiyama et al.,
2012; Yokoi et al., 2014). In these studies, patients have exhibited the experience of visual hallucina-
tions, including intensified experiences of pareidolic illusions, when assessed using both behavioural
and electrophysiological measures.

However, while differences in reporting pareidolia might indeed reflect variation in the perceptual
experience of visual stimuli (as is typically implied from these studies), it is also possible that cognitive
biases underlie differences in reporting whether or not an illusory face is present. For instance, indi-
viduals more susceptible to hallucinations might have a stronger tendency to report seeing a face when
they are uncertain and forced to guess, while other individuals may exert a more conservative bias. So
far, no research disentangles perceptual bias from cognitive bias when examining individual differ-
ences in face pareidolia. To this end, our exploratory study examined whether differences exist between
healthy adults and individuals with schizophrenia. Schizophrenia is a condition known to significantly
increase hallucination susceptibility (David et al., 2011; Dudley et al., 2018; Mueser et al., 1990) with
an 80% prevalence rate (Lim et al., 2016). Whilst auditory hallucinations are most common, up to
62% of individuals with schizophrenia experience visual hallucinations (Baethge et al., 2005; Bracha
et al., 1989; Delespaul et al., 2002). Furthermore, an estimated 70% of patients experiencing auditory
hallucinations also experience visual hallucinations—suggesting that a common mechanism underlies
aberrant perceptual experiences that manifest across sensory modalities (Gauntlett-Gilbert & Kuipers,
2003). As such, our prediction was that if the proposed link between face pareidolia and hallucination
proneness is based on a perceptual bias, we would find differences in the processing of face pareidolia
stimuli under b-CFS between groups. This might manifest as a larger stimulus effect in patients with
schizophrenia than controls (i.e., relatively faster suppression times for face pareidolia stimuli compared
to non-face stimuli). Because b-CFS probes early stages of perception and does not require participants
to report the features of the stimulus, the use of this method specifically eliminates potential influences
of cognitive bias on the participant's report (Caruana et al., 2019; Caruana & Seymour, 2021; Caruana
et al., 2019; Seymour et al., 2010).
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METHOD
Ethical statement

The methods of this study were approved by the local Human Research Ethics Committee (reference
number: 5201200021) and were performed in accordance with this approval and the Declaration of
Helsinki. All participants received payment for their time and provided written and informed consent
before participating.

Participants

Twenty-four healthy adult individuals (14 M/10F) participated in this study (M Age = 42.92; SD = 16.13).
In addition, we tested a sample of 17 outpatients diagnosed with schizophrenia or schizoaffective dis-
otder (8 M/9F), recruited from the Australian Schizophrenia Research Bank (https://www.neura.edu.
au/discovery-portal/astb/). Eligibility criteria for both groups of patticipants included: (1) no history
of neurological disease or injury resulting in a concussion or being unconscious for more than 1 hour;
(2) no history of substance abuse (as per DSM-V criteria); (3) 8 years or more of formal education; and
(4) normal or corrected-to-normal vision. Healthy controls were screened using an interview protocol
based on the affective, psychotic and substance abuse screening modules from the Structural Clinical
Interview for Axis 1 Disorders previously outlined under DSM-IV (SCID-1; First et al., 2002). All
patients were diagnosed by a clinical psychologist or psychiatrist before being recruited into the study.
See Table S1 for an additional summary of patient characteristics. Whilst the primary focus of the
study was to examine face pareidolia in healthy adults, our second aim was to determine whether there
were any differences in the processing of face pareidolia under CFS conditions in individuals with
schizophrenia. Thus, for valid direct group comparisons, we used only a subset of our healthy adult
sample to obtain two groups of 17 participants matched on age (patients M = 53.50, §D = 7.90; control
M=50.20, §D = 12.10; #32) = 0.94, p = .355, BF, | = .462;) and premorbid intelligence (NART; Nelson
& Willison, 1991; patients M = 106.00, SD = 8.95; control M = 106.00, §D = 10.5; #32) = 0.16, p = .875,
BF,, = .332).

Target stimuli

We presented stimuli previously selected and verified in related research (see Figure 1 for examples;
original stimulus set also available on the Open Science Framewotk https://osf.io/9¢g41z). In total, we
presented a stimulus set of 112 images. These comprised 56 colour images of natural examples of il-
lusory faces in inanimate objects collected from the Internet. For each pareidolia image, a photograph
of a similar object without an illusory face was sourced and cropped to match the first image as closely
as possible. This ensured we had a control (non-face) stimulus set that was matched in terms of object
category and visual features as much as possible. These stimuli were presented either in the upright or
inverted orientation depending on trial type.

b-CFS Approach

Given the current debate surrounding b-CFS and its ability to provide evidence for unconscious pro-
cesses, we paid close attention to addressing the three criteria set out by Moors et al. (2019) in our meth-
odology. First, we ensured our stimulus conditions were matched as best as possible for low-level visual
features. Previous research using GIST and Graph-Based Visual Saliency modelling of these stimuli has
shown that illusory face stimuli are on average far less similar in visual properties to each other than to
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their matched non-face objects (Wardle et al., 2020). Second, we attempt to replicate a reliable b-CFS
finding of face prioritization, using different stimuli. Third, we sought the most parsimonious explana-
tion of our data.

CFS Set-up

Participants viewed dichoptic displays on a Samsung SynchMaster SA950 HD LED monitor (60 X 34 cm,
100 Hz), through a mirror stereoscope while their head was stabilized in a chin rest 70 cm from the
screen. Two red frames (12° X 12°) were displayed side by side on the screen, separated by 8 degrees of
visual angle. This ensured that the left and right frames were only visible to the left and right eye, respec-
tively. Fusion contours (random noise pixels; width 0.5°) were also presented within each of the frames
to facilitate binocular fusion. Prior to running the experiment, we ensured that participants perceived
a single fused frame when viewing the screen binocularly and that only one frame could be seen when
viewing the screen monocularly with each eye.

Participants were required to maintain fixation of a black point (0.2°) in the centre of the fused
frame for the duration of the experiment. On any given trial, either a pareidolia or control stimulus
(3° X 3°) appeared on a grey background at an eccentricity of 1 degree of visual angle in the upright or
inverted orientation. In total, participants were presented with 448 trials; 56 pareidolia images and 56
control images presented four times each, twice in the upright orientation and twice inverted. All target
stimuli were presented to participants’ non-dominant eye, confirmed using the near convergence test
(Rice et al., 2008) in order to prolonged suppression and therefore optimized the detection of group
differences.

Procedure

Trials began with the presentation of the two red frames and fusion contours and a central fixation
point (see Figure 1). After 100 ms, a set of colourful, high-contrast and contour-rich masks (9.2°) were
presented to the dominant eye, updating at 10 Hz. A target stimulus was simultaneously presented to
the non-dominant eye, ramping up linearly in stimulus contrast from 0 to 100% over 100 ms. The target
appeared in one of four quadrant locations within the fused frame. Target location was counterbalanced
across conditions. The mask contrast was ramped down after 8 s from 100% to 0% over a 2000-ms
period.

Participants were required to make a keyboard response with the arrow keys to indicate whether
the target appeared to the left or right of fixation as soon as any part of it became visible. Participants
were not asked to make any judgements about the stimulus and were naive to the task manipulations.
Suppression times were recorded as the time taken for participants to localize the target stimulus from
its onset. Participants were given a 2- to 5-minute break half-way through the experiment which lasted
approximately 15 min in total.

RESULTS

Suppression times were recorded as the time it took for participants to press a button to indicate the
correct location of the presented stimulus. Analyses only included data from trials in which participants
accurately detected the target during CFS (i.e., whilst the mask and target stimulus were being simultane-
ously presented to participants). As such, trials were removed if participants: (1) indicated the incorrect
target location; (2) responded prematurely, within 200 ms of the target's presentation; or (3) responded
after the mask stimulus was ramped down. Mean suppression times were log-transformed (log, ) to ac-
count for positively skewed reaction time distributions (Heyman & Moors, 2014). Untransformed data
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were used for the reporting of descriptive statistics and data visualization in order to facilitate an intui-
tive interpretation (see Table 1 and Figure 2).

Mean accuracy for localizing the masked target stimuli was on average 97.7% (§D = 2.3%) across the
full sample of healthy participants (# = 24). For the secondary analysis involving patients with schizo-
phrenia (# = 17) and a subset of this sample of healthy controls (# = 17), the proportion of valid trials
did not significantly differ across groups (HC: » = 17; M = 98.3%, SD = 1.46%; SZ: n = 17, M = 97.5%,
SD = 2.70%; #(32) = 1.06, p = .298, BF,, = .506). Moreover, accuracy was consistent across condi-
tions across the full sample (upright face pareidolia: M = 97.7%, SD = 2.99%; inverted face pareidolia:
M = 979%, SD = 2.41%; upright non-face: M = 97.5%, SD = 2.76%; inverted non-face: M = 97.7%,
SD = 2.33%).

Do face pareidolia stimuli gain privileged access to visual awareness?

To analyse log-transformed suppression times in our full sample of healthy adults (# = 24), a two-way
repeated measures ANOVA was used with factors: stimulus type (face pareidolia, non-face) and stimu-
lus orientation (upright, inverted). This analysis revealed a significant main effect of stimulus type with
participants being faster to localize objects that induce illusory face perception compared to objects that

TABLE 1 Descriptive statistics for untransformed suppression times by sample and condition
Face pareidolia Non-face
Upright Inverted Upright Inverted

Healthy adults (» = 24)
Schizophrenia (7 = 17)

Healthy controls (7 = 17)

2816 (1144)
2705 (832)
2828 (1038)

2939 (1207)
2737 (896)
2927 (1090)

3190 (1347)
3057 (794)
3200 (1252)

Note: Descriptive statistics are reported in the form of M (§D). Suppression times are reported in milliseconds.

3218 (1315)
3184 (995)
3211 (1212)

(a) Healthy Adults (I‘I=24) (b) Patients with Schizophrenia (n=17)
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FIGURE 2 Mean suppression times in milliseconds (ms) by condition for (a) the full sample of healthy adults (2 = 24);

(b) individuals with schizophrenia (7 = 17); and (c) the age and 1Q matched sample of healthy controls (# = 17). Error bars
represent the standard error of the mean
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do not (F(23) = 92.42, p < .001, n* = .015). We also found evidence for a main effect of orientation in
which participants were faster to detect stimuli when the object was presented in an upright rather than
an inverted orientation (I"(23) = 6.95, p = .015, 1> = .001). No evidence for a stimulus type by orientation
interaction was found (F(23) = 1.08, p = .309, n*> < .001).

Are suppression times associated with face pareidolia stimuli altered in
schizophrenia?

To compare our patient sample with an age- and IQ-matched subset of our healthy adult sample
(n = 17), we conducted a three-way mixed effects ANOVA with factors: group (patients, controls),
stimulus type (face pareidolia, non-face) and stimulus orientation (upright, inverted). Our analysis
revealed a significant main effect of stimulus type, characterized by shorter suppression times for
objects inducing illusory face perception (F(32) = 118.93, p < .001, n*> = .033). With this analysis,
no evidence for a main effect of stimulus orientation was found (FF(32) = 3.26, p = .081, n*> = .001)
and no interaction effects were apparent (all ps > .341). Importantly, our results also provided no
evidence for a main effect of group (F(32) = 0.035, p = .852, n> = .001). This suggests that, at least
in our sample, the rapid preconscious processes of face perception that underlie face pareidolia are
intact in patients with schizophrenia.

In order to confirm that patients exhibited the same pattern of suppression times as healthy adults,
we analysed the schizophrenia group data separately using the same repeated measures ANOVA struc-
ture used for the analysis of healthy adults. This revealed that patients also exhibited the same main
effect of stimulus type, with significantly shorter suppression times for objects comprising illusory faces
compared to non-face objects (F(16) =65.05, p <.001, n* =.051).

DISCUSSION

The primary aim of this study was to test whether the human visual system prioritizes the early detec-
tion of objects that induce face pareidolia. Using b-CFS as a means to probe early preconscious stages of
visual processing, we examined whether objects inducing face pareidolia gain privileged access to con-
scious awareness over other objects that do not induce illusory face percepts. Our results showed that
face pareidolia stimuli are released from CFS suppression earlier than other stimuli matched for object
content, suggesting the visual system does prioritize the rapid detection of illusory faces.

Our finding that face pareidolia stimuli receive privileged access to conscious awareness is consis-
tent with evidence suggesting that early stages of face processing are broadly tuned and prone to error
(Keys et al., 2021; Taubert et al., 2019; Wardle et al., 2020). In particular, it has been proposed that an
ancient subcortical face detection mechanism (Johnson, 2005; Senju & Johnson, 2009; Stein et al., 2011;
Tsuchiya & Koch, 2005) which operates, reflexively and outside of conscious awareness, has evolved to
favour the fast response to faces at the potential cost of detecting ‘false positives’ (Taubert et al., 2018,
2019; Wardle et al., 2020). Converging evidence supports a rapid subcortical face detection mechanism
(Johnson, 2005; McFadyen et al., 2017, 2020; Morris et al., 1999; Senju & Johnson, 2009). This includes
earlier b-CF'S research that has shown images of real faces to gain privileged access to visual awareness
over images of inanimate objects (Caruana et al., 2019; Jiang et al., 2007; Stein et al., 2016). However,
it is important to note that the effects sizes for stimulus type observed in the current study for object-
matched face pareidolia and non-face stimuli are markedly more modest than those observed in studies
comparing true face stimuli with a single category of objects (e.g., chairs; Caruana et al., 2019). This is
unsurprising given the high degree of variability within each stimulus condition (i.e., many different
object types) and the high degree of visual similarity across stimulus conditions (i.e., objects matched
for object type and low-level visual features) in the current study.
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Nevertheless, in the current study, we show that pareidolia faces may be treated in a similar way to
real faces by our ‘hard-wired’ face detection mechanism to facilitate their rapid detection. Future work
including direct comparisons between real and illusory face stimuli under b-CFS would be useful in
characterizing the extent to which these stimuli are prioritized in the same way. However, the practical
challenges of matching for low-level visual properties between stimulus conditions would be far from
trivial. In the current study, we ensured that our conditions were visually matched as best as possible
and that visual variance was much higher within, rather than across, stimulus conditions, allowing us
to rule out an explanation of suppression time differences based on differences in image statistics (e.g.,
colour, orientation and luminance distributions) between pareidolia and non-face stimuli. Nonetheless,
some differences in visual information such as the high-contrast shapes corresponding to the approxi-
mate location of the ‘eyes’ and ‘mouth’ (Stein & Sterzer, 2012; Yang et al., 2007) were likely to be driving
the effect. In a recent study by Wardle et al. (2020), it was shown that a GIST visual feature model was
capable of distinguishing features of illusory faces. Research in non-human primates using the same
stimuli also showed that the fixation patterns that immediately follow an automatic orienting response
are concentrated on the high-contrast ‘mouth and eye’ regions (Taubert et al., 2017). This suggests that
a rapid face detection mechanism may be sensitive to coarse low-level visual features but may also be
tolerant to substantial visual variance in the definition of facial features (McFadyen et al., 2020; Stein &
Sterzer, 2012; Taubert et al., 2018, 2019; Wardle et al., 2020).

In addition to the above findings, our study explored whether differences in face pareidolia process-
ing are evident in individuals diagnosed with schizophrenia. Our motivation was based on suggestions
of a link between hallucination proneness and a tendency to report face pareidolia, which has pri-
marily been documented with another condition associated with hallucination proneness—Lewy Body
Dementia (Uchiyama et al., 2012; Yokoi et al., 2014). In a group of participants diagnosed with schizo-
phrenia—a condition associated with an 80% prevalence of hallucinations (Lim et al., 2016)—we ran
the same b-CFS experiment and found that pareidolia faces were detected faster than object-matched
control stimuli. Importantly, we found no evidence for any difference between groups. Critically, the
b-CFS paradigm eliminates the influence of cognitive biases on reporting pareidolia percepts. Namely,
participants are asked to simply localize the stimulus, but are not required to interrogate their percept.
As such, our results provide no evidence for the proposed link between a proneness for hallucinations
and face pareidolia in schizophrenia, at least at the earliest stages of visual processing. Instead, our
findings suggest that individual differences in face pareidolia may be due to cognitive biases rather
than low-level perceptual differences. This is also consistent with other evidence suggesting that early
stages in the visual processing of facial information (e.g., gaze and emotion expression) are largely intact
in schizophrenia and that a number of perceptual biases reported in the literature are most likely to be
cognitive in nature (Caruana & Seymour, 2021; Caruana et al., 2019; Kaliuzhna et al., 2019, 2020; Kring
et al., 2014; Palmer et al., 2018a, 2018b; Seymour et al., 2016, 2017).

The overall absence in our data of face inversion interaction effects—that is, larger effects of ori-
entation for pareidolia than non-face objects (Jiang et al., 2007)—across all analyses and participant
groups, might suggest that the face inversion effect for pareidolia stimuli is not as strong as those
observed for real faces. This is not altogether surprising given the high degree of similarity between
matched object images across our stimulus conditions and the fact that inversion effects observed under
CFS are not unique to faces, but are also observed in varying degrees for human bodies without faces
(Stein et al., 2012) and in particular inanimate objects (Stein et al., 2016). While our exploratory analysis
found no main effect of orientation in either group, despite it being observed in our analysis in healthy
participants, this could be attributed, in part, to the fact that the mean age of participants used in this
secondary analysis was significantly older than the first. Given that face processing ability as well as
more general hierarchical visual processing is known to decline across the lifespan (Mondloch et al.,
2003; Staudinger et al., 2011), future work to examine the influence of age on face pareidolia perception,
inversion effects and other forms of holistic processing under CFS would be fruitful.

In summary, our findings lend support for the idea that faces are special and that a broadly tuned
mechanism operating at the earliest stages of face processing may facilitate the detection of illusory
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faces in inanimate objects. Whilst it should be noted that our study reports differences in suppression
times as evidence for differences in the preconscious processing that our stimuli receive while being
suppressed, it is possible such differences reflect disparities at very early pos-conscious stages of pro-
cessing (Hedger et al., 2016; Moors et al., 2019; Stein & Peelen, 2021). Importantly, this interpretation
does not detract from our conclusion that objects inducing face pareidolia gain an advantage over other
objects in terms of eliciting a behavioural response. Such findings are similar to results previously
observed with real faces, suggesting the advantage may be served by a shared mechanism. Indeed, our
findings are consistent with the idea that face pareidolia engages a rapid and highly sensitive face de-
tection system and rules out the possibility that later cognitive reinterpretations of the visual stimulus
underlie face pareidolia perception. Individual cognitive biases may, however, explain a tendency for
some people to report seeing faces more often in standard face pareidolia tasks where participants are
asked to indicate whether or not they see a face.
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