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Neural correlates of within-category expert disgnation 2

Abstract

While expert face discrimination develops naturallyiumans, expert discrimination in non-
face object categories, such as birds, cars ansl @ogcquired through years of experience andaixpl
practice. The current study used an implicit vigdiatrimination paradigm and
electroencephalography (EEG) — Fast Periodic ViStahulation — to examine whether within-
category discrimination of faces and non-face dbje€expertise rely on shared mechanisms despite
their distinct learning histories. Electroenceplgaéon was recorded while bird experts and bird
novices viewed 60s sequences of bird images orifiaages presented at a periodic rate of six images
per second (i.e., 6.0 Hz). In the sequence, antiagdpase image of a family-level bird (e.qg., robia
species-level bird (e.g., purple finch) or a faeg( Face A) was presented repeatedly for four
consecutive cycles, followed by a different witluategory “oddball” image at every fifth cycle (e.g.
warbler, house finch, Face B). A differential respe between the adapting base and the oddball
images (6.0 Hz/fifth cycle = 1.20 Hz) provided adex of within-category discriminability.

The results showed that both experts and novice®dstrated a robust EEG signal of equal
magnitudes to the 6.00 Hz base face and bird imaigeedial-occipital channels and to the oddball
1.20 Hz face and bird images at the more antedoipdo-temporal channels. To examine whether the
responses to faces and birds were generated bydshaural mechanisms, we correlated the responses
to birds and faces at the participant-level. Ferlihse signal at medial-occipital channels, akctbj
categories positively correlated in both the expartd the novicess expected given that the base
signal indexes visual responses that are sharedl bipject categories (e.g., low-level). In contydsr
the discrimination signal at the more anterior pitoitemporal channels, the response to family- and
species-level birds positively correlated with féer the experts, but no face-bird association was
found for the novices. These findings indicategkistence of partially shared neural mechanisms for

within-category discrimination of faces and birdghe experts, but not in the novices.
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Neural correlates of within-category expert disgnation 3

After years of practice and experience, percepyperts acquire the ability to quickly and
accurately identify and discriminate objects initld®main of expertise. For example, an experienced
bird watcher easily discriminates between differgygcies of birds, a car aficionado quickly
discriminates between car models, and a dog jutigelessly discriminate dog breeds. In contrast,
face recognition is aaturally occurring form of expertise where people learrhaut the benefit of
direct instruction or practice, to discriminatelividual faces in a single glance (Tanaka, 2001).
Although face expertise might be biologically basesinew born human infants prefer looking at
human faces relative to non-face stimuli (e.g.,é8pSarty, & Wu, 1975), it could also be influenced
by the extensive within-category face experieneg¢ tlumans accumulate throughout the course of
their life times. Thus, while non-face and faceeaxige differ in their developmental trajectoriesla
learning protocols, both share the behavioral attaristics of quick and accurate within-category
discrimination. However, an open question is whethéin-category discrimination of faces and non-
face objects of expertise rely on different or sklameural mechanisms.

According to thenodular accounof object recognition, face recognition is suppoiy a
system that is exclusively dedicated to faces waseeedifferent and independent system supports the
recognition of non-face objects, including objefcten expert categories (e.¢ganwisher, 2000). In
contrast, th@xpertise accourdtates that the putative face-specific systenomain-general by
processing any object domain with a fixed set afdostic features (i.e., visually homogenous), for
which expertise at within-category discriminatioasts (e.g., Bukach, Gauthier, & Tarr, 2006; Tarr &
Gauthier, 2000). Although the latter account hasiamilated substantial amount of evidence over the
last decade, there is still an ongoing debate as&iher face selective mechanisms can be recrojted

expert non-face object domains.

Categorydiscrimination of faces and non-face expert olgect
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Neural correlates of within-category expert disgnation 4

The human ventral temporal cortex (VTC) contaime&vork of cortical areas that are highly
sensitive to stimuli from the face category. Stadising event related potentials (ERPs) have shown
differential responses to faces relative to norefalgjects biased in right occipito-temporal chasme!
approximately 170 ms after stimulus onset. Thiscag that cortical areas located in the VTC
discriminate faces from other object categorieg.(€ars) at around 170 ms (Bentin, Allison, Puce,
Perez, & McCarthy, 1996; Rossion et al., 2000; Ros& Jacques, 2008). Studies using functional
magnetic resonance imaging (fMRI) have shown dffigial responses to faces as compared to non-
face objects in cortical areas localized in theriir occipital gyrus (Occipital Face Area [OFAQrf
review, see Pitcher, Walsh, & Duchaine, 2011) |#éteral fusiform gyrus (Fusiform Face Area [FFA];
Kanwisher, McDermott, & Chun, 1997), and the amtetemporal lobe (ATL; Gao, Gentile, &
Rossion, 2018), all of which show a right hemisphbras. These findings are taken as evidence to
support a modular account whereby it is claimed fdo@e and non-face objects are encoded by
different neural mechanisms (e.g., Kanwisher, 2000)

However, a growing body of evidence have shownttiatreas sensitive to face stimuli are
also sensitive to objects from expert categoridse faces, objects from expert categories (e.gdsbi
cars, dogs) evoke an enhanced ERP response atlaf@0mms in occipito-temporal channels relative
to objects from non-expert categories (Busey & \&ahkdlk, 2005; Rossion, Gauthier, Goffaux, Tarr,
& Crommelinck, 2002; Scott, Tanaka, Sheinberg, &@n, 2006; 2008; Tanaka & Curran, 2001).
Moreover, the N170 to faces diminish in the presesfmobjects of expertise, relative to control
categories, suggesting that face and non-face ecgigories recruit related neural mechanisms
(Gauthier, Curran, Curby, & Collins, 2003; Rossiknng, & Tarr, 2004; Rossion, Collins, Goffaux, &
Curran, 2007). Studies using fMRI have shown tlig¢ais from non-face expert categories evoke a
greater BOLD response in both the OFA and the F#ative to non-face expert categories (e.g.,
Gauthier, Skudlarski, Gore, & Anderson, 2000; Geauthirarr, Anderson, Skudlarski, & Gore, 1999;

Gauthier & Tarr, 2002; McGugin, Gatenby, Gore, &@aer, 2012; McGugin, Van Gulick, Tamber-
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100 Rosenau, Ross, & Gauthier, 2015; Xu, 2005). Gretganthickness in the FFA also predicts the ability
101 to recognize objects from expert categories, shgwmeffect that cannot be attributed to attention
102 (McGugin, VanGulick & Gauthier, 2016). Consistenthwthe expertise account, the putative face-
103 selective mechanisms are similarly engaged by fandsion-face expert domains (e.g., Bukach,

104 Gauthier, & Tarr, 2006; Tarr & Gauthier, 2000).

105 Despite the growing body of evidence for the experaccount, there is disagreement as to
106 whether these mechanisms are modular or domainrgg@authier, 2017). On the one hand, a few
107 studies have failed to replicate the expertisecefighich are often cited as evidence against the

108 expertise account (Grill-Spector, Knouf, & Kanwish2004 Op de Beeck, Baker, DiCarlo, &

109 Kanwisher, 2006; Yue, Tjan, & Biederman, 2D06or example, in an fMRI study, car experts fhile
110 show a disproportionate response to cars in faeetsee areasGrill-Spector et al., 2004On the

111 other hand, all these studies have been critidizetheir methodology (for a discussion, see Gaauthi
112 2017). For example, experts wittoderncars were tested witmtiquecars in the scanné@rill-

113 Spector et al., 2004Perhaps more importantly, the rate of replicabbthe expertise effect is

114 substantially higher than the rate of non-replmatiand the effect has been shown using a wideerang
115 of methods. However, given the lack of agreeméatcurrent debate could be advanced by examining
116 a novel and important prediction by the expertismant, namely, whether the neural code of

117 subcategories in the face and a non-face experaoraly on shared mechanisms.

118

119 Within-category discrimination of faces and none@xpert objects

120 Adaptation paradigms have played a crucial rolexamining the neural mechanismsaathin-
121 categorydiscrimination of faces. With this method, repégbeesentations of the same stimulus

122 dimension (e.g., face identity) attenuate the edakeural response, arguably by decreasing the

123 responsiveness in the neural units (i.e., coluranspding that dimension. Importantly, a change in

124  stimuli dimension (e.g., a different face identitgfovers the signal by presumably recruiting a
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Neural correlates of within-category expert disgnation 6

different and nonadapted neural population (Gnde&or & Malach, 2001; Kourtzi, & Grill-Spector,
2005). Adaptation studies with ERPs have shownftites, but not cars, produce a rebound from
adaption in occipito-temporal channels at about®@S@after stimulus onset (e.g., Schweinberger,
Huddy, & Burton, 2004). This indicates that cortiaeeas in the VTC discriminate face identities at
around 250 ms. Moreover, adaptation paradigms fM&RI have revealed neural sensitivity to
different face identities in both the OFA and tH&AF-but not in areas that do not show face selgygtiv
(e.g., Gauthier, Tarr, Moylan, Skudlarski, GoreA&derson, 2000; Loffler, Yourganov, Wilkinson, &
Wilson, 2005; Natu et al., 2016). Thus, the saméaad areas are involved in category- and indigidu
level discrimination of faces, albeit at differ¢imhe scales; category discrimination occurs eathan
individual level discrimination.

Although no studies have directly compavathin-categorydiscrimination mechanisms of face
and non-face expert categories, indirect evidenggests similar mechanisms between the two. For
example, multiple studies have shown a positiveetation between behavioral within-category
discrimination performance (e.g., BMW 520 vs. BM\853 and the magnitude of the neural response
in the OFA and FFA to that category (e.g., cartiser object categories; McGugin et al., 2012;
McGugin, Newton, Gore, & Gauthier, 2014). Moreoweithin-category discrimination training
enhances the neural sensitivity to the trainedgcatein face selective areas, while training to
discriminatebetweercategories increase neural sensitivity to thegmatemore broadly outside face
selective areas (Wong, Palmeri, Rogers, Gore, &l@ay 2009). Similarly, within-category
discrimination training enhances the N170 and NEBR® components to the trained category, whereas
between-category discrimination only enhances theONERP component (Scott et al., 2006; 2008).
Thus, only experience making within-category disiniations produced face-like neural effects.
Although these studies only measured the neuratlede at the categorical level (e.g., expert categ
vs all other categories), they suggest a relatewéen within-category discrimination mechanisms of

face and non-face expert categories.
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150 The current study directly measured a within-categltscrimination response to faces and a
151 non-face expert objects, using a novel and implisitial discrimination paradigm (FPVS: Fast

152 Periodic Visual Stimulation) coupled with electreephalography (EEG). Specifically, a group of

153 expert and novice bird watchers were shown seqgearfdards or faces, whereby the same object
154 image (Figure 2: family-level birds; species-lebgts; faces) were presented at a periodic ragexof
155 images per second (i.e., 6.0 Hz), with size varyarglomly at every cycle to prevent pixel-based

156 adaptation (Liu-Shuang, Norcia, & Rossion, 2014fi#erent within-category “oddball” was

157 periodically interleaved at ever)t}‘iycle (i.e., 1.20 Hz). Thus, while the base sig6d Hz and

158 harmonics) indexed neural mechanisms that resposideldrly to the base and oddball objects, the
159 oddball signal (1.20 Hz and harmonics) indexedntleehanisms that responded differently to the base
160 and the oddball objects. Participants were instaitd fixate a cross, centered within the objents a
161 detect random changes in color from red to greéis fask ensured that the participants maintained a
162 constant level of attention in the center of thgot) while performing a task orthogonal to the greg,
163 which have been shown to drastically reduce exqeegffects related to selective attention (Harel.et
164 2010; McGugin et al., 2014). This approach allowsdo obtain a behavior free (i.e., implicit) maasu
165 of within-category discrimination ibhoth experts and novices that is based on the prircigfi@eural

166 adaptation (for review, see Norcia, Appelbaum, Alesttereau, & Rossion, 2015; Rossion, 2014).
167 The claim that objects of expertise and faces ypaltare neural mechanismss tested based
168 on the assumption that neural responses that asrajed within the same neural mechanisms, will
169 correlate more than neural responses that are @ajeddry different mechanisms (Reeder, Stein, &
170 Peelen, 2016; McGugin, Ryan, Tamber-Rosenau, &l@ayt2017; Peelen, Fei-Fei, & Kastner, 2009).
171 The bird oddballs were perceptually salient as thaed in both external contours and internal sisap

172  which ensured a robust discrimination signalboththe novices and the experts that could be
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Neural correlates of within-category expert disgnation 8

correlated with that of the face§ he family- and species-level bird conditionsiedrin their shape
homogeneity (e.g., external contour overlap), nathgk demands, since there was no explicit
categorization task associated with the images.mdular account, which states that two independent
mechanisms are used for within-category discrinnmabf faces and non-face objects, predicts that fo
both the experts and the novices, the face anddBalimination responses (1.20 Hz and harmonics)
should not correlate, while family- and specieslevirds should correlate despite differences in
homogeneity and overall response magnitiidgure 1, top row). Irtontrast, the expertise account,
which states that expert categories share discaitmoin mechanisms, predicts that the discrimination
response to the birds and the faces would corredaddarger degree in the experts than in theaasyi
while family- and species-level birds should catelwith each other in both groups despite
differences in homogeneity and overall responseniizde Figure 1, middle row).Finally, both the
modular and the expertise account predict thaitg#ct conditions (birds [family-level, species-dédv
and faces) in both the expert and the novices,ldlemurelate in the base-response (6.00 Hz and
harmonics), since these responses primarily origiimalow-level systems that are shared by all
categoriesKigure 1, bottom row)Thus, a dissociation between the experts and thieeoshould be

specific to thaliscriminationresponse of faces and birds.

! This approach is different than other studies utiieg-PVS oddball paradigm in the
sense that the bird oddballs were easily perceaivedto for example differences in external object
contourg(see video example of trial in supplemental maleria
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Figure 1. Top rowpredictions by both the modular and the expedmunts for the base response
(6.00 Hz and harmonicd)liddle row predictions by the modular account for the oddiesponse
(1.20 Hz and harmonicsBottom row predictions by the expertise account for the adldlesponse

(1.20 Hz and harmonics).
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Neural correlates of within-category expert disgnation 10

Methods

Participants

Sixteen expert participants, ranging in age from3®0years (5 femaled) = 33.25,SD=
13.66) were selected based on nominations from ivei-watching peers. Sixteen additional age and
education matched control participants rangingge fsom 20-70 years (6 femal@d;= 33.88,SD=
12.73), were recruited from the community or Unsigrof Victoria’s online recruitment system for
undergraduates. The novice participants had no pxiperience in bird watching. However, two out of
the 12 novice participants had participated in ey experiments on bird recognition in our lab
(Hagen et al., 2014; Hagen et al., 2016). For ¥pees, nine out of the 12 participants had takanm p
in previous studies on bird recognition (Hagenlet2®14; 2016). Power analysis indicated that &e h
80% power to detect a between-groups effect ddadtiCohen’s=1.02. Following the approach of
previous expert studies in the lab, the expertewecruited based on recommendations by other exper
participants (Hagen et al., 2014; 2016; Tanaka &&y 2001; Tanaka & Taylor, 1991). In addition,
the level of bird recognition performance in ourtfggpants were assessed with a bird recognitish te
(Hagen et al., 2014; 2016) in which participantiged whether two sequentially presented bird images
belonged to the same or different species. Disoatmon scores between experts and novices were
compared with a welch two-sample t-test due to uakgariances in the two groups. Discrimination
scores for one expert and novice were lost duedionical issues. The experts obtained a higher
discrimination scoren(= 15,d’ = 2.10,SD=0.55 range= 0.98-2.77) compared to the novicas=(15,
d’ = 0.90,SD=0.36,range= 0.36-1.64)1(24.14) = 7.14p < .001). The expertise score of four of the
experts overlapped with the upper range of theescof the novices. However, unlike studies that
define experts based on a behavioral discrimingienformance (e.g., McGugin et al., 2012), our test
did not isolate domain-specific recognition skdtmtrolling for recognition abilities in other doims,
and so we considered the expertise score secotaldrg nominations from their bird-watching peers.

All expert participants were recruited from the-ofmpus community, whereas the novices were
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recruited either from the off-campus community oniversity of Victoria’s online recruitment system
for undergraduate students. Fawlditionalnovices were excluded from the data analysis becalus

technical issues with the EEG recording=(4: triggers were not recorded).

Stimuli

Stimuli from the Family-level Bird condition consesl of 12 grayscale bird images from
different bird families (Figure 2A: eagle, cardins¢agull, woodpecker, pigeon, wren, crow,
hummingbird, swallow, jay, sparrow, robin), whikeetstimuli in the Species-level Bird condition
consisted of 12 grayscale within-family bird imagegyure 2B: American Gold Finch, Black Headed
Grosbeak, Brambling, Common Redpoll, Evening Grakb&ray Crowned Rosy Finch, Hoary
Redpoll, Pine Grosbeak, Pine Siskin, Purple Fiktthyse Finch, Red Crossbill). Although the species-
level birds were more homogenous in their ovetaipe than family-level birds, the birds within each
condition were heterogeneous enough so that difterevere easily perceived (see video example of
trial in the supplemental materials). Stimuli ugethe face condition consisted of full-front gragke
photographs of 12 female and 12 male faces wittralefacial expression (Figure 2C, D). Each face
picture was taken under the same conditions ofiighand background and with the same face-to-
camera distance. External features such as haieansdvere cropped out using Adobe Photoshop, and
the isolated faces were put against a neutral lgaelkground. Whereas all face images were cropped
and scaled to fit within a frame of approximateb0 300 pixels, all bird images were cropped and
centred with respect to the fixation cross withiineane of 300 x 300 pixel. All images were pastad o
a grey background using Adobe Photoshop CS4. ditiad, images within each object category were
equated for overall luminance using the Shine TaoliWillenbockel et al., 2010). Face images
subtended a visual angle of approximately 8.95ficadly and 6.88° horizontally. Bird images

subtended a visual angle of approximately 5.99icadly and 6.18° horizontally.
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Figure 2 Stimuli from the different object category comalits: (A) bird family, (B) bird species, (C)

female faces differing across identity, and (D) enfalces differing across identity.

ProcedureThe experiment consisted of 6 sixty-second trialsnd) which EEG was recorded.
In a given trial, bird (family- or species-level) louman face (female or male) images were presented
at a rate of 6 cycles per second (6.00 Hz = baserilsttion frequency) through sinusoidal contrast
modulation using a custom Matlab script (Figur&iB:Shuang, et al., 2014; The Mathworks). In the
presentation sequence, an adapting base imagwilg-level bird (e.g., Robin), a species-leveidbi
(e.q., Purple Finch) or a face (e.g., Face A) wasgnted repeatedly for four consecutive cycley wi
each cycle lasting for 167.7 ms. A different witltiategory “oddball” image (e.g., family-level:

Woodpecker; species-level: House Finch; face: Baagas randomly selected from the remaining of
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the 11 category images and displayed at ev8nyr&sentation cycle (F/5 = 1.20 Hz = oddball
stimulation frequency). Importantly, the size ofle@anage varied randomly between 80% and 120% in
2% steps at every cycle of presentation to ensatethe low-level visual properties (e.g., retinal
position of edge information) varied at every cytlei-Shuang et al., 2014). Thus, the change idsoir
(or faces) at the oddball frequency (F/5 = 1.20 $tmuld evoke a periodic oddball response in higher
level mechanisms that are invariant to the chafgbject size, but not in lower-level mechanismet th
are not invariant to stimuli size (e.g., retinotaly organized areas).

During the image presentation, participants wesgrircted to fixate a cross - centred in the
birds and centered between the eyes of the famed press the space-bar every time it changedcolou
from red to green (duration of color change: 200.Mke colour-change occurred randomly. This task
ensured that every participant maintained attentidhe center of the object throughout each
presentation cycle, while also performing an ortha task to the images, which have been shown to
drastically reduce expertise effects related tectele attention (Harel et al., 2010; McGugin et al
2014).

Two of the six trials displayed base and oddbaddthat differed at the family level (e.g., base
bird: robin, oddball bird: sparrow). Two of the snals displayed base and oddball birds that ckffie
at the species level (e.g., base bird: Gold Finddpall bird: House Finch). Two of the six trials
displayed images of faces whereby one trial corthlvase and oddball female faces (e.g., base face:
female face A, oddball face: female face B) andtoaéwere composed of male faces (e.g., base face
male face A, oddball face: male face B). Thus,ehigre experiment consisted of 240 seconds of image
presentation. The order of the trials was countarz@d across participants such that half of the
participants were presented with birds followeddges and the other half with faces followed by

birds.
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Figure 3 Schematic illustration of the experimental pagadi Objects were presented by sinusoidal
contrast modulation at a rate of six images peors@¢6.00 Hz). A base object was presented 4 times
with a different oddball object presented at evitycycle (1.20 Hz) of presentation. To avoid pixel

wise processing, object size was randomly vari¢didxen 80% and 120% at every stimulation cycle.

EEG Acquisition
The electroencephalogram (EEG) was recorded usingraage of 36 electrode sites in
accordance to the extended international 10-2@sy&iasper, 1958). Signals were acquired using

Ag/AgCIl ring electrodes mounted in a nylon eleca@ap with an abrasive, conductive gel
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(EASYCAP GmbH, Herrsching-Breitbrunn, Germany).r&il$ were amplified by low-noise electrode
differential amplifiers with a frequency respon$d& 0.017-67.5 Hz (90 dB--octave roll off) and
digitized at a rate of 250 samples per secondti@ggl signals were recorded to disk using Brain
Vision Recorder software (Brain Products GmbH, MuniGermany). The impedances were

maintained below 10k. The EEG was recorded using the average reference.

Data analysis

Preprocessing was conducted with a customized aodt{Letswave 5:

http://nocions.webnode.com/letswave) running inNfalab environment (The Mathworks). EEG
data was band-pass filtered (0.1 - 100 Hz zerogBasterworth filter, 24 dB/octet slope), and all
channels were rereferenced to the common averégemee. Filtered data was first cropped down to
an integer number of 1.20 Hz that containing tlaet sif the first presentation cycle and the enthef
last presentation cycle (0 s to 60 s, 72 oddballesy 15000 time bins). The segmented sequences wer
averaged within each participant separately foheandition in the time domain to increase sigwal-t
noise by reducing EEG activity non-phase locketh&stimulation (e.g., Liu-Shuang, Torfs, &
Rossion, 2016). To extract amplitude spectra foclennels, a Fast Fourier Transform was applied to
the averaged segments (frequency resolution, L600.017 Hz). To consider noise variations a&ros
the EEG spectrum, signal-to-noise (SNR) was congpasethe ratio of the amplitude in each frequency
bin to the average amplitude of the 10 surrounélieguency bins in each direction, excluding the two
directly neighbouring bins. Similarly, Z-scores we&omputed for each bin by subtracting its
amplitude by the average signal of the 20 surraumndins (excluding the neighbours) and dividing it
by the standard deviation of the 20 surroundingbin

To determine the number of harmonics includedéendtatistical comparison between
the experts and the novices in the face and binditions, the amplitude data from the frequency

domain for each condition (group and object catggwas averaged across participants and channels.
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Next, Z-scores for the base- and oddball stimutetade, and its 8 harmonics were extracted and
analyzed until they were no longer significant (Bgfova & Rossion, 2014; Liu-Shuang et al., 2014).
A threshold of significance was placed at a Z-sadrz> 3.10 p < .001, one-tailed; i.e., signal > noise;
e.g., Liu-Shuang et al., 2016, Xu, Liu-Shuang, Rogs% Tanaka, 2017). For the base frequency, the
harmonics were analyzed up to tieH&armonic (6F = 36.0 Hz). For the oddball frequertbg
harmonics were analyzed up to teharmonic (7F/5 = 8.40 Hz). Th& ®iarmonic of the oddball
response (5F/5 = 6.0 Hz) was excluded from the allldbalysis because it overlaps with the

fundamental frequency of the base response (F H5).0

Results

EEG data

Frequency domain analysis: group analysis

Distinct peaks were observed in the frequency doratithe exact rate of visual stimulation and
associated harmonics (Figure 4). Regions of int¢RSIs) for the base and oddball responses were
defined based on the respective scalp topographigdy the channels with maximal response (Figure
4). The maximal response of the base stimulatien (&0 Hz) was located at medical occipital
channels (Oz, POz) for every condition. This toppduy is similar to previous studies using the same
task with faces (e.gLiu-Shuang et al., 2014), words (Lochy, Van Be#leRossion, 2015), and objects
(e.g., Jacques, Retter, & Rossion, 2016), and atelithat the visual system synchronized to theavisu
stimulation. In contrast to the base stimulatiaspanse, the maximal response of the oddball
frequency (1.20 Hz) was located at occipito-tempanannels (PO7, POS8, P7, P8) for both the birds

and face conditions. This topography is consisaetiit previous studies using the same task withdace
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(e.g., Liu-Shuang et al., 2014), words (Lochy et2015), and objects (e.g., Jacques et al., 2@1@)),
corresponds with cortical areas involved in higkelevisual discrimination (e.g., Scott et al., 2006

2008).
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Figure 4 EEG spectra from 0.37 to 9.83 Hz for the avemgess all electrodes, both groups, and

three object conditions.

Base response (6.0 Hz and harmonics)

The visual response in each participant was giieahtdy aggregating the signal of the 6
first harmonics averaged across channels Oz and\R@zeport uncorrected p-values for the post-hoc
tests in this and subsequent analysSigure 5 presents the aggregate SNR for the bewselation rate
in medial-occipital channels as a function objextegory and group. The SNR data for the base
response were analyzed in a mixed-design analys@arance (ANOVA) using object category
(family-level bird, species-level bird, faces) awithin-subjects factor and group (experts, noyieess

a between-subjects factor. There was no main effegtoup,F(1,30) = 0.22p = 0.646,generalized
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eta squared= 0.0053. The main effect of object category wegsiBcant, F(2,60) = 11.21p < 0.001,
generalized eta squared0.09. Post-hoc tests showed that Fabks ¢.33;SE= 0.40) evoked a larger
signal than both Family-level birdM(= 3.38;SE= 0.27) and Species-level birdd € 3.60;SE= 0.33
ps < 0.003), and that Family- and Species-levelsabked similar responsgs< 0.255). The two-
way interaction between group and object categmydt interact with object categorfy(2,60) =

2.24,p = 0.116 generalized eta squared0.0188.

2 Bayesian tests yielded a Bayes factor (BF) of tw&avor of the model that only

included the main effects, corresponding with thiginal analysis. The small value could indicate
inadequate power.
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The visual response in each participant was quedtify aggregating the signal of the 7 first
harmonics, excluding thé"sharmonic (5F/F = 6.00 Hz) averaged across chaf@® PO8, P7, and
P8. Figure 6 presents the aggregate SNR for thieabdstimulation rate in occipito-temporal channels
as a function object category and group. The SAIR fibr the oddball response were analyzed in a
mixed-design analysis of variance (ANOVA) usingeattjcategory (family-level bird, species-level
bird, faces) as a within-subjects factor and gr@@xperts, novices) as a between-subjects factarerh
was no main effect of group(1,30) = 0.17p = 0.687 generalized eta squared0.0037. The main
effect of object category was significaR{2,60) = 48.97p < 0.001 generalized eta squared0.34.
Post-hoc tests showed that Family-level bitds<3.01;SE= 0.26) evoked larger signals than
Species-level birdd = 2.41;SE= 0.19,p < 0.001)and that both Family- and Species-level birds
evoked larger signal than Fadéé = 1.66,SE= 0.11,ps < 0.001). The two-way interaction between
group and object category was not signific&i(®,60) = 2.52p = 0.089,generalized eta squared

0.026.

3 Bayesian tests yielded a Bayes factor (BF) of ing@vor of the model that only

included the main effects, corresponding with thiginal analysis. The small value could indicate
inadequate power.
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456 Correlation of the EEG response of each objectgatg
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To assess whether within-category discriminatiofaoés and birds shared neural processes in
the experts, but not the novices, we correlatechéhgal responses (i.e., aggregated SNR values)
associated with the different object categories,(faces, family-level birds, species-level birds)
Previous work has showed a positive correlatiowbeh neural responses that are generated by the
same neural processes (McGugin et al., 2BEeéjen, Fei-Fei, & Kastner, 2009; Reeder et all620

For the base response (6.00 Hz and harmonics)ditlvexcipital channels, a significant
correlation was found across all object categdoedoth the expert&es = 0.59,pres = 0.016, 95%
Clines [0.14, 0.84]rsbes = 0.72,pshes = 0.002, 95% Ghes [0.35, 0.90] i spamn = 0.82,pspesm < 0.001, 95%
Clsbesn [0.54, 0.94]) and for the novicespgs = 0.62,pmes = 0.011, 95% Gles [0.17, 0.85]rspes = 0.53,
Psbes = 0.033, 95% Ghes [0.05, 0.81]rspesn = 0.64,pspesn = 0.007, 95% Ghes [0.22, 0.86]), and there
was no difference between the two groymse( = 0.462 one-tailedpspss = 0.209, one-tailedspesm =
0.321, two-tailed) (Figure 7). Thus, irrespectivehe group, the responsiveness (6.00 Hz and
harmonics) to one object category predicted thpamrsiveness to another category at the medial-

occipital channels.



482

483

484

485

486

487
488

489

490

491

492

493

494

495

Faces

Species Birds  Family Birds

Neural correlates of within-category expert disgnation 23

Experts

Novices

Faces

Species Birds  Family Birds

04

0.0

-0.4

33

Faces

Family Birds ~ Species Birds

(<]

Faces Family Birds ~ Species Birds

A 9 A Experts
8 A 8 = Novices
x5
—7 = =
x ' z [
% z/ 2 Ha
=6 Z)’ B2 4 L
2 > 6 =
< < o
5 ()
2 35 34
[ © >
&4 @4 z
L w ©
w
3 3 = 2 N
Rexperts =0.59 AN Rexperts =0.72 A Rexperts =0.82
2 A Rnovices = 0.62 2 A Rpovices = 0.53 1 u Rhnovices = 0.64
1 2 3 4 5 2 3 4 5 6 7 2 3 4 5 6 7

Family-level Bird (SNR)

Speciel-level Bird (SNR)

Species-level Bird (SNR)

Figure 7. Correlations of the base response (SNR) at meda@pital channels to Face identity and

Family-level birds, Face identity and Species-ldvigds, and Family-level birds and Species-level

birds.

In contrast to the base response at medial-octghitnnels, the oddball response (1.20 Hz and

harmonics) at the more anterior occipito-tempohamels to Family-level birds correlated with Faces

in the expertsr(= 0.76,p < 0.001, 95% CI [0.42, 0.91]), but not in the n@gd = 0.10,p = 0.7086,
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95% CI [-0.42, 0.57]), and importantly, the difface between the correlations was significarnt (
0.012, one-tailed) (Figure 8). Similarly, the oddllbigscrimination response at occipito-temporal
channels to Species-level birds correlated witreBai the experts € 0.69,p = 0.003, 95% CI [0.29,
0.88]), but not in the novices € 0.13,p = 0.638, 95% CI [-0.39, 0.59]), and the differeneéeen

the correlations was significarg € 0.034, one-tailed). In contrast, the oddbaltdimination response
at occipito-temporal channels to Family- and Spedevel birds was significant in both the expérts
=0.76,p < 0.001, 95% CI [0.42, 0.91]) and the novices 0.82,p < 0.001, 95% CI [0.54, 0.93]), and
there was no difference between the correlationisartiwo groupsp = 0.708, two-tailed). Thus, in the
experts, the neural mechanism that discriminatédrdnt birds responded in a consistent manner with
the neural mechanism that discriminated faces,aenhithe novices, the mechanism that discriminated
different birds responded in a way that was nos@tant with the mechanism that discriminated

different faces.
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The main findings were that the experts and nowtesved similar overall base (6.00 Hz and
harmonics) and oddball (1.20 Hz and harmonics)arsgs to birds (family- and species-levels) and
faces. Moreover, for the base response, thereawt®ng positive correlation between all object
categories (birds [family- and species-levels] taubs), which did not differ between the experid an
the novices. However, for the base signal one shoofe the low precision as indicated by the large
Cls. In contrast, for the oddball discriminatiospense, the experts showed a strong positive
correlation across all object categories, whileioes showed a strong correlation between the birds
(family-level vs species-level), but no correlatiogtween birds and faces. The dissociation between
experts and novices that was specific to the digoation response for faces and birds is consistent
with the claim of the expertise account that pr&sos shared neural mechanism for faces and objects

of expertise.

Discussion

The goal of the current study was to test whetherdiscrimination of faces and non-face
objects of expertise relied on separable or shaeedal discrimination processes. We presented bird
experts and bird novices with faces and birdsvisaal discrimination task where within-category
discrimination responses were isolated and taggéukt frequency of 1.2 Hz. Both the birds and the
faces evoked robust within-category discriminatiesponses (1.2 Hz and harmonics) in both the
experts and the novices. Crucially, while the etiperaccount predicts that the bird discrimination
responses in the experts are partly generated@dalective mechanisms, the modular account
predicts that they are generated in non-face $e¢ectechanisms.

Frequency analysis of the EEG revealed distinetadigeaks that corresponded with the base
rate stimulation (6.00 Hz and harmonics) and thed maximal at medial-occipital channels (Figure 4).

Faces evoked a larger base response at the medipltal channels than did the birds (family- and
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species- levels; Figure 5). This difference ccagdcaused by the larger visual angle of the fduas t
of the bird by evoking a larger retinotopic neyrapulation response, or the faces could have &tttac
more attention than did the birds, as it has beews that the responses at medial channels are
influenced by selective attention (e.g., Morgannstn, & Hillyard, 1996Muller et al., 200k
Importantly, the experts and the novices did nffedin their base response to the birds or tdfdlces,
suggesting that the experts did not allocate melecsve attention to the birds than did the nowice
(Figure 5). The medial-occipital topography for theese response is consistent with previous studies
examining face, non-face, and letter recognitiom e claim that it indexes neural processes dhare
by all object categories (e.g., low-level procestasShuang et al., 2014; Lochy et al., 2015; &
et al., 2016).

Distinct signal peaks were also observed at theteate of within-category oddball stimulation
(1.20 Hz and harmonics) in the family- and spetéeel bird and face categories (Figure 4). However,
unlike the base response, the oddball responsenaaisnal at the occipito-temporal channels and was
larger for the birds than the faces (Figure 6). [Enger response to the birds as compared to tesfa
is likely explained by the larger difference in@xtal contour and internal features in the fornser a
compared to the latter (Figure 2). The discrimimatiesponses to birds or faces did not differ en th
expert and novices indicating that the face and diddballs were discriminated with equal ease by
both groups. The same scalp topography has prdyibaen reported in studies of face, non-face, and
word recognition (Liu-Shuang et al., 2014; Lochykt 2015; Jacques et al., 2016), and is congisten
with the claim that the oddball response is refitgchigher-level visual discrimination responses
located in VTC.

To examine whether the same neural processeslaett to the within-category
discrimination of the birds and the faces in expartd novices, we correlated the discriminationaig
(2.20 Hz and harmonics) evoked by the three olgjgtetgories. Previous work has showed a positive

correlation between neural responses evoked bgrdiit stimuli and that are generated by the same
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neural processes (McGugin et al., 20R&elen et al., 2009; Reeder et al., 2016). For pkgnm the

FFA, the magnitude of the response to real facedigis the magnitude of the response to artificial
faces, as measured with fMRI (McGugin et al., 20MQreover, in the current study, the base sighal a
medial-occipital channels showed a strong cori@hattdr faces and birds, and family- and species-
birds, in both the experts and the novices thandiddiffer from each other (Figure 7). This is as
expected given that the base signal indexes visgpbnses (e.g., low-level) that are shared by all
object categories (i.e., lower-level domain-genarathanisms, such as local edge detection).

In contrast to the base response, the oddballigis@tion response at occipito-temporal
channels between faces and birds did not corrgldtes novices, despite that family- and speciesile
birds showed a strong correlation (Figure 8). Thiws lack of correlation in the novices was spedii
the comparison of the face and the bird categotmssistent with the claim that face and non-face
objects are processed in independent systems Kauwwisher, 2000, Schalt al., 2017). However,
this pattern was different from that of the expentso exhibited a strong correlation between their
oddball response to faces and their oddball regtmfamily- and species-level birds. The strong
correlation between the birds and the faces ireperts, but not the novices, are consistent wigh t
predictions of the expertise account; specificdige and expert non-face recognition are suppdryed
overlapping neural mechanisms (Bukach, GauthieFa&, 2006; Tarr & Gauthier, 2000). This
dissociation is unlikely to be caused by differengeselective attention between the experts aad th
novices for several reasons. First, the particgp@aetformed an orthogonal task that diverted atient
away from the images, which have previously beewsito drastically reduce expertise effects related
to selective attention (Harel et al., 2010; McGugiiral., 2014). Second, the experts and the nodices
not differ in neither the overall base signal nothe correlational patterns at the medial channels
which have been shown to be sensitive to seleatiemtion (Morgan et al., 199Bluller et al., 200%

The current study contributes novel evidence tajthestion of whether the processes of face

recognition and expert object recognition recrissdciated or shared neural mechanisms. Previous
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work has shown that both face and non-face exja¢eigoriesare associated with enhanced N170 and
N250 ERP components. Moreover, faces and non-fgoerecategories evoke similar differential
responses in putative face-selective areas of @, ¥uch as in the OFA and the FFA (Gauthier et al.
2000; Gauthier et al., 1999; Gauthier & Tarr, 2002Gugin et al., 2012). Although these studies
show that face and non-face expert recognitionestiscrimination processes at ttedegorylevel, no
studies to date have directly compared the neuoalggses involved within-categorydiscrimination

of both faces and objects. The current study dyestaluated within-category discrimination by
measuring the differential response generated frenodically interspersing within-category
“oddball” objects in a sequence of adapting bageabdr In addition, the discrimination response was
disentangled from processes involved in expligktdemands, given that the participants were
performing a concurrent orthogonal task (colouedebn in the fixation cross). Thus, using a global
neural measure, the current study adds to themxiserature by suggesting that face and non-face
expert categories overlap not only in terms of gate discrimination, but also in terms of within-
category discrimination.

What processes could account for the patterns wisén the experts and the novices? Both
face and non-face objects of expertise are recedrat specific category levels (Johnson & Mervis,
1997; Tanaka, 2001; Tanaka & Taylor, 1991), forakHine grained internal shape information plays a
crucial role (Collin & McMullen, 2005; Hagen et,a2016). It is possible that the neural processas t
was shared between faces and birds in the expeittaot in the novices, contributed to efficient
encoding of internal diagnostic shape informatieor. example, face-specific areas could contain
neuronal units (i.e., columns) that are especalited for encoding the internal diagnostic infotiora
for recognition at specific category levels, andttlearning processes incorporate these neurortal un
into a stable population representation of a geatiegory. Indeed, behavioral work has showed that
both face and expert recognition of birds rely bapes in a middle bandwidth of spatial frequencies

(Costen, Parker, & Craw, 1994agen et al., 2016), providing some evidence tgssigthat
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diagnostic shape information for both object categoare carried by the same type of shape
information.

We still know little about the neural principlegpgorting the reorganization of putative face-
specific mechanisms. On the one end of the contmutus possible that faces and non-face expert
categories are instantiated in the same functiares but are divided into different neuronal unitsis
organization could give rise to the differentiadpenses of face and non-face expert categoriegwith
the same voxel, given that a voxel measures respdhat are generated by multiple units (i.e.,
columns). Moreover, this organization could leaddmpetition with faces, as has been demonstrated
when faces and non-face expert domains are pressint@ltaneously (e.gsauthier et al., 2003;
Rossion et al., 200Ro0ssion et al., 2007), if the different neural sir@ite connected through inhibitory
lateral connections. On the other extreme, thetesaane set of units could represent both face and
non-face expert categories, but with different@hation across the population of units associated
with the two domains. A third, and potentially mdikely scenario, is that there is a partial ovpria
the neuronal units recruited by face and non-faper categories. In this view, non-face expert
objects recruit a subset of the units within arageeg., FFA) that also support face recognition,
perhaps because these units support similar retmgiemands for both the faces and the non-face
expert category. Thus, while face and non-face lgamous expert categories could share some face-
specific units, the non-face objects should alsouieunique neuronal units spread across other
cortical areasHarel, Gilaie-Dotan, Malach, & Bentin, 20110

Face and object expertise differ in terms of itguasition. Within-category discrimination of
faces are enforced by the social demands to ingitelfaces by identity, and is potentially linkeitdhw
a genetic component, as newborn infants prefer hudates over other objects (Goren, Sarty, & Wu,
1975; Johnson, Dziurawiec, Ellis, Morton, 1991)cémtrast, object expertise, such as birdwatching,
train recognition, dog judging, is a specializedigtthat is typically acquired through deliberaad

extensive practice in early or later adulthood glatively small number of people in the populatio
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Based on differences in learning procedures (intpl& deliberate), the age of acquisition (early
development vs. adulthood), and perhaps genetigeinées, it is reasonable to expect that face and
object expertise are subserved by different neuaedhanisms. However, face and non-face object
expertise both share the need to perform fine-gchwithin-category discriminations, and even if
evolutionary pressures due to the adaptive behavifaice identification have given rise to suchefin
grained feature “detectors”, it does not excludsrttirom being coopted by stimuli from other
categories if the recognition-demands overlap wWitse of faces. Thus, logically speaking, if certai
cortical areas are evolved for a certain categbshould not rule out the possibility for thoseas to
be at least partially coopted by other categoii¢be underlying recognition demands are similar.

If shared mechanisms between faces and expert derage mainly performing “fine-grained”
analysis, one could speculate that face-bird caticgis in the experts would be influenced by the
shape-homogeneity of the birds. Specifically, sith@especies-level birds are more homogenous than
family-level birds in terms of their external coatse, then one could hypothesize that the formerdvou
isolate this face-specific mechanism to a larggreke than latter. The more isolated the mechanism,
the larger the correlations. In the current stu@ydid not find a stronger correlation between faoes
species-level birds as compared to faces and fdeubl birds. However, one must be careful making
strong claims about this prediction in the currgndy since the species-level birds used in thigyst
were selected to vary in the external contourspgenerate discrimination signals in the novites t
could be correlated with that of faces. Thus, wpprly assess how shape homogeneity in expert
categories influence face-overlap, future studnesikl carefully control for external contour
homogeneity.

In summary, comparisons of the face-bird correfetim the experts and the novices revealed
patterns that were consistent with the predictmfithe expertise account. The current findings ssgg
that within-category discrimination of face and ffane expert objects rely on at least partiallyreta

neural processes, while within-discrimination aféa and other non-face objects relies on different
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neural systems. Although our findings are constsigtin a substantial amount of previous research on
expertise, this study provided novel evidence bggian implicit discrimination task to directly
measuravithin-categorydiscrimination processes of the global recognisgstem. Future work should
examine the shared neural processes using a mettiodetter spatial resolution. Here, real-world
expertise was used as a model to test the natuihe ddce specific system; however, real-world
expertise can also be a useful model for understgrgeneral principles of how cortical mechanisms

reorganize to match the demands of the ever-chgragigironment.
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