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ABSTRACT

Developmental prosopagnosia (DP) is a neurodevelopmental condition characterized by
lifelong face recognition difficulties. To date, it remains unclear whether or not individuals
with DP experience impaired recognition of facial expressions. It has been proposed that
DPs may have sufficient perceptual ability to correctly interpret facial expressions when
tasks are relatively easy (e.g., the stimuli are unambiguous and viewing conditions are
optimal), but exhibit subtle impairments when tested under more challenging conditions.
In the present study, we sought to take advantage of the COVID-19 pandemic to test this
view.

It is well-established that the surgical-type masks worn during the pandemic hinder the
recognition and interpretation of facial emotion in typical participants. Relative to typical
participants, we hypothesized that DPs may be disproportionately impaired when asked to
interpret the facial emotion of people wearing face masks. We compared the ability of 34
DPs and 60 age-matched typical controls to recognize facial emotions i) when the whole
face is visible, and ii) when the lower portion of the face is covered with a surgical mask.
When expression stimuli were viewed without a mask, the DPs and typical controls
exhibited similar levels of performance. However, when expression stimuli were shown
with a mask, the DPs showed signs of subtle expression recognition deficits. The DPs were
particularly prone to mislabeling masked expressions of happiness as emotion neutral.
These results add to a growing body of evidence that under some conditions, DPs do exhibit
subtle deficits of expression recognition.
© 2022 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC

BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Developmental prosopagnosia (DP) is a neurodevelopmental
condition characterized by lifelong face recognition diffi-
culties that occur in the absence of brain damage, despite
normal intelligence, and typical low-level vision (Behrmann &
Avidan, 2005; Cook & Biotti, 2016; Duchaine & Nakayama,
2006b). The face recognition problems seen in DP hinder the
identification of both same- and other-race faces (Cenac,
Biotti, Gray, & Cook, 2019). In addition to their problems
recognizing faces, some DPs also show deficits of body
perception (Biotti, Gray, & Cook, 2017) and within-category
object identification (Barton, Albonico, Susilo, Duchaine, &
Corrow, 2019; Geskin & Behrmann, 2017; Gray, Biotti, &
Cook, 2019). Despite their problems recognizing others from
facial cues, DPs show typical recognition of others from voice
cues (Liu, Corrow, Pancaroglu, Duchaine, & Barton, 2015;
Tsantani & Cook, 2020). It has been suggested that around 2%
of the population experience lifelong face recognition prob-
lems severe enough to disrupt their daily lives (Bowles et al.,,
2009; Kennerknecht et al., 2006; Kennerknecht, Ho, & Wong,
2008). It has been noted, however, that the proportion of
people who meet the criteria for a diagnosis of DP is much
lower than this estimate (Barton & Corrow, 2016; Bate & Tree,
2017).

Despite the growing interest in DP, the cause of the con-
dition remains unclear. Evidence that DP runs in families
suggests that it may have a genetic component (Duchaine,
Germine, & Nakayama, 2007; Johnen et al., 2014; Lee,
Duchaine, Wilson, & Nakayama, 2010; Schmalzl, Palermo, &
Coltheart, 2008). This finding accords with the broader view
that face recognition ability is a heritable trait (Shakeshaft &
Plomin, 2015; Wilmer et al., 2010). Cognitive theories have
suggested that holistic face processing, whereby local feature
descriptions are integrated into a coherent whole (Farah,
Wilson, Drain, & Tanaka, 1998; Maurer, Le Grand, &
Mondloch, 2002; McKone & Yovel, 2009), may be impaired in
cases of DP (DeGutis, Cohan, & Nakayama, 2014; Liu &
Behrmann, 2014; Palermo et al., 2011), however this account
has been challenged (Biotti, Wu, et al., 2017; Tsantani, Gray, &
Cook, 2020). Neuroimaging has revealed differences in cortical
structure (Behrmann, Avidan, Gao, & Black, 2007; Garrido
et al., 2009), and structural (Song et al., 2015; Thomas et al.,
2009) and functional connectivity (Avidan & Behrmann,
2009; Lohse et al., 2016; Rosenthal et al., 2017) in inferotem-
poral regions including the fusiform gyrus, thought to play a
key role in face processing (Kanwisher & Yovel, 2006). Atypical
responses have also been observed outside the core face-
processing areas, including anterior temporal cortex (Avidan
et al, 2014) and scene-selective regions, including para-
hippocampal place area (Jiahui, Yang, & Duchaine, 2018).

There has been considerable interest in whether people
with DP show impaired recognition of facial expressions
(Biotti & Cook, 2016; Djouab et al., 2020; Dobel, Bolte, Aicher, &
Schweinberger, 2007; Duchaine, Parker, & Nakayama, 2003;
Humphreys, Avidan, & Behrmann, 2007; Kress & Daum, 2003;
Lee et al., 2010; Palermo et al., 2011). People with DP are known
to experience embarrassment and social anxiety because of
their face recognition difficulties (Dalrymple et al., 2014).

Further difficulties recognizing the facial expressions of
others would likely exacerbate these social interaction diffi-
culties. Moreover, facial expressions are a key form of non-
verbal communication that can be used to infer someone's
emotional state and likely intentions (Adolphs, 2002; Frith,
2009). As such, the accurate recognition of expressions is
important for the development of sophisticated mentalizing
abilities and wider mechanisms of social cognition.

The question of expression recognition also has important
theoretical implications for our understanding of DP. Early in
the face processing stream, observers are thought to form a
structural description of the target face that supports subse-
quent analysis of facial identity and expression (Bruce &
Young, 1986; Duchaine & Yovel, 2015; Haxby, Hoffman, &
Gobbini, 2000). Although, there may be some cross-talk (e.g.,
Kaufmann & Schweinberger, 2004; Schweinberger, Burton, &
Kelly, 1999), the subsequent processing of identity and
expression is thought to proceed with a large degree of inde-
pendence, via parallel, dissociable routes (Bruce & Young,
1986; Duchaine & Yovel, 2015; Haxby et al., 2000). For
example, findings from neuroimaging suggest that identity
and expression processing may be mediated by fusiform and
superior temporal cortex, respectively (e.g., Andrews &
Ewbank, 2004; Hoffman & Haxby, 2000; Winston, Henson,
Fine-Goulden, & Dolan, 2004). Where observed together, defi-
cits of identity and expression recognition are suggestive of
apperceptive prosopagnosia, whereby disruption early on in
the face processing stream leaves individuals unable to form a
precise structural representation (Bruce & Young, 1986; De
Renzi, Faglioni, Grossi, & Nichelli, 1991). Alternatively, intact
expression recognition despite impaired recognition of facial
identity would suggest a locus of impairment later in the face
processing stream, after the processing of facial expression
and identity bifurcates (Bruce & Young, 1986; Duchaine et al.,
2003).

Traditionally, expression recognition was thought to be
intact in DP. Consistent with this view, several group studies
(Dobel et al., 2007; Humphreys et al., 2007; Lee et al., 2010;
Palermo et al., 2011) and a number of single case studies
(Duchaine et al., 2003; Kress & Daum, 2003) have described
typical expression recognition in this population. More
recently, however, several group studies have observed group-
level differences in expression recognition between DPs and
matched controls (Biotti & Cook, 2016; Burns, Martin, Chan, &
Xu, 2017; Djouab et al., 2020). Two of these studies employed
sensitive psychophysical paradigms and analyses (Biotti &
Cook, 2016; Burns et al., 2017). Biotti and Cook (2016) asked
DPs and matched controls to classify ambiguous expression
stimuli drawn from morph continua and used participants'
decisions to model psychometric functions. The functions of
the DPs, tended to be shallower than those of the controls
suggestive of less precise categorization. A similar result was
described by Burns et al. (2017) who found that DPs were less
consistent than typical controls when classifying expression
stimuli drawn from a morph continuum that blended ex-
pressions of happiness and sadness. A third study found that
participants with DP took longer to find ‘oddball’ expression
stimuli in a visual search task (Djouab et al., 2020).

In an attempt to explain these mixed findings, it has been
proposed that DPs may have sufficient perceptual ability to
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correctly interpret facial expressions when tasks are relatively
easy (e.g., the stimuli are unambiguous and the viewing con-
ditions are optimal) but exhibit subtle impairments when
tested under more challenging conditions; for example, when
image morphing is used to render stimuli more ambiguous
(Biotti & Cook, 2016; Burns et al., 2017), or when participants
are put under time pressure (Djouab et al., 2020). In the pre-
sent study, we sought to take advantage of the COVID-19
pandemic to further interrogate this possibility. During the
pandemic, we have been required to interact with people
wearing surgical-type masks that cover the lower portion of
the face. Unsurprisingly, these masks have been shown to
hinder the recognition and interpretation of facial emotion
(Carbon, 2020; Noyes, Davis, Petrov, Gray, & Ritchie, 2021;
Tsantani, Podgajecka, Gray, & Cook, 2022). Relative to typical
individuals, we hypothesized that DPs may be dispropor-
tionately impaired when asked to interpret the facial emotion
of people wearing face coverings like those used during the
pandemic. To investigate this possibility, we compared the
ability of 34 DPs and 60 age-matched typical controls to
recognize facial emotions i) when the whole face is visible,
and ii) when the lower portion of the face is covered with a
surgical mask.

2. Research transparency and openness

Neither the study procedure nor the intended analyses were
pre-registered prior to the start of the research. In the
following sections we report how we determined our sample
size, all data exclusions, all inclusion criteria, and whether
inclusion/exclusion criteria were established prior to data
analysis. All manipulations and all measures in the study are
reported. The experimental task is available as Open Materials
at gorilla.sc (https://app.gorilla.sc/openmaterials/276504). The
Twenty-Item Prosopagnosia Index (PI20) is freely available
(see: Shah, Gaule, Sowden, Bird, & Cook, 2015). Legal copyright
restrictions prevent public archiving of the Cambridge Face
Memory Tests (Duchaine & Nakayama, 2006a; McKone et al.,
2011) and the Cambridge Car Memory Test (Dennett et al.,
2012), which can be obtained from the authors and copyright
holders. Study data and an R analysis script are available via
the Open Science Framework (https://osf.io/cnmw5/).

Ethical clearance was granted by the Departmental Ethics
Committee for Psychological Sciences, Birkbeck, University of
London. The experiment was conducted in line with the
ethical guidelines laid down in the 6th (2008) Declaration of
Helsinki. All participants provided informed consent.

3. Participants

Thirty-four individuals with DP (21 female, 13 male,
Mage = 38.3 years, SD,g = 13.2 years) and 60 typical controls
(44 female, 15 males, 1 non-binary, Mage = 41.9 years, SDyg-
= 10.0 years) were included in the study. The groups did not
differ significantly in terms of age [t(54.637) = 1.367, p = .177,
d = .304] or the proportion of male participants [x*u) = 1.818,
p = .178]. Sample size was based on previous group studies of
DP (Marsh, Biotti, Cook, & Gray, 2019; Tsantani & Cook, 2020;

Tsantani et al., 2020). All participants completed the study
remotely using their own desktop/laptop.

DP participants were recruited through www.
troublewithfaces.org. Participants were informed that to be
eligible for the study they must have no history of brain
damage, autism spectrum disorder, or schizophrenia. Diag-
nostic decisions were based on participants' scores on two
versions of the Cambridge Face Memory Test (CFMT), the
CFMT-original (Duchaine & Nakayama, 2006a) and the CFMT-
Australian (CFMT-A; McKone et al., 2011), and on the Twenty-
Item Prosopagnosia Index (PI120; Gray, Bird, & Cook, 2017; Shah
et al., 2015; Tsantani, Vestner, & Cook, 2021). The CFMT is a
computer-based test of face identification that employs a
match-to-sample format. Participants are asked to identify
recently learned target faces from a line-up of three response
options (a target plus two foils). In the latter stages, task dif-
ficulty is increased via changes in viewpoint and through the
addition of visual noise to the test images. The CFMT-original
and CFMT-Australian are identical in format and both present
images of White male faces. The PI20 is a self-report measure
of prosopagnosic traits.

Allbut one of the DP participants scored 65 or higher on the
PI20 — the recommended cut-off for DP (Shah et al., 2015). The
remaining DP scored 64. All participants included in the final
sample scored at least 2 SDs from a given control sample
mean on the CFMT and CFMT-A. DPs also completed the
Cambridge Car Memory Test (CCMT; Dennett et al., 2012) to
assess their within-class object recognition ability. The CCMT
has the same format as the CFMT but presents images of cars
instead of faces. Diagnostic information for each DP is pro-
vided in Table 1. Two DP participants were replaced, having
experienced technical difficulties during the experimental
task.

Typical participants were recruited through Prolific (www.
prolific.co), and had a Prolific approval rate of at least 75%.
Only those who reported no formal diagnosis of autism
spectrum disorder via Prolific's prescreening were eligible to
participate. Typical participants were screened for DP using
the PI20. Three typical controls were replaced having scored
more than 65. A further 3 typical controls were replaced,
having experienced technical issues during the experimental
task.

All participants (DPs and typical controls) were required to
be between 18 and 60 years-old and to have normal or
corrected-to-normal visual acuity. To ensure that all partici-
pants had similar experiences of the COVID-19 pandemic and
the associated use of face masks as a protective measure,
participants were required to be currently resident in the UK,
and to have resided in the UK during the pandemic. These
inclusion criteria were identified at the outset.

4. Experimental task

The study was conducted online using Gorilla Experiment
Builder (Anwyl-Irvine, Massonnié, Flitton, Kirkham, &
Evershed, 2020). Face stimuli were obtained from the Rad-
boud Faces Database (Langner et al., 2010). Masked versions
were created by superimposing surgical-type masks over the
nose and mouth using Adobe Photoshop (Fig. 1a). Participants
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Table 1 — Diagnostic information for the DP participants.
*At least 1 SD from typical mean; **at least 2 SDs from
typical mean; ***at least 3 SDs from typical mean.

Age Gender PI20 CEMT CFEMT-A CCMT
(%) (%) (%)
1 56 M Q0*#** 54 ¥k 52.8** 86.1
2 38 M JAEEES s g 58.3%* 65.3
3 27 M 76¥k% 38 gkxk 58.3** 51.4*
4 41 F T4xkx 43 Pk 38.9%#* 50.0*
5 56 F 82¥xk 5 Bkx 56.9%* 65.3
6 22 M 76¥k% 5@ Jhwk 54.2%* 75.0
7 49 F 9p**k 54 Qkkx 56.9%* 79.2
8 39 M VSIS S8 R .7 88.9
9 47 F 69%*k 5 Bk 50.0%*** 69.4
10 42 F 90***  50.0%*** 54.2%% 55.6*
11 54 B 82%*k  50.0*** 58.3%* 58.3*
12 54 F 64Kk 47 kkx 47 2% 58.3*
13 19 M 79¥k%  62.5%* 59.7** 81.9
14 19 F 73%kk 3 Gk 48.6%** 63.9
15 53 F 86**k  40.3*k* 58.3%* 75.0
16 27 F 80***  62.5%* 52.8%* 63.9
17 42 F 84r¥x 44 4 47 2%** 75.0
18 54 M 83k 47 Pk 54.2%% 81.9
19 45 F 69%**k  50.0*** 47.2%+* 59.7*
20 52 F 86***k  63.9%* 56.9%* 62.5
21 23 F 86**k 54 Pkkx 58.3%* 55.6*
22 34 I# 80***k 52 Bkkx 518),75 86.1
23 19 M 84rkk 45 GhH* 44 4x** 61.1*
24 48 M 80***k  50.0%** 58.3%* 86.1
25 36 M TO¥*k% 45 Ghxk 48.6%** 58.3*
26 29 ¥ T7*k% 36 Pk 2055 58.3*
27 28 B 82kxk 54 Pkkx 56.9%* 63.9
28 28 M 83kxk 55 Gk 45.8**x* 94.4
29 19 F 76%¥% 55 phxk 58.3%* 63.9
30 27 I# 84kxk 5 7k 54.2%% 63.9
31 46 F QO*** 47 2%** 51.4** 52.8*
32 50 M 84wk DQ Pk B33t 37.5%*
33 20 M 9Q**k D9 2kk* il gy 56.9*
34 59 I# VAOES S80 R 51.4%* 68.1
DP mean 80.4 50.1 51.4 66.9
DP SD 7.1 8.9 8.7 13.0
Comparison mean 38.0 85.0 80.2 73.5
Comparison SD 9.1 8.9 10.2 12.6

Nb. Comparison data (N = 54, Mage = 39.2; SDyge = 13.4; range: 20—69
years) for the PI20, and CFMT were taken from Biotti et al. (2019),
Neuropsychologia. Comparison data (N = 75, Mage = 21.67; SDgge.
= 2.96; range: 18—32 years) for the CFMT-A were taken from
McKone et al. (2011), Cognitive Neuropsychology. Comparison data
(N = 61, Mage = 37.0; SDage = 9.8; range: 27—60 years) for the CCMT
were taken from Gray et al. (2019), Cognitive Neuropsychology.

viewed ten identities (five women, five men), each posing
seven facial expressions: neutral, happy, sad, angry, fearful,
disgusted, and surprised. Each expression stimulus was pre-
sented twice: once wearing a face mask, and once without a
mask. In total, participants completed 140 trials (10
identities x 7 expressions x 2 mask conditions) in a random
order. Images appeared 4.8 cm x 7 cm on participants' dis-
plays. Trials began with a fixation cross (1000 msec) followed
by a face image presented for 500 msec (Fig. 1b). The stimulus
image was replaced by a mask constructed of high-contrast
greyscale ovals (500 msec), followed by a response screen on
which participants selected one of seven response options

(neutral, happy, sad, angry, fearful, disgusted, surprised).
There was no time limit on participants' responses.

5. Results

Accuracy (% correct) was calculated separately for each of the
14 Emotion x Mask conditions (Table 2, Fig. 2). Pairwise con-
trasts were calculated using Welch's t-test. Correction for
multiple comparisons was performed using the False Dis-
covery Rate (FDR) with q < .05. Cohen's d effect sizes were
calculated using the rstatix package (v0.7.0; function
‘cohens_d’) in R (v4.0.4). All reported p-values are two-tailed.

5.1. Categorization accuracy

Participants' accuracy scores were subjected to ANOVA with
Expression (neutral, happy, sad, angry, fearful, disgusted,
surprised) and Mask (unmasked, masked) as within-subject
factors and Group (DP, control) as a between-subject factor.
Results for the within-subject factors were consistent with
previous findings (Carbon, 2020; Noyes et al., 2021): we
observed main effects of Mask [F(1, 92) = 765.028, p < .001,
np,> = .893] and Expression [F(4.41, 405.63) = 150.628, p < .001,
np” = .621], as well as a Mask x Expression interaction [F(4.76,
437.75) = 135.380, p < .001, n,* = .595]. Planned pairwise con-
trasts showed that accuracy was significantly higher for
unmasked faces compared with masked faces for expressions
of happiness, sadness, fear, disgust, and surprise, for both DPs
(all ts > 2.94, all ps < .006, d range = .505—2.623) and controls
(all ts > 3.98, all ps < .001, d range = .514—2.813). There was no
difference in accuracy across mask conditions for neutral
faces for DPs [t(33) = .865, p = .393, d = .148] or controls
[t(59) = .913, p = .365, d = .118]. Accuracy for angry faces was
higher for masked faces than unmasked faces for DPs
[t(33) = 2.729, p = .010, d = .468] and controls [t(59) = 2.394,
p = .020,d = .309].

Crucially, there was a main effect of Group [F(1, 92) = 6.374,
p = .013, n, = .065], with DPs being less accurate overall,
compared to controls. We also observed a significant
Mask x Group interaction [F(1, 92) = 4.423, p = .038, n,” = .046],
as well a significant Mask x Group x Expression interaction
[F(4.76, 437.75) = 2.357, p = .042, n,’ = .025]. Planned pairwise
contrasts revealed that DPs were significantly less accurate
than controls when evaluating masked happy faces
[t(41.726) = 3.697, p < .001, d = .860]. DPs also tended to be less
accurate with masked sad faces [t(68.408) = 2.095, p = .040,
d = .450], and unmasked angry faces [t(56.561) = 2.256, p = .028,
d = .500], but these simple effects did not survive correction
for multiple comparisons. No other significant differences
were found for masked faces or unmasked faces (all ts < 1.92,
all ps > .06). The Group x Expression interaction was not sig-
nificant [F(4.41, 405.63) = 1.644, p = .156, n,2 = .018].

To confirm that face masks had a greater impact on the
DPs' recognition of happiness than that of the typical controls,
for each participant we computed the difference in accuracy
scores between unmasked faces and masked faces, separately
for each expression (Table 2). Pairwise contrasts revealed that
differences in accuracy between unmasked and masked faces
were significantly larger in DPs than controls for happy faces
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1000 ms

500 ms

500 ms

Fig. 1 — (a) Example stimulus images. Participants viewed ten identities (five women, five men), each posing seven facial
expressions: neutral, happy, sad, angry, fearful, disgusted, and surprised. Original images were sourced from the Radboud
Faces Database (Langner et al., 2010). (b) Illustration of a trial sequence.

Table 2 — Mean accuracy (% correct) for unmasked and masked faces, and mean differences in accuracy (unmasked —
masked) for DPs and controls, with standard deviations in brackets.

Neutral Happy Sad Angry Fearful Disgusted  Surprised

Unmasked Controls  87.83 (16.17)  99.17 (2.79)  87.67 (13.82) 76.67 (19.97)  59.50 (27.58) 84.33 (16.91) 93.17 (8.73)
DPs 89.71(10.87)  97.35(5.11)  85.00 (18.13)  65.29 (25.25)  57.94 (26.94) 82.94 (21.40)  89.71 (14.46)

Masked Controls  89.33 (11.77)  87.67 (12.12) 50.67 (21.70)  82.17 (20.09)  30.83 (24.52)  22.50 (17.91)  85.00 (17.52)
DPs 91.76 (11.93)  70.59 (25.34) 40.88 (21.79) 76.76 (25.07)  26.18 (20.89)  17.35 (16.75)  81.18 (22.12)

Unmasked-Masked ~ Controls —1.50 (12.73)  11.50 (11.91)  37.00 (20.94) —5.50 (17.80)  28.67 (27.83) 61.83 (21.98)  8.17 (15.89)
DPs —206(13.88) 2676 (26.02) 44.12 (18.77) —11.47 (24.51) 31.76 (24.05) 65.59 (25.01)  8.53 (16.90)

[t(40.973) = 3.234, p = .002, d = .754]. No other significant group
differences were found for the remaining expressions (all
ts < 1.70, all ps > .09).

To test whether DPs were impaired in the recognition of
masked happy faces at the single-subject level, we conducted
Crawford—Howell t-tests (Crawford & Howell, 1998) to
compare individual DP accuracy scores with the typical con-
trols. These tests showed that 12 DPs were significantly
impaired when viewing masked happy faces (Fig. 3). We also
tested whether individual DPs showed a greater effect of face
masks on the recognition of happy faces compared to the
controls using one-sided revised standardized difference tests
(RSDT; Crawford & Garthwaite, 2005). These tests revealed
that 9 DPs showed a greater difference in accuracy between
masked and unmasked faces compared to the distribution of
differences in the control group. These 9 DPs overlap with the
12 DPs who were impaired in the recognition of masked happy
faces (all except participants 18, 32, and 33 in Fig. 3).

To determine whether individual differences in the degree
to which masks affected emotion recognition were associated

with face recognition ability, we compared the mask-induced
differences in accuracy (unmasked accuracy — masked accu-
racy) with scores on the CFMT, the CFMT-A, and the PI20,
using Spearman rank correlation (Table 3). None of the cor-
relations with CFMT or PI20 survived correction for multiple
comparisons. There was a significant negative correlation
between differences in accuracy for angry faces and scores on
the CFMT-A (rs = —.56, p < .001). In contrast to the other ex-
pressions, the presence of a mask tended to increase catego-
rization accuracy for angry faces for the majority of typical
participants. DPs who scored higher on the CFMT-A tended to
show this pattern. However, those DPs who scored lower on
the CFMT-A tended to show little effect of mask
versus unmasked or a slight advantage for the whole face
condition.

5.2.  Categorization errors

The distributions of categorization errors across the different
expression labels for each facial expression are shown in
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Fig. 2 — Mean accuracy scores for unmasked faces and masked faces for individuals with developmental prosopagnosia (DP;
N = 34) and neurotypical controls (N = 60), showing the proportion of stimuli that were correctly labeled for each emotion.
Asterisks indicate statistically significant t-tests after FDR correction for 7 comparisons. Ne: neutral, Ha: happiness, Sa:
sadness, An: anger, Fe: fear, Di: disgust, Su: surprise. ***p < .001.
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Fig. 3 — Accuracy scores for masked happy faces in individuals with developmental prosopagnosia, showing the proportion
of stimuli that were correctly labeled as “happy”. The dashed line indicates the control mean, and gray bars indicate
accuracy scores that were significantly lower than the control mean based on Crawford—Howell t-tests.

Fig. 4. To compare these error patterns across DPs and con-
trols, we conducted separate ANOVAs for each expression
with Mask (masked, unmasked) and Non-target Expression
(e.g., for happiness, the six levels of Non-target Expression
were neutral, sadness, anger, fear, disgust, surprise) as
within-subjects factors, and Group (DPs, controls) as a
between-subjects factor. These analyses are described in full
in the Supplementary information. With the exception of
neutral faces [F(1, 92) = 1.588, p = .211, np2 = .017], all facial
expressions showed a main effect of Mask (all Fs > 14.93,
ps < .001). All facial expressions showed a main effect of Non-
target Expression (all Fs > 11.09, all ps < .001) and an interac-
tion between Mask and Non-target Expression (all Fs > 5.71, all
ps < .001). For the sake of brevity, however, we focus below on
the effects of Group.

In line with our results for categorization accuracy, a main
effect of Group on categorization errors was found for happy
faces [F(1, 92) = 22.512, p < .001, n3 = .197], with more errors
made by DPs than controls (Fig. 4). For happy faces, we

observed a Group x Mask interaction [F(1, 92) = 15.150,
p < .001, n,> = .141], a Group x Non-target Expression inter-
action [F(1.42, 130.47) = 16.808, p < .001, 1> = .154], as well as a
Group x Mask x Non-target Expression interaction [F(1.42,
130.47) = 18.568, p < .001, n,> = .168]. Pairwise tests revealed
that DPs made more neutral responses to masked happy faces
compared to controls [t(39.231) = 3.825, p < .001, d = .899]. No
significant effects of Group were found in errors involving
other Non-target Expressions (all ts < 1.71, all ps > .09), and
no differences were found for unmasked happy faces (all
ts < 1.79, all ps > .08).

There was also a main effect of Group on categorization
errors for angry faces [F(1, 92) = 4.019, p = .048, n,” = .042], with
more errors made by DPs than controls. For angry faces,
however, Group did not interact with any other factor (all
Fs < 2.46, all ps > .06). Pairwise tests showed no significant
group differences in errors involving any of the Non-target
Expressions for masked angry faces (all ts < 1.63, all
ps > .10), or unmasked angry faces (all ts < 1.97, all ps > .05).
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Table 3 — Spearman rank correlations seen between the
mask-induced differences (unmasked accuracy — masked
accuracy) and scores on the CFMT, CFMT-A, and PI20.
Asterisks indicate statistically significant p-values prior to
FDR correction for multiple comparisons. Only the
correlation for CFMT-A and anger (in bold) survived FDR
correction for 7 comparisons, at an FDR threshold of

p < .001. Ne: neutral, Ha: happiness, Sa: sadness, An:
anger, Fe: fear, Di: disgust, Su: surprise. *p < .05; **p < .01;
***p < .001.

Expression
Ne Ha Sa An Fe Di Su

CEMT (N = 34) .05 — 39X — 328 —i45%E 25 .37* -.30
CFMT-A (N = 34) .04 -32 -31 -.56*** 01 .28 -.27
PI20 (N = 94) —-.03 .24* .15 -.13 .07 .20 .07

Nb. Higher CFMT and CFMT-A scores indicate better face memory,
and higher scores on the PI20 indicate worse self-reported face
recognition ability. While all participants completed the PI20, only
the participants with DP completed the CFMT and CFMT-A.

Inspection of Fig. 4 suggests a tendency for DPs mislabel
masked expressions as ‘neutral’ more often than controls. In
an exploratory post-hoc analysis, we tested whether, in
addition to happiness, other masked expressions were also be
mislabeled as ‘neutral’ more often by DPs than controls. DPs
made significantly more ‘neutral’ responses to masked sad
faces [t(58.902) = 2.323, p = .024, d = .551] and masked
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disgusted faces [t(42.156) = 2.625, p = .012, d = .609], compared
to controls. DPs also tended to make more ‘neutral’ responses
to masked surprised faces, but this result did not survive
correction for multiple comparisons [t(51.188) = 2.144, p = .037,
d = .482]. There were no significant group differences for
masked fearful and masked angry faces (both ts < 1.56, both
ps > .12), or for unmasked sad, angry, fearful, disgusted, and
surprised faces (all ts < 1.14, all ps > .26).

6. General discussion

The present study sought to compare the expression recog-
nition ability of DPs and typical controls when the to-be-
judged facial images were shown uncovered or wearing a
face mask. When expression stimuli were viewed without a
mask, the DPs and typical controls exhibited similar levels of
performance. However, when expression stimuli were shown
with a mask, the DPs showed signs of subtle expression
recognition deficits. In particular, the DP group tended to
mislabel expressions of happiness as emotion neutral more
frequently than controls. This suggests that the DPs were less
able to detect subtle cues of happiness from the eye region
alone. For a long time, it was thought that expression recog-
nition was unimpaired in DP and a number of early group
studies found no significant differences between the perfor-
mance of DPs and matched controls (Dobel et al., 2007;
Humphreys et al., 2007; Lee et al., 2010; Palermo et al., 2011).
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Fig. 4 — Confusion matrices illustrating how the mean response likelihood varied as a function of target expression, mask
and group. Cells on the diagonal show accuracy scores, and cells off the diagonal categorization errors. Ne: neutral, Ha:
happiness, Sa: sadness, An: anger, Fe: fear, Di: disgust, Su: surprise.
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However, the present results add to a growing body of evi-
dence that under some conditions, DPs do exhibit subtle def-
icits of expression recognition (Biotti & Cook, 2016; Burns
et al., 2017; Djouab et al., 2020).

It is noteworthy that DPs exhibited largely typical perfor-
mance when the whole face was visible, but were impaired
relative to controls when the mouth region of each target face
was occluded by a mask. This finding accords with the view
that DPs have sufficient perceptual ability to respond correctly
on relatively easy tasks (e.g., where stimuli are unambiguous
and the viewing conditions are optimal), but are outperformed
by controls on more challenging tasks. Here, expression
recognition was rendered more challenging through the
addition of a mask that occluded the expression signals
conveyed by the mouth region. Previous findings suggest that
DPs are also less able to detect and encode expression cues
made weaker through image morphing (Biotti & Cook, 2016;
Burns et al.,, 2017). Subtle differences may also emerge be-
tween DPs and typical individuals when participants are put
under time pressure (Djouab et al., 2020).

Evidence of impaired expression recognition is important
because it suggests that DP has a locus of origin early in the
face processing stream, before the processing of identity and
expression bifurcates (Biotti & Cook, 2016; Biotti, Gray, & Cook,
2019; Marsh et al., 2019). This conclusion is consistent with
reports that DPs exhibit imprecise categorization of facial sex
(Esins, Schultz, Stemper, Kennerknecht, & Bulthoff, 2016;
Marsh et al.,, 2019) and evidence that DPs struggle to sort
simultaneously presented faces on the basis of resemblance
(Biotti et al., 2019; Duchaine et al., 2007). It also accords well
with evidence that the N170 ERP component — a negative
potential evoked by faces 170 msec after stimulus onset,
implicated in structural encoding (Eimer, 2000; Eimer &
McCarthy, 1999) — is aberrant in DP (Fisher, Towler, & Eimer,
2016; Towler, Gosling, Duchaine, & Eimer, 2012). All of these
findings point towards a problem early in the face processing
stream that hinders the encoding of face structure. Noisy
perceptual descriptions of the eye region may explain why
participants in the present study were more likely than con-
trols to mislabel happy expressions as emotion neutral.
Evidently, typical participants were able to detect expression
cues around the eyes, that the DPs were not.

Limbic structures are thought to exert a top-down influ-
ence that helps observers interpret the emotional content of
facial expressions (Calder & Young, 2005; Haxby et al., 2000).
Poor expression recognition seen in other developmental
conditions — notably developmental alexithymia (Cook,
Brewer, Shah, & Bird, 2013; Grynberg et al., 2012) — has been
attributed to differences in this top-down contribution (Bird &
Cook, 2013). We do not believe this kind of deficit is likely to
explain poor expression identification in DP. While deficient
face encoding potentially explains many features of DP (e.g.,
poor face matching and identification, imprecise categoriza-
tion of expressions and facial sex), an aberrant top-down
contribution from the limbic system would appear to
explain expression recognition deficits only. Moreover, the
kind of top-down deficit seen in alexithymia appears to
impact perception and cognition beyond the visual processing
of facial expressions; for example, people with developmental
alexithymia also find it hard to interpret the emotional

content of vocal stimuli (e.g., Heaton et al., 2012). In contrast,
deficits of affective processing in DP appear to be limited to the
perception and recognition of facial expressions; for example,
DPs exhibit normal identification of vocal affect (Biotti & Cook,
2016).

The present findings indicate that DPs exhibit perceptual
impairment when only a portion of the to-be-judged face is
visible. It has been suggested that DP may be caused by a
deficit of whole-face or “holistic” processing; relative to typical
individuals, DPs may be less able to integrate information
derived from different facial regions into a coherent, unified
percept (DeGutis et al.,, 2014; T. T. Liu & Behrmann, 2014;
Palermo et al., 2011). Our findings speak against this account.
Itis clear that deficits are seen in this population when judging
isolated facial regions in the absence of the wider face context
— the condition does not selectively impair the perception of
“whole-faces” (see also: Biotti & Cook, 2016; Tsantani et al.,
2020). Instead, our results are more consistent with the view
that individuals form imprecise descriptions of local regions
(Tsantani et al., 2020), notably the eyes (Biotti & Cook, 2016;
Duchaine, Yovel, Butterworth, & Nakayama, 2006; Fisher et al.,
2016). In principle, problems encoding local regions could be
accompanied by co-occurring deficits of holistic processing.
There is, however, growing evidence that DPs exhibit behav-
ioral hallmarks of typical holistic processing (Biotti, Wu, et al.,
2017; Le Grand et al., 2006; Tsantani et al., 2020).

Our analysis of categorization accuracy revealed a main
effect of group and a group x mask interaction, whereby the
expression categorization of DPs was less accurate overall,
and in the mask condition in particular. However, these
findings were qualified by group x mask x expression inter-
action, and the only simple effect of group to survive correc-
tion for multiple comparisons was seen for masked displays of
happiness. We consider it unlikely that DPs have particular
problems processing facial happiness. Although the simple
contrasts did not reach significance/survive correction for
multiple comparisons, we observed a similar trend for
masked displays of sadness, anger, fear, disgust, and surprise,
whereby DPs were less accurate than typical controls. More-
over, previous findings suggest that DPs have problems with
other expressions; for example, relative to typical controls,
DPs were less able to distinguish subtle morphs of fear and
surprise (Biotti & Cook, 2016).

It is unclear why expression recognition deficits in DP were
revealed most clearly in the masked happiness condition. For
some of the emotions, the effect of the mask manipulation
was quite striking: For example, typical controls' recognition
of fear dropped from 59.5% to 30.8%, while their recognition of
disgust dropped from 84.3% to 22.5%. For these emotions, it is
possible that floor effects in the control distributions made it
harder to detect deficits of masked expression recognition in
DP. For other emotions (e.g., anger and surprise), the presence
of the mask had relatively little effect on recognition accuracy.
When confronted with the similarity between anger and
disgust in the mask condition, participants may have been
more likely to guess “anger”. Similarly, participants may have
been more likely to guess “surprise” when confronted with the
similarity between fear and surprise. These biases may reflect
the greater likelihood of encountering anger and surprise in
our day-to-day interactions, compared to disgust and fear
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(Tsantani et al.,, 2022). However, it is possible that high
guessing base rates impacted our ability to detect significant
group differences in the masked anger and surprise
conditions.

6.1. Limitations & recommendations for future research

The present study was conducted online, an approach that is
increasingly common. Carefully-designed online tests of
cognitive and perceptual processing can yield high-quality
data, indistinguishable from that collected in the lab
(Crump, McDonnell, & Gureckis, 2013; Germine et al., 2012;
Woods, Velasco, Levitan, Wan, & Spence, 2015). To give recent
examples from our own research, we have found that online
testing has produced clear, replicable results in visual search
and attention cueing experiments (Vestner, Gray & Cook,
2021, 2022; Vestner, Over, Gray, & Cook, 2021), and studies of
visual illusions (Bunce, Gray, & Cook, 2021; Gray et al., 2020).
However, this approach also has some well-known limita-
tions. For example, it is not easy to control the testing envi-
ronment, participants' viewing distance, or their monitor
settings. In future research, it would be interesting to examine
the ability of DPs to identify dynamic expression stimuli. At
present, however, this question is not easily addressed using
online testing (e.g., the different computers used by partici-
pants in their homes are likely to vary widely in their graphics
capabilities).

Consistent with the methods employed in previous studies
(Carbon, 2020; Noyes et al., 2021), face masks were super-
imposed over images of facial expressions. This treatment
maximizes the likelihood that any recognition decrement is
attributable to the presence of the mask, rather than differ-
ences in the underlying expression. It is possible, however,
that mask wearers may alter their expressions to compensate
for presence of the mask. Responses to a UK survey on the
impact of face coverings on communication revealed
conscious attempts to convey emotion using the eyes, such as
“smiling with the eyes”, and attempts to exaggerate facial
expressions when wearing a mask (Saunders, Jackson, &
Visram, 2021). It remains unclear whether attempts to
augment visible expression cues help or hinder non-verbal
communication — people have surprisingly little insight into
the appearance of their facial gestures and expressions (Cook,
Johnston, & Heyes, 2013). Nevertheless, we acknowledge that
findings obtained with artificially-masked faces may under-
estimate the ability of people to interpret the expressions of
mask wearers in everyday life.

6.2. Conclusion

When expression stimuli were viewed without a mask, the
DPs and typical controls exhibited similar levels of perfor-
mance. However, when expression stimuli were shown with
a mask, the DPs showed signs of subtle expression recogni-
tion deficits. In particular, DPs were prone to mislabeling
masked expressions of happiness as emotion neutral. These
results provide important new evidence of expression
recognition impairment in DP. The fact that DPs show
impaired recognition of both facial identity and facial
expression, suggests a locus of impairment early in the face

processing stream, before the processing of facial expression
and identity bifurcates.
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