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The dramatic effect of inversion on the episodic recognition of unfamiliar faces has been con
sidered as proof of specific mechanisms for the processing of faces, This view was challenged by
Diamond and Carey (1986), who observed similar effects when photographs of dogs were shown
to dog experts. However, they compared experts with younger novices, they used identical photo
graphs at encoding and at test, their experts were no more accurate than the novices in the rec
ognition of dogs, and dog recognition is remote from other inputs to the person recognition sys
tem such as natural handwriting. In Experiment I, the results of Diamond and Carey were
replicated with natural handwriting as stimuli, with novices matched in age to the experts, and
with different structural representations of the targets at encoding and during the recognition
test. In Experiment 2 , younger novices participated, but this did not affect the pattern of results.
Experiment 3 showed that the results were not due to floor effects.
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The episodic recognition of unfamiliar faces is strongly
affected by the upside-down mode of presentation (Yin,
1969; Valentine, 1988, 1991). Classically, the inversion
effect (IE) was thought to result from difficulties in the
detection of expressive features of the face. ' However,
the recognition of facial expressions and the identifica
tion of faces are differentially affected by rotation (Valen
tine & Bruce, 1988), and they appear to be processed
independently (Young & Bruce, 1991). Therefore, the IE
is now conceived as resulting from difficulties in process
ing the second-order spatial relationships between facial
features (Sergent, 1984; Young, Hellawell, & Hay, 1987).

First, however, no direct demonstration of qualitatively
different mechanismsfor upright and inverted faces hasever
been reported. Second, Diamond and Carey (1986; D&C)
have challenged the classical view by showing a similar IE
for another kind of material, provided that the subjects were
experts in the recognition of this type of stimuli. They con
firmed the IE for human faces in comparison with photo
graphs of dogs , but the effect for dogs was also observed
in the subjects who were dog experts . Thus, the IE cannot
be considered as specific to faces . On the contrary, it
would apply to any material for which a particular ex
pertise has been acquired. The difference between faces
and other materials would be that virtually all normal
adults are experts at face recognition. Clinical reports of
brain-injured subjects suffering from defective face rec
ognition together with a defect in recognizing exemplars
of stimuli for which they were expert before the onset
of the brain damage support this view (Bornstein, 1963;
Bornstein, Sroka, & Munitz, 1969; cf., however, Bruyer
et al., 1983). It has also been shown that the IE for faces
increases from childhood to adulthood (Carey & Dia
mond, 1977)-that is, it increases with the development
of this expertise.

Correspondence should be addressed to Raymond Bruye r , VCL
NECO , Voie du Roman Pays 20, B-I348 Louvain-Ia-Neuve, Belgium .

The theoretical implications of the observations of D&C
are important. However, they compared the recognition
of human faces with the recognition of dogs, and the ar
gument would become stronger if the domain could be re
stricted to the recognition of persons. First, humans ac
quire an expertise for that subset of faces to which they
are often exposed and from which a prototype seems to
be extracted (Goldstein & Chance, 1980; Valentine, 1991).
It would be important to show that the IE is limitedto these
well-known faces. In support of this idea, Rhodes, Tan,
Brake, and Taylor (1989; but cf. Valentine & Bruce, 1986)
observed an IE that was more important for own-race than
for other-race faces and Valentine (1991) showed that the
IE was more important for own- than for other-race faces
and more important for typical than for distinctive faces.
Second, the processing of faces is only one way of ensur
ing the recognitionof persons (Young, Hay, & Ellis, 1985).
People are also recognized by their silhouettes, gait, hand
writing, voice, and so on, and, outside oflaboratories, faces
are rarely encountered in isolation.

The present experiments were designed for two purposes.
First, we sought to determine whether the IE appears for
another input to the person recognition process-natural
handwriting. Second, we examined the "expertise" inter
pretation of the IE by enlisting the participation of both
novice and expert subjects . An experimental design iden
tical to that of D&C's Experiments 2 and 3 was used, with
a better control of age differences between novices and ex
perts (D&C compared undergraduate novices with older
experts) . Moreover , the "experts" enrolled by D&C were
no more accurate than the novices in the recognition of
(upright) dogs . Finally, it is generally assumed that real
face (or dog, or handwriting) recognition implies the ex
traction of invariant features of the stimulus and, there
fore, should not be confused with the recognition of a stim
ulus (Hay & Young, 1982). Thus, real recognition requires
that the encoded representation differ structurally from the
representation displayed during the recognition stage. Un
fortunately, in the experiments of D&C, the representa-
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EXPERIMENT 1

Figure 1. Mean percentage of correct responses as a function of
the group, the material, and the orientation in Experiment 1.

Discussion
These results are very similar to those of D&C's Experiment 2. Al

though D&C demonstrated the expected interaction in a third experi
ment in which they increased the required level of expertise, this was

and 9 pairs. Thiswas done to equalize the accuracy of experts and novices
in the upright-handwriting condition, a procedure used by D&C.

Procedure. During the inspection stage, the targets were shown one
by one, for 5 sec each . The subject was invited to inspect them care
fully to be able to recognize them a few minutes later . The recognition
stage followed immediately . Pairs of stimuli were shown one by one,
and the subject, without any time pressure, had to indicate the one in
spected previously . Responses were mandatory .

Results
Figure I displays the percentages of correct responses.

The results are very similar to those from D&C. The three
subgroups had a large IE with faces, and the experts had
the largest IE with handwriting.

The proportions of correct responses were studied by
means ofa 3 xz xz analysis of variance (ANOVA). As in
D&C, the between-subject factor was the group and the
within-subject factors were the material and the orientation .
Post hoc analyses of the significant effects were computed
with the Newman-Keuls test (p < .05). The main group
effect was not significant [F(2,45) = 1.23], but significant
maineffects emerged for orientation [Jill ,45) = 66.35, p <
.0001] and material [F(l,45) = 65.96, p < .0001]. Up
right stimuli were recognized better than inverted stimuli,
and faces better than handwriting. The material X orienta
tion interaction was, however, significant [F(I,45) =
15.115, P < .0005]. While the material effect was signifi
cant for both orientations and the IE was significant in both
kinds of material, the interaction resulted from a higher
IE for faces than for handwriting, and a higher material
effect for upright than for inverted stimuli. The significant
group x material interaction [F(2,45) = 4.98, P < .02]
showed a significant material effect in each group and a
significant group effect for handwriting (favoring experts
and the novices-small group over the novices-large group)
but not for faces. Thus, the material effect was the lowest
for experts, and the novices-small subjects processed hand
writing as well as did the experts, while the three groups
did not differ for faces. However, as in Experiment 2 of
D&C, the three-way interaction was not significant (F < I),
despite the suggestion in Figure 1 that experts showed a
higher IE than did novices as far as handwriting was con
cerned.

The crucial feature of the present results is the apparent
IE for handwriting in novices . An individual index was
computed as (upright - inverted)/(upright + inverted) .
Such an index weights the difference of performance be
tween upright and inverted material by the general accuracy
of the subject. For faces, the index differed significantly
from zero for experts [t(15) = 5.52, p < .000 1], for
novices-large [t(15) = 7.17, p < .0001], and for novices
small [t(15) = 5.51, P < .000 1]. For handwriting, the in
dex differed significantly from zero for experts only
[t(15) = 2.62, p < .02]. Thus, when the performance is
weighted by the general accuracy of the subject, the ap
parent IE for handwriting disappeared for novices but re
mained for experts (and, for faces, in the three samples).
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Method
Stimuli. For faces, two black-and-white photographs of 144 young

adult male volunteers, without spectacles or other accessories, were used
(9 X 13 em). The two photographs differed in pose and/or expression,
and one was involved in the inspection stage while the other was used
in the recognition stage. The faces were distributed into targets versus
distractors, and upright versus upside-down faces. To ensure equiva
lent series, 72 pairs of different faces were arbitrarily composed and
four independent judges rated the similarity between the two members
by means of a 7-point scale . The 72 mean values were then ranked and
distributed in the series so that the within-series similarity did not vary .
For handwriting , 72 unselected people were asked to copy by hand two
short texts. Then, a 5 x 10 em window was cut out and centered for
each sample of handwriting. The two texts were equally and randomly
distributed as targets or distractors . Similarity judgments and the dis
tribution of the stimuli were made as for faces. In addition, the similar
ity of handwriting between the two stimuli produced by each writer was
evaluated, and the material was distributed accordingly (this "within
writer" similarity was high: M = 6.36, SD = 0.54) .

Subjects. Sixteen experts in handwriting (8 females) were recruited
from telephone directories. The mean age was 53.4 years (32-72). They
had received an education in the domain (graphology) and then prac
ticed a professional activity devoted to the detection of forgeries (for
legal affairs) . Thirty-two novices (16 females) were recruited from the
general public; both samples were comparable in age and sociocultural
level. The mean age of novices was 53.3 years (31-70). This group
was randomly divided into two groups of 16 subjects each (8 females) .
One group (53.6 years) participated in the easy handwriting condition,
and the other (53.1 years) in the difficult condition ("novices-small"
and "novices-large" subgroups ; see below). The three groups did not
differ in age (F < I) .

Design . Each subject participated in four experimental conditions,
the order of which was balanced across the subjects according to a La
tin square design . Each condition consisted of an inspection stage, fol
lowed by a recognition stage. The recognition of the inspected targets
had to be made from a series of pairs of stimuli, consisting of one
target and one distractor, according to a forced-choice procedure . The
number of pairs in the recognition stage was identical to the num
ber of targets at inspection. The two members of each pair were
randomly located one above or below the other . The targets of half the
subjects served as distractors for the remaining half. With the excep
tion of targets that appeared both in the inspection and in the recogni
tion stage, every stimulus was seen only once by each subject.

The four conditions were upright faces, inverted faces, upright hand
writing, and inverted handwriting. The same orientation was used for the
inspection and the recognition stages. For faces, all subjects were pre
sented with a series of 36 targets and then had to recognize them in a
series of 36 pairs, each one formed with an old and a new stimulus. For '
handwriting, the experts and the "novices-large" group received 18 tar
gets and 18 pairs, whereas the "novices-small" group received 9 targets

tion provided in the recognition stage was an exact dupli
cate of the studied picture.
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EXPERIMENT 2

Figure 2. Mean percentage of correct responses as a function of
the group, the material, and the orientation in Experiment 2.

Method
The experiment was identical to Experiment I . with two exceptions

only novice subjects were tested. and they were younger than those in
Experiment 1. Thirty-two students were recruited (16 females) and ran
domly assigned to the "large" (8 females) and "small " groups (8 fe
males) . Their mean age was 22 .22 years (19-27) .

Individual IE indexes werederivedfromthe scoresof Ex
periment 2, and the resultingdata were studiedby means
of a 2 (group) x 2 (material) ANOVA. The sole signifi
canteffectwasa mainadvantage of facesover handwriting
[F(l,30) = 8.44,p < .007]. The meanindex differedsig
nificantly from zero forfaces [t(31) = 11.69,p < .0001]
but not for handwriting.

Discussion
The scores of younger and older novices were not statistically com

pared. but it seems obvious that the younger performed better than the
older. at least for faces and. to a lesser extent. for handwriting when the
large groups are considered . This age effect on episodic memory tasks
is largely documented (Kausler, 1985). The mainpurpose of Experiment 2
was to test whether the effects observed in Experiment I could be repli
catedby enrolling novices of an age similarto that of thosestudiedby D&C.
A positive answer can be given.

The display of an IE for handwriting in experts but not in novices
was. admittedly. a bit difficult. The recognition of handwriting was
not easy. even in the upright presentation. so that. for novices. there
was less room to show a detrimental effect of inversion in the pro
cessing of handwriting than there was to show an impairment for faces.
Therefore. a third experiment was performed. in which task variables
were manipulated to equate performance on upright faces and hand
writing and to improve the sensitivity of the results to the inversion .

EXPERIMENT 3

The basic experimentwas modifiedso that the recogni
tion of faces was expectedto become less easy: the expo
sure duration was reduced in the inspection stage, and a
filledintervalwasprovidedbetweenthe inspection and the
recognition. The recognition of handwriting, on the other
hand, wasexpected to becomemoreeasy: theexposuredu
ration was increased in the inspection stage, and only the
"easy" condition wasused(i.e., the "novices-small" con
dition; in Experiment 1, thesesubjectsdid not differ from
the experts in the processing of upright handwriting and their
performancewaslesscloseto the floor effectthanwas that
of the "novices-large" subjects).

For two considerations, Experiment 3 was done with
novicesubjects. First, a significant IE was found inexperts
in the recognition of handwriting. Therefore, by increas
ingthe sensitivity of the experimental design, onecouldonly
expecta confirmation or an increaseof this effect. In addi
tion, the experts were the less susceptible to risk floor ef
fects in the recognition of upright handwriting. The situa
tion was more criticalwith respect to the novices, because
the IE did notappear for them. Thus, by equatingthe diffi
culty for upright faces and handwritingand by reachinga
sensitivelevel of performance, one gave rise to the emer
gence of a significant IE for both faces and handwriting.
Second, it appeared impossible to recruit a sample of 16
newexperts. As inExperiment 1, middle-aged novices were
chosen in lieuof youngsubjects, to avoid the probableop
posite effects of age and expertise observed in Ex
periment 2.

Method
The method of Experiment 3 was identical to that of Experiment 1.

with three modifications. First. the subjects were novices only. The group
was formed with 16 new middle-aged subjects (8 females) (52 .3 years ;
range. 40-65). enrolled as in Experiment 1. Second. the recognition
of faces was hoped to be less easy because of two adaptations. The in-

up In V up In v

smal l iarce

HANDWRITING100 FACES

90

60

70

60

50
up in" up In"
small raroe

unnecessary here. since the expected pattern of results was obtained by
testing the IE index against zero (D&C observed the expected pattern
in their Experiment 2. but only through the post hoc analysis of a non
significant interaction). This similarity of results is interesting because
another kind of material was used. and because both the matching of
the groups and the preparation of stimuli were improved. In addition.
the present results. unlike those of D&C. confirmed the expected ad
vantage of experts over novices in the recognition of handwriting.

D&C enrolled young novices and older experts. whereas we recruited
novices and experts similar in age; thenovices of thepresent study were
older than those studied by D&C . and the slight discrepancies between
thestudies could have resulted from this difference . This point was tested
in Experiment 2.

Results
Figure 2 displays the percentagesof correct responses.
The proportions of correct responses were analyzed by

means of a 2 (group) x 2 (material) x 2 (orientation)
ANOVA. The significant maineffectof material [F(I ,30)
= 183.9,P < .0001] revealedthat faces were recognized
better than handwriting, and the significant main effect
of orientation [F( 1,30) = 46.49, p < .0001] showed the
expected IE. There was only one significant interaction
that involved precisely these two factors [F(l,30) =
20.79, p < .005]. The post hoc analysis showed that all
differences were significant; that is, the IE was observed
for both faces and handwritingand the material effect ap
pliedto boththe uprightand the inverted conditions. Thus,
the two maineffectswere exactlyreplicated,but the inter
action reached a significant statistical level because the
IE was higher for faces than for handwriting.

The IE was sound for faces; it appeared in the five
groupsin bothexperiments. For handwriting, an additional
3 x2 ANOVA was computed. The between-subject fac
tor was the group, witheach of the two groups of Experi
ment 2 compared with the experts of Experiment 1, and
the within-subjectfactor was orientation. The sole signif
icanteffect was the mainIE [F(I,45) = 8.3I7,p < .006].
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Figure 3. Mean percentage of correct responses as a function of
the material and the orientation in Experiment 3.

spection of each target lasted 3 sec instead of 5 sec, and a filled inter
val (counting backward) of 2 min was inserted between the encoding
stage and the recognition stage. Third, we hoped to increase the ease
of recognitionof handwritingby providing an inspectiontime of 10 sec
instead of 5 sec, and by using the "novices-small" condition only.
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HANDWA ITINO The present study replicated these observations. The IE was observed
for faces in experts and novices, and for handwriting in experts only.
The present study generalizes the observations of D&C in three major
directions, but limits them in two ways. First, D&C's results were prob
ably not biased by the age differences between their experts and their
novices, since the same pattern appeared in the present study with both
young and older novices. Second, the effects were replicated while a
true recognitionof faces and handwritingwas ensured, since the studied
material differed structurally from the recognized material (this proba
bly explains why the subjects of the present study were slightly less ac
curate than those in D&C). This point constitutes the first limitation
of their research. Third, the effects were replicated with the use of nat
ural handwriting, a type of material that is more related to face recog
nition than are photographs of dogs. However, given the first limita
tion of the D&C study, this last point leads us to the second limitation.
Indeed, a doubt remains as to whether the IE has been observed in the
true recognition of dogs by dog experts.

The lesson of these two studies is that the IE is not limited to faces,
for it can be generalized to at least one other visual input to the person
recognition system, handwriting. It remains to be seen whether the ex
pertise interpretation is person specific.

Results
The percentages of correct responses are displayed in

Figure 3. The proportions of correct responses were ana
lyzed by means of a 2 X 2 ANOVA. There was a signifi
cant main advantage of the upright over the inverted pre
sentation [F(I,15) = 41.65, P < .000 1]. The main effect
of material did not reach a significant threshold. However,
the material X orientation interaction was statistically sig
nificant[F(l,15) = 38.7,p < .000 1]. The post hoc anal
ysis showed that performance was significantly worse in
the inverted-face condition than in the three rernainingcon
ditions, which did not differ significantly from each other.

IE indexes were compared to determine any possible
effect of the material . The Student t test proved to be
statistically significant [t(15) = 6.71, p < .0001]-the
index was significantly higher for faces than for hand
writing. The index for faces differed significantly from
zero [t(15) = 18.03 , P < .0001], but the index for hand
writing did not differ significantly from zero .

Discussion
The recognition of upright facesdecreasedfrom86% to 75%, the rec

ognition of upright handwritingincreasedfrom 65% to 71%, and there
was no effectof the materialon performancein the upright condition. In
addition, the genera! accuracy (73%) was reasonably far from both floor
and ceiling effects.

And yet, the previous conclusions can be maintainedand the pattern
of results is even clearer than before. Indeed, the material x orienta
tion interaction showed a significant IE for faces but not for handwrit
ing, the index for faces was significantly higher than for handwriting,
and the index for faces differed significantly from zero while the index
for handwriting did not differ from zero.

GENERAL DISCUSSION

The recognitionof handwritingwas better for experts thanfor novices
in the first, but not the second, experiment. This confirms their exper
tise and suggests that a detrimental effect of age can cross the favorable
effect of expertise. This probably occurred in the study of D&C.

D&C challenged the classical view, according to which the IE on the
recognition of unfamiliar faces reveals mechanismsspecific to the pro
cessing of normally oriented faces. Indeed, these authors observed a
similar effect when photographs of dogs were shown to dog experts.
They concluded that this phenomenon involved visuospatial skills for
which a particular expertise had been acquired, rather than face-specific
processes.
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