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Abstract

& Subordinatedeve object processing isregarded as a hallmark
of perceptua expertise. However, the relative contribution of
subordinate- and basic-level caegory experience in the acquis-
tion of perceptua expertise has not been clearly delineated. In
this study, participants leamed to classify wading birds and owls
at either the basic (e.g., wading bird, owl) or the subordinate
(e.g., egret, snowy owl) level. After 6 days of training, behavioral
results showed that subordinate-level but not basicleve train-
ing improved subordinate disaimination of trained exemplars,

INTRODUCTION

Peope identify objects at different levels.For example, a
robin can be identified at the basiclevel (i.e., bird) or at
the subordinate level (i.e., robin). Experts (e.qg., bird or
car experts) tend to identify objectswithin their domain
of expertise at a more subordinate level relative to
novices. Moreover, expert object recognition is thought
to involve a categorica shift from basicto subordinate
levelswith training (Tanaka, 2001). However, the mech-
anisms underlying this categoiical shift with increasesin
perceptual expertise are relatively unknown.

It has been suggested that the recognition of objectsis
aacomplished through two computationally distinct sys-
tems, one for more specific, subordinate-level recogni-
tion, and another for basic-level recognition (Logothetis
& Sheinberg, 1996; Jolicoeur, 1990; Biederman, 1985;
Murphy & Brownell, 1985;Tverky & Hemenway, 1984).
This distinction is supported by reseach suggestingthat
the visual analysisof objects typically proceeds from
utilizing coarse to fine visualinformation (e.g., Schyns&
Oliva, 1994; Kimchi, 1992). More specifically previous
research suggeststhat coare shape information useful
for identifying objects at the basic level occurs earlier
in visual processing than does more fine, detailed in-
formation, which allows for subordinate-level recogni-
tion (Collin & McMullen, 2006). Furthermore, the initial
basiclevd identification of an object has been found
to depend on early processing of low spatial frequency
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novel exemplars, and exemplars from novel spedes. Ewent-
related potentials indicated that both basic- and subordinate-
level training enhanced the ealy N170 component, but only
subordinatedevel training amplified the later N250 component.
These results are consistent with models positing separate basic
and subordinate leaming mechanisms, and, contrary to perspec-
tives attempting to explain visual expertise solely in terms of
subordinatedevel processing, suggest that expertise enhances
neural responses of both basic and subordinate processing. &

(LSF)information (Collin & McMullen, 2005) and glob-
al shapes(Biederman & Gerhardgein, 1993), whereas
subordinate-level identification requires further visual
processing of fine details (Jolicoeur, Gluck, & Kosgyn,
1984). These findings are supported by a recent neu-
rocomputational model of expert perceptual catego-
rization (Nguyen & Cottrell, 2005). This model posits
the necessity of two separate systems for basic and
subordinate-levé processingand suggess that the brain
functionally separates theselevelsof processing.

Based on the above findings, the timeline of visud
object categorization has been hypothesized to occur
from basicto subordinate levels of abstractian, defining
the basiclevel asthe Ogbitry point Oi object processing.
However, in face identification, recognition of atypicd
exemplars, and recognition of other objects of exper-
tise, this entry point is hypothesized to have shifted
downward from the basicto the subordinate level of
abstrection (Tanaka, Curran & Sheinberg 2005; Tanaka,
2001; Tanaka & Taylor, 1991). Currently, the mecha-
nisms underlying this observed shift, and how face pro-
cessingas well as other expert perceptual processing
differs from other types of object recognition, are con-
tentiously debated and not well understood. For exam-
ple, Grill-Spector and Kanwisher (2005) found evidence
for basic-level processing preceding subordinate-level
processing for both objects and faces.The current study
sought to examine the electrophysiologicd correlates
of the observedshift in entry level with increased exper-
tise. Although it is difficult to track this shift in real-word
experts, training studies, which sygematically control
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subordinate and basic-levé experience, allow for further
elucidation of these mechanisns.

Previaus investigatons of real-world experts, such as
caror bird experts,and training studies have establishal
a relation between the N170 event-related potential
(ERB component and expert object recognition (Busey
& Vanderkolk, 2005;Gauthier, Curran, Curby, & Collins,
2003; Rosson, Gauthier, Goffaux, Tarr, & Crommelinck,
2002; Tanaka& Curran, 2001). For example Tanaka and
Curran (2001) report enhanced N170 amplitude when
bird experts view birds compared to dogsand when dog
experts view dogs compared to birds. This N170 differ-
enceis alsoseenin carexperts (Gauthier et al., 2003).In
addition, fingerprint experts show an inverson effect
while viewing fingerprints, relative to novices (Busey &
Vanderkolk, 2005). Studies in which participants were
trained to better differentiate novel objects have also
found N170changesover training. For example partici-
pants who were trained with families of novel visual
shapes called @lobsOéxhibit enhanced N170amplitude
to these blobs (Curran, Tanaka, & Weiskogf, 2002) and

participants trained with novel objects called @reeblesOO

show N170 inversion effects similar to what is seen
with faces (Rossion, Gauthier, et al., 2002). Combined,
the above results suggestthat the N170 is modulated
by perceptual expertise; however, it is unclear whether
increasedexpertise at the basicor the subordinate lev-
el (or both) accounts for these electrophysiological
differences. Moreover, it is currently unclea how the
amount of category experience, as opposed to basic-
and subordinate-levd learning, modulatesthe N170.

The N250 is an ERP component that is associated with
face processng (Schweirberger, Pickering, Burton, &
Kaufmann, 2002). This component is sensitive to repeti-
tion and familiarity and appearsto be related to the recog-
nition of individual people (Tanaka, Curran, Porterfield,
& Collins, 2006; Itier & Taylor, 2004a; Schweinberger,
Huddy, & Burton, 2004). Furthermore, a recent investi-
gation using source localization postulatesthat the N250
(and not the N170) may originate from the fusiform
gyrus,an areain the occipital-temporal cortex assaiated
with faceprocessing(Schweinkerger et al., 2004). Given
previous argumentsthat the FFAis generally important
for subordinate-level processing (e.g., Gauthier et al.,
2002), the N250 might also be related to subordinate-
level expertise. However, the spedficity of this compo-
nent hasnot yet beeninvegigated using nonfaceobjects
of expertise.

The presernt study incorporates behavioral and elec-
trophysiological methods to investigate the acquisi-
tion of perceptual expertise. Similar to Tanala et al.
(2005), adult participants learned to classify 10 species
of wading birds and 10 species of owls at either the sub-
ordinate (species, e.g., snowy owl) or basic (wading
bird) level of abstraction (see Figure 1). Training in-
cluded 6 days of perceptua learning tasks with the
amount of learning trials equated for both the basic-
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and subordinate-leel training. Pre-and posttraining per-
formance was measured by using a serially presernted
samedifferent matching task while ERPsvere recorded.
This task tested subordinate knowledge for species
trained at the subordinate level versus those trained
only at the basic level. Replicating previously reported
findings (Tanakaet al., 2005), we found that perceptual
discrimination transferred to new exenmplars and new
spedes for birds learned at the subordinate level but
not at the basic level. Electrophysiological results re-
veala that relative to pretraining levels an enhanced
N2170waselicited by birds from both the owl and wading
bird familiesNregardless of whether they were trained
at the basic or subordinate level. These findings sug-
gest that the previously reported expert N170 might
be attributable to the greater basic-levé category expe-
rience that experts have to objects in their domain of
expertise relative to novices. In contrast, only those
birds that were learned at the subordinate level elic-
ited an enhanced N250, and this effect generalzed to
new exenmplars and novel speciesof subordinate-levd
categories. Source analyses of these components re-
vealda distinct dipole locations for the N170and N250,
suggesing that different neural generators might medi-
ate these potentials. Together, these findings provide
electrophysiological evidence for distinct mechanisms
modulating basic and subordinate-level object recogni-
tion. Furthermore, basedon the results of the current
invedigation, the acquidtion of expertise appearsto be
associgd with (1) increasedbasic-levé categoly famil-
iarity, including coarse category shape and structure
information and (2) increased subordinate-level pro-
cesdng of fine details related to within-category indi-
viduation. Furthermore, these results do not support
previous N170 reports suggesing that the N170 is spe-
cifically related to expert perceptual processingat the
subordinate level.

METHODS
Partic ipant s

Paricipants included 16 right-handed undergraduates
recruited from the Univerdty of Colorado at Boulder
(6 women). Sevenparticipants completed subordinate-
level training with wading birds and basiclevd training
with owls, and 9 completed subordinate-lewel training
with owls and basiclevd training with wading birds. One
participant was excluded from the final sample becaus
of poor behavioral performance. All participants gave
informed consentto participate in this study.

Each participant participated in eight sessions on
different days within a 2-week period. ERPswere re-
corded on the first and last sessions. Subjectswere paid
$15 per hour for ERPsessions $10 per hour for behav-
ioral training sessions, and were paid a bonus of $20for
completing all eight sessions within a 2-week period.
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Figure 1. Examplesof stimuli.

The top pictures are exampks
of trained exemplarsof owls
(SpeciesA) and wading birds
(SpeciesB). Training level
(basicvs. subordinate) for
owls and wading birds was
counterbalarced across
subjects.The middle pictures
are exampks of owls
(SpeciesA) and wading birds
(SpeciesB) in the trained
species/untraned exemplars
condition. The bottom
pictures are examplesof
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Stimu li and Apparatu s

Stimuli were digitized photographs of owls and wading
birds obtained from bird identification field guides or
ornithological Websites. The training setwascomposed
of six exemplars of 10 different spedes from the owl
family (barn owl, barred owl, boreal owl, burrowing owl,
eadern screed owl, elf owl, Eurasian eagle owl, flam-
mulated owl, and the great gray owl) and 10 species
from the wading bird family (American bittern, black-
crowned night heron, cattle egret, glasy ibis, greatblue
heron, great egret, green heron, least bittern, limp-
kin, and the little blue heron). The test set of stimuli
included the trained exemplars, untrained exemplas of
trained species,and untrained species. The untrained
exemplars included new instances of new spedes of
owls (long-eared owl, northern hawk owl, northern
pygmy owl, northern saw-whetowl, short eared owl,
snowy owl, spotted owl, and the whiskered screed owl)
and wading birds (reddish egret, sardhill crane, snowy
egret, tricolored heron, white ibis, whooping crane,
wood stork, and the yellow-crowned night heron) not
leamed in training (see Fgure 1). The images were
cropped to show only the bird and were placed on a
white background. Stimuli were displayed on a 15-in.
Mitsubishi flatpanel monitor.

Procedure

All procedures were approved by the Institutional Re-
view Board at the University of Colorado and were
conducted in acardance with this approval.

Electrophysiologcal Pre-and Posttraining Asessmat

Before and after training, participants completed a
subordinate-levé sequental matching task that haspre-
viously been shown to be sensitive to differences in
levels of perceptual expertise (Tanaka et al., 2005;
Gauthier et al., 2003) while an electroencephalogran
(EEQ was recorded. Participants were shown a stimu-
lus for 800 msec followed by a fixation point for 800D
1000 msec and then another image for an additional
800 msec. Then the participants were immediately pre-
sented with a question mark and were required to in-
dicate whether the two imageswere of the SAME(e.qg.,
two screet owls) or of a DIFFEREN (e.g., snowy owl
and screed owl) spedes. The question mark remained
on the screenuntil a response was made. SAME trials
were always different exenplars of the same spedes.
DIFFERENTtrials included two exemplas of different
species within the same family. Different trial lures
were selected randomly (without replacement) from a
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pool of all other spedes within the samefamily. Thus,
a subordinate-level discrimination was required for
spedes trained at the subordinate and at the basic
level. This task consisted of 368 trials. Half of the trials
were wading birds and half owls. To monitor changes
related to training, the same stimuli were included in
the pre- and posttest task. All stimuli were randomly
ordered. Across both same and different trials, there
were three different types of trials: (1) trained spedes/
trained exemplas, (2) trained species/untraned exem-
plars, and (3) untrained spedes/untrained exenplars.
The trained speciestrained exemplarscondition includ-
ed 60 images from the training sessions the trained
spedes/new exemplas included 60 new pictures of the
trained species, and finally the untrained spedes/un-
trained exemplars included 64 images of new species
that were never trained. Trial numbers across condi-
tions were not equated because of the limited number
of spedes types avdlable.

Behavioral Training Tasks

After the pretraining asgessment participants completed
6 days of training. One group completed subordinate-
level training with wading birds and basic-leveltraining
with owls and the other group did the opposite. The
first training task was a naming task, the secand task a
category verification task, and the third a matching task.

Training task 1 (naming). Paricipants learned to label
different spedes of either owls or wading birds. Partic-
ipants completed six blocks of training on the first day
and nine blocks of training on Days 2D6. Parfcipants
started this taskwith two spedes of eachfamily (i.e., two
wading birds and two owls) and increased by one more
spedes in each family every time they got a block of
trialscorrect. On Day 1, sevenspecieswithin eachfamily
were trained. On Days 2D6,all 10 spedes within each
family were trained. Within eachblock, three exenplars
of each spedes were presented. The exemplars rotated
across blocks and days,and all trained exenplars were
presented on each day. The first presentation of each
spedes was labeled, for exanple, a screech owl with
either the subordinate-leve label Othis is SpeciesY@or
the basiclevel label Othis is Other.O@urbitrary labels,
rather than actual family/species names (e.g., owl,
screet1 owl) were used to help reduce the effects of
prior knowledge. For the subordinate-leveltraining par-
ticipants then pressedthe Ofikey whenever they saw
a screech owl. For the basiclevd training participants
pressedthe OO®key whenever they saw an owl. The
labelwasonly presert for the first presentation of each
spedes in eachblock. Participants were presented with
an equal number of basicand subordinate trials. Partic-
ipants were required to score 100%in each block to
move on; otherwise, the block wasrestarted. Feedback
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including the correct ansver, was given for 1500 msec
for incorrect responses

Training tak 2 (category verification). Paticipants were
presened with a subordinate-level or basiclevel bird
label, for example, @pecies Y@(subordinate) or Qlther
FamilyO(asic) for 500 msec, followed by a fixation cross
for 250 msec and a picture of a bird for 500 msec. If
the image and the label matched, the participant pressed
a key for SAME. If they did not match, they pressed a
key for DIFFERENT. SAME trials included an exemplar
from the same family (basic) or sane spedes (subordi-
nate). DIFFERENT trials included an exemplar from a
different family (basic) or a different spedes within the
same family (subordinate). On the first day of training
there were 48 trials presented: 2 (subordinate/badc) ! 2
(same/different) ! 12 (exemplars). Lures for the DIFFER
ENT trials were selected from the previously trained
exemplars. Thus, on Day 1, three exemplars from the
six subordinate trained spedes were preserted twice
for a total of 36 trials (12 subordinate-level SAME trials,
12 subordinate-level lures, and 12 basicdeve lures) and
one exemplar from each of the basic trained spedes were
presented twice for a total of 12 trials (all 12 trials were
basicdevd SAME trials). On Days 2-6, three exemplars
from the 10 subordinate trained species were presnted
one time for a total of 30 trials (10 subordinate-evel
SAME trials; 10 subordinate-level lures, and 10 basiclevel
lures) and one exemplar from the species trained at the
basic level was presented one time for atotal of 10 trials
(all 10trials were basicdevel SAME trials). Exemplars were
rotated across days so each exemplar was presented be-
tween five and six times throughout the training. Pa-
ticipants were given correct or incorrect feedback for
500 msec following the response.

On the first day of training, participants completed
this task once, but on all subsequent training daysthey
also completed a speeded version of this task. In this
version, participants were given 1 secto respond or the
trial was marked incorrect. The samenumber of trials/
conditions wasused in the speeded version of this task.

Training task 3 (matching). Participants were pre-
sented with a word label, for example, Ohis is Species
Y®or @rhis is Other,@for 500 msec followed by a
presentation of two side-hy-side pictures of birds. Par-
ticipants then pressedone key if the correct or matching
stimulus was on the left and another if it was on the
right. The paired stimuli remained on the screen until
the participant responded. On the first day of training
there were 48trials presented: 2 (subordinate/basig ! 2
(left/right) ! 12 (exemplars). For subordinate trials,
targets were paired with a subordinate trained lure.
For basictrials, targets were also paired with a subordi-
nate trained lure. Within the subordinate-leveltrials, two
exemplars of each of the six subordinate-training spe-
cies were presented four times, twice as targets and
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twice as lures. Within the basiclevd trials, two exem-
plars of the six basictraining specieswere presened
twice astargets.On Days2D6,this taskincluded 40 trials
(20 basicand 20 subordinate). Within the subordinate-
level trials, two exenplars of each of the 10 trained
spedeswere preserted twice (once asatargetand once
asa lure). Within the basiclevd trials,two exemplars of
the 10 species,trained at the basic level, were paired
with subordinate-level lures and presented once as
targets. Parfcipants were given correct and incorrect
feedback for 500 msec following the response.

Electrophysiological Methods

Scalp voltages were collected with a 128-chamel Geo-
desic Sensag Net (Tucker, 1993) conneded to an AC-
coupled, 128-chamel, high-input impedance amplifier
(200 M! , Net Amps, Electrical GeodesicsInc., Eugene,
OR). Amplified analogvoltages(0.1D10@ Hz band pass)
were digitized at 250 Hz and collected continuously.
Individual sensrs were adjuged until impedanceswere
lessthan 40 k! . Trials were discarded from andysesif
they contained eye movements (vertical electrooculo-
gram channel differences greate than 70 AV) or more
than 10 bad channds (changing more than 100 AV be-
tween samples or reaching amplitud es over 200 AV).
EEGfrom individual channelsthat was consistertly bad
for a given participant was replaced using a spherical
interpolation algorithm (Srinivasan, Nunez, Siberstein,
Tucker, & Cadugh, 1996).

Stimulus-locked ERPawvere baselire-correded with re-
sped to a 100-nsec prestimulus recording interval and
digitally low-passfiltered at 40 Hz. An average-réerence
transformation was used to minimize the effects of
reference-ste activity and accuratel estimate the scalp
topography of the measuredelectrical fields. Becauseof
low trial counts, ERPsncluded trials in which the subject
responded either &8ameD6r Odifferent,Oénd all correct
and incorrect trials. Collapsed across these factors and
conditions, there was an average of 58.0 (range, 48D64;
SD = 3.4) trials per subject within each condition for
birds trained at the subordinate level and 57.2 (range,
45D64;SD = 3.9) trials within each condition for the
birds trained at the basiclevel.

Dipole Source Analysis

Dipole source analyseswere conducted using by Brain
Electromagnetic Source Analysis (BESA Version 5.0).
Modeling in the present experiment used the four-shdl
spherical head model, which accouwnts for differing con-
ductances of the brain, bone, cerebrospinal fluid, and
scalp. Synmetry constraints with respect to location
were used for dipole pairs. No other localization con-
straints were used. Localizaion coordinatesare reported
acwording to the Talairach and Tournoux (1988) atlas.

Stati stical Procedure
Staistical Analysisof Behavioral Measures

To determine whether there wasbehavioral evidence of
an entry-level shift from basicto subordinate processing
across training, measures of reaction time (RT) for the
category verification and matching tasks were entered
into a2 ! 6 multivariate ANOVA(MANOVA) with two
levelsof categorylevel (basig subordinate) and sixlevels
of training day (Day 1, Day 2, .. ., day 6). In addition, d°
andyseswere conducted on the pre- and postsequenial
matching task to determine changesin discriminability
aftertraining. Measuresof d°were enteredinto a2! 2!

3 including two levels of test (pretest, posttest), two
levels of categorization (basic subordinate), and three
levels of condition (training speciestrained exemplas,
trained species/newexemplas, and untrained spedes).

Staistical Analysis of Electrophysiological Measures

Electrophysiological analysesof each individual compo-
nent of interest (N170; N250) was analyzedusing sepa-
rate2! 2! 3! 2! 2 MANOVAsincluding two levels
of test (pretest, posttest), two levels of categprization
(basic, subordinate), three levels of condition (trained
specieg/trained exemplars, trained species/new exem-
plars, and untrained species), two levels of stimulus
presertation (first/secondwithin atrial), and two hemi-
spheres (right, left).

Mean N170 amplitude was calalated from 147 to
211 msec poststimulus onset (mean latency [179 msec] +
2SD[15.89 msec]). The channels were selectedby iden-
tifying the electrode locationsin the right and left hem-
isphere with the largest N170 across all conditions
(channels 59 and 92, between standard locations T5/T6
and P3/P4). Analyseswere conducted on averagged ERPs
across these channelsand the six immediately adjaent
channels within each hemisphere (see Figure 4).

Mean N250 amplitude was analyzed across conditions
from 230 to 330 msec poststimulus onset. This window
was selected for analyses based on previous reports of the
N250 (Schweinberger et al., 2002, 2004). Based on previous
research (Tanaka et al., 2006), the same electrode groups
and analyses used for the N170 were used for the N250.

RESULTS
Behavioral Results

During training tasks, RT measureswere used to monitor
the effects of training. RTs were computed for correct
responses only. The category verification and matching
tasks all showed significant interactions between train-
ing day and categoly level such that subordinate-level
performance becane increasingly smilar to basiclevd
performance across days: verification, F(5,10) = 7.66,
p = .003 speededverification, F(4,11) = 3.42,p = .05;
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matching, F(5,11) = 12.88,p = .000L (see Figure 2).
However, on the last day of training, RT to basic-levé
trials wasstill significantly fasterthan RTto subordinate-
level trials across al tasks(p < .001). Accuacy for all
tasks across all 6 dayswas at or near ceiling. Because
of large variability between the number of completed

blocks acrosssubjects analyseswere not conducted for
the naming task.

Subordinate-level discrimination performance was
assessad before and after training across trained and
untrained exemplars and species by using a succes
sive matching task. Subordinate-level discriminations of
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birds trained at both the subordinate and the basiclevel
were tested in this task. Basic-leel discriminations were
not tested. Pre- and postmatching task performance,
measured with d° benefited only from subordinate-
level training, and these benefits generalized from
trained exermplarsto untrained exempla's and untrained
spedes (see Figure 3). Training level (basig subordi-
nate) significantly interacted with pre/post, F(1,15) =
267.21,p = .0001. When each training condition was
considered separately, d° significantly increased from
pre- to posttraining at the subordinate level, F(1,15) =
266.14,p = .0001, but basic-levé training had no ef-
fects, F(1,15)=.364, p = .555. Planned comparisons re-
vealal that subordinate-level training increased d° for
all conditions: trained exemplas, t(15) = " 6.70, p =
.001; untrained exemplars of trained species, t(15)=
" 6.81,p = .001; and untrained species,t(15)= " 3.94,
p= .01

Electrophy siologic al Results
N170

Both subordinate- and basic-level training increased
N170amplitude in a manner that generaized acrossall
conditions. Overall, there was a significantly greater
N170 posttraining compared to pretraining, F(1,15) =
19.13p = .001 (see Figures 4 and 5A), but the train-
ing effect did not interact with categorization level,
F(1,15)=.043, p = .839 (see Figure 6 for topographic
maps). t tests confirmed that thesetraining effectswere
significant for all conditions (trained exemplars, un-

trained exemplas, untrained species) following either
subordinate- or basic-levétraining (all ps < .01). Analy
ses also reveakd significant N170 differences between
trained speciegdtrained exenplars, trained spedesiun-
trained exemplars, and untrained species, F(2,14) =
4.84,p = .025. Further andysesof this effect reveakd
a decresse in magnitude from trained speciestrained
exemplarsto trained species/untraned exemplasto un-
trained species(pairwise comparison of ordered means,
ps range from .05to .07).

N250

Only subordinate-leveltraining, but not basic-levétrain-
ing, increased N250 amplitude, and these subordinate
training effectsgeneralzed acrossall conditions. Overdl
there wasa significantly greater N250for birds trained at
the subordinate versusthe basiclevel, F(1,15) = 5.61,
p = .032. This main effect is qualified by a significent
interaction between pre- and posttraining and basicver-
sus subordinate training, F(1,15= 3667, p = .0001,
and between pre- and posttest, basicversussubordinate
training and hemisphere, F(1,15) = 555, p = .032
These interactions reveal a larger posttest N250 for
birds trained at the subordinate level in the right hemi-
sphere (see Figures 4, 5B, and 6). t tests indicated that
these right-hemisphere subordinate-leveltraining effects
were significant for all conditions (trained exemplas,
untrained exemplas, untrained species,all ps < .05).
There were also significant differences between the
first and second stimulus presented within a trial. The
secand presentation of a stimulus elicited a smdler N250
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Figure 4. ERPwaveforms.
The left graph representsan
averageof electrodesin the
left hemisphere (59, 51,52, 58,
60, 65, and 66) and the right
graph representsan average
of electrodesin the right
hemisphere (92, 91, 93, 97,
98, 85, and 86).
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than the first presentaton of a stimulus, F(1,15) = 9.85,
p = .007.This presentation-order effect was greater in
the right hemisphere compared to the left hemisphere,
F(1,15) = 4.38, p = .05. Moreover, the difference
between the first and second presenation interacted
with subordinate/basictraining, F(1,15) = 6.02,p = .03.
This interaction was due to a smaller (less negative)
mean amplitude N250 for the second stimulus presen-
tation (M = 5.14 AV, SD= .59) compared to the first
stimulus presentation (M = 421 AV, D = .52) for
subordinate, but not basiclevd trials (first presertation
M= 4.8 AV, SD= .43;secondpresertation M = 5.3 AV,
D = .552). Thisinteraction did not further interact with
pre/post, so did not modulate the training effects of
primary interest.

Visual inspection of the topography of these effects
(see Figure 6) indicated additional, more lateral elec-
trode locations exhibiting an N250. Thus, in addition to
the above analyses more lateral electrode locations were
also analyzed (right hemisphere: 101, 102, 108; left hemi-
sphere: 57, 58, 63) in a separate MANOVA to identify
possble topographic differences between the N170 and
the N250. Analyses of these regions replicated the inter-
adion between pre- and posttest and subordinate- versus
basicdevd training, H(1,15) = 5.57, p = .032, reveding a
greater N250 for birds trained at the subordinate versus
the badc levd at posttest.

Dipole Source Analysis

Source localization was performed for the N170 and
N250by using BESA( Versian 5.0). Source analyseswvere
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conducted for the posttest subordinate condition in
which both components were most discemable. The
N170 and N250 were localized by using a component
onset-to-pesk window (N170 = 148D184msec; N250=
232D30 msec; Scherg & Berg, 1996). Spatial principle
components analysis(PCA) reveakd one factor for the
N170(97% of the variance explained) and one factor for
the N250 (99.8% of the variarce explained); therefore,
we fitted one pair of laterally synmetric sources for each
component (seeFigure 7). The Talairachcoordinates for
the centersof activity werex = £8.0, y= " 58.2,z= 4.0
(residual variance [RV] = 3.3%) for the N170and x =
+41.6,y= " 62.1,z= " 0.9(RV= 2.7%)for the N250.
The center of activity for the N170is in the lingual gyrus
of the occipital lobe and the center of activity for the
N250is betweenthe subgyrd and inferior temporal gyral
regions of the posterior temporal lobe.

DISCUSSION

The current invedigation wasdesigred to further inves-
tigate the mechanisms as®ciated with acquisition of
perceptual expertise using both behavioral and electro-
physiological measures. Behavioral results from the
presernt investigaton replicate previous findings (Tanaka
et al., 2005) indicating a decrease in RTto subordinate-
level discriminations, which approachesthe RTto basic-
level discriminations. These data further support the
presence of an entry-level shift in processing from
the basic to subordinate level with expertise training.
The results of the posttraining sequential matching
task sugges$ that training enhanced subordinate-level
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Figure 5. Amplitude changes
acrosstraining. Bar graphs
of the mean and standard 4
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discrimination of exenplars trained at the subordinate
but not the basiclevel, and that this enhanced discrim-
ination generalizedto novel exenplars of trained species
and novel exemplas of untrained spedeswithin the owl
or wading bird family but not acrossbird families. These
data sugges that subordinate-lewel training in the pres-
ent experiment led to increasesin perceptual discrimi-
nation associatedwith categoly learning.

At the electrophysiological level, basic and subordi-
nate-leve training also produced changesin the N170
and N250brain potentials. Basedon previous reports of
the relation betweenthe N170and perceptual expertise
(Gauthier et al., 2003; Rossion, Curran, & Gauthier,
2002; Rossion Gauthier, et al., 2002; Tanaka & Curran,
2001), we expected to seeincreasesin N170 amplitud e
associated with only subordinate-level bird training.
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Figure 6. Topographic maps
of the difference between
the pre- and posttraining
amplitudes for the N170
(left) and the N250 (right).
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However, counter to this expectation, participants
showed an enhanced N170 to owls and wading birds
regardlessof whether they were trained at the subordi-
nate or the basiclevel. Thesefindings suggestthat more
general effects of basiclevel category experience medi-
ate N170amplitude. Basal on this result, the previously
reported N170 differences between real-wold experts
and novices might reflect the expertOsgreater experi-

~
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Figure 7. Sourcemodeling. Estimatesof source localization for
the posttest subordinate-level condition for each component.
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ence with objects in their domain of expertise rather
than their subordinate-level knowledge of these objects
(Gauthier et a., 2003; Rossion, Curran, et al., 2002;
Tanaka & Curran, 2001). These results are also consist-
ent with the widely reported face N170 effect (Itier &
Taylor, 2004b; Carmel & Bentin, 2002; Sagiv & Bentin,
2001;Rossionet al., 2000;Bentin, Allison, Puce,Perez,&
McCarthy, 1996) in which faces have been shown to
elicit a greater N170 relative to other nonface objects
(e.g., cars, houses, chairs), but is not senstive to the
relative familiarity of any particular face (Bentin &
Deouell, 2000; Eimer, 2000). Presumably, from birth,
humansare exposedto facesmore than any other object
category, and the yearsof acaimulated experience are
manifested in a greater N170 to faces. However, the
posttraining N170in the current study wasnot restricted
to the spedfic items used in training becausethis effect
extended to untrained exemplars of trained species.
Thus, the N170 effect is not limited to the specific
episodic experiences, but generalizes to the broader
object categories of the perceptual experience.
Whereas the N170 indexed general effects of basic-
level category experience, the N250 component was
only sengtive to training at the subordinate level. Spe-
cifically, a greater N250 deflection was elicited by par-
ticipants trained with owls and wading birds at the
subordinate level compared to the basiclevel. Consist-
ent with subordinate-level matching task accuacy, the
N250 training effects generaized to new exenplars of
trained spedes and new specieswithin the subordinate-
level family. Theseresults are compatible with recentin-
vesigations demonstrating an N250r component to the
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repetition of familiar relative to unfamiliar faces(Tanaka
et al., 2006; Schweinberger et al., 2002, 2004). How-
ever, the current findings differ from previous N250
experiments in several ways. First, the presernt study
demonstrates that the N250is not only spedfic to faces,
but also extends to the recognition of nonface objects.
Second our experiment highlights the importance of
subordinate-levd learning in the amplification of the
N250 and is differentiated from the N170 effect that is
produced as a consequence of both basic-level and
subordinate-level category learning. Finally, whereas
previous N250 reports suggestthat this component de-
pends on the immediate repetition of familiar stimuli,
the current study shows that modulation of the N250
can be demonstrated under conditions over retention
intervals lasting severd days

Differences between basic- and subordinate-level
object recognition are proposed by some to differ in
qualitative ways (Nguyen & Cottrell, 2005; Collin &
McMullen, 2005; Murphy & Brownell, 1985; Tversky &
Hemenway 1984) and by others in only quantitative
ways (Rieenhuber & Poggiq 2002). The presert inves-
tigation localized the N170 to media regions of the
occipital lobes (lingual gyrus) and the N250 to more
latera regions of the temporal lobes (between the sub-
gyral and inferior temporal gyra regions). Although
one must exercise caution when interpreting localized
sources using ERPshere we place lessemphasison the
identity of the locdized regions than on the simple
fact that the N170 and N250localized to different loca-
tions, implying that the present results involve distinct,
but likely interactive, brain mechanisms The regions
identified in the presert invedigation differ slightly from
regions previously localized for faces (Schweinberger
et al., 2004). Schweinberger et al. (2004) localized the
N170to the lateral occipital face areaand the N250 to
the fusiform gyrus.

Consigent with the source modeling conducted in
the present experiment, previous reports have lo-
calized the N170 and N250 to sepaate brain regions
(Schweinberger et al., 2002,2004). Thesereports, com-
bined with the present investigaton, suggestdifferent
neural generabrs for these two components and are
thereby consistert with models positing separate un-
derlying mechanisms related to the learning of basic-
versus subordinate-level information (e.g., Nguyen &
Cottrell, 2005; Murphy & Brownell, 1985; Tversky &
Hemenway, 1984). However, given the limitations of
source analysis,the results of the present study may
also be condstent with a singlesystemmodel for subor-
dinate- and basic-levé processing (e.g., Resenhuber &
Poggio, 2000, 2002). Riesenhuber and Poggio (2000,
2002) sugges that basic-and subordinate-lewel recogni-
tion are quantitatively, but not qualitatively, different.
In this view, the more fine-grained discrimination re-
quired for subordinate-level processingwould necessi-
tate the acaumulation of more perceptual information

compared with that required for basic-levé processing.
Consigent with the results of the present invedigation,
this increase in amount of perceptual information need-
ed would lead to a longer latency response for subor-
dinate- compared to basiclevd processing. This would
sugges$ that the increased N250 to subordinate- com-
pared to basiclevd-trained birds could simply be due
to the increased difficulty in subordinate-leveldiscrimi-
nation of birds trained at the basic level posed to parti-
cipants. This interpretation does not require separate
systens for basic and subordinate-levelrecognition. Fu-
ture reseach combining both computational modeling
and electrophysiology may be able to more clearly de-
lineate the difference between basic-and subordinate-
level object processing

The present electrophysological findings further ex-
plain behavioral data (Tanaka et al., 2005) suggesing
that there is a shift in categorical entry-level processing
from the basicto subordinate levels with increasesin
perceptual expertise. The ERPresults suggestthat, sim-
ilar to general object recognition, perceptual andysis
of objects of expertise proceeds from the basicto sub-
ordinate levels of analysis.Moreover, the coarse shape
information characterized by basic-levé categorization
occurs earlier in visual processing than the more fine
grainedvisud information required for subordinate-lewel
categorization, regardless of level of expertise. Based
on thesefindings we canconclude that perceptual exper-
tise not only includes increased subordinate-level dis-
crimination of objectswithin a categoty of expertise, but
is also associatedwith enhanced basic-levé processing.
Thus, perceptual expertise might depend on two inter-
acting mechanisns including (1) increasesin basiclevd
shape information (indexed by the N170) and (2) in-
creaesin more fine grained subordinate-level discrimi-
nation (indexed by the N250). However, it is currently
unclear whether there are functionally parallel mecha-
nisms for basic and subordinate-lewel processing(e.g.,
Nguyen& Cottrell, 2006) or whether basiclevel process-
ing simply proceeds and then feeds into subordinate-
level processing (e.g., Jolicoeur et al., 1984).

Our interpretation of the present reaults is generally
consistent with other views of the N170 and N250 within
the specific domain of face processing. The face N170
has been related to structural differentiation of faces
from other categories of objects (Schweinberger &
Burton, 2003; Sajiv & Bentin, 2001; Bentin & Deouell,
2000, Eimer, 2000). The face N250, on the other hand,
has been related to the ability to identify individual
faces (Schweinberger et al., 2002, 2004). Thus, just as
others have suggeged that the N170 and N250 may in-
dex separate processesin face recognition, the pres
ent reaults suggest that these components may reflect
more domain-general learning/categorization mecha-
nisms. Like studies of red-world expertise, studies of
face recognition are limited in their ability to measure
the processes involved in the acquistion of caegorical
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knowledge. The present study sheds light on these pro-
ceseshby meaauring electrophysiological changes that re-
sult from caegory leaming under controlled conditions.
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