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Abstract
We investigated the relationship between holistic processing and face processing using a latent variables approach. Three
versions of the composite paradigm were used to measure holistic processing: Vanderbilt Holistic Face Processing Test, a
sequential composite matching task, and a simultaneous composite matching task. Three tasks were used to measure face
perception and face memory abilities respectively. We had three pairs of tasks such that within each pair (of memory and
perception task), the stimuli involved, the requirement for matching across viewpoints, etc., are the same, such that the only
difference is whether perception or memory is taxed. There were no significant correlations between the different versions of the
composite task. We discovered no evidence to support a distinction between face perception and face memory, suggesting the
existence of a general face processing factor. Finally, there was no evidence that holistic processing (as captured by either of the
three composite tasks) is predictive of better face processing per se, casting doubts on the role of holistic processing in differ-
entiating different levels of efficiency in face processing.

Keywords Holistic processing . Face processing . Face perception . Facememory . Holistic processing and face processing

Introduction

Holistic processing, the tendency to process features in an
integrated fashion and not as isolated features, is considered
crucial to differentiate visually similar objects like faces
(Diamond & Carey, 1986; Gauthier & Tarr, 2002; McKone
et al., 2012; Richler & Gauthier, 2014). In the original com-
posite study (A. W. Young et al., 1987) participants were
presented with a single facial composite, and the degree of
illusion-induced interference was inferred from their response
latencies (Murphy, Gray, & Cook, 2017). When asked to
name the identity of a face half (e.g., upper half), whilst

disregarding the remaining task-irrelevant half (e.g., lower
half), observers were disproportionately slower in the
upright-aligned condition. The application of this naming par-
adigm is limited, however, by the need to use familiar faces.
The composite task (for a discussion, see Fitousi, 2015;
Richler & Gauthier, 2014; Rossion, 2013), in which partici-
pants perform a same-different task involving decisions about
two subsequently or concurrently presented stimuli based on
one half of each stimulus while ignoring the other half, is a
widely used paradigm to study holistic processing involving
unfamiliar faces. The composite effect describes how an irrel-
evant half of a face (e.g., bottom half) influences the process-
ing of the task-relevant half of the face (e.g., the top half). Any
interference in performance from the irrelevant on the relevant
part implies automatic and obligatory holistic processing of all
parts of the stimuli in the composite task.

Association between holistic processing and face
processing

Surprisingly, the proposed role of holistic processing in face
processing was not tested until 2010, with mixed results.
About 10 years ago this association was tested using the
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composite task and face recognition. Konar et al. (2010) and
Verhallen et al. (2017) found no association between holistic
processing and face-recognition abilities measured by the
Cambridge Face Memory Test (CFMT). Richler, Cheung,
and Gauthier (2011a) on the other hand, discovered a small
but significant correlation between holistic processing and
CFMT performance.

Two different composite task designs were used in these
studies: (i) The perceptual integration design. In this design,
the irrelevant half of the face is always different, while the
target half may be the same or different. Where only the
same-response trials are considered, holistic processing is op-
erationalized as an alignment effect: worse performance when
the two halves of the face are aligned than when misaligned
through a lateral shift (e.g., Goffaux & Rossion, 2006; Hole,
1994; Young et al., 1987). (ii) The selective attention design:
this design orthogonally manipulates alignment and congru-
ency (Gauthier & Bukach, 2007). Congruent and incongruent
trials are included in both same- and different-response trials
and holistic processing is signaled by a significant interaction
between alignment and congruency across response-type
(DeGutis et al., 2013; Richler, Cheung, & Gauthier, 2011a;
for a meta-analysis, see Richler & Gauthier, 2014). The per-
ceptual integration design was used by Konar et al. (2010) and
Verhallen et al. (2017), while the selective attention design
was used by Richler, Cheung, and Gauthier (2011a). These
differences may arise because the perceptual integration de-
sign confounds manipulations of interest with complex re-
sponse biases, resulting in poor construct validity (Richler &
Gauthier, 2014).

However, the distinctions between the two designs of the
composite task are not the end of the story. There was no evi-
dence for such a relationship with CFMT using a different and
more reliable selective attentionmeasure of holistic processing in
a composite task (Vanderbilt Holistic Face Processing Test
(VHFPT-F); Richler et al., 2014). Recently, Boutet and
Meinhardt-Injac (2021) found performance on the selective at-
tention composite task to be a significant predictor of perfor-
mance on a face-matching task (GFMT: Glasgow Face
Memory Test, Burton et al., 2010), but not the face recognition
task, CFMT.A factor that might contribute to these discrepancies
is whether the composite task has, or has not, repetition of face
parts and the face-processing test has, or has not, repetition of
faces. A learning component in both tasks may give rise spuri-
ously to a significant correlation. VHFPT-F has no learning com-
ponent that might explain the lack of correlation with CFMT, a
test with a strong learning component.

We have discussed the composite task and its relationship
with face processing (recognition). But other tasks have been
proposed to measure holistic processing: inversion (a large
cost in performance for upside-down faces) and part-whole
effects (poorer recognition of parts in isolation than in whole
faces)

Rezlescu et al. (2017) examined the relationships be-
tween the alignment effect in the perceptual integration
composite task, inversion, and part-whole effects, and
whether these effects are predictive of face processing,
more specifically face perception evaluated by the
Cambridge Face Perception Test (CFPT; Duchaine &
Nakayama, 2006). Intriguingly, the three holistic pro-
cessing measures did not show a high overlap, with a
significant and moderate correlation found only between
inversion and part-whole measures (r = .28). These
measures also differed greatly in terms of their relation-
ships with face perception ability, with correlations
ranging from moderate (r = .42 for the inversion effect)
to weak (r = .25 for the part-whole effect) and nonex-
istent (r = .04 for the composite effect).

The lack of correlation between the different measures of
holistic processing implies that they probably reflect different
mechanisms. Li et al. (2017) looked at whether the part-whole
effect and composite face effect involved shared or distinct
neural substrates and found evidence for distinct mechanisms.
They found that the part-whole effect and composite face ef-
fect showed hemispheric dissociation in the fusiform face area
(FFA), with the part-whole effect correlating with face selec-
tivity in the left FFA and the composite face effect correlating
with face selectivity in the right FFA. Furthermore, the asso-
ciation between the part-whole effect and face selectivity was
driven primarily by the FFA response to faces, whereas the
association between the composite face effect and face
selectivity was caused by a suppressed response to objects in
the right FFA.

The finding of Li et al. (2017) that the composite face effect
is related to object processing is also consistent with Fitousi’s
object-based attention account of the composite face effect.
Fitousi (2015) surmised that the composite face effect is not
unique to faces but reflects a general attentional strategy akin
to object-based attention. In object-based attention, all constit-
uent features or parts are activated once an object has been
selected. Fitousi (2015) proposes that the reduction in the
congruence composite effect with misalignment is due to a
disruption of objecthood. Analysis of theoretical ex-
Gaussian parameters of response time (RT) distributions
(Fitousi, 2020) reveals that the composite effect is generated
by pure changes in the exponential component of the ex-
Gaussian distribution, suggesting the involvement of atten-
tional and working memory processes in the composite face
effect.

The main goal of our study is to evaluate the relationship
between holistic processing and face processing. Given the
evidence reviewed above that different holistic tasks most
probably reflect different mechanisms, we will next explain
our approach to choosing holistic processing measures. We
will then present the reasoning that led to the choice of the
face-processing tasks.
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Measuring holistic processing

Rezlescu et al. (2017) observed a significant and moderate
correlation only between inversion and part-whole effects,
while Li et al. (2017) found no association in the neural sub-
strates of the part-whole effect and composite face effect. The
three tasks most probably reflect distinct mechanisms. Indeed,
the inversion effect is an indirect measure of holistic process-
ing (Piepers & Robbins, 2012). Holistic processing in the
composite task is measured as interference from the task-
irrelevant part, which is attenuated by misalignment, while
holistic processing in the part-whole effect is reflected by an
advantage making judgments of the whole compared to indi-
vidual parts (Richler et al., 2012). Given these differences
between different holistic processing measures, it is probably
not very surprising that these tasks do not correlate strongly
with each other.

The part-whole task and the composite task indeed reflect
different mechanisms. One of the first accounts of holistic
effects proposes representations in which internal parts are
not differentiated/not independent representations, thus a
global face template (Farah et al., 1998). However, this face
template hypothesis does represent some problems. For in-
stance, when novel objects are interleaved with faces, they
are processed more holistically, as measured by a composite
task, following an aligned face that is processed holistically,
then a misaligned face that is not (Richler et al., 2009). This is
challenging to explain with the help of a face template. Indeed,
what effect would a unified perceptual representation of an
aligned face have on the processing of a subsequent novel
object that does not share the same configuration of features?
The global face template hypothesis was also challenged by
Chua, Richler, and Gauthier (2015), demonstrating that holis-
tic effects can arise from experience with only diagnostic parts
(Chua, Richler & Gauthier, 2015). These results gave rise to
the learned attention account of holistic effects, which holds
that congruence effects are the result of a history of learning to
attend to the parts of objects: experience individuating objects
leads to difficulty ignoring specific parts that have previously
proven diagnostic. With faces, we cannot dissociate learning
that many parts of a face contain diagnostic information from
learning that these parts appear together (Gauthier, 2020).

We adopted this definition of holistic processing construct,
hereafter HP-LA (holistic processing – learned attention), giv-
en evidence against the idea that internal parts are not
differentiated/not independent representations (Farah et al.,
1998), and the evidence in favor of the idea that it is difficult
to ignore specific parts previously shown to be diagnostic for
objects. The learned attention account of holistic effects is
well evaluated by the selective attention composite effect.
We thus chose to use the same generic composite task, but
with three different versions, which may allow us to extract a
latent variable that better reflects the underlying HP-LA

processing construct. Indeed, we used VHFPT-F (Richler
et al., 2014) and a composite task with no repetition of face
parts, including both sequential (thus with a memory compo-
nent – encode facial stimuli, store them in working memory,
retrieve them, and discern information about relevant facial
features) and simultaneous (thus with a perceptual component
– perceive facial stimuli and discern information about rele-
vant facial features) versions. Including no repetition of face
composites avoid correlations that are driven solely by a rep-
etition of information in the composite task and in the memory
task (CFMT) (cf. Richler et al., 2014). This design also allows
us to evaluate specific correlations between perception-based
andmemory-based composite tasks, as well as face perception
and face memory because we have measures of both percep-
tion and memory.

Measuring face processing

When considering face processing, several individual differ-
ences studies have shown evidence for a processing factor
common to face memory and face perception tests. Thus, sev-
eral studies have found significant associations between dif-
ferent measures of face-identity processing, although using
relatively few measures, for example, Boutet and Meinhardt-
Injac (2021), who used the CFMT and an unfamiliar face
matching test, GFMT; McCaffery et al. (2018), who also used
a difficult recognition task, the Before They Were Famous
Test; and Verhallen et al. (2017), who also used a Mooney
Faces Test: Participants in the test are shown series of black
and white distorted photographs, presented in such a way that
would require them to perform closure. Moreover, these asso-
ciations were typically larger than associations between
identity-processing and other cognitive abilities. These find-
ings have been interpreted as evidence for a general face-
processing factor (f) (Verhallen et al., 2017).

Contrarily, several other individual differences studies by
Sommer and colleagues have shown a dissociation of face
processing into face memory and perception. For example,
Wilhelm et al. (2010) used a latent variables approach and
found a distinction between latent variables representing
face perception and face recognition. In agreement with this,
Fysh et al. (2020) used four face matching tasks and two face
memory tasks and found evidence of at best modest general-
ization from one type of test to another. The distinction be-
tween face perception and face memory is also consistent with
functional and neuroanatomical models of face cognition.
Functional models (e.g., Calder & Young, 2005) distinguish
between a structural encoding stage, which represents pro-
cesses of face perception, and the stages of Face
Recognition Unit activation, which mediate processes of face
memory. Neuroanatomical models (e.g., Gobbini & Haxby,
2007) propose different brain areas underlying face perception
and face memory.
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Present study

In the present study, we ask whether HP-LA and face process-
ing are related. Given the apparent distinction between face
perception and face memory, we evaluated both face percep-
tion and face memory together with HP-LA processing (com-
posite task) each with three tasks. For memory and perception,
we had three pairs of tasks such that within each pair (of
memory and perception task), the stimuli involved, the re-
quirement for matching across viewpoints, etc., are the same,
such that the only difference is whether perception or memory
is taxed. In this way, we will not have to be concerned that an
eventual higher correlation between HP-LA processing and
either perception or memory is attributable to the stimulus or
task format overlap. Face perception was measured by indica-
tors requiring perceptual comparisons of face stimuli without
any reliance on memory processes. Face memory was
assessed through measures that required the learning and rec-
ognition of face stimuli. The pairs of tasks were: (i) CFMT and
CFPT, which use the same faces but in a memory versus
perception task; (ii) Vanderbilt Face Matching Test (Sunday
et al., 2015): we divided the test such that approximately half
the trials were retained for the memory task, and approximate-
ly half were adapted for a perception task; (iii) Kent Face
Matching Task (Fysh & Bindemann, 2018): we used 40 trials
(the number of trials in the short version) for the perception
task and adapted 40 trials for the memory task.

Latent variable approach

Latent variable modeling, which allows researchers to es-
timate latent variables such as underlying abilities,
through the common variance from several indicators
(for instance, many different tasks), may be particularly
productive (Tomarken & Waller, 2005; see Richler et al.,
2019) in evaluating the relations between face HP-LA and
face processing (cf. Russell et al., 1998, for the
advantages of latent variable modeling). In the present
study, we adopted this latent variable modeling approach
and compared the relations between HP-LA processing
and face processing. It is indeed crucial to use a range
of tasks in the study of individual differences (e.g.,
Hildebrandt et al., 2013). When only two tasks are
contrasted, for example, one holistic task and one face-
processing task, as in previous findings showing discrep-
ancies in the relations between holistic processing and
face processing, (Konar et al., 2010; Rezlescu et al.,
2017; Richler, Cheung, & Gauthier, 2011a), it is possible
to make hasty interpretations of a type of pattern between
them (Sunday et al., 2019); for example, the previous
affirmations about whether holistic processing is related
to face processing reviewed above.

Sommer’s group has used a latent variable approach to face
perception and memory but (i) tasks in each type were not
obviously related (e.g., Wilhelm et al., 2010). In our study,
and as mentioned earlier, we used three pairs of tasks for
memory and perception, and the stimuli involved, the require-
ment for matching across viewpoints, and so on were all the
same in each pair. (ii) Also importantly, previous work using a
latent variable approach evaluated face perception and face
memory but did not evaluate the hypothetical relations be-
tween holistic processing and face processing. In our study
and considering the learned attention account of holistic pro-
cessing (Gauthier, 2020), we included VHFPT-F (Richler
et al., 2014) and a composite task with no repetition of face
parts, including both sequential (thus with a memory compo-
nent) and simultaneous (thus with a perceptual component)
versions.

It is expected that the use of three indicators for HP-LA
processing, face perception, and face memory would allow
extraction of individual differences specific to the three con-
structs, allowing for a better examination of the relationship
between HP-LA and face processing.

Method

Participants

A total group of 115 participants accepted our invitation
for the study and completed all the tasks. A commonly
accepted ratio for cases to items in SEM is 10 (Nunnally,
1978) to achieve an adequate level of statistical power,
with a floor of 5 (Gorusch, 1983; Tinsley & Tinsley,
1987), but only if the total sample size approaches 300
or above (Devellis, 2017). Our proposed model is simple
and does not include higher-order effects. We included a
total of nine tasks and therefore nine indicator variables in
the model, which means the minimum sample size re-
quired for adequate power, according the first rule-of-
thumb, is 90. Therefore, the sample size of 115 was likely
of sufficient power. Participants were psychology students
from the University of Lisbon, all native speakers, and
skilled readers of Portuguese, with normal or corrected-
to-normal vision and hearing, who received a course cred-
it. The study was conducted according to the guidelines of
the Declaration of Helsinki and was approved by the
Ethics Committee of the Department of Psychology of
the University of Lisbon. All participants provided written
informed consent. All tasks were performed online, and
none had a time limit. Three tasks were run in JavaScript
(CFMT, CFPT, VHFPT-F) and the other six tasks were
run in Qualtrics (Qualtrics, Provo, UT, USA, https://www.
qualtrics.com).

Please see Fig. 1 for depictions of the nine tasks
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Sequential composite task

For the face composite task, 92 grayscale front-view images
with neutral expressions from the MPI face database (Troje &
Bülthoff, 1996) were cropped to remove hair and ears. A total
of 184 different face composites were created (with no repe-
tition of face parts) for the trials that were same-congruent-
aligned, same-incongruent-aligned, different-congruent-
aligned, different-incongruent-aligned, same-congruent-
misaligned, same-incongruent-misaligned, different-congru-
ent-misaligned, different-incongruent-misaligned.

Aligned composites were used in a single aligned face
stimulus block (92 trials). Another block with misaligned
composite face stimuli (92 trials) was run (i.e., presentation
of stimulus alignment was blocked). The order of the blocks
was chosen at random. Face images were divided along a
horizontal line at the bridge of the nose to create composite
images. Participants completed eight practice trials with dif-
ferent stimuli using the same procedure as in the experimental
trials. Throughout the experiment, the 1 and 2 keys on the
keyboard were used by participants. Face stimuli were
displayed in the center of the computer screen. First, there
was a 1-s study stimulus. Then, for 1 s, a mask was shown,
followed by the test stimulus for 1 s. The response screen

remained until a response was received. The sequential face
composite task required participants to indicate whether the
top two halves of the sequentially presented face stimuli were
the same or different while ignoring the bottom halves.

Simultaneous composite task

A total of 184 face composites (different from those in the
sequential composite task), from 92 grayscale front-view im-
ages with neutral expressions from the MPI face database
(Troje & Bülthoff, 1996) (with no repetition of face parts)
were made for the trials that were same-congruent-aligned,
same-incongruent-aligned, different-congruent-aligned, dif-
ferent-incongruent-aligned, same-congruent-misaligned,
same-incongruent-misaligned, different-congruent-
misaligned, different-incongruent-misaligned.

In this task, two face composites were shown side by side,
and participants had to decide whether the tops of both com-
posites were the same or different by pressing one of two keys
on a computer keyboard. The stimuli remained on the screen
until a response was received. Eight practice trials were
followed by two blocks, one aligned and one misaligned (each
with 92 trials). The order of the blocks was randomized.

Simu

Sequ

a

ultaneous C

uential Com

a

Composite 

mposite Tas

task

sk

CFMT 

CFPT 

b
Fig. 1 Depiction of the tasks

Attention, Perception, & Psychophysics (2022) 84:2319–2334 2323



VHFPT-F

We used the Vanderbilt Holistic Face Processing Test
(VHFPT-F) (Richler et al., 2014).

A study composite face was shown for 2 s in each trial. A
red outline box surrounded the target face part. Participants
were instructed to concentrate only on the target area of the
face and to ignore the rest of the face. For 1 s, the study face
was replaced by a blank screen. Three composite faces were
then displayed on the screen, one on the left, one in the center,
and one on the right. A red box denoted the target area on each
of the three faces. Participants were instructed to indicate
which of the three composite faces contained the target seg-
ment with the same identity (but different image) as the study
composite while ignoring the distractor segments.

The correct target part was paired with either the same
distractor parts (congruent trial) or different distractor parts
(incongruent trial). There is no manipulation of alignment in
this task.

By pressing one of three buttons on the keyboard, partici-
pants were asked to indicate which face contained the same
target part as the study face. The test display was shown until
the participants responded. Within set, the location of the cor-
rect response was counterbalanced.

There were 180 trials in total (90 congruent, 90 incongru-
ent), with 20 trials for each target segment condition. At the
start of the experiment, there were three very simple introduc-
tory trials (two incongruent and one congruent). Muppet faces
that were presented in color were used to create composites for
the introductory trials. There were nine possible types of face
parts that were shown in the following order: lower two-thirds
of the face, upper two-thirds of the face, lower half, upper half,
lowest third, uppermost third, eyes, mouth, and nose. The
participants were informed of the target part to which they
were to pay attention at the start of each of these nine blocks.

KFMT – Perception 

KFMT – Memory 

c

VFMT – Memory 

VFMT – Perception 

d
Fig. 1 (continued)
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CFMT and CFPT

CFMT (Duchaine & Nakayama, 2006): In this test, partici-
pants must memorize six unfamiliar male faces. They are then
shown triads of faces and asked to separate the target face
from two distractors in (i) 18 trials during the encoding phase,
(ii) 30 trials under novel lighting and viewpoint conditions,
and (iii) 24 trials with additional visual noise. There is no time
limit on the task. In the first two phases, the faces were the
exact same ones as the ones shown before. Before the second
and third phases, participants review the six faces for 20 s.

CFPT (Duchaine & Nakayama, 2006): The same faces as
CFMT are used in this test. The CFPT requires participants to
order a series of faces for similarity to a target face on each
trial, where the comparison stimuli include the target face
morphed into several different faces to varying degrees.

VFMT and VFMT-perception

VFMT: In the original VFMT (Sunday et al., 2019), two novel
faces were presented for a 4-s study period. Following that,
subjects were shown one face that matched the identity of one
of the two study faces, as well as two distractor faces. The
target face images used in both the study and the test were
different versions of the same person. Subjects were instructed
to use the keyboard to select the face that matched the identity
of one of the study faces (1, 2, and 3). There was no time limit
for responding, and male and female items were mixed. Three
practice items with cartoon faces were provided. We included
54 trials of the original VFMT.

VFMT-perception: In the adaptation of the VFMT to a
perception test, participants saw two novel faces at the top of
the screen and three faces at the bottom of the screen. One of
those three faces matched the identity of one of the two faces
at the top of the screen. The target face images and perception
test images were different images of the same person. Subjects
were instructed to use the keyboard to select the face that
matched the identity of one of the two faces at the top of the
screen (1, 2, and 3). There was no time limit for responding,
and male and female items were mixed. There were three
practice items with cartoon faces. We adapted 56 different
trials of the original VFMT.

KFMT and KFMT-memory

KFMT: The KFMT (Fysh & Bindemann, 2018) includes a
high-resolution portrait and a student ID photograph in each
pair. The portrait images were cropped to show only the tar-
get's head and shoulders and placed on the right side of a blank
white canvas. Student ID photos were placed to the left of the
digital photos. As a result, each image pair in the KFMT is
made up of an optimized target photograph taken under con-
trolled conditions, like a passport photograph, and an ambient

photograph (student ID photograph) in which targets are
depicted in a variety of poses and with various facial
expressions.

We chose 40 image pairs of the KFMT, 20 of which depicted
the same identity and the remaining 20 of which depicted differ-
ent individuals (40 trials is the number of trials in the short ver-
sion of KFMT). Fysh and Bindeman (2018) paired target images
based on their visual similarity in terms of hair color, face, and
brow shape to create these mismatch trials. Six practice trials
were held. Participants gave their responses by pressing one of
two keys on a computer keyboard. The trials were carried out at
the participant’s own pace.

KFMT-memory: In this adaptation of KFMT to a memory
test, participants first saw a student ID photograph for 4 s, then
saw an optimized photograph and had to decide whether it
depicted the previous identity seen. Observers had no time limit
and had to respond using one of two keys on a computer key-
board. We adapted 40 (the same number of trials as in the short
version of KFMT) different KFMT image pairs, 20 of which
depicted the same identity and the remaining 20 of which
depicted different individuals. Six practice trials were held.

Variables

Accuracy data of the facememory, face perception, and faceHP-
LA tasks from 115 participants were collected. For face HP-LA
tasks, the dependent measures are the residuals of sensitivity A',
calculated by regressing the congruency effect of aligned trials on
the congruency effect of misaligned trials, with a positive, larger
value indicating an increase in face HP. Residuals were chosen
over difference scores due to the higher reliability of residuals
over difference scores in past studies (DeGutis et al., 2013). The
resultant HP scores for composite tasks in all models depicted in
this study were therefore derived from an aggregate measure,
which was calculated from regressing the aligned congruency
effect (the accuracy of all aligned congruent trials minus that of
all aligned incongruent trials) on misaligned congruency (the
accuracy of all misaligned congruent trials minus that of all
misaligned incongruent trials). For face memory and face per-
ception tasks, the raw scores were used except for CFPT, in
which the scores were calculated only from upright face trials
with the formula of 144 (maximum number of possible errors
that could be made) – score (error made) of upright trials (the
CFPT has an upright and an inverted presentation; we used only
the upright presentation), as the raw scores were an inverse mea-
sure, and that upright face trials should reflect normal face pro-
cessing more closely and lead to higher construct validity.

Factor analyses and structural equation modeling

Model development and assessment were conducted with fac-
tor analyses and structural equation modeling (SEM), on R
version 3.6.2, using the lavaan package version 0.6.7.
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Results

Data preparation

Data filtering was conducted to remove outliers for which
scores were in excess of 3 standard deviations (SD) from the
mean of the group in each of the tasks. Data for two partici-
pants in the simultaneous composite task, three participants in
the sequential composite task, and two participants from the
VHFPT were discarded as the mean accuracy from all condi-
tions was below 3 SD in relation to the whole group of par-
ticipants. The data from CFPT for five participants were
discarded as they achieved a score below 3 SD in relation to
all participants.

Similarly, participants were removed if they had any of
their scores removed in any of the tasks. This resulted in a
total of nine participants being removed (7.8% of 115 partic-
ipants), which is below the commonly accepted threshold of
data missingness of 10% (Bennett, 2001).

Descriptive statistics

The descriptive statistics of the measures used are shown in
Table 1. In addition, the existence of expected HP-LA effects
in the face HP measures was ascertained with inferential sta-
tistical tests. The interaction between alignment and congru-
ency was significant in the simultaneous composite paradigm,
F(1,105) = 55.316, p < .001, η2p = .345; and significant align-
ment by congruency interaction was also detected in the se-
quential composite paradigm, F(1,105) = 68.754, p < .001,
η2p = .396. Manipulation by misaligning faces did indeed
produce observable disruption of HP, and therefore the resid-
uals reflect the extent of face HP in each individual. For
VHFPT, the congruency effect was also significant, t(105) =
18.97, p < .001, d = 1.842, showing HP in the form of the
increased accuracy in congruent trials and decreased accuracy
in incongruent trials. The group-level effects sizes reflected by
the interaction effects in the two composite tasks and the con-
gruency effect in VHFPT were fairly large in magnitude, sug-
gesting that they were adequate in producing stable individual
differences. The partial-eta squared (η2p) of both interaction
effects were larger than .3, while according to Cohen (1988),
an effect with a partial-eta squared larger than .14 can be
considered large. Cohen's d for congruency effect from
VHFPT was 1.842, which was larger than the recommended
threshold for Cohen's d that reflects a large effect from Cohen
(1988), which was 0.8.

Correlation and factor analyses

The current study examines the relationship between face
memory, face perception and face HP-LA. As face HP-LA
is theorized to be a hallmark for face recognition expertise,

we postulate that face memory and face perception are pre-
dicted by face HP-LA.

First, we looked at the correlation matrix (Table 2) of the nine
measures for a basic evaluation of the factor structure. The cor-
relations revealed that indicators for face memory and indicators
for face perception have significant moderate cross-correlations
within their respective constructs. Moreover, there were moder-
ate zero-order correlations between the indicators of the face
memory and face perception (rs = .342 - .533), comparable to
the correlations between indicators within the same proposed
constructs (rs = .347 - .531). With factor analysis we compared
whether a 1-factor model is sufficient to describe the data struc-
ture and reflect the underlying general face processing, instead of
a two-factor model separating the indicators into two latent var-
iables. The Scree test and the chi-square goodness-of-fit test were
conducted for the six indicators for face memory and face per-
ception. The Scree test suggested a one-factor solution, as the
acceleration factor (AF)was at 2, suggesting that the elbow of the
scree plot appeared at 2 factors and only 1 factor should be
extracted. The chi-square goodness-of-fit was also insignificant
at 1 factor, χ2(9) = 2.96, p = .966, meaning that a 1-factor solu-
tion for the six indicators was adequate.

The indicators for the proposed face HP latent factor had
very low cross-correlations, suggesting that they should be
treated as reflecting three separate instead of one common
theoretical construct.

Structural equation modeling

In view of the correlation and factor analysis results, we gener-
ated a working model for structural equation modeling analysis
(Fig. 2) so that the three indicators of face memory and the three
indicators of face perception are now represented by one single
latent variable that we termed “face processing.” We also sepa-
rated the three HP indicators so that they point to different latent
variables representing potentially different aspects of face HP.
Results of analyses using the original, theory-driven model with
separate face memory and perception constructs, as well as a
common construct for all three HP-LA processing measures,
are described in the Appendix in the Online Supplementary
Material. Table 3 presents reliability estimates, composite reli-
ability, average variance explained and loadings of indicators for
face memory, face perception and face HP.

The goodness-of-fit indices of the current SEM model were
further assessed. Themodel is identifiedwith a positive degree of
freedom, and the chi-square statistics of the likelihood-ratio test
(LRT) of the specified model are not significant, χ2(24) =
18.767, p = .764, suggesting a very good fit of the model to
the data structure. Indeed, CFI and TFI both exceed the recom-
mended cut-off at 0.9 (Awang, 2012; Hair, 2010) at 1 and 1.041.
RMSEA is also well below the cut-off of 0.07 (Hair, 2010) at 0
[95% confidence interval: 0–0.056]. In fact, the current model
nearly fits perfectly with the data, which is implied from a CFI of
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1 and an RMSEA of 0. Critically, the Guttman's Lambda-2 reli-
ability of the HP measures were all above 0.6, which meant at
least 60% of the variances originated from true scores, and there-
fore the lack of intercorrelation of HP measures was unlikely to
be due to unstable measurement.

Such near-perfect fit indices are not common, but do not
necessarily suggest that the current model has common pitfalls
with similar models, which might output such fit indices if they
are underpowered, under-identified, or just identified. As the
standardized regression weights between the face HP factors
and face-processing factor indicated, the strength of the paths
between the factors was low, and the collective variance ex-
plained from face HP to face processing is merely .07, which
indicated low correlations between the factors. As the latent fac-
tors do not correlate with each other strongly, the model does not

impose much restriction upon the alternative hypothesis of the
Likelihood Ratio Test (LRT), therefore the current model would
be able to fit the data more easily than more restricted models,
and the chi-square test and relative fitness indices would not
indicate much deviation from perfect fitness. Still, this does not
diminish the utility of the current model to answer theoretical
questions of our interest, which is whether there is a relationship
between face HP and general face processing.

Comparison of the final model
and theory-driven model

While we reached a one-factor solution for face processing, it
might still be of theoretical relevance to attempt to compare a

Table 1 Descriptive statistics of indicators for face memory, face perception and face holistic processing (HP)

Mean SD Range Possible range

Face memory
VFMT 31.84 4.674 22–44 0–54
KFMT-memory 28.226 3.594 20–35 0–40
CFMT 57.632 9.089 34–72 0–72
VFMT-perception 40.132 5.206 25–48 0–54
KFMT 29.415 3.852 18–38 0–40
CFPT 114.906 14.726 62–136 0–144

Face HP (accuracy)
VHFPT – Congruent trials 0.779 0.061 0.61–0.92 0–1
VHFPT – Incongruent trials 0.613 0.087 0.32–0.81 0–1
Simultaneous Composite Task – Aligned congruent trials 0.983 0.024 0.86–1 0–1
Simultaneous Composite Task – Aligned incongruent trials 0.938 0.045 0.78–0.99 0–1
Simultaneous Composite Task – Misaligned congruent trials 0.98 0.021 0.91–1 0–1
Simultaneous Composite Task – Misaligned incongruent trials 0.967 0.023 0.9–0.99 0–1
Sequential Composite Task – Aligned congruent trials 0.968 0.033 0.85–1 0–1
Sequential Composite Task – Aligned incongruent trials 0.922 0.069 0.54–1 0–1
Sequential Composite Task – Misaligned congruent trials 0.954 0.037 0.8–1 0–1
Sequential Composite Task – Misaligned incongruent trials 0.96 0.04 0.75–1 0–1

Table 2 Zero-order correlations between the 9 indicator measures used in the present study. * p < .05, ** p < .01, *** p < .001

VFMT KFMT-
memory

CFMT VFMT-
perception

KFMT CFPT VHFPT Simultaneous
composite task

Sequential
composite task

VFMT Pearson's r —
p-value —

KFMT-memory Pearson's r 0.347*** —
p-value <.001 —

CFMT Pearson's r 0.416*** 0.452*** —
p-value <.001 <.001 —

VFMT-perception Pearson's r 0.408*** 0.523*** 0.533*** —
p-value <.001 <.001 <.001 —

KFMT Pearson's r 0.397*** 0.533*** 0.477*** 0.531*** —
p-value <.001 <.001 <.001 <.001 —

CFPT Pearson's r 0.342*** 0.498*** 0.42*** 0.449*** 0.446*** —
p-value <.001 <.001 <.001 <.001 <.001 —

VHFPT Pearson's r -0.101 0.043 -0.038 -0.093 -0.129 -0.122 —
p-value 0.304 0.66 0.702 0.341 0.189 0.213 —

Simultaneous
composite task

Pearson's r -0.064 -0.14 -0.134 -0.086 -0.307** -0.18 -0.061 —
p-value 0.517 0.153 0.17 0.378 0.001 0.065 0.532 —

Sequential
composite task

Pearson's r -0.097 -0.009 -0.077 -0.007 0.037 -0.009 0.03 -0.07 —
p-value 0.324 0.929 0.435 0.944 0.708 0.924 0.763 0.473 —
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two-factor model with our final data-driven one-factor model. To
compare our final model with a more theoretically cogent model
where face perception and face memory are reflected by two
separate constructs (Fig. 3), we computed the goodness-of-fit
of our final model, as well as a model in which face processing
is broken down according to our a priori categorization of face
memory and face perception. A LRT for nested model was con-
ducted to compare the goodnesses-of-fit of the two models. The
difference in χ2(4) = 6.51, p = 0.164, indicated an insignificant
increase in fit. Hence the smaller current model was able to
sufficiently explain the current data structure. It would therefore
be appropriate not to overly interpret the implications brought by
the path relationship of the more complex model, based on the
principle of parsimony for model selection. Still, the path be-
tween Simultaneous Composite Task and Face Perception is
significant, while that between Simultaneous Composite Task
and Face Memory is not, hinting at differential contributions of
HP processes reflected by the Simultaneous Composite Task to
different face processes.

The relationship between face HP and general face process-
ing is partially supported, as the standardized regression

coefficient between the simultaneous composite task and the
general face processing factor was small to moderate (-0.24)
and significant at the .05 level, while the other two composite
tasks did not achieve significance at the .05 level, with their
paths to the face-processing factor. However, the significant
correlation is negative. Thus, we found no evidence of a pos-
itive correlation between face processing and face-composite
effect, casting doubts on the role of HP-LA processing in face
recognition.

In sum, the results suggest the existence of a general face-
processing factor over-arching the face memory and face-
perception measures. Face processing seems not to be related
to processes captured by composite tasks.

General discussion

The main goal of the present study was to evaluate whether
face holistic processing is related to face processing. We first
discuss separately the results concerning face HP-LA and face
processing, followed by an evaluation of their relation.

Fig. 2 The complete SEM model with a general face processing factor
and three face holistic processing (HP) factors, along with the associated
standardized path coefficients. All specified paths were shown in the
model, which included no correlated residuals or correlated factors.
Indicators were depicted with rectangles, while latent factors were

depicted with ellipses. Significant path coefficients are indicated with *
at the .05 level, ** at the .01 level, and *** at the .001 level. Face HP
latent factors are equivalent to their single indicators, and therefore indi-
cators are omitted

Table 3 Reliability estimates, composite reliability (CR), average
variance explained (AVE), and loadings of indicators for face memory,
face perception, and face holistic processing (HP). For reliability, odd-
even split-half reliabilities are presented unbolded, Cronbach's alphas are

presented bolded, while Guttman's λ2 are presented in italics. CRs,
AVEs, and loadings are derived from simple measurement models of
the face processing construct

Reliability CR AVE Loading

Face processing 0.729 0.833 0.43
VFMT 0.443 (0.469) 0.564
KFMT-memory 0.471 (0.447) 0.614
CFMT 0.721 0.736
VFMT-perception 0.633 (0.719) 0.732
KFMT 0.549 (0.524) 0.726
CFPT 0.648 (0.639) 0.614
VHFPT 0.63 0.381
Simultaneous Composite Task (Residual) 0.616 -0.164
Sequential Composite Task (Residual) 0.634 -0.187
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Face holistic processing

Different effects (e.g., composite, part-whole, and inversion)
have been commonly regarded as “holistic processing” ef-
fects, which implies that they all represent the same or highly
overlapping holistic processing mechanisms (Piepers &
Robbins, 2012). There are, however, significant differences
between the mechanistic accounts proposed for the various
holistic processing effects (cf. Richler et al., 2012). As we
discussed in the Introduction, in the study of Rezlescu et al.
(2017), the three holistic processing measures did not show a
high overlap, with a significant and moderate correlation
found only between inversion and part-whole effects.
Additionally, Li et al. (2017) found distinct neural substrates
for the part-whole effect and composite effect

In our study, we focused on the composite paradigm, given
negative evidence for the idea that a face template might ex-
plain part-whole effects, but with three different versions. We
used the VHFPT-F (Richler et al., 2014) and a sequential
composite matching task and a simultaneous composite
matching task both with no repetition of face parts.
Composite effects were found in all three tasks, in the form
of an alignment × congruency interaction or a congruency
effect (VHFPT-F). However, we discovered very small and
non-significant correlations between the three composite
tasks, despite the similar paradigms used. There were several
differences in the details of the three tasks. For example, the
format of VHFPT-F was different from the other two tasks,
with nine instead of two possible relevant parts, and with three
test faces instead of one test face in each trial. In addition, the
study and target face parts were different images of the same
identity in VHFPT-F, but for the sequential and the simulta-
neous matching tasks, the study and target face parts were
identical. These differences in methodological details may
contribute to introducing differences in what is being mea-
sured. In future studies comparing the three versions of the

composite task, study and target face parts in simultaneous
and sequential matching tasks might be different images of
the same identity

Our finding of separate processes measured by different
versions of the composite task might also reflect that these
tasks draw on different aspects or sub-processes of HP-LA
face processing. A first possibility is that the perception-
based composite task can be easily completed successfully
by general visual/perceptual (not face-specific) mechanisms
because the stimuli are presented side by side for an indefinite
time. This interpretation is, however, challenged by the obser-
vation of significant alignment × congruency interactions in
both composite tasks. Also, when sequential and simultaneous
composites tasks are considered together, the three-way inter-
action is not significant, F < 1. A second possibility is that HP-
LA processing can be seen as more dependent on perceptual
aspects of the face versus more dependent on working
memory-related processes. This interpretation does not re-
ceive support because we found evidence of a negative corre-
lation between simultaneous composite task and the percep-
tion-based/matching KFMT task face processing. Also, there
was no pattern of correlations between memory-based holistic
processes (sequential composite task) and face memory pro-
cesses. Thus, the small overlap between the different versions
of the composite effect does not reflect meaningful differences
corresponding to different perception and memory require-
ments. A further possibility concerns the difference between
early holistic processes versus experience-dependent holistic
processes. Demonstrations of the importance of experience in
establishing holistic processing have been called into ques-
tion. Zhao et al. (2016) found face-like holistic processing
for nonface, novel stimuli in the absence of perceptual exper-
tise. Without any training, line patterns with salient Gestalt
information (i.e., connectedness, closure, and continuity be-
tween parts) were processed as holistically as faces. The dual-
route holistic processing account (Zhao et al., 2016) proposes

Fig. 3 Theory-driven model in which face processing is reseparated into
face perception and face memory factors, along with the associated
standardized path coefficients. All specified paths were shown in the
model, which included no correlated residuals or correlated factors.

Indicators were depicted with rectangles, while latent factors were
depicted with ellipses. Significant path coefficients are indicated with
** at the .01 level and *** at the .001 level
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two paths to holistic processing: a stimulus-based route and an
experience-based route. Thus, while there is no evidence of
functional overlap in the processing of faces and novel gestalt
stimuli in a task tapping experience-based contributions to
holistic processing, that is a n-2 part-matching task with inter-
polated faces and novel gestalt stimuli (Curby et al., 2019),
Curby and Moerel (2019) found evidence of reciprocal inter-
ference between the holistic processing of faces and novel
gestalt stimuli in a task targeting early holistic mechanisms
in which faces and Gestalt line patterns were superimposed.
Thus, a future avenue of work might be the evaluation of the
contribution of early versus experience-dependent processes
for different composite tasks: for example, the simultaneous
composite task may depend more on early processes than the
sequential composite task or VHFPT.

In sum, Rezlescu et al. (2017) showed that there is no
common set of mechanisms measured by the three putative
holistic tests included in their study: inversion, part-whole,
and composite task. In Rezlescu et al. (2017), the holistic tasks
corresponded to different operational/mechanistic definitions
of HP and had very low relations. Our results show addition-
ally that different versions of the same composite task may
introduce differences in what is being measured, and these
differences should be fully investigated. Additionally, differ-
ent composite tasks may draw on different aspects/sub-
processes of holistic processing, such as early versus
experience-dependent holistic processes, which also deserve
future investigation.

Face processing

With regard to face processing, and as discussed in the
Introduction, individual difference studies have produced mixed
results. Indeed, some studies have shown evidence for a face-
processing factor common to face memory tests and face percep-
tion tests. Some studies have found significant associations be-
tween different measures of face-identity processing (Boutet &
Meinhardt-Injac, 2021; McCaffery et al., 2018; Verhallen et al.,
2017;Wilmer, 2017). Some other studies, using a latent variables
approach (Fysh et al., 2020; Wilhelm et al., 2010), found differ-
ences between face perception and face memory constructs.
Research on the normal development of face cognition suggests
that face perception matures at the same rate as other object
perception, whereas facememory appears to developmore slow-
ly, over the first 10 years or more of life, and with a longer
developmental trajectory than memory for other classes of ob-
jects (Weigelt et al., 2014).

We used a latent variable modeling approach, incorporat-
ing three pairs of face perception and face memory tasks such
that within each pair (of memory and perception task), the
stimuli involved, the requirement for matching across view-
points, etc., are the same, such that the only difference is
whether perception or memory is taxed. We did not find

evidence with our current data set for a distinction between
face perception and face memory. Correlation analysis re-
vealed that indicators for face memory and indicators for face
perception have significantly moderate cross-correlations
within their respective constructs. Moreover, there were mod-
erate zero-order correlations between the indicators of face
memory and face perception, comparable to the correlations
between indicators within the same proposed constructs. With
factor analysis, we confirmed that a one-factor model is thus
sufficient to describe the data structure and reflect the under-
lying general face processing, instead of a two-factor model
separating the indicators into two latent variables. Thus, we
found evidence for an over-arching single latent variable,
“face processing,” which seemed to represent performance
in the six-face perception and memory tasks well. Our results
lend further support for the existence of a general face factor f
(McCaffery et al., 2018; Verhallen et al., 2017; Wilmer et al.,
2014). While there is previous evidence that face perception
and face memory performance may depend on overlapping
cognitive mechanisms (cf. the Introduction and, e.g., Fysh &
Bindemann, 2018; Robertson et al., 2017), other work sug-
gests that the underlying processes can also operate indepen-
dently but especially so for average and high performers (e.g.,
Bate et al., 2018; Fysh, 2018). In a recent study, Fysh et al.
(2020) used several perception and memory tasks and found
that among both high (top 5%) and low (low 5%) performers,
there was limited evidence for generalization between tests.
This means that the top-performing individuals in, for exam-
ple, the CFMT, might show little evidence of superior ability
in the other tasks and that it is possible for one person to be
deficient in one measure of face matching but not in another
measure of face matching or face memory. An interesting
avenue of future research is to evaluate whether average indi-
viduals will show more homogeneous performance profiles
across the subprocesses and tests of face cognition.

Relation between holistic processing and face
processing

We hypothesized that individual differences in face process-
ing would be predicted by face HP-LA, considering the ben-
efits of holistic processing for the individuation of highly sim-
ilar objects, an assumption that is also common in the litera-
ture (e.g., Richler et al., 2012). Previous studies evaluating this
relationship used one indicator of HP and one indicator of face
processing (CFMT) with contrasting results: for example,
while Konar et al. (2010) found no association between HP
and CFMT, Richler, Cheung, and Gauthier (2011a), on the
other hand, found a small but significant correlation between
holistic processing and CFMT performance. When only two
tasks are contrasted, it is possible to make hasty conclusions
about the pattern found between them (Sunday et al., 2019).
Rezlescu et al. (2017) used three different HP tasks but only a
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face perception task (CFPT), and the relationships between
holistic effects and face perception ability varied greatly, with
correlations ranging from moderate (inversion effect) to weak
(the part-whole effect) to nonexistent (the composite effect –
perceptual integration design).

Our results in a latent variable approach with three pairs of
perception-memory tasks and three versions of the composite
task showed evidence of a correlation between HP-LA cap-
tured by the simultaneous composite task and general face
processing, but it was a small and negative correlation.
Thus, HP does not seem to be predictive of better face pro-
cessing per se. Considering holistic processing theories, and
as discussed in the Introduction, the template account of ho-
listic processing faces several challenges (Chua, Richler, &
Gauthier, 2015; Richler et al., 2009). We adopted the learned
attention account of holistic processing, according to which
the composite face effect arises due to an overlearned pattern
of attention when presented with an upright aligned face. But
the fact that HP does not predict face processing may suggest
that HP-LA is highly saturated in most individuals due to
strong experience with faces (Gauthier, 2020). This means
that HP-LAmay be a hallmark of a certain type of information
entering face computations, but variations within the normal
range are not necessarily related to efficiency of face process-
ing. A certain level of experience with faces could be more
than enough for high levels of holistic processing.

Another possibility worth examining is whether the com-
posite face effect truly reflects holistic processing. The first
question is whether information from the top and bottom parts
are processed sequentially (serially), concurrently (parallel),
or integrated such that evidence from the two sections coa-
lesces into a single channel (coactive). Fitousi (2015) and
Cheng et al. (2018) discovered scant evidence for a coactive
system and, hence, for true integration of information. These
findings cast some doubt on the holistic concept of informa-
tion integration (Fitousi, 2015).

Another related possibility is that the composite face task is
not a pure measure of holistic processing but rather a mani-
festation of more general abilities, such as working memory
and a broader attentional strategy similar to object-based at-
tention (Fitousi, 2015). When an object is detected, all of its
constituent features or parts are activated. The decrease in the
congruence composite effect associated with misalignment
could be explained by a similar disruption of objecthood
(Fitousi, 2015). Analysis of theoretical ex-Gaussian parame-
ters of RT distributions (Fitousi, 2020) reveals that the com-
posite effect is generated by pure changes in the exponential
component of the ex-Gaussian distribution, suggesting the
involvement of attentional and working memory processes
in the composite face effect.

One should be careful in drawing general conclusions re-
garding holistic processing and the relation between holistic
processing and face processing as they may be related to the

speci f ic tasks used. Never the less , we used two
operationalizations of one of the most popular tasks used to
measure holistic processing (composite task) and we used a
very reliable measure of holistic processing (VHPT-F).

Finally, we acknowledge that the initial theory-drivenmod-
el and also the model with separate face HP constructs could
be somewhat affected by power issues according to some
form of understanding of SEM power calculation. In our orig-
inal formulation of power analyses, we considered Nunnally’s
(1978) case-to-item ratio, and also generally Bentler and
Chou’s (1987) recommendations for a 5:1 ratio of case-to-
free parameters (which was 21 in the final model, which there-
fore called for about 105 participants). We acknowledge that
other recommendations call for a higher case-to-free-parame-
ter, and case-to-latent-variable ratio, as well as other formula-
tions that take into account more precise parameters than the
more rudimentary rules of thumb would suggest (https://
www.danielsoper.com/statcalc/default.aspx).

We calculated a post hoc estimate of the achieved power of
our final model at alpha = .05 with the semPower R module,
using the Goodness-of-Fit index (GFI = .964), degrees of
freedom (24), as well as the number of observed variables
(9) and number of observations (106). This gives rise to an
achieved power of .662. We acknowledge that it fell short of
the usually targeted power of .8, however, we think that it still
carries a certain degree of robustness against type-II error.
Meanwhile, the model with two factors in the Appendix had
an achieved power of .472.

In conclusion, we found evidence for an overarching latent
variable, “face processing,” that seemed to accurately repre-
sent performance in the face perception and face memory
tasks. Our discovery of small and non-significant correlations
between different versions of the composite task suggests that
(i) differences in methodological details may contribute to
introducing differences in what is being measured in other-
wise very similar composite tasks, and/or (ii) different com-
posite tasks may reflect differential contributions of holistic
sub-processes, such as early versus experience dependent. We
found no evidence that HP-LA (as captured by three compos-
ite tasks) is predictive of better face processing per se, casting
doubts on the role of holistic processing in predicting differ-
ences in face processing or in the interpretation of the concept
of holistic processing

Appendix

Data fitting of the initial theory-driven model

This theory-driven model presents face holistic processing,
face memory, and face perception as latent factors, each de-
rived from three indicators. The relationship between the
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latent factors is examined through linear structural equation
modeling (SEM). The two face processing factors would in
theory reflect two distinct components of face processing, one
memory-based and one perception-based. They would in turn
be potentially related to face holistic processing as part of the
mechanism for better face expertise. The predicted relation-
ship between the three latent variables is shown in Appendix
Fig. 4.

Composite reliabilities (CR) and Average Variance
Explained (AVE) of the proposed constructs were computed,
as an assessment of internal consistency of each proposed
construct. Of note, the split-half reliability and Cronbach's
alpha for CFPT are calculated by the correlation between up
and inverted blocks, as only aggregated block data for each
condition was available. For CFMT, the Cronbach's alpha was
calculated as the test was conducted for three test conditions,
and an alpha is computed across the three raw scores for each
participant.

Appendix Table 4

Cronbach's alphas for face memory and face perception
were lower than 0.7, a threshold which was suggested by
Nunnally (1978). The composite reliabilities of face mem-
ory approached the recommended value of 0.7 by Hair
(2010), while that of the face perception construct reaches
and exceeds the threshold, and therefore is acceptable. The
measurement of construct validity, AVEs, approached the
threshold of 0.5 (Fornell & Larcker, 1981) for face mem-
ory and face perception. Face HP did not have a non-zero
positive reliability for Cronbach's alpha, composite reli-
ability and it had a low AVE. Also, the loadings of the
indicators were low and possess different signs, which fur-
ther pointed to the need of revising the measurement model
for the construct as the three indicators likely reflected
different latent constructs instead of one.

Fig. 4 The proposed initial model. Indicators were depicted with rectangles, while latent factors were depicted with ellipses

Table 4 Reliability estimates, composite reliability (CR), average
variance explained (AVE), and loadings of indicators for face memory,
face perception, and face HP. For reliability, odd-even split-half reliabil-
ities are presented unbolded, Cronbach's alphas are presented bolded,

while Guttman's λ2 are presented in italics. CRs, AVEs, and loadings
are derived from simple measurement models (three indicators for one
latent variable) of each proposed construct

Reliability CR AVE Loading

Face memory 0.592 0.675 0.412

VFMT 0.45 (0.469) 0.564

KFMT-memory 0.465 (0.447) 0.614

CFMT 0.721 0.736

Face perception 0.528 0.733 0.48

VFMT-perception 0.633 (0.719) 0.732

KFMT 0.551 (0.524) 0.726

CFPT 0.648 (0.639) 0.614

Face HP 0 [< 0] 0 [< 0] 0.069

VHFPT 0.63 0.382

Simultaneous Composite Task (Residual) 0.616 -0.161

Sequential Composite Task (Residual) 0.634 -0.185
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