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Abstract—There has been considerable recent interest in covert
face-recognition effects In Experiment 1, we adapted a para-
digm, previously shown to produce cnvtrl recogmition effects,
10 test 5-y Id children Cle " iphs served as

galvanic skin response as an index of covert recogmition Be-
cause 1t would be desirable to have behavioral as well as phys-
1ological measures of covert recognition in children, the first
study reported here was done to develop such a measure, based
on the f: hing paradigm of Young, Hay, McWeeney,

the famlhar faces Children showed e_/fecls of on
face matching similar to the effects normal adults and
prosopagnosics had previously shown for famous faces In Ex-
pertment 2, we investigated whether brief familiarization with
the photographs used in Experiment 1 would suffice to produce
the effects, in children and adults It did not, even though the
exposure did lead to above-chance overt recogmtion Taken
lagetlm with previous studies, the data suggest that covert

may be doubly di ble from overt recogmition
Fmdmg a double dissociation would place constraints on mod-
els of face recogmition

Recently, there has been considerable interest in the finding
that people may show effects of prior experience with simuli or
actions, even in the absence of conscious recollection of those
sumuli or acions A dramatic example of this phenomenon
occurs in the task of face recogmtion Brain-damaged people
who have difficulty recognizing faces, or even are completely
unable to recogmize faces, have been shown to exhibit differ-
ential physiological reactions to familiar and unfamihar faces
(Bauer, 1984, Tranel & Damasto, 1985, 1988), as well as pre-
served performance on several behavioral tasks involving faces
(de Haan, Young, & Newcombe, 1987, Greve & Bauer, 1990,
Young, Hellawell, & de Haan, 1988)

Covert recogmtion n the presence of severely impared
overt recognition has been interpreted in several ways Bauer
(1984) suggested that there are two face-processing systems,
only one of which 1s damaged n prosopagnosics Tranel and
Damasio (1985, 1988) proposed that a single face-processing
system 1s detached from access to conscious awareness in

but to nfluence on co-
vert tasks Burton, Young, Bruce, Johnston, and Elhs (1991)
proposed that there 1s a single system and that at least some
prosopagnosics may suffer from attenuated connection
strengths between face-processing umits and person identifica-
tion nodes Farah, O'Reilly, and Vecera (1993) argued that a
single f system, after lesions leading
to prosopagnosia, contains degraded representations sufficient
to support performance on covert but not on overt tasks

Covert and overt recognition effects have also been studied
in the context of the problem of infantile amnesia, where 1t has
also been found that covert recognition may occur in the ab-
sence of overt recogmtion (Newcombe & Fox, 1994), using
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Flude, and Ellis (1985) The second study in this article, con-
ducted to examune the effect of different degrees of famihanty
on face matching, found unexpected relations between perfor-
mance on matching and performance on overt recognition,
these relations appear to constrain possible models of face rec-
ognition

Young et al (1985) asked subjects to decide whether two
photographs showed the same person or different people The
faces were either of famous people (1 ¢, public figures) or of
unknown people On some tnals, the external parts of the faces
(cheeks, forehead, hair) were hidden, on other tnals, the inter-
nal parts (eyes, nose, lips) were hidden For matches based on
nternal parts, failianty led to faster reaction times, for
matches based on external parts, familianty did not affect re-
action ime This same interaction was shown by a prosopag-
nosic patient (de Haan et al , 1987), suggesting that it 1s a covert
recogmtion effect

The task Young et al employed involved presenting photo-
graphs tachistoscopically, with reaction time used as the depen-
dent vanable Because young children find 1t difficult to sit still
In a tachistoscopic apparatus, have very vanable reaction
times, and commit many errors on the face-matching task, we
modified the procedure to involve free viewing of the pairs of
faces, with errors used as the dependent vanable We also used
classmates’ faces rather than famous faces as the familiar faces,
both because finding a set of famous faces known to young
children 1s difficult and because we wanted to use the paradigm
eventually to evaluate children’'s memones for thewr personal
history Thus, the aim of Expeniment 1 was simply to determine
whether using the modified procedure with young children, we
would obtain the interaction Young et al did

EXPERIMENT 1

Method

Subjects were 26 children, 10 girls and 16 boys, whose av-
erage age at testing was 5 years and 4 months, with a range from
4 years and 7 months to 6 years and 4 months The children
attended four different preschools

Subjects were n their
against a umform blue background They were asked to take off
hats or other paraphernahia, and to smile a little No one wore
glasses The pictures were taken at two different angles facing
front and turned shghtly to the nght Two pictures were needed
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of a person so that **same’’ parrs would not be identical In that
case, as Young et al (1985) have shown, subjects make a judg-
ment on the basis of particular charactenstics of a picture, -
stead of looking at the face

Famuliar faces were those of the classmates of a particular
subject, unfamiliar faces were those of children at different pre-
schools Subjects never saw pictures of themselves Pairs of
photos for *‘different’” tnals were selected from children of the
same sex and race 1n the same class Pared pictures were
mounted side by side on a piece of white cardboard measunng
71n by 366 n Either external or mnternal parts of the faces
were covered with opaque white paper Tnals were grouped
nto four blocks based on which parts were covered and on
farmbianity The order of these four conditions was counterbal-
anced across subjects Within each block, half the trials were
same pairs and the other half were different pairs The order of
same and different pairs was randomized

Subjects were tested individually in a quiet room of their
preschool They were told to say ‘‘same’ if two pictures were
of the same child and *“‘different’” if two pictures were of dif-
ferent chuldren, and to try not to make mistakes

The number of tnals in each block was 20 for most subjects
(80 1n all) However, for 7 subjects, the number of tnals in the
two familiar ternal-f and internal-faml
was 16 cach, because the sex and race distnbution of children in
the classes of these 7 subjects conslramed pamng The number
of tnals in the two
and internal-unfamihar, was 20 for these 7 subjecls as for the
rest of the subjects

Twelve practice trals preceded the test tmals First were
four practice tnals using pairs of whole faces to make sure that
subjects understood the instructions Then came eight tnals
with one face of a pair having either internal or external parts
covered, to make subjects famihar with making judgments on
the basis of visible parts All faces used in practice were unfa-
miliar For each subject, it took 15 to 20 mun to fimsh the whole
task

Results

The overall error rate was 25(SD = 07) Two male subjects
whose error rates were more than 2 standard deviations above
the mean (and thus close to the chance value of 50) were ex-

cluded in data analysis Error rates are shown in Table |

A 2 x 2 x 2 within-subjects analysis of vanance (ANOVA)
was carned out on the error rates to determine the effects of
famihianity of the face (familiar vs unfamiliar), part of the face
wisible when judging (internal vs external), and pair (same vs
different) Children performed better at matching in the familiar

d than in the ds F(1,23) = 5249, p
< 0001, 1n the external condition than 1n the internal condition,
F(1,23) = 979, p < 01, and with different pairs than with same
parrs, F(1,23) = 1199, p < 01

The crucial interaction of familiarity and parts visible was
significant, F(1, 23) = 946, p < 01 Thus, S-year-old children
showed distinctive patterns in matching familiar faces and un-
famihiar faces, comparable (although not 1denucal) to the pat-
terns shown by normal adults and by prosopagnosics As shown
at the bottom of Table 1, children made 13% errors with familiar
faces, regardless of whether internal or external parts were vis-
1ble, whereas with unfamihar faces, they had more difficulties in
matching based on internal parts (38% errors) than external
parts (27% errors, post hoc Tukey test, F11, 23] = 961, p <

01) However, unlike the adults studied by Young et al (1985),
children n this study matched famibiar faces more correctly
than unfamiliar faces with external parts as well as internal
parts (post hoc Tukey test, F{1,23] = 677, p < 05)

The only other significant interaction involved the same/
different factor and type of part, F(1, 23) = 470, p < 05
Children made more errors with internal parts than with exter-
nal parts only when judging same paurs (post hoc Tukey test,
FT1,23] = 740, p < 05) There was no further interaction with
famiharity, however

Dascussion

Experniment 1 showed that children as young as 5 years old
process faces familiar to them through everyday interaction dif-
ferently from those they have never seen before Thus, the
effect found 1n normal adults by Young et al (1985) and found
as a covert effectina by de Haan et
al (1987) appears n young children as well, even using a dif-
ferent procedure and dependent vanable

Expenment 2 was designed to explore the kind and degree of
famihanty sufficient to produce the effect Expeniments to date
have used faces that are familiar through repeated exposure,
whether from viewing on film and in magazines, as with famous
faces, or during extended natural interaction, as in our experi-

Table 1 Mean error rate in each condition of Experiment 1

Internal part External part
Famihar Unfamibiar Famihar Unfamibar
Type of pair faces faces faces faces
Same 20(20) 50 (20) 18 (16) 31 (17
Different 06 (09) 27(17) 07 (10) 23(24)
Overall 131 38(22) 13(14) 27(21)

Note Standard deviations are n parentheses
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ment However, many investigators of other topics in face rec-
ognition have used expenmentally famihanzed faces Such
brief exposure 1s sufficient to support standard recogmition
Judgments, other findings sometimes vary depending on the de-
gree of famiianity with the stimuli or the class of sumuli (Bauer
& Verfaellie, 1988, Diamond & Carey, 1977, 1986, Levine,
1985) Given these data, we wished to ascertain whether chil-
dren (or adults) would show famihanty effects in face matching
with faces they had seen briefly dunng an expenmental session

ddi i aim was to de how effects (1f
found) are related to overt judgments of recogmtion

EXPERIMENT 2

Method

Twenty-four children, 10 girls and 14 boys, from a preschool
participated An additional 5 children, 2 girls and 3 boys, were
excluded in data analysis because they gave all “‘same’ or all
“‘different” responses during at least one block of trals The
average age of subjects included in data analysis was 5 years
and 4 months, with a range from 4 years and 7 months to 6
years Additionally, 24 college students from summer session
classes were tested

All face pictures were selected from the pool of pictures used
n Expeniment 1, sex, race, and the overall similanty of children
n pictures were matched across the famihar and the unfamihar

In the session and test
only the whole faces were used, half the faces (10 faces) were of
girls and the other half were of boys

Dunng the famihanization session, 20 face pictures were
shown, one at a ime, with a short story about the person told
as each face was being examined For example, while showing
aboy's face, the expenmenter said, ‘‘This 1s Charhe He helped

1 Adults were told that the stones were made up for children and
that 10 keep the procedure comparable, the stoes were to be read to
them, too However, adult subjects were not asked to answer any ques-

tons about the stones

tus dad plant last Sunday His mom said, ‘Good boy" Do you
like to help your dad, t00”""! The stonies were randomly paired
with the faces for each subject Subjects were told that afier the
session they would be asked whether they had seen the faces
before, to make sure that they paid attention to the faces

A test was after the
familianzation session In the test, the faces were shown one at
a time together with 20 foul faces, 10 of girls and 10 of boys
Subjects were asked to say *‘yes'" if they had previously seen a
face and to say “no™ if not

The matching task followed immediately after the recogm-
tion test With the exception that the faces in the famihar con-
diion were the faces subjects had seen 1n the famihianzation
session, rather than faces of classmates, the matching task pro-
cedure was the same as in Expeniment |

Results
Recognition test

The children’s overall error rate (false alarms to foils plus
ncorrect rejections of faces shown) was 40 (SD = 09), and the
adults’ error rate was 16 (SD = 09) All subjects’ error rates
were within a range of 2 standard deviations around their
group’s mean, except for 1 adult, whose rate was 35 Children
said “‘yes’’ correctly more often than they gave false alarms ( 48
vs 27),123) = 548, p < 0001 The same was true for adults
(78vs 10),#23) = 18 97, p < 001 Thus, when a recognition
test follows a familianzation session without delay, children as
well as adults show above-chance explicit recogmition of faces
they saw even briefly However, the children made significantly
more errors than adults, #(46) = 8 93, p < 001 The age differ-
ence was due to differences 1n both correct *‘yes' responses
and false alarms, 15(46) = 5 86 and 3 38, respectively, both ps
< 01

Matching task

The overall error rate for children was 33 (SD = 06) and for
adults was 16 (SD = 05) One child’s error rate was more than

Table 2 Mean error rate in each condition of Experiment 2
Internal part External part
Type
of pair Familiar faces Unfamiliar faces Famihar faces Unfamuhar faces
Chuldren (n = 23)
Same 44 (24) 47(24) 20( 18) 26(19)
Dufferent 33 (21 34 (20 28(17) 26 (19)
Overall 38 (23) 41(23) 24 (17 26(19)
Adults (n = 24)
Same 19 (17) 22(16) 10 ( 09) 09 (10)
Different 22(14) 21 (17 10 ( 14) (i
Overall 20(13) 2211 10 ( 10) 10 ( 06)
Note Standard deviations are in parentheses

VOL 6, NO 4, JULY 1995



PSYCHOLOGICAL SCIENCE

Overt and Covert Recogmition

2 standard deviations above the mean, and her data were ex-
cluded from subsequent analysis Error rates in each condition
are shown in Table 2

Matching data were analyzed using a sphit-plot ANOVA with
four factors, each with two levels age (children vs adults),
familianity (famibiar vs unfamubiar), facial part (internal vs ex-
ternal), and pair type (same vs different) The first factor, age,
was a between-subjects factor, and the rest were within-
subjects factors

Only two main effects were found significant age and type
of facial parts shown Adults made fewer matching errors than
children, F(1, 45) = 153 2, p < 0001, and fewer matching er-
rors were made n the external-parts condition than in the 1n-
ternal-parts condition, F(1, 45) = 80 96, p < 0001 No signif-
icant effects were found for familianty or the interaction of age
and other factors

The fact that both children and adults show the same match-
ing patterns to expenmentally famihianzed faces and to faces
never seen before suggests that familianty established through
interaction on a daily basis results in different face representa-
tons than those acquired through brief exposure during an ex-
penment To compare the two kinds of familianty directly, an
ANOVA was cammed out on the data from children in the fa-
mibanty conditions in Expeniments 1 and 2 The most important

for correct perfor-

mance were virtually identical Second, for ndividual faces,

with data summed across subjects, there was no relation, as

assessed by chi-square tests, between recogmition and match-
2

Dascussion

The results of Expeniment 2 show that familianty with faces
established through brief exposure during an expenment does
not suffice to produce effects on matching, in children or adults
Nevertheless, overt recogmtion for both groups was above
chance In addition, the present data showed stochastic inde-
pendence between recogmtion and matching Given the finding.
by de Haan et al (1987) that a prosopagnosic subject showed
effects of famihanty on matching but not on overt recognition,
it seems possible that overt and covert recognition can be dou-
bly dissociated

This pattern of effects, if further substantiated 1n expen-
ments using exactly comparable procedures, would require re-
assessment of models of fan:c recognmition Although double dis-
sociation and are taken to
support t ystem models, we believe that the data do not

question was whether the of type of and
type of facial parts was significant, and it was, F(1, 45) = 13 lZ

compel them A two-system model would still need to answer

p < 001 That s, knowing the children in the
opposed to having seen their pictures briefly, facilitated malch-
1ng based on internal parts more than matching based on exter-
nal parts

between and r

It 1s possible that, despite the overall results of the expen-
ment, matching of internal face parts was facilitated by bref
exposure, but only for the subset of briefly familianized faces
that were correctly recognized However, an ANOVA on the

to provide a fe Y,

account of data on face recogmition, single-system models
could, with suitable modifications, account for the data In this
section, we briefly consider what the existing proposals regard-
ing face recognition architecture would need to do to account
for a double dissociation

We begin from the i1dea that any model would need to pos-
tulate that the face-recognition system (or systems) encodes
different kinds of facial information, 1n order to explain the fact
that the effect of familianty on facilitating matching of internal
parts apparently emerges over time, as well as to explain other
effects reported in the literature, such as differential effects of
attention (Remnitz, Momssey, & Demb, 1994) One proposal

d-order rela-

data from 2, using the bet byects factor of
age and the within-subjects factors of iternal versus external | resarding different kinds of facial information 1s Carey’s (1992)
face parts and versus not faces showed between coding and

no effect of recogmtion on matching, nor any interaction of
recognition and type of facial parts The means were, in fact,
nearly identical for matching of external and internal face parts
of recognized and unrecogmzed faces

Although the same patterns of matching were found for both
recogmized and unrecognized faces, other questions about the
relation between matching and overt recogmtion can be asked
aswell In particular, it 1s of interest whether the two tasks were
stochastically independent It appears that they were, based on
several approaches to the problem First, probabilities for cor-
rect matching and

tional coding It might be that interactive coding occurs rapidly
and with little obligatory attention, but second-order relational
coding emerges more slowly, makes more attentional demands,
and 1s more relevant for internal parts of faces (Remmtz et al ,
1994)

In the case of a two-system model, as proposed by Bauer
(1984), the need to types of face leads
to the question of how to apportion the informational types to
the systems However, if the system linked to conscious aware-
ness and used 1n overt recognition encodes one kind of infor-
mation and the system not linked to conscious awareness en-
codes another, certain difficulties anise 1n accounting for face
data, whereas 1f both systems contain bolh kinds of

2 Overall performance on the recogmition and matching tasks was
correlated for chuldren, n(22) = 49, p < 01, but not for adults, n(23) =
~ 10 The correlation for children 1s likely to reflect general effects of
motvation and matunty, more than specific processing commonalities
of the two tasks, given the stochastic independence analyses

244

di other arise A
model will need to deal in a detaled way with a vanely of
problems 1n face recognition, not just dissociation, to be suc-
cessful
Tranel and Damasio (1985, 1988) proposed that a single sys-
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tem of face encoding 1s sometimes detached from access to
consciousness A potential way for this model to deal with the
present data 1s by that the the
covert recogmuion effect bullds more slowly over exposure to
faces than does information sufficient to support above-chance
overt recogmtion, with all information stored in a single
system The challs for this model 1s to ex-
plain why some portions of a representation (or types of infor-
mation within it) might lose access to consciousness, but not
others
Burton et al (1991) proposed a single-system model in which
prosopagnosia (of the sort in which covert recogmition effects
are found) results from a weakening of connections between
face recogmtion umts and person identification nodes The
present data suggest the need for this model to specify the kinds
of processing that occur in face recogmtion units at various
stages of the learming process, and the ways in which these
kinds of encodings are linked to person identification A serious
challenge for the model 1s to explain why recogmtion and
matching performance appear to be independent, at least at
some stage of learning faces, as shown in Expenment 2
Farah et al (1993) argued for a single-system model, with
effects in as resulting
from lesions weakening face representations enough to lead to
very poor overt recognition, but preserved performance on co-
vert tasks Farah et al that a
model based on this proposal 1n fact showed faster encoding of
fanuliar than unfamihar faces (part of the findings by de Haan et
al , 1987) at levels of lesion that impaired overt recognition
However, Farah et al did not model the interaction explored
here The present data suggest the importance of assessing
whether a modified computational model, mcorpomlmg differ-
ent kinds of face
between internal and external areas of the face, would continue
to produce the interaction of part of face with familianty after
random lesions to the database, as well as showing the kind of
learning effects seen in the present data
In summary, these experiments suggest that overt recogni-
tion may be possible in the absence of the kind of representation
supporting a covert recogmtion effect The opposite pattern 1s
known from prior research Traditionally, data of this kind have
been taken to support two-system models However, in this
case, we argue that such a ﬁndmg would pose significant un-
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