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The face typicality-recognizability relationship:
Encoding or retrieval locus?
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Usinga crossover recognition memory testing paradigm, we tested whether the effects on face recog
nition of the memorability component of face typicality (Vokey & Read, 1992, 1995)are due primarily
to the encoding process occurring during study or to the retrieval process occurring at test. At study,
faces were either veridical in form or at moderate (Experiment 1) or extreme (Experiment 2) levels of
caricature. The variable of degree of facial caricature at study was crossed with the degree of carica
ture at test. The primary contribution of increased memorability to increased hit rate was through in
creased distinctiveness at study. Increased distinctiveness at test contributed to substantial reductions
in the false alarm rate, too. Signal detection analyses confirmed that the mirror effects obtained were
primarily stimulus/memory-based, rather than decision-based. Contrary to the conclusion ofVokey and
Read (1992), we found that increments in face memorability produced increments in face recognition
that were due at least as much to enhanced encoding of studied faces as they were to increased rejec
tion of distractor faces.

The rated typicality offaces has perhaps been found to
be the most reliable predictor of how well observers
come to recognize them (e.g., Bartlett, Hurry, & Thorley,
1984; Light, Kayra-Stuart, & Hollander, 1979), with typ
ical faces being less well recognized than atypical or un
usual ones. This effect is due both to a higher hit rate and
to a lower false alarm rate for atypical or distinctive faces,
as has been documented in Shapiro and Penrod's (1986)
meta-analysis of face recognition memory studies (d =

.76 for hits, d= .78 for false alarms). The cited effect sizes
are moderate to large by Cohen's (1977) criteria.

As Vokey and Read (1992, p. 302) have pointed out,
the concept of face typicality is clear enough as a theo
retical construct, but its instantiation varies considerably
across studies. In some cases, typicality ofa face is defined
with explicit reference to a prototype. Light et al. (1979,
Experiment I) asked their raters to compare how similar
each face was to their "idea ofthe typical high school male
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senior." Vokey and Read (1992, Experiment I) asked their
observers to rate the typicality ofeach face with reference
to how sure they were that it was "average." Other inves
tigators have required their observers to rate the difficulty
of picking a given face out ofa crowd (O'Toole, Deffen
bacher, Valentin, & Abdi, 1994; Valentine & Bruce, 1986).
Still others (Ellis, Shepherd, Gibling, & Shepherd, 1988)
have equated face typicality/distinctiveness with the de
gree ofobjective memorability ofa set of faces. We agree
with Vokey and Read (1992) that these different measures
offace typicality may not necessarily capture equally well
the underlying theoretical construct. However, as we shall
note shortly, there is evidence that the various instantia
tions may be generally compatible.

Vokey and Read (1992) undertook a structural analysis
of human observer ratings of face typicality, familiarity,
memorability, likableness, and attractiveness, using prin
cipal components analysis, and examined how different
components of this structure related to various measures
offace recognition. Interestingly, they found that typical
ity is a more complex concept than had previously been
supposed. Vokey and Read (1992) showed rather con
vincingly that typicality is composed of two orthogonal
components. One component, directly related to face
memorability (how easy observers thought a face would
be to remember), was found to be a significant predictor
of both hits (direct relation) and false alarms (inverse re
lation). Henceforth, for brevity, we will refer to this com-
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ponent as the memorability component oftypicality. The
other component, directly related to rated familiarity (the
extent to which observers thought a face might have been
seen around campus), attractiveness, and likability was la
beled context-free familiarity by Vokeyand Read (1992).
This component significantly predicted false alarms to
faces on a recognition memory test, but not hits.

O'Toole et al. (1994) also examined structural aspects
of face typicality, for both same-race and other-race ob
servers. They replicated Vokey and Read's (1992) find
ings for Caucasian observers viewing Caucasian faces.
However, face typicality of Japanese faces as viewed by
Caucasian observers was related only to memorability.
This indicates that observers may judge the typicality of
other-race faces with different criteria than they do in
judging own-race typicality. For present purposes, how
ever, the replication ofVokey and Read (1992) by O'Toole
et a\. (1994) for same-race faces indicates that the differ
ent operational definitions of typicality used in the two
studies were equivalent.

The general, or context-free, familiarity of faces has
been hypothesized to be related to the similarity space of
faces, one based on a lifetime ofexperience with similar
faces (Light et aI., 1979, p. 225). It has the effect of in
creasing the likelihood of false alarm responses to dis
tractor faces in recognition memory tests. As Mandler
(1980) and others have theorized, the experience of fa
miliarity does not directly index source. Hence, unfamil
iar faces high in structurally induced familiarity (general,
or context free) are difficult to discriminate from faces
with lower structurally induced familiarity but with which
there has been at least one specific episode ofencounter.

By contrast to the context-free component of typical
ity, the memorability component is thought to be "bound"
to a context or to an episode of encounter. It is further
more thought to relate to the ease of encoding atypical
versus typical faces. From the strength models of recog
nition, distinctive faces emerge from an episode of en
counter with a greater increment ofmemory strength than
do more typical faces. For example, Light et a\. (1979)
found that the subsequent recognition of atypical faces
benefited more from elaborative encoding tasks than did
recognition of more typical faces. Bartlett et al. (1984)
also found that specific prior exposure to atypical faces
enhanced their recognition discriminability more than it
did for typical faces.

A face with high memorability is thought to elicit fewer
false alarms, because in the absence of retrieval ofa good
match to the distractor face, observers are more likely to
reject it. They reject it with greater confidence, owing to
its high assessed memorability: Lack of retrieval for what
should have been an easily retrieved face is good evidence
that it should not be accepted as a target (Brown, Lewis,
& Monk, 1977; Vokey & Read, 1992).

There is also some evidence that the memorability
component of face typicality can be traced to the pres
ence of small, local distinctive features in some of the
faces observers consider atypical (O'Toole et a\., 1994).

As was noted, O'Toole et a\. (1994) found that typical
ity related only to the memorability component for other
race faces, suggesting that structural or context-free fa
miliarity applies only to same-race faces. This is because
our psychological face space is derived from the statisti
cal structure ofour experience with faces, a structure usu
ally strongly biased to faces of a single race. Note that
this explanation ofmemorability is not inconsistent with
those offered previously. Rather, it localizes the benefits
of face distinctiveness during an encounter at the level of
the information in the face stimulus.

Having explored the basis for the effects oftypicality on
face recognition, it is of interest to try to determine where
these effects operate-during encoding processing, re
trieval processing, or both. Even were typicality to pro
duce its effects at both stages ofprocessing, it could well
be that the effects might not be symmetrical. Vokey and
Read (1992), for instance, have concluded that the prin
cipal benefit ofdistinctiveness/memorability to improved
face recognition is not its ability either to enhance the en
coding process at study or to provide more distinctive re
trieval cues at test. Rather, the greater contribution of in
creased memorability is to reduce the false alarm rate.
Presumably, highly distinctive/memorable new faces pre
sented at memory test are less likely to be highly similar
to any faces in memory. They are therefore less likely to
be a good match to any candidate face retrieved and are
thus rejected as old with greater confidence, owing to their
obvious high memorability.

Although Vokey and Read's (1992) data were reason
ably consistent with their conclusion that face memorabil
ity's principal contribution to improved face recognition is
to the rejection ofnew faces as old, we are not convinced
that memorability's effect is quite so asymmetrical in
favor ofmore efficient retrieval processing ofnew faces at
test. As Vokey and Read (1992, Experiment 3) acknowl
edged, at least part of their failure to find much effect of
memorability on the hit rate may have been due to their
use of memorability component scores oftest faces, rather
than ofstudy faces. Wesuspect that when one directly ma
nipulates the degree of face distinctiveness/memorability
at both study and test, one will find stronger evidence of
its contribution to improvements in the hit rate, whether
by enhanced encoding distinctiveness or by enhanced re
trieval cues at test.

Wecan test this conjecture by use ofa crossover recog
nition memory test (see, e.g., Fiorentini, Maffei, & San
dini, 1983; O'Toole, Millward, & Anderson, 1988). The
simplest and most elegant experiment would be to present
both veridical faces and faces of artificially enhanced
memorability (distinctiveness) at study and then to cross
this within-subjects variable with another within-subjects
variable, veridical faces or faces of enhanced memora
bility at test. Suppose there were 40 study faces. Ideally,
one would have an observer study 20 unenhanced or
veridical faces and 20 faces of enhanced memorability.
At test, 10ofthe veridical faces would be presented in the
same unenhanced state, but the other 10of them would be



presented in a format ofenhanced distinctiveness or mem
orability. Similarly, 10 ofthe originally enhanced targets
would be presented in the same format at test, and the other
10 would appear in their unenhanced, or veridical, form.

Consider what the results of a two-factor analysis of
variance (ANOVA) ofaccuracy data (e.g., A' scores) from
such an experiment could tell us about the locus of the
effect of face memorability/distinctiveness. I Were the ef
fect only to occur during the process of encoding (a pro
cess operating at study), the ANOVA would reveal just
one significant effect, a main effect ofdistinctiveness at
study, so that recognition for faces studied in their more
distinctive form would be better than that for faces stud
ied veridically. A main effect of testing condition only
would be found were the effect offacial distinctiveness to
occur just during retrieval processing. Here, regardless of
face distinctiveness at study, it would be advantageous
for recognition to have its more distinctive form present
at test. It is important to note that although these two pos
sible results would be clear indication of the dominance of
one or the other locus of the effects of the memorability/
distinctiveness component of typicality, such outcomes
may be a bit simplistic.

For instance, consider the case in which the only sig
nificant result from the two-factor ANOVA would be a
complete crossover interaction. Here, the source of the
interaction would be the encoding specificity phenome
non (Tulving & Thomson, 1973). Accuracy ofrecognition
memory would be better for the two conditions in which
the study and the test faces were identical, regardless of
their enhancement status.

In order to conduct an experiment such as the one
being proposed, we need a means ofmanipulating the de
gree of distinctiveness/memorability of faces. Recently,
we have demonstrated the feasibility of doing so by ap
plying a standard computer caricature algorithm (see Ben
son & Perrett, 1991; Brennan, 1985; Rhodes, Brennan, &
Carey, 1987) to three-dimensional (3-D) representations
ofhuman faces taken from laser scans (Deffenbacher, Vet
ter, Johanson, & O'Toole, 1998; O'Toole, Vetter, Volz, &
Salter, 1997). The algorithm operates by changing the lo
cations of individual faces relative to an average face in
a multidimensional face space and by "redrawing" the
caricatured face with the altered feature values. With this
algorithm, we first represent individual faces as points or
vectors in a multidimensional space on the basis of their
3-D representations. Each face can be characterized by a
distance and direction from the average face. The distance
ofa face from the average face is an empirically supported
measure of its distinctiveness and memorability (Def
fenbacher et aI., 1998),2 whereas the direction ofthe face
vector captures its identity, via vector values on the feature
dimensions defined by the axes of the face space. Finally,
caricatures are created by increasing the length ofa face's
vector, thereby altering its distinctiveness/memorability
and distance from the average face, while leaving its di
rection (identity) intact. Vector lengths are measured as
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Mahalanobis distances (Duda & Hart, 1973) or, in more
familiar terms, z score units.'

In the present study, we conducted two experiments to
test the hypothesis that the memorability component of
face typicality exerts strong effects on face recognizability
during the process ofencoding, as well as during retrieval.
In the first experiment, we test this notion with a crossover
recognition memory design, using faces both in their
veridical form and in a form in which their distinctiveness/
memorability has been computer enhanced by an amount
we would describe as moderate. In the second experiment,
we repeat the test with faces having both a veridical form
and a form with a memorability enhancement we would
describe as extreme.

EXPERIMENT 1

Here, we tested whether the memorability component
of face typicality has a stronger effect on encoding pro
cesses than the results ofVokey and Read (1992) would
lead one to suspect. We presented a set of study faces,
half veridical and half with their memorability and dis
tinctiveness artificially enhanced to a moderate degree.
Degree of face memorability/distinctiveness at study
was then crossed with the variable ofdegree offace mem
orability/distinctiveness at test, yielding four transfer
conditions. We predicted that the most likely pattern of
results would include a main effect for study condition
but no main effect for test condition, owing to an associ
ated crossover interaction, involving small but symmetri
cal encoding specificity effects. Faces studied in their
enhanced form would be recognized with greater accu
racy than faces studied in their unenhanced form. How
ever, at test there would be a modest accuracy advantage
for faces both studied and tested in their enhanced form,
as compared with faces studied in their enhanced form but
tested in their veridical form. A similar modest advantage
would accrue to faces both studied and tested in their
veridical form, relative to faces studied in their veridical
form but tested in their enhanced form.

Method
Participants. The participants were 25 undergraduates (20 fe

male, 5 male) enrolled in psychology courses at the University of
Nebraska at Omaha. They received course extra credit for their par
ticipation. They were exposed to all four conditions of a 2 (study
condition: veridical faces or moderately caricatured faces) X 2 (test
condition: veridical faces or moderately caricatured ones) within
subjects factorial design.

Stimuli. The stimuli were laser scans (Cyberware TM) of 64
heads of young Caucasian adults. 32 of each sex. These were ran
domly selected from a database of 100faces (mean age = 26.9 years,
standard deviation = 4.7 years). Individuals were scanned wearing
bathing caps, which were later removed digitally. Further prepro
cessing of the heads involved making a vertical cut behind the ears
and a horizontal cut to remove the shoulders. The laser scan data
consisted ofa representation of the 3-D coordinates ofa 512 X 512
sample of head surface points. A more complete description of the
laser data can be found in O'Toole et al. (1997).
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Figure 1. Head of a 26-year-old male in its veridical form (left), at a distance from the average head that corresponds to a moderate
degree of caricature (center), and at a distance corresponding to an extreme caricature (right).

The 3-D face data were rendered as images viewed from 30° left
of full-face view. Figure 1 displays the face of a 26-year-old male
in its veridical form and in two levels of increasing caricature. In the
present study, faces were presented either in their veridical form
(average Mahalanobis distance from the average face of 10.0) or in
a form wherein the distance from the average face had been in
creased by the caricature algorithm to an average distance of 13.5,
producing a moderate degree of caricature. As was noted previ
ously, Deffenbacher et al. (1998) have shown that a distance of 13.5
from the average face produces significantly higher ratings of dis
tinctiveness and a significantly greater degree ofmemorability than
does an average distance of 10.0.

Apparatus. Individual testing of each participant was accom
plished by having all the experimental events controlled by a Mac
intosh computer programmed with PsyScope (Cohen, MacWhin
ney, Flatt, & Provost, 1993).

Procedure. In pilot testing for a previous study (Deffenbacher
et al., 1998), we had noted that a caricature effect was not obtain
able in recognition memory for previously unfamiliar faces unless
there was a minimum ofabout 60 sec ofprior exposure to each face.
Consequently, in the present study we had the participants engage
in a rating task wherein they made four ratings of each face, using
5-point, Likert-type scales. During each ofthe four rating tasks, the
32 study faces (eight males and eight females at an average distance
of 10.0 from the average face, plus eight males and eight females at
a distance of 13.5) were presented in a unique random order for
each participant at a 15 sec per image rate, with a l-sec interstimu
Ius interval (lSI). The order of the rating tasks was to rate all study
faces first for attractiveness, then for distinctiveness, then for hon
esty, and finally for likeability. The participants were reminded that
they should study each face carefully, given that their memory
would be tested in the second phase of the experiment."

A recognition memory test occurred immediately after the com
pletion of the fourth rating task. Each participant viewed 64 faces
in a unique random order, all ofthe 32 study faces (old) and 32 new
distractor faces. Of the 32 old faces, 16 remained in the same for
mat as that at study (8 at a distance of 10.0 from the average face,
8 at a distance of 13.5). The other 16, however, were presented in
the alternate format at test. Eight were studied in the 10.0 format and
were tested in the more distinctive/memorable 13.5 format. Eight
others were studied in the 13.5 format but were tested in the veridi
cal, 10.0 format. Of the 32 new faces, 16 were presented in each of
the two formats, there being equal numbers of male and female
faces in each format.

The participants were instructed that their task was to determine
whether each face was old or new. Since some faces were shown in
a different format at test, the participants were informed that some

ofthe old faces had been electronically altered to look slightly older
or younger but were, in fact, still the same faces. Each participant
was to press" 1" on the computer keyboard if he/she believed that
a given face had been seen before and to press "2" if not. The faces
were presented at a 5-sec rate, and the participant was allowed to re
spond anytime during or after this interval. A I-sec lSI followed
presentation ofeach face or each response, whichever occurred last.

Results and Discussion
Analyses of affirmative responses. The effects of

study and test conditions on mean proportion of yes re
sponses and corresponding standard error are illustrated
in Table 1. Because the two false alarm rate conditions
in the top row were each based on twice as many trials
(n = 16)as were each of the four hit rate conditions in the
bottom two rows, and because the primary test ofour pre
dictions depended on an analysis of the four hit rate con
ditions, we conducted separate analyses of false alarm
and hit rate conditions.

Given that the faces did not serve in al1 conditions of
the experiment, parallel analyses of hit and false alarm
rates were conducted, first with observers as the random
variable and then with faces as the random variable. In
every instance, the results ofthe two analyses were iden
tical in terms of statistical significance. Hence, we have
chosen to report only the results of the former analyses.

As Vokey and Read (1992, 1995) would have pre
dicted, a comparison of the false alarm rate conditions
revealed that more distinctive (\3.5) new faces elicited a
significantly lower false alarm rate than did new faces in
their unaltered format (10.0) [F(\,24) = 24.00,p < .001].
The effect size associated with this 47% decrease in false

Table I
Mean Proportion of Yes Responses and

Associated Standard Errors as a Function of
Study and Test Condition in Experiment I

TestedVeridical TestedCaricature

Condition M SE M SE
Not studied .268 .030 .142 .026
Studied veridical .835 .020 .630 .033
Studied caricature .900 .018 .915 .022



Table 2
Mean A' Scores and Associated Standard Errors as

a Function of Study and Test Condition in Experiment I

alarm rate was moderately large (rpb2 = .50).5 Clearly,
this effect of memorability/distinctiveness on the false
alarm rate is one that could have occurred only during
retrieval processing associated with recognition memory
testing. Again, new 13.5 faces should have been easier to
reject as old than new 10.0 faces, given the higher assessed
memorability of the former faces. Lack of retrieval of a
good match to a 13.5 distractor face, one that should have
been easily retrieved had it been encountered previously,
would have been a good reason to reject it as a target face.

A 2 X 2 within-subjects ANOVA was then conducted
on the hit rate scores. There was a sizable main effect for
study condition [F(1,24) = 81.10, p < .001, rpb2 = .77].
Studying faces in their enhanced form produced an av
erage hit rate of .908, clearly superior to the average hit
rate of.732 obtained when faces were studied in their un
altered, veridical form. Both simple effects for study con
dition were significant in this instance. When faces were
tested in their veridical form (10.0), there was an advantage
to having studied them in a moderate caricature (13.5)
[F( I,24) = 9.99,p < .01]. Thus, veridical faces were bet
ter recognized when they had been studied in a modestly
more distinctive/memorable format than when they had
been studied in their veridical version.v There was an even
stronger effect of study condition when faces were tested
in their more distinctive format (13.5) [F( I ,24) = 84.21,
p < .001].

Contrary to prediction, the main effect for test condi
tion was significant [F(1,24) = 18.18,p < .001, rpb2 =

.43]. Mean hit rate for faces tested in their enhanced
form was actually less than that for faces tested in their
veridical form (.772 vs..868, respectively). This effect is
in the direction opposite to that predicted for a retrieval
processing locus for memorability's effect on hits in a face
recognition task. The effect is due to the obtained inter
action [F( I ,24) = 38.27,p < .001] not demonstrating the
predicted symmetrical effects of encoding specificity.
There was a large decrement owing to a lack ofencoding
specificity for 10/13.5 faces, but none whatsoever for
13.5/10.0 faces. The extra distinctiveness of the 10/13.5
faces at retrieval provided no shield from their associated
lack of encoding specificity, whereas the extra distinc
tiveness at encoding of the 13.5/10.0 faces did so.

Hence, the primary locus of the effect on face recog
nition hits for the distinctiveness/memorability compo
nent offace typicality is during the encoding process. The
effect size for the main effect for the study condition ob
tained in Experiment I was considerably larger than that
for the main effect for the test condition. In fact, the main

Tested Veridical Tested Caricature

Condition

Studied veridical
Studied caricature

M

.859

.910

SE M

.787

.933

SE
.025
.013
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effect for the test condition was in the direction opposite
to that predicted for a retrieval-processing locus for mem
orability. Both simple effects for the study condition
were substantial, too-i-an effect size of.78 in the case of
faces tested in their more distinctive format and of .29 in
the case offaces tested in their veridical format. A graph
oriented way to see that the primary locus of the effect of
distinctiveness/memorability on hits was during encod
ing would be to note that an average of the two curves for
the study condition simple effects would be a straight line
of moderate positive slope, visual confirmation that the
locus of the effect was entirely during the process ofen
coding.

Thus, the results of Experiment I strongly support
Vokey and Read's (1992, 1995) hypothesis that the mem
orability component of face typicality achieves its effi
ciencies through both increasing hits and decreasing
false alarms. It would also appear that moderate increases
in distinctiveness/memorability have their effect on both
encoding and retrieval processing attendant to a face
recognition task. Arguably, the effect ofmemorability on
hits during encoding is more pronounced than its effect
on false alarms during retrieval, contrary to what Vokey
and Read (1992) found. After all, the effect size of mem
orability on the hit rate at study was noticeably larger (.77)
than its effect on the false alarm rate at test (.50). How
ever, this conclusion must remain a tentative one, until we
can demonstrate that memorability had independent ef
fects on hit and false alarm rates. For this demonstration,
we now turn to analyses of signal detection measures of
face recognition, analyses that should allow us to separate
stimulus- or memory-based effects of our memorability
manipulation from decision- or criterion-based effects.

Signal detection analyses. First, we report the results
of a 2 X 2 ANOVA ofA' scores computed from hits and
false alarm rates and yielding here a nonparametric
index of the discriminability of old and new faces that is
independent of changes in response criterion (Grier,
1971). This index ranges from .50 (chance discrimination)
to I (perfect discrimination). Mean A' scores and asso
ciated standard errors are reported, for each combination
of study and test conditions, in Table 2. We should point
out that in calculating A', we compared hit rates for the
10.0/10.0 and 13.5/13.5 target faces with false alarm
rates for new 10.0 and new 13.5 faces, respectively. For
target faces in the two crossover conditions, 10.0/13.5 and
13.5/ I0.0, we felt that it was most appropriate to compare
their hit rates with the pooled false alarm rate for new
10.0 and 13.5 faces. Consider a target face in the 10.0/13.5
condition. The 13.5 version of the face presented at test
would certainly warrant comparison with the false alarm
rate for 13.5 distractor faces. On the other hand, the ob
server's memory representation of the face in question
would be at the unenhanced (10.0) level of distinctive
ness. This would warrant comparison of the hit rate with
the false alarm rate for 10.0 distractor faces. Thus, the de
cision to use the pooled false alarm rate in these two con
ditions seemed the most reasonable decision to make.
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Table 3
Mean BN Scores and Associated Standard Errors

as a Function of Study and Test Conditions in Experiment 1

Tested Veridical Tested Caricature

Condition

Studied veridical
Studied caricature

M

-.155
-.341

SE
.082
.092

M

.165
-.309

SE
.061
.096

an analysis of A' scores. Nevertheless, the pronounced
positive effects produced both on hit rates and A' scores by
studying faces in their enhanced (13.5) form demonstrate
that our stimulus manipulation yielded independent effects
on hits (increase) and false alarms (decrease). Criterion
based effects associated with our stimulus manipulations
at study and test were likewise independent of memory
based effects.

EXPERIMENT 2

Table 4
Mean Proportion of Yes Responses and

Associated Standard Errors as a Function
of Study and Test Conditions in Experiment 2

We next sought to determine whether the effects ob
served in Experiment I would be accentuated if the
crossover recognition memory design used faces, not of
moderate caricature, but of a more extreme caricature.
Accordingly, we repeated the procedure ofExperiment I,
using veridical faces (10.0) and faces at an even greater
average Mahalanobis distance (17.0) from the average
face in the multidimensional space based on their 3-D
representations.

Method
Participants. Again, the participants were 25 undergraduates

(17 female, 8 male) enrolled in psychology courses at the Univer
sity of Nebraska at Omaha. As did the Experiment I participants,
they received course extra credit for their participation. They were
exposed to all four conditions ofa 2 (study condition: 10.0 faces or
17.0 faces) x 2 (test condition: 10.0 faces or 17.0 faces) within
subjects factorial design.

Stimuli. The stimuli were the same 64 faces as those used in Ex
periment 1. The only difference in Experiment 2 was that all the
manipulations with 13.5 faces were now manipulations with 17.0
faces, highly distinctive/memorable versions of a face (Deffen
bacher et aI., 1998).

Procedure. The apparatus and procedure were identical to those
in Experiment I.

SE
.017
.048
.011

M

.120

.395

.970

SE
.034
.035
.031

TestedVeridical TestedCaricature

M

.402

.860

.855

Condition

Not studied
Studiedveridical
Studiedcaricature

Results and Discussion
Analyses of affirmative responses. The mean pro

portions of yes responses and the corresponding stan
dard errors are displayed in Table 4 as a function of study
and test conditions. As in Experiment I, separate analy
ses were conducted on false alarm rates (top row) and hit
rates (bottom two rows).

Not surprisingly, given Vokeyand Read's (1992, 1995)
results and theorizing and the results of Experiment I,
highly distinctive (17.0) new faces produced a very siz
able reduction in false alarm rate, as compared with that
elicited by the new faces presented in their unaltered,
veridical format (10.0) [F( I,24) = 98.67,p < .001, rpb2 =

The results of this analysis confirm almost exactly the
results of the hit rate analysis. Again, there was a sizable
main effect for study condition [F(1,24) = 54.87,p < .001,
rpb2 = .70], with faces studied in their enhanced form pro
ducing an average A' of .922, clearly superior to the av
erage of .823 obtained when faces were studied in their
veridical form. Both simple effects for the study condi
tion were likewise significant again, too (p < .00 I in
both instances); effect sizes were comparable with those
obtained in the hit rate analysis. As before, there was a
smaller main effect for testing condition [F( I ,24) = 6.08,
p < .05, rpb2 = .20]. The mean A' score for faces tested
in their veridical form was actually superior to that ob
tained for faces tested in their caricatured form (.884 vs.
.860), because the same sort ofasymmetrical interaction
as that in the hit rate analysis was found [F(1,24) = 25.72,
p < .001].

Next, we report briefly the results of a 2 X 2 ANOVA
ofE" scores, a nonparametric measure ofresponse crite
rion (Grier, 1971). This index ranges from -1 extreme
liberal criterion) to +1 (extreme conservative criterion),
with a score of0 representing no response bias. Mean E"
scores and their associated standard errors are reported
in Table 3. Both of the main effects and the interaction
were statistically reliable [F(1,24) = 22.59,p < .001, for
the main effect of study condition; F(1,24) = 5.32, p <
.05, for the main effect of test condition; and F(1,24) =
7.49, p < .05, for the interaction]. In studying faces in
their enhanced (13.5) form, the observers adopted a
more liberal response criterion than when studying faces
in their veridical form. The interaction and the main ef
fect of test were due primarily to the more conservative
criterion adopted by observers in the 10.0/13.5 crossover
condition, the condition of poorest performance in the
hit rate and A' analyses. Perhaps not surprisingly, the ob
servers became more conservative in responding yes to
10.0/13.5 target faces at test, given the difficulties en
countered in retrieving a less distinctively encoded ver
sion of the face and trying to match it to the more dis
tinctive version being presented.

Even though the observers adopted a somewhat more
liberal criterion when studying faces of enhanced dis
tinctiveness than when studying veridical faces, this can
not account for the significant effect on hit rate of the
distinctiveness/memorability manipulation. That is, sim
ply adopting a more liberal criterion with no effect of the
stimulus manipulation on memory for the faces would
have increased both the hit and the false alarm rates com
mensurately, yielding no net effect of study condition in



Table 5
Mean A' Scores and Associated Standard Errors as

a Function of Study and Test Condition in Experiment 2

.80]. Again, this effect could have occurred only during
retrieval processing at test. It should be noted, however,
that in Experiment 2 most of the accentuated reduction in
false alarm rates (as compared with Experiment I) by the
more distinctive distractor faces was due to an interest
ing context effect. The false alarm rate to the 17.0 faces
in this experiment (.12) was only slightly lower than the
false alarm rate to 13.5 faces in Experiment I (.14). The
major difference in false alarm rates between the two ex
periments, however, was the increased false alarm rate to
10.0 faces in the present experiment [.40 vs. the .27 rate
in Experiment I; 1(48) = - 2.98, p < .0 I, two-tailed]. Ap
parently, in the context ofthe extreme caricature for 50%
of the target and distractor faces in Experiment 2, unal
tered new faces (10.0) were perceived as even more fa
miliar than they were in the stimulus context of Experi
ment I, in which the same 50% ofthe target and distractor
faces were in a more moderate state of caricature (13.5).
This result serves to document the fact that manipulations
of face typicality may be sensitive to list context effects,
a phenomenon noted recently by Hosie and Milne (1996).

The same ANaYA of hit rate scores was conducted as
that done in Experiment I. There was again a sizable main
effect for study condition [F(I,24) = 70.82, p < .001,
rpb2 = .75]. Studying faces in their enhanced form (17.0)
produced a mean hit rate of .912, much superior to the
mean hit rate of .628 produced by studying faces in their
unaltered form (10.0). Here, unlike Experiment I, how
ever, only one simple effect for the study condition was
significant. When faces were tested in their more distinc
tive format (17.0), there was a decided advantage to hav
ing studied them in that same distinctive format [F( I,24) =
138.00,p < .001].

The main effect for the test condition was significant,
again, too [F(I,24) = 24.00, p < .001]. As in Experi
ment I, the mean hit rate for faces tested in their en
hanced form was actually less than that for faces tested
in their veridical form (.682 vs..858). The reason for this
particular result's being in the direction opposite to that
predicted for a retrieval-processing locus for memorabil
ity's effect on hits was the same as that for Experiment I.
There was here, too, a significant interaction [F( I,24) =

106.29, P < .00 I] that did not display symmetrical ef
fects of lack of encoding specificity. The lack of encod
ing specificity for the 10.0/17.0 faces produced a much
more serious decrement of the hit rate than did the lack
ofencoding specificity for the 17.0/10.0faces. Apparently,
the highly distinctive encoding of the 17.0/10.0 faces
shielded them somewhat from the effect of a lack of en-

Tested Veridical Tested Caricature

Condition

Studied veridical
Studied caricature

M

.819

.873

SE
.022
.015
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.960
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.006
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coding specificity, whereas for a face encoded in its un
altered form (10.0), presenting a highly distinctive version
at test was of little help.

Although the results in Experiment 2 were perhaps a
bit less clear cut than those for Experiment 1, there was
still little evidence ofa retrieval-processing locus for the
action of memorability/distinctiveness on the hit rate. If
there had been, the hit rate for the 10.0/17/0 faces should
have been much greater than it was. There was, never
theless, a retrieval locus for face memorability's effect on
face recognition, as indexed by its significant lowering
of the false alarm rate. As contrasted with Experiment 1,
however, the effect of increased distinctiveness/memo
rability on the hit rate (presumably occurring during the
process of encoding) was not more pronounced than its
effect on the false alarm rate (during retrieval). As a mat
ter offact, the effect size in the former instance (.75) was
a bit smaller than that in the latter instance (.80). Again,
however, before making much ofthis apparent difference
in effect sizes, we need to confirm the independence of
enhanced memorability's effects on the hit and the false
alarm rates.

Signal detection analyses. A' scores were computed
as in Experiment I, and the means and standard errors
are reported in Table 5. A 2 X 2 ANaYA ofthese scores
indicated that, with one exception, the exact same set of
results was obtained as that for the hit rate analysis. As
with the hit rate analysis, a sizable main effect of study
condition was obtained [F(I ,24) = 63.52, p < .00 I,
r pb2 = .73]. Faces studied in their highly enhanced (17.0)
form produced a mean A I of .916, definitely superior to
the mean score of.708 produced when studying faces in
their unenhanced (10.0) form. However, although the hit
rate analysis only showed one significant simple effect
for the study condition, both simple effects were signif
icant here. The hit rates for the 10.0/10.0 and 17.0/10.0
conditions were virtually identical. However, the false
alarm rate was lower enough in the latter condition that
a significant difference was obtained between these two
conditions in the A' analysis. Otherwise, there was,
again, a relatively small main effect for the test condition
[F(I,24) = 8.96,p < .01, r pb2 = .27]. As was the case in
the hit rate analysis in this experiment and in comparable
analyses in Experiment I, performance with faces tested
in their veridical form was actually better than that with
faces tested in their distinctive form, resulting in mean A'
scores of .846 versus.778. The same sort ofasymmetrical
crossover interaction was obtained here, too [F(I,24) =
55.18,p < .001].

We now report results of a 2 x 2 ANaYA of B"
scores, in order to check for the presence of criterion
shifts attendant to our stimulus manipulations at study
and test. Mean B" scores and their standard errors are
presented in Table 6. As in Experiment 1, both of the
main effects and the interaction were statistically reliable
[F(I ,24) = 5.93, p < .05, for the main effect of study;
F( I,24) = 5.05, p < .05, for the main effect of test; and
F(I,24) = 15.00,p < .01, for the interaction]. All three
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GENERAL DISCUSSION

Table 6
Mean B" Scores and Associated Standard Errors as

a Function of Study and Test Condition in Experiment 2

Across both experiments, we found compelling evi
dence in support of Vokey and Read's (1992, 1995) hy
pothesis that the memorability component of face typi
cality acts both in a direct relation with the hit rate and in
an inverse relation with the false alarm rate. Thus, for face
recognition memory tasks, increases in the memorability
component offace typicality act both to increase hits and
to reduce false alarms.

What can we conclude concerning the relative contri
butions of memorability/distinctiveness to the encoding
and to the retrieval processing accompanying face recog
nition tasks? It is clear that the primary contribution to
increases in the hit rate comes from increases in encod
ing distinctiveness. Any contribution of increases in dis
tinctiveness at retrieval to increases in the hit rate would
certainly have elevated the hit rate in the 10.0/13.5 and

of these effects were due to the fact that the criterion
adopted by the observers in the 10.0/17.0 crossover con
dition was significantly more conservative than any ofthe
response criteria adopted in the other three conditions.
Again, this particular crossover condition was associated
with the poorest performance in terms of hit rate and A'.
It should be noted, of course, that the 10.0/17.0 criterion
was conservative only relative to the moderately liberal
criteria associated with the other three experimental con
ditions; this criterion was neutral or unbiased in an ab
solute sense.

As was the case in Experiment 1, response criterion
differences cannot account for the significant effects on
hit rate of the distinctiveness/memorability manipula
tion, effects replicated in the A' analysis. Again, studying
faces in their enhanced form resulted in a more liberal re
sponse criterion that did studying faces in their veridical
form. Indeed, this decision-based difference could account
for the obtained greater hit rate for faces studied in their
highly distinctive form, in the absence of any memory
based effect ofthe distinctiveness/memorability manipu
lation. However, as the separate hit and false alarm analy
ses showed, the stimulus manipulations acted separately
both to increase the hit rate as a result of encoding pro
cessing and to decrease the false alarm rate during retrieval
processing. This demonstration was confirmed by an
analysis of A' scores. Thus, our stimulus manipulations
elicited both memory/stimulus-based effects on face
recognition and decision-based ones. The latter were in
dependent of the former, however.

10.0/17.0 transfer conditions so that there would have
been much less of an encoding specificity deficit than
was shown. It is likewise clear that increases in distinc
tiveness during retrieval processing contribute to substan
tial reductions in the false alarm rate. As contrasted with
the results ofVokey and Read (1992), however, we have
shown a relatively greater contribution ofdistinctiveness/
memorability to the effectiveness of encoding process
ing. After all, the effect size for face memorability's con
tribution to encoding distinctiveness (increase in hits)
was fully 54% larger in Experiment 1 than was its con
tribution to more efficient processing at retrieval (de
crease in false alarms). The squared point-biserial cor
relation coefficients were. 77 and .50, respectively. This
relative advantage was reversed under the conditions of
Experiment 2, where the greater absolute disparity in
distinctiveness/memorability between faces in their un
altered and enhanced forms led to the previously cited
list context effect; here the unaltered new faces appeared
to be perceived as more generally familiar than they were
in Experiment 1, thereby accentuating the difference in
false alarm rates between unaltered and enhanced new
faces. Nevertheless, the effect size for enhanced encod
ing distinctiveness in this instance was only 6% smaller
than that for the enhanced retrieval processing promoted
by the presence ofhighly distinctive new faces, the squared
point-biserial coefficients being .75 and .80, respectively.

These effects, obtained for enhanced memorability/
distinctiveness on both hit rates and false alarm rates,
likewise indicate the presence of a mirror effect (Glanzer
& Adams, 1985). The mirror effect refers to the robust
phenomenon in recognition memory whereby classes of
stimuli easier to recognize when old are also easier to
categorize as new when they have not been previously
encountered. Many previous investigators offace recog
nition memory have reported what amounts to a mirror
effect, although it is rarely acknowledged as such, Vokey
and Read (1992, 1995) being the first to do so. These pre
vious investigators have reported results demonstrating
the usual typicality effect for face recognition: Typical
faces have been less well recognized than atypical or dis
tinctive ones, with this effect being due to both a higher
hit rate and a lower false alarm rate for atypical or dis
tinctive faces. Indeed, these results have been nicely sum
marized by Shapiro and Penrod's (1986) meta-analysis of
face recognition memory studies, cited in the introduction
to this paper.

Even though we did not configure these two experi
ments so as to assess directly the validity of models that
have been proposed to account for the mirror effect, we
are nevertheless able to provide some suggestions as to
why our distinctiveness/memorability manipulation gave
rise to mirror effects in both the experiments. At least for
verbal stimuli, Stretch and Wixted (1998) have shown
that some mirror effects occur as a result of strength ma
nipulations (study time, for instance); they suggest that
these mirror effects are due to shifts in the decision crite
rion. These criterion shifts are such as to account for the
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lower false alarm rate for low-frequency words used as
distractors or lures, as compared with the false alarm rate
for high-frequency lures. The other class of mirror effect
occurs with certain stimulus manipulations (e.g., word
frequency), manipulations that presumably affect mem
ory processes. Stretch and Wixted explain mirror effects
in this latter instance as being due to a fixed criterion, with
the difference in false alarm rates for the two lure distri
butions being due to their differing on the strength-of
evidence axis. High-frequency lures are judged as more
familiar than low-frequency word lures because they are
more likely to be activated by associative spread during
list presentation.

Now, if our stimulus distinctiveness/memorability ma
nipulation may be seen as analogous to the word fre
quency manipulation, our mirror effects should have been
due to stimulus/memory-based processes, rather than to
decision- or criterion-based ones. This sort of effect is
what Stretch and Wixted (1998) refer to as a Type II mir
ror effect. That is, the decidedly lower false alarm rates
for caricatured lures than for veridical lures in Experi
ments I and 2 presumably were due to the lower famil
iarity of the caricatured lures: The mean oftheir theoret
ical distribution fell to the left of that for the veridical
lures on the underlying strength-of-evidence axis." On
the other hand, the distribution of target faces studied in
their caricatured form should have been displaced to the
right of that for target faces studied in their veridical form.
The encoding distinctiveness added by the caricature
manipulation increased the probability that the memory
representation established during study matched the same
target face encountered at test.

However,the mirror effects generated by our observers
were not pure cases of a Type II mirror effect. Superim
posed upon the aforementioned relative displacements
of hit and false alarm distributions was the presence of
three different response criteria in Experiment I and two
different criteria in Experiment 2. As was previously dis
cussed, these criterion differences associated with our
stimulus manipulations were independent ofthe memory
based effects. Nevertheless, in both experiments, the ob
servers appeared to engage in within-list criterion shifts
(more conservative) whenever target faces were encoun
tered in caricatured format but had been studied in their
veridical form. Although within-list criterion shifting has
been rarely noted in the word recognition literature, it is
not without precedent (Wixted, 1992).

We would be remiss if we did not raise a possible
caveat to the generalizability of these results. It could be
objected that our tasks confound face recognition memory
and image/picture recognition. Consider first the task in
Experiments 1 and 2. Clearly, the target faces in the two
crossover conditions of these experiments represent a test
of face recognition qua/ace. Here, each of the 16 target
faces at test is the same face, but not the same image, as
that studied. The 8 faces in each of the other two cells of
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our experimental design, strictly speaking, do confound
face recognition memory and image recognition when
they are presented at test, in that each is the same face
and the same image as that studied. However, the logic
of our experimental design required that these faces not
have their studied images altered by the distinctiveness
manipulation. Perhaps we could have had all our target
faces presented at test in a different view than that en
countered at study. Given the difficulty of recognizing
3-D laser scans of unfamiliar faces in general and the
complexity added by our distinctiveness manipulation,
however, we did not wish to risk the possibility of floor
effects by making the task too difficult. Furthermore, these
16 unaltered target faces only represented 25% ofthe list
offaces presented at test. In the context of50% new faces,
presented at two different distinctiveness levels, and 25%
of the faces being the same face but in an image of al
tered distinctiveness, the faces unaltered between study
and test might be viewed as simply contributing to the
overall complexity of our face recognition task. In brief,
we would argue that this confound, one contained in many
face recognition memory studies, does not represent a
serious limitation on the generalizability of our results.

In summary, we believe that our results lead to a bet
ter understanding of how facial caricature affects hits
and false alarms, the major performance components of
recognition memory. First, caricature increases the hit
rate by increasing the effectiveness of encoding process
ing. The memorability component of face typicality is
clearly implicated in effectuating this particular improve
ment. There is little evidence, on the other hand, for car
icature's acting to increase the hit rate by providing more
distinctive retrieval cues at test. Second, caricature also
acts independently to lower the false alarm rate for cari
catured new faces. Here, the lower false alarm rate for
caricatured lures than for veridical lures presumably is due
to our caricature manipulation's also decreasing the gen
eral or context-free familiarity of faces. Third, we have
shown that caricature is at least as effective in increasing
the hit rate as it is in decreasing the false alarm rate.

Finally, particularly at moderate levels of memorabil
ity enhancement, we have demonstrated what might be
called a reverse caricature effect. Study of faces in cari
cature leads to a better recognition ofveridical faces than
does study ofthese same veridical faces. In the present ex
periments, this was manifested by significantly greater
A' scores for 13.5/10.0 and 17.0/l0.0 faces than for 10.0/
10.0 faces. As was noted earlier (note 6), this phenome
non has potential application to the eyewitness situation,
but it also would seem to go directly to the issue of how
faces are represented in memory.
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NOTES

I. It is clear that one cannot manipulate underlying cognitive pro
cesses directly. One can only bias the use ofdifferent processes. Never
theless, in proposing to manipulate directly the degree of distinctive
ness/memorability of faces at study and test, we believe we have linked
our stimulus manipulation about as closely as is possible to the encod
ing processing occurring during study and the retrieval processing oc
curring at test. It is also clear that neither the study task nor the test task
taps a single underlying cognitive process. For instance, estimates of
the effectiveness of stimulus manipulations that bias encoding process
ing during study are affected by the nature ofmanipulations that bias re
trieval processing during test: The effect of enhanced encoding can only
be shown by how it changes the presumed efficiency of retrieval pro
cessing.

2. Deffenbacher et al. (1998) also showed that the distance of a face
from the average face was related to its attractiveness and apparent age.
Increases in distance from the average face resulted in increased mem
orability, increased ratings ofdistinctiveness, increased estimates ofap
parent age, and decreased ratings of attractiveness.

3. Given that the present experiments make use of 3-D surface mod
els only, concerns might be raised concerning their ecological validity
and the generalizability of results obtained with them. Certainly, ob
servers recognize 3-D laser scans of unfamiliar faces much less well
than photographic images of them (see, e.g., Bruce et al., 1991). One
might therefore worry that the underlying recognition processes used by
our observers might be rather different from those used to recognize
photographic images, for instance. This concern can be at least partly
allayed, in that Deffenbacher et al.'s (1998) stimuli were the same 3-D
laser scanned faces as those viewed by our present observers and Def
fenbacher et al. replicated several common results that have been ob
tained in the literature on recognition memory with two-dimensional
face images (e.g., Rhodes & Tremewan, 1996; Stevenage, 1995).

4. It should be noted that the distinctiveness manipulation employed
here was in the context ofa within-subjects, mixed-list design (cf. Hosie
& Milne, 1996).

5. This most straightforward measure of effect size is computed as
F/(F + degrees of freedom associated with the error term).

6. One implication of this result is that it may be possible to increase
the accuracy offace recognition for relatively unknown faces, when law
enforcement officials search for missing children or suspects, for ex
ample. If caricature enhancements can be applied to a photograph, later
recognition of the normal, unenhanced face should be improved.

7. The phenomenon of the caricatured lures' having less general fa
miliarity than the uncaricatured lures is evidence that our manipulation
of the face memorability component of face typicality may not have
been exclusive of corresponding variations in general or context-free
familiarity. By lengthening the vector of a given face and thereby mov
ing it farther from the center of the face space, we have not only in
creased its distinctiveness and memorability (Deffenbacher et al., 1998)
but have also apparently decreased its general familiarity. Thus, part of
our mirror effect is due to the general familiarity component of face
typicality.
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