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Current approaches to the diagnosis of developmental prosopagnosia emphasise the

perception and identification of same-ethnicity faces. This convention ensures that

perceptual impairment arising from developmental prosopagnosia can be distinguished

from problems arising from a lack of visual experience with particular facial ethnicities e

the so-called ‘Other-Ethnicity Effect’. The present study sought to determine whether the

perceptual difficulties seen in developmental prosopagnosia e diagnosed using same-

ethnicity faces e extend to other-ethnicity faces. First, we sought to determine whether

a group of Caucasian developmental prosopagnosics (N ¼ 15) and typical Caucasian con-

trols (N ¼ 30) had similar experience with same- and other-ethnicity faces during devel-

opment. All participants therefore completed a contact questionnaire that enquired about

their experience of Caucasian, Black, and East Asian faces, at different developmental

stages. Importantly, the two groups described very similar levels of visual experience with

other-ethnicity faces. Second, we administered a sequential matching task to measure

participants' ability to discriminate same- (Caucasian) and other-ethnicity (Black, East

Asian) faces. Relative to the experience-matched controls, the prosopagnosics were less

accurate at discriminating both same- and other-ethnicity faces, and we found no evidence

of disproportionate impairment for same-ethnicity faces. Given that the prosopagnosics

and controls had similar opportunity to develop visual expertise for other-ethnicity faces,

these results indicate that developmental prosopagnosia impairs recognition of both same-

and other-ethnicity faces. The fact that developmental prosopagnosia affects the percep-

tion of both same- and other-ethnicity faces suggests that different facial ethnicities

engage similar visual processing mechanisms. Our findings support the view that sus-

ceptibility to developmental prosopagnosia, and a lack of contact with other-ethnicity

faces, contribute independently to the poor recognition of other-ethnicity faces.
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1. Introduction

Developmental prosopagnosia1 (DP) is a neurodevelopmental

condition associated with difficulties recognising familiar faces

and distinguishing unfamiliar faces, that occurs in people with

normal intelligence and typical visual acuity, and in theabsence

ofmanifest brain injury (Behrmann&Avidan, 2005; Duchaine&

Nakayama, 2006b; Susilo & Duchaine, 2013). DP often runs in

families indicating that the condition may have a genetic

component (Duchaine, Germine, & Nakayama, 2007; Johnen

et al., 2014; Schmalzl, Palermo, & Coltheart, 2008). Individuals

with DP identify others using non-face cues (e.g., hairstyle,

voice, and gait) and often experience great difficulty when

familiar people are met in unusual contexts or when they alter

theirappearance (Cook&Biotti, 2016;Shah,Gaule,Sowden,Bird,

& Cook, 2015). Historically, the conditionwas thought to be rare

(McConachie, 1976), but current estimates suggest that 2%of the

general populationmay experience face recognition difficulties

severe enough to disrupt their daily lives (Kennerknecht et al.,

2006; Kennerknecht, Ho, &Wong, 2008).

Current approaches to the diagnosis of DP emphasise the

perception and identification of same-ethnicity (SE) faces; for

example, when testing Caucasian and East Asian individuals

for DP, researchers typically administer standardised tests

that measure the identification of Caucasian (Duchaine &

Nakayama, 2006a) and East Asian (McKone, Wan, Robbins,

Crookes, & Liu, 2017) faces, respectively. There is good

reason for this convention. Poor recognition of other-ethnicity

(OE) faces can arise from a lack of visual experience during

development e the ‘Other-Ethnicity Effect’ (OEE; Sangrigoli,

Pallier, Argenti, Ventureyra, & de Schonen, 2005; Tanaka,

Heptonstall, & Hagen, 2013; Wan, Crookes, Reynolds, Irons,

& McKone, 2015), and does not necessarily reveal the pres-

ence of a hereditary neurodevelopmental disorder. Below-

average scores on tests of OE face recognition therefore pro-

vide equivocal diagnostic evidence for DP.

The aim of the present studywas to determinewhether the

perceptual difficulties seen in DPe diagnosed using SE facese

extend to OE faces. While the use of OE faces in the diagnosis

of DP is discouraged (e.g., Bowles et al., 2009; Dalrymple &

Palermo, 2016; McKone et al., 2017), it is theoretically impor-

tant to determine whether DPs are impaired at OE face

recognition, relative to typical observers matched for visual

experience with OE faces. In particular, evidence of selective

impairment for SE faces would indicate that the mechanisms

recruited by OE and SE faces dissociate (also see Jaquet,

Rhodes, & Hayward, 2008; Michel, Rossion, Han, Chung, &

Caldara, 2006; Tanaka, Kiefer, & Bukach, 2004; Wiese,

Kaufmann, & Schweinberger, 2014). Revealing the breadth of

the perceptual impairments in DP also provides important

insights into the neurocognitive origins of the condition (Biotti

& Cook, 2016; Biotti, Gray, & Cook, 2017; Geskin & Behrmann,

2017); for example, evidence of typical recognition of OE

faces would argue against domain-general accounts of the
1 We use the term developmental prosopagnosia instead of
congenital prosopagnosia to indicate the possibility that in some
cases the disorder may appear during development and not
necessarily from birth.
condition (Avidan, Tanzer, & Behrmann, 2011; Gerlach,

Klargaard, Petersen, & Starrfelt, 2017).

In the typical population, poor recognition performance for

SE faces is associated with poor recognition performance for

OE faces (DeGutis, Mercado, Wilmer, & Rosenblatt, 2013; Wan

et al., 2017). However, surprisingly few authors have exam-

ined the perception of OE faces in observers with DP. One

exception is a study described by DeGutis, DeNicola, Zink,

McGinchley and Milberg (2011). Using a paradigm designed

to measure the Part-Whole Effect (Tanaka & Farah, 1993), the

authors found that five Caucasian DPs were worse than

Caucasian controls at matching Korean faces that differed by

a single feature (eyes, nose, or mouth). A week later, however,

the DPs completed the same task again, after a short training

procedure with Caucasian face stimuli. This time, the ability of

the controls and the DPs to discriminate Korean faces was

almost identical. Interpretation of this result is further

complicated by the fact that the DPs and the typical controls

were notmatched in terms of their experiencewith East Asian

faces. In a related study, Esins, Schultz, Wallraven and

Bulthoff (2014) found that 21 Caucasian DPs were less accu-

rate than a sample of typical Korean observers at recognising

and sorting Caucasian faces.While this second study suggests

that the OEE and DP have different origins e for example, the

deficits associated with DP may be more severe than those

associated with the OEE e it does not indicate whether DPs

have perceptual difficulties with OE faces.

Some accounts of DP clearly predict impaired perception of

OE faces, relative to experience-matched controls. For

example, it has been argued that delayed or impoverished

processing of global shape information produces a wide range

of visual deficits in DP, including face and non-face object

recognition difficulties (Avidan et al., 2011; Gerlach et al., 2017;

Tanzer, Freud, Ganel, & Avidan, 2013). Provided both groups

have equal opportunities to develop perceptual expertise, this

account predicts that DPs should exhibit poorer recognition of

OE faces relative to controls.

Other accounts of DP suggest that these individuals may be

unimpaired at OE face recognition. For example, it has been

suggested that the face recognitiondifficulties inDParise froma

domain-specific deficit of holistic face processing that prevents

the integration of facial features into a unified whole (DeGutis,

Cohan, & Nakayama, 2014; Palermo, Willis, et al., 2011;

Rossion, 2013). If OE faces are subject to piecemeal rather than

holistic processing (Michel et al., 2006; Tanaka et al., 2004), OE

facesmaynot tax theperceptualmechanisms that are impaired

in DP. Consequently, DPs and experience-matched controls

might show similar levels of OE face recognition.
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. All study materials, including the stimuli and

experimental program, are available through the Open

https://doi.org/10.1016/j.cortex.2019.04.007
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Science Framework (https://osf.io/yck8s/). The questionnaire

data (raw responses and summary measures) are provided as

supplementary online material. Summary data for the

discrimination task are provided as supplementary online

material and the raw data files are available through the

Open Science Framework (https://osf.io/yck8s/). Ethical

approval was granted by the local ethics committee. The

research was conducted in line with the ethical guidelines

provided by the 6th (2008) Declaration of Helsinki.
3. Participants

Fifteen Caucasian DPs (5males,Mage ¼ 40.87 years, SDage ¼ 9.76

years) and 30 typically developed (TD) Caucasian controls (14

males, Mage ¼ 38.77 years, SDage ¼ 13.34 years) participated in

the experiment. The groups did not differ with respect tomean

age [t(43) ¼ .540, p ¼ .592], nor proportion of males [X2(1) ¼ .28,

p ¼ .597]. In order to participate in the study, individuals were

required to be aged 18 to 65 years-old and have normal or

corrected-to-normal visual acuity (inclusion criteria deter-

mined at outset of study). Sample size was determined a-priori

based on similar group studies of DP (e.g., Biotti & Cook, 2016;

Biotti et al., 2017; Shah, Gaule, Gaigg, Bird, & Cook, 2015). All

typical controls scored less than 65when screened for DP using

the Twenty-Item Prosopagnosia Index (PI20; Gray, Bird,& Cook,

2017; Shah, Gaule, Sowden, et al., 2015). All participants were

tested in person under controlled lab conditions. All partici-

pants provided informed consent andwere fully debriefed after

the experimental procedure.

DP participants were recruited through www.

troublewithfaces.org and reported lifelong face recognition

difficulties in the absence of brain injury and psychiatric dis-

order (e.g., autism or schizophrenia). Diagnostic information

for each DP is provided in Table 1. Diagnostic decisions were

based primarily on participants' scores on the Cambridge Face

Memory Test (CFMT; Duchaine & Nakayama, 2006a) and the

PI20.We also provide individuals' scores on the Cambridge Face

Perception Test (CFPT; Duchaine et al., 2007) to index the rela-

tive severity of their perceptual encoding difficulties. The use of

convergent self-report evidence and scores on objective,

computer-based tasks may be a particularly effective approach

to the identification and classification of DP; for example, less

than 1.5% of the general population score below 65% on the

CFMT and more than 65 on the PI20 (Gray et al., 2017).
4. Experience of other-ethnicity faces

First, we sought to determine whether the two groups (DPs,

TDs) were equated for experience with SE and OE faces. Visual

experience of Caucasian, Black, and East Asian faces was

measured using an Inter-Ethnicity Contact Questionnaire
2 Although we refer to our questionnaire as a ‘contact’ mea-
sure, several of the items refer to situations where individuation
is required [e.g., “Most days, I had face-to-face interactions with
(ethnicity) people” or “Most days, I encountered peers with
(ethnicity) faces in educational or social contexts”]. Items i, ii, and
iii were adapted from the questionnaire used by Hancock and
Rhodes (2008).
(IECQ)2. The questionnaire comprised the following 6 items: i)

Most days, I encountered peers with (ethnicity) faces in

educational or social contexts; ii) In my local community,

many people were (ethnicity); iii) Most days, I had face-to-face

interactions with (ethnicity) people; iv) I saw many (ethnicity)

individuals in TV shows, films, and online videos; v) I saw

many (ethnicity) individuals in printed media (e.g., newspa-

pers,magazines, books); vi) Many of the characters depicted in

the advertising materials I was exposed were (ethnicity).

Participants were asked to rate the strength of their agree-

ment with each statement using a 7-point Likert scale

(1 ¼ disagree strongly; 7 ¼ agree strongly). The visual system

may show greater plasticity during some developmental

stages, relative to others; for example, exposure to a particular

face type during a ‘critical period’ may facilitate the develop-

ment of perceptual expertise (e.g., Geldart, Mondloch, Maurer,

De Schonen, & Brent, 2002). Participants therefore completed

the IECQ for three life stages: 0e6, 6e12, and 12-18 years-of-

age (also see Cloutier, Li, & Correll, 2014). The subscales

assessing contact with Caucasian (Cronbach's alpha ¼ .80),

Black (Cronbach's alpha ¼ .78), and East Asian individuals

(Cronbach's alpha ¼ .82) showed good internal reliability.

Participants' IECQ responses (Fig. 1) were analysed using

ANOVA with Face Type (Caucasian, Black, East Asian) as a

within-subjects factor, and Group (DP, TD) as a between-

subjects factor. As expected, a main effect of Face Type was

seen at 0e6 years [F(2,86) ¼ 574.714, p < .001, hp
2 ¼ .930], 6e12

years [F(2,86) ¼ 435.256, p < .001, hp
2 ¼ .910], and 12e18 years

[F(2,86) ¼ 296.365, p < .001, hp
2 ¼ .873], whereby DP and TD

participants had more experience with Caucasian faces than

Black and East Asian faces. However, there was nomain effect

of Group at 0e6 years [F(1,43) ¼ .195, p ¼ .661, hp
2 ¼ .005], 6e12

years [F(1,43) ¼ .140, p ¼ .710, hp
2 ¼ .003], or 12e18 years

[F(1,43) ¼ .142, p ¼ .708, hp
2 ¼ .003]. Most importantly, we saw

no Group � Face Type interaction at any of the life stages: 0e6

years [F(2,86) ¼ .167, p ¼ .846, hp
2 ¼ .004], 6e12 years

[F(2,86) ¼ .948, p ¼ .391, hp
2 ¼ .022], or 12e18 years

[F(2,86) ¼ .347, p ¼ .708, hp
2 ¼ .008]. Analysis of the combined

IECQ data (collapsing across life-stage) revealed a main effect

of Face Type [F(2,86)¼ 494.062, p < .001, hp
2 ¼ .920], but nomain

effect of Group [F(1,43) ¼ .023, p ¼ .881, hp
2 ¼ .001], nor a Face

Type � Group interaction [F(2,86) ¼ .444, p ¼ .643, hp
2 ¼ .010].
5. Recognition of other-ethnicity faces

5.1. Method

Having established that the DP and TD control groups were

closely matched for visual experience with Black and East

Asian faces, we next examined whether the Caucasian DPs

showed impaired recognition of Black and East Asian faces. To

do this, we used a sequential matching task (Fig. 2). Trials

beganwith a fixation cross (750msec) followed by a target face

presented in frontal view (500 msec). A mask constructed of

high-contrast greyscale ovals was presented during an inter-

stimulus-interval of 3000 msec. Following mask offset, a sec-

ond test face was presented in 3/4 view (i.e., rotated right-

wards by 45� from the point-of-view of the observer) for

500 msec. Following the offset of the second face, participants

https://osf.io/yck8s/
https://osf.io/yck8s/
http://www.troublewithfaces.org
http://www.troublewithfaces.org
https://doi.org/10.1016/j.cortex.2019.04.007
https://doi.org/10.1016/j.cortex.2019.04.007


Table 1eThe scores of eachDP on the 20-ItemProsopagnosia Index (PI20); the Cambridge FaceMemoryTest (CFMT); and the
Cambridge Face Perception Test (CFPT).

Participant Sex Age PI20 CFMT (%) CFPT (Errors) zPI20 zCFMT zCFPT

DP1 F 42 76 59.72 52 �4.19 �2.83 �2.42

DP2 M 37 77 40.28 44 �4.30 �5.01 �1.56

DP3 F 54 85 45.83 74 �5.18 �4.39 �4.77

DP4 F 44 92 45.83 62 �5.95 �4.39 �3.49

DP5 F 41 84 40.28 40 �5.07 �5.01 �1.13

DP6 F 46 76 58.33 36 �4.19 �2.99 �.70

DP7 F 28 78 62.50 36 �4.41 �2.52 �.70

DP8 M 38 78 63.89 40 �4.41 �2.36 �1.13

DP9 M 23 83 34.72 68 �4.96 �5.63 �4.13

DP10 F 38 82 48.61 74 �4.85 �4.08 �4.77

DP11 F 38 78 54.17 28 �4.41 �3.45 .15

DP12 M 52 76 55.56 54 �4.19 �3.30 �2.63

DP13 F 33 74 58.33 58 �3.97 �2.99 �3.06

DP14 F 38 82 48.61 64 �4.85 �4.08 �3.70

DP15 M 61 92 58.33 40 �5.95 �2.99 �1.13

DP mean 40.87 80.87 51.67 51.33

(SD) (9.76) (5.60) (8.94) (14.85)

Comparison mean 39.20 37.96 84.98 29.41

(SD) (13.36) (9.08) (8.92) (9.35)

Note: For the purposes of the z-score analyses, the scores of the DPswere evaluated against a comparison sample of 54 observers (23males) who

completed these diagnostic tasks in return for a small honorarium, under the same conditions as the DPs (i.e., tested in person, under controlled

lab conditions).

Fig. 1 e The TD and DP groups produced very similar responses to the Inter-Ethnicity Contact Questionnaire (IECQ),

indicating that they had equal opportunities to develop perceptual expertise for Black and East Asian faces. Error bars

denote ±1 SEM.
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were asked to judge whether the two faces presentedwere the

same identity. Six practise trials were followed by 360 exper-

imental trials; 120 for each face type, of which 60 presented

different target and test identities. The experimental task was

programmed in Matlab (Mathworks) using Psychtoolbox

(Brainard, 1997; Pelli, 1997).

Face stimuli were created using FaceGen Modeller

Version 3.3 (Singular Inversions Inc.). All faces were male,

of neutral facial expression, of the same age, and clean-

shaven. Sixty facial identities were generated for each

ethnicity, yielding 180 identities in total. The hairline was

occluded in both the frontal and 3/4 exemplars of each

identity. Stimuli subtended approximately 4.5� of visual

angle when viewed from 58 cm. Each of the sixty faces

within a face category appeared as a target face twice. The
use of synthetic stimuli allowed precise control over light-

ing and orientation. Estimates of perceptual ability derived

from a similar set of synthetic faces correlated closely with

self-reported face recognition ability, and performance on

complementary face tasks employing photographs of actors

(Biotti et al., 2017).

In order to provide a fair comparison of SE and OE face

recognition ability in the DPs and TD controls, we sought to

equate the difficulty of SE and OE trials for typical Caucasian

observers. The Black and East Asian faces were therefore

made slightly more variable (the generation parameters were

allowed to vary more widely) to counteract the OEE. Tasks

where typical observers exhibit reduced accuracy for OE faces

relative to SE faces may fail to detect group differences

(DP < TD) in OE face identification because controls are closer

https://doi.org/10.1016/j.cortex.2019.04.007
https://doi.org/10.1016/j.cortex.2019.04.007


Fig. 2 e The procedure used in the sequential matching

task.

Fig. 3 e (a) The distribution of discrimination sensitivity

statistics (d′) for the typically developed controls (TDs) and

the developmental prosopagnosics (DPs). (b) The

distribution of criterion statistics (C) for the TDs and the

DPs. (c) The distribution of reaction times (RTs) for the TDs

and the DPs. Error bars denote ±1 SEM.
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to floor for OE faces. As a consequence, there is simply less

scope to detect decrements associated with DP. However,

where typical observers exhibit similar levels of accuracy for

SE and OE faces there is equal scope to detect group differ-

ences for all face types.3

5.2. Results

5.2.1. Group analyses
The results were analysed using signal detection theory

(Macmillan & Creelman, 1991). A Same response following the

presentation of a same-identity test stimulus was treated as a

‘hit’. A Different response following the presentation of a

same-identity test stimulus was treated as a ‘false-alarm’. D-

prime (d0) and Criterion (C) statistics were calculated as mea-

sures of discrimination sensitivity and response bias,

respectively. The distributions of d0 (Fig. 3a) and C (Fig. 3b)

values were analysed using ANOVA with Face Type (Cauca-

sian, Black, East Asian) as a within-subjects factor, and Group

(DP, TD) as a between-subjects factor.

The analysis of discrimination sensitivity revealed a sig-

nificant main effect of Group [F(1,43) ¼ 6.242, p ¼ .016,

hp
2 ¼ .127], whereby the DPs were less accurate than controls.

We also observed a main effect of Face Type [F(2,86) ¼ 13.619,

p < .001, hp
2 ¼ .241], whereby participants found the Black trials

slightly easier than the Caucasian trials. Importantly, how-

ever, the Group � Face Type interaction revealed no evidence

that DPs were disproportionately impaired on SE trials

[F(2,86)¼ 1.526, p¼ .223, hp
2 ¼ .034]. Planned pairwise contrasts

indicated that the DP group showed impaired discrimination

of Caucasian [t(43) ¼ 2.91, p ¼ .006] and Black faces

[t(43) ¼ 2.418, p ¼ .020]. A similar trend was observed for East
3 In a similar vein, the fact that TD observers are closer to floor
for inverted faces may explain why studies often find clear group
differences between DPs and controls for upright faces, but not
inverted faces (Klargaard, Starrfelt, & Gerlach, 2018).
Asian faces, but the contrast did not reach significance

[t(43) ¼ 1.570, p ¼ .124]. When the Black and East Asian trials

were pooled to derive a combined measure of OE discrimina-

tion sensitivity, we found evidence of significant impairment

in DP [t(43)¼ 2.173, p¼ .035]. The criterion analysis revealed no

main effect of Face Type [F(2,86)¼ 1.431, p¼ .245, hp
2 ¼ .032], no

main effect of Group [F(1,43)¼ .395, p ¼ .353, hp
2 ¼ .009], and no

Group � Face Type interaction [F(2,86) ¼ .594, p ¼ .554,

hp
2 ¼ .014].

To ensure that the effects of Group revealed by the fore-

going analyses were not attributable to a speed-accuracy

trade-off, we also examined participants' reaction times

(RTs). For the purposes of this analysis, responses longer than

a participant's mean RT in a given condition þ2.5 times their

SD for that condition were treated as outliers (criterion set

prior to data analysis). On this basis, 284 (2.63%) and 162

(3.00%) observations were excluded for the TD and DP partic-

ipants, respectively. The resulting distribution of RTs (Fig. 3c)

were analysed using ANOVA with Face Type (Caucasian,

Black, East Asian) as a within-subjects factor, and Group (DP,

TD) as a between-subjects factor. This analysis revealed no

https://doi.org/10.1016/j.cortex.2019.04.007
https://doi.org/10.1016/j.cortex.2019.04.007
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main effect of Face Type [F(2,86) ¼ .241, p ¼ .787, hp
2 ¼ .006], no

main effect of Group [F(1,43)¼ .646, p¼ .426, hp
2 ¼ .015], and no

Group � Face Type interaction [F(2,86) ¼ 1.980, p ¼ .144,

hp
2 ¼ .044].

5.2.2. Single-case analyses and correlations
Single-case analyses of the DPs' discrimination ability (d0)
revealed z-scores ranging from �2.757 to .135 for Caucasian

faces (DP2 and DP9 had z-scores of less than �1.96). For Black

faces, the DPs' z-scores ranged from �2.681 to .664 (DP3 and

DP9 had z-scores of less than �1.96). For East Asian faces, the

DPs' z-scores ranged �2.41 to 1.251 (only DP9 had a z-score of

less than �1.96).

A high degree of correlation was seen between discrimi-

nation ability for Caucasian and East Asian faces in both the

TD (r ¼ .785, p < .001) and DP groups (r ¼ .701, p < .001). A

similar relationship was seen between discrimination ability

for Caucasian and Black faces (TDs: r ¼ .657, p < .001; DPs:

r ¼ .798, p < .001) and between discrimination ability for East

Asian and Black faces (TDs: r ¼ .839, p < .001; DPs: r ¼ .818,

p < .001).

Finally, to determine whether there were effects of visual

experience, we examined whether discrimination accuracy

for the three face types correlated with i) participants' scores
on the nine subscales of the IECQ, and ii) summary measures

derived from the subscales (i.e., total experience with Cauca-

sian faces 0e18 years, total experience with Black faces 0e18

years, total experience with East Asian faces 0e18 years).

These analyses revealed no significant relationships between

visual experience and discrimination ability (all rs < .25, all

ps > .10, all Ns ¼ 45).
6. General discussion

The present study sought to establish whether the perceptual

deficit seen in DP, diagnosed using SE faces, impairs the

discrimination of OE faces. A sample of Caucasian DPs

completed a sequential matching task, for three facial eth-

nicities e Caucasian, Black, and East Asian. Relative to

Caucasian controls matched for experience with OE faces, the

DPs were less accurate at discriminating both SE and OE faces,

and we found no evidence of disproportionate impairment for

SE faces. Given that the DPs and controls had similar oppor-

tunity to develop visual expertise for OE faces, these results

indicate that DP impairs the visual processing of both SE and

OE faces (see also: DeGutis, DeNicola, Zink, McGlinchey, &

Milberg, 2011).

Some accounts of the OEE imply dissociation between the

visual processing of SE and OE faces. For example, authors

have argued that OE faces may engage a piecemeal analysis,

while SE faces are processed as an integrated whole (Michel

et al., 2006; Tanaka et al., 2004). Similarly, electrophysical

markers (e.g., N170 and N250 ERP components) of face pro-

cessing behave differently for SE and OE faces (Wiese et al.,

2014). In contrast, our finding that DP impairs the discrimi-

nation of both SE and OE faces suggests that different facial

ethnicities engage similar visual processing mechanisms; our

results imply association not dissociation. This conclusion is

also suggested by the individual differences seen in the typical
population, where observers' relative ability to identify SE in-

dividuals, correlates closely with their relative ability to

identify OE individuals (DeGutis et al., 2013; Wan et al., 2017).

In addition, our results accord with recent evidence that in-

dividuals classified as ‘super-recognisers’ based on their SE

face identification ability, out-perform SE controls at both SE

and OE face matching (Bate et al., 2018).

Our results support the view that susceptibility to DP, and a

lack of contact with OE faces, contribute independently to the

poor recognition of OE faces (Esins, Schultz, Wallraven, &

Bülthoff, 2014; Wan et al., 2017). One possibility is that

different face types (e.g., Caucasian, Black, East Asian) are

processed by common neurocognitive mechanisms

(Duchaine & Yovel, 2015; Freiwald, Duchaine, & Yovel, 2016;

Haxby, Hoffman, & Gobbini, 2000). In DP, atypical develop-

ment of this systemmay lead to problems encoding faces and

retaining face percepts, that affect all face types. In contrast,

the OEEmay reflect the fact that the parameters of this system

become optimised for SE faces through experience. If correct,

this view implies that authors should be careful not to conflate

perceptual problems arising from DP from those arising from

a lack of visual experience; for example, it may be misleading

to characterise the OEE as “face-blindness” for OE faces (e.g.,

Wan et al., 2017).

The putative roles for i) inherited susceptibility to DP and

ii) visual experience of OE faces suggested above can be

illustrated with reference to the face-space framework,

whereby individual faces are thought to be encoded as

mean-relative vectors within a multi-dimensional space

(Valentine, 1991). It has been hypothesised that typical ob-

servers raised in environments where most faces are SE,

may develop a face-space dimensionality that is optimised

to describe the variability in SE faces. The OEEs seen in

otherwise typical observers may therefore reflect the fact

that SE faces are represented with a greater resolution

within face-space, compared to OE faces (e.g., Furl, Phillips,

& O'Toole, 2002; Valentine, 1991). Consistent with this

view, periods of psychophysical adaptation to a particular

face-type (e.g., East Asian or Caucasian faces) appear to re-

calibrate face-space representations, aiding discrimination

of the adapted category (Rhodes, Watson, Jeffery, & Clifford,

2010). In contrast, DP may be a condition that fundamentally

impairs the mean-relative representation of all face types

within face-space. Consistent with this view, individuals

with DP not only exhibit problems forming perceptual de-

scriptions of faces (Biotti, Gray, & Cook, 2018) but also exhibit

atypical perceptual aftereffects for SE faces (Palermo,

Rivolta, Wilson, & Jeffery, 2011).

Consistent with previous findings (DeGutis et al., 2013;

Wan et al., 2017), we found a close relationship between i)

discrimination accuracy for East Asian faces and Caucasian

faces, ii) discrimination accuracy for East Asian faces and

Black faces, and iii) discrimination accuracy for Black faces

and Caucasian faces. These results suggest that the three

face types recruit similar processing mechanisms. In our

paradigm, however, the Black face condition revealed

perceptual deficits (DP < TD) more clearly than the East

Asian face condition. When we restricted our analysis to the

East Asian trials only, the effect of Group did not reach

significance. The reason for this is unclear. We note,
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however, that a significant correlation was seen between

PI20 scores e a measure of prosopagnosic traits e and

discrimination accuracy for East Asian faces (N ¼ 45,

r ¼ �.355, p ¼ .017). This relationship provides some evi-

dence that DP impairs the perception of East Asian faces in

Caucasian observers.

It is well-established that a lack of contact with OE faces

during development can lead to problems recognising OE

faces e namely, the OEE (Sangrigoli et al., 2005; Wan et al.,

2015, 2017). However, we found no correlation between

scores on the IECQ e a measure of OE face experience e and

observers' ability to discriminate OE faces. This lack of corre-

lation should not be taken as evidence that experience does

not influence the visual processing of OE faces. In the present

experiment, we used typical controls with relatively limited

experience of OE faces thereby ensuring a close match with

the DP sample. This design choice suppressed the variability

in OE face experience within the combined sample. The

resulting lack of range in the experience measures likely

hindered our ability to detect the influence of visual

experience.

In summary, relative to typical controls closely matched

for experience of OE faces, our sample of DPs were less ac-

curate at discriminating OE faces. The fact that DP impairs the

discrimination of both SE and OE faces suggests that these

different types of face engage similar visual processing

mechanisms. Our results support the view that susceptibility

to DP, and a lack of contact with OE faces, contribute inde-

pendently to the poor recognition of OE faces.
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