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alarms). By contrast, a second component was strongly related to
hits as well as to the conjunction effect. Both components were
related to discrimination and criterion, and so it is impossible to
characterize either component as exclusively discrimination or
criterion. Finally, inversion affected Factor 1 scores more strongly
than Factor 2 scores. Although this finding might be viewed as
supporting the hypothesis that Factor 1 reflects configural process-
ing, the findings of Experiment 2 undermine the hypothesis.

Experiments 2a and 2b

These two experiments further examined the effects of inversion
as well as study-list repetitions in the conjunction paradigm (Ex-
periment 2a was briefly described in Bartlett et al., 2003). Partic-
ipants viewed a study list in which eight faces appeared one time
and eight additional faces appeared eight times. The subsequent
test list included four old faces that had appeared once at study,
four old faces that had appeared eight times at study, four con-
junctions whose parents had appeared once at study, and four
conjunctions whose parents had appeared eight times at study. It
also included eight entirely new faces. Half of the participants in

each experiment saw all faces upright, and the remainder saw all
faces inverted (hence, orientation was a true independent variable).

The experiments assessed the generality of the two-component
outcome across two very different levels of learning (one vs. eight
presentations at study), and they provided a second look at the
effects of inversion on Factors 1 and 2. In addition, Experiment 2a
included a manipulation of retroactive interference with which we
examined how forgetting might alter Factors 1 and 2. In Experi-
ment 2b, we examined whether proximal presentation of the par-
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Figure 6. Hit rates for old faces and false-alarm rates for conjunction and new faces in eight subsets of
participants in Experiment 1, grouped by their Factor 1 scores (left) and Factor 2 scores (right). Prop. �
proportion.

Table 2
Pearson Product–Moment Correlations Between Factors 1 and
2 of the Principal-Components Analysis (PCA) and d� and C
Scores for Old/New Discrimination and for Old/Conjunction
Discrimination Across the 192 Participants in Experiment 1

PCA factor

Old/new
discrimination

Old/conjunction
discrimination

d� C d� C

Factor 1 .61 .73 .65 .48
Factor 2 .77 �.42 .44 �.86

Note. All correlations are reliable ( p � .001).
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Figure 7. Factor 1 and Factor 2 scores for individual participants who
saw the study-list faces one time (triangles) or three times (circles) in
Experiment 1a (filled symbols) and Experiment 1b (empty symbols). All
faces were shown upright in Experiment 1a and inverted in Experiment 1b.
Enlarged symbols represent group means.

7TRUE AND FALSE FACE RECOGNITION

tapraid5/zfv-xlm/zfv-xlm/zfv00509/zfv2331d09z xppws S�1 6/5/09 13:23 Art: 2008-1092



AP
A 

PR
O

O
FS

ents of conjunctions might alter the conjunction effect and affect
the factor scores.

Method

The participants in both experiments (ns � 112 and 96, respec-
tively) were undergraduate students at the University of Texas at
Dallas (approximately 67% female) who participated as one alter-
native means of fulfilling a course requirement. The stimulus set
comprised 12 quadruplets, each of which consisted of 2 original
and 2 synthetic faces. The study list included the 2 originals from
each of 4 quadruplets and the 2 synthetics from each of 4 addi-
tional quadruplets, totaling 16 faces in all. Half of the faces were
presented eight times in the study list, with at least 2 faces
separating a study-list face and its nearest repetition. The remain-
ing study-list faces were presented just once. The 24-item recog-
nition test included (a) 4 old faces shown one time at study (1 �
-old condition), (b) 4 old faces shown eight times at study (8 �
-old condition), (c) 4 conjunctions whose parents were shown one
time at study (1 � -conjunction condition), (d) 4 conjunctions
whose parents were shown eight times at study (8 � -conjunction
condition), and (e) 8 new faces drawn from 4 quadruplets that were
not used at study. Although the faces that appeared in the new
condition were the same for all participants, counterbalancing
ensured that each of the 16 faces that appeared in the old and
conjunction conditions at test served equally often in the 1 � -old,
8 � -old, 1 � -conjunction, and 8 � -conjunction conditions.

In each experiment, participants were randomly assigned to one
of four experimental groups that were defined by the factorial
combination of orientation (all faces shown either upright or
inverted) and one additional independent variable. In Experiment
2a, this variable was retroactive interference. Half of the partici-
pants viewed an interference set of 48 faces—similar in appear-

ance to the study-list faces—immediately following the study list.
The other half of the participants took a vocabulary test requiring
the same amount of time (6 min).

In Experiment 2b, the independent variable was parent proxim-
ity. In the proximal condition, the two study-list faces taken from
each quadruplet were always presented in successive list positions.
Therefore all the conjunctions in the subsequent test were proximal
conjunctions (i.e., their parents has been studied close together). In
the nonproximal condition, the two study-list faces from a given
quadruplet were never presented in successive list positions, and
thus all the conjunctions in the subsequent test were nonproximal
conjunctions. Parent proximity can inflate conjunction errors (Han-
nigan & Reinitz, 2000; Kroll, Knight, Metcalfe, Wolf, & Tulving,
1996; McKone & Peh, 2006; Underwood, Kapelak, & Malmi, 1976),
but this effect is found primarily with simplified face stimuli and
when the proximal condition entails either simultaneous (e.g., side-
by-side) or alternating (A, B, A, B; C, D, C, D . . . ) presentation of
the conjunctions’ parents (see Jones et al., 2006). The stimuli used
here were full-face photographs, and the proximal condition in-
volved merely proximal presentation—not simultaneous or alter-
nating presentation—of the conjunctions’ parents. Thus, we did
not obtain a standard proximity effect. However, proximity inter-
acted with facial inversion and clarified the relation of configural
processing to Factors 1 and 2.

The facial stimuli were viewed on a 50-cm-wide Panasonic
video monitor at a distance of approximately 1.5 m. All other
aspects of design and procedure were the same as in Experiment 1.

Results and Discussion

Hit and false-alarm rates. Table 3 displays hit rates for old
items presented one versus eight times at study (1 � - and 8 � -old
items) along with false-alarm rates for conjunctions whose parents

Table 3
Means and Standard Deviations of Proportions of “Old” Judgments for New Faces, Conjunctions of Faces Studied Once
(1 � -Conj.) and Eight Times (8 � -Conj.) and of Old Faces Studied Once (1 � -Old) and Eight Times (8 � -Old) in the Upright
and Inverted Conditions of Experiment 2a (E2a) and the Nonproximal and Proximal Conditions of Experiment 2b (E2b-nprox,
E2b-prox), Along With Upright–Inverted and Proximal–Nonproximal Differences

Experiment and condition

Item type

New 1 � -conj. 8 � -conj. 1 � -old 8 � -old

M SD M SD M SD M SD M SD

E2a
Upright 0.08 0.13 0.23 0.23 0.35 0.31 0.50 0.29 0.90 0.16
Inverted 0.25 0.18 0.41 0.28 0.57 0.26 0.50 0.26 0.79 0.24
Difference �0.17 �0.18 �0.22 0.00 0.11

E2b�nprox
Upright 0.14 0.19 0.18 0.21 0.27 0.22 0.42 0.20 0.84 0.28
Inverted 0.29 0.19 0.36 0.29 0.55 0.28 0.39 0.26 0.80 0.18
Difference �0.15 �0.19 �0.28 0.03 0.04

E2b�prox
Upright 0.14 0.20 0.36 0.22 0.52 0.32 0.68 0.32 0.97 0.08
Inverted 0.19 0.18 0.33 0.20 0.49 0.33 0.44 0.25 0.79 0.22
Difference �0.05 0.03 0.03 0.24 0.18

E2b: Prox–nprox difference
Upright 0.00 0.19 0.25 0.26 0.13
Inverted �0.10 �0.03 �0.06 0.05 �0.01

Note. Differences in bold italics are reliable by t test at p � .01.
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had been viewed one versus eight times at study (1 � - and 8 �
-conjunctions) and false-alarm rates for entirely new faces. The
data from Experiment 2a are collapsed over the retroactive inter-
ference condition (which had minimal effects), but the data from
Experiment 2b are shown separately for the proximal and non-
proximal conditions.

Both hits and false alarms rose with presentation frequency,
though the increase from the 1 � condition to the 8 � condition
was greater with hits (mean difference � .36) than with conjunc-
tion false alarms (mean difference � .15). Thus, repetition at study
served to strengthen the conjunction effect, but at the same time, it
increased discrimination between old faces and conjunctions.4

Both of these repetition effects appeared with inverted faces (mean
differences � .35 and .17, respectively) and upright faces (mean
differences � .37 and .12, respectively).

The effects of parent proximity in Experiment 2b are shown at
the bottom of Table 3. As expected, conjunction false alarms were
more frequent in the proximal condition than in the nonproximal
condition. However, the effect occurred only with upright faces,
and, there, the proximal condition showed an increase in hits as
well as conjunction false alarms.

A useful perspective on this unexpected pattern can be gained
by examining the effects of inversion in Experiment 2a, in the
methodologically similar nonproximal condition of Experiment
2b, and in the proximal condition of Experiment 2b (see rows 3, 6
and 9 of Table 3). Note that in the first two cases, the effect of
inversion is largely restricted to false-alarm rates: Inversion in-
creased conjunction false alarms as well as new-face false alarms
and had minimal effects on hits. By contrast, in the proximal
condition of Experiment 2b, inversion largely reduced hits. In light
of much evidence that inversion impairs processing of configural
information, the pattern suggests that configural information can
be used either to reduce false alarms or to increase hits, depending
on conditions. The PCA presented below substantiates this claim.

Before turning to the PCA, we note that all preceding observa-
tions were statistically supported. An ANOVA of hit rates in
Experiment 2a supported the main effect of presentation fre-
quency, F(1, 108) � 114.0, MSE � 0.06, p � .001, and an
ANOVA of false-alarm rates supported an effect of inversion, F(1,
108) � 32.6, MSE � 0.09, p � .001, as well as frequency, F(2,
216) � 62.4, MSE � 0.04, p � .001, with each pairwise compar-
ison of frequency conditions reliable at p � .01 (Tukey’s honestly
significant difference test). In Experiment 2b, the ANOVAs
showed Proximity � Inversion interactions with both hits, F(1,
92) � 6.64, MSE � 0.05, p � .001, and false alarms, F(1, 92) �
8.84, MSE � 0.09, p � .01. In the nonproximal condition, an
ANOVA of hits supported the main effect of presentation fre-
quency, F(1, 46) � 71.2, MSE � 0.06, p � .001, and an ANOVA
of false-alarm rates supported an effect of inversion, F(1, 46) �
19.7, MSE � 0.08, p � .001, as well as frequency, F(2, 92) �
11.7, MSE � 0.04, p � .001, just as in Experiment 2a. However,
in the proximal condition, the ANOVA of hits showed main effects
of both inversion, F(1, 46) � 18.3, MSE � 0.06, p � .001, and
frequency, F(1, 46) � 49.0, MSE � 0.05, p � .001, whereas an
ANOVA of false alarms showed no effect of inversion, F(1, 46) �
1, p � .05, along with a strong effect of frequency, F( 2, 92) �
31.7, MSE � 0.04, p � .001.

PCA. Table 4 shows the intercorrelations among our five
basic measures (rates of “old” judgments for 1 � -old faces,

8 � -old faces, 1 � -conjunctions, 8 � -conjunctions, and new
faces) across the two experiments and between-groups condi-
tions. It also shows the loadings of each measure on each of the
two components emerging from the PCA (eigenvalues � 1.88 and
1.14 for Factors 1 and 2, respectively). Figure 8 displays the factor
loadings in a way that facilitates comparison with the data from
Experiment 1. It is clear that the factor loadings for 8 � -old faces,
8 � -conjunctions, and new faces nicely replicated the pattern that
we previously obtained (see Figure 3). By comparison, the load-
ings for 1 � -old faces, 1 � -conjunctions, and new faces produced
a degraded pattern, suggesting that the appearance of the two
components depends on some requisite level of learning.

Effects of inversion on factor scores. Figure 9 plots the Factor
1 and 2 scores for each participant in both the upright (filled
symbols) and inverted (empty symbols) conditions. In general,
inversion had stronger effects on Factor 1 scores than on Factor 2
scores, as in Experiment 1. However, in the proximal condition of
Experiment 2b (represented by circles), Factor 1 scores were
generally low, and inversion affected only Factor 2 scores.
ANOVAs confirmed that, in Experiment 2a, inversion affected
both Factor 1 scores, F(1, 108) � 32.7, MSE � 0.81, p � .001, and
Factor 2 scores, F(1, 108) � 8.75, MSE � 0.80, p � .01, though
the former effect was stronger. By contrast, in Experiment 2b,
there was an Inversion � Proximity interaction in Factor 1 scores,
F(1, 92) � 8.51, MSE � 0.88, p � .01, and, at p � .05, in Factor
2 scores as well, F(1, 92) � 5.24, MSE � 0.88, p � .03. Follow-up
ANOVAs of the Factor 1 scores showed that the inversion effect
was reliable in the nonproximal condition, F(1, 46) � 15.4,
MSE � 0.75, p � .001, but not in the proximal condition, F(1,
46) � 1, p � .05. Follow-up ANOVAs of the Factor 2 scores
showed precisely the opposite pattern. There, the inversion effect
was reliable in the proximal condition, F(1, 46) � 20.7, MSE �
0.71, p � .001, but not in the nonproximal condition, F(1, 46) �
1, p � .05. These data show that inversion can affect Factor 1
and/or Factor 2, depending on conditions. The outcome under-
mines the view that either component is exclusively related to
orientation-specific configural processing.

Further evidence on this point comes from two follow-up PCAs,
one on the data from the upright condition and another on the data
from the inverted condition. Each PCA identified two components
with eigenvalues exceeding 1 (1.79 and 1.12 in the upright con-
dition, 1.90 and 1.11 in the inverted condition). Because the
pattern of factor loadings was generally degraded in the 1 �
condition (see Figure 8), we show only the factor loadings from the
8 � and new-item conditions in Figure 10. It is clear that the
two-component outcome obtained in the overall analysis and in
prior studies generalizes nicely from upright faces to inverted
faces. We conclude that both components can be weakened by
inversion, so that neither is uniquely linked to orientation-specific
configural information.

4 Presentation frequency had these effects in Experiment 1 as well,
although the pattern there was slightly different (repetition increased hits
and reduced new-face false alarms without affecting conjunction false
alarms; see Figure 5). We suspect that participants in the three-
presentations condition of Experiment 1 set higher recognition criteria than
did those in the one-presentation condition and that this masked an effect
of repetition on conjunction false alarms.
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Experiment 3

Experiments 1 and 2 replicated the two-component outcome of
our initial PCA. Further, they established that neither component
could be uniquely and invariably linked to discrimination, crite-
rion, or orientation-specific configural processing. In Experiment
3, we asked whether Factors 1 and 2 might be linked to recollec-
tion and familiarity, the two core concepts of dual-process theories
of recognition memory (e.g., Diana, Reder, Arndt, & Park, 2006;
Jacoby, 1991, 1999; Yonelinas, 2002). By the dual-process ac-
count, familiarity is the nonspecific feeling that a stimulus has
been encountered before. It varies only in strength and provides no
information on the context in which the stimulus was encountered.
By contrast, recollection involves conscious retrieval of more
detailed information about one’s prior encounter of the stimulus
and can specify the context of this encounter. There is evidence
that familiarity falls from old items to conjunctions and from
conjunctions to new items (Jones & Bartlett, 2009; Jones &
Jacoby, 2001). Thus, it is reasonable to suggest that Factor
2—which shows a graded pattern of loadings for the three item-
types—reflects familiarity. It also is plausible that Factor 1 might
reflect recollection, but the experiment did not directly test this
idea.5

To test the dual-process hypothesis for Factors 1 and 2, we
introduced into the study another kind of lure, which we refer to as
a “familiarized lure” (FL). FLs are test-list faces that were seen
previously by participants but outside the context of the study list
(e.g., Jennings & Jacoby, 1997). Because FLs differ from study-list
faces primarily with respect to their presentation context, a
context-free familiarity component should respond to such lures
much as it does to truly old faces. Hence, if Factor 2 reflects
context-free familiarity, it should show a strong loading for FL
false alarms, in the same direction as the loading for hits.

The FLs in Experiment 3 were exact repetitions of new faces
presented several items earlier in the recognition test (cf. Jennings
& Jacoby, 1997). Participants were instructed to reject these FLs as
“new.” Pilot testing indicated that FL false alarms would be
comparable in frequency to conjunction false alarms.

Method

Ninety-six participants were recruited as in Experiment 2. The
method was the same as that of Experiment 1 except that (a) the
materials were made from a new set of 180 monochromatic,
full-frontal-view photographs of faces of male and female students
taken 5 or more years before the study (see Figure 2); (b) the study
list consisted of 120 faces (plus two fillers at the start and two at
the end) and was presented three times, each time in a different
randomized sequence; (c) the stimuli were viewed as a PowerPoint
slide show on a 46-cm-wide computer monitor, with study-list
faces shown for 2 s each and followed by a 2-s interstimulus

5 It is now well established that recollection can be used to reject lures
as well as to accept targets (Lampinen, Odegard, & Neuschatz, 2004).
Given the near-0 loadings of hit rates on Factor 1, this factor would
presumably reflect a “recollection rejection” component rather than a
general recollection component.
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Figure 8. Loadings for hits to old faces and false alarms to conjunction
and new faces on Factors 1 and 2 emerging from the principal-components
analyses of Experiment 2. The upper panel shows loadings for once-
presented (1 �) old and conjunction faces, and the lower panel shows
loadings for eight-times presented (8 �) old and conjunction faces. The
loadings for new faces are shown in both panels.

Table 4
Correlations Between Proportions of “Old” Judgments for Old,
Conjunction, and New Faces and Loadings of Each Measure on
Two (Unrotated) Factors Identified by the Principal-Components
Analysis (PCA) of Experiment 2

Measure/PCA
factor

Correlations (rs) between measures and with
factor loadings

1 � -old 8 � -old 1 � -conj. 8 � -conj. New

8 � -old .05
1 � -conj. .17 .01
8 � -conj. .20 .04 .40
New .09 �.23 .42 .37
Factor 1 �.39 .14 �.77 �.75 �.75
Factor 2 .47 .86 .09 .19 �.37

Note. 1 � -old � old faces studied once; 8 � -old � old faces studied
eight times; 1 � -conj. � conjunctions of faces studied once; 8 � -conj. �
conjunctions of faces studied eight times.
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interval and test-list faces shown for 2 s each and followed by a 3-s
interstimulus interval; and (d) the test list consisted of 240 items,
including 60 old faces, 60 conjunctions, 60 new faces, and 60
FLs.6 Each FL was an exact repetition of a new face presented 9
to 12 items earlier in the test.

The sequencing of faces in the test list was randomized, with the
constraints that (a) each test half included equal numbers of faces
in all four conditions and (b) the last new item appeared at least 10
items from the end of the list, so that it was possible to repeat the
item (to make a FL) with a lag of at least 9. As in Experiments 1
and 2, participants were instructed to endorse exact matches to
study-list items as “old” and to reject all other types of item as
“new” using a six-point confidence scale.

Results and Discussion

Hit and false-alarm rates. The upper panel of Figure 11 dis-
plays the hit rates for old faces and false-alarm rates for conjunc-
tions, new faces, and FL faces. As in prior studies, hits were more
frequent than conjunction false alarms, which in turn were more
frequent than new-face false alarms. FL false alarms occurred at
about the same rate as conjunction false alarms. An ANOVA of the
proportion of “old” responses produced a strong main effect of
item type, F(3, 285) � 215.1, MSE � 0.02, p � .001. All pairwise
differences were reliable by Tukey’s honestly significant differ-
ence test except for the difference between conjunctions and FLs.

PCA. The upper half of Table 5 displays the intercorrelations
among dependent variables along with their loadings on the first
two principal components (eigenvalues � 2.19 and 1.14, respec-
tively). Figure 12 (upper portion) displays these loadings, along
with the mean hit and false-alarm rates for eight subsets of 12
participants when grouped by their Factor 1 scores and by their
Factor 2 scores. As in prior studies, Factor 1 emerged as a false-

alarm-rate component with strong negative loadings for conjunc-
tion false alarms (�.85) and new-face false alarms (�.85). Factor
1 also showed a negative loading for FL false alarms (�.76),
further supporting its status as a false-alarm-rate component. We
note also a moderate negative loading for hits (�.42). This is
similar to the Factor 1 hit-rate loading found in the low-learning
(1 � -old) condition of Experiment 2 and may reflect the fact that
list length was considerably longer in Experiment 3 (120 study-list
faces) than in Experiments 1 and 2 (32 and 16 study-list faces,
respectively). In any event, the subgroup analysis (upper-right
quadrant of Figure 12) shows that only the very highest Factor 1
participants showed an appreciable reduction in hits.

6 The study and test lists were lengthened because we wished this study
to be procedurally identical to a parallel, event-related potential study in
which many observations per participant and condition were required.
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Figure 9. Factor 1 and Factor 2 scores for individual participants in the
upright (filled symbols) and inverted (unfilled symbols) conditions of
Experiment 2a (triangles) and the nonproximal (squares) and proximal
(circles) conditions of Experiment 2b. Enlarged symbols represent group
means.
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Experiment 2: Inverted
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Figure 10. Loadings for hits to old faces and false alarms to conjunction
and new faces on Factors 1 and 2 emerging from separate principal-
components analyses of the upright (top) and inverted (bottom) conditions
of Experiment 2. Loadings for old and conjunction (Conj) faces are from
the eight-presentations (8 �) condition only.
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Factor 2 showed a strong loading for hits (.85) and moderate
loadings in opposite directions for conjunction false alarms and
new-face false alarms (.32 and �.36, respectively). This result
replicated those of Experiments 1 and 2. As in these prior studies,
the subgroup analysis (see Figure 12, upper-right quadrant) reveals
that Factor 2 scores were strongly related not only to hits but also
to the conjunction effect (the conjunction/new difference in false-
alarm rates; compare filled squares and empty circles in Figure
12). Again, we quantified the latter relation by computing the
correlation between individual participants’ Factor 2 scores and the
conjunction/new difference in individual participants’ false-alarm
rates. As before, the correlation was robust, r(94) � .72, p � .01.

The most important new finding in Experiment 3 was that
Factor 2 showed a loading for FL false alarms (�.43) that was
similar to that for new-face false alarms (�.36) and was reversed
in sign from that for hits (.85) and conjunction false alarms (.32).
As a result, the Factor 2 groupings reveal a striking crisscrossed
pattern such that FL false-alarm rates exceeded conjunction false-
alarm rates among the lower Factor 2 participants, whereas the
reverse was true among higher Factor 2 participants (compare
empty circles with filled squares in Figure 12). Note in addition
that Factor 2 was quite strongly related to discrimination between

old and FL faces, as corroborated by a correlation of r(94) �.89,
p � .01, between individual participants’ Factor 2 scores and the
differences between individual participants’ hit rates for old faces
and false-alarm rates for FLs.7 This robust correlation contradicts
the notion that Factor 2 is a context-free familiarity component and
suggests that this factor is linked to context retrieval.

Experiment 4

Although the findings of Experiment 3 weigh against the hy-
pothesis that Factor 2 reflects context-free familiarity, they do so
only on the assumption that participants distinguished old and FL
faces on the basis of context retrieval. This assumption is plausi-
ble, but it is open to question on the grounds that old and FL items
may have differed somewhat in familiarity. On the one hand, old
faces might have been more familiar than FLs, because old items
were shown three times at study and FLs had been shown only one
time before (earlier in the test). On the other hand, old faces might
have been less familiar than FLs, because FLs were seen more
recently (9 to 12 items back vs. an average of 180 items back). In
either case, participants may have used familiarity information to
distinguish old faces from FLs, and, therefore, it might be argued
that, after all, Factor 2 reflects familiarity.

To obtain more definitive data, we sought to replicate the
findings of Experiment 3 in two conditions, one that allowed a
familiarity difference between old faces and FL items and one that
was designed to minimize any such difference. The FLs in Exper-
iment 4 were faces viewed in a familiarization set prior to the study
list (cf. Jacoby, 1999). This familiarization set was presented only
once to half of the participants (1 � -FL condition), but it was
presented three times to the others (3 � -FL condition). The study
list was presented three times to all participants. In both condi-

7 The correlation of Factor 2 scores with d�s for old/FL discrimination
was .87.
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Figure 11. Mean hit rates for old faces and false-alarm rates for conjunc-
tions (Conj.), new faces, and familiarized lures (FL) in Experiment 3 (top)
and in Experiment 4 (bottom). 1 � -FL and 3 � -FL refer to one versus
three presentations of the familiarization set in Experiment 4. Error bars
depict standard errors of the means. Prop. � proportion.

Table 5
Correlations Between Proportions of “Old” Judgments for Old,
Conjunction, New, and Familiarized Lure (FL) Items and
Loadings of Each Measure on Two (Unrotated) Factors
Identified by the Principal-Components Analysis (PCA) of
Experiment 3 and of Experiment 4

Measure/PCA
factor

Correlations (rs) between measures and with
factor loadings

Old Conjunction New FL

Experiment 3
Conjunction .50
New .05 .59
FL .05 .40 .65
Factor 1 �.42 �.85 �.85 �.76
Factor 2 .85 .32 �.36 �.43

Experiment 4
Conjunction .32
New �.01 .51
FL �.15 .24 .25
Factor 1 �.26 �.86 �.80 �.52
Factor 2 .87 .25 �.17 �.59
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tions, the recognition test included study-list faces and FLs, along
with conjunctions and entirely new faces.

Our thinking was that, in the 1 � -FL condition, the old/FL
discrimination might be based to some extent on familiarity dif-
ferences, as the FL items were shown only once before the test but
the old items were shown three times. In the 3 � -FL condition,
however, familiarity should be approximately the same for FL and
old items (both presented three times). Hence, we assumed that the
old/FL discrimination in the 3 � -FL condition would be based
primarily on context retrieval. To test this assumption, we planned
to examine receiver operating characteristics (ROCs) relating hits
and false alarms across five levels of criterion in each experimental
condition. Although ROCs usually have a curvilinear, convex
shape, Yonelinas (1997, 1999) found linear ROCs when recogni-
tion judgments were based on context retrieval. On the basis of this
work, we expected linear ROCs for hits versus FL false alarms in
the 3 � -FL condition, though not necessarily in the 1 � -FL
condition. The key question was whether Factor 2 would show a
robust correlation with old/FL discrimination not only in the 1 �

-FL condition (where familiarity might support discrimination to
some degree) but also in the 3 � -FL condition (where its contri-
bution should be minimal). A strong correlation in the 3 � -FL
condition would indicate that Factor 2 is linked to context retrieval.

Method

The 144 participants in Experiment 4 were recruited as in
Experiment 3. The design and procedure were similar as well,
except that (a) the study and test lists were shorter (64 and 128
faces, respectively, as opposed to 120 and 240, respectively, in
Experiment 3) and (b) the study list (plus one filler at the start and
one at the end) was preceded by a familiarization set of 32 faces.
The familiarization set was shown one time to half of the partic-
ipants (1 � -FL condition) and three times (in different random-
ized orders) to the remainder (3 � -FL condition). The familiar-
ization task in the 1 � -FL condition was to rate faces for
trustworthiness, and the task in the 3 � -FL condition was to rate
the faces for trustworthiness during the first presentation, attrac-
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Figure 12. A: Loadings for hits to old faces and false alarms to conjunctions (Conj.), new faces, and
familiarized lures (FL) on Factors 1 and 2 emerging from the principal-components analyses of Experiment 3
(top) and Experiment 4 (bottom). B: Hit rates for old faces and false-alarm rates for conjunctions, new faces, and
familiarized lures in eight subsets of participants in Experiment 3 (top) and in Experiment 4 (bottom), grouped
by Factor 1 scores (left) and Factor 2 scores (right).
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tiveness during the second presentation, and intelligence during the
third presentation. The study list was presented three times to all
participants (in a different sequential order each time), and the task
was simply to study the faces (as in Experiment 3). The subsequent
test included 32 faces of each of four types (old, conjunction, new,
and FL), presented in a randomized order. Participants were asked
to judge whether each test face was or was not from the study list,
according to a six-point confidence scale.

Results and Discussion

Hit and false-alarm rates. The lower panel of Figure 11 dis-
plays the hit rates for old faces and the false-alarm rates for
conjunction, new, and FL faces in the 1 � -FL and 3 � -FL
conditions. As in Experiment 3, hits were generally more frequent
than false alarms, but false alarms were more frequent in response
to conjunctions and FLs than in response to entirely new faces. The
findings were similar in the 1 � -FL and 3 � -FL conditions, but
note that the 3 � -FL condition produced slightly lower hit rates
for old faces and slightly higher false-alarm rates for FLs. The
pattern suggests that, when the familiarity difference between old
faces and FLs was minimized, discrimination between the two
item types was slightly impaired. To test this observation, we
computed d� scores for discrimination between old faces and each
of the other item types. Old/FL discrimination was reliably higher
in the 1 � -FL condition than in the 3 � -FL condition (mean
d�s � 1.24 and 0.69, SDs � 0.90 and 1.13, respectively), F(1,
42) � 10.3, MSE � 1.05, p � .01. By contrast, old/conjunction
discrimination and old/new discrimination were not reliably af-
fected by experimental condition.

Converging evidence that the familiarity difference between old
and FL faces was minimized in the 3 � -FL condition comes from
a ROC analysis. Using each participant’s recognition-confidence
ratings, we computed hit rates for old faces, false-alarm rates for
conjunctions, and false-alarm rates for FLs at each of five criterion
levels; we used the means across participants to plot ROC curves
for old/conjunction discrimination and for old/FL discrimination in
the 1 � -FL and 3 � -FL conditions. As shown in Figure 13,
old/FL discrimination in the 3 � -FL condition was associated
with a linear ROC; this association suggests that such discrimina-
tion was based largely on recollection (context retrieval). By
contrast, ROCs for old/FL discrimination in the 1 � -FL condition
and for old/conjunction discrimination in both 1 � -FL and 3 �
-FL conditions were curvilinear; this indicates that familiarity
played at least a partial role.

To quantitatively evaluate these findings, we compared the fit of
the four group-level ROCs for two different two-parameter mod-
els, one assuming that familiarity is the sole basis of performance
and a second assuming that only recollection is involved. The
familiarity-only model estimated parameters for d� and the ratio of
the target and lure distribution variance, whereas the recollection-
only model estimated parameters for recollection-based accep-
tance of targets and recollection-based rejection of lures (see
Yonelinas & Parks, 2006, for the Excel-based model-fitting pro-
gram). The familiarity-only model produced a better fit than did
the recollection-only model for old/FL discrimination in the 1 �
-FL condition (sum of squared errors [SSE] � .00004 vs. .002) and
for old/conjunction discrimination in the 1 � -FL condition
(SSE � .00007 vs. .002) and in the 3 � -FL condition (SSE �

.0001 vs. .002). By contrast, the recollection-only model produced
a better fit for old/FL discrimination in the 3 � -FL condition
(SSE � .00003 vs. .006). This suggests that recollection was a
major basis of performance in that condition.

We also fitted the data to a three-parameter dual-process model
that provided estimates of recollection-based acceptance,
recollection-based rejection, and familiarity (d�). The fits to the
three-parameter model were good (SSE � .00001 and.000005 for
old/FL discrimination in the 3 � -FL and 1 � -FL conditions and
SSE � .003 and .00008 for old/conjunction discrimination in the
3 � F and 1 � F conditions), and the parameter estimations were
in line with expectations. For old-FL discrimination in the 1 � -FL
condition and old-conjunction discrimination in the 3 � -FL and
1 � -FL conditions, the d� estimates were 0.79, 0.65, and 0.91,
respectively. The recollection–acceptance estimates were 0.29,
0.22, and 0.13, respectively, and the recollection–rejection esti-
mates were essentially null (0.005 or less). By contrast, for old-FL
discrimination in the 3 � -FL condition, the familiarity estimate
was near 0 (and numerically negative, d� � �0.10), whereas both
recollection estimates were substantial (0.21 for recollection–
acceptance and 0.30 for recollection–rejection). Because averaging
artifacts can affect group-level ROCs, we fitted the dual-process
model to the old-FL data from each participant who showed at
least a 4-point old-FL ROC and above-chance old-FL discrimina-
tion (ns � 42 and 54 for the 3 � -FL and 1 � -FL conditions,
respectively). The estimates of d�, recollection–acceptance, and
recollection–rejection averaged 0.31, 0.36, and 0.14, respectively,
in the 1 � -FL condition and �.18, 26, and.36, respectively, in the
3 � -FL condition (the SSE values averaged .002 in both cases).
All parameters were reliably greater than 0 ( ps � .000001 by t
test) except for the d� parameter in the 3 � -FL condition, which
was numerically negative (M � �0.18) and not different from 0,
t(41) � 1.28, p � .20.

PCA. The lower half of Table 5 displays the intercorrelations
among the hit-rate and false-alarm-rate measures along with the
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Figure 13. Receiver operating characteristics (ROCs) for discrimination
between old faces and familiarized lures (Old-FL) and between old faces
and conjunctions (Old-Conj.) for participants who viewed the familiariza-
tion set one time (1 � -FL) or three times (3 � -FL) in Experiment 4. The
ROC for Old-FL discrimination approximates a straight line in the 3 � -FL
condition.
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factor loadings of each measure on the first two components
emerging from the PCA (eigenvalues � 1.71 and 1.19, respec-
tively). The lower-left quadrant of Figure 12 displays the factor
loadings, and the lower-right quadrant displays hit and false-alarm
rates for eight subgroups of 18 participants each, sorted by their
Factor 1 and 2 scores. The pattern is similar to that of Experiment
3, although floor effects appear to have weakened the relation
between Factor 2 scores and the conjunction effect. Again, we
quantified this relation by computing the correlation between
individual participants’ Factor 2 scores and the conjunction/new
difference in individual participants’ false-alarm rates. The corre-
lation was reliable, r(142) � .40, p � .01, albeit weaker than in
Experiment 3 (where r � .72).

The most important finding here is that Experiment 4 replicated
the negative relation between Factor 2 scores and FL false alarms
and did so in the 3 � -FL condition as well as in the 1 � -FL
condition. As shown in Figure 14, separate PCAs of the 1 � -FL
condition and the 3 � -FL condition (n � 72 in each case)
produced highly similar two-component outcomes (eigenvalues of
1.94 and 1.23 for Factors 1 and 2, respectively, in the 1 � -FL
condition and of 1.60 and 1.10, respectively, in the 3 � -FL
condition). Both PCAs produced the crisscrossed relation between
conjunction false alarms and FL false alarms across the Factor 2
groups (see right side of upper-right and lower-right graphs in
Figure 14). Further, in both conditions there was a strong corre-
lation between Factor 2 scores and old/FL discrimination. Across
the 72 participants in each condition, the correlation of Factor 2
scores with the old/FL difference in “old” judgments was .90 in the
1 � -FL condition and .91 in the 3 � -FL condition.8

In summary, Experiment 4 replicated the two-component out-
come obtained in prior experiments. The key new finding was that
old/FL discrimination in the 3 � -FL condition showed a linear
ROC that was well fit by a recollection-only model that con-
strained familiarity to be 0 as well as by a recollection-plus-
familiarity model that estimated familiarity to be close to 0. In light
of this finding, the strong correlations between Factor 2 scores and
old/FL discrimination in the 3 � -FL condition show that Factor
2—our hit-rate (and conjunction-effect) component—is strongly
linked to context retrieval.

General Discussion

Two Components of Facial Recognition Memory

The present research provides strong evidence that face recog-
nition relies on two distinct processing components, one that is
related to false recognition and another that is linked to correct
recognition as well as to a false memory phenomenon known as
the conjunction effect. Experiments 1 through 4 and the Searcy et
al. (1999) study differed from each other in several respects,
including age range of participants, stimulus materials, list length,
and experimental design. Yet, PCAs of all five data sets consis-
tently returned a two-component outcome, with the two compo-
nents accounting for at least 58% of the variance in the recognition
performance.

The first component (Factor 1) accounted for 36% to 55% of the
variance across the data sets, and it was strongly related to false-
alarm errors in response to conjunctions as well as new faces.
Factor 1 loadings for these two lure types were virtually identical

in our reanalysis of the Searcy et al. (1999) data (�.79 and �.80,
respectively), in Experiment 1 (�.85 and �.86, respectively), in
Experiment 3 (�.85 and �.85, respectively), and in Experiment 4
(�.86 and �.80, respectively). Perhaps most strikingly, Factor 1
loadings in Experiment 2 were �.75, �.77, and �.77 for new
faces, conjunctions in the one-presentation (1�-conjunction) con-
dition, and conjunctions in the eight-presentations (8�-
conjunction) condition, respectively. This invariance in loadings
occurred despite large differences in average false-alarm rates
among the three item types (Ms � 0.18, 0.35, and 0.46, respec-
tively; see Table 3). In Experiments 3 and 4, we included FLs,
which were falsely recognized approximately as often as were
conjunctions. Factor 1 loadings for FL false alarms were �.76 and
�.52 in these two experiments. Although these loadings were
somewhat weaker than the loadings for conjunctions and new
faces, the data are largely in line with our conclusion that Factor 1
is linked to false alarms.

Underscoring this conclusion, Factor 1 loadings for hits were
extremely low in the Searcy et al. (1999) data (.01), in Experiment
1 (.02), with eight-times presented (8�-old) items in Experiment 2
(.14), and in Experiment 4 (�.26). The loadings for hits were
somewhat stronger for the poorly learned, once-presented (1�-
old) items in Experiment 2 (�.39) and in Experiment 3, in which
the study list and recognition test were extremely long (�.42).
Presumably, when learning is low and/or forgetting is high, Factor
1 might degenerate into a pure criterion factor, as the moderate
loadings for hits in the same direction as false alarms suggest.

The second component emerging from the PCAs was also
substantial, accounting for 22% to 39% of the variance across the
five data sets. Our suggestion that this component is related to hits
was consistently supported: The loadings of hit rates on Factor 2
were .85 or higher except in the case of the poorly learned
once-presented (1�-old) items in Experiment 2, for which the
hit-rate loading was .47.

Factor 2 was related not only to hits but also to conjunction false
alarms and new-face false alarms, though in opposite directions.
Although these false-alarm loadings were moderate in size, their
sign reversals for the two lure types produced an interesting effect:
Factor 2 scores were consistently related to the conjunction effect.
The Factor 2/conjunction-effect correlation was .65 in the Searcy
et al. (1999) data and .64, .49, .72, and .40 in Experiments 1
through 4, respectively. Though not as strong as the hit-rate
loadings, these correlations were substantial and statistically reli-
able. Further, the relatively low correlation of .40 in Experiment 4
can be attributed to a floor effect on new-face false alarms.

The Rapcsak et al. (1999) Model and Alternative
Conceptions of the Two Components

Our PCAs supported the existence of two separable components
that we have referred to, for convenience, as a false-alarm-rate
component and a hit-rate component. It is critical, however, to
move beyond mere labeling to characterize these components in
terms of theory. We began this research with the hypothesis that
the two components emerging from our PCAs reflected the con-

8 The corresponding correlations of Factor 2 scores with d�s for old/FL
discrimination were .92 and .87, respectively.
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tributions of the frontal and occipitotemporal components of Rapc-
sak et al.’s (1999) neuropsychological model of face recognition
memory (see Figure 1). The hypothesis has fared well, as the PCA
findings suggest a component that—like Rapcsak et al.’s (1999)
“frontal executive” component—serves to reduce false alarms.
These findings also suggest another component that—like Rapcsak
et al.’s occipitotemporal “face recognition module”—works to
increase hits. We find it impressive that our first component was
related to false-alarm errors with three different types of lure
(conjunctions, FLs, and new faces). Because it is unlikely that all
three types of lure were rejected through the same process, this
outcome suggests that the component reflects control of false-
alarm errors through a number of different processes, as does the
frontal executive component in the Rapcsak et al. (1999) model.
That Factor 1 approximated a criterion factor under conditions of
low learning and high interference is also consistent with the

model. According to the model, the setting of recognition criteria
is one way that the frontal executive component works to limit
false alarms. In conditions of low learning and/or high interfer-
ence, it may be the most important way.

The Rapcsak et al. (1999) model also captures our finding that
the hit-rate component was related not only to hits but also to
conjunction false alarms and FL false alarms in opposite direc-
tions. A core claim of the model is that the occipitotemporal
component—the face recognition module—can trigger bottom-up
retrieval of contextual information. Such information is likely to be
helpful in accepting old test items and also in rejecting FL items
(which were encountered outside of the study-list context) but not
in rejecting conjunctions (whose parents were encountered within
the study-list context). Thus, a face recognition component that
triggers bottom-up retrieval of contextual information provides an
unforced explanation of why Factor 2 showed a strong positive
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Figure 14. A: Loadings for hits to old faces and false alarms to conjunctions (Conj.), new faces, and
familiarized lures (FL) on Factors 1 and 2 emerging from separate principal-components analyses of the one-time
familiarization (1 � -FL, top) and three-times familiarization (3 � -FL, bottom) conditions of Experiment 4. B:
Hit rates for old faces and false-alarm rates for conjunctions, new faces, and familiarized lures in six subsets of
participants in the 1 � -FL (top) and 3 � -FL (bottom) conditions of Experiment 4, grouped by Factor 1 scores
(left) and Factor 2 scores (right).
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relation to hits, a negative relation to FL false alarms, and a
positive relation to conjunction false alarms.

Three alternative characterizations of our two PCA components
were considered in the course of this research. One characteriza-
tion was that these two components reflect discrimination and
criterion, as these concepts are defined in signal detection theory.
However, contrary to this view, Experiment 1 revealed that each
component was related to both aspects of performance. Another
characterization was that one of our components reflected config-
ural processing whereas the other reflected featural processing. On
the basis of much evidence that inversion impairs configural
processing more than featural processing (for a review, see Bartlett
et al., 2003), this hypothesis predicts that one of our components
should be weakened by inversion more than the other. However,
contrary to this hypothesis, we found that neither component was
exclusively sensitive to facial orientation and that both compo-
nents emerged from recognition of inverted faces. Still a third
characterization that we considered was that our two PCA com-
ponents reflected the familiarity–recollection distinction in dual-
process theories of recognition memory (Jacoby, 1991, 1999), with
Factor 2 reflecting context-free familiarity and Factor 1 reflecting
recollection (i.e., the use of recollection to control false alarms).
The hypothesis predicts that Factor 2 should show strong and
same-direction loadings for (a) correct recognitions of study-list
faces (hits) and (b) false recognitions of FLs. Contrary to the
prediction, Factor 2 produced strong and reversed-sign loadings
for hits and FL false alarms, and Factor 2 scores were strongly
correlated with measures of old/FL discrimination (rs � .90), even
in conditions that minimized the contribution of familiarity to such
discrimination (i.e., in the 3 � -FL condition of Experiment 4). We
did not directly test the notion that Factor 1 is a recollection–
rejection component. However, recollection–rejection of facial
conjunctions appears to be minimal, even in conditions designed to
maximize its occurrence (Jones & Bartlett, 2009).

Apart from the hypotheses that we initially considered, several
additional conceptions might be applied to our data and deserve
consideration. One of these is fuzzy trace theory (Brainerd &
Reyna, 2005), an account that distinguishes verbatim representa-
tions of perceptual information from gist representations of mean-
ing. Brainerd and Reyna (2005) proposed that gist representations
for faces contain categorical information pertaining to race, gen-
der, and general body build. They did not specify the nature of
“verbatim” representations of faces, but presumably these contain
highly detailed information about facial features and configuration,
as well as item-specific episodic information. If we accept this
characterization, fuzzy trace theory nicely handles our finding that
Factor 1 (the verbatim component?) was linked to discrimination
between old faces and three different types of lure (conjunctions,
new faces, and FLs). The theory is also in line with the finding that
Factor 2 (the gist component?) was positively related to the false
recognition of conjunction items because, presumably, conjunc-
tions match well with gist information. Despite its strengths,
however, the theory requires elaboration to explain why Factor 2
was negatively related to false recognition of FLs. In addition, a
key claim of fuzzy trace theory is that fuzzy and verbatim traces
work together to support correct recognitions. Thus, without elab-
oration, the theory does not explain why only one of our compo-
nents showed strong loadings for hits.

Another relevant theoretical conception distinguishes post-
retrieval monitoring from the initial process—whatever its na-
ture—that underlies the retrieval or activation of memories in
response to a cue (Moscovitch, 1994Odegard & Lampinen, 2006;
Roediger & McDermott, 2000; Schacter, 2001). Post-retrieval
monitoring is viewed as important for reducing false alarms
through assessments of (a) the distinctiveness of the retrieved
information (e.g., Dodson & Schacter, 2002), (b) information
specifying its context or source (e.g., Roediger & McDermott,
2000), or (c) the goodness or completeness of match between a test
cue and a memory trace (Reder, Wible, & Martin, 1986). The idea
is similar to the Rapcsak et al. (1999) conception that a frontal
executive component performs such monitoring (along with other
functions). Yet, like the dual-process and fuzzy-trace hypotheses,
it does not explain why Factor 2 showed opposite-direction load-
ings for false recognitions of conjunctions and FLs. Our applica-
tion of the Rapcsak et al. (1999) model is preferred in this regard,
as it provides a simple, unforced explanation of why the hit-rate
component should be positively correlated with false recognitions
of conjunctions and yet negatively correlated with false recogni-
tions of FLs.

A final hypothesis we consider is the inhibitory deficit theory of
Hasher, Zacks, and their associates (Hasher & Zacks, 1988; Lustig,
Hasher, & Zacks, 2007). These researchers argued that inhibition
reflects “the ability to limit activation to information most relevant
to one’s goals” (Lustig et al., 2007, p. 146). They distinguished
inhibition from activation and argued that inhibition is the stron-
gest source of individual differences in cognitive tasks.

From the perspective of inhibitory deficit theory, it is tempting
to link our false-alarm-rate component with inhibition and our
hit-rate (and conjunction-effect) component with activation. If
these connections are made, the theory nicely handles the finding
that hits showed a strong positive loading on only one of our
components. Second, because inhibition is a larger source of
individual differences than is activation, the theory predicts that
Factor 1—our false-alarm-rate component—not only should exist
but should also account for more variance than does Factor 2 (our
hit-rate component). None of the other aforementioned theories
make this prediction, and yet it was supported in all five data sets
considered in this report. These strengths notwithstanding, the
theory must be elaborated if it is to explain why the hit-rate
component was positively correlated with false recognitions of
conjunctions and yet negatively correlated with false recognitions
of FLs, a finding neatly captured by our application of the Rapcsak
et al. (1999) model.

In arguing for the Rapcsak et al. (1999) model as a framework
for our findings, we are not claiming that it is superior in other
respects to the various alternatives we have considered. Our point
is more narrow: The Rapcsak et al. model appears to handle
individual differences in recognition of faces better than do the
alternatives. This is no mean achievement, but it is not everything.
Consider our conclusion that neither of our factors reflects the
process of familiarity posited by dual-process theories. Although
our data strongly support this conclusion, they do not rule out a
familiarity process, and in fact the Rapcsak et al. model includes a
familiarity component (resemblance). A reasonable idea, quite
consistent with our data, is that familiarity is real and important but
that it does differ much across healthy individuals.

17TRUE AND FALSE FACE RECOGNITION

tapraid5/zfv-xlm/zfv-xlm/zfv00509/zfv2331d09z xppws S�1 6/5/09 13:23 Art: 2008-1092



AP
A 

PR
O

O
FS

Generality of the Two Components

An issue attending face processing research is whether the
findings and relevant models are specific to faces. In the Rapcsak
et al. (1999) model, the characterization of the occipitotemporal
component as a “face recognition module” implies it is specific to
faces (see Fodor, 1983, for discussion of modules). Further, McK-
one and Peh (2006) have argued that general memory theories
(which they call “memory-only” theories) do not work well with
faces, as, for example, these conceptions do not explain why facial
inversion impairs face recognition accuracy. In support of their
argument, McKone and Peh reported two studies using the con-
junction paradigm that showed that inversion impaired discrimi-
nation between old faces and conjunctions, a finding we have also
reported (Bartlett et al., 2003) and replicated here in Experiments
1 and 2.

Although facial inversion has effects that are not handled by
general memory theories, it is important to consider certain qual-
itative similarities in recognition memory for upright and inverted
faces. Inversion reduced discrimination between old faces and
conjunctions, but it left the basic conjunction effect—the conjunc-
tion/new difference in false-alarm errors—largely unaffected (both
here and in McKone & Peh, 2006). Moreover, the effects of
presentation frequency on conjunction false alarms were impres-
sively similar for upright and inverted faces in Experiment 2 (see
Table 3). Finally, our success in replicating the dual-component
outcome of our PCAs with inverted faces (see Figure 10) is
another instance of a qualitative similarity, and it suggests that our
dual components might generalize across stimulus domains.

Further evidence that the dual-component outcome has impres-
sive generality comes from an experiment by Rubin, Van Petten,
Glisky, and Newberg (1999). Their young and senior participants
received a study list of disyllabic words followed by a test includ-
ing old and new words, together with conjunctions (each combin-
ing the first syllable of one study-list word with the second syllable
of another) and “syllable” lures (each combining one old syllable
with one new syllable). The senior participants also took two
neuropsychological test batteries, one for frontal function and the
other for temporal lobe function. The upper graphs of Figure 15
compare the high and low performers on the frontal battery (upper-
left graph) and the high and low performers on the temporal lobe
battery (upper-right graph). Note that the frontal scores were
related primarily to false-alarm errors whereas, by contrast, the
temporal-lobe scores were related to hits as well as to the con-
junction/new difference in false alarms (false-alarm rates for syl-
lable lures fell between those for conjunctions and for entirely new
items). For comparison, we have included data from our reanalysis
of the Searcy et al. (1999) face recognition study in the lower
graphs of Figure 15. These graphs compare participants with
above- and below-average Factor 1 scores (lower-left graph) and
above- and below-average Factor 2 scores (lower-right graph).
These are the same data shown in Figure 4, except that we have
divided the participants into two groups instead of six. Despite a
difference between studies in the overall level of conjunction false
alarms, Factor 1 is related to face recognition in the same way that
frontal-test performance was related to word recognition perfor-
mance in Rubin et al. (1999). Similarly, Factor 2 is related to face
recognition in the same way that performace on the temporal-lobe
test was related to word recognition.

A second relevant study by Stark and Squire (2003) compared
patients who had suffered hippocampal damage with healthy con-
trols in the conjunction paradigm. All participants performed five
recognition memory tasks with five different types of stimuli:
disyllabic words, compound words, word pairs, object pairs, and
face–house pairs. In each task, a study list was followed by a
recognition test that included old items, conjunctions, and entirely
new items (it also included feature lures, each composed of one old
and one new part). As shown in Figure 16, the controls greatly
exceeded the patients in hit rates to old items, and they also
showed a stronger conjunction/new difference in false-alarm
errors.9 The pattern is similar to the one we obtained when we
divided the participants in Experiment 2 (or any other of our
experiments) into high versus low Factor 2 groups (see lower-right
graph in Figure 16). We believe our analyses of these previously
reported studies support the contention that the dual-component
outcome of our PCAs reflects general frontal and medial temporal
lobe (MTL) components that are not restricted to faces.

In light of qualitative similarities between recognition of upright
faces and recognition of other stimulus types, it would appear ill
advised to develop theories of face recognition without consider-
ation of how general memory processes might be involved. Rather,
we should attempt to identify and characterize those components
of face recognition memory that are domain specific (used only
with faces) or domain-related (relatively more important with
faces than with other stimuli) and to explore how these compo-
nents interact with general memory processes. A proposed elabo-
ration of the Rapcsak et al. (1999) model (see Figure 17) takes a
step in this direction.

A Proposed Modification of the Rapcsak et al. Model

Our modification of the Rapcsak et al. (1999) model derives
from recent evidence that recognition memory for upright faces is
based on both configural and featural information (though the
former appears to be more important in many situations; see
Bartlett & Searcy, 1993; Bartlett et al., 2003; Cabeza & Kato,
2000; McKone et al., 2007; Moscovitch, Winocur, & Behrmann,
1997; Sergent, 1984) and that configural face processing involves
(at least) two occipitotemporal regions (Rossion et al., 2003;
Schiltz & Rossion, 2006) that are distinguishable from the MTL
structures that are known to be critical for recognition memory
with a range of different stimuli and that collectively support both
resemblance (familiarity) and recollection (Eichenbaum, Yoneli-
nas, & Ranganath, 2007; Mayes, Montaldi, & Migo, 2007; Squire,
Stark, & Clark, 2004). Controversy swirls as to whether the pro-
cessing of upright faces is performed by a prewired module or is
linked to expertise and also as to whether resemblance and recol-
lection involve separate or overlapping MTL structures. Nonethe-
less, there is sufficient consensus on these points for us to consider
updating the Rapcsak et al. (1999) model, as shown in Figure 17.

The core idea of this modified model is that face recognition
involves (a) part-based processing that can support recognition of
upright faces as well as objects and inverted faces and (b) holistic/
configural processing that can support recognition of upright faces
much more than recognition of objects and inverted faces (see

9 The hit rates in the Stark and Squire (2003) experiments were esti-
mated from false-alarm rates and d� values reported in the article.
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Bartlett et al., 2003; McKone, Martini, & Nakayama, 2003;
Tanaka & Farah, 2003). In a recognition test, part-based process-
ing signals part-based resemblance, which is considerably higher
for conjunctions (as they are composed of old parts) than for new
faces. By contrast, holistic/configural processing signals config-
ural resemblance, and this is assumed to be generally much higher
for old faces (as they are exact copies of study-list faces) than for
conjunctions and new faces. Resemblance signals from both com-
ponents are sent to the MTL memory component, which computes
overall resemblance strength and can trigger bottom-up retrieval of
contextual information. We assume that both resemblance strength
and bottom-up retrieval of context are greater for old faces than for
conjunctions (largely due to holistic/configural processing) and are

greater for conjunctions than for new faces (largely due to part-
based processing).

The output of the MTL memory component—resemblance sig-
nals and contextual information—is monitored by the frontal ex-
ecutive component (FEC). The FEC can operate either in an
automatic, bottom-up mode or in a controlled, top-down mode. In
the bottom-up mode (signified by the upward-pointing arrows in
Figure 17), the FEC derives a value of “memory strength” as a
cumulative function of both bottom-up inputs from MTL (the
upward-pointing arrows to the FEC in Figure 17). In the top-down
mode (see downward-pointing arrows), the FEC works to reduce
false alarms by (a) checking the extent to which the resemblance
signal reflects configural resemblance versus part-based resem-
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Figure 15. The upper graph shows hit rates for old items and false-alarm rates for conjunction (Conj.), syllable
(Syl.), and new items for senior participants scoring high versus low on frontal (FR; left) and medial-temporal
(MT; right) test batteries in the Rubin et al. (1999) verbal recognition memory study. The lower graph shows hit
rates for old faces and false-alarm rates for conjunction and new faces for participants who had high versus low
Factor 1 (left) and Factor 2 (right) scores in the Searcy et al. (1999) study.
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blance (see arrow A in Figure 17) and (b) examining contextual/
associative information for evidence that the various parts of a face
were encountered together (i.e., in the same context; see arrow B
in the figure).

We propose that the hit-rate (and conjunction-effect) component
emerging from these studies reflects primarily the amount of
contextual/associative information retrieved in the bottom-up
mode (though it may reflect resemblance information to some
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Figure 16. Hit rates for old items and false-alarm rates for old, conjunction (Conj.), feature (Feat.), and new
items for hippocampally damaged (Hippo), and control (Ctrl) participants in the five experiments reported by
Stark and Squire (2003), along with hit rates for old faces and false-alarm rates for conjunction and new faces
for high- and low-Factor-2 participants in Experiment 1. Error bars depict standard errors of the means.
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extent). We further propose that the false-alarm-rate component
reflects the extent of top-down analysis of resemblance informa-
tion and contextual/associative information in making recognition
judgments. Participants who are strongest on this second com-
ponent follow a decision strategy whereby “old” judgments are
reserved for faces that (a) produce strong configural resem-
blance relative to part-based resemblance and (b) evoke re-
trieval of contextual/associative information specifying that
various parts of a face were studied close together in time. By
this modified model, one effect of facial inversion is to reduce
memory strength for old faces relative to that for conjunctions
and new faces. This will cause inversion to reduce hit rates if
participants are functioning in the bottom-up mode. A second
effect is to disable the top-down configural-match test, which
can aid lure rejection in the top-down mode. This will cause
inversion to increase false alarms if participants are functioning
in the top-down mode.

We believe that these assumptions may explain why inversion
had its variable effects, decreasing hits (and decreasing Factor 2
scores) in the proximal condition of Experiment 2b and increasing
false alarms (and reducing Factor 1 scores) in the nonproximal
condition of Experiment 2b, in Experiment 2a, and in Experiment
1. By this account, participants in the proximal condition relied
primarily on the bottom-up mode, possibly because the top-down
contextual/associative test was useless for rejecting conjunctions
in that condition (in which conjunctions’ parents had been studied
close together).

Independence of the Two Components

After perusing our data, colleagues have questioned whether it
is plausible that a MTL component and a FEC would be truly

orthogonal, as our PCAs suggest. Is not it likely that two such
components would interact with each other and therefore would
be correlated? Our first response to this question is that two such
components almost certainly interact, but this does not mean the
corresponding individual differences are correlated. An analogy
might be drawn to how a modern car’s engine interacts with its
automatic transmission. An increase or decrease in RPMs will
cause a gear change, and, likewise, a change of gears can affect
RPMs. However, this does not mean that there must a correlation
between the engine horsepower and number of gears across a set
of cars.

Our second response is based on a hierarchical factor analysis
that we performed on the data from all five data sets. Hierarchical
factor analysis (Wherry, 1984) derives oblique factors by identi-
fying clusters of the stronger loadings emerging from a PCA and
rotating the axes in the factor space to go through these clusters. It
then computes the correlations among these oblique factors and the
original, primary, factors. Finally, it derives a general factor by
performing a PCA on the correlation matrix of oblique factors and
primary factors. Hence, the technique provides a quantitative as-
sessment of the orthogonality of the factors and also assesses the
importance of any higher order factor that might explain variance
not accounted for by the primary factors.

In the case of Experiment 4, the two oblique factors were
essentially uncorrelated with each other (r � –.06), and each was
almost perfectly correlated (r � .97) with one of the primary
factors. Further, the general factor had only very weak loadings
(.28 or less) on the dependent measures (hits to old items and false
alarms to conjunction, new, and FL faces). In sum, the analysis did
not identify oblique factors that differed from the primary (orthog-
onal) factors, and it failed to identify a general factor with sub-
stantial loadings on our dependent measures. Essentially the same
outcome was obtained from the data of Searcy et al. (1999), and
Experiments 1 and 2. In Experiment 3, there was some suggestion
of oblique factors that were slightly correlated with each other (r �
.36) and that were less than perfectly correlated with the primary
factors (rs � .80). Further, the general factor had same-direction
loadings of .45 to .66 on the four dependent measures. This is in
accordance with our prior conclusion that, due to the lengthy study
list and recognition test, Factor 1 approximated a criterion factor in
that experiment. In general, the hierarchical factor analyses did not
suggest any substantive modification of the conclusions we drew
from the original PCAs.

Broader Implications

We close by discussing three implications of the dual-
component view of face recognition supported in this article. A
first implication is that a model emerging from neuropsychological
studies of patients with brain injuries was supported by individual
difference research. This implication is important, because many
types of brain damage might produce deficits that are dissociable
from each other but have no bearing on those processes that vary
independently among healthy adults. The present data stand as
evidence that components such as those in the Rapcsak et al.
(1999) model vary independently among healthy adults, and re-
search should examine why this is the case.

A second implication concerns an interesting commonality be-
tween the Rapcsak et al. (1999) model we have favored in this
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Processing (Upright > 
Inverted Faces) 
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sing (Upright & Inverted 
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Medial-Temporal
Lobe Component 
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Contextual/ 
Associative
Information 
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Figure 17. A modified model of face recognition, based on Rapcsak et al.
(1999), with upward-pointing arrows representing bottom-up perceptual
and retrieval processes and downward-pointing arrows representing con-
trolled, top-down processes of (A) careful analysis of resemblance infor-
mation, and (B) careful analysis of contextual/associative information (the
latter includes biographic information in the case of well-known faces).
The broken arrow from “resemblance information” to the frontal executive
component reflects the assumption that resemblance information is
weighed less heavily than contextual/associative information in bottom-up
recognition.
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article and inhibitory deficit theory (e.g., Lustig et al., 2007). Both
of these models propose a component of cognition that does not
represent a single process but rather a set of correlated processes
that serve a common function. The frontal executive system of
Rapcsak et al. (1999) has the function of controlling false alarms
through criterion setting, source monitoring, and strategic search
(we have proposed configural-match testing as well). In the inhib-
itory deficit theory, inhibition works to limit activation through
controlling the focus of attention, deleting irrelevant information
from working memory, and suppressing inappropriate responses.
The delineated processes are presumably dissociable, but nonethe-
less they are correlated with each other. Rapcsak et al. (1999)
characterized their frontal component as a “system,” and by some
definitions, it qualifies as such. Tulving (1985), for example,
characterized a system as “a set of correlated processes” (p. 386).
By other definitions, it probably does not (Schacter, Wagner, &
Buckner, 2000). In any case, there appears to be a place in
contemporary theory for constructs that pertain to sets of corre-
lated processes that serve a common function, whether they qualify
as systems or not (see also Friedman et al., in press).

A third implication is more practical than others and is more
specific to the problem of face recognition: Dimensions of differ-
ence among healthy persons—such as those identified by our
Factors 1 and 2—suggest targets for training and other interven-
tions to improve face recognition. False recognitions of faces are
a major problem in eyewitness testimony, and so it is important to
examine whether our first component generalizes to the lineup task
and, if so, to determine whether regimens might be devised to help
low-Factor-1 eyewitnesses avoid false identifications. Indeed, our
PCA results may aid in understanding the variable effects of
sequential presentation found in the lineup task.
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