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Abstract
Holistic processing, which includes the integration of facial features and analysis of their relations to one another, is a hallmark of
what makes faces ‘special’. Various experimental paradigms purport to measure holistic processing but these have often pro-
duced inconsistent results. This has led researchers to question the nature and structure of the mechanism(s) underlying holistic
processing. Using an individual differences approach, researchers have examined relations between various measures of holistic
processing in an attempt to resolve these questions. In keepingwith this, we examined relationships between four commonly used
measures of holistic face processing in a large group of participants (N = 223): (1) The Face Inversion Effect, (2) the Part Whole
Effect (PWE), (3) the Composite Face Effect, and (4) the Configural Featural Detection Task (CFDT). Several novel method-
ological and analytical elements were introduced, including the use of factor analysis and the inclusion of control conditions to
confirm the face specificity of all of the effects measured. The four indexes of holistic processing derived from each measure
loaded onto two factors, one encompassing the PWE and the CFDT, and one encompassing the CE. The 16 conditions tested
across the four tasks loaded onto four factors, each factor corresponding to a different measure. These results, together with those
of other studies, suggest that holistic processing is a multifaceted construct and that different measures tap into distinct but
partially overlapping elements of it.
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The ability to recognize others is important for social interactions
because it drives feelings of familiarity, approach behaviours,

and subsequent relationships. Following years of active debate,
there is now general agreement that recognizing a person relies
critically on the integration of facial features and their relations
(reviewed by Maurer et al., 2002; Richler & Gauthier, 2014;
Richler et al., 2012). This so-called holistic processing strategy
is thought to be highly adaptive, arising from socially driven
expertise in individuating face exemplars that are highly homo-
geneous (i.e., in the sense that all faces are made up of the same
basic features positioned in the same configuration; e.g.,
Diamond & Carey, 1986; Leder & Bruce, 2000; McKone
et al., 2007). Accordingly, there is evidence that faces are per-
ceivedmore holistically than other objects, except in rare cases of
expertise with nonface objects (Richler&Gauthier, 2014; but see
McKone et al., 2007).Within this perspective, holistic processing
is considered a hallmark of what makes faces ‘special’.

While holistic face processing has been the focus of hun-
dreds of research articles, there is substantial heterogeneity in
terminology, experimental paradigms, and underlying mech-
anisms associated with this processing strategy (Maurer et al.,
2002; Richler et al., 2012; see Fig. 1). According to one model
of holistic processing, face parts are integrated into a Gestalt or
global template where the whole is greater than the sum of its
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parts (e.g., Tanaka & Farah, 1993; Tanaka & Sengco, 1997).
This mechanism is thought to be reflected in the Part-Whole
Effect (PWE), whereby processing of face parts is superior
when they are presented in whole faces versus in isolation
(Tanaka & Farah, 1993; reviewed by Tanaka & Simonyi,
2016). According to the ‘configural’ model1, faces are recog-
nized on the basis of mechanisms that assess second-order
relations between face parts (e.g.,Carbon & Leder, 2005 ;
Freire et al., 2000 ; Leder & Bruce, 2000). This mechanism
is thought to be indexed by the Configural Featural Detection
Task (CFDT; Carbon& Leder, 2005; Freire et al., 2000; Leder
& Bruce, 2000). In the CFDT, participants have to detect
differences in individual face parts or differences in the con-
figuration between face parts. Whereas sensitivity to changes
in configuration is superior in upright than inverted faces,
sensitivity to changes in face parts is not (Carbon & Leder,
2005; Freire et al., 2000; Leder & Bruce, 2000). According to
a third model, holistic processing reflects an inflexible or
obligatory encoding strategy whereby all face parts are
encoded together, which interferes with the ability to ignore
irrelevant face parts (Richler & Gauthier, 2014). Support for
this model comes from the Composite Effect (CE), where
participants are asked to judge face composites made up of
two half faces (top and bottom). When the two halves are
aligned, participants have difficulty ignoring the bottom half,
which interferes with their ability to judge the top half of a
previously encoded face.

Whether these different mechanisms are distinct, partially
overlapping, or manifestations of a common ‘holistic’

processing mechanism remains unclear. Support for a single
common underlying mechanism can be found in studies that
show that different measures produce consistent findings
across a given experimental manipulation or group difference.
For example, performance is more greatly affected for faces
than other objects for these four measures (e.g., Maurer et al.,
2002; Richler et al., 2012). Another line of evidence comes
from studies of prosopagnosia, a condition wherein individ-
uals are exceptionally poor at recognizing faces (reviewed by
Corrow et al., 2016). Individuals with prosopagnosia do not
show the same pattern of results as healthy controls on most
measures of holistic processing (reviewed by, e.g., DeGutis,
Cohan, et al., 2013; Robotham & Starrfelt, 2018). More re-
cently, researchers have borrowed from the psychometric tra-
dition to examine the nature and structure of the mechanism(s)
underlying holistic processing. In the face recognition litera-
ture, these studies are referred to as ‘individual differences’
studies to contrast with studies that focus on group-level ef-
fects. Individual differences studies take advantage of natural-
ly occurring variations in performance to reveal patterns of
association across tasks (see, e.g., Cooper et al., 2017;
Wilmer, 2008). Confidence in the relationship between tasks
is accrued across multiple studies over time (Strauss & Smith,
2009). As such, the individual differences approach requires
replication of results from different data sets.

Our main goal was to contribute to this effort by examining
relationships between four commonly used measures of holis-
tic processing2. By so doing, we are able to test the various
models of the structure of holistic processing mechanisms.

1 While the distinction between configural and holistic was made explicit in
earlier studies (Maurer et al., 2002), the two concepts seem to have merged in
more recent literature (Richler et al., 2012). This has led us, and others (e.g.,
Rezlescu et al., 2017), to incorporate these two mechanisms under the umbrel-
la term ‘holistic’.

Fig. 1 Hypothesizedmechanisms inspired fromRichler et al. (2012). The
dashed grey boxes represent mechanisms and the solid black boxes rep-
resent different measures of holistic processing. Different measures of
holistic processing may tap in to a common mechanism, holistic process-
ing. Different measures may tap into distinct mechanisms, as illustrated
by the use of dashed grey boxes. Different measures may tap into partially

overlapping mechanisms, as illustrated when a measure box overlaps
more than on mechanism. In the original illustration, the face inversion
effect is positioned under sensitivity to configuration. We have illustrated
it as an overlapping mechanism because the other measures in the figure
are significantly reduced or even eliminated by inversion

2 We have addressed the question of whether holistic processing is linked to
general face recognition abilities in a separate study (Nelson et al., 2016). The
reader can turn to the following for more information: DeGutis et al. (2013b);
Konar et al. (2010); McGugin et al. (2012); Richler, Cheung, and Gauthier
(2011a); Richler et al. (2014, 2015); R. Wang et al. (2012).
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This is because each model predicts different relationships
between the outcomes of the different measures. In the follow-
ing sections, we begin by introducing the four measures of
holistic processing that were incorporated in this study,
followed by a description of past studies that have examined
the relationships, or lack thereof, between these different mea-
sures. We then provide details of the present study and the
outcomes predicted by different models of the structure of
holistic face processing mechanisms.

Measures and mechanisms of holistic face
processing

The present study focuses on the following measures of ho-
listic processing: the PWE, the CE, the CFDT, and the Face
Inversion Effect (FIE). These measures were selected because
they have been used in a large number of studies and have
become standard manifestations of holistic face processing.
All of these measures have been widely used in studies on
development across the lifespan (e.g., Boutet & Faubert,
2006; Tanaka & Simonyi, 2016), in clinical populations
(e.g., Lavallée et al., 2016; Watson, 2013), in individuals with
prosopagnosia (e.g., DeGutis, Cohan, et al., 2013; Robotham
& Starrfelt, 2018), and in comparative psychology (e.g.,
Brecht et al., 2017; Racca et al., 2010; Tomonaga, 2018;
M.-Y. Wang & Takeuchi, 2017). All of these measures are
reduced or eliminated for control nonface objects or inverted
faces3. As such, all of them are believed to reflect what is
‘special’ about face processing.

The PWE (Tanaka & Farah, 1993; reviewed by Tanaka &
Simonyi, 2016) refers to superior processing of face parts
when they are presented in whole faces versus in isolation.
The PWE suggests that face parts are integrated into a whole
or Gestalt, and is therefore linked with a global template
mechanism.

The CE (Young et al., 1987) refers to poor discrimination
or recognition of the top half of a composite face made up of a
top and a bottom from different individuals. The CE is dimin-
ished or eliminated when the two halves are misaligned. In
terms of which mechanism(s) it indexes, the CE may reflect
the formation of a global face template (Rossion, 2013; Young
et al., 1987), a failure to selectively attend to face parts, and/or
sensitivity to configuration (Richler et al., 2012; Richler,
Cheung, & Gauthier, 2011).

Two paradigms have been developed to capture the CE, the
so-called partial and complete designs, and there is still an
active debate over which method best captures holistic

processing (Richler, Cheung, & Gauthier, 2011; Richler &
Gauthier, 2014; Rossion, 2013). We used the partial design
because historically it is the most widely used of the two
designs, and as such, its inclusion will enable interpretation
of our results across a broader range of existing literature (see
Discussion for more details).

The CFDT (Carbon & Leder, 2005; Freire et al., 2000;
Leder & Bruce, 2000) measures sensitivity to spatial relations
between parts, which is consistent with a configural mecha-
nism. In this paradigm, participants have to detect changes in
the configuration between face features and changes in indi-
vidual features. Detection of configural changes is affected by
inversion, but not detection of changes in individual parts.
While the ecological validity of the CFDT has been criticized
(Taschereau-Dumouchel et al., 2010), we have included it
because it is the only measure that taps directly into sensitivity
to spatial relations, a concept that is central to the literature on
holistic processing (e.g., Burton et al., 2015; Caharel et al.,
2006;Maurer et al., 2002; Negrini et al., 2017; Rotshtein et al.,
2007; Sergent, 1984; Yin, 1969), to face space theories
(Valentine et al., 2016), and to computer-based recognition
systems (Schwaninger et al., 2002). Moreover, brain corre-
lates of face processing are sensitive to manipulations of spa-
tial relations between face parts (e.g., Caharel et al., 2006;
Negrini et al., 2017; Rotshtein et al., 2007). Finally, to our
knowledge, no study has incorporated a measure that captures
a configural mechanism when investigating the nature and
structure of the mechanism(s) underlying holistic processing.

The FIE (Valentine, 1991; Yin, 1969) refers to the finding
tha t d isc r imina t ion and recogni t ion of faces i s
disproportionately impaired by inversion as compared to
nonface objects. Yin (1969) suggested that the FIE arises be-
cause faces are processed on the basis of relations between
face parts. Many of the effects revealed by other measures of
holistic processing are significantly reduced or even eliminat-
ed by inversion (Freire et al., 2000; McKone et al., 2013;
Tanaka & Simonyi, 2016; but see, e.g., Susilo et al., 2013,
for the CE). As such, the FIE might reflect any of the mech-
anisms associated with these measures (see Fig. 1). For exam-
ple, the FIE might reflect a configural mechanism whereby it
is difficult to extract second-order relations from inverted
faces (Carbon & Leder, 2005; Freire et al., 2000; Leder &
Bruce, 2000; Yin, 1969). Accordingly, the ability to detect
configural changes is reduced by inversion in the CFTD.

Past research on the structure
of the mechanism(s) underlying holistic
processing

Three general hypotheses exist regarding the mechanisms that
underlie measures of holistic processing. A commonly held
assumption in this body of literature is that different measures

3 As previously mentioned, holistic processing can be elicited by objects of
expertise. As such, the effects revealed by these paradigms can be found in rare
cases with individuals who have developed expertise with individuation of
other homogeneous nonface object categories via lifelong exposure or exten-
sive training (see Richler & Gauthier, 2014; but see McKone et al., 2007).
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are manifestations of a common ‘holistic’ processing mecha-
nism (Rezlescu et al., 2017; Richler &Gauthier, 2014). Others
have hypothesized that specific measures tap into distinct
mechanisms, with some measures tapping into several mech-
anisms. For example, it may be argued that the FIE and the
partial CE tap into overlapping mechanisms because both
measures have been associated with sensitivity to configura-
tion. A framework describing putative overlap between mea-
sures of holistic processing is shown in Fig. 1 (adapted from
Richler et al., 2012). A third hypothesis is that different mea-
sures of holistic processing tap into distinct underlying mech-
anisms. This hypothesis is supported, by, for example, evi-
dence that effects revealed by different measures emerge at
different developmental time points (Maurer et al., 2002).

More recently, researchers have used an individual differ-
ences approach to compare different measures of holistic pro-
cessing and shed light on these hypotheses. Their results are
summarized in Table 1. The small number of studies conduct-
ed, together with inconsistencies in methodology across stud-
ies, makes it difficult to extract a unifying interpretation from
these results. One difference relates to methods used to mea-
sure the CE—namely, using the partial CE (Rezlescu et al.,
2017; R. Wang et al., 2012) versus the complete paradigm
(DeGutis, Wilmer, et al., 2013). This research seems to sug-
gest that the complete CE has more in common with other
measures of holistic processing. However, the partial CE
might overlap with measures that incorporate configural
changes such as the CFDT (Richler et al., 2012), but this has
not been investigated in any previous studies.

The studies cited in Table 1 also differ with respect to the
methods used to index holistic processing. All of the para-
digms included in these studies were originally intended to
illustrate holistic processing at the group level (e.g.,
reviewed by Haxby et al., 2002; Maurer et al., 2002;
McKone & Robbins, 2011). For example, in the FIE, holistic
processing is illustrated by significant group-level differences
in performance between upright faces and inverted faces. Two
methods have been adopted to contrast conditions: subtraction
scores (e.g., R. Wang et al., 2012; see also, e.g., Konar et al.,
2010; Ross et al., 2015; Sunday et al., 2017) and residual or

regression scores, where scores are taken as residuals derived
from regressing one condition against another (e.g., DeGutis,
Wilmer, et al., 2013; Rezlescu et al., 2017; see Methods for
more details). To date, there is no consensus on which method
should be adopted in individual differences studies and differ-
ences in these methods may yield inconsistent results. It
should also be noted that results derived from difference
scores are difficult to interpret in individual differences studies
(Hedge et al., 2017; Humphreys, 1990). For example, cogni-
tive tasks such as the ones used herein often become well
established because variability between subjects is low, which
produces consistent results across studies. However, low
between-subject variability produces low reliability for indi-
vidual differences (Hedge et al., 2017). Given that it remains
to be determined which method is best for individual differ-
ences studies, we computed both difference scores and
residuals.

Interpretation of results reported in Table 1 is further com-
plicated by the fact that conclusions are drawn on the basis of
the statistical significance of correlations. Despite being sta-
tistically significant, some of these correlations do not account
for much of the variability in the data. For example, the highly
significant correlation reported by Rezlescu et al. (2017) be-
tween the FIE and the PWE only accounts for 7% of variance
(r = .28, p < .001). This suggests that the relationship between
the FIE and PWE is weak, which may explain discrepancies in
findings across studies. Another issue with interpretation of
correlations is that there is no satisfactory means of comparing
correlation coefficients to determine if, for example, Measures
A and B are more related to each other than Measures B and
C. Moreover, computing multiple correlations across multiple
measures requires adjustment of the significance level and in
turn reduces statistical power. These issues highlight the need
for an alternative analytical approach, such as factor analysis.

Finally, whether the procedures put in place to implement
these different measures were adequate to capture holistic
processing can be questioned. For instance, these studies did
not systematically include a control condition to demonstrate
the face-specificity of the holistic effects measured (McKone
et al., 2013). This is crucial considering that these effects can
be observed with nonface stimuli under certain circumstances
(Meinhardt-Injac et al., 2016; Richler, Bukach, & Gauthier,
2009). For example, in the FIE, holistic face processing is
illustrated by showing that inversion reduces performance
for faces to a greater extent than for control objects (e.g.,
Valentine, 1991; Yin, 1969). It is this significant 2X2 interac-
tion between stimulus category and image orientation that
allows one to conclude that the effect is greater for faces than
objects and hence reflects something ‘special’ about faces. Yet
none of the aforementioned studies have included control con-
ditions for all tasks being measured. To be fair, adding a con-
trol condition may seem unnecessary considering that control
objects are unlikely to elicit the construct of interest, holistic

Table 1 Summary of findings on the relationship, or lack thereof,
between measures of holistic processing

PWE CE partial CE complete

CE partial nsa, b

CE complete r = .44, p < .01c

FIE r = .28, p < .001b nsb

FIE Face Inversion Effect, PWE PartWhole Effect,CEComposite Effect
a R.Wang et al. (2012). b Rezlescu et al. (2017). c DeGutis, Wilmer, et al.
(2013)
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processing (Gauthier et al., 2018). Furthermore, the data col-
lected on the control condition may be of limited utility for
analysis of relationships between tasks because there is no
easy solution for capturing group-level interactions at the in-
dividual level. Nonetheless, we feel that inclusion of a control
condition is critical to establish the presence of the expected 2
× 2 interaction for each measure and hence to confirm that the
procedures utilized are adequate to capture holistic face
processing.

Present study

The main goal of the present study was to investigate the
structure of the mechanism(s) underlying holistic processing.
Some aspects of our study have been made similar to past
research in order to facilitate cross-studies comparisons and
to provide converging evidence, as is expected in the psycho-
metric tradition (Strauss & Smith, 2009). We also introduced
new elements to address some of the issues outlined above.
First, we included a control in all of our measures to demon-
strate that our procedures elicited the expected holistic effects.
Including a control condition also allowed us to explore pat-
terns of association that would otherwise have been missed.
For example, if holistic processing of upright faces is manda-
tory (e.g., Boutet et al., 2002; Farah et al., 1998; Maurer et al.,
2002; Sergent, 1984), then all conditions where full upright
faces are shown should have something in common that is
distinct from conditions where objects or inverted faces are
shown.

Second, we adopted a factor analysis approach inspired by
previous work on measures of executive functions (e.g.,
Miyake et al., 2000). Factor analysis is based on the notion
that measurable and observable (i.e., manifest) variables can
be reduced to fewer latent variables that share a common
variance. As such, a factor analysis approach is ideal to pro-
vide evidence on the underlying structure of holistic face pro-
cessing (Yong & Pearce, 2013). Submitting our data to an
exploratory factor analysis allowed us to investigate whether
holistic processing tap into a common underlying mechanism
(H1), distinct mechanisms (H2), or partially overlapping
mechanisms (H3). We adopted an exploratory factor analysis
rather than confirmatory factor analysis to allow patterns of
association to emerge from the data. This approach is well-
suited for this area of research because there are many differ-
ent models of how different face processing mechanisms
might be related (e.g., Maurer et al., 2002; Richler et al.,
2012). A one-factor solution would support the hypothesis
that different measures of holistic processing tap into a com-
mon underlying mechanism (H1). A four-factor solution
would support the hypothesis that different measures of holis-
tic processing tap into distinct mechanisms (H2). Finally, any

solution where at least two measures load onto the same factor
would support the notion that some measures overlap (H3).

Third, we not only focused on indexes of holistic process-
ing derived from contrasting two conditions, but also explored
relationships between the 16 conditionsmeasured in this study
(4 conditions × 4 tasks). While this procedure is at odds with
past research in that holistic processing is typically evidenced
by contrasting two conditions, these analyses offer a means to
sidestep problems associated with difference scores.
Moreover, comparing the 16 conditions may reveal associa-
tions that offer a more suitable framework to interpret previ-
ous work in this field such as whether face parts and their
spacing are represented by the same or different mechanisms
(Yovel et al., 2014).

Finally, indexes of holistic processing were computed
using both the subtraction and regression methods to examine
whether the two methods yield consistent results and to com-
pare their reliability and variability. Accumulation of evidence
regarding the reliability and variability of measures is impor-
tant to guide future individual differences studies because as-
sociations can be obscured by poor within-task reliability, and
because these studies take advantage of variability in perfor-
mance to reveal patterns of association (Cooper et al., 2017;
Cronbach, 1957; Wilmer, 2008). We also ran analyses on
accuracy, and reaction time to examine whether different de-
pendent variables produce different patterns of results. For
example, speed and accuracy may reflect distinct underlying
mechanisms in face perception (Hildebrandt et al., 2010). In
anticipation of our results, accuracy and reaction time vari-
ables produced consistent results. In the interest of space and
to facilitate comparison with other studies, only the results of
accuracy measures are reported in this article. Reaction time
results are provided in the Supplementary Materials
(Section 2).

While there are studies that have compared performance
between two (DeGutis, Wilmer, et al., 2013; R. Wang et al.,
2012) or three measures of holistic processing (Rezlescu et al.,
2017), to the best of our knowledge, this is the first study to
report results of factor analyses across four different para-
digms, 16 conditions, and two different means of indexing
holistic processing. It is also the first to include the CFDT in
such analyses. As such, this study advances our understanding
of the structure of holistic face processing mechanism(s), a
key aspect of what makes faces ‘special’.

Method

The participant and materials information are identical for the
four measures used in this study. As such, this information is
provided first, followed by details regarding stimuli and pro-
cedure for each measure. Presentation order was randomized
across participants, as was the order of conditions within each
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measure. Participants took approximately 1 hour and 30 mi-
nutes to complete the four measures.

Participants

Undergraduate students from the University of Ottawa (N =
223) participated in this study, which was approved by the
University of Ottawa Social Sciences and Humanities
Research Ethics Board. Participants were awarded course
credit for participation. The initial sample size was 240; how-
ever, due to the within-subjects design of this study, we delet-
ed participants listwise who quit the study before completing
all four tasks, or who did not correctly follow instructions.

In order to establish that the typical interaction effects were
present in each of the four tasks, we ran four 2 × 2 repeated-
measures analyses of variance (ANOVAs). We used
G*Power software (Faul et al., 2007) to conduct a post hoc
power analysis to determine statistical power (1 −β).We used
the following input parameters: effect size f = 0.1, alpha of
0.05, total sample size of 223, one group, four measurements,
a correlation among repeated measures of .56 (based on the
average correlation coefficient as calculated in the correlation-
al analyses), and nonsphericity correction of 1 because our
data met the assumption of sphericity (see Results). Based
on these parameters, statistical power is high, reaching .98.

Costello and Osborne (2005) outlined the best practices
when conducting an exploratory factor analysis. With regard
to sample size adequacy, they acknowledge that there are no
‘strict’ rules, and ‘more is better’. The rule of thumb most
researchers use to determine a priori sample size for an explor-
atory factor analysis is a participant to item ratio of 10:1. Our
participant to item ratio is 223:16 which equates roughly 14:1.

General methods

Across all measures, the face stimuli were male and the im-
ages were greyscaled. Face stimuli were taken from the Max
Planck Institute for Biological Cybernetics database, and were
scaled to 9 × 9 cm (9° × 9° at 57 cm). All faces were presented
in the frontal (0°) view. Using Adobe Photoshop CS4 (Adobe
Systems Inc., San Jose, CA; Adobe.com) and MATLAB
2010a (The MathWorks Inc., Natick, MA; http://www.
mathworks.com), the background was removed and replaced
with a uniform grey field. Ears and hair were removed. All
stimuli were equated for mean luminance and root-mean-
square (RMS) contrast. While some face stimuli were used
in more than one task, there were never more than two repe-
titions across tasks. Stimuli used during practice were differ-
ent than those used in the experimental conditions.
Experiments were conducted on a series of identical Dell
Optiplex 9010 computers with an i5 Intel core, running
Windows 7 on 17-inch monitors with a screen resolution of
1,920 × 1,080 and refresh rate of 60 hertz.

For all measures, a two-alternative forced-choice (2AFC)
procedure was used. Before being presented with a given
measure, participants were given verbal instructions and
shown examples of the stimuli, followed by practice trials.
Before the experimental phase began, the instructions were
presented again, at which point participants had the opportu-
nity to ask for clarification.

Face Inversion Effect (FIE)

Stimuli

Eighty faces and 80 chairs were presented either upright or
inverted (see Fig. 2). Chairs were used as a nonface category
because they are typically seen upright, as faces are, and be-
cause they have been used before in the literature (e.g., Boutet
et al., 2003; Stein et al., 2012; Yovel &Kanwisher, 2005). The
authors created the chair images by taking pictures of chairs
where at least two exemplars were of the same style. These
similar exemplars were used as pairs, with one being either the
target or the distractor.

Procedure

The task began with four practice trials (one for each con-
dition). Participants were told verbally to respond as quick-
ly as possible. This was done because this task is relatively
easy and accuracy levels are subject to ceiling effects. A
sequential matching paradigm was used with Stimulus
Manipulation (face or object), and Orientation (upright or
inverted) as variables. Four blocks of 40 trials were pre-
sented in random order as follows: 40 upright face trials,
40 inverted face trials, 40 upright object trials, 40 inverted
object trials (total of 160 trials). The task took approxi-
mately 15 minutes to complete.

First, a single inspection image (face or object) was pre-
sented for 0.4 s. This was followed by an interstimulus interval
of 0.1 s, during which a blank screenwas presented. After this,
two test images (two faces or two chairs, depending on the
task condition) were presented. Images presented at inspection
and test were either all upright or all inverted. The partici-
pants’ task was to identify which of the two simultaneously
presented test images matched the inspection image by press-
ing a key. The test images remained on the screen until the
participant responded. Accuracy and reaction time were
recorded.

Part Whole Effect (PWE)

Stimuli

Methods (see Fig. 3) were inspired by Tanaka and Farah
(1993). Stimuli were either whole faces or isolated face parts
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(features: eyes, nose, or mouth). To make the stimuli, 10 base
faceswere created. Base faceswere created by replacing inner
features (eye, nose, and mouth) by the same feature from
different faces. The faces that were the source of the replace-
ment features were different for each base face and not other-
wise used in this experiment. This featural swap was done so
that the base faces would not seem odder or modified than the
modified faces that comprise the remainder of the stimuli in
this task. From the 10 base faces, three modified versions
were created by swapping either the eyes, or the nose, or the
mouth, with that feature from another face. For example, Base
Face A was used to create Version 1 with the eyes from Face
B, Version 2 with the nose from Face C, and Version 3 with
the mouth from Face D. Starting with 10 base faces, 30 mod-
ified faces were created (10 × 3 features). The base faces and
three modified versions appeared in “Whole” conditions. The

facial features that were used to form the 10 base faces and the
30 modified faces appeared in the “Part” conditions.

Procedure

The task began with four practice trials (one for each condi-
tion). A sequential matching paradigm was used with
Stimulus Manipulation (part vs. whole) and Orientation (up-
right vs. inverted) as variables. An equal number of “Part” and
“Whole” trials were presented in random order. A total of 120
trials were presented in two blocks (60 trials per orientation).
The task took approximately 10 minutes to complete.

The procedure for each trial was as follows. First, one base
face was presented as the inspection face for 1.75 s followed
by an interstimulus interval of 0.4 s, at which point two test
faces (or test parts, both of the same feature) were presented

Fig. 2 Face Inversion Effect (FIE). The figure illustrates examples of stimuli, presentation times, and interstimulus intervals for upright and inverted
trials

Fig. 3 Part Whole Effect (PWE). The figure depicts the trial structure for upright and inverted trials that pertain to eyes
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simultaneously side-by-side. Above these two test faces (or
parts), the word “Eyes” or “Nose” or “Mouth” appeared, cue-
ing the participants to make their recognition judgment re-
garding that feature. This cueing is necessary in the “Whole”
conditions so the participant knows which feature to compare
between test and inspection faces. However, the cue also ap-
peared in the “Part” conditions, despite it being obvious to
which feature the participant must respond. Presenting the
cue in both “Whole” and “Part” conditions equates for any
distracting effects the cue might have. On the “Whole” trials,
the participant’s task is to identify which of the two test faces
contains the specified feature that matches the feature from the
inspection face. On the “Part” trials, the participant’s task is to
identify which of the two test parts (features) was contained
within the inspection face. Participants responded by pressing
a key. The test faces or features remained on the screen until
the participant responded. Both accuracy and reaction time
were recorded.

Composite Effect (CE)

Stimuli

Methods (see Fig. 4) were inspired by Young et al. (1987).
Stimuli consisted of 240 composite face stimuli. Composite
face stimuli were created by combining the top half of one
face and the bottom half of a different face. Thus, all faces
presented in this task were a hybrid of two faces. Composite
faces were either presented with the two halves aligned, or
with the top and bottom halves misaligned. In the case of the
misaligned composite, the right edge of the bottom half of the
face lines up with the middle of the nose from the top half of
the face.

Procedure

The task began with instructions, followed by eight practice
trials. Before the experimental phase began, the instructions
were presented to the participant again, at which point he or
she had the opportunity to ask for clarification. The researcher
verbally emphasized to participants that they should selective-
ly attend the top half of faces (middle of nose to forehead) in
both the upright and inverted conditions.

A sequential matching paradigm was used with Stimulus
Manipulation (aligned vs. misaligned) and Orientation (up-
right vs. inverted) as variables. An equal number of
“Aligned” and “Misaligned” trials were presented in random
order as follows: there were 120 ‘same’ trials and 120 different
trials; these 120 trials contained 30 trials for aligned upright,
30 for aligned inverted, 30 for misaligned upright, and 30 for
misaligned inverted (total of 240 trials). The task took approx-
imately 20 minutes to complete.

Each trial began with one composite face (inspection face)
presented for 0.5 s, followed by an interstimulus interval of
0.3 s, after which a second composite face (test face) was
presented until response. Both faces were either upright or
inverted, depending on the orientation condition, and were
either aligned or misaligned, depending on the stimulus con-
dition. The top halves of the inspection and test faces either
matched or did not match, and the bottom halves never
matched (i.e., were always different). Participants’ task was
to judge if the top halves of the inspection and test faces (i.e.,
the part from the nose to the forehead, regardless of orienta-
tion) were the same or different. Participants indicated their
response by pressing a key. Accuracy and reaction time were
recorded. Performance on same trials only was used for the
analyses.

Configural Featural Detection Task (CFDT)

Stimuli

Methods (see Fig. 5) were inspired by Freire et al. (2000).
Face stimuli were either unmodified or modified.
Modifications were either configural or featural. Configural
modification involved moving a face part (eyes, nose, or
mouth), either up or down 3 mm, which is enough to modify
the spacing between parts without overly distorting the face.
Featural modification means that a face part (eyes, nose, or
mouth) was replaced with that same feature from a different
face that was not used elsewhere in the experiment. Four
modified base faces were created so that all face stimuli would
look equally modified. These base faces were presented, along
with the nine variations on each base face (i.e., both upward
and downward configural manipulations for eyes, nose, and
mouth, as well as the featural manipulation for each feature),
making a total of 36 manipulated faces.

Procedure

There were eight practice trials (two for each condition). The
task involved a matching paradigm with Stimulus
Manipulation (configural vs. featural) and Orientation (up-
right vs. inverted) as variables. Two blocks of 48 trials were
presented, one for the upright and one for the inverted condi-
tion (total of 96 trials). Within a block, half of the trials
contained a featural manipulation and the other half contained
a configural manipulation. For each type of manipulation, half
of the trials presented two of the same face and half presented
two different faces. Presentation order was randomized. The
task took approximately 10 minutes to complete.

Each trial began with two faces presented simultaneously
for 3.5 s. Participants indicated whether the two faces were the
same or different using a key press. After 3.5 s, both faces
were masked and participants were required to make a
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judgment if they had not indicated their response yet.
Accuracy and reaction time were recorded.

Dependent variables

Because the pattern of results was the same for accuracy and
reaction time, we focus on accuracy to facilitate comparison
with past research. Raw accuracy and reaction time data are
available at https://osf.io/69urz/ (https://doi.org/10.17605/
OSF.IO/69URZ).

For each of our four tasks, we calculated an index of holis-
tic processing by contrasting two key conditions using both
the subtraction method and the regression method (DeGutis,
Wilmer, et al., 2013). Calculating both types of individual
difference scores allowed us to compare results obtained with
each method and to report their reliability and variability.
Table 2 lists the conditions that were contrasted for each task.
Note that we chose to contrast conditions for which a differ-
ence in performance arises from a disruption in holistic pro-
cessing, hence providing an index of holistic processing
against a ‘baseline’. In the subtraction method, individual

performance on one condition is subtracted from performance
in the other condition. In the residual method, performance in
the condition of interest (e.g., the “Upright face” condition in
the FIE) was regressed against performance in the baseline
condition (e.g., “Inverted face” condition), and the regression
line of best fit was obtained. The equation of the line of best fit
was then used to calculate each participant’s expected score
on the condition of interest, given their performance in the
baseline condition. The values of the baseline condition were
entered into the equation of the regression line of best fit to
generate expected performance scores in the condition of in-
terest. The expected scores were then subtracted from the ac-
tual performance scores on the condition of interest to obtain
the residual value for each participant. Thus, residual differ-
ence scores indicate the degree to which a given participant’s
performance is above or below the expected value. A high
residual in, for example the FIE task, indicates that an individ-
ual is performing better on the “Upright face” condition trials
than would be expected based on their performance on the
“Inverted face” condition trials, which is consistent with a
high degree of holistic processing.

Fig. 4 Composite Effect (CE). The figure depicts the stimuli, presentation times, and the interstimulus interval for upright and inverted trials
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Data cleaning

Data cleaning involved first calculating z-scores in all 16-task
conditions to identify outliers. We chose the z-score cut-off
value of ±2.54, which corresponds to an alpha of 0.01. Values
2.54 standard deviations above or below the mean score were
considered to be outliers and were ‘tucked in’. This technique,
which is similar to winsorizing (Hogg, 1979; Huber, 1981),
entails replacing outlier values with the closest score that is
within z = ± 2.54 standard deviations of the mean. Less than
2% of all scores were tucked in.

We used Mahalanobis distances to identify the number of
multivariate outliers in the accuracy data (eight participants

out of 223, respectively). However, because we are interested
in differences in performance across all conditions, because
we believe these participants are valid examples demonstrat-
ing such differences, and because this small number of outliers
is unlikely to offer an alternative explanation for our results,
we did not remove participants who were multivariate
outliers.

Data normality

We investigated skewness and kurtosis values in order to de-
termine whether the accuracy scores between participants
were normally distributed within each condition. Data were
considered skewed if the estimated skew was more than twice
the standard error of the skew, with the same logic applied for
identifying kurtosis. In addition, we visually inspected the
data using histograms with fitted normal curves and Q-Q
plots. The results suggested that accuracy scores from all con-
ditions within the FIE demonstrated negative (left) skew and
were leptokurtic.Whole conditions within the PWEwere neg-
atively (left) skewed. All conditions within the CE were neg-
atively (left) skewed, and the misaligned upright condition
was also leptokurtic. Lastly, within the CFDT, the configural
upright and featural upright task conditions demonstrated neg-
ative (left) skew and the configural inverted condition was
positively (right) skewed. In light of recent findings that log
transformation has negative consequences on subsequent data
analyses (Feng et al., 2014), and in order to facilitate interpre-
tation of our results, we elected to leave our data untrans-
formed and use non-parametric correlation tests. Moreover,
various violations of normality across measures would have
required different transformations, making interpretation very
challenging.

We assessed multivariate normality by plotting the
Mahalanobis distance values against estimated chi-square
quantiles in a Q-Q plot. Based on visual inspection and given
that we elected to leave in the 8 multivariate outliers, we
determined that accuracy scores did not meet the assumption
of multivariate normality.

Results

Analysis of group effect interactions

In order to ascertain that the expected interaction effects for
each measure were replicated, we conducted a series of 2 × 2
repeated-measures ANOVAs for each of the four measures.
The results are consistent with the typical findings for each
measure. These results point to the adequacy of our proce-
dures for capturing holistic processing as defined by past re-
search for all four measures. Descriptive statistics and

Table 2 Conditions contrasted to extract an index of holistic processing
for each measure

Measure Condition of interest Baseline condition

FIE Upright faces Inverted faces

PWE Upright whole Upright part

CE Upright aligned Upright misaligned

CFDT Upright configural Inverted configural

FIE Face Inversion Effect,PWE PartWhole Effect,CEComposite Effect,
CFDT Configural Featural Detection Task

Fig. 5 Configural Featural Detection Task (CFDT). The figure depicts
the stimuli, presentation times, and the interstimulus interval for upright
and inverted trials that pertain to eye manipulation
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ANOVA tables are provided in the Supplementary Materials
(Section 1: Group Effect Interactions).

Do the four measures of holistic processing tap
into a common mechanism (H1), distinct mechanisms (H2),
or partially overlapping mechanisms (H3)?

Exploratory factor analysis (EFA) was used to investigate the
three hypotheses outlined in the introduction. EFA is used to
reveal factors that emerge from variation in the data and the
relationship between them, while maintaining conservative
factor retention parameters. First, we determined that our data
showed multicolinearity by checking the variance inflation
factor in an iterative fashion such that performance on each
condition was regressed against performance on the remaining
15 conditions using linear regression. Multicolinearity was
expected because performance is correlated across conditions
within each measure, as it should be if they are measuring the
same underlying factor.

We used a direct Oblimin rotation (Osborne & Costello,
2009; Yong & Pearce, 2013) because correlation analyses
revealed moderate to high correlations within each task, and
weak correlations between tasks. In accordance with
Tabachnick and Fidell (2001), we suppressed factor loadings
below 0.32. The tables with all factor loadings are provided in
Supplementary Materials (Section 1: Complete Factor
Loadings). Results for the subtraction method are not present-
ed because the Kaiser–Meyer–Olkin Measure of Sampling
Adequacy was low (.51) and Bartlett’s test of sphericity was
not significant, χ2(6) = 8.86, p = .182. The correlation matrix
for subtraction-based scores is shown in Table 3.

The correlation matrix and EFA factor loadings for indexes
of holistic processing derived from regression scores are
shown in Tables 4 and 5. The Kaiser–Meyer–Olkin Measure
of Sampling Adequacy was below the suggested cut off value
of .50 (.44) so we investigated the anti-image correlation ma-
trix. The diagonal values of the anti-image correlation matrix
were approaching .50, suggesting there was likely adequate
collinearity among the variables. Bartlett’s test of sphericity
was significant, χ2(6) = 20.21, p < .01. Regression scores

loaded onto two factors, with PWE and CFDT loading togeth-
er; this factor accounts for 13.5% in variance. CE loaded onto
the second factor, which accounted for 6% of variance. These
results suggest that PWE and CFDT measure an overlapping
construct that is distinct from CE. Results with regards to the
FIE are more difficult to interpret because of ceiling effects in
two conditions for this measure.

Relationships between 16 individual conditions

Table 6 illustrates the correlation matrix for the 16 conditions
tested across the four measures. As can be seen from this table,
correlations within measures are generally larger than correla-
tions between measures. Table 7 illustrates results of the EFA
for the 16 conditions. Each task loads onto a separate factor.
The PWE (Factor 1) accounted for most of the variability in
the model (30%), followed by the FIE (Factor 2, 16%). The
four factors accounted for 61% of the total variance explained.

Reliability and variability of the measures

Internal reliability was measured using Guttman’s λ2. We
used this measure because it has previously been employed
in individual differences work on face processing (Sunday
et al., 2017) and therefore facilitates comparisons across stud-
ies. Guttman’s λ2 is more robust than Cronbach’s α in in-
stances where the measures are comprised of multiple factors
(Callender & Osburn, 1979). Guttman’s λ2 was calculated for

Table 3 Correlation matrix for indexes of holistic processing
(subtraction scores)

FIE PWE CE CFDT

FIE

PWE .00

CE −.03 .00

CFDT .07 .12 −.15*

FIE Face Inversion Effect,PWE PartWhole Effect,CEComposite Effect,
CFDT Configural Featural Detection Task. * Significant at p < .05

Table 4 Correlation matrix for indexes of holistic processing
(regression scores)

FIE PWE CE CFDT

FIE

PWE −.02
CE −.05 .13

CFDT .05 .18** −.05

FIE Face Inversion Effect,PWE PartWhole Effect,CEComposite Effect,
CFDT Configural Featural Detection Task. ** Significant at p < .01

Table 5 EFA for indexes of holistic processing (regression scores)

Measure Factor Communalities

1 2 Initial Extraction

FIE
PWE

.00 .01

.46 .07 .27

CE
CFDT

.46 .01 .20

.55 .07 .29

FIE Face Inversion Effect,PWE PartWhole Effect,CEComposite Effect,
CFDT Configural Featural Detection Task
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indexes of holistic processing using the steps outlined by
DeGutis, Wilmer, et al. (2013). Results are shown in Table 8
for indexes of holistic processing and Table 9 for the 16

conditions. Standard deviations are also reported as an index
of variability. Internal consistency reliabilities of difference
scores were lower than the reliabilities for each condition.
Internal consistency reliability was higher for the regression
than the subtraction method. Variability was comparable
across the 16 individual task conditions and across the indexes
of holistic processing derived from the PWE, CE, and CFDT
tasks. Lower variability in the FIE task may arise from near
ceiling effects in this condition (see Supplement: Group Effect
Interactions).

Table 6 Correlation matrix for the 16 conditions

Note: Correlations of r = .156 and above were significant at the p < .01 level. Correlations of r = .111 and above were significant at the p < .05 level. N =
223. FIE Face Inversion Effect, PWE Part Whole Effect, CE Composite Effect, CFDT Configural Featural Detection Task

Table 7 EFA for the 16 conditions

Measure Factor Communalities

1 2 3 4 Initial Extraction

FIE Face Up −.96 .91 .93

Face Inv −.87 .81 .82

Object Up −.98 .91 .93

Object Inv −.95 .86 .88

PWE Whole Up .53 .40 .41

Whole Inv .65 .41 .48

Part Up .70 .41 .49

Part Inv .76 .41 .53

CE Aligned Up .66 .47 .48

Aligned Inv .86 .61 .70

Misaligned Up .66 .51 .55

Misaligned Inv .85 .61 .70

CFDT Configural Up −.62 .39 .39

Configural Inv −.57 .37 .38

Featural Up −.88 .53 .71

Featural Inv −.66 .42 .47

FIE Face Inversion Effect,PWE PartWhole Effect,CEComposite Effect,
CFDT Configural Featural Detection Task, Up Upright, Inv Inverted

Table 8 Reliabilities and variability (standard deviation [SD]) of the
four indexes of holistic processing derived from each task for the
subtraction and regression methods

Measure Guttman’s λ2
Subtraction

SD Guttman’s λ2
regression

SD

FIE .85 .05 .88 .05

PWE .27 .12 .41 .13

CE .59 .14 .66 .14

CFDT .20 .14 .48 .12

FIE Face Inversion Effect,PWE PartWhole Effect,CEComposite Effect,
CFDT Configural Featural Detection Task
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Discussion

Over the past 30 years, the idea that faces elicit holistic pro-
cessing has become a central tenet of the face recognition
literature. Yet there is substantial heterogeneity in the termi-
nology, paradigms, and mechanisms associated with this pro-
cessing strategy (Richler et al., 2012). The present study ex-
amined relationships between four commonly used measures
of holistic processing. This allowed us to test various models
of the structure of holistic processing mechanisms.
Relationships between measures were examined for the first
time using a factor analysis approach. This approach ad-
dresses limitations inherent to correlations between pairs of
measures (Yong & Pearce, 2013). It also offers a better tool
for testing hypotheses drawn from the literature, such as po-
tential overlap between certain measures (see Fig. 1). In keep-
ing with the psychometric tradition, we focused on widely
used procedures that capture key aspects of holistic processing
so that our data would have the widest possible applicability
with respect to accumulation of evidence over time (Strauss &
Smith, 2009). We also provide information on the reliability
and variability of each measure, which will be useful for re-
searchers who wish to utilize them in the future.

The EFA solution for indexes of holistic processing pro-
vided a two-factor solution, with the PWE and CFDT loading
into one factor and the CE loading into another factor. These
results contradict the notion of a common holistic mechanism
(H1). More specifically, they suggest that the PWE and CFDT

tap into an overlapping construct that is distinct fromCE (H3).
The model accounted for a modest portion of variance in the
data (20%), which is consistent with past research where cor-
relation coefficients between measures of holistic processing
is typically low. It may come as a surprise that the PWE and
CFDT loaded onto the same factor considering that these two
measures capture seemingly different concepts, with the PWE
reflecting analysis of faces as global templates and the CFDT
reflecting sensitivity to spatial relations. Historically, these
two concepts have been central to the literature on holistic
processing since its very beginning (e.g., Maurer et al.,
2002; Sergent, 1984; Valentine et al., 2016; Yin, 1969) and
their loading onto the same factor suggests that they reflect
overlapping processing mechanisms. One possibility is that
this factor reflects improved processing of parts, including
their relations, in the context of a whole face (Sunday et al.,
2017). In the PWE, the presence of a whole face may intro-
duce information about a given part’s relation to other parts
and in turn facilitate its processing. In the CFDT, judging a
parts’ relation to other parts (their spatial arrangement) may be
more efficient in the upright than the inverted condition be-
cause relational information is more efficiently extracted from
upright than inverted faces (e.g., Richler, Mack, et al., 2011;
Yin, 1969). Alternatively, the PWE and CFDT factor may not
reflect holistic processing but instead similarity in task de-
mands in these two tasks. For both measures, participants
were asked to judge individual face parts. However, this in-
terpretation is challenged by the finding that individual con-
ditions where parts were judged did not load together in the
EFA with 16 conditions.

Consistent with our results, the PWE was not significantly
correlated with the CE (partial design) in Rezlescu et al.
(2017) and R. Wang et al. (2012). In contrast, performance
on the PWE was significantly correlated with the CE (com-
plete design) and the FIE in DeGutis, Wilmer, et al. (2013).
Discrepancies for the CE across studies likely arise from the
distinction between the complete and partial designs. Briefly,
the partial design measures the difference in performance be-
tween same aligned and same misaligned trials where the top
half of the composite is the same as a previously presented
face. The complete design measures a congruency effect as
the difference in performance between congruent trials, where
the correct response for the top half of the composite is the
same as that for the bottom half, and incongruent trials, where
providing the correct response for the top half of the compos-
ite requires ignoring the response for the bottom half. It has
been argued that the partial design taps into the formation of a
global face template whereas the complete design taps into a
failure to selectively attend to face parts (e.g., Richler &
Gauthier, 2014; Rossion, 2013; Young et al., 1987). This
might explain why the PWE relates to the complete CE but
not the partial CE. Also worth noting is the finding of a sig-
nificant correlation between the partial CE and CFDT task in

Table 9 Reliability and variability (standard deviation [SD]) of the 16
conditions

Measure Condition Guttman’s λ2
Subtraction

SD

FIE Upright Faces .93 .09

Inverted Faces .93 .10

Upright Objects .94 .10

Inverted Objects .93 .09

PWE Upright Part .58 .11

Upright Whole .61 .11

Inverted Part .51 .11

Inverted Whole .58 .12

CE Upright Misaligned .82 .15

Upright Aligned .84 .16

Inverted Misaligned .78 .15

Inverted Aligned .79 .15

CFDT Upright Configural CongConfConfigural .67 .13

Upright Featural .63 .10

Inverted Configural .40 .12

Inverted Featural .62 .12

FIE Face Inversion Effect,PWE PartWhole Effect,CEComposite Effect,
CFDT Configural Featural Detection Task
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our study when holistic processing was measured using dif-
ference scores. This finding, which must be viewed with cau-
tion given the poor reliability of difference scores, is consis-
tent with the notion that the partial CE taps into a configural
mechanism (Richler et al., 2012). In any case, it appears that
these two designs measure different constructs (Richler &
Gauthier, 2014) with the complete CE being more closely
related to the PWE than the partial CE. Additional evidence
directly comparing the two versions of the CE to each other as
well as other measures is needed to corroborate this
interpretation.

With respect to the FIE, we were surprised that it did not
load onto a common factor with the CFDT considering that
for both measures, the index of holistic processing was com-
puted by contrasting upright and inverted conditions. Results
for the FIE should be interpreted with caution considering that
performance was near ceiling.With respect to past research on
the FIE, results have been inconsistent. In DeGutis, Wilmer,
et al. (2013), the FIE correlated with the PWE. In Rezlescu
et al. (2017), it did not correlate with any other measure.
Interpretation of results pertaining to the FIE is further com-
plicated by the debate over whether inversion has a qualitative
or quantitative impact on face processing (e.g., Meinhardt
et al., 2019; Rakover, 2013; Richler, Mack, et al., 2011;
Rossion & Boremanse, 2008). Future research on the FIE is
therefore needed to improve our understanding of the mecha-
nisms that underlie this effect and its relationship, or lack
thereof, with other measures of holistic processing, especially
since reliability was highest for the FIE.

The EFA model for the 16 conditions yielded four factors
with the four conditions within each task loading onto a sep-
arate factor. The correlation matrix revealed stronger correla-
tions between conditions within each task than between theo-
retically equivalent conditions across tasks. These results
again contradict the notion of a common holistic mechanism
(H1). They support the existence of distinct holistic mecha-
nisms (H3) with different measures tapping into a distinct
facet of holistic processing. One possibility is that task instruc-
tions, together with exposure to a few trials results in partici-
pants adopting a cognitive set that carries over from one con-
dition to the next within a given task. Similar effects have been
reported elsewhere (Boutet et al., 2017; Richler et al., 2009b).
For example, Richler et al. (2009b) have shown that presen-
tation of whole faces prior to presentation of nonface objects
can induce holistic processing of these objects. These carry-
over effects were influenced by the procedures employed with
blocked conditions being less likely to elicit carry-over effects
than randomized presentations (see also Boutet et al., 2017).
Whether blocking versus random order had a similar effect on
the results of the present study is unclear because procedures
varied across measures (trials were blocked by orientation in
the CE and PWE, by condition in the FIE, and completely
randomized in the CFTD task). In any case, these carry-over

effect do not appear to be due to the particular procedures used
in this study since high within task correlations have been also
been reported for the CE (Gauthier et al., 2018) and PWE
(Sunday et al., 2017).

It may be argued that reporting relationships between indi-
vidual task conditions is not informative because holistic pro-
cessing is typically illustrated by interaction effects that have
been operationalized as difference scores in individual differ-
ences research. To the contrary, we feel that reporting these
high within-task correlations is critical because it suggests that
each task triggers a unique processing mechanism (H2) that
carries over from one task condition to the next. We attempted
to devise a mathematical method to extract variability due to
carry-over effects, but discontinued this effort due to problems
accounting for interactions between conditions (an in progress
formula is available upon request). Future research should
report correlations between task conditions to reveal possible
carry-over effects that can obscure relationships between dif-
ferent measures of holistic processing. These carry-over ef-
fects seriously limit the potential to find associations between
different tasks and offer a plausible explanation for the finding
that theoretically similar conditions are not correlated. For
example, one might have expected the different conditions
where the task at hand requires processing of individual fea-
tures to be related to each other, but this was not the case.
Moreover, carry-over effects limit our ability to examine pre-
dictions arising from the literature such as whether face parts
and their spacing are represented by different mechanisms
(Yovel et al., 2014) and whether all conditions with upright
faces trigger mandatory holistic processing (e.g., Boutet et al.,
2002; Farah et al., 1995; Maurer et al., 2002; Sergent, 1984).
Finally, high within-task condition correlations may explain
low correlations between measures of holistic processing
(DeGutis, Wilmer, et al., 2013; Rezlescu et al., 2017; R.
Wang et al., 2012) and between measures of holistic process-
ing and face recognition ability (e.g., Konar et al., 2010;
Rezlescu et al., 2017; Richler et al., 2014).

In the present study, we devoted much effort to design
measures with comparable procedures. All tasks involved si-
multaneous or short-term sequential matching procedures, and
all of the tasks required participants to perform a same/
different discrimination task, making it unlikely that differ-
ences in these aspects of the task could explain our results.
Another factor that can influence relationships between mea-
sures of face processing is number of faces used across trials.
Richler and colleagues have argued that stimulus repetition
can contaminate measures of holistic processing by inducing
a part-based strategy whereby participants “focus attention on
features that are particularly diagnostic to distinguish among a
set of repeating face parts’ (Richler et al., 2015, p. 2), albeit
how many repetitions are required to engage this part-based
strategy has yet to be specified. In the context of our study,
there were few repetitions (e.g., 4 repetitions of face halves in
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the CE) within tasks and none across tasks. It is therefore
unlikely that stimulus repetition accounted for the results of
our study. This explanation is also difficult to reconcile with
the EFA solution since one might expect a part-based strategy
induced by stimulus repetition to generalize across measures.
Still, it is advised that as many different faces as possible be
included in future studies to avoid this confound. Finally, we
think it unlikely that spurious results were obtained because of
the presence of outliers considering that one of the strengths of
the present study is the large number of participants tested
(223) and the small number of outliers.

Reliability and variability of the measures

Individual differences research relies on individual variability
to extract shared variance among measures. Moreover, reli-
ability of measures is important because low reliability can
obscure relationships between measures. Hence, choosing
measures for future individual differences research should be
driven in part by information on their reliability and variabil-
ity. Overall, our versions of the tasks produced good to ac-
ceptable reliability scores with Guttman’s lambda values rang-
ing between .40 to .94 for performance on the 16 task condi-
tions and between .41 to .88 for regression scores. These reli-
ability scores are equivalent or superior to those reported in
other studies (e.g., DeGutis, Wilmer, et al., 2013; Rezlescu
et al., 2017; Sunday et al., 2017; R. Wang et al., 2012), prob-
ably because of the larger number of trials per condition in the
present study (Sunday et al., 2017). Reliability of subtraction
scores was poorer than for regression scores, supporting the
use of the regression for indexing holistic processing at the
individual level (DeGutis, Wilmer, et al., 2013; but see Ross
et al., 2015).

Looking at the data as a whole, it is difficult to suggest one
or two measures for future individual differences research. For
example, the FIE produced the highest internal reliability but
had low variability because of ceiling effects and hence cannot
be recommended in its current version. The CE had good
reliability and variability, but it did not account for much of
the variance in either the four indexes (6%) or the 16 condi-
tions solutions (10%). Drawing inferences across studies is
also difficult because the procedures used vary widely.
Efforts at developing standardized versions of these tasks for
individual differences work are currently underway (Richler
et al., 2014, 2015). However, additional research across labo-
ratories is needed to accumulate evidence on the validity and
reliability of these measures. It might be useful for researchers
to run pilot studies to verify that their measures have accept-
able reliability prior to collecting data on relationships be-
tween measures. We report informally that reliability indexes
were higher for efficiency scores that combined accuracy and
reaction time than for accuracy scores. This suggests that fu-
ture work on individual differences in holistic processing

should consider combining accuracy and speed in their anal-
yses (see, e.g., Rate Correct Score; Gauthier et al., 2018;
Vandierendonck, 2017), especially when accuracy scores are
limited by ceiling effects. Combining accuracy and RT data
may be more valid considering that face processing involves a
speed dimension (Hildebrandt et al., 2010; Wilhelm et al.,
2010).

Some studies have adjusted correlations between tasks by
measuring a theoretical correlation that takes into account the
reliability of each measure (DeGutis, Wilmer, et al., 2013;
Rezlescu et al., 2017). While we recognize that unreliable
measures cannot be expected to correlate strongly with one
another, whether and how correlations should be disattenuated
is still debated (see, e.g., Winne & Belfry, 1982). Issues asso-
ciated with disattenuated correlations in the present study in-
clude overcorrected correlations (correlations greater than 1)
that are difficult to interpret as well as problems with compar-
ing disattenuated correlations with noncorrected EFA solu-
tions. As a result, we do not report disattenuated correlations
in the body of this article4.

Implications

What emerges from ours and others’ findings (e.g., DeGutis,
Wilmer, et al., 2013; Rezlescu et al., 2017; R. Wang et al.,
2012) is that holistic processing is not a broad overarching
mechanism that gives rise to the group-effect interactions elic-
ited by these different measures. Instead, our results provide
support for the hypothesis of overlap between distinct holistic
mechanisms (H2, H3) (the PWE and CFDT in the present
study, the PWE and complete CE in DeGutis, Wilmer, et al.,
2013). While some measures can overlap, commonality
among measures may not always be driven by holistic pro-
cessing per se, but instead by other cognitive processes de-
pending on task demands. As such, different measures should
not be used interchangeably. Developmental changes in these
other cognitive domains may explain why some of these ef-
fects produce inconsistent developmental trajectories across
task (Boutet & Faubert, 2006; Maurer et al., 2002;
Meinhardt-Injac et al., 2016).

One question that arises is how these measures can tap into
a distinct mechanism that carried over from one condition to
another and yet yielded significant interactions at the group
level. The answer to this question may come from research
with clinical or developmental populations. For example,
older adults show poor face recognition ability alongside pre-
served holistic processing, suggesting that holistic processing
is necessary, but not sufficient for correct identification of
faces (Boutet & Meinhardt-Injac, 2018; Boutet et al., 2020;
see also Watson, 2013, for autism and schizophrenia). These

4 The amount of shared variance between tasks remained modest even after
disattenuation (see Supplement: Disattenuated correlations).
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findings have been interpreted as evidence that face recogni-
tion proceeds in a ‘global to local’ fashion with holistic pro-
cessing taking place in face selective areas, followed by anal-
ysis of local features via reentrant connections to lower-level
visual areas where small receptive fields are well suited for
processing finer details that distinguish individual exemplars
(e.g., Edelman & Gally, 2013; Jacques & Rossion, 2009;
Musel et al., 2012; Peters et al., 2018; Sugase-Miyamoto
et al., 2011). It might therefore be argued that while the first
‘global’ or holistic processing stage is elicited by all of these
measures, individual differences in performance reflect the
second ‘local’ stage. If this were true, then individual differ-
ences in measures of holistic processing may instead reflect
variations in the ability to process the featural aspects of faces
(see also Jaworska et al., 2019). This could explain the lack of
relationship between measures found here and elsewhere. It
would be interesting for future research to devise means of
examining this hypothesis by comparing individual perfor-
mance on measures of ‘featural’ processing. Whether relation-
ships between measures arise from holistic processing per se or
from similarities in task-demands should also be considered.

Limitations

First, our results may be limited by the procedures used to
operationalize the four measures of holistic processing. While
we have implemented versions of each measure that were sim-
ilar to the original authors’ implementations, some changes
were made to make the tasks more comparable. Second, there
is much debate over which version of the CE is most valid
(Richler & Gauthier, 2014; Rossion, 2013). On one hand, our
results support the utility of the partial CE: the paradigm pro-
duced the expected group-level interaction effect and the corre-
lation between the partial CE and the CFDT was statistically
significant for subtraction scores, which supports the claim that
the partial CE taps into a configural mechanism (Richler et al.,
2012). On the other hand, the low reliability of subtraction
scores limits interpretation of this finding. Moreover, perfor-
mance on the CE was relatively low in our study, and perfor-
mance in the aligned upright and aligned inverted conditions
was almost identical. This contrasts with typical results for the
partial CE (e.g., Robbins &McKone, 2003; Wang et al., 2019)
and may have decreased the magnitude of holistic processing
triggered by the task (Richler et al., 2009a; Wang et al., 2019).
Additional research comparing the partial and complete CE
with each other, and with other measures of holistic processing,
is therefore needed to resolve this debate.

Third, one might question the conditions that were com-
pared to compute indexes of holistic processing. For example,
in the CFDT, we compared the upright configural to the
inverted configural conditions. It may be argued that a more
valid comparison would be between the upright configural
and upright parts conditions.We focused on the upright versus

inverted comparison because this comparison is critical in the
sense that it produces a significant difference whereas the
difference between upright featural and inverted featural con-
ditions is smaller or absent (Boutet et al., 2003; Carbon &
Leder, 2005; Freire et al., 2000; Leder & Bruce, 2000).
Furthermore, it has been argued that configural manipulations
are too extreme to reflect naturally occurring distances be-
tween features (Taschereau-Dumouchel et al., 2010).
Featural manipulations in the CFDT may also involve a com-
bination of featural and configural changes (Riesenhuber &
Wolff, 2009). Despite these limitations, we included this mea-
sure in our study because of its emphasis on sensitivity to
spatial relations, which is a key concept in the literature on
holistic processing and yet has not been previously investigat-
ed in individual differences studies (Maurer et al., 2002).

Finally, the results of the present study have limited impli-
cations for processing of familiar faces (Burton et al., 2015).
This limitation is particularly salient for the CFDT measure
because sensitivity to spatial relations appears to be less im-
portant for recognizing well-known faces (Burton et al.,
2015). It would be interesting for future research to incorpo-
rate familiar faces to examine whether relationships, or lack
thereof, between different measure of holistic processing of
familiar faces.

Conclusion

As a whole, our results, together with those of other studies
reviewed here, suggest that that the four measures of holistic
processing investigated herein tap into distinct, but partially
overlapping, mechanisms. Hence, different measures of holis-
tic processing should not be used interchangeably. A chal-
lenge for future research will be to develop means to dissoci-
ate between holistic processing, featural processing, and the
other perceptual and cognitive mechanisms that are triggered
by holistic tasks. In following with the psychometric tradition,
these efforts will require a shift away from novelty and to-
wards replication (e.g., Makel & Plucker, 2014) such that
evidence can be accrued over time across different research
groups. To conclude, we hope that researchers will continue to
investigate this phenomenon which has captured the attention
of the field for more than four decades and which is at the
heart of what makes faces ‘special’.
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