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ABSTRACT

Although it is generally assumed that face recognition relies on holistic processing, whether face
recognition deficits observed in Developmental Prosopagnosics (DPs) can be explained by
impaired holistic processing is currently under debate. The mixed findings from past studies
could be the consequence of DP’s heterogeneous deficit nature and the use of different
measures of holistic processing—the inversion, part-whole, and composite tasks—which
showed a poor association among each other. The present study aimed to gain further insight
into the role of holistic processing in DPs. Groups of DPs and neurotypicals completed three
tests measuring holistic face processing and non-face objects (i.e., Navon task). At a group level,
DPs showed (1) diminished, but not absent, inversion and part-whole effects, (2) comparable
magnitudes of the composite face effect and (3) global precedence effect in the Navon task.
However, single-case analyses showed that these holistic processing deficits in DPs are
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Introduction

Face processing is fundamental to human social inter-
action, in which many different types of information,
such as emotions, gender and identity, are conveyed
through faces (Bruce & Young, 1986; Estudillo, 2012;
Little et al., 2011). Despite face processing being
typical during human interactions, some individuals
suffer a lifelong neurodevelopmental condition with
severe deficits in face recognition called Developmen-
tal Prosopagnosia (DP; Duchaine & Nakayama, 2006).
Developmental Prosopagnosics (DPs) fail to develop
face recognition skills despite having normal intelli-
gence, visual acuity, and memory, along with no
obvious brain damage (Cook & Biotti, 2016; Susilo &
Duchaine, 2013). Multiple studies have proposed
that face processing impairments in DPs extend
from personally familiar faces to their own faces,
and cannot be treated or cured (Bowles et al., 2009;
Kennerknecht et al., 2006, 2008). In addition, people
with developmental prosopagnosia are more likely
to suffer social and psychological dysfunctions,

including increased levels of anxiety in social situ-
ations, depression, lack of interest in social activities,
and difficulties creating and maintaining personal
relationships (Yardley et al., 2008).

Holistic processing is a pivotal concept in the face
processing literature (Boutet et al, 2021; Rossion,
2013; Yovel et al.,, 2014). According to the holistic
account, face recognition does not rely on the iso-
lated processing of individual facial features, but
instead, all the features are integrated into a whole
(Diamond & Carey, 1986; Leder & Bruce, 2000;
Piepers & Robbins, 2012). Three different experimen-
tal paradigms are generally considered the gold-stan-
dard measures of holistic face processing: the
inversion task (Maurer et al, 2002; Rossion, 2008;
Rossion & Gauthier, 2002; Yin, 1969), the composite
face task (Rossion, 2013; Young et al., 1987) and the
part-whole task (Tanaka & Farah, 1993; Tanaka &
Simonyi, 2016). The inversion task shows that face rec-
ognition is impaired when the faces are seen inverted
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along the fronto-parallel plane compared to upright
faces (see Rossion & Gauthier, 2002; Yin, 1969). The
composite task involves using face stimuli created
by combining complementary top and bottom
halves of two different face identities, split at the hori-
zontal meridian. Aligning the top half of one identity
with the bottom half of another identity creates the
illusion of a new identity, making it hard to attend
to one half of the face while ignoring the other.
However, misaligning both halves would eliminate
the effect (Rossion, 2013; Young et al., 1987). Finally,
the part-whole task shows that the identification of
a specific facial feature, such as the eyes, is more accu-
rate when it is presented in the context of a whole
face, compared to when it is presented in isolation
(Tanaka & Farah, 1993; Tanaka & Simonyi, 2016).

If holistic processing is important for face recog-
nition, one would expect to see holistic processing
impairments in DPs (e.g., Avidan et al., 2011; Behr-
mann et al., 2005; DeGuitis et al., 2012; Liu & Behr-
mann, 2014; Susilo & Duchaine, 2013; Towler et al.,
2018). Consistent with this interpretation, a study by
Avidan et al. (2011) showed reduced inversion and
composite effects in DP patients, suggesting impair-
ments in holistic processing. Similarly, a different
study using the part-whole task showed holistic pro-
cessing impairments of the eye region in DPs
(DeGuitis et al., 2012). Other research has shown that
holistic processing deficits in DPs also extend to
non-face objects (Bentin et al., 2007; Gerlach et al.,
2017; Gerlach & Starrfelt, 2018, 2021; but see Duch-
aine et al., 2007b), such as recognition of Navon com-
pound stimuli (e.g., a global H formed with local S; see
Navon, 1977). For instance, Gerlach et al. (2017) found
that DPs were not only slower in the processing of
global letters, but also showed a diminished global
precedence effect (i.e., more reliance on featural pro-
cessing). Their findings suggest that holistic deficits
seen in DPs may be extended to several object cat-
egories (i.e., not face-specific).

However, other studies have reported normal hol-
istic processing in DPs (Biotti et al., 2017; Le Grand
et al,, 2006; Palermo et al, 2011; Susilo et al., 2010;
Ulrich et al., 2017). For example, Susilo et al. (2010)
presented the case of a DP, who despite being
severely impaired in face recognition, demonstrated
normal composite and inversion effects. Similarly, Le
Grand et al. (2006) found that seven out of eight of
their DPs showed typical composite effects,

suggesting some individual differences in holistic pro-
cessing among DPs. More recently, Biotti et al. (2017)
also found normal holistic processing in a large group
of DPs compared to neurotypicals (NTs), as measured
with the composite task. Nonetheless, we must be
cautious in interpreting face composite effects as its
functional significance has been questioned in some
studies with NTs showing little to no association
between this task and face recognition abilities
(Konar et al., 2010; Rezlescu et al., 2017; Verhallen
et al, 2017; but see Richler et al.,, 2011). In addition,
some other studies report that the composite effect
may reflect other aspects of face processing that are
not strongly associated with holistic processing per
se, such as attention and working memory (see
Fitousi, 2015, 2020).

Given the mixed findings, whether DPs’ face
identification deficits can be explained by holistic pro-
cessing impairments is still an open question. One
major weakness of studies that have attempted to
address this question in the past is the assumption
that the three conventional measures of holistic pro-
cessing (i.e., inversion, part-whole and composite
effects) reflect the same underlying cognitive mech-
anism(s). However, in a recent study, Rezlescu et al.
(2017) found that the inversion effect and the part-
whole effect were only weakly correlated with each
other, and the composite effect did not correlate
with either of those two (see also Lee et al., 2022;
Wang et al., 2012). These findings suggest that holistic
processing is a multifaceted construct and there may
not be a common mechanism explaining the three
putative effects of these holistic processing tasks
(see review by Boutet et al., 2021). Furthermore,
Rezlescu et al. (2017) also found that each of the
three measures had distinct relationships with face
identification measured through the Cambridge
Face Perception Test (CFPT; Duchaine et al., 2007a).
Specifically, while the inversion and the part-whole
effects moderately correlated with face identification,
the composite effect did not (Rezlescu et al., 2017).
This suggests that the individual differences seen in
holistic face recognition are task-dependent. Conse-
quently, impaired holistic processing indexed with
conventional holistic measures may also be dissoci-
able between different DPs (Biotti et al., 2017).

The fact that the inversion, the part-whole and the
composite tasks reflect different cognitive mechan-
isms is perhaps unsurprising, as there are notable



differences between these tasks (Boutet et al., 2021; Li
et al, 2017, 2019; Rezlescu et al., 2017). For example,
in the part-whole task, holistic processing is generally
demonstrated by the magnitude of facilitation in
encoding and/or integration of featural information
into a whole (Rezlescu et al.,, 2017). However, in the
composite task, holistic advantage is based on the
magnitude of holistic interference, reflected by the
failure to selectively attend to the top half of the
face (Richler & Gauthier, 2014). Neural studies have
also shown differences in the activation patterns of
the face fusiform area (FFA) between the two tasks.
For instance, Li et al. (2017) found that dissociation
of hemispheric neural activity in the FFA between
the PWE and CFE. Specifically, PWE was associated
with face selectivity in the right FFA and the CFE
was associated with face selectivity in the left FFA.
Importantly, while the correlation for the PWE was
found to be driven by responses to faces, the CFE
was driven by suppression of non-face objects.

In contrast, holistic processing measured by the
inversion task is considered an index for the sensi-
tivity towards facial configuration (Rossion, 2008;
Carbon & Leder, 2005). For example, configural
manipulations impaired the recognition of upright
faces more strongly than inverted faces (Carbon &
Leder, 2005). Additionally, McKone et al. (2013)
demonstrated that inverting faces also significantly
affects the magnitude of both the part-whole and
composite effects. This argues that the FIE taps into
an overlapping mechanism encompassing all three
tasks (Boutet et al., 2021; Gerlach & Mogensen, 2024).

Individuals with DP often display varying degrees
of impairment, ranging from mild to severe, and
these impairments may impact different aspects of
face processing (e.g., holistic processing). Thus, ana-
lyzing data on an individual level allows us to
discern distinct patterns of impairment, thereby facil-
itating a more nuanced comprehension of the con-
dition. The above leads to three possibilities. First,
all three paradigms discussed above do not
measure the same aspect of holistic processing (i.e.,
the same underlying cognitive mechanism) and
therefore, all DPs may be impaired in some but not
other aspects of holistic processing (e.g., all DPs may
show relatively reduced susceptibility towards the
part-whole effect but not the composite or inversion
effects). We call this account the universal holistic pro-
cessing deficit hypothesis. Second, different DPs may
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present qualitatively different holistic processing
impairments (e.g., case A might show reduced sus-
ceptibility only to the part-whole effect, while case B
may present reduced susceptibility only to the com-
posite face effect). We call this the heterogeneous hol-
istic processing deficit hypothesis. Third, DP’s deficits
in face identification might not be explained by holis-
tic processing impairments.

To explore the first and third possibilities, this study
employed the three gold-standard measures of holis-
tic face processing on the same group of DPs and
compared their performance with those of a control
group of NTs. In addition, to examine potential holis-
tic processing deficits for non-face stimuli, our partici-
pants also performed a Navon task. To explore the
second possibility, besides classic group-level com-
parisons between DPs and a group of NTs, we com-
pared each DP’s performance individually to their
corresponding age-matched NT group, as this
approach could provide further insight into whether
holistic deficits are universal or heterogeneous across
DPs (Corrow et al.,, 2016; Le Grand et al., 2006; Susilo
& Duchaine, 2013).

Methods
Participants

All participants were recruited through online social
media platforms (i.e., prosopagnosia social support
groups) and word of mouth. The initial recruitment
of DPs was based on self-reports of their severe
difficulties in recognizing faces (Burns et al., 2023)
and these participants’ face recognition deficits
were confirmed by impaired performance in the
CFMT (score < 42; see below) and normal perform-
ance in the Cambridge Car Memory Test (CCMT;
Dennett et al., 2012). Initially, we recruited 27 Cauca-
sian suspected DPs, but only data from 17 suspected
DPs were included in the analysis." Seven of the sus-
pected DPs were excluded as their face recognition
abilities score was in the normal range (not less
than two SD from the mean scores of NTs) for the
CFMT (Duchaine & Nakayama, 2006). In addition,
these excluded suspected DPs also performed simi-
larly or better with the recognition of faces than
cars (i.e., scores in CCMT), which suggests that their
self-reported recognition difficulties are not face-
specific. Another three suspected DPs did not
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complete the experiment. All suspected DPs indicated
no previous brain damage and other known neuro-
logical or psychiatric disorders. We also recruited 45
Caucasian NTs based on self-reports of normal face
recognition ability, and this confirmed by their
CFMT scores which were above the specific cut-off
(i.e., more than 42). Our final sample comprised 17
Caucasian suspected DPs (4 males) and 45 Caucasian
NTs (21 males) participants. The age of our DPs
ranged from 19 to 69 (M=46.88 years, SD=17.69
years), while that of NTs ranged from 20 to 70 (M =
46.36 years, SD = 17.47 years).

Participants were included in a lucky draw that
gifted every 1 in 10 participants an Amazon eGift
card valued at £30, as compensation for their time
and effort. A digital informed consent was obtained
prior to participation. All experimental procedures
were approved by the Science and Engineering
Research Ethics Committee of the University of Not-
tingham Malaysia (approval code: BLQZ250920).

Apparatus

This study was conducted fully online using the
experimental platform Testable (www.testable.org;
Rezlescu et al., 2020) and all tasks were completed
on participants’ own computers (laptops or desktops).
To minimise differences in displayed stimuli size
across different computer screens, participants were
required to adjust the length of a yellow line that
appeared on their screens to match the width of a
debit/credit card they had in possession. This
allowed Testable to calculate how many screen
pixels were mapped onto 1 centimetre (cm) and
scale all stimuli based on this mapping. Adobe Photo-
shop CS6 and Matlab R2019b (Mathworks, Version
9.7.0.1247435) were used to edit stimuli where
necessary (refer to Stimuli and Procedure).

Stimuli and procedure

Each participant was first briefed about the experiment
and was informed that they had to complete two
different stages: the “evaluation” stage and the “exper-
imental” stage, over two different days (i.e., one stage
per day). The “evaluation” stage, which was always
completed first, included the CFMT, the CFPT and the
CCMT (see below for abbreviations). This was followed
by the “experimental” stage, which included the part-

whole task, the composite task, the face inversion
task and the Navon’s task. The order of the face holistic
measures was counterbalanced across all participants.
However, the Navon’s task was always completed last
as some research has shown that this task could bias
responses in subsequent face processing tasks (see
Estudillo et al, 2022; Lewis et al, 2009; Macrae &
Lewis, 2002; Wong et al., 2021). Accuracy and reaction
time (Navon'’s task only) were measured and recorded.

Evaluation stage

This stage comprised the basic evaluation tasks: the
CFMT, CFPT and CCMT. The CFMT was used as a
measure of face recognition abilities and the CFPT
was used to examine whether suspected DPs’
impairment is also characterized by a deficit in the
mere perception of faces, while the CCMT was to
control for potential object recognition deficits in
participants.

Cambridge Face Memory Test (CFMT)

We used the original version of the CFMT. The stimuli
and procedures of the CFMT were from Duchaine and
Nakayama (2006). In this task, six unique target face
identities and 46 unique distractor face identities (all
Caucasian men) were used. For each identity, there
are three face images taken from different viewpoints
(1 left 1/3 profile, 1 full-frontal and 1 right 1/3 profile).
All faces were cropped so that no hair, clothing, or
facial blemishes were visible. The faces were
embedded in the centre of a uniformly black back-
ground (195 x 222 pixels (px); 3.9 x 4.44 cm: width X
height). The test contained a total of 72 trials from
three different stages (e.g., 18 Learning, 30 Novel
and 24 Noise). All trials consisted of three faces (one
target and two distractors) and participants were
required to select which of the three matched a
learned face by pressing the allocated key. All
images in the trials were presented in a fixed order.
The maximum score on the CFMT is 72. A score
below 42 suggests face identification deficits
(Bowles et al., 2009; Dalrymple & Palermo, 2016; Estu-
dillo et al., 2020; Estudillo & Wong, 2021).

Cambridge Face Perception Test (CFPT)

The stimuli and procedures of CFPT were from Duch-
aine et al. (2007a). The CFPT is a computerized sorting
task in which participants arrange six morphed
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images of faces (i.e., test faces) based on their simi-
larity to a target face. A total of eight male faces in
% profile views are used as target faces. “Test” faces
are morphs of the target faces, whereby any single
target face in its frontal view was morphed with one
of the other targets in their frontal view. The
morphed images are 88%, 76%, 64%, 52%, 40%, or
28% similar to the target face. External face features
are covered by a black seamed cap. Both test and
target faces were cropped similarly (e.g., from above
the eyebrows) and embedded on a 190 x 190 px
(3.8x3.8cm) grey (e.g., morphed faces) and white
(e.g., target faces) background.

Eight different sort trials were created, and each sort
was presented once in upright and once in inverted
orientation (total 16 trials). Participants reordered the
test faces (e.g. select a test face and then click on
the column they want it to be repositioned) in terms
of resemblance to a target face (e.g., most similar at
the very left to least similar at the very right). Partici-
pants had one minute to complete each sorting trial.
Scores for each item were computed by summing
the deviations (i.e., errors) from the correct position
for each face. For example, if a face was one position
away from its correct position, that was counted as
an error of one. If it were two positions away, that
would be an error of two. Thus, a higher score in the
CFPT represents poorer performance. Scores for the
eight upright items and the eight inverted items
were averaged. Performance at chance in the CFPT is
93.3 errors (Duchaine et al., 2007a).

Cambridge Car Memory Test (CCMT)

The CCMT (based on the stimuli and procedures from
Dennett et al., 2012) follows an identical format as the
CFMT, with the exception that the stimuli were
modified computer-generated images of actual car
models (instead of faces), created using 3D Studio
Max. To minimise matching based on easily notice-
able visual features, all cars are of the same colour,
and no identifying badges, logos, or insignias are
visible. Car stimuli for the CCMT were sized approxi-
mately 465 %215 px (9.3x4.3 cm) (average across
cars and viewpoints). Similar to the CFMT, the CCMT
also comprises three stages: learning (18 trials),
novel (30 trials), and noise (24 trials). The maximum
possible score is 72. Any score above 40 denotes
normal recognition ability for non-face objects
(Dennett et al., 2012).
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Experimental stage

Face inversion task

A total of 30 male face identities in three different view-
points (taken from Rezlescu et al., 2012) were used for
this task. The face stimuli were all male faces, with their
hair completely covered by a standard black cap. This
was done to ensure that recognition judgements
were based on internal facial features alone. The
faces were also in greyscale and were embedded in a
300 x 300 px (6 x 6 cm) white background.

On any given experimental trial, participants were
asked to match one of three test faces (i.e, mid-
profile view) shown to the identity of a target face
(i.e., frontal view). The orientation of the target and
test faces are always consistent within each trial.
Target identities in one trial were also used as test
faces (i.e., distractor faces) in other trials that had a
different target identity. Similar to the original design
(Rezlescu et al.,, 2012), participants first saw the target
face flashed for 400 ms, followed by the three test
images simultaneously presented for 2000 ms, and a
blank screen that was presented until the participant
responded. Participants were required to press the
key “1” if the test face on the left matched the target,
“2" for the face in the middle and “3” for the face on
the right. The task had a total of 60 trials (30 upright
and 30 inverted), presented in a randomized order. Par-
ticipants were instructed not to tilt their heads when
they see inverted faces. Across all trials, each target
identity was presented twice—once upright and
once inverted.

Part-whole task
Face images for this task were taken from Wong et al.
(2021; see also Estudillo et al., 2022) and procedures
were similar to those used in DeGuitis et al. (2012) and
Estudillo et al. (2022). These images were modified to
create new faces with unique combinations of internal
features using Photoshop. Target faces were created
using either a male or female face template that
included the hair and the face outline only. For each
(gender) template, six target faces were created by
adding internal features such as distinct noses,
mouths, and eyes, from six different identities. These
six target faces did not share any similar internal feature.
Two types of test stimuli were also created. One of
these types of test stimuli consisted of isolated features
(mouth, nose, or eyes only) taken from the target faces.
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Figure 1. An example of the stimuli used in the part-whole task.

Note. A target face is shown on the left-hand side and 4 test stimuli are shown on the right-hand side: the whole condition (top row) and the part condition

(bottom row).

The other type comprised full faces (“whole foils”) that
were created by switching only one of the distinct fea-
tures of a target face (eyes, nose, or mouth) with that of
a different target face. All faces were in greyscale and
embedded in a 370 x 500 px (7.4 x 10 cm) grey back-
ground. All isolated features were also cropped (e.g.,
eyes: 234x80px; 4.68x1.6cm, nose: 97 x77 px;
1.94x 1.54 cm, mouth: 138X 71 px; 2.76 X 1.42 cm)
from the original face stimuli and the size was kept
constant (i.e, the same size as the features in full
faces) in the experiment (see Figure 1).

In each experimental trial, one target image of a
whole face was presented for 1000 ms, immediately
followed by a mask (i.e, a scrambled face created
by dividing the face into tiles and then shuffled the
position of the tiles) shown for 500 ms. Two test
images were presented side-by-side until participants
responded. The test images were either two whole
faces (whole conditions) or two isolated features
(e.g., two eyes), one from each face (part conditions).
Participants had to indicate which of the test stimuli
matched the target, by pressing one of two allocated
keys. There were 144 trials: 2 conditions (whole and
part) x 3 features (eyes, mouth and nose) x 24 trials
per feature. The trials had an equal number of male
and female targets presented in a randomized order.

Face composite task

Stimuli were obtained from Retter and Rossion (2015)
and were made from 15 faces (seven females). All
faces were in greyscale with neutral expressions.
Composite faces have their top and bottom halves

separated horizontally by a white gap of three
pixels. The separation between halves is achieved
by splitting the face at the bridge of the nose (5%
of the length of the face above the nostrils). Initially,
five composites were created, wherein one of them
had a combination of the same identity for the top
and bottom halves. The other four were a combi-
nation of the top half of one identity with the
bottom half of one of the other remaining identities,
chosen to match for gender and face width as
closely as possible. These composites were duplicated
to create “misaligned composites” where the bottom
half of the composite was translated to the right by
25% of its width. These aligned and misaligned com-
posites were used as “target” stimuli. All of the com-
posites used as targets (227 x 325 px; 4.54 X 6.5 cm)
were enlarged by 5% of their original size to create
the “test” stimuli (238 X350 px; 4.76 X 7 cm). This
was done to minimise matching based on low-level
features alone (Rossion, 2013).

The bottom halves were always different between
the test and target composites, while the top halves
were the “same” in half of the trials and “different”
in the remaining trials. Participants were asked to
ignore the bottom halves and decide whether the
top halves of the two composites are the same or
different. The participants were required to press
the key “Q" for same and “P” for different. The pro-
cedures for this task were adopted from Susilo et al.
(2010). The test had 120 randomized trials (40 same-
aligned, 40 same-misaligned, 20 different-aligned,
and 20 different-misaligned). Each trial consisted of



Figure 2. Examples of the stimuli used in the Navon'’s task.
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H H S S
H H S S
H H S S
HHHHHH SSSSSS
H H S S
H H S S
H H S S

Note. (From left to right) S-congruent, S-incongruent, H-congruent, and H-incongruent.

two composite faces that were presented sequentially
(e.g., the first composite for 400 ms and the second
composite for 400 ms) and separated by a grey
blank screen for 500 ms. In each trial, both composite
faces presented were either aligned or misaligned.
This procedure followed the standard version of the
composite task (Rossion, 2013).

Navon'’s task

Participants were presented with large letters, either
“H" or “S”, that were made of either smaller “H"s or
“S"s. Congruent stimuli had the same alphabetical
character for the large and small letters, whereas
incongruent stimuli did not (see Figure 2). The large
letters were 278 x 162 px (5.56 X 3.24 cm) in size,
and the small letters were 37 x22px (0.74 X
0.44 cm) in size. All stimuli were in white and were
centred on a 6 X 6 cm black background.

The procedure was adopted from Gerlach et al.
(2017). Each participant was presented with four exper-
imental blocks. In two blocks (“A”), participants were
required to report the identity of the global letter
(e.g., press the key “H” if the global letter “H” is pre-
sented). In the remaining two blocks (“B”), participants
were to report the identity of the local letters. The
blocks were always presented in an ABAB order.
Across the four blocks, participants performed a total
of 48 trials, where 24 trials consisted of congruent
stimuli (e.g., the same identity of local and global
letters) and 24 trials consisted of incongruent stimuli.
An equal number of stimulus types were presented
within each block. Congruent and incongruent trials
were randomized within each block. In all blocks,
each trial began with a fixation cross (22x22 px;
0.44 x 0.44 cm) presented in the middle of the screen
for 1000 ms, followed by the test stimulus shown for
180 ms and a blank screen which remained until a

response was recorded. The participants were also
required to perform 16 practice trials (equal amount
of all 4 trial types) at the beginning of the experiment.

Data analysis

To test for internal consistency and/or reliability of our
tasks, we calculated Guttman’s A, and Cronbach’s a
with the raw scores for each task, separated by
group (i.e., DPs and NTs) and conditions. We separated
the data by groups because DPs impairment in face
recognition would affect the observed reliability of
these tasks. Previous studies that used the three evalu-
ation tasks—CFMT, CFPT, CCMT—have consistently
shown that they have high reliabilities (Bowles et al.,
2009; Dennett et al, 2012; Estudillo et al., 2020; Kho
et al., 2023; Murray & Bate, 2020; Rezlescu et al,
2017). The reliability of the Navon task (Dale & Arnell,
2013; Hedge et al., 2018) and the global precedence
index (Gerlach et al,, 2017) have also been recently
examined in detail. For this reason, we only assessed
the reliabilities of our four holistic tasks (face inversion,
part-whole, composite face, and Navon'’s tasks). The
analyses were done using the R package psych
(Revelle, 2023). Additionally, using Guttman's \,, we
also calculated the reliability of our tasks in computing
holistic advantage using the subtraction (for Navon's
task) and regression (for face inversion, part-whole,
composite face task) approach (Malgady & Colon-
Malgady, 1991), following the method of calculation
in DeGuitis et al. (2013). We used Guttman’s A, due to
its robustness in measuring reliability when dealing
with measures that include multiple factors (Callender
& Osburn, 1979).

We ran three types of analyses. First, we wanted to
confirm that our different measures of holistic proces-
sing performed similarly as in other studies. For this, we
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ran multiple repeated-measures analyses of variance
(ANOVA) to compare participant’s performances in
each condition of interest (i.e., upright, whole, and
same-aligned trials in the inversion, part-whole and
composite tasks, respectively) to their respective
control conditions (i.e., inverted, part, same-misaligned
trials). Second, to examine group differences in holistic
processing for each holistic task, we used the control-
based regression approach (DeGutis et al., 2013) in
which the variances of the control conditions are
regressed from the condition of interest (see DeGutis
et al,, 2013; Rezlescu et al, 2017) of the NT group.
We only included the data of NTs to ensure that the
regression lines were based on normative perform-
ances (DeGutis et al, 2012). Then, we applied this
equation to calculate the residuals for each of the
DPs, as seen in Equation (1) (Berger et al., 2022).

residuals
= condition of interest—m(control condition)—c

We then compared residual scores across both groups
using independent t-tests. A higher residual score rep-
resents stronger holistic processing.

For the Navon'’s task, we calculated the global pre-
cedence index for correct trials as the standardized
mean difference (Cohen’s d) between RTs of Local
congruent and Global congruent trials. Compared to
other Navon indexes, this index offers a purer pre-
cedence index as it is not confounded with interfer-
ence effects (see Gerlach & Krumborg, 2014; Gerlach
& Starrfelt, 2018). These standardized differences
were then compared between DPs and NTs (see
Gerlach & Krumborg, 2014). A higher standardized
difference represents a stronger holistic advantage.

Moreover, we also examined whether holistic pro-
cessing deficits in DPs (if any) are universal or hetero-
geneous across different DPs (e.g., case A is only
impaired in the inversion task, but case B is impaired
only in the part-whole task) for our third analysis.
Although holistic processing tends to be maintained
with age (Boutet & Meinhardt-Injac, 2019), aging has
a significant negative impact on both face matching
(i.e., face perception) and memory-based recognition
of faces (Boutet & Meinhardt-Injac, 2021). Previous
studies have shown that face recognition ability
peaks at the age of 35, remains stable and/or declines
from 36 years onwards, and falls below the initial
threshold after 60 years of age (see Germine et al.,

2011; Jaworska et al,, 2020; Meinhardt et al., 2016).
To account for such age-related differences, we first
separated DPs and NTs into three different age
groups: 18-35 years old, 36-59 years old, and 60
years and above. Mean age of NTs for each group
was 25.1 (SD=5 years), 48.6 (SD=6 years) and 65.4
years (SD =3 years), respectively. Then, we calculated
the holistic face advantage using the regression
approach for all participants in each of the three age
groups, separately. As for the Navon's task, the effect
size was calculated similarly as previously specified.
We ran modified t-tests designed for single-case ana-
lyses (Crawford et al., 2010; Crawford & Garthwaite,
2002) comparing the residual scores (e.g., inversion,
part-whole and composite effect) and standardized
differences (Navon's task) between each suspected
DP’s performance and their age-matched NT group
(N=15). This statistical approach is an appropriate
choice for the study of DP, wherein it allows for the
comparison of an individual’s performance against a
control group, addressing the challenge of variability
within DP individuals. To examine if these hetero-
geneous impairments also met the criteria of strong
or classical dissociation (e.g., DPs are impaired on
one task but performed normally on another), we ran
additional post-hoc tests using a revised difference
test (i.e., dissocs.exe; Crawford & Garthwaite, 2005;
see Supplementary Table S2).

Results

A summary of our suspected DPs’ performance in the
evaluation stage is shown in Table 1. Our selected
sample of suspected DPs (N =17) and NT controls (N
=45) performed in accordance with our predictions
in the evaluation tests (i.e, CFMT, CFPT, and CCMT,
see Table 1). At a group-level, suspected DPs had sig-
nificantly poorer performance than NTs in face percep-
tion as measured by the CFPT. The single-case analyses
of the CFPT showed that seven out of 17 suspected
DPs showed significantly higher errors than their age-
matched control group (e.g., NC: t=1.946, p=.036;
MM: t=3.179, p=.003; BC: t=1.918, p=.038; LM: t=
3.523, p=.002; DM: t=2.720, p=.008; DG: t=1.839,
p =.044; RP: t=2.849, p=.006). However, suspected
DPs and NTs were comparable in the CCMT. The
single-case analyses of the CCMT also revealed that
none of the suspected DPs had a significantly poorer
performance than their age-matched control group.



Table 1. Suspected DPs demographics, followed by scores on
the CFMT, CFPT and CCMT.

DPs Age Agegroup Sex CFMT (sum) CFPT (mean) CCMT (sum)
DI 19 18-35 F 36 53 41
™ 20 18-35 F 39 38 59
VG 21 18-35 F 39 59 49
NC 22 18-35 F 33 69 36
CN 34 18-35 F 38 63 44
MM 41 36-59 F 36 76 50
CL 47  36-59 F 37 44 46
BC 48  36-59 F 25 65 35
LM 49 36-59 F 29 79 44
DM 54 36-59 M 40 72 57
EM 57  36-59 F 32 50 62
EJ 59 36-59 F 33 57 36
DG 62 >60 F 33 78 55
DJ 63 >60 M 36 53 55
KC 65 >60 F 25 65 58
RP 67 >60 M 37 87 43
JC 69 >60 M 34 73 58
DP Mean 34.24 63.59 47.70
DP SD 4.51 13.35 8.97
NT Mean 59.13 51.62 4991
NT SD 9.02 12.02 9.33
t -10.84 3.39 -0.46
p <.007%*** .001** 648
Cohen’s d -3.09 .97 -.13

Note. The t-statistics, p-values and Cohen’s d effect sizes reported are
based on independent samples t-tests comparing suspected DPs and
NTs: *p <. 05, **p < .01, ***p < .001.

Face inversion task

The internal consistencies of the inversion effect using
the regression approach in NTs (A, =.692) and sus-
pected DPs (A,=.189) were moderate and weak,
respectively. A Levene’s test confirmed that, for the
inversion effect scores, the variance in DPs did not
differ from that of NTs (p =.726). Our ANOVA revealed
a significant main effect of condition, where partici-
pants were more accurate with upright compared to
inverted trials, F(1,60)=62.897, p<.001, n2=.512.
This pattern replicates the classical inversion effect
reported by previous studies (e.g., Rossion, 2008;
Yin, 1969). Furthermore, there was a significant main
effect of group, F(1,60)=18.798, p <.001, m;=.239,
showing that suspected DPs performed significantly
poorer than NTs in the inversion task. In addition,
there was a significant interaction between condition
and group, F(1,60) =17.081, p <.001, nf,z .222. Holm
Bonferroni-corrected paired samples t-tests revealed
that suspected DPs were significantly poorer than
NTs in the upright (t(60) = —5.783, p <.001), but not
the inverted (t(60)=—-1.836, p=.139) conditions.
Further, although NT performed better with upright
compared to inverted faces (t(44) =11.519, p <.001),
such a difference was not found in DPs (t(16)=
2.229, p=.089), suggesting impaired or negligible
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inversion effects in this group. This was further sup-
ported by the analysis of residuals that revealed a
smaller inversion effect in suspected DPs (M=
—0.201, SD=0.131) compared to NTs (M =2.289e>,
SD=0.116), t(60)=-5.890, p <.001, d=-1.677 (see
Figure 3). However, despite these group differences,
our single-case analyses of the residual scores
showed that only nine out of 17 suspected DPs had
a significantly smaller inversion effect than their
age-matched control groups (refer to Table 3).

Part-whole task
The internal consistencies of the part-whole effect
using the regression approach in NTs (A, =.699)
and suspected DPs (A, =.635) were modest. The
variance in the part-whole effect scores did not
differ between the two participant groups, as
confirmed by a Levene’s test (p=.530). We found
a significant main effect of condition, where all par-
ticipants in general were more accurate with whole
compared to part trials, F(1,60)=17.228, p<.001,
nf,:.223, replicating previous results using this
task (DeGutis et al., 2013; Estudillo et al., 2022). Fur-
thermore, there was a significant main effect of
group, F(1,60)=18.515, p<.001, 17 =.236, showing
that suspected DPs performed significantly poorer
than NTs in the part-whole task. In addition, there
was a significant interaction effect between con-
dition and group, F(1,60)=4.982, p=.029, u
=.077. Holm Bonferroni-corrected paired samples
t-tests showed that suspected DPs were signifi-
cantly poorer than NTs in both whole (t(60)=
—4.854, p<.001) and part (t(60)=-2.676, p=.026)
conditions. Further, while NTs performed better
with whole compared to part faces (t(44)=11.519,
p <.001), such a difference was not found in sus-
pected DPs (t(16)=1.126, p=.265), suggesting
impaired part-whole effect in suspected DPs. This
was further supported by the analysis of residuals
that revealed a smaller part-whole effect in DPs
(M=-0.084, SD=0.083) compared to NTs (M=
—-3.796e™°, SD=0.093), t(60)=-3.279, p=.002, d
=-.933 (see Figure 3). Our single-case analyses
showed that only two DPs had a significantly
smaller part-whole effect than their age-matched
control groups (refer to Table 3).

To examine if suspected DPs have impaired holistic
processing only for specific features, we also com-
pared the residuals between suspected DP and NTs



138 B.Q.Z. LEONG ET AL.

0.2
— @ 0.2
% L e g
= ] °
3 3 2
o ° -
= -7 T 0.1
B oo . o .
¢ - el ¢ g o
© —_——— s o
el . o HENN
3 : it
= = LX)
*g‘ _ § 0.0 3
g I 5 T R
0 -0.2 $ 4 19}
0] =
= [0} %
UJ o 0.1 ’
_— 2 Ld
& . ° |
g £
g e .02
0.4 e
NT DP NT DP
Group Group
)
g )
(] °
8" 5 :
L o g :
'qU) » N 8 % .
g % . ° :: ® g0
Q ® o e e Q ° —
£ S ®
) ° b=
g 0.0 ° g - [0) 4 °
5 | 8 I
2 W T € 9 e —
- . =l 3
(8]
2 ¢ 8
© . o
2 . o
@ 0.2 ©
o] Q
Q K}
; 61
(@)
NT DP NT DP
Group Group

Figure 3. The magnitude of holistic advantage (residuals and Cohen’s d) between suspected DPs and NTs in the four holistic

measures.

Note. Error bar represents the standard error of the mean and grey dots represent individual residuals or effect size.

for each feature (see DeGuitis et al., 2012). For detailed
description of the analyses, refer to Supplementary
Materials (Table S1).

Face composite task

The internal consistencies of the composite face effect
using the regression approach in NTs (A, =.774) and
suspected DPs (A, =.730) were moderate. A Levene's
test confirmed that the variance in the composite
effect scores did not differ between the two groups
(p=.416). Our ANOVA revealed a significant main
effect of condition, where all participants in general
were more accurate with same-misaligned compared
to same-aligned trials, F(1,60)=9.787, p=.003, nf,
=.140, replicating previous results (Hole, 1994,
Rossion, 2013). However, there was no significant main
effect of group, F(1,60)=1.945 p=.168, n§=.031,

showing that suspected DPs and NTs were comparable
in the composite task, irrespective of conditions. In
addition, there was also no significant interaction
between condition and group, F(1,60) = .429, p =.515,
nf, =.007, suggesting normal composite effects in sus-
pected DPs. This was further supported by the analysis
of residuals that revealed comparable composite effects
between suspected DPs (M =-0.012, SD =0.149) and
NTs (M=-4.056e">, SD=0.138), t(60)=—0.301, p
=.765,d = —.086 (see Figure 3). The single-case analyses
showed that one of the suspected DPs had a signifi-
cantly smaller composite effect than their age-
matched control group (refer to Table 3).

Navon'’s task
The internal consistencies of the global precedence
effect using the subtraction approach in NTs (A,



=.274) and suspected DPs (A, =.769) were weak and
moderate, respectively. Levene's test confirmed that
the global precedence effect in DPs and NTs had
equal variances (p=.896). We found a significant
main effect of condition, participants were faster
with global-congruent compared to local-congruent
trials, F(1,60)=4.556, p=.037, n§=.071, replicating
previous results (Navon, 1977). Furthermore, there
was a significant main effect of group, F(1,60)=
18.994, p <.001, nﬁ =0.240, showing that suspected
DPs performed significantly slower than NTs in the
Navon'’s task, irrespective of conditions. However,
there was no significant interaction effect between
condition and group, F(1,60)=.719, p=.400, u,
=.012, suggesting comparable global precedence
effect in NTs and suspected DPs. The standardized
difference (i.e., Cohen’s d) of the global precedence
effect in suspected DPs (M =0.259, SD =0.528) was
comparable to that of the NTs (M=0.293, SD=
0.508), t(60) = —0.231, p=.818, d=—.066 (see Figure
3). Our single-case analyses revealed that none of
the suspected DPs showed a significantly smaller
global precedence effect than their age-matched
control groups (refer to Table 3).

Discussion

This study aimed to determine whether deficits in hol-
istic processing can explain the impairment in recog-
nizing faces in individuals with Developmental
Prosopagnosia. Additionally, we wanted to examine
whether these potential holistic processing impair-
ments (if present) are universal or heterogeneous
across DPs. In the inversion, part-whole, composite
and Navon'’s tasks, our analyses revealed that our par-
ticipants in general (NTs and suspected DPs com-
bined) replicated previous effects with these tasks
(Hole, 1994; Navon, 1977; Rossion, 2008, 2013;
Tanaka & Farah, 1993; Tanaka & Simonyi, 2016; Yin,
1969). Interestingly, at a group level, suspected DPs
were less susceptible to the inversion and part-
whole effects compared to NTs but were comparable
in the composite and Navon tasks. In other words,
among the three conventional measures of holistic
processing of faces, NTs showed stronger holistic
face processing compared to suspected DPs only in
the inversion and part-whole effects (Avidan et al.,
2011; Behrmann et al., 2005; DeGutis et al., 2012;
Duchaine et al., 2007b; Klargaard et al., 2018).
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Interestingly, results from our single-case analyses
revealed that holistic processing deficits in DPs,
rather than being universal, are heterogeneous. This
is because, out of the 17 suspected DPs, only one
(Case CN) was impaired for both the inversion and
composite tasks, another (Case VG) was impaired in
both the inversion and part-whole tasks, and eight
were impaired only in the inversion or part-whole
tasks (see Table 3). Interestingly, seven suspected
DPs showed no evidence of impaired holistic proces-
sing, despite clear impairments in the CFMT (Case DI,
TM, CL, EM, and DJ), and/or in both the CFMT and the
CFPT (Case MT, RP). More importantly, this heterogen-
eity in holistic impairments was confirmed by our dis-
sociation analyses (refer to Supplementary Table S2).
Together, these findings suggest that holistic proces-
sing, although impaired at a group level, is not totally
absent in DPs (DeGutis et al., 2012). These findings
suggest that holistic processing impairments in DPs,
rather than being consistent, present both quantitat-
ive and qualitative differences across distinct individ-
uals (see Corrow et al., 2016; Le Grand et al.,, 2006;
Tardif et al., 2019). This also further supports the
idea that holistic processing is not a unitary process,
and that no common mechanism explains these
three distinct effects of holistic processing (Boutet
et al,, 2021; Rezlescu et al, 2017). Additionally, the
single-case analyses of the Navon’s task provide
further evidence that DPs’ impairments in holistic pro-
cessing, if any, are specific to faces (Duchaine et al.,
2007b; Fry et al., 2020; Wang et al,, 2012).

The group analysis revealed normal performance
of our suspected DPs in the CFE, with only one sus-
pected DP significantly impaired in this task. This is
in line with previous studies showing that DPs have
normal CFE (e.g., Biotti et al., 2017; Le Grand et al.,
2006; Susilo et al., 2010; Ulrich et al., 2017), suggesting
that the CFE might be measuring an aspect of holistic
processing that is preserved in DPs. Alternatively, it is
possible that the CFE may tap into other underlying
cognitive mechanisms that involve general percep-
tual abilities (Fitousi, 2015, 2020). Another possibility
is related to the version of the composite task used.
Some studies have proposed that the complete
version or full design of the composite task is a
more reliable (e.g., reduced susceptibility to response
biases) and robust method for measuring holistic
interference (Richler & Gauthier, 2014). In view of
this, we did not include the complete CFE in this
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Table 2. Accuracy (inversion, part-whole and composite task) and reaction time (Navon’s task) performances between suspected DPs

and NTs.
DP NT
Tests M ) N (a) M D N ()
Inversion
Upright .569 170 88 (.86) 799 128 79 (.76)
Inverted 497 135 66 (.56) 570 140 75 (.71)
Part-whole
Whole 647 117 .84 (.79) 779 104 .82 (.80)
Eyes 716 143 72 (.63) .846 131 .76 (.73)
Nose 537 138 .61 (.49) .706 132 .60 (.54)
Mouth .689 143 .68 (.59) 784 143 .72 (.69)
Part 622 102 .77 (.70) 694 .073 .55 (.47)
Eyes .689 116 .51 (.35) .760 .099 .38 (.27)
Nose 571 .094 11 (-.18) .650 .095 12 (—.04)
Mouth .605 176 76 (.71) 673 115 43 (.35)
Composite
Aligned .687 207 92 (.90) 738 164 88 (.86)
Misaligned 746 225 94 (.93) .828 187 94 (.93)
Navon’s (ms)
Global 1763.4 1076.2 85 (.74) 822.8 685.3 87 (.86)
Local 1806.1 1051.9 85 (.72) 8723 678.2 90 (.87)

study as it has been argued that the complete version
does not capture face-specific holistic mechanisms
(Bukach et al., 2010: McKone et al., 2013; Rezlescu
et al.,, 2017; Wong et al., 2011).

It has recently been suggested that the standard
(or partial) composite task, which we utilized in this
study, reflects the interference from the to-be-
ignored face part (Biotti et al., 2017; Jin et al., 2024).
On the contrary, the complete composite task cap-
tures both facilitation (i.e., both top and bottom
halves are identical, or both are different) and interfer-
ence (i.e., both faces have identical top parts but
different bottom halves, or vice versa) effects (Jin
et al., 2024). In view of this, it is possible that separ-
ating interference and facilitation effects could
reveal differences that are not captured in our
current study. Jin et al. (2024) also found that these
two effects are asymmetrical. For instance, interfer-
ence effects significantly reduced for incongruent
bottom-composite faces (instead of incongruent top
halves), but facilitation effects appear consistent
across varying conditions. In view of this, it is possible
that separating interference and facilitation effects
could reveal differences that are not captured in our
current study. Accordingly, if judgments were to be
made about the bottom half of the composite face,
it might have yielded different results in our study.
Since bottom-composite faces rely on holistic facili-
tation, and DPs are impaired in holistic facilitation
(e.g., part-whole effect) we expect to observe
impaired bottom-composite effect in DPs compared
to NTs here. Future research should explore these

possibilities to better understand the composite
effect in DPs. It is possible that the standard compo-
site task we used may not be as sensitive to holistic
processing deficits in DPs, considering task-specific
factors and/or differences in how DPs process facial
information.

Our findings above also lend support to an alterna-
tive possibility—DPs’ impairment extends to both
holistic and featural processing (Bennetts et al.,
2022; Esins et al., 2016; Verfaillie et al., 2014; Yovel &
Duchaine, 2006). Despite being poorer in the con-
ditions of interest (e.g., whole conditions) of the part-
whole task, our suspected DPs were also poorer in
the control conditions (e.g., part conditions), which
often reflects featural processing of faces (see
Table 2). Recently, Bennetts et al. (2022) found that
some DPs showed typical inversion effects, while
some DPs had reduced or abolished inversion
effects. However, they found that these DPs with
typical inversion effects were also significantly
poorer at perceiving and/or recognizing inverted
faces, arguing that some DPs’ face recognition
difficulties are the result of impaired featural proces-
sing. Similarly, a study by Tsantani et al. (2020) also
found that DPs were poorer than NTs when faces
were viewed as a whole or through an aperture (i.e.,
holistic processing is disrupted; see Murphy & Cook,
2017). They argued that the perceptual difficulties
seen in DPs arise from imprecise recognition of
facial features, not impaired holistic processing. If
DPs are impaired or underdeveloped in strategic per-
ceptual encoding (Dalrymple & Palermo, 2016; Towler



Table 3. Single-case analyses of each suspected DPs and their age-matched control groups in the four holistic measures.

Part-whole effect Composite effect Global Precedence Effect

Inversion effect

95% Cl

Zcc

t
—.56
3.07
5.53
-.75
-93
-.18
-.87
-39
=18
—-.26
-.72

95% Cl Cohen’s d

Zcc

95% Cl Rs

Zcc

Rs
—.045
—.072
-.170
—.166
-.151
-.133
—-.012
—.138
—-.020

95% Cl

—2.16, —.70]

Zcc

Rs
-.106

DP

—.005
1.785
1.068

-.102

—.188

273

—.089

—2.82, —1.07]

—-41
=19

61
273
231
—.010

45
=25
-.34
-89
-.56

1.08

602
.095

-.35

.047
—.278
—.084

—1.10, —.004]

—2.33, —.80]

.868

57

070

105
.166
—.234

134
—1.89%

—1.96

A1

.064
.052
.389
—.043
—.021
-.033

31
3.10
—.47
-.29
-39
2.25

.286
110
—.091
—.257
—.222

65
—.54
-1.53
-1.32

—-1.69, —41]

—2.06, —.64]

—1.98, —.59]

1.08

182

—3.41, —-1.38]

—47
-.07
—1.78*
-1.74
—1.58
—1.47

—3.67, —1.51]

—8.31, =3.77]

—.091
-1.53
-0.18

—2.52, —.90]

—6.49, —2.90]

1.21

1.28

102
.108
.039
—.086
=110

—3.57, —1.46]
—1.17, —.06]

490
-1.03
-1.32

—3.45, —1.40]

.28
-1.26
—2.33*

.023
-.105
—.195

—3.63, —1.49]

=241

—2.30, —.78]

-1.39

DI

43
—3.15%*

—2.52*%

.033
—.240
—.192
—.446
—-.168
-.192
—.588
—.401
-.299
—.046
—.219
—.297
-.014
-314
-.181
-.189

VG
NC

—6.05

—5.85%*%
-1.49
-1.67

CN

MM
CL

—4.70

—4.55%*%
—3.19%*
—2.45*%
—.60
—1.86*
—2.36*
=11
—2.50%
—1.44
—1.50

BC

LM
DM
EM

EJ

DG
DJ

KC
RP
JC

Note. Rs, Residual scores are based on the normative regression lines of each age group, wherein a significantly different score between suspected DPs and their age-matched control groups are highlighted in grey; Zcc,

Effect size for difference between case and controls; 95% Cl, 95% confidence interval of the effect size; modified independent t-test: *p <. 05, **p <.01, ***p <.001 (one-tailed).
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et al, 2018), facial information encoded may be less
accurate and/or less differentiated at recognition
(Shah et al., 2015; Stumps et al., 2020). Consequently,
impaired face encoding might introduce both poorer
holistic and featural perceptual representations in
DPs (McKone & Yovel, 2009). Overall, this suggests
that individual differences in face recognition abilities
may also reflect variations in the ability to process
the featural aspects of faces, and not only holistic pro-
cessing expertise. Particularly, DPs’ heterogeneity
might even extend to different “information-gather-
ing” processes.

Nevertheless, the current study is not without limit-
ations. Some studies have shown that prosopagnosia
often co-occurs with other neurodevelopmental dis-
orders, such as autism spectrum disorder (ASD) or
dyslexia (co-occurrence hypothesis; Cook et al.,
2015; Cook & Biotti, 2016; Minio-Paluello et al,
2020). Cook et al. (2015) suggested that despite
being independent of each other, individuals with
prosopagnosia reported higher autistic traits than
controls, while individuals with ASD reported higher
prosopagnosic traits than controls. Consequently,
domain-general holistic processing deficits (i.e.,
weak central coherence; Happé, 1996; Nakahachi
et al., 2008) seen in ASD are more likely to also
present themselves in DPs, which would then
explain why some DPs also present impaired holistic
processing across all visual perceptual domains
(Gerlach et al., 2017; Gerlach & Starrfelt, 2018). While
none of our suspected DPs were impaired in the
Navon’s task or reported other neurodevelopmental
disorders, our study did not include any measure of
autistic traits (Baron-Cohen et al, 2001). Hence, we
cannot entirely rule out the possibility that the face
recognition difficulties in some suspected DPs can
be explained by high autistic traits. In brief, future
studies involving DPs would benefit from the use of
ASD screening in participants (e.g., Nijhof et al., 2024).

Our single-case analyses provide interesting
insights about the heterogeneity of the deficits
observed in developmental prosopagnosia, however,
some caution is needed due to the reliability of the hol-
istic processing tasks. While compared to other studies
(e.g., Bennetts et al., 2022; Rezlescu et al., 2017), the
reliabilities of the part-whole and inversion tasks in
the NTs were considerably high (approximately 0.69),
these reliabilities are only in the acceptable range
(Nunnally & Bernstein, 2007). Additionally, our
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findings also revealed that the reliability of the FIE in
suspected DPs was notably weak. This is not surprising
given that suspected DPs’ performance in the inverted
conditions was close to chance, therefore restricting
observable variance in their scores. One possible
reason for this could be due to the nature of the FIE.
Recent studies have argued that the FIE does not
solely captures holistic processing of upright faces,
but also holistic processing of inverted faces (Gerlach
& Mogensen, 2024; Murphy & Cook, 2017). For
instance, disrupting holistic processing by limiting par-
ticipants to view faces through an aperture was shown
to affect recognition performance of both upright and
inverted faces alike (Murphy & Cook, 2017). Since
upright faces retain most, if not all, of the holistic infor-
mation contained in a face, holistic processing deficits
would therefore be more prominent here. In contrast,
inverted faces only retain some holistic information,
and therefore DPs’ deficits are less obvious. The possi-
bility that holistic information is preserved for inverted
faces, together with the notion that DPs have deficits in
holistic face processing, would explain the floor per-
formance in the inverted conditions. Overall, findings
involving holistic processing, measured with FIE,
should be interpreted cautiously.

In conclusion, our results suggest that at a group
level, suspected DPs have a specific, yet reduced sus-
ceptibility for holistic effects (as reflected by the inver-
sion and part-whole, but not the composite effect).
However, not all the suspected DPs showed holistic pro-
cessing deficits and none of them were impaired in all
three holistic face measures. This suggests that holistic
processing deficits in DPs are heterogeneous, highlight-
ing the importance of single-case analyses in neuropsy-
chological and neurodevelopmental disorders (Cubelli
& Della Sala, 2017). Recognizing and appreciating indi-
vidual differences not only enriches our understanding
of these conditions but also advances the field towards
more personalized and effective approaches to diagno-
sis, treatment, and support.

Note

1. Although the CFMT is the main task used to diagnose
prosopagnosia, some authors suggest that a reliable
diagnosis requires impairment in at least two different
face identification tasks (DeGutis et al, 2023). This
approach is important because relying on a single
measure may not always provide a reliable basis for
making a diagnosis (Sachdev et al., 2014). Of these 17

DPs, seven of the DPs meet this diagnosis criteria,
confirmed by their impaired performance in both
CFMT and CFPT. However, the other 10 DPs were only
impaired in the CFMT, but not CFPT. Nonetheless, pre-
vious studies have shown that face perceptual abilities
can be preserved in DPs (Klargaard et al., 2018; Pertzov
et al, 2020), and according to some authors (Burns
et al, 2023) incorporating a subjective questionnaire
and another objective measures of non-face objects
(e.g., CCMT) to confirm face-specific difficulties is
sufficient. In any case, we refer to our prosopagnosic
participants as suspected developmental prosopagnosics.
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