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Abstract

Exposure to varying images of the same person meoueage the formation of a
representation that is sufficiently robust to all@gognition of previously unseen images of
this person. While behavioural work suggests the¢ identity learning is harder for other-
race faces, the present experiment investigateddheal correlates underlying own- and
other-race face learning. Participants sorted ama-other-race identities into separate
identity clusters and were further familiarisedwiihese identities in a matching task.
Subsequently, we compared event-related brain pale(ERPS) in an implicit recognition
(butterfly detection) task for learnt and previgushseen identities. We observed better
sorting and matching for own- than other-race idiest and behavioural learning effects
were restricted to own-race identities. Similathe N170 ERP component showed clear
learning effects for own-race faces only. The NZb6pmponent more closely associated
with face learning was more negative for learnhthavel identities. ERP findings thus
suggests a processing advantage for own-racetidsrdat an early perceptual level whereas
later correlates of identity learning were unaféecby ethnicity. These results suggest
learning advantages for own-race identities, whistierscores the importance of perceptual

expertise in the own-race bias.

Keywords: face recognition, event-related potentials, oaterbias, identity learning, N170,

N250



1.1. Introduction

People are better at remembering faces from thairampared to a different ethnic
group, a well-established phenomenon called ther@ee bias (ORB, or other-race effect;
Malpass & Kravitz, 1969; Meissner & Brigham, 200Ihe ORB is commonly studied using
pre-experimentally unfamiliar faces that are ledmoiin a single picture, and these pictures
subsequently have to be recognised among newlgmiexs$ distractors. However,
experiments using this basic paradigm can only fmieed insight into how own- and other-
race faces are learnt and recognised in reallllfese limitations stem from fundamental
differences in unfamiliar and familiar face recdgm, and from recent findings
demonstrating how faces become familiar. While @ easily recognise the people we know
from a wide range of different images, seeing thifderent pictures show the same unfamiliar
person can be very difficult (Bruce et al., 199nkins, White, Van Montfort, & Burton,
2011). Face learning therefore reflects the estlblent of representations that allow for
recognition independent of a specific image (JenkirBurton, 2011). Nonetheless, studies
on the ORB have typically ignored image-independ&ece recognition, which is arguably
critical for identification in applied contexts,@uas eyewitness testimony. Similarly, studies
on the neural correlates of the ORB have largety$ed on pictorial rather than face learning
(e.g., Golby, Gabrieli, Chiao, & Eberhardt, 200Eremann, Willenbockel, Tanaka, &
Curran, 2011; Wiese, Kaufmann, & Schweinberger420Ihe present study thus aimed to
fill this gap by examining the neural processe®aganying own- and other-race face

identity learning.

Many studies highlight how difficult it can be teaognise unfamiliar faces from
different pictures, even when these are presemteataneously (e.g., Bruce et al., 1999;
Jenkins et al., 2011; Megreya & Burton, 2006). Bytcast, we are able to easily recognise a

familiar face from almost any image (Burton, Wils@owan, & Bruce, 1999). These



profound differences in performance between unfaménd familiar face recognition most
likely reflect differences in how they are reprasein Familiar face recognition is thought to
rely on stored memory representations that gragidalelop over time. These structural
codes, termed face recognition units (Bruce & Yqur8$6), become increasingly abstract,
i.e., independent of particular viewing conditiotiee more we become familiar with a face
and therefore allow for recognition across a suttitbrange of variation (Burton et al., 1999;
Burton, Jenkins, Hancock, & White, 2005; Jenkinalet2011; Kramer, Jenkins, Young, &
Burton, 2017). For any unfamiliar face, howevegtstepresentations are not available.
Instead, unfamiliar face recognition is largelydxhsn pictorial codes that are closely tied to
the original encounter with a given face (Hancdaiice, & Burton, 2000). As a
consequence, small variations between images ohtmiliar person, e.g. with respect to
pose and lighting conditions, typically impair perhance (e.g., Longmore, Liu, & Young,

2008).

The few available studies on image-independentgasing of other-race faces suggest
that difficulties in unfamiliar face recognitioneaeven more pronounced for faces from
different ethnic groups. First, face matching task&hich participants have to indicate
whether two simultaneously presented pictures sghevsame person or not (see e.g.,
Megreya & Burton, 2006) are often surprisingly diiit, even for own-race faces. However,
a further decrease in performance has been obstwether-race faces (Kokje, Bindemann,
& Megreya, 2018; Megreya, White, & Burton, 2011¢c8nd, when participants are
presented with printed cards showing multiple insagietwo different identities and are asked
to sort these cards into as many piles as theyeperadentities in the set, they often
drastically overestimate the true number of idedi{Jenkins et al., 2011). Yet participants
create even more identity clusters when the famef@am a different ethnic group (Laurence,
Zhou, & Mondloch, 2016; Yan, Andrews, Jenkins, &g, 2016; Zhou & Mondloch,

2016).



These findings clearly demonstrate difficultieshwitnfamiliar other-race facial
identities at a perceptual level, but they alsayssgthat learning new facial identities from a
different ethnic group might be more difficult. @eg to know how different a face can look
in different pictures appears to be key to acqgirmage-independent familiarity with that
face (Bruce, 1994; Burton, 2013; Burton, KrametcRe, & Jenkins, 2016; Burton,
Schweinberger, Jenkins, & Kaufmann, 2015). Stueiesnining face learning therefore often
use so-called ambient images (see Figure 1), wdapkure a high degree of “naturalistic”
variability in appearance, e.g., with respect gbting, viewing angle, or emotional
expressions. Of particular relevance for the preserdy, Andrews, Jenkins, Cursiter &
Burton (2015) presented participants with multideds showing ambient images of two
different identities and, in contrast to the stigydenkins and colleagues (2011) discussed
above, informed the participants about the truelmemof identities in the set and specifically
instructed them to sort the images into two clisstene for each identity. In a subsequent
matching task, novel exemplars of the identitiensduring sorting were matched more
accurately than images of unfamiliar faces (AndreBeston, Schweinberger, & Wiese, 2017;
Andrews et al., 2015). These findings indicate thgtosure to within-identity variability
during sorting results in the formation of imageependent representations. At the same
time, given that sorting images according to idgns more difficult for other-race faces
(e.g., Yan et al., 2016), it might also be harddetirn other-race faces through exposure to

within-identity variability.



Figure 1. Exemplary ambient images. All images shimavsame person. Images are reprinted
with full permission of the depicted person.

Support for the suggestion that other-race idestiéire harder to learn from highly
variable images comes from two recent studies wtlikctly compared own- and other-race
face identity learning. First, Hayward and colleagfound that participants learned other-
race identities less efficiently than own-race tttees, and that training generalised more
poorly to novel exemplars of the learnt other-tie&ato own-race identities (Hayward,
Favelle, Oxner, Chu, & Lam, 2017). Second, betarring of own- relative to other-race
identities has also been observed by Zhou, MatthBeiser, & Mondloch (2018). These
authors found that a higher degree of variabilityimy learning was needed for later image-
independent recognition of other- as compared to-age identities. These learning

difficulties associated with other-race faces haeen interpreted to reflect reduced



perceptual expertise with the other-race categegy,(Proietti, Laurence, Matthews, Zhou, &
Mondloch, 2018; Zhou et al., 2018). At the sameeti@avazos, Noyes, & O'Toole (2018)
found that own- and other-race faces equally b&edffrom multi-image training. Although
an ORB was observed, the presentation of multipkges during learning led to face
representations that facilitated subsequent retiogrof novel exemplars of both own- and
other-race faces.

The aim of the present study was to investigatentheal correlates of face identity
learning for own- and other-race faces. While fieessing is thought to consist of a
number of successive stages (see e.g., Bruce & di@86; Schweinberger & Neumann,
2016), behavioural measures can only inform adwbtutcome of these various processing
steps. Here, we analysed event-related brain paleERPS) to more directly determine at
what processing stage differences between ownetrad-race face learning would occur.
ERPs reflect transient voltage changes in ther@ectephalogram (EEG) that are time-
locked to a specific event, e.g., the presentaifanvisual stimulus. They consist of positive
and negative deflections, so-called components;hwaiie associated with distinct stages of
stimulus processing, in this case, the procesdifgces. ERPs therefore provide an excellent

tool for the purpose of the present study.

The first face-sensitive ERP component is the N&7@ggative deflection peaking
approximately 170 ms after stimulus onset at otwifgmporal electrodes. N170 is more
negative for faces than for other classes of opj@entin, Allison, Puce, Perez, & McCarthy,
1996), but usually considered to be insensitiviauailiarity (Bentin & Deouell, 2000; Eimer,
2000a; Schweinberger, Pfltze, & Sommer, 1995; Zimmaan & Eimer, 2013, 2014). Hence,
it is typically interpreted to reflect processempto the identification of an individual face
(but see Schweinberger & Neumann, 2016, for a leetaiscussion of identity adaptation
effects), such as structural encoding or the dietecif a face-like pattern (Eimer, 2000b;

Eimer, 2011). N170 has been observed to be mor&imedor other- relative to own-race



faces (e.g., Cassidy, Boutsen, Humphreys, & Quoa4; Herrmann et al., 2007; Stahl,
Wiese, & Schweinberger, 2010; Wiese & Schweinberg@t8), which presumably indicates
more effortful structural processing of other-ré@mees. However, other studies did not
observe ethnicity effects in N170 (e.g., GajewSkihlegel, & Stoerig, 2008; Herzmann et al.,
2011; Wiese, Stahl, & Schweinberger, 2009), whigynat least partly, reflect differential

task demands (Senholzi & Ito, 2013; Wiese, 2013).

N170 is immediately followed by a positive deflectj the occipito-temporal P2,
peaking roughly 200 ms after stimulus onset. Gdlye2 amplitude is more positive for
“typical” compared to “atypical” faces. For exampheore positive P2 amplitudes have been
observed for veridical relative to spatially caticad faces (Schulz, Kaufmann, Kurt, &
Schweinberger, 2012; Wuttke & Schweinberger, 20tBaddition, P2 is usually more
positive for own- when compared to other-race f4&tahl et al., 2010; Wiese &
Schweinberger, 2018), although this effect was feskto be attenuated in participants with
substantial other-race contact (Stahl, Wiese, &&ihberger, 2008). Moreover, shifting
participants’ attention to individual rather thahréc category information eliminated this P2
effect (Stahl et al., 2010). These findings sugyedt ethnicity effects in the P2 time range

are shaped by both long-term experience and cuaskidemands.

The subsequent N250 is the earliest componentstendly associated with the
processing of facial identity. More negative N250pditudes have been observed for famous
(Andrews et al., 2017; Gosling & Eimer, 2011) ardgonally familiar (Wiese, Tlttenberg, et
al., 2019) relative to unfamiliar faces. SimilaiN250 is more negative for immediate
repetitions of faces relative to conditions in whiwo different faces are presented in
succession. This so-called N250r (r for repetitiBagleiter, Porjesz, & Wang, 1995;
Bindemann, Burton, Leuthold, & Schweinberger, 2088zmann, Schweinberger, Sommer,

& Jentzsch, 2004; Schweinberger et al., 1995) kas Interpreted to reflect access to



perceptual face representations. More negativeiudpk in the N250 time range have also
been observed for other- relative to own-race f@leeszmann et al., 2011; Stahl et al., 2010;
Wiese et al., 2014; Wiese & Schweinberger, 2018jciwmay reflect more effortful
processing of individual other-race faces (Herzma&@16). We note that these

interpretations might at first sight appear somevdiéicult to integrate. While a larger N250
for familiar versus unfamiliar faces or repeatetsus non-repeated faces may reflect the
(pre-)activation of a face representation, overaile negative amplitudes for other-race faces
in the N250 time range, independent of familiaatyrepetition, seem to suggest more effort

when participants are trying to access such reptatens.

The N250 has also been linked to face learnind) imtreased amplitudes for newly
learnt relative to novel faces (Kaufmann, Schweigbe & Burton, 2009; Tanaka, Curran,
Porterfield, & Collins, 2006), and these N250 |@agreffects were evident across different
images of the respective faces (Kaufmann et ab9R0nterestingly, learning effects within
the N250 time range have also been observed failpwidividuation training with a specific
category of other-race faces (Tanaka & Pierce, pO0®date, only one previous study
investigated ERP correlates of identity learningg&mbient images (Andrews et al., 2017).
After sorting ambient images of two identities iméspective identity clusters, images seen
during the sorting task elicited more negative Na&tplitudes compared to images of novel
identities. More importantly, these learning eféestere highly similar for images presented
during sorting and a new set of images of the kgdentities, suggesting the establishment of

new image-independent representations.

The present study used a paradigm similar to Angieval. (2017) to study the neural
correlates of own- and other-race face identityrlg in an implicit learning study.
Specifically, we sought to investigate whetheréag is more challenging for faces of a

different ethnic group and, if so, at what neuralgessing stage such ethnicity-related
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difficulties would manifest. Participants first 88 ambient images of two identities into two
separate identity clusters. Subsequently, to prerhwther familiarisation with these
identities, particularly in light of the above-dabed difficulties with other-race faces,
participants completed four blocks of a matchirsktduring which the sorting task images
were repeatedly presented. Feedback was provitiedeaich trial. Finally, to assess
recognition at the neural level, participants watth sequence of faces while their EEG was
recorded. Participants were asked to respond tequéntly occurring target stimuli (i.e.,
butterflies) and therefore the task did not reqaiplicit recognition of recently learnt faces.
Stimuli in this task consisted of the images saating sorting/matching (learnt ID/same
images), a new set of images of the identitiesgmesl during sorting/matching (learnt
ID/different images), and images of two unfamiliaces (novel ID). This sequence of tasks

was completed with both own-race and other-racetities.

In line with previous findings (e.g., Laurence et 2016), we expected better sorting
of own- than other-race identities. Based on retirdings that other-race faces are harder to
learn than own-race faces (e.g., Zhou et al., 2048)lso expected overall better matching
accuracy with own-race faces and a stronger pednoa increase over blocks for this face
category. With respect to ERPs, we expected tacagpl the findings of Andrews et al. (2017)
for own-race faces. Specifically, if the sortinglanatching tasks triggered the formation of
face representations, more negative N250 amplitadesd be expected for learnt ID/same
images compared to novel ID images. In additiotheke representations were sufficiently
robust to allow for the recognition of novel owrceaexemplars (e.g., Andrews et al., 2015;
2017), we would expect N250 amplitudes of learritlifferent images to be highly similar to
those of learnt ID/same images. However, as otheg-face learning has been found to not
readily generalise to novel instances (e.g., Hagiveaal., 2017), we anticipated N250
learning effects to be largely restricted to thoeer-race images presented during sorting

and matching.
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2. Method

2.1. Participants

20 undergraduate and postgraduate students aasvathff members (10 female, 18 —
37 yearsMage= 23.6,3D¢e = 5.8) at Durham University gave written informemhsent to
take part in the experiment. All had a Caucasianietbackground. Participants reported
normal or corrected-to-normal vision, and no neagaal or psychiatric conditions. All were
right-handed as assessed by the Edinburgh Handedoestionnaire (Oldfield, 1971).
Participants received course credit or a monetanypensation of £14 for taking part. The
study was approved by the local Ethics Committed@uaham University’s Department of

Psychology.

2.2.  Stimuli and Design

We compiled 40 images of each of four Caucasianf@amdEast Asian male photo
models via a Google image search (see also Tuttgigb®/iese, in press). For each identity,
the first 40 images of each identity were chosenrelthe face covered an area of at least 190
x 285 pixels and facial features were not coverned.f., sunglasses. All images were
converted to grey scale and framed within an afd®0 x 285 pixels. In addition, for the
sorting task (see below), 20 images for each itdentere re-sized to 3 x 4 cm, printed,
laminated and cut out to create a single picturd fx each image. There were also 12
images of butterflies (previously used in Andrewale 2017). After completion of the main
experiment, participants were asked to rate thétgud contact with Caucasian and East
Asian people on a scale from 1 to 4 (1 — very dupal, 2 — rather superficial, 3 — rather

intense, 4 — very intense; Wiese, 2012).
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For each identity, images were randomly divided imto sets (A, B) of 20 images
each. The identities within each ethnic group weirged to pairs (Caucasian ID1/2,
Caucasian ID3/4, East Asian ID1/2, and East Adix814). In total, there were four different

image sets for each ethnic group (sets A and BCbf2 and 1D3/4, respectively).

A sequence of three different tasks was employsdyiing task, a matching task and
a final butterfly detection task (Figure 2). Thexggence was completed twice, once with
Caucasian and once with East Asian identities pauisde blocks. The order (Caucasian first,

East Asian first) was counterbalanced across mpaatits.

1) Sorting task 2) Matching task 3) Butterfly detection (EEG)

L T

i Correct!

a0 K
Shuff ’ g
1,000 ms -

cards 3,000 ms

learntID/ IeamtIDl‘ r noveI]D bUﬁe"ﬁY
same different images
|mages images

‘/ \ Al Incorrect!
Mismatch? :
Ke |
NENE EENE N h
EEEN EEEE I.! E I

HAEEN NEER =1,000 s

NEEN EEER 4 Pinites ‘ e 1000 1 000
EENE EEEE 80 trials each ! 4000 ™ Erpng
D1 D2 : 1,000

ms

Figure 2 Overview of the procedure. For more detailed imfation, refer to main text. Note
that images shown in the figure are not those us#tk experiment. Images are reprinted
with full permission of the depicted persons.

For the sorting task, Set A of one identity pad{I2A, or ID3/4A) for the respective
ethnic group was selected. The identity set useldarsorting task was counterbalanced

across participants.

The subsequent matching task comprised four blatks80 trials each. These were
40 match trials (20 for each of the two identigegountered in the sorting task) and 40
mismatch trials in which one image of each of the identities was shown. Selected images
were those presented during sorting to encouragenceed familiarisation with the identities.

Each image was presented four times per blockgtimienatch and mismatch trials,
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respectively. Although specific images were repagaieth within and across blocks, two
individual images were never shown together moae ttnce. Images were presented side-
by-side on dark grey background on a computer raoritoth images were displayed at 5.6 x
8.4 cm with a 3.5 cm gap between images. Each ithadeequal probability to appear as left

or right image.

The final picture viewing task consisted of 17@l8j i.e., 40 trials comprising the
images of the two identities seen during sorting mratching (learnt ID/same images; e.g.,
ID1/2A), 40 trials showing new images of the idd@asi seen during sorting and matching
(learnt ID/different images; e.g., ID1/2B), andt@&@ls comprising images of two previously
unseen identities (novel ID, e.g., ID3/4A and B)eTremaining 16 trials showed images of
butterflies (with four randomly selected imagesserdged twice) which were not analysed and
only included to create task demands (see belomggés were presented on dark grey
background in the centre of a computer monitor widn area of 195 x 280 pixels (5.6 x 8.4
cm), corresponding to a viewing angle of 3.21°&l14.at a viewing distance of 100 cm,

which was maintained with a chin rest.

2.3. Procedure

After providing written informed consent, particiga were prepared for EEG
recording. They then completed the first sortirgktdParticipants received a pile of 40
shuffled cards of two identities and were told tiet images were of two different people
with 20 images per identity. They were asked td mse images into two separate identity

clusters.

Following the sorting task, participants were sedtefront of a computer monitor to

engage in the matching task. Participants saw péafieces and had to judge as accurately as
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possible via key presses whether the two faces etholme same or different persons. Key
assignment to match and mismatch responses wasecbalanced across participants.
Images were presented for 3,000 ms, preceded ilzgtaoh cross shown for 1,000 ms. After
each trial, participants received feedback (‘Cdttrec ‘Incorrect!” in green or red letters,
respectively; or ‘No response detected’ (also @) reparticipants failed to submit their

answer within 3,000 ms) which was presented fod@ js.

Finally, in the butterfly detection task, participiga saw a sequence of single face
images and were instructed to press a key asridsaigaccurately as possible whenever an
image of a butterfly was presented. Images werw/stior 1,000 ms and preceded by a
fixation cross which was presented for an averageatan of 1,000 ms (randomly jittered
between 800 and 1,200 ms). Images were presentaddom order. Afterwards, participants

completed the second block with stimuli from thgpective other ethnic group.

2.4. EEG recording and data analysis

EEG was recorded from 64 sintered Ag/Ag-Cl eleatsodith an ANT Neuro system
(Enschede, Netherlands). An electrode on the fagtkerved as ground and Cz as recording
reference. EEG was sampled at a rate of 512 HztgD20 Hz). Recording sites
corresponded to an extended 10 — 20 system. Biirmection was performed using the
algorithm implemented in BESA 6.3 (Grafelfing, Gamy). EEG was segmented from -200
until 1,000 ms relative to stimulus onset wherdi®y/first 200 ms served as baseline. Artefact
rejection was carried out using an amplitude tholesbf 100 uV and a gradient criterion of
75 pnV. All remaining trials were recalculated teeeage reference, digitally low-pass filtered
at 40 Hz (12 dB/oct, zero phase shift) and themesgerd according to experimental
conditions. The average number of trials was 381 6.0) for learnt ID/same images, 34.5

(SD = 6.3) for learnt ID/different images, and 693D (= 11.4) for novel ID in the own-race
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identity condition, and 34.99D = 5.4) for learnt ID/same images, 343 (= 5.1) for learnt

ID/different images, and 70.85D = 10.4) for novel ID in the other-race identityndition.

In the averaged waveforms, mean amplitudes for N130 — 180 ms), P2 (180 — 220
ms) as well as early (220 — 300 ms) and late (3800-ms) N250 components at P9/10 and
TP9/10 were calculated. Time windows for the respecomponents were selected based on
visual inspection of the grand averages. Notettit@tnalysis of an early and late N250 time
window as well as the selection of the respeciivme ranges corresponds to approaches in

previous ERP studies on face identity learning (&g et al., 2017; Kaufmann et al., 2009).

Statistical analyses were performed using repeatssures analyses of variance
(ANOVA). Matching task accuracy was analysed usirggwithin-subjects factors ethnicity
(own-race, other-race), trial type (match, mismpatoid block (1, 2, 3, 4). Post-hoc
comparisons as well as analysis of quality of comsorting task errors and accuracy of
butterfly detection were performed using paired glast-tests. EEG data were analysed
using repeated measures ANOVAs with the within-scigj factors hemisphere (left, right),
site (TP, P), ethnicity (own-race, other-race) Hhdiype (learnt ID/same images, learnt
ID/different images, novel ID). Degrees of freedaere adjusted using the Greenhouse-

Geisser procedure whenever appropriate.

Following an estimation approach in data analyse® .g., Cumming, 2012;
Cumming & Calin-Jageman, 2017), we report effeptsiand appropriately sized confidence
intervals (CI) throughout. As suggested by thesbas, 95% Cls for Cohent$for paired
samples t-tests were corrected for bias and cordfyteising the mean SD rather than the
SD of the difference as the denominator (Cohdg,g, which were computed using ESCI
(Cumming & Calin-Jageman, 2017). 90% Cls for p&dta squaredn(,z) were calculated

using scripts by M.J. Smithson (http://www.michaalhson.online/stats/Clstuff/Cl.html).
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3. Results

3.1. Behavioural results

3.1.1. Quality of contact

Participants reported higher quality of contactwvatvn-race (1 = 3.300, 95% CI
[2.93, 3.68]) than with other-race peoph £ 1.900, 95% CI [1.45, 2.35]i),19) = 3.99p <

.001,Mg = 1.400, 95% CI [0.67, 2.14], Coherigs, = 1.512, 95% CI [0.64, 2.48].

3.1.2. Sorting errors

Participants made fewer errors when sorting owmpared to other-race identities,
t(19) = 4.62p < .001,Mgi = 2.900, 95% CI [1.59, 4.21], Cohemgy = 1.165, 95% CI [0.56,

1.85] (see Figure 3a).



17

QO
S

10eg--nmeeeeee

Sorting Errors

Own-Ra::e Faces Other-Ra'ce Faces
b) c)
1.09 + Own-Race Faces Ly
= (Other-Race Faces
0.9+ 0.9+
2 0.84 2 08 I} {
W vl
T T
3 3
8 0.74 T e 0.74
g o <™
0.6+ 0.6+ ¢ Own-Race Faces
s Oiher-Race Faces
0-' L] 14 L4 L] 0-: L} L]
1 2 3 4 Match Trials Mismatch Trials

Block

Figure 3. Behavioural results. (a) Sorting and (b, c) Matghisisk results. Error bars denote
95% confidence intervals (Cls), grey squares irdégict individual subjects’ data.

3.1.3. Matching task

A repeated measures ANOVA with the within-subjdatgors ethnicity (own-race,
other-race), trial type (match, mismatch) and blfick?, 3, 4) on matching task performance
yielded significant main effects of ethnicity, trtgpe and block, reflecting better
performance for own- relative to other-race idéssit~(1,19) = 41.60p < .001,np2 = .686,
90% CI[0.43, 0.79], for match compared to mismatiis, F(1,19) = 15.77p = .OOl,np2 =
454, 90% CI [0.16, 0.62], and an increase in parémce across blocks(3,57) = 8.21p =
.001,np2 =.302, 90% CI [0.12, 0.42]. In addition, the ety x block interaction approached
significanceF(3,57) = 2.39p = .078,%2 =.112, 90% CI[0.00, 0.21] (see Figure 3b). We

further calculated pairwise comparisons to testeopriori prediction of larger performance
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increases across blocks for own- than other-ramesfd=or own-race identities, performance
increased from block 1 to block19) = 3.79p = .001,My = 0.054, 95% CI [0.02, 0.08],
Cohen’sd,, = 0.483, 95% CI[0.19, 0.80], from block 2 to tdg; t(19) = 2.25p = .036,

Mgirr = 0.029, 95% CI [0.01, 0.06], Coherlg, = 0.301, 95% CI [0.02, 0.60], but not from
block 3 to block 4{(19) = 0.84p = .413 Mg = 0.010, 95% CI [-0.01, 0.03], Cohemlg, =
0.106, 95% CI [-0.15, 0.37]. For other-race idessit no improvement in performance was
detected across blocks (block 1 to block(29) = 0.27p = .794, Mg« = 0.005, 95% CI [-
0.04, 0.05], Cohen’dyy, = 0.039, 95% CI [-0.26, 0.34]; block 2 to block@9) = 1.11p =
.282,Mgit = 0.020, 95% CI [-0.02, 0.06], Cohemlgy, = 0.135, 95% CI [-0.11, 0.39]; block 3
to block 4,t(19) = 0.01p = .999, M4 = 0.001, 95% CI [-0.04, 0.04], Cohemlg, = 0.001,

95% CI [-0.22, 0.22]).

Furthermore, two significant two-way interactionsrey observed. First, there was a
significant ethnicity x trial type interactiof(1,19) = 9.95p = .005,11|02 =.344, 90% CI
[0.07, 0.54]. Follow-up tests revealed significaffects of ethnicity for both matct(;19) =
4.35,p <.001,Mgi = 0.121, 95% CI [0.06, 0.18], Cohemg, = 1.128 [0.52, 1.81], and
mismatch trialst(19) = 6.18p < .001,Mgi = 0.241, 95% CI [0.16, 0.32], Cohenlgy, =
1.506, 95% CI[0.86, 2.26], with larger ethnicitjeets for the latter (see Figure 3c). Second,
a significant block x trial type interaction wasselved F(3,57) = 8.83p < .001,1],[,2 =.317,
90% CI1[0.13, 0.43]. Follow-up tests revealed highecuracy for match compared to
mismatch trials, which was significant from block$o 3 (1:t(19) = 6.05p < .001,Mgi¢ =
0.158, 95% CI [0.10, 0.21], Cohertg,, = 1.532 [0.86, 2.31], 2(19) = 3.15p = .005,Mgi; =
0.089, 95% CI [0.03, 0.15], Coherdgy, = 0.715, 95% CI [0.22, 1.26], §19) = 7.64p =
.012,Mgixr = 0.077, 95% CI [0.02, 0.14], Cohemnlgy, = 0.679, 95% CI [0.15, 1.25], but only
approached significance in blockt@,9) = 2.09p = .051,Mg# = 0.055, 95% CI [-0.01, 0.11],
Cohen’sd,n, = 0.390, 95% CI [-0.01, 0.81], reflecting an irase in accuracy on mismatch

trials while accuracy on match trials remainedtreddy stable.
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3.1.4. Butterfly detection

Accuracy in the butterfly detection task approacbeiting and was highly similar for
own- M = 0.991, 95% CI [0.98, 1.00]) and other-race btk = 0.988, 95% CI [0.97,
1.00]),t(19) = 0.30p = .772,Mgi = 0.003, 95% CI [-0.02, 0.02], Cohemnlg, = 0.095, 95%

CI [-0.56, 0.76].

3.2. ERP results

For the sake of conciseness, only significant reffiects of, and interactions
involving, the experimental factors ethnicity amitype are reported in the main text. All
other significant results, and results for the nmedfiacts of the experimental factors that did

not reach significance, are reported in Table 1P E€Sults are depicted in Figures 4 and 5.
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Figure 4 Grand average ERPs. Upper half shows grand av&Rgs for learnt ID/same
images and novel ID, lower half shows grand aveEPs for learnt ID/different images and
novel ID for own- and other-race faces, at eleasB9/10 and TP9/10



Table 1 Additional ERP results not reported in the maii.te

ERP Effect Follow-up df F p np 90% ClI Mean (uV) 90% ClI
N170 Site 1,19 14.08 .001 426 0.13, 0.60 TP80.7 -1.61, 0.06
P: 0.66 -0.79, 2.11
Ethnicity 1,19 0.15 .703 .008 0.00, 0.15 Own-rabel0 -1.23, 1.03
Other-race: -0.02 -1.16, 1.12
Ethnicity x Site x ID type 2,38 2.69 .080 124 0.00, 0.27
Own-race / TP9/10 2,38 2.61 .087 121 0.00, 0.26 Learnt ID/same: -1.08 -2.02, -0.14
Learnt ID/diff.: -0.50 -1.42,0.41
Novel ID: -0.80 -1.70,0.11
Own-race / P9/10 2,38 2.91 .067 .133 0.00, 0.28 Learnt ID/same: 0.32 -1.12,1.76
Learnt ID/diff.: 0.78 -0.63, 2.20
Novel ID:0.68 -0.84, 2.19
Other-race / TP9/10 2,38 0.48 577 .025 0.00, 0.11 Learnt ID/same: -0.87 -1.87, 0.13
Learnt ID/diff.: -0.64 -1.52,0.24
Novel ID: -0.68 -1.66, 0.10
Other-race / P9/10 2,38 2.34 110 110 0.00, 0.25 Learnt ID/same: 0.47 -1.05, 1.98
Learnt ID/diff.: 0.98 -0.57, 2.52
Novel ID: 0.74 0.76, 2.25
P2 Hemisphere 1,19 8.28 .010 .303 0.05, 0.51 Des0 -0.60, 1.59
Right: 2.42 0.75, 4.09
Site 1,19 63.76  <.001 770 0.57,0.84 TP: 0.12 -0.87,1.11
P: 2.80 1.29,4.31
Ethnicity 1,19 0.27 .609 .014 0.00, 0.18 Own-rdcél 0.21, 2.60
Other-race: 1.51 0.22,2.80
ID type 2,38 1.76 .187 .085 0.00, 0.21 Learnt ID/same: 1.30 0.03, 2.56
Learnt ID/diff.: 1.64 0.39, 2.90
Novel ID: 1.44 0.22, 2.66
Ethnicity x Site 1,19 3.52 .076 .156 0.00, 0.38
TP9/10 1,19 0.01 .942 .001 0.00, 0.01 Own-race: 0.13 -0.85, 1.10
Other-race: 0.11 -0.94, 1.16
P9/10 1,19 1.13 .301 .056 0.00, 0.26 Own-race: 2.68 1.23,4.15
Other-race: 2.92 1.33,4.51
early Hemisphere 1,19 6.33 .021 .250 0.02, 0.46 Left: 0.04 -1.04, 1.11
N250 Right: 1.58 0.59, 2.57
Site 1,19 81.39 <.001 .811 0.64, 0.87 TP: -0.54 -1.33,0.25
P: 2.15 1.21, 3.10
Ethnicity 1,19 1.24 .280 .061 0.00, 0.27 Own-race: 0.71 -0.15, 1.56
Other-race: 0.91 0.10, 1.72
ID type 1,19 2.35 .109 110 0.00, 0.25 Learnt ID/same: 0.57 -0.29, 1.42
Learnt ID/diff.: 0.94 0.04, 1.84
Novel ID: 0.92 0.15, 1.69
late Hemisphere 1,19 8.54 .009 .310 0.05, 0.51 Left: 0.67 -0.35, 1.70
N250 Right: 2.14 1.00. 3.28
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Site
Ethnicity
Ethnicity x Site
TP9/10

P9/10

1,19
1,19
1,19
1,19

1,19

67.01

1.79

4.01

0.22

491

<.001

197

.060

.642

.039

779

.086

174

.012

.205

0.58, 0.85
0.00, 0.30
0.00, 0.40
0.00, 0.17

0.01, 0.42

TP: 0.34
P:2.48
Own-race: 1.28
Other-race: 1.54

Own-race: 0.28
Other-race: 0.39
Own-race: 2.27
Other-race: 2.68

-0.55, 1.22
1.40, 3.55
0.36, 2.20
0.52, 2.55

-0.61, 1.17
-0.56, 1.34
1.26, 3.29
1.52,3.85
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Figure 5.Voltage maps and ERP learning effects. a) Voltagpsrshowing the scalp
distribution of learning effects (novel ID — leatBl/same images) for own- and other-race
faces in N170, P2, early and late N250. b and @rMearning effects for own- and other-
race faces. Error bars denote 95% confidence ialergrey squares indicate individual
subjects’ data.

3.2.1. N170

A repeated measures ANOVA with the within-subjdattors hemisphere (left, right),
site (TP, P), ethnicity (own-race, other-race) Hhdiype (learnt ID/same images, learnt
ID/different images, novel ID) on N170 mean amplguevealed a significant main effect of
ID type,F(2,38) =4.13p = .036,np2 =.179, 90% CI [0.01, 0.33], which was further lified
by a significant ethnicity x hemisphere x ID tymgeractionf(2,38) = 5.51p = .008,11|D2 =
.225, 90% CI[0.04, 0.37]. Follow-up analyses yeelch significant effect of ID type for own-
race identities in the left hemispheFg¢2,38) = 8.48p = .OOl,np2 =.309, 90% CI [0.10,

0.45], indicating significantly more negative antydies for learnt ID/same images relative to
novel ID,F(1,19) =5.39p = .032,np2 =.221, 90% CI [0.01, 0.44]. A trend towards more
negative amplitudes for learnt ID/different imagascompared to novel ID was observed,

F(1,19) =3.99p = .060,11p2 =.174, 90% CI [0.00, 0.40]. The effect of ID tyjee own-race
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identities at right-hemispheric electrodes andbttier-race identities in both hemispheres
failed to reach significance, & < 2.24,ps>.121,n,’s< .105. Additional follow-up
analyses of the above three-way interaction wenelected to test for potential differences
between own- and other-race faces. Post-hoc asadlydenot yield any significant effects of

ethnicity, allFs(1,19)< 1.76,ps> .201,1n,°s < .085.

3.2.2. P2

A corresponding ANOVA on P2 mean amplitude showsdaificant ethnicity x 1D
type interactionf(2,38) = 4.62p = .016,11'02 =.196, 90% CI [0.02, 0.34], which further
interacted with hemispherg(2,38) = 5.41p = .009,11'02 =.222,90% CI [0.04, 0.37]. Follow-
up tests showed a significant effect of ID typedam-race identities at left-hemispheric
electrodesi(2,38) = 11.11p = .001,r||02 =.369, 90% CI [0.15, 0.51], indicative of
significantly more positive amplitudes for novel tbmpared to learnt ID/same images,
F(1,19) = 15.95p = .001,n,” = .456, 90% CI [0.16, 0.62], but comparable arogts for
learnt ID/different images and novel 1B(1,19) = 1.79p = .196,11,,2 =.086, 90% CI [0.00,
0.30]. A comparable effect of ID type was not olbiedrfor own-race identities at right-
hemispheric electrodes, and was absent for otloeridentities over both hemispheres, all
Fs(1,19)< 1.28,ps> .285,np255 .063. Post-hoc analyses of the above three-wayaction
to test for potential effects of ethnicity reveatedignificant effect of ethnicity for the learnt
ID/same image condition in the left hemisphé&i@,,19) = 9.79p = .006,11,,2 =.340, 90% CI
[0.07, 0.54], indicating more positive amplitudes éther- compared to own-race identities.
No further significant effects of ethnicity weresaved, alFs(1,19)< 3.19,ps> .090,npzsi

144,
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3.2.3. Early N250

Analysis of the early N250 time window yielded grsficant ethnicity x site
interaction,F(1,19) = 4.88p = .040,1],;,2 =.204, 90% CI [0.01, 0.42], which further intetedt
with hemispherek-(1,19) =4.91p = .039,11|02 =.205, 90% CI [0.01, 0.42]. Post-hoc analyses
indicated more negative amplitudes for own- reativ other-race identities at PHE{1,19) =
545,p= .031,11|02 =.223, 90% CI [0.01, 0.44]. No comparable differes were observed at

P9 and TP9/10, aFfs(1,19)< 1.02,ps> .3241,s< .051.

3.2.4. Late N250

In the late N250 time window, a significant ethtyoct hemisphere interaction was
obtainedF(1,19) = 5.00p = .038,1],;,2 =.208, 90% CI [0.01, 0.43], indicating a trend/éwds
more negative amplitudes for own- relative to ofteere identities in the right hemisphere,
F(1,19) =4.28p = .053,11|02 =.184, 90% CI [0.00, 0.40], but comparable ampls in the

left hemispheref-(1,19) = 0.01p = .993,11p2§ .001, 90% CI [0.00, 0.01].

In addition, a significant main effect of ID typeasvobserved;(2,38) = 7.44p =
.002,1],[,2 =.281, 90% CI [0.08, 0.43]. Post-hoc contrastsasdd significantly more negative
amplitudes for learnt ID/same images relative teehdD, F(1,19) = 16.88p = .001,1],;,2 =
470, 90% CI[0.17, 0.63], but no significant diface between learnt ID/different images
and novel IDF(1,19) =0.01p = .909,1],;,2 =.001, 90% CI [0.00, 0.02]. The ethnicity x ID
type interaction did not reach significan€€2,38) = 0.49p = .616,1],;,2 =.025, 90% CI [0.00,

0.11].

4. Discussion
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The aim of the present study was to investigatenéweal correlates of own- and

other-race face identity learning. Caucasian padits first sorted ambient images of two
own- and other-race faces into separate clustersaich identity and were further familiarised
with these identities during a matching task. helwith our hypotheses, we observed better
sorting of own- compared to other-race faces. Megeoas predicted, participants were more
accurate at matching own- relative to other-raeatities, and an improvement in matching
accuracy across blocks was evident for own-racatitiles only. In addition, we compared
ERPs for previously seen and unseen images oédratlidentities with those for images of
novel identities. Starting in the N170 time rang®re negative amplitudes were observed for
learnt ID/same images compared to novel ID imagesvever, this ERP learning effect was
only obtained for own-race identities. Within tia¢ée N250 time range, increased amplitudes
for learnt ID/same images relative to novel ID ireagvere observed, and this effect was not

further modulated by ethnicity. These findings @iscussed in more detail below.

In line with previous work, we observed better sgrtand matching for own- than for
other-race faces (e.g., Laurence et al., 2016;etah, 2016), suggesting that recognising an
unfamiliar face from different images is even manallenging for faces from a different
ethnic group. The present results extend previmasnigs to the variant of the sorting task in
which participants are informed about the correchber of identities in the set. Given that
participants are instructed to only make two piieappears difficult to interpret sorting
errors in this version of the task to reflect pgeneralisation across different images of the
same identities. Instead, sorting errors shoulthken to reflect intrusion errors, i.e., mixing
up images of two different identities, and sucloesriseem to be more likely for other-
relative to own-race faces. In addition, during chatg, participants further became
increasingly familiar with own-race identities, whiwas evident from a gradual gain in

accuracy across blocks 1 to 3, while no improvenaexrs detected for other-race identities.
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These findings suggest an own-race advantage mitgiéearning from multiple, highly

variable images (see also Hayward et al., 2017utal., 2018).

Regarding our ERP results, we observed clearly mameounced learning effects for
own- compared to other-race identities in two red&y early time windows. Within the N170
time range, more negative amplitudes for learnsdDie images relative to the novel ID
condition were obtained for own-race but not fdrestrace identities. Similarly, P2 was more
positive in the novel ID condition compared to l@dbD/same images of own-race identities,
while a comparable effect was absent for other-idestities. While N170 has often been
reported to be insensitive to familiarity (e.g.,nBa & Deouell, 2000; Schweinberger &
Burton, 2003; Zimmermann & Eimer, 2013; 2014), oshieave observed familiarity effects
within the N170 time range, e.g. for personally ileanfaces (Caharel, Jacques, d'Arripe,
Ramon, & Rossion, 2011; Caharel et al., 2002; batkeyes, Brady, Reilly, & Foxe, 2010;
Wiese, Tuttenberg, et al., 2019). However, previtugies investigating face learning
usually did not find familiarity effects in N170 (&rews et al., 2017; Kaufmann et al., 2009;
but see Scott, Tanaka, Sheinberg, & Curran, 200théoeased N170 following training with
multiple exemplars of non-face objects). Important170 familiarity effects observed in
previous studies typically reflect the repeatedgpentation of a specific image (Caharel,
Courtay, Bernard, Lalonde, & Rebai, 2005), or galise across relatively small changes in
viewpoint (Caharel et al., 2011). Similarly, ERRriging effects in the present study likely
represent image repetition to some extent. Outteeate therefore in line with the suggestion
that familiarity or learning effects prior to N28@ not reflect image-independent face

recognition.

At the same time, we suggest that the modulatibesmponents prior to N250 in the
present study to some extent reflect the facilitgcessing of recently learnt own-race

identities. On the one hand, the finding of morgatee N170 and less positive P2
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amplitudes for learnt ID/same images compared t@hi® images indeed more closely
resembles image learning rather than image-indegeridce learning. Our ERP effects were
observed after repeated presentation of a spétiige set during learning (each image was
presented 8 times during matching alone) and legreifects did not generalise to novel
instances. Moreover, as noted above, it is knowhN170 is affected by image repetition
(Caharel et al., 2005). On the other hand, howenege repetition alone cannot fully
account for the present N170/P2 learning effeqiecBically, if these ERP effects only
reflected image repetition, a similar effect shaudave also been obtained for other-race
faces. Yet, N170 learning effects were clearly abf® other-race identities. In addition,
results from the matching task indicate that pgudicts were indeed able to recognise
individual identity for own-race faces presentedimy learning, at least within the set

presented during matchihg

However, it is not entirely clear why none of thRFElearning effects, including those
observed in the late N250 time range, generalisedntew set of images. This result is clearly
at variance with previous studies (Andrews et2411,7). The discrepancy to previous work
might be related to the extensive training witlpacific subset of images in the present study.
More specifically, the repeated presentation ofgesafrom the sorting task during matching
may have resulted in the integration of these imag® novel representations. It appears
plausible that direct links between the specifiages of a given identity were formed during
matching, while more abstract representations, eogitaining information about possible
within-person variability, were not establishedother words, our procedure might have

strongly tied newly-learnt representations to thdipular image set, which made the later

1 Some additional support comes from correlationalyses. For own-race identities, higher overall
matching accuracy was associated with more negatmmitudes for the learnt ID / same image
condition at electrodes P9/TP9 in the N1f{Q8) = -.430 [-.73, .02]pone-taiea= -029, but not in the P2,
r(18) = -.215 [-.60, .25one-taiea= -182. No corresponding correlations were obskfge other-race
identities, neither in the N176(18) = -.026 [-.46, .42one-tailea= -457, nor in the P2(18) = -.303 [-
.66, -16]1p0ne—tailed: .097.
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integration of novel pictures more difficult. Théyee, the lack of image-independent ERP
learning effects in the present study seems toesidghgat the perceptual representations
formed for the recently learnt identities only undé those specific images that were
repeatedly presented during sorting and matchiogvaver, as they allow recognition of
identity over a range of different images, suclreéspntations may reflect a first step towards
complete image-independent face recognition. Ciycsuch representations also appear to

be much harder to establish for other-race faces.

Of note, a further important difference betweengresent study and Andrews et al.
(2017) lies in the number of to-be-learnt idensititn Andrews et al. (2017), participants were
required to learn two identities, whereas in thespnt study, participants had to learn two
own- as well as two other-race identities. Learriimge as many identities may have
increased memory load in the present study, anodutsearch may investigate whether
increasing memory load indeed impairs identitynaay. We further note that participants
learned own- and other-race identities in sepdiateks. Given that block designs are more
susceptible to strategic and motivational effelsgmtintermixed designs, one might argue that
this experimental approach may have hampered tegagifects in the present study,
particularly for other-race identities. However tlse of an intermixed design in which all
identities would be presented in the same blockldvbave arguably further increased
memory load during learning. We therefore belihat bur decision against this option was

adequate.

It could also be argued that the absence of imadependent learning effects may
have resulted from characteristics of the taskstt given that the butterfly detection task did
not explicitly ask for the processing of facial mti¢y. However, as noted above, Andrews et
al. (2017) successfully demonstrated learning &ffedthin the N250 time range in a butterfly

detection task. In addition, a number of studiegyest that face recognition, as reflected in
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the N250/N250r, is largely automatic (e.g., Neumé&rdchweinberger, 2008; Wiese, Ingram,
et al., 2019; but see Zimmermann & Eimer, 2014okdingly, if a robust representation had
been established during learning, familiarity effeshould have been observed even though

the task did not explicitly require the processnfigacial identity.

Interestingly, although learning effects within Nol&nd P2 were limited to own-race
identities, we did not find main effects of ethhyawithin these time windows (see Table 1).
As detailed in the introduction, N170 is often fduiw be more negative for other- relative to
own-race faces (e.g., Cassidy et al., 2014; Wieaé,e2014), although others did not find
respective effects (e.g., Herzmann et al., 201Esé&/et al., 2009). Previous attempts to
reconcile such findings have focused on differémdisk demands, with ethnicity effects
unlikely to emerge when identity is not task-relev@Viese, 2013). The present results
further support this suggestion as in the pregenysN170 ethnicity effects were absent in a
task that required participants to respond to quently occurring butterflies. Ethnicity
effects in the present study first emerged in tB&MNtime range. At variance with previous
work which typically reports more negative N250 ditapes for other- relative to own-race
faces (Herzmann et al., 2011; Stahl et al., 20li@s@/& Schweinberger, 2018), we observed
relatively more negative N250 amplitudes for thenenace face category. While we cannot
say with certainty what may account for this firglirt could be related to the fact that we
used multiple images of a very limited number @htities. Given the known sensitivity of
the N250 for learning (Kaufmann et al., 2009; Tanekal., 2006), it appears possible that
this finding reflects face learning during the telsaise, even in the case of novel identities,

which might have been easier for own-race idesstitie

In the present study, we analysed two consecutR&ONime windows (for similar
approaches, see Andrews et al., 2017; Kaufmanin, 2089) that capture typical N250 time

ranges (220 — 300 ms) as well as a later segmeat{300 ms). Learning effects in the
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present experiment were only observed in the MB&0 time range, which may suggest that
newly established representations of recently tfanes may take somewhat longer to be
accessed relative to longer known face identiseg Andrews et al., 2017). At the same time,
inspection of Figure 4 might suggest that the legreffect which first emerges in the N170
carries over to later time segments. This may atdioverlapping cognitive processes that are
captured by more than one of the respective ERPooents. Whereas N170 and P2
components do indeed reveal highly similar patteardearly different pattern was observed
in both N250 time windows (see above). This suggttt while the early N170 learning
effect may carry over to the ensuing P2, subsequ@nponents reflect, at least in part,

different underlying cognitive processes.

As discussed in the introduction, the ORB is ugualken to result from either
differences in perceptual expertise (e.g., MicRassion, Han, Chung, & Caldara, 2006;
Rhodes et al., 2009; Valentine & Endo, 1992; ValtentLewis, & Hills, 2016) or socio-
cognitive factors, such as early categorisatiofacés into social in- and out-groups (e.g.,
Hugenberg, Young, Bernstein, & Sacco, 2010; Le¥896, 2000; Sporer, 2001). Difficulties
in learning other-race facial identities have tgtliig been interpreted to reflect reduced
perceptual expertise with the other-race face caye@.g., Proietti et al., 2018; Zhou et al.,
2018), as identity learning tasks strongly empleagrecessing of individuating information
for both own- and other-race faces. The resultt®present study confirm previous findings
from behavioural studies, which observed advantémeswn-race face identity learning.
Moreover, our ERP results suggest that such legruivantages manifest at an early

perceptual level, which is in line with expertiseaunts.

A potential limitation of the present study is tlaly Caucasian participants were
tested. It is therefore in principle possible tthat East Asian face identities were simply more

difficult to learn, independent of their ethnic - out-group status. If this were the case, East
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Asian participants should show similar difficultieSlearning the specific East Asian face
identities used in the present study. However,necantly conducted behavioural study
(Tuttenberg & Wiese, in press), we tested both @siac and East Asian participants living
in the UK with the same stimulus set. We observedrty different learning patterns in the
two participant groups. While Caucasian participatitowed a clear advantage for own-race
facial identities, East Asian participants learbeth own- and other-race identities similarly
well. This was interpreted to reflect East Asiartipgants’ increased experience with other-
race Caucasian faces. However, we acknowledgéehtisanterpretation would be
substantially strengthened had we been able tatgsiup of East Asian participants living in
an East Asian country. Therefore, while an integiren of our results in terms of differential
expertise appears parsimonious, we cannot fully ouk the possibility that some differences

with respect to difficulty exist between the sets.

Moreover, the present study used only male facgéstdstingly, previous work on
face identity learning almost exclusively used feEamdentities (e.g., Andrews et al., 2015,
2017; Matthews & Mondloch, 2018; Proietti et aD18; Zhou et al., 2018) and only very few
studies used both female and male identities (Gmvatal., 2018; Hayward et al., 2017).
However, these latter two studies used more idestitith fewer images per identity
compared to the present study. Accordingly, theenkei learning effects for male identities
in the present experiment may be considered agttrers they contribute to establishing
learning effects for different categories of faaes thus face learning as a general
phenomenon. Moreover, and similar to previous swthat used so-called ambient images
(e.g., Andrews et al., 2015, 2017; Laurence eRall6; Short & Wagler, 2017; Yan et al.,
2016; Zhou & Mondloch, 2016), we opted for greyledmages rather than presenting them
in colour. Previous work has shown that unfamilgre recognition is unaffected by colour
versus grey scale format (Bruce et al., 1999)dufiteon, it could be argued that learning

facial identities from colour images may be evanre difficult than learning faces from grey
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scale images as colour adds further variabilittheoimages participants have to integrate into
the new identity representations. We acknowledgeigver, that this is an empirical question

that may be explored in future experiments.

To the best of our knowledge, this is the firstgtio investigate the neural correlates
underlying own- and other-race face identity leagn\We observed a clear advantage for
own-race face identity learning, which presumabkNects reduced perceptual expertise with
other-race faces. Moreover, we found face leareffegrts in two ERP components, N170 and
P2. These effects were limited to own-race idegjtand suggest an advantage for processing
own-race identities at an early perceptual levatet neural correlates of identity learning in
the late N250 time range were not statisticalljedént for own- and other-race identities.
Overall, given the clear emphasis in the presemtysto represent all face identities at an
individual level, our finding of clear learning aahtages for own-race faces is well in line

with perceptual expertise accounts of the own-laas.

Funding: This work was supported by a PhD studentship fileerDepartment of Psychology

at Durham University awarded to SCT and an EPS ISBraht awarded to HW.

Declarations of interest: none



34

References

Andrews, S., Burton, A. M., Schweinberger, S. R\W&ese, H. (2017). Event-related
potentials reveal the development of stable fapeegentations from natural
variability. Quarterly Journal of Experimental Psychology, 70(8), 1620-1632.
doi:10.1080/17470218.2016.1195851

Andrews, S., Jenkins, R., Cursiter, H., & Burton M\ (2015). Telling faces together:
Learning new faces through exposure to multipléamsesQuarterly Journal of
Experimental Psychology, 68(10), 2041-2050. doi:10.1080/17470218.2014.1003949

Begleiter, H., Porjesz, B., & Wang, W. Y. (1995ydht-related brain potentials differentiate
priming and recognition to familiar and unfamilfaces.Electroencephal ography and
Clinical Neurophysiology, 94(1), 41-49. doi:10.1016/0013-4694(94)00240-|

Bentin, S., Allison, T., Puce, A., Perez, E., & M@y, G. (1996). Electrophysiological
studies of face perception in humadaurnal of Cognitive Neuroscience, 8(6), 551-
565. doi:10.1162/jocn.1996.8.6.551

Bentin, S., & Deouell, L. Y. (2000). Structural edng and identification in face processing:
ERP evidence for separate mechanigtognitive Neuropsychology, 17(1-3), 35-54.
doi:10.1080/026432900380472

Bindemann, M., Burton, A. M., Leuthold, H., & Schweerger, S. R. (2008). Brain potential
correlates of face recognition: Geometric distorsi@nd the N250r brain response to
stimulus repetitions. Psychophysiology, 45(4), 535-544. doi:10.1111/}.1469-
8986.2008.00663.x

Bruce, V. (1994). Stability from variation: The easf face recognition - The M.D. Vernon
memorial lectureQuarterly Journal of Experimental Psychology Section a-Human

Experimental Psychology, 47(1), 5-28. doi:10.1080/14640749408401141



35

Bruce, V., Henderson, Z., Greenwood, K., Hancoci.B., Burton, A. M., & Miller, P.
(1999). Verification of face identities from imagesptured on videdlournal of
Experimental Psychology-Applied, 5(4), 339-360. doi:10.1037//1076-898x.5.4.339

Bruce, V., & Young, A. (1986). Understanding faeeagnition British Journal of
Psychology, 77, 305-327. doi:10.1111/j.2044-8295.1986.th02199.x

Burton, A. M. (2013). Why has research in face gaitoon progressed so slowly? The
importance of variabilityQuarterly Journal of Experimental Psychology, 66(8), 1467-
1485. doi:10.1080/17470218.2013.800125

Burton, A. M., Jenkins, R., Hancock, P. J. B., & ¥®hD. (2005). Robust representations for
face recognition: The power of averagésgnitive Psychology, 51(3), 256-284.
doi:10.1016/j.cogpsych.2005.06.003

Burton, A. M., Kramer, R. S. S., Ritchie, K. L.,Eenkins, R. (2016). Identity From
Variation: Representations of Faces Derived Fronttipla InstancesCognitive
ience, 40(1), 202-223. doi:10.1111/cogs.12231

Burton, A. M., Schweinberger, S. R., Jenkins, RK&fmann, J. M. (2015). Arguments
Against a Configural Processing Account of Famifkace RecognitiorPer spectives
on Psychological Science, 10(4), 482-496. doi:10.1177/1745691615583129

Burton, A. M., Wilson, S., Cowan, M., & Bruce, \1999). Face recognition in poor-quality
video: Evidence from security surveillan&sychological Science, 10(3), 243-248.
doi:10.1111/1467-9280.00144

Caharel, S., Courtay, N., Bernard, C., Lalonde 8RRebai, M. (2005). Familiarity and
emotional expression influence an early stage @d faocessing: An
electrophysiological studyrain and Cognition, 59(1), 96-100.
doi:10.1016/j.bandc.2005.05.005

Caharel, S., Jacques, C., d'Arripe, O., Ramon&MRpssion, B. (2011). Early

electrophysiological correlates of adaptation tspeally familiar and unfamiliar



36

faces across viewpoint changBsain Research, 1387, 85-98.
doi:10.1016/j.brainres.2011.02.070
Cassidy, K. D., Boutsen, L., Humphreys, G. W., &i@pu K. A. (2014). Ingroup

categorization affects the structural encodingtbéorace faces: Evidence from the
N170 event-related potenti&@ocial Neuroscience, 9(3), 235-248.
doi:10.1080/17470919.2014.884981

Cavazos, J. G., Noyes, E., & O'Toole, A. J. (20L8arning context and the other-race
effect: Strategies for improving face recognitivision Research.

doi:10.1016/j.visres.2018.03.003

Cumming, G. (2012)Understanding the New Satistics. Effect Szes, Confidence Intervals,

and Meta-Analysis. New York: Routledge.

Cumming, G., & Calin-Jageman, R. (201lAtroduction to the New Statistics. Estimation,
Open Science, and Beyond. New York: Routledge.

Eimer, M. (2000a). Event-related brain potentiasdidguish processing stages involved in
face perception and recognitid@linical Neurophysiology, 111(4), 694-705.
doi:10.1016/s1388-2457(99)00285-0

Eimer, M. (2000b). The face-specific N170 compomnefiects late stages in the structural
encoding of facefNeuroreport, 11(10), 2319-2324. doi:10.1097/00001756-
200007140-00050

Eimer, M. (2011). The face-sensitivity of the N1giimponent. In: A. J. Calder, G. Rhodes,

M. H. Johnson, & J. V. Haxby (Eds.). The Oxford idbhaok of Face Perception (pp.

329-344). Oxford, UK: Oxford University Press.
doi:10.1093/oxfordhb/9780199559053.013.0017
Gajewski, P. D., Schlegel, K., & Stoerig, P. (20@ffects of Human Race and Face

Inversion on the N170 A Cross-Race Stuburnal of Psychophysiology, 22(4), 157-

165. doi:10.1027/0269-8803.22.4.157



37

Golby, A. J., Gabrieli, J. D. E., Chiao, J. Y., &&hardt, J. L. (2001). Differential responses
in the fusiform region to same-race and other-faces.Nature Neuroscience, 4(8),
845-850. doi:10.1038/90565

Gosling, A., & Eimer, M. (2011). An event-relatedhim potential study of explicit face
recognition.Neuropsychologia, 49(9), 2736-2745.
doi:10.1016/j.neuropsychologia.2011.05.025

Hancock, P. J. B., Bruce, V., & Burton, A. M. (200Recognition of unfamiliar faces.
Trends in Cognitive Sciences, 4(9), 330-337. doi:10.1016/s1364-6613(00)01519-9

Hayward, W. G., Favelle, S. K., Oxner, M., Chu,i¥, & Lam, S. M. (2017). The other-race
effect in face learning: Using naturalistic imagesnvestigate face ethnicity effects in
a learning paradignQuarterly Journal of Experimental Psychology, 70(5), 890-896.
doi:10.1080/17470218.2016.1146781

Herrmann, M. J., Schreppel, T., Jager, D., Koel8erEhlis, A. C., & Fallgatter, A. J. (2007).
The other-race effect for face perception: an evelated potential studyournal of
Neural Transmission, 114(7), 951-957. do0i:10.1007/s00702-007-0624-9

Herzmann, G. (2016). Increased N250 amplitudestiogr-race faces reflect more effortful
processing at the individual levéhternational Journal of Psychophysiology, 105, 57-
65. doi:10.1016/}.ijpsycho.2016.05.001

Herzmann, G., Schweinberger, S. R., Sommer, Wer&zch, I. (2004). What's special
about personally familiar faces? A multimodal agmto. Psychophysiology, 41(5),
688-701. doi:10.1111/j.1469-8986.2004.00196.x

Herzmann, G., Willenbockel, V., Tanaka, J. W., &f@n, T. (2011). The neural correlates of
memory encoding and recognition for own-race aheémtace faces.

Neuropsychologia, 49(11), 3103-3115. doi:10.1016/j.neuropsychologial207.019



38

Hugenberg, K., Young, S. G., Bernstein, M. J., &&a D. F. (2010). The Categorization-
Individuation Model: An Integrative Account of tiiher-Race Recognition Deficit.
Psychological Review, 117(4), 1168-1187. doi:10.1037/a0020463

Jenkins, R., & Burton, A. M. (2011). Stable facpresentationg?hilosophical Transactions
of the Royal Society B-Biological Sciences, 366(1571), 1671-1683.
doi:10.1098/rstb.2010.0379

Jenkins, R., White, D., Van Montfort, X., & BurtoA, M. (2011). Variability in photos of the
same faceCognition, 121(3), 313-323. doi:10.1016/j.cognition.2011.08.001

Kaufmann, J. M., Schweinberger, S. R., & BurtonMA.(2009). N250 ERP Correlates of the
Acquisition of Face Representations across Diffel@ages.Journal of Cognitive
Neuroscience, 21(4), 625-641. doi:10.1162/jocn.2009.21080

Keyes, H., Brady, N., Reilly, R. B., & Foxe, J(4010). My face or yours? Event-related
potential correlates of self-face processiigain and Cognition, 72(2), 244-254.
doi:10.1016/j.bandc.2009.09.006

Kokje, E., Bindemann, M., & Megreya, A. M. (2018oss-race correlations in the abilities
to match unfamiliar face#\cta Psychologica, 185, 13-21.
doi:10.1016/j.actpsy.2018.01.006

Kramer, R. S. S., Jenkins, R., Young, A. W., & BurtA. M. (2017). Natural variability is
essential to learning new fac&$sual Cognition, 25(4-6), 470-476.
doi:10.1080/13506285.2016.1242522

Laurence, S., Zhou, X. M., & Mondloch, C. J. (20IB)e flip side of the other-race coin:
They all look different to meBritish Journal of Psychology, 107(2), 374-388.
doi:10.1111/bjop.12147

Levin, D. T. (1996). Classifying faces by race: Bteicture of face categoriekurnal of
Experimental Psychology-Learning Memory and Cognition, 22(6), 1364-1382.

doi:10.1037//0278-7393.22.6.1364



39

Levin, D. T. (2000). Race as a visual feature: gsiisual search and perceptual
discrimination tasks to understand face categamekthe cross-race recognition.
Journal of Experimental Psychology-General, 129(4), 559-574. doi:10.1037/0096-
3445.129.4.559

Longmore, C. A, Liu, C. H., & Young, A. W. (2008)earning faces from photographs.
Journal of Experimental Psychology-Human Per ception and Performance, 34(1), 77-
100. doi:10.1037/0096-1523.34.1.77

Malpass, R. S., & Kravitz, J. (1969). Recognition faces of own and other radeurnal of
Personality and Social Psychology, 13(4), 330-334. doi:10.1037/h0028434

Megreya, A. M., & Burton, A. M. (2006). Unfamilidaces are not faces: Evidence from a
matching taskMemory & Cognition, 34(4), 865-876. doi:10.3758/bf03193433

Megreya, A. M., White, D., & Burton, A. M. (2011)he other-race effect does not rely on
memory: Evidence from a matching tagkiarterly Journal of Experimental
Psychology, 64(8), 1473-1483. doi:10.1080/17470218.2011.575228

Meissner, C. A., & Brigham, J. C. (2001). Thirtyaye of investigating the own-race bias in
memory for faces: A meta-analytic revielsychology Public Policy and Law, 7(1),
3-35. d0i:10.1037/1076-8971.7.1.3

Michel, C., Rossion, B., Han, J., Chung, C. S., &dara, R. (2006). Holistic processing is
finely tuned for faces of one's own raBsychological Science, 17(7), 608-615.
doi:10.1111/1.1467-9280.2006.01752.x

Neumann, M. F., & Schweinberger, S. R. (2008). N26@ N400 ERP correlates of
immediate famous face repetition are independepenfeptual loadBrain Research,
1239, 181-190. doi:10.1016/j.brainres.2008.08.039

Oldfield, R. C. (1971). The assessment and anatfydisndedness: The Edinburgh Inventory.

Neuropsychologia, 9(1), 97-113. doi:10.1016/0028-3932(71)90067-4



40

Proietti, V., Laurence, S., Matthews, C. M., Zh&u,& Mondloch, C. J. (2018). Attending to
identity cues reduces the own-age but not the aee-recognition advantage. Vision
Research. doi:10.1016/j.visres.2017.11.010

Rhodes, G., Ewing, L., Hayward, W. G., Maurer, ldgndloch, C. J., & Tanaka, J. W.
(2009). Contact and other-race effects in configana component processing of
faces.British Journal of Psychology, 100, 717-728. doi:10.1348/000712608x396503

Schulz, C., Kaufmann, J. M., Kurt, A., & Schweinpger, S. R. (2012). Faces forming traces:
Neurophysiological correlates of learning naturdalilstinctive and caricatured faces.
Neuroimage, 63(1), 491-500. doi:10.1016/j.neuroimage.2012.06.080

Schweinberger, S. R., & Neumann, M. F. (2016). R#ape effects in human ERPs to faces.
Cortex, 80, 141-153. doi:10.1016/j.cortex.2015.11.001

Schweinberger, S. R., Pflitze, E. M., & Sommer, Y896). Repetition priming and
associative priming of face recognition: Evidenaaf event-related potentials.
Journal of Experimental Psychology-Learning Memory and Cognition, 21(3), 722-
736. d0i:10.1037//0278-7393.21.3.722

Scott, L. S., Tanaka, J. W., Sheinberg, D. L., &@&n, T. (2006). A reevaluation of the
electrophysiological correlates of expert objecgassingJournal of Cognitive
Neuroscience, 18(9), 1453-1465. doi:10.1162/jocn.2006.18.9.1453

Senholzi, K. B., & Ito, T. A. (2013). Structuraldaencoding: How task affects the N170's
sensitivity to raceSocial Cognitive and Affective Neuroscience, 8(8), 937-942.
doi:10.1093/scan/nss091

Short, L. A., & Wagler, M. C. (2017). Social Cateigs Alone Are Insufficient to Elicit an
In-Group Advantage in Perceptions of Within-PerS@amiability. Perception, 46(8),
929-940. doi:10.1177/0301006617699226

Sporer, S. L. (2001). Recognizing faces of othlenietgroups - An integration of theories.

Psychology Public Policy and Law, 7(1), 36-97. doi:10.1038//1076-8971.7.1.36



41

Stahl, J., Wiese, H., & Schweinberger, S. R. (20B&pertise and own-race bias in face
processing: an event-related potential stingyroreport, 19(5), 583-587.

Stahl, J., Wiese, H., & Schweinberger, S. R. (200.8arning task affects ERP-correlates of
the own-race bias, but not recognition memory perémnce Neuropsychol ogia,
48(7), 2027-2040. doi:10.1016/j.neuropsychologia.203M24

Tanaka, J. W., Curran, T., Porterfield, A. L., &lles, D. (2006). Activation of preexisting
and acquired face representations: The N250 eedgied potential as an index of
face familiarity.Journal of Cognitive Neuroscience, 18(9), 1488-1497.
doi:10.1162/jocn.2006.18.9.1488

Tanaka, J. W., & Pierce, L. J. (2009). The neulastiity of other-race face recognition.
Cognitive Affective & Behavioral Neuroscience, 9(1), 122-131.
doi:10.3758/cabn.9.1.122

Tuttenberg, S. C., & Wiese, H. (in press). Learromgn- and other-race facial identities from
natural variability Quarterly Journal of Experimental Psychology.
doi:10.1177/1747021819859840

Valentine, T., & Endo, M. (1992). Towards an exeanphodel of face processing: the effects
of race and distinctivenesQuarterly Journal of Experimental Psychology Section A:
Human Experimental Psychology, 44(4), 671-703. doi:10.1080/14640749208401305

Valentine, T., Lewis, M. B., & Hills, P. J. (2016)ace-space: A unifying concept in face
recognition researciQuarterly Journal of Experimental Psychology, 69(10), 1996-
2019. doi:10.1080/17470218.2014.990392

Wiese, H. (2012). The role of age and ethnic groupce recognition memory: ERP
evidence from a combined own-age and own-racedbiaty.Biological Psychology,

89(1), 137-147. doi:10.1016/j.biopsycho.2011.10.002



42

Wiese, H. (2013). Do neural correlates of face gigeevary with task demands? Event-
related potential correlates of own- and other-face inversionFrontiersin Human
Neuroscience, 7. doi:10.3389/fnhum.2013.00898

Wiese, H., Ingram, B. T., Elley, M. L., Tuttenbe&),C., Burton, A. M., & Young, A. W.
(2019). Later but not early stages of familiar fageognition depend strongly on
attentional resources: Evidence from event-relatath potentialsCortex, 120, 147-
158. doi:10.1016./j.cortex.2019.06.004

Wiese, H., Kaufmann, J. M., & Schweinberger, S(ZR14). The Neural Signature of the
Own-Race Bias: Evidence from Event-Related Potksntizrebral Cortex, 24(3),
826-835. doi:10.1093/cercor/bhs369

Wiese, H., & Schweinberger, S. R. (2018). Ineqydlétween biases in face memory: Event-
related potentials reveal dissociable neural cateslof own-race and own-gender
biasesCortex, 101, 119-135. doi:10.1016/j.cortex.2018.01.016

Wiese, H., Stahl, J., & Schweinberger, S. R. (200@nfigural processing of other-race faces
is delayed but not decreas@&iiological Psychology, 81(2), 103-109.
doi:10.1016/j.biopsycho.2009.03.002

Wiese, H., Tuttenberg, S. C., Ingram, B. T., ClanyY. X., Gurbuz, Z., Burton, A. M., &
Young, A. W. (2019). A Robust Neural Index of Highce FamiliarityPsychological
Science, 30(2), 261-272. doi:10.1177/0956797618813572

Wuttke, S. J., & Schweinberger, S. R. (2019). TRB8MPpredominantly reflects distance-to-
norm in face space whereas the N250 reflects dictivaof identity-specific
representations of known faces.Biological Psychology, 140, 86-95.
doi:10.1016/j.biopsycho.2018.11.011

Yan, X. Q., Andrews, T. J., Jenkins, R., & Young,W. (2016). Cross-cultural differences

and similarities underlying other-race effectsfemial identity and expression.



43

Quarterly Journal of Experimental Psychology, 69(7), 1247-1254.
doi:10.1080/17470218.2016.1146312

Zhou, X. M., Matthews, C. M., Baker, K. A., & Moradih, C. J. (2018). Becoming Familiar
With a Newly Encountered Face: Evidence of an OwaceRAdvantageRerception,
47(8), 807-820. doi:10.1177/0301006618783915

Zhou, X. M., & Mondloch, C. J. (2016). Recognizit@gglla Swan" and "Hermione Granger":
No Own-Race Advantage in Recognizing Photos of kenkacesPer ception,
45(12), 1426-1429. doi:10.1177/0301006616662046

Zimmermann, F. G. S., & Eimer, M. (2013). Faceh@ag and the emergence of view-
independent face recognition: An event-relatedrbpaitential study.
Neuropsychologia, 51(7), 1320-1329. doi:10.1016/j.neuropsychologia.203328

Zimmermann, F. G. S., & Eimer, M. (2014). The aation of visual memory for facial
identity is task-dependent: Evidence from humantedehysiologyCortex, 54, 124-

134. doi:10.1016/j.cortex.2014.02.008



Highlights

We examined ERP correlates underlying own- and other-race face identity learning

Participants learnt facia identities from multiple, highly variable images

Participants showed better |earning of own- than other-race facial identities

Learning effectsin N170 during implicit recognition observed for own-race faces only

Results highlight the importance of perceptua expertise for the own-race bias



