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Sensitivity to configural changesin face processinghas been cited as evidence for face-
exclusive mechanisms Alternatively, generalmechanismscould be fine-tunedby experience

with homogeneous stimuli. We tested sensitivity to configural transformations for novices and
expertswith non-facestimuli (“Greebles”). Partsof transformedGreebleswere identified via
forced-choice recognition. Regardless of expertise level, the recognition of parts in the Studied
configuration was better than in isolation, suggesting an object advantage.For experts,
recognizing Greebleparts in a Transformedconfiguration was slower than in the Studied
configuration, but only at upright. Thus, expertise with visuailyilar objects, not facesper

se, may produce configural sensitivity.

Severalresearcherfiave proposedthat configural
information, i.e., the relations between parts, is
especially important in the way faces are visually
representedDiamond & Carey, 1986; Farah, 1990;
Rhodes,1987; Sergent,1988). If this is the case,face
processingas comparedo the processingof non-face
objects,shouldbe particularly disruptedby changesin
the configuration oparts. Tanakaand colleaguedested
this hypothesis by examining whether configural
transformations influencetthe recognitionof individual
features(Tanaka& Farah, 1993; Tanaka& Sengco,
1996). In several studies Tanatestedthe forced-choice
recognitionof individual parts of faces (e.g., “Jim’'s
nose”) or control stimuli (houses,inverted faces, or
scrambled faces). For each stimulus class three
conditionswereused:1) partsin isolation (e.g., Jim’s
nose alone); 2) parts in the contexitloé studiedobject
with sometransformationin configuration(e.g., Jim’s
nose in Jim’s facavith the eyesmovedslightly apart);
3) parts in the context dhe studiedobject(e.g., Jim’s
nosein Jim’s face).Crucially, the targetand distractor
partswere exactly the same in all three conditionsand
within each condition the context for both the targed
distractor parts was identical. Thus, if subjectsiesiag
independentpart representationsthere should be no
difference in the diagnostic information available

were most readily recognized in the Studied
configuration, less readily in a Transformed
configuration, and most pooriyn isolation, suggesting
that thepartsof facesare not representethdependently
(a so-called"holistic representation”)Iin contrast,none
of the testswith control stimuli -- scrambledfaces,
invertedfaces,or houses-- revealedany advantagefor

recognizingpartsembeddedn the intact configuration
of the studied object.

Whenevera particular effect, such as that just

described, is obtained with faces and not control stimuli,

the question arises &s whetherthis implicatesa face-
specific mechanism. Fromur perspectivet is prudent
to considerspecializednechanism®nly after the best
possible control conditionshave failed to replicate a
given effect. In the case of faces, this measisag non-
face stimuli that adequatelymatch many of the visual
and categorical constraints found for fadest instance,
one of the most famous phenomenaassociatedwith

faces, the inversion effect, in which there is a
disproportionatecost for recognizing inverted faces
(Farah et al., 1995; Yin, 196%asbeenobtainedwith

a homogeneouset of non-face objects (dogs of the
samebreed),but only for expertparticipants(Diamond
& Carey, 1986). Similarly, Rhodesnd McLean (1990)
obtainedthe caricatureadvantagethat is, caricaturesof

between the three conditions. Nonetheless, parts of facéaces araecognizedmore quickly than the actualfaces,
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with bird expertswho identified membersof a highly
homogenousclass of birds. Such demonstrations,
however, do not necessarilyrule out face-specific
mechanismsin all phenomenaassociatedwith face
recognition-- it is certainly possiblethat some of the
effects which are consideredto be face specific are
mediated by a special mechanism. Therefore, each
putative face-specific phenomenonshould be tested
using experimental conditions that are matched as
carefully as is possible, including specifically,
equivalentlevels of visual homogeneity, categorical
level of recognition, and degree of expertise.

One of the most salient characteristicsof face
recognition is thafaceshavesimilar featuresorganized
in similar configurations.Therefore,an adequateset of
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control stimuli should sharethis constraint.For this
reason, sets of exemplars from a single visually

requires10 yearsof experiencewith a specific breed,
which is also the time it takes for children to perform in

homogeneous category such as species of birds or bredtie normal adult range on faeacodingtasks(Carey &

of dogs havébeenusedas control stimuli. However, it

is not only the homogeneityof the subsetof objects
actually used in the experimentthat matters -- for

familiar classesof objects, the spaceof all known

exemplars is also crucial. Thus, the apparent
homogeneity of a contraet may be insufficientif the
larger classis not homogeneougqas in the case of

houses or landscapes, Diamond & Carey, 1986).

A secondcharacteristioof face recognitionis that
facesare typically recognizedat the exemplar-specific
level. Thus, while we often recognizemost objectsat
the basic level (e.g., “chair or dog,” seeRoschet al.,
1976), faces are generally recognized at the most
extreme subordinate level (e.g., “Jim or Max”).
Consequently,it is important that control tasks
addressing face-specific effects require recognitionof
control stimuli at the subordinate level (e.g.,

distinguishing between several dogs of the same breed).

A third characteristicof face recognitionis that
humansare highly expertat the very difficult task of
discriminating between individual faces. Although
expertiseis difficult to define,it seemsclear that it
shouldbe morethan simply a practiceeffect in which
performanceimproveswith experience One empirical
definition that hasbeenusedandwhich we will adopt
hereis a qualitative shift in processing.Tanakaand
Taylor (1991) found sucha shift for bird expertswho
were as fast to recognize objects atshbordinatdevel
(“robin”) as they were at the basic level (“bird”). In
contrast,non-expertsare consistentlyfaster on basic-
level discriminationsas comparedto subordinate-level
discriminations. Similarly, becausehumans are face
experts,judgmentsof face identity (subordinatelevel)
areas fast as judgmentsthat are more categorical,for
instance gender (Tanaka, personal communication).
Therefore becauseexpertiseinteractswith the level of
categorization, it is important that control tasks
addressing face-specific effects use stimulivitich the
participants are experts.

Based on such criteria, studies that have used bird

dog recognitionby expertsappearto have adequately
matchedcontrol tasksto facerecognition (Diamond &

Carey,1986; Rhodes& McLean, 1990). Indeed,these
studieshavefound evidencefor nominally face-specific
effectswith non-facestimuli. However,there are three
limitations to using such controls. First, from a
practical standpoint, experts within a given domaiay
be difficult to recruit. Second, from a theoretical
standpoint,extant experts are already trained and, as
such, do not provide the experimenter with any
opportunity to manipulatethe origin or the level of

expertise.Third, from an empirical standpoint,several
researchergCarey & Diamond, 1994; Diamond &

Carey, 1986; Johnson & Morton, 1991) have
emphasizedthat the inversion effect in dog judges

Diamond, 1994). This long onset to attain expertise

suggests that a comparable level of competence may not

be obtainable in the time-course of experiment(or at
leastone we would wish to run). The study presented
here addressdheselimitations by attemptingto create
experts for the subordinate-levelrecognition of a
homogeneousset of non-face stimuli (“Greebles”;
Figure 1). In particular, we examine whether, given
extensiveexperiencewith some Greebles, participants
exhibit sensitivity to configural information with
unfamiliar GreeblesIf indeedexpertscanbe createdin
the laboratory, this would provide a tool for the
investigationof face recognitionand, more generally,
visual expertise.

GREEBLES EAMILY
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Figure 1. Meet the Greebles. Sample objectosenfrom a
set of 60 control stimuli for faces. Each object can be
categorizedat the Greeble,family, gender,and individual

levels. The Greebleswere createdby Scott Yu using Alias
Sketch! 3D modeling software.
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In the presentstudy we choseto investigatethe
nominally face-specific sensitivity to changes in
configuration (Tanaka & Farah, 1993; Tanaka &
Sengco,1996). In prior studies, control stimuli for
faceswere houses,inverted faces,or scrambledfaces.

&iven possiblenon-equivalencdetweenthesesets and
normal faces, we used stimuli specifically constrained to

be similarto facesalong severaldimensionsGreebles,
as ourcontrol set. Moreover,we manipulatedhe level

of expertiseso that this variable was not confounded
with stimulus class.As discusseckarlier,the stimulus
transformations used in Tanaka and colleagues’
experiments were independent of the information

required to perform the forced-choice recognition
judgment. This samemanipulationwas used here to

assess sensitivity to configural transformations.
Therefore,if the parts of each Greeble are encoded

independently, then the patterns of performance observed

for the Isolatedparts, the Transformedconfiguration,
and the Studied configuration conditios predictedto
be equivalent.On the other hand, if the parts of each
Greeble are encoded inconfigural manner that is, the
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positions of individual parts are dependenton one
another, then performanége predictedto be bestin the
Studied configuration condition, poorer in the
Transformed configuration and the Isolated parts
conditions. Crucially, this patternis expectedto be

generated, one witthe top pair of partsin its original
position andone with eachof thesetwo parts moved
15° aroundthe vertical axis towards the front. Three
distractorswere createdfor eachof thesetwo versions,
with one of the three kinds of parts replacedin each

more pronounced for experts than novices. Moreover, adistractorby a foil part (drawn from within the same
interaction of expertise with orientation is expected, thasubsetof 6 objects).Finally, three imageswere also

is, for experts,the recognition of parts in upright
Greebles should be more sensitive to configural
transformations than the recognition of pantdnverted
Greebles.

Method

Participants. Thirty-two undergraduatesat Yale
University participatedin the experimentin return for
course credit and/or payment.

Design and Materials. Sixty photorealistically

created for each target, showing etafyetandfoil part
in isolation.

The experiment was performed on an Apple
Macintosh LC 475 equipped with a Sony Trinitron 13”
color monitor with a resolution of 640 x 480 pix¢’2
pixels per inch). The Greeblegereall the samepurple
shade,with an overheadlight and a stippled texture.
Imageswereabout6.5 x 6.5 cm and presentedn the

middle of the screen on a white background. Participants

sat about 60 cm from the screen, yieldandisplay area

rendered 3D objects (Greebles) were generated with Aliasubtending approximately 6. 6.2 of visual angle.

Sketch! (Alias Researchinc., Toronto) on an Apple
Macintosh. All Greebleshave four protruding parts
organized in approximately the same spatial
configurationon a vertically-orientedcentral part. The
set is organized orthogonally along two categorical
dimensions, such that each Greeklea memberof one
of two “genders”’andone of five “families” (Figure 1).
Therearefive centralpart shapesachdefining one of
the five families. The gender differencedisfinedby the
orientation of the parts relative to the central paither

Procedure. The experiment consisted of three

phases: 1) testing of sensitivity to configural changes in

novices, 2) expertise training, and, 3) testing of

sensitivity to configural changes in experts. See Table 1

for a detailed description of the training and testing
procedure.We now review the proceduresused for
novices and experts.

Participants who serveaks novicesfirst learnedthe
names of the8 kinds of Greebleparts(from the top to
the bottom of an objechoges, quiff, dunth, Figure 2a).

all pointing upward or downward. Although some of theNo further training was given. Participantswere then
parts are very similar to each other, every individual partested for forced-choice recognition of parts wifright

is unique within the set.
From this set, 30 Greebles (3 individuals freach

andinverted GreebleqFigure 2b). For eachof the two
orientations,the namesof six different Greebleswere

gender x family combination) were used during expertiséearned.Eachnamewas shownfor 1 secin the middle

training, while 24 unfamiliar Greebles(12 of each
gender) wereusedin the novice-levelandthe expertise-
level test phasesNonsensavords were usedas names
to designatehe threekinds of parts, the two genders,
the five families, and eachindividual. For purposesof
expertisetraining, 10 Greebleq5 of eachgender)were
given individual names.For the novice-level and the
expertise-leveltest phasesfour sets (“Plok1, Plok2,
Glipl, Glip2") of six Greebleswithin the samegender
category wererossedwith four sets(“A, B, C, D") of
six novel namesto producefour testing conditions:
Plok1A-Glip1B, Plok2C-Glip2D, Glip1D-Plokl1C,
Glip2B-Plok2A. There were four experts and four
novicestestedfor recognitionof parts of Greeblesin
eachof thesefour possibleorders(for a total of 16
expertsand 16 novices).For eachof the 24 unfamiliar
Greeblesusedin the test phases,two versions were

of the screerollowed by a Greeblethat the participant
could lookat for aslong as desired.Six Greebleswere
studied in this way six times each, in a random ofoler
a total of 36 learning trials. Following this, forced-
choicerecognitionof the parts was assessedOn each
trial, a prompt was shown dhe screenspecifyingone
part of a particular target (e.g., “PIMO’S BOGES”)
followed by two pictures side-by-sideon the screen.
Participantsselectedwhether the right or left image
containedthe designatedpart by pressingone of two
keys. Therewere three conditionsrandomizedtogether:
1) Studied configuration: the two choices were the
specified part and a fopart, both in the contextof the
Greeble specified in the prompt; 2) Transformed
configuration: the two choices were of thgecifiedpart
and a foil part, both in the context of the Greeble
specified in the prompt but with the top parts
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Number of Trials

Novices

Experts

Learn generic names of Greeble parts and
specificnamedor 6 upright Greebles

36

O

Recognition of parts at upright in the Studied,
Transformedandlsolatedconditions

54

O

Learn to associate specific names
with 6 new invertedGreebles

36

[O

Recognition of parts at inverted in the Studied,
Transformedandlsolatedconditions

54

[0

Examples of the three
levelsof categorization

75

O

Learn the names of first 5
individuals and blocks of 60 trials
of a yes/no categorization paradigm
for each level of categorization
(genderfamily, individual)

720

|O

Learn the names of 5 more
individuals and blocks of 60 trials
of a yes/no categorization paradigm
for each level of categorization
(genderfamily, individual)

360

|O

Training Cycle
Blocks of trials at
theindividuallevel

180

O

Blocks with the three levels
randomized, (yes/no
categorizatiortask)

360

|O

Until _performance on_the _individual level is

indistinguishable from one of the other two levels

Learn generic names of Greeble parts and
specificnamedor 6 new upright Greebles

36

O

Recognition of parts at upright in the Studied,
Transformedandlisolatedconditions

54

|O

Learn to associate specific names
with 6 new invertedGreebles

36

|O

Recognition of parts at inverted in the Studied,
Transformedandlsolatedconditions

54

O

Table 1. Testing and training procedure for novices and experts at Greeble recognition.
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moved15° towardsthe front; 3) Isolated part: the two
choices were of the specified part and a foil part, foth
isolation on the screen.Following this testing with
upright Greeblessix different Greebleswere learnedin
an inverted orientation and the recognitmintheir parts
was assessed with the Studied configuration,
Transformedconfiguration,and Isolatedpart conditions
using inverted Greebles.

(a)
boges
g
N
quif:f/
duntﬁ
b
( ) Isolated Parts ﬂ ’
“pimo's quiff”
Studied
Configuration
“pimo” pimo’s qu/ A)
Transformed
Configuration
“pimo's quiff”
Study Test

Figure 2. a) Novelnamesassignedto the Greebleparts. b)
Example of the forced-choice recognitiparadigmusedto
test novices and expertBarticipantswere shown a single
Greeble asstudy andthen weretestedwith pairs of images
showing a part ofhe studiedGreebleand a distractor part.
Parts appeared in isolation, in the Studied configuration,
a Transformed configuration and participants judged
whether the left or right imageontainedthe specifiedpart
from the studied Greeble. Arrows indicate the stimulus
changes in the Transformembnfiguration. Note that while
the 15 rotation of the top parts is quite subtle, expéhst
not novices) report noticing this change.

Participants who served as experts first went
throughextensivetraining to make them “experts” at
Greeble recognition. They practiced recognizing 30
Greeblesat three levels of categorizationthe gender,
family, andindividual levels. Eachof the 30 Greebles
had a visuallydefinedgenderandfamily categorywhile
only ten of the objects were given individual nantes
others were part of a “none-of-the-above” categothat
individual level). Each category was taught to
participants by showing seriesof examplesrom that
categoryfollowed by repeatedlocks of 60 trials of a

label-verification paradigm for each level of
categorization. Each label-verificatidrial was initiated
with a fixation crossin the middle of the screenfor
500 ms, followed by a label shown for 1,000 ms
designating a gender, family, or individual. After
250 ms, a Greeble replaced the label inm@mainedon
the screeruntil the participantrespondedasto whether
the Greeblematchedthe label. After an averageof 6
runs ateachlevel (60 trials per run), therewasa cycle
of two typesof tasks: the first included 180 trials of
practiceat the individual level and the secondincluded
360 trials divided into two blocks of 180 randomized
trials, with 60 trials for each of the three levels of
categorization.The large number of individual level
trials in the first task providedmore experienceon the
most difficult level and the secondtask allowed a
comparisorbetweenthe threelevels when participants
could not predict the level from one trial to the next.

To be considered experts, participants had to raach
pre-specified criterion during the mixed blocks.
Comparisonswere made on the three levels of
categorizatiorfor the tenobjectsfor which individual
names were assigned. To reach the critetlomaverage
response time foindividual-levelrecognitionhadto be
statistically equivalento the responsdime for at least
one of the two other levels (measured by pairwise t-tests
with individual alpha levels of .05Expertsreachedhe
criterion after an averageof 3,240 trials (ranging from
2,700to 5,400) spreadacrossa total of 7 to 10 one-
hour sessiongFigure 3)". After reachingthe criterion,
expertswere testedfor the recognitionof partsof 12
new Greebles(6 upright, 6 inverted) in the identical
procedure in which novices were tested (Studied,
Transformed, Isolated).

Proportion correct and response times were analyzed
with three-wayANOVAs including two within-subject
and one between-subject factors: Orientation
(Upright/Inverted) x PresentationCondition (Studied,
Transformed, Isolated) x Expertise (Novice/Expert).
Only response times for corretcials were analyzedand
they were submittedto a log transformation before
analysis (to normalize the typically skewed RT
distribution). Mean RTs for all 12 cells of the design
are shown in Table 2.

! Note that generic experiencewith the stimuli was
found to be insufficient to develop expertise. The artist
who createdthe Greebleset took just aslong to reachthe
criterion of expertiseas completenovices. This is not to
say that the large amount of experiencethis person had
with the Greeblesdid not result in sometype of expert
processingof this category,only that this knowledgedid
not transfer to the part recognition task. Similarly,
expertisewith facesis thought not to transferto inverted
faces (Yin, 1969; Moses, Ullman, & Edelman, 1996).
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Figure 3. Expertise training. Example of the progression of
responsetimes for recognizing Greeblesat the gender,
family, and individual levels with increasing expertise.
Datais shown for one participant becauseparticipants

reachedthe criterion after different numbers of training
sessions (see text for details regarding the criterion).

The ANOVA revealedthat expertswerereliably faster,
F(1,30) =8.21, p<.01, and marginally more
accurate, F(1,30) = 3.65, p =.06, than novices;
inverted Greebleswere respondedto reliably faster,
F(1,30) = 18.42, p < 0.001, but were not more
accuratelyrecognized,F < 1, than upright Greebles;
presentatiorconditionsvariedreliably from eachother
for both response timé&(2,60) =38.84,p < .001, and
accuracy,F(2,60) = 9.07,p < .001. The main effect
of orientation on response time may be attributethe
fact that participants were always tested first with

upright Greeblesand, thus may havethe advantageof

having practiced the forced-choice recognition tablen
they encountered inverted Greebleste, however,that
these main effectdo not addresghe crucial predictions
of this study. Rather,these focus on the interaction
analyses specifically comparing the two changed
conditions, Isolated parts and Transformed
configuration,to the Studied configuration condition,
crossed with the level of expertise and thientationof

the stimuli. These comparisons, all significant
accordingto Scheffé’s post-hoctests (p < .05), are
presented next.

UPRIGHT GREEBLES
top parts middle part bottom part mean

NOVICES

Transformed 2845/ 89 4255/ 79 3581/71 3560/80
Studied 3341/ 86 4354 | 71 3863/ 68 3853/76
Isolated parts 2835/ 78 3671 /61 2262/ 72 2923/70
EXPERTS

Transformed 2382/ 88 2855/ 85 2609 / 80 2695/86
Studied 2257/ 93 2472 /90 2038/ 82 2306/87
Isolatedparts 1670/ 87 2319/ 73 2125/ 73 1991/76

INVERTED GREEBLES
top parts middle part bottom part mean

NOVICES

Transformed 2278 1 77 3331/75 3148 /1 77 2919/76
Studied 2632/ 83 4024 |1 77 2733/80 3129/80
Isolated parts 2270/ 82 2145/ 71 2286/ 80 2234/78
EXPERTS

Transformed 1572 /93 2394 /90 1896 / 83 2204/85
Studied 1969/ 82 2829/ 85 1172/ 83 2382/83
Isolatedparts 1443/ 80 1974/ 77 1422/ 77 1717/79

Table 2. Responsdimes (ms) and percentcorrectfor the recognitionof the three types of partsfor upright and

inverted Greebles by novices and experts.

Isolated parts vs. Sudied configuration. As shown
in Figure 4, for novices, the Isolated parts and the
Studied configuration conditions were not reliably
differentin termsof accuracybut responsdimes were
reliably faster for the Isolateglartsconditionrelative to

the Studied configuration condition, presumably because
thereis considerabllessinformationto processwhen
the partsare presentedn isolation. This responsdime
advantage for the Isolatgrhrts conditionrelative to the
Studied configuration also holds for novices with
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inverted Greebles arfdr expertswith both upright and
inverted Greebles.Although responsetimes were not
reportedin their paper, a similar pattern was also
observed by Tanaka and Sengco (1996) for the
recognition of parts of faces (J. Tanaka, personal
communication).

100
Bl Studied Configuration

O Isolated Parts
90 | *

80 |-

70

Accuracy (%)

60

50

inverted inverted

NOVICES

upright upright

EXPERTS
4500

B Studied Configuration
O Isolated Parts

4000

3500

3000

2500

2000

Response Time (ms)

1500

inverted inverted

NOVICES

upright upright

EXPERTS

* p < 0.05, Scheffé's test
Figure 4. Accuracyandresponsetimes for correcttrials in
the part recognition tesfor the Studiedconfiguration and
Isolated parts conditions. Resultsare reportedfor novices
and experts wittboth upright andinverted Greebles.Error
barsreflect the standarderror betweensubjects, while the
Scheffé tests are repeated measures.

Across both expertise level and stimulus
orientation, the responsetime advantagefor isolated
parts manifestsitself as a speed-accuracyradeoff as
participantswere alwaysfasterandlessaccuratein the
Isolated parts condition relative to the Studied
configurationcondition. However,the cost for experts
with upright Greeblescannot be explained by this
speed-accuracyradeoff becausethe experts showed at
least as large a responsdime difference betweenthe
Isolated parts an8tudiedconfigurationconditionswith
inverted Greebles as they showed with uprightebles,
yet the effect iraccuracywas obtainedonly for upright
Greebles. Moreovethereis no reliableincreasen the
Studied-Isolatedlifferencebetweennovicesand experts.

Finally, there is some hint that the Isolated-Studied
difference may be in part due tioe homogeneityof the
Greeble set and the subtle part discrimination task,
rather than to the level of expertise.In particular,
although not reliable, the direction of the Isolated-
Studied differencefor accuracyis the sameas for the
other three groups (novices with both upright and
inverted Greeblesand experts with inverted Greebles)
and this difference wasonsistentacrossthe threetypes
of Greeble parts (Table 2). Interestingly, this effect
could be akin to the object-superiority effect obtained by
Gyoba, Arimura, and Maruyama (1980) in which a
learned perceptual schema can generate contextual
expectationsfacilitating recognition. Supporting this
argument,Tanakaet al. (1996) have recently reported
that children as young as 6 years of age remember
individual parts of faces better in the context of
complete faces as comparedto the same parts in
isolation. This suggestghat the objectadvantagemay
occur earlier than configural sensitivity during the
process of acquiring perceptual expertise. In this
context, the fact that expertsdid not show a reliable
difference from novicesis less surprising, since the
Isolated-Studiedcontrast may test a different process
than the Transformed-Studied contrast.

Transformed configuration VS. Sudied
configuration. As shownin Figure 5, for novices, the
Transformed configuration and the Stud@ahfiguration
conditions werenot reliably differentin termsof either
accuracy or responsetimes. For experts, however,
response times to upright Greeblesrereliably slower
in the Transformedconfiguration condition relative to
the Studied configuration condition. Crucially, this
difference representsa qualitative change in the
recognition behavior of experts -- in contrast, the
accuracy difference obtained in the Isolated-Studied
comparison for experts was onlychangein magnitude
-- thus, the preferred explanation here is that the
expertise manipulation produced thgeedadvantagdor
the Studied configuration condition over the
Transformedconfiguration condition. Supporting this
interpretation, a two-factor ANOVA on log(RT)
revealeda main effect for Expertise, F(1,30) = 10.8,
p < .005, and a near-reliableinteraction betweenthe
Expertise (novice/expert) and Condition
(transformed/studied}; (1,30) = 3.85, p = .059. Also
significant was the fact that the Transformed-Studied
difference was consistentacross the three types of
Greeble parts (Table 2).

Basedon informal debriefingsfollowing testing,
none of the novices reported noticing the moved parts in
the Transformedconfiguration condition. In contrast,
some of the experts spontaneousportedthat the top
partsof someGreebleshadbeenmovedand all of the
expertsrespondedhffirmatively whenaskedif they had
noticed the transformation.
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Figure 5. Accuracyandresponsetimes for correcttrials in
the part recognition tesfor the Studiedconfiguration and
Transformed configuration conditions. Resudt® reported
for novices and experts with both upright and inverted
Greebles. Error bars reflect the standard error between

subjects, while the Scheffé tests are repeated measures.

Discussion

Face processingshows disproportionatecosts for
configuralchangeqTanaka& Farah,1993). Although
this “face-specific’ effect has been interpreted as
evidencefor a face-exclusivemechanismwe wondered
whether this pattern could be explained by a more
general recognition mechanism fine-turigdexperience
with  homogeneousstimuli. We investigated this
possibility by testing sensitivity to configural
transformations for novices and experts with
homogeneousnon-face stimuli -- Greebles. Several
findings standout as relevantto the questionof face-
specific recognition mechanisms.First, our results
suggestthat the previously obtainedobject-superiority
effect for facesholdsfor the recognitionof parts taken
from membersof a visually homogeneousnon-face
object class. Greebleparts, in particular, were better
recognizedn the contextof intact Greeblesrelative to
the recognitionof the same parts in isolation. This
advantagavasno different for expertsas comparedto

novicesand both groups showeda similar pattern of
behavior with inverted Greebles. Thus, it seems tieat
visual propertiesof the objects and/orthe task, rather
than the level of expertise,were responsiblefor the
difference. We also found a general responsetime
advantage for isolated parts over the Studied
configuration -- whilethis finding doesnot accountfor
the accuracy difference displayed by experts wighight
Greebles,it does suggestcaution in interpreting the
results of the part recognition paradigntlirat response
times are not typically reported(Tanaka& Sengco,
1991; Tanaka& Farah,1993; Tanakaet al., 1996). In
contrast, Tanaka and Farah (1993) did not find an object-
superiority effect with either inverteat scrambledfaces
or housesall setsof homogeneousbjects.Our belief
is that this discrepancy indicates iamportantadvantage
to using novel objectsas control stimuli: inverted and
scrambledfacesare “wrong” versionsof an overlearned
stimuli, and the entire category of houses contains
much more variationin the configuration of their
features than do faces. Thus, prior experience of
participants with the more typical instancedadfesand
housescould prevail over the experimentally-created
proximal qualities of the stimuli, especially if the
participantsare not extensivelytrainedon the modified
versions of the stimuli.

Second, our results suggest that the training
procedure rendered the experts more sensitigestdbtle
change in the configuration of the parts, ewdrenthis
change was performed on a part that they were instructed
to ignore. In particular, experts recogniZz8ceebleparts
better in the Studied configuration as comparedto
Greeble parts in the Transformed configuratidmatis
not entirely clearis why our participantsshowedthis
sensitivity in response time whilBanaka’sparticipants
showed it in accuracy. Of course, psychophysical
modelsrarely allow oneto predicta priori whethera
difference between conditions will manifest itselfone
dependent measure or the other. Supporting our
interpretation othis effect, however,is that the expert
recognition of all three types of Greeble parts was
sensitiveto this transformation,in accordanceto the
findings with faces. This effect of configural
informationwasnot presentin the novices’ data, nor
was it found for experts with inverted Greebles. Thius,
appearsto representa qualitative shift in recognition
behavior produced by the expertise training.

These results offer some insights into the
recognitionpatternsfound for facesby Tanakaand his
colleagues. In particular, theyptainedan advantagdor
the Studied configuration of a face over both isolated
parts of the face ana Transformedconfigurationof the
face.Here,we dissociatedheseconditionswith regard
to their dependenceon experience and found that
sensitivity tothesetransformationsvas not specificto
faces.It shouldbe notedthat the questionof whether
Greeble experts’ sensitivity to configural changesis
specificto the training orientation should be addressed
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more specifically in a design in which testing is
counterbalancedacross the upright and inverted
conditions.

Conclusions
The presentstudy shows how extensive practice
with previously-novel non-face objects can leadgaome

most selective for complex assembledfeatures. For
example, cellgesponsiveo two eyesside-by-sideor a
noseabovea mouth could be combinedto producea
sensitivity to the overall face configuration. Second,
K. Tanaka et al. (1996), working with anesthetized
monkeys, have recently investigated the minimal
stimulus featuresnecessaryand sufficient to activate

of the recognition effects typically associated with facesindividual neuronsin infero-temporaIT) cortex. They

We found that expertisetraining changedhovices,who

were presumably processing Greebles with their
“default” objectrecognitionsystem,into experts,who

were not only fasterand more accuratebut displayeda
greatersensitivity to configural changesThis effect of

expertiseacquisitionon the part recognitionparadigm
can becomparedo Stroop interference(Stroop, 1935).
Robustinterferencds found in the Stroop task when
subjects have to name the color of incongruently
colored color terms. This interferenceis due to the
automaticity of reading that has been acquired gears
of practice.In a similar fashion, the acquisition of

Greeble expertise leads interferencefrom information
that experts have learneadl processautomatically.This
is demonstratecby the fact that our experts cannot
ignore this more global information, even when it

would be more efficient to do so (e.g., in the
Transformed condition). In contrast to tB&oop effect,

havefound that the critical featuresof thesecells are
moderatelycomplex (e.g., an eight point star shaped
pattern or a green squaabovea red circle) and may be
thought of as an “alphabet” of featuresthat could be
combinedto codecomplexobjects. It is possiblethat
the complex featuresfor which IT cells appearto be
selective are not fixedut can be modified as the result
of structuredexperiencesuch as expertiseat subtler
levels of discrimination. Indeed,Logothetis and Pauls
(1995) havedemonstratedhat IT neuronscan become
highly selectivefor previously novel stimuli. In our
experiment, expertisetraining may have led to the
assemblyof complex feature-detectorsextractedfrom
the statisticalpropertiesof the Greebleset that proved
useful for performing the training discriminations(for
example the orientationof the Bogesis diagnosticfor
distinguishing between the two genders). Suslgstem
could presumablymake use of the recurrent spatial

not much is known about the learning process that leadi®nfigurationacrossthe setandof the probabilities of

to face or Greebleexpertise,nor can our experiment
illuminate the particular featuresthat are used by
experts.The only evidenceregardingthis issue stems
out of studieson the featuresusedfor facerecognition,
for instance Rhodes (1988)portedthat both first-order
(e.g., the appearanceof the parts) and second-order

features (e.g., the spatial relations between the pass),

well as globalinferredfeaturessuchas ageandweight,
appearto be encodedin face representationsWhile
novices may rely on first-order features, expertise
acquisitionmay leadthemto use second-ordefeatures
and even perhaps higher-ordeatures. The similarities
of the pattern obtained here fGreeblepart recognition
to that obtainedfor recognitionof face parts suggests
that Greebleexpertsemployedmechanismssimilar to
thoseimplicatedin facerecognition.Assumingthis to
be the casean importantquestionis: Did training lead
novices to abruptly switch frorane type of processing
to another, or did a more continuous shift of tyyee of
processing occur?

Considerationof single-cell recording work with
monkeys suggests a speculative but intriguing
possibility. First, Perrettand Oram (1993) suggested
that the configural sensitivity found for some “face
cells” -- temporallobe neuronsselectivelyactivatedby
faces-- could be producedby a combinationof inputs

2 Interestingly, several recent modedsggestthat the
perceptual systermay be tunedin a similar mannerbased
on experience -- in particular, in terms of the self-
organizationthat may occurin early vision (Field, 1994;
Weiss & Edelman, 1995).

co-occurrence for parts and contours of different Greebles
(e.g., for a similar statistical approachto object
representationseeEdelman,1995). For instance there
would be no needto representhe Bogesof a Greeble
separately since theglwaysoccurredin redundanipairs
(much as eyesor halvesof a face). If expertiseis a
result of a large proportion of cells becoming
selectivelytunedto multiple parts that frequently co-
occur, then experts would be expected to show a cost for
the recognition of parts in isolation or smTransformed
configuration. In accordancewith this idea, there is
some evidence that categorizationtasks with novel
objects can lead to the creation of new perceptual
features, that is, assemblies of parts that were diagnostic
for the required categorizationjudgment (Schyns &
Murphy, 1991; 1994). Moreover,in the caseof both
faces and other objects, these temporallobe visual
“feature detectors”have beenfound to be viewpoint-
dependent(Logothetis & Pauls, 1995; Miyashita &
Chang,1988; Perrett& Oram,1993)If the configural
cuesacquiredduring expertiseare indeed mediated by
associations between and tuning of these cells,
degradation of expert performance with orientation
changes should be expected, as was found here.

In summary,we hypothesizedhat the putatively
face-specific sensitivityo configural changeanight be
explainedby a more general recognition mechanism
fined-tunedby experiencewith homogeneousstimuli.

The present results with Greebles provide some evidence
that this is indeedthe case-- experts showed greater
sensitivity to a change in a studied Greeble
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configurationthan did novices. These results suggest
that expertise at discriminating between visualiyilar

objects, such as Greeblasfaces, produces thabtained
sensitivity to configural transformations. More

generally,we believe that such resultsilluminate the

point that visual representation@and mechanismsare

not steady states and, as sucls iessentiato consider
how they changewith experience.As Johnson and

Morton (1991) have arguedin their work on infants’

face recognition, only a combination of both the

cognitive and the biological perspectivesn provide an

answer to this fascinating question.
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