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Abstract—It has been suggested that face recognition is primarl;il;icular combination of facial features, and then generated variati
ogor exemplars, of this prototype face by replacing one or more o
deatures. After studying several of these face exemplars, sub

based on configural information, with featural information playi
little or no role. We investigated this idea by comparing the protot
effect for face prototypes that emphasized either featural or config
processing. In Experiment 1, participants showed a tendency to

mit false alarms in response to nonstudied prototypes, and this
dency was equivalent for featural and configural prototyp
Experiment 2 replicated this finding, and provided support for

assumption that the two types of prototypes differed in terms of
tural and configural processing: Face inversion eliminated the p
totype effect for configural prototypes but not for featural prototyp
These results suggest that both featural and configural proces|
make important contributions to face recognition, and that their
fects are dissociable.

U

e
S

It is generally agreed that face recognition involves not only
cessing information about individual facial features (mouth, ng
etc.) but also processing information about the spatial layout or
figuration of these features (for a review, see Farah, Wilson, Drai
Tanaka, 1998). However, the relative contribution of featural proc
ing and configural processing to face recognition is a controve
issue. At one extreme of the continuum, it has been argued that
recognition is dominated by configural processing and that feat
processing plays little or no role. Théstreme holistic views implicit
in statements such as “the representation of a face used in face
ognition is not composed of the faces’ parts” (Tanaka & Farah, 1
p. 226). Amoderate holistic vievassumes that face recognition
primarily based on configural processing but acknowledges that
tural processing plays a role as well (Farah et al., 1998; TanakK
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Farah, 1993; Tanaka & Sengco, 1997). At the other extreme of the

continuum, some researchers have proposed that facial featurg
processed and represented independently (Macho & Leder, 1998).
example, Rakover and Teucher (1997) estimated that 91% of
variance in recognition of an upright whole face is accounted fof
its isolated features. In this article, we propose the intermediate
that both configural and featural processing make important co
butions to face recognition, and report two studies in which we ¢
pared thisddual-code viewwith the extreme and moderate versions
the holistic view.

The method we used takes advantage of the prototype effe
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oRecently, we (Cabeza, Bruce, Kato, & Oda, 1999) demonstrated
tgmototype effect using high-quality color photographs of faces

pomputer-generated prototypes, which were created by elasti
helending (or morphing all facial features and their configuratio
fedong continua of color, shape, and location. Whereas Solso and
racarthy’s prototypes consisted of studied features in a new config

efssume that false recognition of the former prototypes reflects
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‘Qf?@ural processing to face recognition. Because prototype faces
mn, . . . g
new, they would be rejected if they did not match certain aspect

S?g;ce memory representations. Thus, the tendency to falsely reco
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ﬂirllﬁluded nonstudied prototypes whose exemplars were studted

ilowed a tendency to falsely recognize the nonstudied proto

gon, our prototypes maintained the global configuration of stud
ifages but distorted each individual feature slightly. Accordingly,

marily featural processing, whereas false recognition of the Ig
prototypes reflects primarily configural processing. Thus, compal
the prototype effect for these two types of prototypes—which we

eatural prototypesndconfigural prototypesrespectively—provides
a’'method for assessing the relative contributions of featural and

rototype faces is a good measure of what information is acty
Papred in face representations.
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To allow a fair comparison, we created featural and configural

Perg_totypes for the same set of materials, as illustrated by Figure 1
ch set of four faces (top of Fig. 1), one configural prototype (bot
ft of Fig. 1) was created by morphing the four faces in the' setd
one featural prototype (bottom right of Fig. 1) was created by ¢
ing their featured.The difference between configural and featu
rototypes is not an absolute one; configural prototypes maintain
E%Ipe aspects of featural information (e.g., brushy eyebrows in
emplar may produce brushy eyebrows in the prototype), and
ural prototypes maintain certain aspects of configural informa
€.g., eyes that are wide apart in one exemplar may affect eye loc
prototype). Thus, we assume only that configural
otypes preserve configural information to a greater extent than
{Lliral prototypes, and featural prototypes preserve featural informa
a greater extent than configural prototypes Participants studi
mixed series of faces, and then performed a recognition test

face recognition, which refers to a tendency to falsely recognize ajn
face that is perceptually related to a series of seen faces. This ¢
was originally demonstrated by Solso and McCarthy (1981) ug

line-drawn Identikit faces. They created a face consisting of a
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vffectl. A different kind of configural prototype can be created by shifting
inef
h&tal., 1999).

lddgtrissey, & Demb, 1994), although the latter are line drawn and com
rthalves of studied faces (e.g., hair and mouth from one studied face, eye|

ew
ation of facial features (e.g., Bruce, Doyle, Dench, & Burton, 1991; Cal

2. These featural prototypes are similar to the conjunction faces studie
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Reinitz and his collaborators (Reinitz, Lammers, & Cochran, 1992; Reinitz,
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nose from another studied face).
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configural prototype

featural prototype

the average of the four faces, both in shape and in color-texture

configuration is maintained but features are distorted, whereas in

sent prototypgsand nonstudied prototypes whose exemplars
also nonstudiednew prototypes The prototype effect was defined 3
the tendency to commit false alarms more in response to absent
totypes than in response to new prototypes.

Experiment 1 tested three predictions. First, the extreme hol
view predicts that the prototype effect should occur for configy
prototypes but not for featural prototypes. Second, the moderate
listic view predicts that the prototype effect should be greater
configural than for featural prototypes. This prediction is implicitin g
following quote: “In measuring the fit of a stimulus to a templg
representation, it is the overall best fit that is important rather
some summation of the fits of particular regions of the input patt
with explicitly defined parts of the internal representation” (Farah
al., 1998, p. 495). Finally, our dual-code view predicts comparg
prototype effects for the two kinds of prototypes.

EXPERIMENT 1

Method
Participants

Fig. 1. Example of a method for producing configural and featural face prototypes. In each set of four faces, one configural proto
created by morphing the four faces in the set, and one featural prototype was created by combining their features. The configural p

first face, the eyes and eyebrows of the second face, the nose of the third face, and the mouth of the fourth face. In the configural

information. The featural prototype consists of the outline and che

the featural prototype, features are maintained but configuration. ig

ere Materials
'S We randomly divided 288 color photographs of faces (512 x
Bkels) into 72 sets (36 female, 36 male) of 4 faces each. Exem
faces were normalized in size and head tilt, and prototypes V
SHEeated using a computerized facial-image-processing system (K|
rghi et al., 1998) that uses 91 landmarks specified on each exer
R&ce. For each set, one configural prototype was created by blen
foyr morphing, both shape and color-texture information in the 4 fg
héh the set, and one featural prototype was constructed by combi
t€he outline and cheeks of the first face in the set, the eyes and
N#Rows of the second face, the nose of the third face, and the mou
€fAe fourth face. The region around each exchanged part was grad
b‘?hape and texture so boundaries were not visible.
e
Procedure
The experiment was run on a personal computer and consist
eight study-test blocks. Gender of the faces was constant with
block, with male and female blocks alternating throughout the exp
ment. Each block included nine sets of faces (72/8), which w
counterbalanced across subjects. The study list of each block
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Forty-five Japanese undergraduates were paid for their participa
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configural prototype (5 faces), and three sets without their prototypessented in face memory traces. However, the finding that sub

(12 faces). Each face was presented for 3 s, while subjects rat
typicality (1 = very typica] 3 = somehow atypicaland tried to
memorize it. The test list of each block included one featural and
configural studied prototype, one featural and one configural ab|
prototype (i.e., the exemplars were studied but the prototypes \
not), one featural and one configural new prototype (i.e., neither
emplars nor prototypes were studied; the new prototypes came

two different sets), one studied exemplar, and two new exemplasemplars.

(from two different sets). Each face was presented for 4 s, W
subjects rated its “oldness” (¥ sure new?2 = probably new3 =
probably studied4 = sure studiejl

Results and Discussion

The results of Experiment 1 are shown in Table 1. To investig
overall recognition accuracy, we first condutta 2 (presentatior]
history: old vs. newx 3 (item type: configural prototype vs. featur
prototype vs. exemplar) analysis of variance (ANOVA). This analy
yielded significant main effects of presentation histde{l, 44) =
372.2,p < .0001, and item typer(2, 44) = 17.8,p < .0001, as well
as a significant interaction between then@?, 88) = 39.1,p < .0001.
This interaction reflected differences in the new condition, poss
due to differences in picture quality.

To compare the prototype effect for configural and featural g
totypes, we conductka 2 (absent vs. néw 2 (configural prototype|
vs. featural prototype) ANOVA. This second analysis revealed a
nificant main effect of prototype kinds(1, 44) = 97.5,p < .0001,
again possibly reflecting differences in image quality. More imp
tant, the main effect of the absent/new factor was relidi(g, 44) =
121.7,p < .0001, demonstrating a significant prototype effect over
The main result of Experiment 1 was the finding that the protot
effect was similar for configural and featural prototypes, as indicg
by the fact that the interaction between presentation history (abse
new) and type of prototype (featural vs. configural) was nonsigr
cant,F < 1.

Featural and configural prototypes yielded robust and compa
prototype effects. These results are consistent with the dual-code
that both featural and configural processing make an important
tribution to face recognition. In contrast, they are inconsistent with
extreme and moderate versions of the holistic view. The extr

datsely recognized faces consisting of features seen in different fj
but presented in a new configuration demonstrates that informg
oabout individual features is stored in memory. The moderate hol
semdw proposes that configural processing is more critical for f
veeeognition than featural processing. However, the prototype e
exas as strong for prototypes with completely new configuration
fréon prototypes that maintained the global configuration of stud

hile

EXPERIMENT 2

Experiment 1 yielded similar levels of false recognition for fe
tural and configural prototypes, suggesting that both featural and
figural processing make important contributions to face recognit|

akbowever, this conclusion depends on two assumptions: (a) that
tural and configural processing are different forms of processing
al(b) that false recognition of configural prototypes reflects primal
sonfigural processing whereas false recognition of featural protot
reflects primarily featural processing. Experiment 2 tested these
assumptions by means of an inversion manipulation.

Compared with other kinds of objects (e.g., houses), faces

btpuch more difficult to recognize when they are inverted than w
they are in normal upright orientation, and tfése inversion effeds

lett & Searcy, 1993; Leder & Bruce, 1998; for a review, see Valent
sifj998). Therefore, if our conclusions from Experiment 1 are corr|
the face inversion effect should affect the prototype effect for con
owral prototypes but not for featural prototypes.
The test phase of Experiment 2 included only absent and
albrototypes, and employed a forced-choice recognition procedu
pehich subjects were instructed to choose which of two alterna
téaces had been studied. The two alternatives were nonstudied g
nttypes of the same kind (both featural or both configural) and in
ifsame orientation (both upright or both inverted), but one had ex
plars in the study phase (absent prototype) and the other did not
aplototype). Thus, this paradigm controlled for differences in im
viguality between featural and configural prototypes, as well as
catifferences in difficulty between upright and inverted faces. Cont
thieg for differences in image quality is important because in Exp
emeent 1 overall recognition was higher for configural than for featu

holistic view postulates that individual features are not explicitly r

pprototypes. This result is not surprising because featural protot

Table 1. Mean confidence ratings as a function of item type and
presentation history in Experiment 1

Presentation history

Item type Studied Absent New
Configural prototype 3.41(0.34) 2.80 (0.52) 2.16 (0.57)
Featural prototype 3.54 (0.36) 2.17 (0.62) 1.48 (0.39)
Exemplar 3.39 (0.41) — 1.84 (0.41)

Note.Ratings were on a scale from &ufe
are in parentheses.
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included distinctive features, whereas configural prototypes W
blurrier average faces. A forced-choice recognition procedure cirg

In this test, the prototype effect is measured as a tendency to ch
the absent prototype over the new prototype. We predicted thaf
tendency would be affected by inversion in the case of configural
not featural prototypes.

Method

Participants

tion in this experiment. Half of the participants were assigned to
inversion condition, and half to the upright condition.

Materials and procedure
The materials were 30 of the 72 sets used in Experiment 1
their inverted versions. Faces were reduced to 384 x 384 pixe

consisted of four study-test blocks. During the study phase of ¢
block, subjects studied the exemplars of 3 sets (12 faces), each o
4 s. At test, they performed a forced-choice recognition task on 6
pairs. Both faces in each pair were prototypes, one correspondi
a studied set and one to a nonstudied set. Studied and nonstudig
were counterbalanced across subjects. For each studied set, th
figural prototype appeared in one test pair, and the featural proto
appeared in another test pair. For each test pair, participants wer
to indicate whether the person on the left (“z” key) or the person
the right (“/” key) had been seen in a different photo during
preceding study phase. Subjects were instructed to respond as fa

block, and the order of the four blocks was always female-m
female-male. Face orientation was the same for study and test
was manipulated between subjects.

Results and Discussion

The results of Experiment 2 are shown in Table 2. Reaction f
data did not show any reliable main effects or interaction, and hg
these data are not reported. A 2 (prototype type: configural vs.
tural) x 2 (face orientation: upright vs. inverted) ANOVA vyielded
reliable main effect of prototype typ&(1, 42) = 11.05,p < .002; a
nonsignificant main effect of face orientatidf(1, 42) = 2.73,p> .1;
and a significant interaction between the two factéi(4, 42) = 4.5,
p < .04. This significant interaction demonstrates that inverting
faces produced a larger effect for configural than for featural pr

Table 2. Proportion of “studied” responses in a
two-alternative forced-choice recognition test as a function
of prototype type and face orientation in Experiment 2

Orientation

Prototype type Upright Inverted
Configural .63 (.14) .50 (.13)
Featural .66 (.16) .66 (.17)

Note. Standard deviations are in parentheses.

vents this problem, because both options have the same image quaditiect for featural prototypes. These results are consistent wit

allow the presentation of two faces on the screen. The experient

jeypes. Actually, the face inversion completely eliminated the prdto-
utype effect for configural prototypes, but did not affect the prototype
the

omellts of Leder and Bruce (1998, in press).
thisThus, the results of Experiment 2 confirmed our two assumptions:
beéatural and configural processing are different forms of processing,
and the prototype effect for configural prototypes is mediated pri
ily by configural processing, whereas the prototype effect for featpral
prototypes is mediated primarily by featural processing. Additiondlly,
Experiment 2 replicated the results of Experiment 1 by showing a
similar prototype effect for both kinds of prototypes in the upright
Liigqndition. The fact that configural and featural processing were [dis-

Forty-four Japanese undergraduates were paid for their parti¢i&

tjs9ciated in Experiment 2 does not imply that these two formg of
processing cannot interact. In fact, featural and configural information
are likely to be combined in face recognition (Tanaka & Sendco,

1997).
plus

s to
GENERAL DISCUSSION

rach The results of the present experiments provide support for|the
"if@dl-code view that both configural and featural processing
r"jiﬁ%‘i’portant contributions to face recognition. If this is true, then
"hive some researchers emphasized the role of configural procegssing
daﬁﬂﬂsdeemphasized the role of featural processing to the extreme of

R@ial features are not explicitly represented in memory? This extreme
® (Rl is incompatible with available data. For example, the holistic

Qfew has been backed with evidence that feature recognition is
hhen features are presented within the context of a face than
5ttﬁ€'§’ are presented in isolation (e.g., Tanaka & Farah, 1993)| As

accurately as possible. Gender of the faces was constant withidnted out by Macho and Leder (1998), however, recognitior| of

AlRsolated features in these experiments is above chance level, su
ﬂﬂ?that individual features are explicitly represented in memory. T
idea is strongly supported by the present results: Subjects shov
clear tendency to falsely recognize faces that resembled studied
only at the level of individual features.

The present results have implications that go beyond face re;
nmtion and concern the nature of memory representations. Sch
er@ed Tanaka (1991) distinguished between two types of memory
fetartion: composite recollectionsind compromise recollectionsdn
amisinformation studies, a composite recollection occurs when paitici-

pants see a car going through a stop sign, are later told that it was a

yield sign, and finally remember a car going through a yield sjgn

(Loftus, Miller, & Burns, 1978). A compromise recollection occurs
thehen they see a green car, are later told that it was a blue car| and

Dtfinally remember seeing a bluish-green car (Loftus, 1977). Thus,
whereas a composite recollection combines intact items from diff{rent

events (e.g., a car and a yield sign), a compromise recollection in-

volves an item that is midway between encountered items but|was
itself never encountered (e.g., a bluish-green car). However, there is
little empirical evidence supporting the existence of compromise fec-
ollections. According to Schooler and Tanaka (1991), “In contragt to
composite recollections . . conpromise recollections are supported

by surprisingly little evidence” (p. 98). Because false recognition of a

configural prototype is a compromise recollection, the present stydies
provide this missing evidence. Compromise recollections can be ac-

counted for by distributed memory models (Metcalfe, 1990), and by
the dual-code view that recognition involves information about

ed a
faces
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wholes as well as information about parts.
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