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Humans perceive faces holistically rather than as a set of separate features. Previous
work demonstrates that some individuals are better at this holistic type of processing than
others. Here, we show that there are unique individual differences in holistic processing
of specific Mooney faces. We operationalized the increased difficulty of recognizing a face
when inverted compared to upright as a measure of the degree to which individual Mooney
faces were processed holistically by individual observers. Our results show that Mooney
faces vary considerably in the extent to which they tap into holistic processing; some
Mooney faces require holistic processing more than others. Importantly, there is little
between-subject agreement about which faces are processed holistically; specific faces
that are processed holistically by one observer are not by other observers. Essentially,
what counts as holistic for one person is unique to that particular observer. Interestingly,
we found that the per-face, per-observer differences in face discrimination only occurred
for harder Mooney faces that required relatively more holistic processing. These findings
suggest that holistic processing of hard Mooney faces depends on a particular observer’s
experience whereas processing of easier, cartoon-like Mooney faces can proceed
universally for everyone. Future work using Mooney faces in perception research should
take these stimulus-specific individual differences into account to best isolate
holistic processing.

Keywords: holistic perception, face perception, Mooney faces, individual differences, inversion effect

INTRODUCTION

Humans perceive faces holistically rather than as a set of separate features (Sergent, 1984),
and it is our ability to perceive faces as a whole that makes humans experts in face processing
(Farah et al,, 1998; Maurer et al., 2002). One of the strongest pieces of evidence for holistic
perception of faces is the inversion effect (Yin, 1969); holistic processing breaks down with
inverted faces (Sergent, 1984; Farah et al, 1995; Rossion, 2008). This results in reduced
performance (lower accuracies and longer reaction times) when identifying inverted faces
compared to upright faces (Yin, 1969; McKone, 2004; Busey and Vanderkolk, 2005), but there
is no such drop in accuracy for inverted single features (McKone, 2004). Metrics like the
composite-face test (McKone, 2008) and the whole-part test (Donnelly and Davidoff, 1999)
provide further empirical evidence of holistic processing of faces.
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Studies of holistic processing often use the inversion effect
as an operational measure of “holistic-ness” (McKone, 2004;
Taubert et al., 2011) and frequently use Mooney faces as stimuli
(Andrews and Schluppeck, 2004; George et al., 2005; Latinus
and Taylor, 2005; Leo and Simion, 2009; Verhallen et al., 2014).
Mooney faces (Figure 1) are two-tone black and white blobs
that are readily perceived as faces despite lacking low-level
segmentable face-specific features (Mooney, 1957). Mooney face
recognition is all-or-none, either you perceive it as a face in a
glance or it remains just an abstract impression of blobs (Brodski
et al., 2015; Schwiedrzik et al., 2018), much like Dallenbach’s
cow (Dallenbach, 1951) and Gregory’s Dalmatian dog (Gregory,
1970). Inversion of a Mooney face makes its identification almost
impossible (Kanwisher et al., 1998; McKone, 2004; Latinus and
Taylor, 2005). Because the inversion effect is stronger for Mooney
faces than for gray-scale faces (McKone, 2004), they are often
treated as a more efficient means of isolating holistic face processing.

There are a large variety of Mooney faces that have been
created and published, including the original artist-created
images (Mooney, 1957), thresholded images of gray-scale faces
(Brodski et al, 2015; Goold and Meng, 2016; Schwiedrzik
et al., 2018), and artificially created images based on machine
learning approaches (Ke et al, 2017). While, Mooney faces
are typically treated as an excellent stimulus to isolate holistic
processing, there are also significant variations between different
Mooney faces (Figure 1). This raises the question of whether
different Mooney faces may be more or less effective at isolating
the holistic mechanisms of face recognition.

FIGURE 1 | Example of three Mooney face datasets. (A) Mooney faces adapted
from Mooney (1957). (B) Mooney faces created by a generative adversarial
network model adapted from Ke et al., 2017. (C) Mooney faces created from
thresholds of grayscale faces adapted from Schwiedrzik et al., 2018.

Here, we measured holistic processing of individual Mooney
faces using the magnitude of the inversion effect, a method
widely accepted as a marker of holistic processing (Yin, 1969;
McKone and Yovel, 2009; Taubert et al., 2011). Previous work
has demonstrated that there are individual differences in holistic
processing showing that some individuals are better at this
holistic type of processing than others (Russell et al., 2009;
Wang et al, 2012). Unlike previous studies, our approach
measures the strength of the inversion effect for individual
Mooney faces to identify the magnitude of holistic processing
for specific stimuli and for specific observers. If there are
consistent face-specific differences, it would suggest that individual
face images should be evaluated before assuming that they tap
into “holistic” processing. Additionally, there may be individual
subject differences that interact with the individual faces: the
particular faces that are holistic for one subject may or may
not be the same as those for another subject. Assessing holistic
processing within any given observer may require tailoring the
stimuli to that subject’s unique fingerprint of face processing.

EXPERIMENT 1: PER-FACE
PER-OBSERVER INDIVIDUAL
DIFFERENCES

Method

Participants

Thirty participants took part in this experiment. All subjects
were undergraduate students at the University of California,
Berkeley and provided written consent form before participation.
All experimental procedures were approved by the UC Berkeley
Institutional Review Board.

Materials

The stimuli consisted of 192 images (96 ambiguous Mooney
faces and 96 shuffled Mooney stimuli). Literally thousands of
Mooney faces have been created and published in the past
(Brodski et al., 2015; Goold and Meng, 2016; Ke et al., 2017;
Schwiedrzik et al, 2018). In the present study, we used a
subset of Mooney faces created by Schwiedrzik et al. (2018)
because these Mooney faces have been used to study individual
differences, and because these stimuli include a diverse array
of faces (varying in perspective, lighting direction, face identity,
gender, etc.). It is worth noting that this data set is unique
in that the scrambled stimuli were created manually from each
respective Mooney face so it would preserve the main structure
of both upright and inverted versions. The scrambled stimuli
were modified in an iterative process in which each shuffled
stimulus was tested separately until 85% of the subjects agreed
that there was “no face” in it (see Schwiedrzik et al, 2018
for more controls and details). Each Mooney face had only
one scrambled stimulus, so that the pair always appeared
together. A CRT monitor at 60 Hz was used to display all
the stimuli. The monitor was placed at 60 cm from the participant
and at this distance Mooney stimuli subtended a visual angle
of 10°. A chin rest was used to stabilize subjects head and
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distance to the monitor. The presentation of the stimuli was
controlled using MATLAB R2016b with Psychophysics Toolbox 3
(Brainard, 1997; Kleiner et al., 2007).

Design

Each subject completed a total of 1,920 trials [2 (Upright vs.
Inverted) x 96 Mooney stimuli x 10 repetitions of each Mooney
Face]. The faces were repeated 10 times in each condition
(upright and inverted) to generate enough trials to facilitate
a split-half within subjects’ correlation procedure and increase
the power of its results.

Procedure

The task was to report which of two images was a face (left
or right). Participants were instructed to ignore the orientation
of the face (ie, an upside-down face could be the correct
answer). Each trial started with a fixation cross in the center

Upright condition Inverted condition

Which one is a face?
Left or right?

Which one is a face?
Left or right?

FIGURE 2 | Task in Experiment 1 for the upright condition (left) and inverted
condition (right). In both conditions, subjects had to first fixate a cross at the
center of the screen. Then, two images appeared at either side of the screen,
left or right. The observers’ task was to discriminate which of the two images
was a face, by pressing the left or right arrow.

of the screen displayed for 1 sec. Immediately after, two Mooney
images were displayed, a Mooney face and a scrambled Mooney
stimulus, one to the left of the fixation cross and the other one
to the right of the fixation cross (Figure 2). The location of
each stimulus was randomly chosen to be left or right in each
trial. The orientation of the Mooney face was upright on half
of the trials and inverted on the other half. The two conditions
were randomly interleaved between trials. The two images were
shown until a response was given (self-paced). Subjects were
instructed to give their answers as fast as possible. After the
stimuli onset, participants were allowed to free-view the two images.

Data Analysis

The magnitude of the inversion effect for each Mooney face
was calculated per subject by subtracting the average accuracy
of that Mooney face in the upright condition and the average
accuracy of that Mooney face in the inverted condition.

For all analyses, we used a bootstrap re-sampling procedure
(Efron and Tibshirani, 1994). In each iteration of this procedure,
the trial information used to calculate the average for upright
and inverted conditions per subject, per Mooney face, was
re-sampled with replacement for only five of the 10 trials
available for each subject, face, and condition. The reason to
only choose half of the trials was to allow for a split-half
procedure to quantify within-subject consistency. To generate
the null distributions for the within- and between-subject
correlations, we shuffled the label of the Mooney face number
and then bootstrapped the correlation without replacement.

Results

Our initial goal was to quantify the per-subject individual
differences in  holistic processing of Mooney faces.
We operationalized the extent to which a subject processed
Mooney faces holistically as the average magnitude of the
inversion effect (average accuracy in the upright condition
minus the average accuracy in the inverted condition) across

- - - Upright
— Inverted

Accuracy
across Mooney faces

0 5 10 15 20 25 30
Subject ID

around the mean inversion effect for each subject.

Inversion effect
across Mooney faces

FIGURE 3 | Results of Experiment 1. (A) Upright Mooney face (dashed) and inverted Mooney face (solid) discrimination accuracy (ordinate), averaged across all
Mooney faces, for each subject (abscissa). The shaded region represents the 95% Cls around the mean performance for each subject. (B) Magnitude of the
inversion effect (the difference between average accuracy in the upright condition and average accuracy in the inverted condition) for each subject (abscissa).
Participants (subject ID) are ordered from those with weaker inversion effects to those with stronger inversion effects. The shaded region represents the 95% Cls
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all Mooney faces (Figure 3). We found that the magnitude
of the inversion effect varied significantly across subjects
(Figure 3B). The individual differences found here replicate
prior work (Russell et al., 2009; Wang et al., 2012).

Our primary goal was to investigate the per-face differences
in holistic perception for individual subjects. That is, are the
individual differences stimuli specific? To address this, we calculated
the magnitude of the inversion effect for each Mooney face
across subjects. We found that individual Mooney faces varied
significantly in the magnitude of their inversion effect (Figure 4B)
and these differences reflected changes in performance in both
upright and inverted conditions (Figure 4A). That is, not all
Mooney faces tapped into holistic processing to the same extent.

As a simple confirmation of the previously documented
inversion effect (Yin, 1969), we also calculated the average
accuracy collapsed across Mooney faces and subjects for the
upright and inverted conditions, separately. Replicating the
extensively studied inversion effect, we found higher accuracy
for upright (Mean = 0.90; SD = 0.016) than for inverted faces
(Mean = 0.742; SD = 0.028) across all subjects and Mooney
faces, #(95) = 9.618, p < 0.001 (Figure 4C).

In addition, we tested whether subjects were consistent in
recognizing the Mooney faces across their 10 trials (Figure 4D).
We found that if recognized in the first instance, the same
upright Mooney face image was also recognized in subsequent
presentations as well (Figure 4D, slope parameter of linear
regression b = —0.07, p = 0.05). Conversely, if the Mooney
face was not recognized in the first trial, it was also not recognized
in subsequent trials. Subjects did get slightly better at recognizing

inverted Mooney faces, but the effect was modest (Figure 4C;
slope parameter of linear regression, b = 0.11, p < 0.05).

So far, we replicated the extensive literature showing that
subjects differed in the extent they process faces holistically
and we extended these results by showing that not all Mooney
faces tap into holistic processing to the same extent. Next,
we wanted to investigate whether subjects agreed on which
Mooney faces are processed holistically. To that end,
we investigated the between-subject agreement in the magnitude
of the inversion effect for each Mooney face by calculating
the mean average pairwise correlations of subjects’ per-face
inversion effect. We found relatively low between-subject
correlation in the inversion effect [Figure 5C; r = 0.106,
CI = (0.085, 0.127)], although it remained significantly different
from zero (p < 0.001). Interestingly, the low between-subject
agreement reveals that subjects do not process Mooney faces
holistically to the same extent (Figure 5C). In fact, we found
that there was a low between-subject correlation in both upright
and inverted accuracies (Figures 5A,B). This result suggests
that the low between-subject correlation in the inversion effect
is driven by low between subject agreement in both the upright
and inverted conditions.

To quantify the consistency of these per-face individual
differences in holistic processing, we also calculated the within-
subject agreement for each Mooney face. The within-subject
correlation was performed using a split-half procedure. That
is, for each subject and each Mooney face, we separated the
upright and inverted trials in two halves (bootstrap with
resampling) and then also calculated each face’s inversion effect

0.31
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across subjects
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FIGURE 4 | Experiment 1 results. (A) Upright (dashed) and inverted (solid) accuracy for each Mooney face. Results for each Mooney face (abscissa) are averaged
across subjects. The shaded region represents the 95% Cl. (B) Magnitude of the inversion effect (difference between accuracy in upright condition and accuracy in
inverted condition from panel A) for each Mooney face (abscissa). The shaded region represents the 95% CI of the mean across subjects. (C) Average accuracy
across subjects and across Mooney faces for upright (dashed) and inverted (solid) conditions. The error bars represent the 95% ClI of the mean across subjects and
Mooney faces. The gray dashed line represents the 50% at chance accuracy. (D) Percentage of subjects that successfully discriminated the Mooney face at each
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FIGURE 5 | Average within- and between-subject agreement in the accuracy scores for the Mooney face task across subjects for the upright condition (A), the
inverted condition (B) and the inversion effect (C). The within-subjects agreement is calculated using a bootstrapped split-half correlation (more details in the Results
section). The error bars represent the 95% CI of the bootstrapped mean. The black line in each bar represents the upper 97.5% upper bound of the bootstrapped
null distribution.

for each half separately. The within-subject agreement was the
correlation between the inversion effects of these two halves.
We found that there was a high within-subjects correlation
in the inversion effect [Figure 5C; r = 0.537, CI = (0.510, 0.563),
p < 0.001]. The high within-subjects correlation shows that
subjects were consistent within themselves about the degree
to which any particular face was holistically processed
(Figure 5C). The same pattern of results was found for upright
and inverted discrimination (Figures 5A,B). This high within-
subject consistency reveals that the low between-subject
correlation found in Figure 5 was not due to noise.

Lastly, the difference between the within-subjects and between-
subjects correlation in the inversion effect was statistically
significant (p < 0.001, based on bootstrap test). That is, we found
consistent per-face individual differences in holistic processing
of Mooney faces.

Discussion

Taken together, our results reveal consistent per-subject individual
differences in the extent of holistic processing of Mooney faces
and stable per-face differences in the extent to which subjects
process Mooney faces. Interestingly, we found that subjects do
not agree on which Mooney faces are more holistically processed.
That is, the Mooney faces that are processed more holistically
are not the same for all subjects. These differences are stable
within-subject, as reflected by the high within-subject correlations.
These idiosyncratic per-face individual differences in holistic
processing between subjects do not originate only from individual
differences in perceiving the inverted faces.

EXPERIMENT 2: AN OPERATIONAL
DEFINITION OF MOONEY FACE
“HOLISTIC-NESS”

Experiment 1 revealed individual subject and per-face differences
in holistic processing of Mooney faces. Although observers
had stable holistic representations of the Mooney faces within
themselves, subjects varied significantly in the extent to which

they process Mooney faces holistically. Additionally, Mooney
faces showed significantly different levels of holistic processing
across subjects. These results suggest that Mooney faces are
not all equally good at isolating holistic processing and that
some Mooney faces are easier to recognize than others.
Experiment 1 showed that there are individual differences in
Mooney face perception that operate at the level of particular
faces. Since Mooney faces seem to vary in their difficulty and
the extent they tap into holistic processing, it is possible that
the lack of between-subjects agreement is limited to harder
Mooney faces that may require observer-specific high-level
representations. To explore this hypothesis, in Experiment 2,
we first proposed two ways to identify the harder Mooney
faces that required relatively more holistic processing. One
way is to use the magnitude of the inversion effect for each
Mooney face, which we already calculated in Experiment 1.
Another way may be to examine the contours (the outlined
edges) of the Mooney faces. Typically, the outlines of Mooney
faces are believed to be unrecognizable (Moore and Cavanagh,
1998), but this has not been systematically examined in the
literature. Harder Mooney faces that most effectively tap into
holistic processing should lack segmentable parts and their
contours should therefore be harder to recognize. In contrast,
faces that depend on part-based processing might have contours
that are easier to recognize. In sum, Experiment 2 aimed to
test the hypothesis that the per-face idiosyncratic holistic
perception exists for both harder and easier Mooney faces.

Method

Participants

Twenty-three participants took part in this experiment. All
subjects were undergraduate students at the University of
California, Berkeley and provided written consent form before
participation. All experimental procedures were approved by
the UC Berkeley Institutional Review Board.

Materials
The Mooney face stimulus is the same as in Experiment 1.
An edge-detection algorithm with Sobel-method was run on
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each of the 192 Mooney face stimuli (scrambled stimuli included).
Figure 6A illustrates an example of two Mooney faces and
their respective output outline after running the edge-detection
algorithm on them.

Design

About two edge conditions (full Mooney vs. outline) x 2
Orientation conditions (upright vs. inverted) x 96 Mooney
stimuli x 4 repetitions of each Mooney Face. Subjects ran a
total of 1,536 trials.

Procedure

Task and procedure were the same as in Experiment 1, with
the exception that there was an extra condition: the stimuli
could be either a Mooney face and a scrambled Mooney
face or an outline of a Mooney face and an outline of a
scrambled Mooney face. As in Experiment 1, the Mooney
face (or the outline of the Mooney face in the outline
condition) could be either upright or inverted. Thus, there
were four conditions (full vs. outlined Mooney face x 2
orientations). The subject’s task was always to determine
which of two images was a face regardless of its orientation.
The four conditions were randomly interleaved between trials
and divided into 10 blocks. Figure 6B show a sample trial
of the outline condition for upright and inverted faces.

Trials in the full Mooney face condition were exactly the
same as in Experiment 1.

Results

Replicating the inversion effect and the results in Experiment 1,
accuracies for the upright condition were overall higher than
for the inverted condition in the full Mooney condition,
t(95) = 9.54, p < 0.001. For both upright and inverted conditions,
the accuracy was lower for the outline Mooney than the full
Mooney condition, #(95) = —12.14, p < 0.001 and #(95) = —5.40,
p < 0.001.

In Experiment 2, our goal was to investigate whether the
per-face individual differences in holistic processing appear in
both hard and easy Mooney faces. A hard Mooney face would
be one that lacks any low-level, single face features, which
means that it would show a strong inversion effect and its
outline should be unrecognizable. The per-face inversion effects
were pulled from Experiment 1. Here, we used the accuracy
in the outlined Mooney condition as a measure of how
recognizable the individual features of the face are (eyes, nose,
mouth, etc.). The results indicated that some Mooney outlines
were easy to recognize, and some were difficult to recognize.
Figure 7A shows examples of outlined Mooney faces that were
particularly easy to recognize (i.e., showed high accuracy in
the outlined condition) or were particularly difficult to recognize

the same as in Experiment 1.

Upright condition

Inverted condition

+ +
\

Which one is a face?
Left or right?

Which one is a face?
Left or right?

FIGURE 6 | Experiment 2 example stimuli and design. (A) Two examples of Mooney faces and their respective outlines. (B) Procedure in the outline condition. The
left and right panels represent the upright and inverted conditions, respectively. The full Mooney condition is not depicted. Stimuli, task, and procedure were exactly

Easy

Hard

Mooney condition) and (B) the respective full Mooney faces.

FIGURE 7 | (A) Examples of outlines that are easy (upper row; higher accuracy in outlined Mooney condition) and hard (lower row; lower accuracy in outlined
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(i.e., showed low accuracy in the outlined condition), along
with their respective full Mooney versions (Figure 7B). Then,
we calculated the Pearson’s correlation between the difficulty
of each outlined Mooney face with the magnitude of the
inversion effect for each respective face, taken from the data
in Experiment 1 (that is, the two sets of data come from two
separate group of subjects).

To test the association between the two measures - the
magnitude of the inversion effect and the difficulty of detecting
a face in its outline - we pulled the inversion effect values
of each Mooney face from Experiment 1 and correlated them
with their accuracy in the outlined condition in Experiment 2.
That way, each variable came from independent subjects.
We found that the variability in recognizability of the outlined
Mooney faces was correlated with the degree to which the
full Mooney faces required holistic processing. That is, the
easier to recognize an outline was (measured by the accuracy
of the outline Mooney in upright condition), the weaker the
inversion effect for that Mooney face was, Pearson’s r = —0.45,
p <0.001, CI = (—0.60, —0.28; Figure 8A). These results suggest
that there may be a continuum of how hard a Mooney face
is to recognize and how much a Mooney face taps into
holistic processing.

Could the per-face individual differences in holistic processing
be limited only to hard Mooney faces? In Experiment 1,
we found that observers did not agree on the magnitude of
the inversion effect for each Mooney face. Here, we wanted
to test whether the per-face, per-subject differences found in
Experiment 1 are limited to those hard faces that cannot
be processed by parts and require holistic processing (i.e., that
have a strong inversion effect). Experiment 2 revealed that
hard Mooney faces, which tap into holistic processing, can
be independently identified by the recognizability of their
outlines. Following on this, we correlated the outline
recognizability with the level of between subject agreements
in the magnitude of the inversion effect of each face. The
recognizability of each outlined face was measured by the

accuracy in the upright outline condition in Experiment 2.
To quantify the between-subjects agreement for each Mooney
face, we used the between-subject SD of the inversion effect
for each Mooney face in Experiment 1. A SD close to zero
represents nearly perfect agreement and the higher the SD
gets, the lower the between-subject agreement. Importantly,
the two sets of data calculated here - the per-Mooney-face
between-subject agreement and the difficulty of each outline
face — come from different subjects (from Experiments 1 and
2, respectively). Our results show a negative correlation between
the accuracy in recognizing the upright outlined Mooney face
and the agreement between subjects, Pearsons r = —0.55,
p < 0.01, CI = (-0.67, —0.39; Figure 8B). Faces with higher
agreement have higher upright accuracy in the outline condition.
Faces with less between subject agreements have outlines that
are less recognizable. That is, subjects agree more on the easy
Mooney faces that had more cartoon-like outlines and weaker
inversion effects (Figure 9, top row). In contrast, the individual
differences are more apparent in the hard faces that have
stronger inversion effects and whose outlines are unrecognizable
(Figure 9, bottom row).

Discussion

Our results show that the recognizability of a Mooney face’s
outline predicts the extent to which that Mooney face is
processed holistically. These results confirm and extend the
results, we found in Experiment 1 where each Mooney face
varied in the extent to which it was holistically processed.
Those Mooney outlines that are recognizable (e.g., top row,
Figure 9) and are essentially seen as cartoon-like. Hard,
holistic Mooney faces in the outline condition are literally
outlines of blobs. Their full counterpart lacked any single
feature information, so their outlines did too. Turning the
hard Mooney face into an outline removed the possibility
of processing them holistically, which prevents their
discrimination. Contrary, outlines of easy, part-based faces
maintained the single face feature information, which

outlines
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FIGURE 8 | (A) Correlation between the magnitude of the inversion effect for each Mooney face from Experiment 1 (abscissa) and the discrimination of the
corresponding upright outlined Mooney from Experiment 2. The two axes represent independently collected sets of data from different groups of observers. Each
dot represents one Mooney face. The shaded region represents the 95% Cls of a linear regression. There is a correlation between the recognizability of outlines and
the holistic-ness of the full Mooney faces. (B) Correlation between the between-subjects agreement in the inversion effect of each Mooney face from Experiment 1
(measured by SD of each Mooney face inversion effect from Experiment 1 — abscissa) and the discrimination of each upright outlined Mooney face from
Experiment 2 (ordinate). There is a correlation between the recognizability of outlines and the extent to which subjects agree on the inversion effect of the full
Mooney faces. Each dot represents a Mooney face. The shaded region represents the 95% Cls of a linear regression.
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Weak inversion effect
High accuracy in outline
High between-sub agreement

Low accuracy in outline
Low between-sub agreement

Strong inversion effect

FIGURE 9 | Examples of Mooney faces and outlines that differed in inversion effect, outline recognizability, and between-subject agreement. Top row: example
Mooney faces with weaker inversion effect, easily recognized outlines, and high between-subject agreement. Bottom row: Mooney faces with stronger inversion
effect, difficult-to-recognize outlines, and low between-subject agreement. For both rows, magnitude of the inversion effect and between-subject agreement of

Mooney faces are pulled from Experiment 1, while difficulty of discrimination of outlined Mooney faces is taken from Experiment 2.

allowed them to be processed in a part-based manner, and
possibly holistically too. Thus, the categorization of how
cartoon-like the Mooney face is reveals which faces tap into
holistic processing.

Importantly, the results in Experiment 2 suggest that the
lack of between-subject agreement in each face’s inversion effect
found in Experiment 1 is mainly driven by the faces that tap
into holistic processing (i.e., have stronger inversion effect)
and whose outlines are hard to recognize. In other words,
subjects show a higher level of agreement only for those
cartoon-like faces that have clearly segmentable features and
weaker inversion effects. This echo the results of the first
experiment: holistic processing seems to be very subject-specific.
Studies aiming to investigate holistic processing using hard
Mooney faces that cannot be processed part-by-part should
take into account these individual differences.

GENERAL DISCUSSION

Mooney faces are frequently used to study holistic processing
and its role in face recognition (Latinus and Taylor, 2005,
2006; Otsuka et al.,, 2012; Verhallen et al., 2014; McCaffery
et al.,, 2018). The individual differences approach in holistic
processing can help elucidate what makes our ability to
process faces unique (Yovel et al., 2014). By examining each
observer’s idiosyncratic way of processing faces, we can isolate
the face processing mechanisms that are universally shared

across humans and those that are idiosyncratic to each
observer’s experience. Because Mooney face perception is
subject to individual differences (Verhallen et al., 2014), and
because these individual differences in holistic processing
likely depend on subject-specific top-down knowledge and
prior experience (Michel et al., 2006; Zhou et al., 2012),
one might expect that there should be both individual subject-
specific differences as well as individual stimulus-specific
differences in holistic processing. Consequently, some particular
Mooney faces may be easier to recognize for some particular
subjects. To address this, we tested whether there are individual
differences in the extent to which humans process Mooney
faces holistically and whether Mooney faces vary in the extent
to which they tap into holistic processing by calculating the
magnitude of the inversion effect of each individual
Mooney face.

Our results showed that there are individual differences in
the extent to which subjects process Mooney faces holistically.
This finding replicates previous studies that include not only
Mooney faces as a measure of holistic processing, but also
use the inversion effect in gray-scale faces (Verhallen et al,
2014; McCaffery et al., 2018), the composite-face effect (Richler
et al, 2011) and the whole-part effect (Wang et al,, 2012).
Importantly, observers did not agree on which faces had a
weak or strong inversion effect; that is, which faces were
holistically processed. Yet, observers did show within-subject
consistency in their holistic perception of the Mooney faces.
These stable per-face idiosyncratic differences indicate that the
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holistic representations of Mooney faces are not universal or
shared across subjects.

Furthermore, we found that upright Mooney faces were either
recognized in the first repetition or not recognized at all, and
once an observer recognized a Mooney face they could not
“unsee” it (Brodski et al., 2015), much like Dallenbach’s cow
(Dallenbach, 1951) and Gregory’s Dalmatian dog (Gregory, 1970).
Note that inverted faces did show an improvement with repeated
face exposures. Here, we extend these results to Mooney faces
and show that the high within-observer consistency occurs for
specific faces. Mooney faces, unlike other kind of faces, may
require high-level representations that are observer-specific. If
an observer has a template that facilitates the discrimination
of a particular Mooney face, then the observer will recognize
it in the first trial; otherwise, the face will not be recognized
regardless of the number of repetitions. These face templates
may be shaped by individual experience, which would make
them unique to each observer.

Previous studies suggest that faces and objects lie on a
continuum, such that faces are processed as a whole and
objects are processed by their parts (Farah, 1991). The results
from Experiment 1 showed that Mooney faces vary significantly
in how much they tap into holistic processing. That is, not
all Mooney faces are processed holistically to the same extent.
Our results suggest that given a Mooney face stimulus set,
one can filter out which faces can be recognized using feature-
based processing by independently measuring the
recognizability of the outlines. Several research groups have
created Mooney faced datasets by either directly drawing
them (Mooney, 1957), thresholding grayscale faces (Verhallen
and Mollon, 2016; Schwiedrzik et al., 2018) or generating
them through machine learning algorithms (Ke et al., 2017).
However, none of them include an evaluation of the
“holistic-ness” of the Mooney faces.

The approach developed here shows that one can use the
contour of the face to predict how holistic it is on a group
or even individual subject basis. Although Mooney contours
are often considered ambiguous (Moore and Cavanagh, 1998),
our results show that some Mooney faces do have recognizable
contours. Many Mooney outlines are completely unrecognizable,
but some appear cartoon-like. The cartoon-like Mooney outlines
were associated with easily recognized Mooney images.
Conversely, the outlines that were unrecognizable were derived
from Mooney faces that required more holistic processing.
Using the technique here and measuring outline recognizability
can help future studies isolate holistic processing by selecting
the most appropriate Mooney faces.

Importantly, quantifying the “holistic-ness” of the Mooney
faces using this approach revealed that per-face, per-observer
differences in holistic processing only occurred for hard Mooney
faces that required holistic processing. Conversely, discrimination
of easily segmentable Mooney faces was shared across subjects
and seems to enjoy more universal agreement. These findings
suggest that holistic processing of hard faces depends on a
particular observer’s experience or idiosyncratic templates, whereas
processing of easy faces proceeds similarly across observers.
Top-down guidance, upon which holistic face perception of

hard faces may rely, depends on knowledge and prior experience.
Since knowledge and prior experience is unique to the observer,
the individual differences are more apparent in those faces
that are harder to recognize and require more holistic
processing. Altogether, these results support the conclusion that
holistic and part-based processing are distinct mechanisms of
face recognition (Moscovitch et al, 1997; McKone, 2004).
Here, we provide further evidence for a dissociation between
these two mechanisms: part-based processing is universal,
while holistic perception is individual-specific and depends
on experience.

A large number of behavioral and neuroimaging studies
have aimed to understand holistic perception and its role in
face recognition. Many of these studies use Mooney faces and
presume that holistic processing is involved (Kanwisher et al.,
1998; Andrews and Schluppeck, 2004; George et al., 2005;
Verhallen et al., 2014; Verhallen and Mollon, 2016; McCaffery
et al, 2018). Some of this previous work has taken into
consideration the idea of individual differences in the extent
to which Mooney faces are recognized (Andrews and Schluppeck,
2004; George et al, 2005), in agreement with our results.
However, Mooney face awareness was collapsed across observers
in these studies, which did not allow for a further analysis
of the stability of these differences or the possible stimulus-
specific individual differences. Our results show that the degree
to which a Mooney face is processed holistically is idiosyncratic:
it depends on the particular face and the particular observer.
Therefore, to really understand the nature of holistic
representations, future research should take this idiosyncrasy
into account.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will
be made available by the authors upon request, without
undue reservation.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by UC Berkeley Institutional Review Board. The
patients/participants provided their written informed consent
to participate in this study. Written informed consent was
obtained from the individual(s) for the publication of any
potentially identifiable images or data included in this article.

AUTHOR CONTRIBUTIONS

Both the authors contributed to the study concept and the
study design. TCB programmed the software and performed
data collection and data analysis. The manuscript was drafted
by TCB and was reviewed and edited by DW. The figures
were made by TCB. Both the authors contributed to the article
and approved the submitted version.

Frontiers in Psychology | www.frontiersin.org

November 2020 | Volume 11 | Article 585921


https://www.frontiersin.org/journals/psychology
www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles

Canas-Bajo and Whitney

Individual Differences in Holistic Processing

FUNDING

The authors wish to thank the financial support received from
the United States-Spanish Fulbright Commission. This work
was supported in part by NIH grant RO1CA236793.

REFERENCES

Andrews, T. J., and Schluppeck, D. (2004). Neural responses to Mooney images
reveal a modular representation of faces in human visual cortex. Neuroimage
21, 91-98. doi: 10.1016/j.neuroimage.2003.08.023

Brainard, D. H. (1997). The psychophysics toolbox. Spat. Vis. 10, 433-436.

Brodski, A., Paasch, G. E, Helbling, S., and Wibral, M. (2015). The faces of predictive
coding. J. Neurosci. 35, 8997-9006. doi: 10.1523/JNEUROSCI.1529-14.2015

Busey, T. A., and Vanderkolk, J. R. (2005). Behavioral and electrophysiological
evidence for configural processing in fingerprint experts. Vis. Res. 45,
431-448. doi: 10.1016/j.visres.2004.08.021

Dallenbach, K. M. (1951). A puzzle-picture with a new principle of concealment.
Am. ]. Psychol. 64, 431-433. doi: 10.2307/1419008

Donnelly, N., and Davidoff, J. (1999). The mental representations of faces and
houses: issues concerning parts and wholes. Vis. Cogn. 6, 319-343.

Efron, B., and Tibshirani, R. J. (1994). An introduction to the bootstrap.
Boca Raton, FL: CRC press.

Farah, M. J. (1991). Cognitive neuropsychology: patterns of co-occurrence
among the associative agnosias: implications for visual object representation.
Cogn. Neuropsychol. 8, 1-19.

Farah, M. ], Tanaka, J. W, and Drain, H. M. (1995). What causes the face
inversion effect? J. Exp. Psychol. Hum. Percept. Perform. 21, 628-634.

Farah, M. J., Wilson, K. D., Drain, M., and Tanaka, J. N. (1998). What is
“special” about face perception? Psychol. Rev. 105, 482-498.

George, N., Jemel, B., Fiori, N., Chaby, L, and Renault, B. (2005).
Electrophysiological correlates of facial decision: insights from upright and
upside-down Mooney-face perception. Cogn. Brain Res. 24, 663-673. doi:
10.1016/j.cogbrainres.2005.03.017

Goold, J. E., and Meng, M. (2016). Visual search of Mooney faces. Front.
Psychol. 7:155. doi: 10.3389/fpsyg.2016.00155

Gregory, R. L. (1970). The intelligent eye. New York, NY: Mcgraw-Hill.

Kanwisher, N., Tong, F, and Nakayama, K. (1998). The effect of face inversion
on the human fusiform face area. Cognition 68, B1-B11.

Ke, T. W,, Stella, X. Y., and Whitney, D. (2017). “Mooney face classification
and prediction by learning across tone.” in 2017 IEEE International Conference
on Image Processing (ICIP); September 17, 2017; IEEE, 2025-2029.

Kleiner, M., Brainard, D., and Pelli, D. (2007). What’s new in Psychtoolbox-3?
Perception 36, 1-16. doi: 10.1068/v070821

Latinus, M., and Taylor, M. J. (2005). Holistic processing of faces: learning
effects with Mooney faces. J. Cogn. Neurosci. 17, 1316-1327. doi: 10.1162/
0898929055002490

Latinus, M., and Taylor, M. J. (2006). Face processing stages: impact of difficulty
and the separation of effects. Brain Res. 1123, 179-187. doi: 10.1016/j.
brainres.2006.09.031

Leo, L, and Simion, E (2009). Newborns' Mooney-face perception. Infancy 14,
641-653. doi: 10.1080/15250000903264047

Maurer, D, Le Grand, R., and Mondloch, C. J. (2002). The many faces
of configural processing. Trends Cogn. Sci. 6, 255-260. doi: 10.1016/
$1364-6613(02)01903-4

McCaffery, J. M., Robertson, D. J., Young, A. W,, and Burton, A. M. (2018).
Individual differences in face identity processing. Cogn. Res. Princ. Implic.
3:21. doi: 10.1186/s41235-018-0112-9

McKone, E. (2004). Isolating the special component of face recognition: peripheral
identification and a Mooney face. J. Exp. Psychol. Learn. Mem. Cogn. 30,
181-197. doi: 10.1037/0278-7393.30.1.181

McKone, E. (2008). Configural processing and face viewpoint. J. Exp. Psychol.
Hum. Percept. Perform. 34, 310-327. doi: 10.1037/0096-1523.34.2.310

McKone, E., and Yovel, G. (2009). Why does picture-plane inversion sometimes
dissociate perception of features and spacing in faces, and sometimes not?

ACKNOWLEDGMENTS

The authors are grateful for helpful discussions with Ken Nakayama,
William Prinzmetal and Ervin Hafter. The authors also want to
thank Aneesa Conine-Nakano for her assistance in data collection.

Toward a new theory of holistic processing. Psychon. Bull. Rev. 16, 778-797.
doi: 10.3758/PBR.16.5.778

Michel, C., Rossion, B., Han, J., Chung, C. S., and Caldara, R. (2006). Holistic
processing is finely tuned for faces of one’s own race. Psychol. Sci. 17,
608-615. doi: 10.1111/§.1467-9280.2006.01752.x

Mooney, C. M. (1957). Age in the development of closure ability in children.
Can. J. Psychol. 11, 219-226.

Moore, C., and Cavanagh, P. (1998). Recovery of 3D volume from 2-tone
images of novel objects. Cognition 67, 45-71.

Moscovitch, M., Winocur, G., and Behrmann, M. (1997). What is special about
face recognition? Nineteen experiments on a person with visual object
agnosia and dyslexia but normal face recognition. J. Cogn. Neurosci. 9,
555-604.

Otsuka, Y., Hill, H. C., Kanazawa, S., Yamaguchi, M. K., and Spehar, B. (2012).
Perception of Mooney faces by young infants: the role of local feature
visibility, contrast polarity, and motion. J. Exp. Child Psychol. 111, 164-179.
doi: 10.1016/j.,jecp.2010.10.014

Richler, J. J., Cheung, O. S., and Gauthier, I. (2011). Holistic processing predicts
face recognition. Psychol. Sci. 22, 464-471. doi: 10.1177/0956797611401753

Rossion, B. (2008). Picture-plane inversion leads to qualitative changes of face
perception. Acta Psychol. 128, 274-289. doi: 10.1016/j.actpsy.2008.02.003

Russell, R., Duchaine, B., and Nakayama, K. (2009). Super-recognizers: people
with extraordinary face recognition ability. Psychon. Bull. Rev. 16, 252-257.
doi: 10.3758/PBR.16.2.252

Schwiedrzik, C. M., Melloni, L., and Schurger, A. (2018). Mooney face stimuli
for visual perception research. PLoS One 13:€0200106. doi: 10.1371/journal.
pone.0200106

Sergent, J. (1984). An investigation into component and configural processes
underlying face perception. Br. J. Psychol. 75, 221-242.

Taubert, J., Apthorp, D., Aagten-Murphy, D., and Alais, D. (2011). The role
of holistic processing in face perception: evidence from the face inversion
effect. Vis. Res. 51, 1273-1278. doi: 10.1016/].visres.2011.04.002

Verhallen, R. J., Bosten, J. M., Goodbourn, P. T, Bargary, G., Lawrance-Owen, A. ].,
and Mollon, J. D. (2014). An online version of the Mooney Face Test:
phenotypic and genetic associations. Neuropsychologia 63, 19-25. doi: 10.1016/j.
neuropsychologia.2014.08.011

Verhallen, R. J., and Mollon, J. D. (2016). A new Mooney test. Behav. Res.
Methods 48, 1546-1559. doi: 10.3758/s13428-015-0666-0

Wang, R., Li, J., Fang, H., Tian, M., and Liu, J. (2012). Individual differences
in holistic processing predict face recognition ability. Psychol. Sci. 23, 169-177.
doi: 10.1177/0956797611420575

Yin, R. K. (1969). Looking at upside-down faces. J. Exp. Psychol. 81:141.

Yovel, G., Wilmer, J. B., and Duchaine, B. (2014). What can individual differences
reveal about face processing? Front. Hum. Neurosci. 8:562. doi: 10.3389/
fnhum.2014.00562

Zhou, G., Cheng, Z., Zhang, X., and Wong, A. C. N. (2012). Smaller holistic
processing of faces associated with face drawing experience. Psychon. Bull.
Rev. 19, 157-162. doi: 10.3758/s13423-011-0174-x

Conflict of Interest: The authors declare that the research was conducted in
the absence of any commercial or financial relationships that could be construed
as a potential conflict of interest.

Copyright © 2020 Canas-Bajo and Whitney. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (CC BY). The use,
distribution or reproduction in other forums is permitted, provided the original
author(s) and the copyright owner(s) are credited and that the original publication
in this journal is cited, in accordance with accepted academic practice. No use,
distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Psychology | www.frontiersin.org

November 2020 | Volume 11 | Article 585921


https://www.frontiersin.org/journals/psychology
www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles
https://doi.org/10.1016/j.neuroimage.2003.08.023
https://doi.org/10.1523/JNEUROSCI.1529-14.2015
https://doi.org/10.1016/j.visres.2004.08.021
https://doi.org/10.2307/1419008
https://doi.org/10.1016/j.cogbrainres.2005.03.017
https://doi.org/10.3389/fpsyg.2016.00155
https://doi.org/10.1068/v070821
https://doi.org/10.1162/0898929055002490
https://doi.org/10.1162/0898929055002490
https://doi.org/10.1016/j.brainres.2006.09.031
https://doi.org/10.1016/j.brainres.2006.09.031
https://doi.org/10.1080/15250000903264047
https://doi.org/10.1016/s1364-6613(02)01903-4
https://doi.org/10.1016/s1364-6613(02)01903-4
https://doi.org/10.1186/s41235-018-0112-9
https://doi.org/10.1037/0278-7393.30.1.181
https://doi.org/10.1037/0096-1523.34.2.310
https://doi.org/10.3758/PBR.16.5.778
https://doi.org/10.1111/j.1467-9280.2006.01752.x
https://doi.org/10.1016/j.jecp.2010.10.014
https://doi.org/10.1177/0956797611401753
https://doi.org/10.1016/j.actpsy.2008.02.003
https://doi.org/10.3758/PBR.16.2.252
https://doi.org/10.1371/journal.pone.0200106
https://doi.org/10.1371/journal.pone.0200106
https://doi.org/10.1016/j.visres.2011.04.002
https://doi.org/10.1016/j.neuropsychologia.2014.08.011
https://doi.org/10.1016/j.neuropsychologia.2014.08.011
https://doi.org/10.3758/s13428-015-0666-0
https://doi.org/10.1177/0956797611420575
https://doi.org/10.3389/fnhum.2014.00562
https://doi.org/10.3389/fnhum.2014.00562
https://doi.org/10.3758/s13423-011-0174-x
http://creativecommons.org/licenses/by/4.0/

	Stimulus-Specific Individual Differences in Holistic Perception of Mooney Faces
	Introduction 
	Experiment 1: Per-Face per-Observer Individual Differences
	Method
	Participants
	Materials
	Design
	Procedure
	Data Analysis
	Results
	Discussion

	Experiment 2: An Operational Definition of Mooney Face “Holistic-Ness”
	Method
	Participants
	Materials
	Design
	Procedure
	Results
	Discussion

	General Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions

	References

