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ABSTRACT

Developmental prosopagnosia (DP) causes difficulty recognizing familiar faces, but little is known
about which stage(s) of the face-processing system difficulties occur, or whether these are identical
in all DP cases. Twenty DPs and matched controls completed six face perception tasks. The DP
group performed significantly poorer than controls on face detection and gender categorization
tasks and on a global (averaged) face perception measure. 40% of individual DPs showed
significant impairments on tasks not involving identity perception (face detection and
categorization, age and gender categorization). By contrast, 50% showed broadly typical face
perception and thus support for the idea of apperceptive (affecting both face perception and
face memory) and mnemonic (affecting only face memory) subtypes of DP. Intraclass
correlations revealed clear inter- and intra-individual differences, confirming that data from a
single perceptual task cannot be taken as evidence of broader face-perception ability spanning

ARTICLE HISTORY
Received 15 October 2025
Revised 11 May 2026
Accepted 14 May 2026

KEYWORDS
Developmental
prosopagnosia; face
processing; speed—-accuracy
trade off; face perception;
neurodevelopmental
conditions; face recognition

beyond the results of that test..

1. Introduction

Developmental prosopagnosia is characterized by a
severe, lifelong difficulty recognizing familiar faces,
often including those of friends and family (Lowes
et al., 2025), despite otherwise normal vision and 1Q,
and an absence of obvious brain damage (Behrmann &
Avidan, 2005; Duchaine & Nakayama, 2006).

1.1. What is the nature of the impairment in DP?
A memory impairment, a perceptual impairment
- or both?

A dissociation between perception and memory has
been identified in acquired prosopagnosia (AP)
whereby memory for faces can be selectively impaired,
leaving face perception unaffected (Davies-Thompson
et al., 2014; De Renzi et al., 1991). This is perhaps unsur-
prising since AP is a result of brain lesions whose location
and severity differ among individuals. Despite no visible
brain damage in DP, a broad body of neuroscientific evi-
dence shows thatimpairments in DP can also arise at mul-
tiple levels (for a review, see Towler et al., 2017) and can
cause difficulties with face memory, or both face percep-
tion and face memory. By definition, face memory is
always affected in prosopagnosia, but Towler and Eimer
(2012) reported that, while the face-sensitive N170

component is present, typical N170 inversion effects are
reduced or absent in DP, suggesting abnormal perceptual
processing of upright face structure rather than a purely
mnemonic problem. ERP studies also indicate that iden-
tity-relevant perceptual mechanisms are impaired in
DP; Towler et al. (2018) showed that holistic face percep-
tion, integrating identity-diagnostic information across
different facial regions, is disrupted, thus providing
neural evidence that identity-specific holistic processing
is compromised beyond basic feature encoding. At later
stages of face processing, Eimer et al. (2012) reported
that some individuals with DP show an N250 component
to familiar faces (indicating activation of stored visual face
memories) without a subsequent P600f, which is typically
associated with conscious recognition and access to
person-specific semantic information. This pattern
suggests that, in at least a subset of DPs, impairment
can occur at late recognition stages, after perceptual
encoding has taken place. Towler and Eimer (2012)
reviewed a broader ERP literature and emphasized that
different individuals with DP can show impairments at
different temporal stages, from early perceptual encod-
ing to later recognition-related processes.

The existence of potential subtypes has important
theoretical and applied implications for the understand-
ing and treatment of DP, a lifelong condition estimated
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to affect between 1% and 4% of the population (Bennetts,
Murray, et al. 2017; DeGutis et al., 2023; Kennerknecht
et al., 2008). Both face perception and face memory con-
tribute to face identity recognition and a more precise
understanding of the loci and nature of the deficits in
DP, orin individual DPs, is needed to inform rehabilitation
attempts. The most commonly-proposed subtypes of DP
are (i) mnemonic (Biotti et al., 2019; Ulrich et al., 2017), in
which individuals can extract structural descriptions of
faces and discriminate faces when there are no, or
minimal, memory demands, but have difficulties retriev-
ing previously-seen faces from memory, and (ii) percep-
tual or apperceptive, in which individuals have difficulty
forming robust facial percepts and thus are impaired at
facial discrimination, even when faces are presented sim-
ultaneously, in addition to their severe face memory
difficulty (Biotti et al.,, 2019; Ulrich et al., 2017).

Although the dominant Bruce and Young model of
face recognition (Bruce & Young, 1986) is hierarchical
in nature and suggests that impaired face perception
leads to impaired face recognition (but not the other
way around), a recent study by DeGutis et al. (2023)
reported that, counter-intuitively, DPs with milder face
memory impairments showed greater impairment on
the Cambridge Face Perception Test (CFPT) than DPs
with more severe face memory deficits, suggesting
that severe early-stage perceptual impairment does
not always translate into greater memory deficit.
Despite the popularity of the CFPT, one important limit-
ation is its relatively low internal reliability, .74 for
upright faces and .50 for inverted faces (Bowles et al.,
2009), making it arguably unsuitable for use as the sole
measure of face perception ability.

Although the CFPT (Duchaine et al., 2007) is con-
sidered a test of face identity perception, principal com-
ponents analysis of data from a large study (n = 165) of
potential DPs (Bate et al., 2019) found that the CFPT
and the Cambridge Face Memory Test (CFMT, Duchaine
& Nakayama, 2006), testing novel face learning, loaded
onto one factor, while long-term face memory, as
measured by famous face test scores, loaded onto a sep-
arate factor. If this is the case, then influential early
attempts (Dalrymple et al., 2014) to dissociate face per-
ception and face memory in DP using the two tasks
[CFMT and CFPT] that Bate and colleagues subsequently
found to load on to the same factor become somewhat
difficult to interpret.

1.2. Limitations of the literature to date and
motivation for the present study

Some of the heterogenous findings in DP (for a review
see Corrow et al, 2016) may partly be explained by

methodological issues. For example, previous studies
often administered only a small number of perceptual
tests (e.g., Bate et al., 2019; Dalrymple et al., 2014), or
used tests with lower reliability (e.g., CFPT), from which
it is difficult to make wider generalizations about the
condition.

Even among typical perceivers, correlations across
procedurally similar face matching tasks are weak
(Bobak et al., 2023) suggesting that stimulus properties
and subtle paradigm differences must be considered
when interpreting results. A similar lack of consistency
across different face tasks has been found among
super recognizers, leading to calls to administer a
wider range of face tests to fully capture participants’
true performance abilities at both ends of the ability
spectrum (Bate et al,, 2018; Biotti et al., 2019; Ramon,
2021). A broader, more systematic, approach seems
likely to be able to provide a fuller explanation of DP
than is possible if relying on a small number of face per-
ception tasks.

A further limitation of the DP literature is that, until
recently, it was common practice to exclude from
research individuals who reported severe face recog-
nition problems, but who did not score at least 2 SD
below control means on a minimum of two objective
face processing measures. However, recent studies
suggest that DPs with milder face memory impairments
appear to perform similarly to those with a more classi-
cal face recognition impairment (Burns et al., 2023;
DeGutis et al.,, 2023, 2024) and should therefore be
included in DP research. Recent work also suggests
that slower reaction times can lead to “typical” accuracy
scores and mask impairments in DP (Lowes et al.,, 2024a).
Including these participants can improve our under-
standing of the full range of the condition and of pat-
terns of face perception performance in DP and how
these may differ across the full DP spectrum. To
address this, we included participants with mild objec-
tive impairment, but who report severe day-to-day
difficulties.

Reviews of DP (Bate & Tree, 2017; Robotham & Starr-
felt, 2018) have highlighted the need to systematically
test the different sub processes involved in face recog-
nition to better understand the precise nature of the
deficits that occur in DP. In addition to the neuroscience
evidence briefly summarized above, recent behavioural
work investigating face perception in DP (Biotti et al.,
2019) argued that impairments at the perceptual encod-
ing stage may be more widespread, and play a more
important role, in DP than currently acknowledged,
and that these impairments should be investigated in
a more structured way. We address these recommen-
dations in the present study.



1.3. The present study

We took a novel approach to characterizing perceptual
impairment in DP by assembling a comprehensive test
battery to hierarchically tap each of the multiple
stages of face processing that were mapped in a
recent literature review of tests of upright face proces-
sing used in DP (Robotham & Starrfelt, 2018), informed
by leading models of face recognition (Bruce & Young,
1986; Young & Bruce, 2011). The battery allows a rich
understanding of the precise nature of the face percep-
tion deficits in DP. Such insights can inform the design of
bespoke remedial interventions aimed at improving face
recognition.

In classifying our test battery as perceptual, we fol-
lowed the terminology of Robotham and Starrfelt’s
(2018) literature review that informed our research
design. The authors mapped paradigms testing upright
face processing according to what they termed three
“levels of processing”: Perception, recognition, and
identification. Face detection, face categorization, and
categorization of facial age and gender paradigms are
described by Robotham and Starrfelt as perception
tasks. We also considered the configural/featural task
as a perceptual in line with Yovel and Duchaine (2006).
According to their work, performance on this task
serves as evidence for a specialized face perception
mechanism.

The study’s aim was to precisely map the perceptual
underpinnings of DP at both group and individual level.
As recommended by Bate and Tree (2017), we tested
participants across the adult lifespan (age 14-71 years).
Our study design mitigated the risk of overestimating
the prevalence of perceptual impairments in DP by
using a subjective report and only face memory tests
for classification (Lowes et al., 2024a). We therefore
avoid the “double dipping” problem (Kriegeskorte
et al., 2009) which occurs when a face perception test
is included as part of the classification battery since
this will artificially inflate the proportion of DPs in the
sample who demonstrate face perception deficits.

The battery tested non-identity face perception (face
detection, face categorization, gender and age categor-
ization, feature and configuration change discrimi-
nation) followed by face identity perception. We then
compared participants’ performance on these percep-
tual measures to their performance on four face
memory measures.

The pre-registered research questions and associated
hypotheses (available at https://osf.io/m3wvg/overview)
addressed in this study are outlined in Table 1. Our pre-
vious work reporting classification of this same sample
(Lowes et al, 2024a) showed that the DP group
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adopted a different speed-accuracy strategy to the
control group, preferring to proceed more slowly and
carefully. To account for these differential speed-accu-
racy trade-offs which masked the true extent of face
identity recognition ability deficits among DPs, we there-
fore also report an additional exploratory measure of the
balanced integration score or BIS (Liesefeld & Janczyk,
2019, 2022) on some tasks; these are highlighted as
exploratory in Table 1. See Section 2 for full details.

The paper is structured as follows. First (Section 3), we
provide a general methodological overview of partici-
pants, procedures and statistical approaches that apply
to all our research questions and experiments. Next
(Section 4), we present each research question in turn,
covering motivation, brief test methods, results and dis-
cussion. The section begins with a table summarizing
results of each hypothesis. Additional methodological
details for previously published tests are provided in
Supplementary material. Section 4.6 considers the pat-
terns of individual level results across all tasks. Formal
single case analyses and dissociation analyses are pro-
vided in Supplementary Tables S4a—e. The final section
(Section 5) is a general discussion.

2. Data transparency statement

Although this study is exploratory in nature, it tests
many, sometimes competing, hypotheses. We preregis-
tered the study (https://doi.org/10.17605/OSF.I0/
M3WVG) after data collection had started but prior to
analysis. Analysis plans, data and R scripts are available
at https://osf.io/s57zq/overview.

We report an additional measure that was not prere-
gistered, the balanced integration score or BIS (Liesefeld
& Janczyk, 2019, 2022) on the following tasks: Face
among non faces; gender categorization; age categoriz-
ation; configural and featural house and face tasks. BIS
helpfully adjusts accuracy (a preregistered measure) for
response time (RT; another preregistered measure),
creating a single integrated score, thereby controlling
for differential speed-accuracy trade-offs within and
between participants. Although confidence or motor
factors may contribute to slower responses, prior work
shows these are unlikely to explain group differences
in the BIS. Specifically, studies reporting significantly
slower RTs in DPs on a fluid reasoning task and a
bicycle memory task (Lowes et al., 2024b) found that
these differences disappeared on non-face tasks when
using the BIS but persisted on face tasks (Lowes et al.,
2024a). This pattern suggests that general confidence
issues do not fully account for the BIS group differences.
BIS is calculated as Zaccyracy — Zrr and the formal
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Table 1. Research questions and hypotheses.

Stage of perceptual

Research questions Hypotheses processing Task Outcome variable (s)
1. Are all, or some, DPs impaired at 1a: If DPs are impaired at detecting faces, Face detection Faces among RT
face detection? then their RTs on face-present upright non faces BIS (exploratory)

2. Are all or some DPs impaired at
facial gender categorization?

3. Are all or some DPs impaired at
facial age categorization?

4. Do DPs show deficits in configural
face processing? And are any deficits
observed domain specific or process
specific?

5. Is face perception ability related to
face identity recognition?

trials will be longer than those of controls.

1b: If DPs are impaired at holistic processing,
then they will show a reduced inversion
effect on “face present” trials compared
with controls.

1c: DPs will be less accurate than controls.
2: DPs will be less accurate than controls.

3: DPs will be less accurate than controls

4a: If DP is domain specific then DPs will be
more impaired at detecting changes to
upright faces than to upright houses
compared with controls.

4b: If DP is process specific and driven by a
deficit in configural processing, then DPs
will be more impaired at detecting
changes to spacing than to features
compared with controls across both faces
and houses.

4c: If DP is driven by a deficit in domain-
specific holistic processing, then DPs will
show a reduced inversion effect for faces,
but not houses, compared with controls.

5a: Face perception ability is related to face
memory ability.

Face detection

Face categorization

Non-identity encoding
of facial gender

Non-identity encoding
of facial age

Non-identity encoding
of configuration and
features

Non-identity encoding
of configuration and
features

Non-identity encoding
of configuration and
features

All

Faces among
non faces

Mooney faces
Gender
categorization
Age
categorization
Configural
featural

Configural
featural

Configural
featural

CFMT
CBMT

Old New Faces

FFT

Mooney

Faces among
non faces

Configural
featural

CFPT

Inversion effect

subtraction method

Inversion effect
normalized inversion
index (exploratory)

% correct

% correct

BIS (exploratory)

% correct

BIS (exploratory)

% correct

BIS (exploratory)

Face advantage score

% correct
BIS (exploratory)

% correct

Face inversion
subtraction method

Face Inversion
normalized inversion
index (exploratory)

House inversion

BIS (exploratory)

CFMT-CBMT BIS
(exploratory)

BIS exploratory

% correct (Z)

% correct (Z)

RT (2)

% correct (Z)

Upright accuracy (2)

calculation for BIS is shown in Supplementary material
1. For RT, all trials < 250 ms were removed from analysis.
The only perception task on which trials were removed
based on RT was the configural featural faces task,
here 18/12,800 trials were removed (0.14%).

For transparency we report both the original pre-
registered primary outcome measures (either accuracy
or RT alone) and BIS for most tasks, We did not consider
BIS an appropriate measure for the Mooney face task
because the task was to click very precisely on the
eyes of the image that contained a face and we
reasoned that motor control could disproportionately
influence RTs. We did not calculate BIS on the Cam-
bridge Face Perception Test (CFPT) since task instruc-
tions emphasize accuracy over speed, and motor
control and familiarity with a mouse/touchpad strongly
influence RTs. The four face memory measures used to
initially classify participants as DPs or typical controls
reported elsewhere (Lowes 2024a) are provided in
Table 2.

When testing inversion effects (hypothesis 1b) we cal-
culated inversion effects using both the preregistered
subtraction method as well as an exploratory normalized
inversion method. See Section 4.1 for the rationale and
comparison of results.

Table 2. Participant demographics.

Group
Age group Gender Control DP Total
Age 14-35 Female 10 5 15
Male 1 2 13
Total 21 7 28
Age 36-59 Female 15 7 22
Male 6 1 7
Total 21 8 29
Age 60-74 Female 9 2 11
Male 9 3 12
Total 18 5 23
Total Female 34 14 48
Male 26 6 32
Total 60 20 80




The pre-registered research question 4 was specific to
children and, because none of the children tested met
the classification criteria for DP, this analysis was not
possible. For the same reason, we were unable to look
at child and adult performance separately as originally
envisaged for hypothesis 5a, but we retained this analy-
sis looking at adults only. Neither of these changes had
any effect on interpretation since we also removed the
age-matched child controls. Preregistered hypothesis
5d was ultimately not included in our battery for
reasons of overall test duration.

The preregistered analysis plan specified one-way tests
for measures testing a directional hypothesis, however we
later decided to revert to the more conservative two-tailed
tests for group analyses. Single case analyses are shown
with both one-tailed and two-tailed results.

The authors declare that there are no competing
interests. Approval for the study was granted by Univer-
sity of Stirling General University Ethics Panel (reference
204). Informed consent and child assent were obtained
from all participants, and research was conducted in
accordance with the principles of the Declaration of
Helsinki.

3. General methods
3.1. Participants

DP participants (DPs) were 20 individuals aged 15-71
years (Table 2) and 60 age- and gender-matched controls.
All participants lived in the UK, Ireland or USA and
reported normal, or corrected-to-normal, vision and

Table 3. DP z-scores on tests used for classification.
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performed normally on five subtests of the Birmingham
Object Recognition Battery (Riddoch & Humphreys,
1993). Participants reported they had no neurodevelop-
mental or neurological condition, learning difficulty
(other than mild dyslexia), psychiatric illness, acquired
prosopagnosia, or a history of brain injury or any concus-
sion during the preceding 12 months. Participants were
recruited though media coverage, social media, personal
networks, and prosopagnosia support groups and
offered a £10 gift voucher to recompense them for their
time.

Results from four individual face memory measures
that were used to classify this sample have been pre-
viously reported (Lowes et al., 2024a) and are summar-
ized in Table 3. Participants were classified as DP if
they reported lifelong subjective face recognition
difficulties, scored > 61 on the PI-20 questionnaire
(Shah, Gaule, Sowden, et al., 2015) or an adapted
version of the PI20 for parents of adolescents, and
showed objective face memory impairments on a
global face memory score which was calculated by com-
puting an average age-standardized balanced inte-
gration score (BIS) from (1) Old New faces task
(Dalrymple et al., 2014); (2) Cambridge Face Memory
Test (CFMT; Duchaine & Nakayama, 2006); (3) a CMT
difference score calculated by subtracting CFMT scores
from Cambridge Bicycle Memory scores (Dalrymple
et al.,, 2014); and (4) Famous Face Test accuracy (Lowes
et al., 2024a).

Notably, 19/20 of the DPs reported here showed
major impairment (< —1.7 SD) on two separate objective
face memory measures. The z-scores for the final

Global face Old New CFMT CBMT  CMT difference  No. of individual face memory measures

ID Age PI-20 memory (BIS) Faces (BIS) FFT (BIS) (BIS) (BIS) showing impairment (out of 4)
AF019 68 —7.75 -3.90 —6.92 =522 -172 0.02 -1.74 4
AF002 25 -7.28 —224 —435 0.41 —-2.70 —0.37 —-233 3
AF016 23 -7.01 —-2.03 =211 —2.63 -1.52 0.35 —-1.87 4
AF017 29 —6.60 -1.51 -3.17 -0.04 —0.7 2.50 —2.67 2
AF006 54 —6.16 -1.63 —2.42 -1.58 -1.16 0.18 -1.34 4
AF003 55 —6.05 —1.66 —0.60 -152 =225 0.04 -2.29 3
AF018 49 -5.72 —2.40 -1.17 —430 288 —-1.65 -1.23 4
CF059 16 —5.59 —2.85 NA -0.58 —553 —3.07 —2.46 20f3
AF009 42 5.7 —-2.72 0.03 —0.63 —5.56 —0.85 —4.71 2
AF010 53 5.7 —5.65 -12.13 —-263 -—348 0.89 —437 4
AF007 31 —495 —-2.76 —2.88 0.34 —4.67 —0.85 —3.82 3
AF008 71 —4.78 -1.84 —5.72 -137 123 -2.19 0.96 3
AF060 61 —4.65 —1.44 —2.94 —-1.92 -0.07 0.77 —0.85 2
AF001 51 —4.62 -1.33 —245 -024 -035 1.92 —2.26 2
AF004 31 —454 —-1.95 —0.67 -187 -220 0.85 -3.05 3
AF099 70 —438 —2.40 -753 NA 0.22 0.1 0.1 10f3
AF075 45 —3.64 —244 —-3.07 -1.40 —3.83 —-237 —1.46 4
AF021 50 —3.09 -2.14 -1.38 —-203 -2.03 1.08 -3.11 4
AF098 67 -—2.76 —-1.82 —3.84 —1.45 -1.02 —0.05 -0.97 3
CFO05 17 —-0.66 —2.97 —2.27 -198 -273 2.18 —4.90 4

Note: FFT = Famous Faces Test; BIS = balanced integration score; CFMT = Cambridge Face Memory Test; CBMT = Cambridge Bicycle Memory Test; CMT differ-
ence = (CFMT BIS - CBMT BIS); global face memory = average of Old new faces, FFT, CFMT, CMT difference. Z-scores in bold indicate major impairment of at

least — 1.7 SD.
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participant (AF006) were —2.42 on Old New Faces and
between —1 and —1.7 on each of the CFMT, FFT and
CMT difference score. This participant was therefore con-
sidered to have consistently below average objective
face memory performance and classified as DP.

We follow previous DP literature (DeGuitis et al., 2013,
2014; DeGutis, Cohan, et al., 2012; Lowes et al., 2024a) in
selecting < —1.7 SD as our cut-off. We refer to this as a
major impairment to distinguish it from milder impair-
ment of between —1 and —1.69 SD, consistent with
our previous work. This cut-off represents performance
approximately in the bottom 5% of the population on
a single (two-tailed) test and we believe is an appropri-
ate and psychometrically balanced criterion due to the
large number of tests in our battery and our use of
two-tailed tests (see arguments by Gerlach et al. (2024)
and the percentile-based impairment modelling in
Grant et al. (2024), both of which support the adoption
of a slightly less restrictive threshold than 2 SD when
multiple related tests are used, as we do here). The
choice of age group broadly followed previous literature
(e.g., Bate et al., 2019; Bowles et al., 2009). It was also par-
tially driven by practical consideration as we aimed to
have 20 controls in each age group. When deciding
which tests to administer to adolescents aged 14-17
years we followed Bate et al. (2015) who administered
the CFMT adult version and Cambridge Face Perception
Test (CFPT) and Bennetts, Mole, et al. (2017) who admi-
nistered the CFMT+ to a 15 year old prosopagnosic
and 14 year old super recognizer (respectively) and
typical controls aged 14 and 15 years.

Four additional potential DPs with subjective difficul-
ties completed the test battery but are not included here
because they did not consistently show objective
impairment on the classification measures (i.e., they
did not meet the pre-registered classification criteria of
a score < —1 SD on two separate face memory
measures). Some controls did not complete all tasks
due to participant or computer errors, or dropped out
part way through the battery, and because we were
interested in patterns of performance across tasks we
excluded from analysis participants who failed to com-
plete > 1 of the perception tasks (n=5 controls). This
left a total 60 age- and gender-matched typical control
participants aged 14-74 years (26 men and 34
women). For this final sample, group comparison ana-
lyses are calculated using pairwise deletion’ to maximize
power since the sample sizes in each age group were
relatively small. Inspection of data showed that the
Missing Completely at Random Assumption was highly
plausible, thus the overall effect on results was
minimal since the only data missing were for Mooney
faces (n=1 control) and CFPT (n =2 controls).

3.2. Overview of tasks

Figure 1 gives an overview of the tasks, the perceptual
sub process that each investigates, and the decision par-
ticipants must make.

3.3. Procedure

Data were collected online using Testable (www.
testable.org, Rezlescu et al., 2020). Participants received
written task instructions containing links to each task
and were instructed to complete the tasks in a fixed
order.? Full onscreen instructions were also provided.
Testing took place over at least three self-paced sessions.
Participants were advised to take a break between ses-
sions of at least an hour (adults) or 12 hours for those
under 18 years. Participants could take additional
breaks at the end of any task if desired.

The DP sample size was determined following pre-
vious literature (e.g., Duchaine & Nakayama, 2004;
Esins et al., 2016; Huis in ‘t Veld et al, 2012; Marsh
et al, 2019; Schmalzl, Palermo, and Coltheart, 2008;
Ulrich et al.,, 2017) and our control sample size target
(20 participants per age group) was informed by McIn-
tosh and Rittmo (2021), who recommend a neuropsy-
chological control sample of 16 participants, but that
increasing control sample size above 16 does little to
meaningfully increase power.

3.4. Statistical analyses

There were no gender differences in any of the pre-regis-
tered outcome variables (all ps >.05) and no differences in
gender distribution between the DP and control groups
(X*=1.11, p=.292, and all ps>.247 in individual age
groups) so we collapsed data across genders for analysis.

The significance level was set at p <.05 (two-tailed)
for all measures. To control the False Discovery Rate
(FDR) we applied the Benjamini Hochberg (BH) correc-
tion (Benjamini & Hochberg, 1995) to the 13 primary
outcome measures (Faces among non faces RT, Faces
among non faces RT normalized inversion index,
Mooney face accuracy, age categorization BIS, gender
categorization BIS, Cambridge Face Perception Test
(CFPT) accuracy, CFPT normalized inversion index, confi-
gural face BIS, configural featural house BIS, configural
featural face advantage score, configural featural
spacing advantage score, configural featural face inver-
sion index, configural featural house inversion index)
and set a false discovery rate of 0.05.

Data were analysed in R (R Core Team, 2021) using the
Tidyverse, jmv, and irr packages (Gamer et al,, 2019; R
Core Team, 2021; Selker et al.,, 2022; Signorelli, 2025;


http://www.testable.org
http://www.testable.org

Perceptual
sub process

Face detection

Face categorisation

Non identity

Age categorisation

Perception of identity from
configuration and features

Identity perception

Figure 1. Overview of tasks.

Wickham et al., 2019). Cronbach'’s alpha was calculated
in SPSS 28.0.0.0 (IBM) and Bayesian analyses in JASP
(JASP Team, 2023).

3.4.1. Group analyses

We performed Bayesian independent samples t-tests on
the standardized scores using the default Cauchy prior
with a scale of 0.707 and Welch’s t-tests which are rec-
ommended in independent subject designs with
different experimental group sizes and/or unequal group
variance (Ruxton, 2006) and are more conservative than
student’s t-tests. Where necessary, we used the non-para-
metric alternative Wilcoxon Rank Sum tests and Bayesian
Mann Whitney U tests with five chains of 1000 iterations
as non-parametric alternatives. As in our previous work,
individual scores were converted to z-scores centred on
age group control means. We used Fisher's exact tests
to compare the proportion of each group showing impair-
ment on the global face perception measure and calcu-
lated confidence intervals for the proportion of each
group showing impairment on the individual task using
the Clopper Pearson exact interval method.

3.4.2. Individual cases

We were interested in whether the DPs who ranked
lowest on various face perception measures would be
the same individuals who ranked lowest on the four

Task

Faces among non faces

Mooney faces

o Gendercategorisation Eed Gender categorisation

Age categorisation

Configural featuralfaces

and houses

Cambridge Face

Perception Test

Instruction
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Face present?

Which is aface?

Male or female?

Which is older?

Exactly the same?

Order by similarly
to targetface

face memory measures we used to classify the DP
group, in other words was the lowest performing DP
on one task also ranked the lowest on others? To
answer this, we estimated Intraclass Correlation Coeffi-
cients (ICC) and their 95% confidence intervals based
on mean rating using consistency and a two-way mixed
effects model (model type C1). We calculated ICCs separ-
ately for the DP and control groups using individual z-
scores from each upright face perception task (Mooney
face accuracy, Faces among non faces BIS, gender categ-
orization BIS, age categorization BIS, Configural featural
faces BIS, CFPT upright accuracy) as well as the four
face memory measures used to classify the DP group
(Old New Faces BIS, CFMT BIS, CMT difference BIS and
Famous Faces Test accuracy, Lowes et al., 2024a). We
then compared the correlations by checking for overlap-
ping confidence intervals. Overlapping confidence inter-
vals suggest that there is no meaningful difference
between groups. We use Koo and Li’s (2016) guidelines
to interpret the strength of the effect, where less than
.5 is poor, between .5 and .75 is moderate, between
.75 and .9 is good and greater than .9 is excellent. The
ICC results using the original accuracy (or RT) measures
are shown in Supplementary Table S3.

At the individual participant level, we performed
single case analyses using the SingleBayes_ES.exe com-
puter program for Bayesian tests of deficit (BTD), or the
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Table 4. Test reliability.

Cronbach’s alpha Accuracy RT
Full Full
sample  Control DP  sample  Control DP
Mooney faces 91 91 91
Faces among non 92 .88 95
faces
Gender 40 .20 .58 .85 .85 .85
categorization
Age categorization .63 14 .86 .90 .90 .86
Configural featural .85 .86 .83
CFPT 72 .69 68

Note: CFPT = Cambridge Face Perception Test.

DiffBayes_ES.exe program for Bayesian standardized
difference test (BSDT) (Crawford et al., 2010; Crawford
& Garthwaite, 2007) with an alpha level of .05. Formal
single case analyses are reported in full in the Sup-
plementary materials.

3.4.3. Test reliability

Internal reliability (Table 4) for most tests was good (>
.8), apart from the CFPT, which was adequate. Age and
gender categorization accuracy scores were close to
ceiling, which constrained variability and thus Cron-
bach’s alpha for these accuracy measures are quite
low. Internal reliability for RT was good or excellent
(Cronbach’s alpha RT > .85 on each task) so we also cal-
culated BIS which adjusts accuracy to take account of RT.

4. Research questions and results

To foreshadow the detailed results, we provide an over-
view of the results of each hypothesis in Table 5. A
summary at individual case level is provided at the end
of the results section in Table 15.

4.1. Face detection and categorization

4.1.1. Motivation
Face detection is the earliest stage of face processing
and is thought to be relatively automatic in typical

Table 5. Summary of hypothesis testing results at group level.

perceivers. For efficient face recognition to take place,
presumably individuals must first be able to rapidly
detect the presence of a face within a scene or among
other objects, and also categorize a face as a face (i.e.,
decide if a given stimulus is a face or not) in order to
recruit the specialist face recognition system. A deficit
at these very early stages of face processing would
suggest an apperceptive subtype of DP whereby individ-
uals have difficulty encoding, as well as recognizing,
faces.

We tested detection using the Faces among non faces
task (Garrido et al., 2008) since they found group level RT
impairments on this task in adult DPs. Further, a child
study using this task (Dalrymple & Duchaine, 2016)
reported that three of seven children with DP showed
impaired face detection. Together, these findings
suggest that some, but perhaps not all, DPs are impaired
at face detection. Mooney faces were chosen as these
lack obvious featural cues that DPs may rely on for
face identification, thus theoretically forcing participants
to rely on configural or holistic processing.

4.1.2. Procedure

4.1.2.1. Faces among non faces task. For a full descrip-
tion of methods, please see Garrido et al. (2008). Briefly,
participants were shown a 5x5 grid of images, pre-
sented for 8 s. A single face is present in 25/37 upright
and 25/37 inverted trials. The remaining trials contain
no face. The task is to indicate by key press as quickly
as possible when a face is present. DPs were predicted
to take longer to detect the presence of a face and to
show smaller inversion effects versus controls. Inversion
effects were calculated as follows [RT on correct upright
face-present trials minus RT correct inverted face-present
trials].

4.1.2.2. Mooney faces. We administered a shorter 10-
item version of the original task (see Supplementary
materials) which is described in detail in Verhallen and

Data support

Hypotheses: Compared with age matched typical controls hypothesis? Cohen’sd rbb p BFio % of DPs impaired

1a Face detection: DP will be slower to detect faces Yes 40 .008** 1.88 50%

1b Face detection: DPs will show reduced normalized face inversion Yes 35 .020* 1.08 40%
effects

1c Mooney faces: DPs will be less accurate No 28 .062 0.60 15%

2 Gender categorization: DPs will be less accurate (BIS) Yes 37 .015% 149 40%

3 Age categorization: DPs will be less accurate (BIS) No 129 0.71 35%

4a Configural featural: DPs will be more impaired at faces than houses Yes 0.67 005%* 249

4b Configural featural: DPs will be more impaired at spacing than features No -0.22 430 0.38

4c Configural featural: DPs will show reduced face inversion effects No 0.30 245 0.47 10%

5a Face perception ability is related to face memory ability No (ICC<.21)

Note: *p < .05, ** p < .01, *** p <.001. Effect sizes are expressed as Cohen’s d (d), or Glass's rank biserial correlation (rbb) for non-parametric tests, with their
Bayesian equivalents (BF;,). The Benjamini Hochberg (BH) method was used to correct for multiple comparisons across 13 measures with the false discovery
rate set at 0.05, p values in bold remained significant after BH adjustment (Supplementary Table S2). The gender and age categorization outcome measures
are Balanced Integration Score due to accuracy ceiling effects. Impaired =7 < —1.



Table 6. Faces among non faces descriptive statistics.

DP Control
N z M SD N M SD

RT (ms)

14-35 years 7 077 1106 502 21 936 222

36-59 years 8 134 1544 786 21 1136 304

60-74 years 5 134 1795 351 17 1308 362
Total 20 1.14 1453 642 59 1114 328
Balanced

Integration Score

14-35 years 7 —1.86 568 21 0.00 1.65

36-59 years 8 -1.12 259 21 0.00 1.73

60-74 years 5 —-2.75 284 17 0.00 1.42
Total 20 -1.79 3.84 59 0.00 1.59
RT Inversion effect

(ms)

14-35 years 7 —750 549 21 815 332

36-59 years 8 —668 411 21 =929 326

60-74 years 5 —-710 639 17 —-932 452
Total 20 —707 495 59 —888 367

Note: Mean RT in ms calculated on correct, upright target-present trials.
Because BIS is a standardized measure, BIS scores for controls are 0 or
very close to 0. Inversion effect RT is a difference score calculated by sub-
traction [mean RT (ms) upright trials — mean RT (ms) inverted trials] with
negative values indicating an inversion effect.

Mollon (2016). Participants had to indicate which of
three simultaneously presented images contained a
face by clicking on the eye area of the face as quickly
as possible. Stimuli remained on screen until a response
was made. The outcome measure was accurate identifi-
cation and chance is 33%. Note that one control partici-
pant's data were highly atypical showing higher
accuracy and faster RT for inverted versus upright
trials; because this is the opposite of the pattern robustly
observed on face perception tasks among typical percei-
vers we removed this outlier’s data from the analysis.

4.1.3. Results

Descriptive statistics for the faces among non faces task
are shown in Table 6.

7.5

o
(=)

N
)

Z score RT

0.0
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4.1.3.1. 1a: Faces among non faces (upright faces).
The DP group was significantly slower to detect the pres-
ence of upright faces than the age-matched control
group, W=2826, p=.008, which remained significant
after Benjamini Hochberg adjustments (Figure 2). Baye-
sian Mann Whitney tests provided anecdotal evidence
for a true between-group difference, BF;o=1.88.

To account for possible differential speed accuracy
trade-offs (SATs) that might otherwise mask accuracy
impairment (see Section 2), we calculated BIS. A Wil-
coxon rank sum test with continuity correction showed
that the DP group produced, on average, significantly
lower BIS than the control group, W=361, p=.010,
with anecdotal evidence for a group difference BF;q
=.1.94.

Taken together, the results supported the hypothesis
that DPs would show an impairment for upright face
detection. We next analysed inversion effects.

4.1.3.2. 1b: Faces among non faces inversion effects.
Inspection of individual data showed that 19/20 DPs
showed the expected face inversion effect, that is they
were slower to detect the presence of inverted than
upright faces. When the face present within the array
was inverted, the DP group showed an attenuated face
inversion effect (Mgigr——707 ms, SD = 494) versus the
control group (Mys=—-888 ms, SD = 367). In other
words, although both groups took longer to correctly
detect the presence of an inverted compared with
upright face (thus showing a FIE), RT increased less
among DPs than among typical controls.

Due to the observed RT differences between groups
in the upright condition (see above), we computed a
normalized inversion RT index following previous litera-
ture (Avidan et al.,, 2011), calculated as follows: Inversion

DP

Figure 2. DP group were slower to detect upright faces: Faces among non faces.

Note: Mean RT is calculated on upright correct trials. In this and similar following figures, each dot represents a single participant, the box shows the inter-
quartile range (IQR), and the midline indicates the group median score. The end of each whisker line represents 1.5 x the IQR.
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Z normalised inversion index RT

DP

Control

Figure 3. DPs showed significantly reduced face inversion effects: Faces among non faces.
Note: Faces among non Faces Inversion Index = (upright RT - inverted RT) / (upright RT + inverted RT). Scores > 0 indicate a relatively smaller inversion effect

versus age-matched controls.

Index =[(upright RT - inverted RT)/(upright RT+
inverted RT)] and again standardized this index based
on control age group means. The normalized inversion
index measures the proportional effect of inversion on
individuals’ performance. Crucially, it accounts for the
fact that an identical absolute increase in RT of say
500 ms on inverted versus upright trials would indicate
a relatively larger face inversion effect for a hypothetical
control participant with a mean upright RT of 1000 ms
(representing a 50% increase in RT) versus a hypothetical
DP participant with a mean upright RT of 2000 ms (repre-
senting a relatively smaller increase in RT of 25%). This
exploratory inversion index data showed that the DP
group’s mean RT time was relatively less affected by inver-
sion compared with age-matched controls and a Wil-
coxon rank sum test with continuity correction
indicated this group difference was statistically signifi-
cant, W=797, p=.020, rank biserial correlation=.26
(Figure 3).

For completeness we repeated the inversion effect
analysis using the preregistered subtraction method
(upright RT minus inverted RT). A Wilcoxon rank sum
test with continuity correction indicated that the group
difference in inversion effect was NS, W=753, p=.067
and Bayesian Mann-Whitney tests provided converging
weak evidence for the null hypothesis, BF;q = 0.59.

Table 7. Descriptive statistics Mooney faces.
DP Control

Proportion correct

N z M SD N M SD
14-35 years 7 0.16 .89 0.1 21 .83 0.33
36-59 years 8 —0.52 .78 0.40 21 .90 0.25
60-74 years 5 -2.13 .80 0.34 17 .95 0.07
Total 20 —0.69 .82 0.03 59 .89 0.25

Note: Total number of trials = 10.

In summary, results indicated mixed support for
hypothesis 1b. The DP group showed reduced, although
not absent, face inversion effects compared with controls.
The DP group’s face inversion effect was significantly
reduced versus controls when using the exploratory nor-
malized method but was not significantly different
when using the pre-registered subtraction method.

4.1.3.3. 1c: Mooney Faces. A Wilcoxon rank sum test
with continuity correction indicated no significant
group accuracy difference (Table 7) for face categoriz-
ation (W =753, p=.062, rank biserial correlation=0.21)
thus we were unable to reject the null hypothesis. A
Bayesian Mann Whitney test provided converging anec-
dotal evidence for the null hypothesis (BF,o,=0.62).
Single case analysis is shown in Supplementary Table
S4a and summarized in Table 15.

4.1.4. Discussion of face detection and
categorization

The DP group was significantly slower than controls to
detect a face among objects replicating the original
behavioural study (Garrido et al., 2008). This indicates
impairment at an early stage of face processing, before
identity is perceived.

On the Mooney task, we found no significant group-
level difference between DPs and controls, which is con-
sistent with previous work (Towler et al, 2016; Ulrich
etal, 2017), albeit these studies used different test versions
and outcome measures to ours, thus preventing direct
comparison. Note that this evidence for a deficit in the
first stage of face processing - face detection — does not
imply a deficit early in the whole stream of visual proces-
sing. The impairment might derive, for example, from
poorer holistic processing (Leong et al., 2024) that would
depend on integration of the face percept into a whole.



4.2. Facial gender categorization

4.2.1. Motivation

Accurate face identity recognition presumably requires
the target’s gender and approximate age (see 4.3 age
categorization) be judged quite rapidly. Categorization
of facial gender and age does not require any decisions
about identity to be made and therefore provides
insight into whether lower-level face processing abilities
are impaired. Previous literature found that gender jud-
gements can be impaired in DP (Esins et al., 2016; Jones
& Tranel, 2001; Marsh et al., 2019) but other studies have
reported typical performance (Ariel & Sadeh, 1996; Chat-
terjee, 2012; DeGutis, Chatterjee, et al., 2012; Duchaine
et al., 2006; Le Grand et al., 2006) and this therefore
remains an open question.

4.2.2. Procedure

For a full description of methods, see Supplementary
Materials 4. Briefly, participants were presented with 30
colour face images on a black background, and the
task was to judge whether the face was male or
female. Hair was cropped but hairline retained, none of
the stimuli showed makeup, facial hair or jewellery.
Stimuli were presented one at a time and remained on
screen until a response was made. The outcome vari-
ables are proportion correct and BIS.

4.2.3. Results
Perhaps due to mean accuracy being close to ceiling in
both groups (Table 8), Wilcoxon rank sum tests indicated
no significant group difference in accuracy (p=.696,
BF;0=0.34) but showed that the DP group (mean RT
2186 ms, SD 863 ms) was significantly slower to make a
correct response versus typical controls (mean RT
1669 ms, SD 527 ms), W =863, p =.004.

We therefore repeated the analysis using BIS which
confirmed a significant group difference, W =380, p
=.015, rank biserial correlation =.27 with the DP group

Table 8. Descriptive statistics gender categorization task.
DP Control
N z M SD N M SD

Proportion correct

14-35 years 7 -178 94 008 21 98  0.02
36-59 years 8 047 98 003 21 96  0.04
60-74 years 5 -097 92 004 18 96  0.04
Total 20 -068 95 006 60 96  0.03
BIS z

14-35 years 7 —2.80 538 21 0.00 147
36-59 years 8 —0.53 1.88 21 0.00 1.77
60-74 years 5 -2.26 2.75 19  0.00 1.63
Total 20 -176 363 60 0.00 1.48

Note: Accuracy scores are unstandardized and chance (proportion correct) =
0.5. Because BIS is a standardized measure, BIS scores for controls are 0, or
very close to 0, by definition.

COGNITIVE NEUROPSYCHOLOGY m

significantly less accurate at judging facial gender
versus age matched controls once RT and differential
speed accuracy trade-offs were accounted for using
BIS. Bayesian Mann Whitney tests provided converging
anecdotal support for a true group BIS difference, BF;q
=1.499 (Figure 4).

4.2.4. Discussion of gender categorization

Results provided support for hypothesis 2. The DP group
was significantly slower than age-matched controls to cor-
rectly categorize facial gender. An integrated measure
(BIS) showed DPs were significantly more impaired than
controls once response time was accounted for. Note
that the accuracy celling effects in this task mean that
BIS differences are likely to reflect differences in RT
rather than providing new information. These findings
are in line with Esins et al. (2016), who reported group
level (n=16) gender categorization impairment in DP as
well as another recent study (Marsh et al., 2019).

4.3. Facial age categorization

4.3.1. Motivation

As with the gender categorization task, we included this
facial age categorization task to investigate whether the
DP group - or individual DPs — would show impaired
performance on a naturalistic face perception task that
did not involve face identity recognition. We reasoned
that including a second perceptual categorization task
could also provide converging evidence of low-level
face perception impairment. There is some single case
evidence of impaired ability to judge facial age in a
child with DP (Ariel & Sadeh, 1996) but also studies
reporting no group-level difference between DPs and
typical controls (Chatterjee & Nakayama, 2012; Dobel
et al., 2007) and thus whether DPs can make accurate
age categorization decisions when presented with nat-
uralistic faces remains another open question.

4.3.2. Procedure

For a full description of methods, see Supplementary
Materials 5. Briefly, participants had to judge which of
two simultaneously presented full colour faces was
older and indicate their choice by clicking on the older
face. The position of the older face was counterbalanced.
Stimuli remained on screen until a response was made.
The outcome variables are accuracy and BIS.

4.3.3. Results

Most participants produced accuracy scores at, or close
to ceiling, meaning data were not normally distributed
(Table 9). A Wilcoxon rank sum test with continuity cor-
rection indicated no significant group difference in
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Figure 4. DPs show significantly poorer gender categorization performance.
Note: In both groups (DP and control) mean accuracy was close to ceiling so BIS was calculated (Z,ccyracy = Zrr) to account for DPs’ slower RTs and to control for

differential speed accuracy trade-offs.

standardized accuracy (p=.147) or BIS (p=.129). This
absence of observed effect is unlikely to be a result of
low power since Bayesian Mann Whitney tests (five
chains of 1000 iterations) showed converging support
for the null hypothesis for both accuracy (BF;,=0.33)
and BIS (BF;o=0.58).

4.3.4. Discussion of age categorization

Contrary to the prediction of hypothesis 3, we found no
evidence for a group difference in ability to accurately
judge facial age, including when accuracy was adjusted
to account for response time and differential speed
accuracy trade-offs using BIS. Similar to other studies
(Dobel et al., 2007; Nunn et al., 2001), the absence of sig-
nificant group difference could be due to accuracy
ceiling effects as our test was initially designed to be
suitable for children. Nevertheless, reduced BIS perform-
ance was observed in the DP group (Z=-1.61),
suggesting reduced DP ability versus controls. As
noted in Section 4.2, when accuracy is at ceiling, BIS
differences are likely to reflect differences in RT rather
than providing new information. Interestingly, two of

Table 9. Descriptive statistics age categorization task.

DP Control
N z M SD N M SD
Proportion correct
14-35 years 7 -22 97 008 21 99 0.02
36-59 years 8 15 1.00 000 21 99 0.01
60-74 years 5 .09 1.00  0.00 18 99 0.01
Total 20 .02 99 004 60 .99 0.02
BIS
14-35 years 7 =107 -427 872 21 0.00 2.05

36-59 years 8 -0.14 -0.49 132 21 0..00 1.80
60-74 years 5 0.07 0.34 0.62 18 0.00 1.45
Total 20 -1.61 -1.61 5.37 60 0.00 1.29

Note: Chance accuracy =.5. Because BIS is a standardized measure, BIS
scores for controls are 0, or close to 0, by definition.

the three participants who were severely impaired
when categorizing age also showed a significant impair-
ment when judging facial gender (Table 15) suggesting
these individuals have more generalized difficulty
encoding early-stage non-identity facial information.

In summary, the DP group performed significantly worse
at facial gender discrimination versus controls but not at
facial age categorization. Having tested several aspects of
non-identity face perception, we next proceeded to test
whether participants were able to discriminate changes
to features and the spacing between features in a task
where the facial identity was held constant.

Table 10. Descriptive statistics: Configural featural task face and
house accuracy.

DP Control

N z M SD N M SD
Faces
14-35 years 7 —0.83 66 12 21 .76 12
36-59 years 8 —0.44 .70 .08 21 74 .09
60-74 years 5 -0.35 .60 .10 18 64 a2
Total 20 —-0.56 .66 .10 60 72 a2
Houses
14-35 years 7 —-0.03 .79 A5 21 .80 .07
36-59 years 8 0.32 .80 .09 21 77 .10
60-74 years 5 —-0.04 72 .10 18 72 RA
Total 20 0.1 .78 a2 60 .76 .10
Face advantage
14-35 years 7 -0.71 —-.09 .03 21 —-.03 .09
36-59 years 8 -0.53 —.06 .05 21 —-.02 .09
60-74 years 5 —-0.34 —-.09 .08 18 —.06 .09
Total 20 —-0.54 —.08 .05 60 —-.03 .09

Note: Faces = proportion of upright face trials correct. Houses = proportion
of upright house trials correct. Chance accuracy =.5. Face advantage is a
normalized difference score calculated as [(faces - houses)/(faces +
houses)]. Face advantage scores > 0 indicates relatively better perform-
ance for faces than houses whereas a face advantage score <0 indicates
that a participant performed worse on faces relative to their performance
on houses. Face advantage scores < 0 indicate that the magnitude of the
relative impairment for faces is greater than that observed in typical
controls.



Table 11. Comparing DP and control group performance:
Configural featural task.

DP Control

M (SD) M(SD) BFe p

—0.54 (0.60) 0.00 (0.98) 2.49 .005** d=0.67
—0.56 (0.87) 0.00 (0.98) 2.21 .021* d=0.60
0.11 (1.41) 0.00 (0.98) 0.29 .331 rbb=0.11

Effect size

Face advantage

Face accuracy

House accuracy
Exploratory analyses
Face BIS —1.10 (1.39) 0.00 (1.52) 7.62 .005** d=0.76
House BIS —0.21 (1.95) 0.00 (1.57) 0.25 .890 rbb=0.02

Note: *p <.05, ** p <.01, *** p <.001.

4.4 Configural and featural processing: Are any
deficits observed domain specific or process
specific?

4.4.1. Motivation
Given that the most common approach to rehabilitation
of DP to date has been to try to improve discrimination
of face spacing or features (e.g., Brunsdon et al., 2006;
DeGutis et al., 2007; 2014; Schmalzl et al. 2008,
2008understanding whether either, or both, abilities
are impaired in DP in general, or in individual DPs, can
inform more personalized approaches to rehabilitation.
We used this task to test three competing accounts of
the face perception impairments observed in DP
(hypotheses 5a-5c above, for a discussion and full
methods, see Yovel & Duchaine, 2006). Correctly discri-
minating changes to the spacing between features
tests participants’ ability to process second-order
spatial relations, i.e., configural processing, which is
thought to be essential for efficient face recognition
(for a review, see Maurer et al., 2002). It is possible that

Table 12. Descriptive statistics: Configural and featural task
spacing and features accuracy.

DP Control
N M SD N M SD
Spacing
14-35 years 7 0.73 0.12 21 0.78 0.10
36-59 years 8 0.73 0.08 21 0.74 0.10
60-74 years 5 0.70 0.12 18 0.66 0.13
Total 20 0.72 0.13 60 0.73 0.12
Features
14-35 years 7 0.72 0.09 21 0.78 0.09
36-59 years 8 0.77 0.10 21 0.78 0.07
60-74 years 5 0.61 0.13 18 0.70 0.10
Total 20 0.71 0.12 60 0.75 0.09
Spacing advantage.
14-35 years 7 0.00 0.03 21 0.00 0.07
36-59 years 8 —-0.02 0.05 21 —-0.03 0.07
60-74 years 5 0.07 0.16 18 —-0.03 0.09
Total 20 0.01 0.11 60 —-0.02 0.08

Note: Spacing = proportion of upright spacing change (face + house) trials
correct. Features = proportion of upright features change (face + house)
trials correct. Chance accuracy =.5. Spacing advantage is a normalized
difference score calculated as [(spacing - features)/(spacing + features)].
A spacing advantage z-score > 0 indicates that a participant showed rela-
tively better performance in the spacing versus the feature condition in
comparison with a typical age matched control while spacing advantage
z-scores < 0 indicates a relatively better performance in the feature
condition.
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face recognition difficulties in DP are due to a face-selec-
tive configural processing deficit. If inversion effects in
the house spacing condition are smaller than inversion
effects in the face spacing condition (or are absent),
this would suggest that face processing mechanisms
are domain-specific (i.e.,, specialized for faces) as
opposed to process-specific (i.e., specialized for confi-
gural processing more generally), thus supporting the
face-specific holistic hypothesis (Yovel & Duchaine, 2006).

4.4.2. Procedure

Full methods are described in Yovel and Duchaine
(2006). Briefly, participants were presented with 160
pairs of greyscale images, either faces or houses, and
had to decide if the pairs were identical (80 pairs) or
different (80 pairs), indicating their answer by keypress.
The faces (Ann spacing and Ann Part-S from the original
Experiment 2) and houses presented showed the same
identity throughout the test but had been manipulated
to create differences either in the spacing between fea-
tures or to features themselves. Due to feedback during
piloting, we simplified the instructions (see Supplemen-
tary materials) and showed participants examples of the
types of changes they might see but using a different
facial identity to the one used at test. RT and accuracy
data were checked for suboptimal effort, defined as per-
formance at, or below, chance and RT < 250 ms on more
than 10% of trials. No participant was removed on this
basis.

We calculated a face advantage score to measure the
extent to which participants are relatively more accurate
at detecting changes to faces versus houses (a within-
participant measure) compared to typical controls of
similar age (a between-participant measure). This tests
the domain-specific hypotheses and was calculated as
follows [(upright spacing accuracy — upright feature
accuracy)/(upright spacing accuracy + upright feature
accuracy)].

4.4.3. Results
4.4.3.1. 4a Face advantage score. Face advantage
scores were normally distributed (Shapiro wilk p =.964)
and descriptive statistics for the component and
derived scores are provided in Table 10. At group level,
DPs were significantly impaired versus controls in the
face condition, but not in the house condition.
Analysis of face advantage scores (Table 11) provided
support for a domain-specific account of DP. On average,
the individuals in the DP group showed significantly
reduced ability to discriminate faces compared to
houses, relative to age-matched controls (including
after Benjamini Hochberg adjustments were applied
for multiple comparisons). Bayesian analysis provided
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Table 13. Descriptive statistics Cambridge face perception test.

DP Control
N YA M SD N zZ M SD
Upright accuracy
14-35 years 7 -1.38 0.63 0.07 20 0.00 0.74 0.08
36-59 years 8 —1.65 0.61 0.11 21 0.00 0.75 0.09
60-74 years 5 —0.25 0.64 0.08 17 0.00 0.68 0.11
Total 20 -1.20 0.63 0.08 58 0.00 0.73 0.10
Inversion index
14-35 years 7 0.81 -0.17 0.07 20 0.00 —0.30 0.17
36-59 years 8 1.51 —0.08 0.12 21 0.00 —0.30 0.15
60-74 years 5 —0.45 -0.23 0.10 17 0.00 -0.17 0.15
Total 20 0.77 -0.15 0.11 58 0.00 —0.26 0.16

Note: Upright accuracy = [(maximum errors — participant error)/maximum errors]; inversion index = [(upright errors — inverted errors) / (upright + inverted
errors)]. Z-scores are centred on control age group means to allow comparison with typical controls of similar age. A positive z-score for the inversion

index means less of an inversion effect than controls.

converging anecdotal support for true group differences
in face discrimination ability and moderate evidence for
no group difference when discriminating upright
houses. Together, the component and derived scores
provide converging evidence for a domain-specific
deficit in the DP group affecting faces but not houses.
Individual level data is provided in Supplementary
Table S4b and summarized in Table 15.

All scores are z-scores centred on control age group
means; therefore, by definition, control group mean
scores will be zero. Face advantage = [(upright face accu-
racy — upright house accuracy)/(upright face accuracy +
upright house accuracy)]. BIS=Balanced Integration
Score (Zaccuracy — Zrr) Using upright trials only.

Group differences in standardized scores were calcu-
lated using Welch'’s independent samples t tests or Wil-
coxon rank sum tests Effect Sizes: d = Cohen’s d, rbb =
rank biserial correlation. P values in bold remained sig-
nificant after applying Benjamini Hochberg (BH) correc-
tion with a False Discovery Rate=.05, number of
measures corrected for=13. BH adjustments were
applied only to one measure per hypothesis, so BIS
scores were not included.

4.4.3.2. 4b spacing advantage score. Results (Table 12)
did not show support for the process-specific

Table 14. Intraclass correlation estimates.

hypothesis. 5b. No significant difference in spacing
advantage was observed between DPs and controls, W
=513.5 p=.337, rank biserial correlation (rbb)=0.11. A
Bayesian Mann Whitney test showed moderate conver-
ging support for the null hypothesis (BF;o=0.29). At
individual case level (see Supplementary Table S4b),
we again found no support for hypothesis 5b. None of
the 20 DPs showed only a general spacing (configural)
impairment. By contrast, a minority of DPs (3/20)
showed significant featural impairment. Only one par-
ticipant (DP) showed a significant dissociation; they per-
formed significantly poorer when discriminating feature
changes than spacing changes.

4.4.3.3. 4c inversion effects (domain-specific holistic
processing hypothesis 5c).. Data did not show
support for the domain-specific holistic processing
account since groups showed similar standardized inver-
sion effects for both faces and houses.

In the face condition, the DP and control groups both
produced less accurate performance on inverted com-
pared with upright trials and an independent samples
t-test showed no significant between-group difference,
t(33.3=1.18), p=.245 Cohen’s d=0.30. Bayesian inde-
pendent t-tests provided converging anecdotal evi-
dence for the null hypothesis, BFo=0.47.

Intraclass Correlation (model type)

95% confidence interval F test with true value 0

Lower Bound Upper Bound Value dfi  df2 p

Pre-registered
DP group all individual measures

Control group all individual measures

Exploratory
DP group individual face perception measures only

Control group individual face perception measures only

DP group average face perception & face memory
Control group average face perception & face memory

0.105 (C,1)
0.209 (C,1)
0.343 (C,1)
0.209 (C,1)

0.373 (C2)
0.749 (C,2)

0.016 0.285 2017 17 153 .007
0.130 0.321 3065 50 450 <.001
0.167 0.577 40.13 19 95 <.001
0.114 0.334 2059 56 280 <.001
—0.584 0.742 1059 19 19 159
0.580 0.850 3098 59 59 <.001

Intraclass correlation (consistency) is a reliability measure that indicates whether participants’ performance ranking is similar across different face processing
tasks. For single measures we input all the individual face memory measures (CFMT BIS, Old New face BIS, FFT accuracy, CMT difference BIS) and face percep-
tion measures (Faces among non faces RT, Mooney faces accuracy, age categorization BIS, gender categorization BIS, configural/featural face BIS, CFPT

upright accuracy).
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In the house condition, the DP (M =-0.05, SD =1.03)
and control groups (M< .001, SD=0.98) showed
similar house inversion effects, and an independent t-
test confirmed the group difference was not significant,
t(31.4) =0.19, p=.847 Cohen’s d=.05. Bayesian inde-
pendent samples t-tests showed converging moderate
support for the null hypothesis, BF,,=0.27. Face and
house inversion data were normally distributed
(Shapiro Wilk ps > .93).

Taken together, results indicate that at group level
DPs showed broadly typical inversion effects for faces
and houses. Single case dissociation analyses (Crawford
et al., 2010; Crawford & Garthwaite, 2005) indicated that
face and house inversion effects did not dissociate in the
DP group.

4.4.4. Discussion of configural featural processing
We found support only for the domain-specific account
of DP. The overall group accuracy scores in this sample
were very similar to those reported by Yovel and Duch-
aine (2006) for both faces and houses and, consistent
with their findings, we observed a significant group
difference for face discrimination but no significant
difference on the matched house task (though see
Gerlach & Starrfelt, 2021 who used a different stimulus
set). Our findings support the view that DP does not
result from overall poorer configural processing but
instead is face-selective.

Yovel and Duchaine (2006) did not report inversion
effects among DPs but our finding that DPs did not
show significantly reduced face inversion effects (FIE)
compared with typical controls is consistent with pre-
vious work (Dalrymple et al., 2014; Klargaard et al,
2018). Others, however, have reported reduced, or
absent, FIE in DPs (Avidan et al.,, 2011; Russell et al.,,
2009; Shah, Gaule, Gaigg, et al., 2015). The face inversion
effect (Yin, 1969) has been widely replicated but it has
recently been suggested, using tasks not employed in
the present study, that FIE may be task-dependent
among typical perceivers (Gerlach & Mogensen, 2024).
If true, this task specificity may help account for the
variability in outcomes reported across the literature.

4.5. Is face perception ability related to face
identity recognition?

4.5.1. Motivation

Overall, we were interested in the consistency of partici-
pants’ face processing ability across the ten tasks they
completed (six perceptual, four memory). In other
words, would the participant with the lowest (or
highest) z-score on one face perception task also be

the lowest (highest) scoring on an alternative face per-
ception task, or on one of the face memory tasks?

4.5.2. Procedure

To test consistency of performance across the multiple
tasks in our test battery, we calculated the intraclass cor-
relation coefficient (ICC, see Section 3.4.2). The ICC
results using the original accuracy (or RT) measures are
shown in Supplementary Table S3.

We included upright accuracy on the Cambridge Face
Perception Test (CFPT) as one of the ICC input measures
because it is a very commonly used measure of face per-
ception in DP, despite its relatively low internal consist-
ency, which makes it less than ideal as a sole measure of
face perception. Full methods are described in the orig-
inal paper (Duchaine et al.,, 2007). Briefly, participants
have 60 s to arrange six grayscale faces with morphed
identities in correct order of similarity to a target face
at the top of the screen. The primary DV is error score
(upright trials only); the number of errors (maximum
144) is calculated from the deviation of each image
from its correct position. For ease of comparison with
other tasks, we converted the error score into an
upright accuracy score following previous literature (Dal-
rymple et al., 2014; Rezlescu et al., 2012), i.e., [(maximum
errors — participant errors)/maximum errors]. The sec-
ondary outcome measure of interest is the inversion
score [(upright errors - inverted errors) / (upright +
inverted errors)] following Avidan et al. (2011). A nega-
tive score indicates a face inversion effect, i.e., the par-
ticipant is more accurate when ordering upright than
inverted faces (see Table 13). Consistent with previous
literature, independent t-tests showed that the DP
group was significantly less accurate than controls on
upright CFPT trials, t(30.3)=4.37, p<.001, BF;q=31.2
and this statistical difference survived correction for mul-
tiple comparisons.

4.5.3. Results
ICC estimates (Table 14) did not support the hypotheses
that an individual’s face perception (rank) ability would
be related to their face memory ability. Using Koo and
Li's (2016) cut-offs to interpret the reliability of the esti-
mates, the correlation estimates were poor (<.5),
meaning that there was no reliable relationship
between individuals’ rank performance across tasks.

The upper bound of the DP group ICC estimate over-
lapped with the lower bound of the control group esti-
mate in each of the analyses, indicating that the
correlations were not significantly different between
groups.

Because the ICC estimates across the 10 variables that
we input into the preregistered ICC analyses were



unreliable, we conducted additional exploratory post-
hoc analyses to determine whether there would be
greater consistency across the multiple face perception
measures only i.e., removing the face memory measures.
We also calculated the ICC of the preregistered global
(averaged) face memory and global face perception
scores because taking the average performance across
multiple tasks can provide a more robust, less noisy, per-
formance measure. In all cases we computed ICCs separ-
ately for the DP and control groups since we were
interested to see whether the consistency of ranking
would be similar between groups. The exploratory
results showed that the correlations, again, did not
differ between groups and none of the correlation esti-
mates reached the reliability criterion of 0.5 except for
the global face perception and global face memory
scores which showed good reliability in the control
group only.

To summarize, similar inconsistencies in rank per-
formance were observed for both the DP and control
groups, in other words the inconsistencies were not
specific to the group with poorer face processing
ability (DP).

4.5.4. Discussion of the relationship between face
perception and face identity recognition ability
The lack of consistency among DPs supports the view
that DP is a highly heterogeneous condition. This het-
erogeneity claim has been made frequently in the litera-
ture based on data from behavioural (e.g., Dalrymple
et al,, 2014), eye tracking (e.g., Wilcockson et al., 2020),
and neuroimaging (e.g., Minnebusch et al, 2007)
studies but, to our knowledge, ours is the first study to
statistically test this claim using such a large number
of theoretically driven tasks designed to tap the
different stages of face processing outlined in Bruce
and Young's (1986) influential model of face processing.
Although the first ICC analyses comprised a large
number of measures (10) which might potentially con-
tribute to the observed unreliability, the final analyses
comprised only two averaged measures (global face per-
ception and global face memory) yet even this latter ICC
estimate would be considered unreliable in the DP
group, despite showing moderate-to-good reliability
among controls. In other words, within the DP group,
ranking high, or low, on global face perception was
not related to similar ranking on global face memory.
The inconsistency of DP performance across face per-
ception and face memory task can also be seen visually
in the table showing individual DP z-scores (Table 15).
Like DPs, typical controls also showed heterogenous
performance when the 10 individual measures were
input, in line with recent work which used ICC to
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examine the consistency of face matching performance
among typical perceivers and found a similar lack of con-
sistency (Bobak et al, 2023). However, when global
(average) face perception and face memory measures
were used as input measures, then correlation estimates
among typical controls showed good-to-moderate
reliability. These findings suggest that, in typical percei-
vers, there is a relationship between overall face percep-
tion and face memory ability, but this relationship is not
observed in DPs. This finding supports the idea of apper-
ceptive and mnemonic subtypes of DP (Biotti et al., 2019;
Stollhoff et al., 2011; Ulrich et al., 2017).

4.6. Do all DPs show face perception
impairments?

4.6.1. Motivation

DP studies reporting individual case level data (e.g., Bate
et al, 2019; Dalrymple & Duchaine, 2016; Ulrich et al,,
2017) found that perceptual deficits are common,
though not universal, in DP. Neuropsychology sample
sizes are typically small and so group differences can
be driven by one or two participants with extreme
impairments. The likelihood of detecting significant
group differences may depend therefore on the make-
up of a given sample (Bennetts et al., 2022). Inspection
of individual level data can therefore provide useful
insights into milder, though common impairments,
and elucidate the perceptual heterogeneity in DP.
Formal single case and dissociation analyses for all
tasks are provided in Supplementary materials.

4.6.2. Results: individual DP cases

Table 15 lists individual DP z-scores from each task and
illustrates patterns of upright face perception in the DP
group. For comparison this includes the proportion of
controls who showed impairment on these measures.
Note that we are not suggesting that a mild atypical
score on a task indicates impairment in the absence of
any other face recognition difficulties; instead, these
scores more likely reflect what “typical” levels of inatten-
tion (lack of motivation, tiredness, etc.) may look like.
Looking overall at face perception ability indexed by
the global face perception score, exploratory analysis
using Fisher’s exact tests showed that DPs were signifi-
cantly more likely than controls to show a major percep-
tual impairment (p=.014 and p=.032 for the
exploratory BIS measure). Repeating these analyses for
any impairment (mild or major) showed that DPs were
significantly more likely to show impairment on the inte-
grated BIS measure (p=.002) but not on the original
measures (accuracy and RT), likely because of the
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previously mentioned accuracy ceiling effects on the age
and gender tasks.

5. General discussion

Twenty DP participants and 60 age-matched controls
completed a battery of perceptual tasks. At group
level, DPs showed impairments at early stage, non-iden-
tity sub processes of face detection and gender categor-
ization, as well as significantly reduced ability versus
controls to discriminate changes to the configuration
and parts of faces. We found that a significantly higher
proportion of DPs than controls showed major impair-
ment on the global face perception measure (15% vs
0%, respectively) and the global face perception BIS
measure (20% vs 3%). Overall, 50% of DPs showed
impairment of at least —1 SD on a minimum of three sep-
arate perception tasks vs 10% of controls. The remaining
10 DPs (50%) showed face memory difficulties without
accompanying perceptual problems. Across the full
test battery, high levels of inter-individual and intra-indi-
vidual variability were observed. Our findings reinforce
the need to inspect individual level data since an
absence of group difference does not mean that all
DPs are unimpaired and reporting only group-level
analysis can mask findings with important theoretical
implications. Although, as expected (DeGutis et al,
2024), some controls also showed impairment on the
tasks, the key finding was that no control showed a
major global face perceptual impairment.

Across the full test battery, high levels of inter-individ-
ual and intra-individual variability were observed. Our
findings reinforce the need to inspect individual level
data since an absence of group difference does not
mean that all DPs are unimpaired and reporting only
group-level analysis can mask findings with important
theoretical implications.

5.1. DP showed impairments in non-identity face
perception

Research questions 1-3 investigated the early, non-iden-
tity aspects of face perception and, overall, results indi-
cate that early-stage face perception deficits are
common in DP. At the group level, the DP group per-
formed significantly worse than controls at face detec-
tion (Faces among non faces) and on a facial gender
categorization task using an integrated measure (BIS).
Using formal single case statistics (see Supplementary
Table S4a), a notable finding is that 40% (8/20) of DPs
showed significant impairment at the very earliest
stages of face perception (detection, face categorization,
age and gender categorization)

Previous work has highlighted how bias can be intro-
duced by conservative selection criteria in relation to
face memory cut-offs and/or measurement error if
using only one perpetual and one memory task (Biotti
et al., 2019), however these considerations cannot
account for our findings since the study design miti-
gated both these potential biases.

Our behavioural findings are consistent with ERP
research showing that many individuals with DP exhibit
atypical early, pre-identity perceptual encoding of faces.
Towler et al. 2012, for example, found that, although the
face-sensitive N170 component is present, the usual
N170 inversion effect is reduced or absent in DP. This
suggests an abnormal processing of upright facial struc-
ture rather than a purely mnemonic deficit. Additional
work by Fisher et al. (2016) demonstrated decreased sen-
sitivity to contrast information from the eye region, and
Towler et al. (2016) reported that people with DP are
less responsive to the typical spatial arrangement of
facial features. Together, these findings point to impair-
ments in DP at early perceptual processing stages.

Stumps et al. (2020) suggest that DP’s face recollec-
tion difficulties may be due to them encoding faces in
a solely perceptual way, unlike typical perceivers who
may be simultaneously encoding perceptual and seman-
tic information (e.g., “she looks friendly” or “he looks like
my old uncle John”) and thus are able to generate a con-
ceptual encoding of a face (Schwartz & Yovel, 2016). The
Stumps et al. (2020) study used only identity perception
tasks but our finding that DPs are impaired when encod-
ing semantic, non-identity aspects of faces (e.g., gender)
is consistent with this notion and suggests that encod-
ing differences occur at an earlier stage of face proces-
sing than face identity perception. Further research is
needed to understand the precise mechanisms that
link impaired perceptual non-identity processing with
impaired face identity recognition.

5.2. Global face perception scores were
significantly lower in the DP group

Different labs have different cut-offs for “impairment”.
When only one or two perceptual tasks are used, any
observed perceptual deficit may arguably be at least par-
tially accounted for by the relatively poor psychometric
properties of a single test, by measurement error, or by
an impairment on one sub process of face perception.
To address these potential sources of bias, we adminis-
tered a range of perceptual tasks, tapping different sub
processes of face perception and averaging the six
upright face perception measures to create a global
upright face perception score. On this global measure,
the DP group performed significantly less well than



controls, confirming a broad perceptual deficit. Impor-
tantly, this group difference was not driven by one or
two outliers, perceptual impairments were widespread
in the DP group; 8/20 DPs (40%) showed a global face
perception BIS impairment of at least 1 SD alongside
their face memory deficit. By contrast, only 5/60 (8.3%)
of controls showed impairment on this measure, a
similar proportion to the 9% of controls with mild percep-
tual impairments recently reported by DeGutis et al.
(2024).

5.3. Perceptual deficits appear to be face-specific
in DP

The DP group’s perception deficit appears to be face-
specific since the DP group was significantly less accu-
rate than controls at discriminating changes to faces
but not houses. This difference was driven by the DP
group being less accurate at discriminating changes to
face parts (but not face spacing). This finding supports
a domain-specific account of DP (Yovel & Duchaine,
2006) and argues against a process-specific (configural)
processing account. We note, however, that only one
of our tests had a non-face equivalent and, given the
heterogenous face perception performance by the
DPs, it is plausible the same could be true for objects if
other object tests were included in the battery. The
specificity of face perception impairments in DPs war-
rants further study (c.f. Geskin & Behrmann, 2018).

5.4. Subtypes of DP

5.4.1. Apperceptive subtype (impaired face
perception and face memory)

The largest subgroup of DPs (n=13) showed wide-
spread face perception deficits, affecting early-stage
non-identity sub processes, in addition to face memory
impairments. A notable finding was that, despite
showing widespread impairment on multiple sub pro-
cesses of face perception, almost half of this subgroup
(6/13) was not impaired on the CFPT. This highlights
the importance of not relying on a single task to assess
face perception ability more broadly.

Our results extend previous literature which
suggested an apperceptive subtype of DP (Biotti et al.,
2019; Stollhoff et al., 2011; Ulrich et al., 2017) since
they confirm the existence of a subset of DPs with rela-
tively normal, though below average, face perception
that cannot be attributed to performance on a single
face perception task (CFPT only, e.g., Bate et al., 2019;
Dalrymple et al,, 2014) and/or low internal reliability on
certain tasks or measures (Bennetts et al., 2024;
DeGuitis et al., 2024).
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5.4.2. Mnemonic subtype (unimpaired perception
but impaired face memory)

We also found robust evidence for a mnemonic subtype
of DP characterized by a selective face memory impair-
ment alongside typical face perception. Using the
DSM-5 approach to classifying mild neuropsychological
deficits (Sachdev et al, 2014), individual level data
show that 7/20 DPs demonstrated objective face
memory difficulties but typical face perception. The
finding that around one third of the DP sample had rela-
tively unimpaired face perception is consistent with
recent results from a much larger sample of DPs (n=
110) using a different perceptual battery which reported
that 33% of DPs had unimpaired face perception
(DeGutis et al., 2024). However, our results contrast
with those of Ulrich and colleagues (2017) who reported
finding no individuals in their sample of 11 DPs with a
purely mnemonic form of DP, possibly due to their
somewhat smaller sample size.

One criticism levelled at some other studies estimat-
ing the prevalence of face perception difficulties in
DPs is that of “double dipping”. Importantly, we did
not use perceptual scores for classifying DP therefore
we can be confident that DPs with a perceptual impair-
ment were not over-represented in the present sample
because of the chosen inclusion criteria. To further
ensure that we did not introduce an artificial distinction
between the perceptual performance of controls and
DPs, we adopted a conservative approach and retained
control participants who showed some perceptual
difficulties, provided their face memory was not
impaired. This approach means the present control
group mean scores are lower, and between-group
effects are thus smaller (more conservative) than would
have been the case had we excluded control partici-
pants who produced low perceptual scores yet reported
no subjective face recognition difficulty.

5.4.3. Tentative third subtype

Results showed some very tentative evidence for a sub-
group (n =4) of DPs whose perceptual difficulties affect
only face identity perception, but not earlier non-identity
stages of face perception. Further work would be
needed to confirm this finding in a larger sample.
However, the individual level data clearly show two
important things. First that some DPs can show severe
perceptual impairment ONLY on the CFPT and, second,
that many show major impairments on several other
aspects of face perception and yet not the CFPT. One
possible explanation is that the CFPT is the task within
this battery that most selectively measures face percep-
tion, whereas the other perceptual tasks draw, at least in
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part, on additional cognitive processes. Taken together
with the ICC analyses, the results show that it is not poss-
ible to generalize performance from one face perception
task to another.

Although we propose that these results provide evi-
dence supporting the idea of at least two sub types of
DP, consistent with previous ERP studies (e.g., Eimer
et al., 2012) and previous behavioural work, we acknowl-
edge that the subgroups identified are small and that
behavioural tests are less sensitive than neural
markers. As the DSM_5 acknowledges, the distinction
between major and mild neurocognitive disorders is
“inherently arbitrary, and the disorders exist along a con-
tinuum. Precise thresholds are therefore difficult to
determine” (American Psychiatric Association, 2013,
p. 608). Further research with larger samples is required
to confirm these findings.

5.5. Discussion of individual level results

Findings were that 10/20 or 50% of DPs (vs 10% of con-
trols) showed major face perception difficulties scoring <
—1.7 SD on at least three face perception tasks.

Three striking findings immediately stand out from
inspection of the single case data. First, the inconsistency
of within-participant performance that was previously
demonstrated by the low ICC estimates (see Section
4.5) can be clearly seen. Across the six face perception
tasks, the median number of tasks on which individual
DPs showed impairment (< —1 SD) was 3 (range 0-5),
indicating a fairly common, though not universal,
difficulty encoding a visual percept of a face (control
median for comparison =1). However, the patterns of
impairment were highly variable between participants.
For example, 50% of the DP group showed face detec-
tion impairment and 50%, though not the same 50%,
were impaired on the CFPT - a quite different task
which requires participants to rank the similarity of
facial identities to a target. Heterogeneity of face percep-
tion abilities in DP has been previously reported in
smaller samples (e.g., Dalrymple et al, 2014; Ulrich
et al, 2017), and within families of DPs (Lee et al.,
2010; Schmalzl, Palermo, & Coltheart, 2008), but the
extent to which these findings may generalize to the
wider DP population is potentially limited by sampling
bias resulting from small sample sizes, or measurement
error when a single perceptual task (typically the CFPT)
was used to assess the presence, or absence, of face per-
ception difficulties (e.g., Dalrymple et al., 2014). Our
findings using both a slightly larger sample size (n=
20) and a greater number of face perception tasks (n =
6) are an advancement on previous work.

Second, although DP is usually thought of as a con-
dition that affects face identity recognition, 13/20 DPs
showed mild or major impairment at very early stages
of face perception - face detection and gender categoriz-
ation, indicating that the perceptual difficulties in DP
commonly, though not always, arise before facial identity
is encoded. Face identity perception deficits have pre-
viously been reported in DP (Bate et al., 2019; Biotti
et al, 2019; Dalrymple et al., 2014; Duchaine &
Nakayama, 2004; Stumps et al, 2020) and we extend
these findings by showing that DP also commonly
affects non-identity aspects of face perception.

Our behavioural findings are consistent with ERP
research showing that many individuals with DP
exhibit atypical early, pre-identity perceptual encoding
of faces. Towler and Eimer (2012), for instance, found
that, although the face-sensitive N170 component is
present, the usual N170 inversion effect is reduced or
absent in DP. This suggests an abnormal processing of
upright facial structure rather than a purely mnemonic
deficit. Additional work by Fisher et al. (2016) demon-
strated decreased sensitivity to contrast information
from the eye region, and Towler et al. (2016) reported
that people with DP are less responsive to the typical
spatial arrangement of facial features. Together, these
findings point to region- and feature-specific perceptual
impairments at early perceptual processing stages prior
to individuation.

Third, a small minority (3/20) of DPs showed typical
early-stage face perception and were impaired only on
the CFPT, suggesting relatively spared non-identity
face perception but difficulty with identity-based face
perception tasks (specifically, the CFPT). An important
related finding is that 6/12 DPs who met the classifi-
cation for face perception impairment described above
would not typically be considered to be impaired on
the CFPT since their scores were within 1 SD of typical
controls. This finding has practical relevance for studies
using CFPT as the sole face perception task (e.g., Bate
et al,, 2019; Biotti et al.,, 2019; Dalrymple et al., 2014)
since our results clearly demonstrate it is possible to
show impairment on multiple aspects of face perception
and yet score within typical norms (within 1 SD) on the
CFPT.

5.6. Theoretical implications

We found no evidence for general face processing ability
(Verhallen et al., 2017) in either the DP or control groups.
At the individual level, performance on one task was not
associated with a similar rank level of performance on
others. The DP and control groups both showed clear
intra- and inter-individual differences across tests.



Results highlight that results from a single face percep-
tion task (e.g., CFPT) cannot be taken as evidence of
broader face perception ability in DP.

Several studies of DP (e.g., Bate et al., 2019; Dalrymple
et al, 2014; Narkaer et al., 2023) used the CFPT as the sole
face perception measure; from CFPT performance the
authors made wider inferences about face perception
performance in DP. Yet it remains uncertain whether
face perception ability is unidimensional or multi-dimen-
sional. For example, it has been proposed that a single
face ability factor f may underlie much face processing
ability although interestingly not perception of
Mooney faces (Verhallen et al, 2017). By contrast, a
recent study of face matching ability among typical per-
ceivers (Bobak et al., 2023) found weak correlations and
low consistency in performance across different face
matching tests, suggesting that reliable generalizations
cannot be made even between perceptual tasks that
use an identical paradigm (in Bobak et al., 2023, this
was simultaneous identity matching). An important
implication of this finding is that it may not be possible
to generalize performance on a single face perception
task to infer ability across other face perception tasks.

A large scale review of 66 imaging studies of the
neural correlates of DP (Manippa et al., 2023, p. 22) con-
cluded that “DP is characterised by abnormal face pre-
sentations that differ qualitatively from healthy
controls”. The authors highlighted widespread evidence
of reduced grey matter in DP, especially in the posterior
Superior Temporal Sulcus (pSTS), middle temporal gyrus
(MTG) and fusiform gyrus (but not the occipital face area
(OFA)). White matter abnormalities have also been
reported in the core face networks, especially around
the right Fusiform Face Area (rFFA) and they suggest
that reduced connectivity between visual cortex and
temporal lobes (OFA and FFA) might be responsible
for DPs’ reduced activation to faces in the right FFA
and OFA that has been observed in functional magnetic
resonance imaging (fMRI) studies. Of particular rel-
evance to the questions addressed in the present
study are, first, the finding that connectivity between
primary and secondary visual cortices and the core
face network are significantly reduced in DPs compared
with controls (Lohse et al., 2016). This could indicate that
faces are not being rapidly detected (something that is
thought to be necessary for the face selective processing
system to be recruited). Second, Manippa and col-
leagues point out that different types of alterations
have been observed in DPs’ brains which could
account for perceptual deficits or memory deficits in
DP. For example, they conclude that reduced volume
of white and grey matter in r-FFA and short-range func-
tional connectively would account for perceptual
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deficits in DP whereas disrupted functional connectivity
between r-FFA and r-pSTS (Zhao et al., 2018) would
explain deficits in face memory. However, an important
point made in the Manippa et al. review is that results
from brain imaging studies are not consistent. The
authors suggest that this may be due to small sample
sizes — especially in early studies — and the lack of con-
sistent classification criteria across studies, or because
of the heterogenous nature of DP. They recommend
that future work should test a homogenous sample of
DPs who show similar behavioural performance in
order to exclude these alternative explanations.

5.7. Practical implications

Recent studies have argued for the inclusion of DPs with
milder face memory impairments in DP research since
these participants can still show atypical face perception
(Burns et al., 2023; DeGuitis et al., 2023). We agree since,
consistent with their results, our findings demonstrate
that the severity of individuals’ face memory impairment
was not always related to the severity of their face percep-
tion impairment. For example, two of the three individ-
uals with the mnemonic subtype of DP (showing no
face perception impairment) nevertheless showed a
major face memory impairment. Equally, two individuals
with the apperceptive form of DP showed consistent
impairment on multiple aspects of face perception yet
had only “mild” face memory difficulties and thus may
not have been classified as DP by some research groups
(see Lowes et al., 2024a). We would therefore also argue
for the inclusion of DPs with “mild” impairment in
research to better characterize the condition since the
degree of face perception deficits did not predict the
degree of face memory deficit. Indeed, some DPs with
unimpaired face perception (on these measures) in fact
showed the most substantial face memory deficits.

5.8. Limitations and directions for future research

Accuracy ceiling effects in the age/gender tasks resulted
in low Cronbach’s alpha scores and likely insufficient
sensitivity to detect group differences. However, RT on
these tasks showed good internal reliability, and we
therefore used BIS as an integrated measure. However,
as previously noted, when accuracy is close to ceiling
with low SDs - as they were in the age and gender cat-
egorization tasks — BIS differences mainly reflect differ-
ences in RT and the underlying scores should be
interpreted with caution as they may be unstable. As
noted above (Section 2), general confidence or motor
issues may contribute to slower RT (and thus affect
BIS) but do not seem to explain observed group
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differences since DP and control BIS do not differ on
non-face tasks (Lowes et al., 2024b)

We included the CFPT as a measure of face identity
perception since this is the perceptual measure most
widely used in DP research. However, this task has
only moderate internal reliability and was the only iden-
tity perception task in the battery so the finding of a
possible third subtype of DP affecting face memory
and face identity processing, but not earlier sub pro-
cesses of face perception, should be interpreted with
caution. It is perhaps more accurate at this stage to say
that a subset of DP participants showed face memory
impairment but the only perceptual task they were
impaired on was the CFPT - all other sub processes of
face perception tested were within the typical range.

Given the high observed prevalence of early-stage
face processing impairments in this cohort, for
example face detection and gender categorization of
naturalistic faces, it would be useful to attempt to repli-
cate this finding in a larger sample of DPs using more
difficult tasks to avoid ceiling effects observed on the
gender task used here.

The clear evidence for subtypes of DP alongside more
a detailed understanding of the perceptual sub pro-
cesses that may be impaired, or relatively preserved, at
individual DP level presented here can inform future reha-
bilitation attempts. The heterogeneous results suggest
that a one size fits all approach to remedial training
may not be optimal and future research could test a
more individualized approach to rehabilitation of DP.

5.9. Conclusion

We show that the perceptual difficulties in DP extend
well beyond perception of face identity; half of the DP
group were impaired at face detection and 40% were
impaired at categorizing facial gender, suggesting
early-stage perceptual difficulties.

Two subtypes of DP were identified. The largest sub-
group showed face perception and face memory deficits
(the apperceptive subtype). A second subgroup showed
typical face perception yet a distinct face memory
deficit (the mnemonic subtype). For the first time our
findings provide tentative evidence of a possible third
subtype of DP: These DPs showed face perception
deficits only on the CPFT, a face identity perception
task, yet their performance on five non-identity face per-
ception tasks was within the typical range. If we had
used CFPT as the sole perpetual task, these participants
could, incorrectly, have been classified as having a
general face perception impairment.

Additionally, we found no evidence for “general face
processing ability” in DP. At the individual level,

performance on one task was not associated with a
similar rank level of performance on others. The DP
and control groups both showed clear intra- and inter-
individual differences across tests. Results clearly show
that results from a single face perception task (e.g.,
CFPT) cannot be taken as evidence of broader face per-
ception ability in DP. We therefore recommend the use
of multiple tasks assessing different stages of face
perception.

Notes

1. Also known as available-case analysis. To aid statistical
power, group analyses were run using all available data,
even if a participant had missing data on another task.

2. The perceptual test order was Faces among non faces,
Cambridge Face Perception Test, age categorization,
gender categorization, configural and featural faces
and houses, and finally Mooney faces.
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