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Abstract Using naturalistic scenes, we recently demon-
strated that confidence–accuracy relations differ depending
on whether recognition responses are based on memory for
a specific feature or instead on general familiarity: When
confidence is controlled for, accuracy is higher for
familiarity-based than for feature-based responses. In the
present experiment, we show that these results generalize
to face recognition. Subjects studied photographs of scenes
and faces presented for varying brief durations and received
a recognition test on which they (1) indicated whether each
picture was old or new, (2) rated their confidence in their
response, and (3) indicated whether their response was
based on memory for a feature or on general familiarity.
For both stimulus types, subjects were more accurate and
more confident for their feature-based than for their
familiarity-based responses. However, when confidence
was held constant, accuracy was higher for familiarity-
based than for feature-based responses. These results dem-
onstrate an important similarity between face and scene
recognition and show that for both types of stimuli, confi-
dence and accuracy are based on different information.
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Although confidence and accuracy tend to be correlated in
recognition memory experiments, the relation is far from
perfect. One reason why confidence is not always a good
predictor of accuracy is that confidence and accuracy are not
always based on the same underlying information. For in-
stance, there is good evidence that metacognitive assump-
tions sometimes influence confidence in ways that are
unrelated to accuracy; for instance, Busey, Tunnicliff,
Loftus, and Loftus (2000) found that increasing the lumi-
nance of test items in a recognition experiment produced an
increase in recognition confidence but no corresponding
accuracy increase. The likely reason is that increasing lumi-
nance caused the items to become more salient, and subjects
assumed that salient items were more likely to be correctly
remembered.

Reinitz, Peria, Séguin, and Loftus (2011) specifically
tested the proposal that accuracy and confidence are based
in part on different underlying informational components.
Many previous studies have shown that recognition
responses are sometimes based on memory for a visual
feature, and sometimes on general familiarity. Feature-
based responses tend to be more accurate that familiarity-
based responses (e.g., Loftus & Bell, 1975; Loftus &
Kallman, 1979; Yonelinas, 2002); however, none of these
earlier authors measured recognition confidence. Using nat-
uralistic scenes, Reinitz et al. (2011) mapped out the confi-
dence–accuracy relations for feature-based and familiarity-
based memories. Subjects saw pictures of scenes presented
at six different brief durations and then received a recogni-
tion test containing equal numbers of old and new pictures.
Subjects indicated whether each test picture was old or new,
rated their confidence on a 4-point scale, and indicated
whether their response was based on recognition of a feature
or on general familiarity. This allowed us to separately
measure confidence and accuracy as functions of exposure
duration for feature-based and familiarity-based responses,
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which, in turn, allowed us to produce confidence–accuracy
scatterplots, with one point corresponding to each of the 12
response type–duration conditions. Figure 1 includes an
example of such a plot, using the natural-scene data from
Reinitz et al. (2011). As with all other graphs in this article,
up-facing, solid triangles indicate feature-based responses,
while down-facing, open triangles indicate familiarity-based
responses. The top and middle panels show accuracy and
confidence, respectively, plotted as functions of exposure
duration. As can be seen, accuracy and confidence are
higher across all exposure durations for feature-based than
for familiarity-based memories. The data from the top and
middle panels are combined in the bottom panel to produce
a confidence–accuracy scatterplot. Note that for all accuracy
levels, confidence is higher for feature-based than for
familiarity-based responses (illustrated by the horizontal
arrow) or, stated in the converse manner, for all confidence
levels, accuracy is higher for familiarity-based than for
feature-based responses (illustrated by the vertical arrow).
Bamber (1979) detailed the logic of state-trace plots such as
the one shown in the bottom panel of Fig. 1.

To explain their results, Reinitz et al. (2011) proposed a
model, based on an earlier model by Busey et al. (2000), in
which a single informational dimension determines accura-
cy, while two different informational dimensions determine
confidence. Very briefly, by this model, stimulus duration
and feature recognition combine to produce a single value
on an internal dimension called memory strength. Strength
entirely determines accuracy, so accuracy increases with
both exposure duration and feature recognition. The model
also assumes that, in addition to contributing to memory
strength, feature recognition increases the value of a second
underlying dimension, called certainty. Certainty is based
on internal metacognitive assumptions regarding the factors
relevant to accuracy. Although such assumptions can influ-
ence the subject’s confidence, they do not in and of them-
selves influence accuracy. While strength alone determines
accuracy, both strength and certainty determine confidence.
In a condition in which feature-based and familiarity-based
recognition responses are associated with equal accuracy,
feature-based responses will always be associated with
higher confidence. The reason is that equal accuracy implies
equal strength; increased confidence for feature-based
responses results from the increase in certainty that results
from feature recollection. Thus, according to the model,
confidence and accuracy may be dissociated whenever there
is a factor present, such as stimulus salience (Busey et al.,
2000) or feature recognition (Reinitz et al., 2011), that
subjects tend to assume will increase accuracy.

The present experiment tested whether the same patterns
of results that we obtained for scenes would occur when
faces were used as the stimuli. This is important for several
reasons. First, many experiments have shown that different

Fig. 1 Reinitz et al.’s (2011) Experiment 2 results. Error bars represent
standard errors. The data are from “Different Confidence–Accuracy
Relationships for Feature-Based and Familiarity-Based Memories,” by
Reinitz et al, 2011, Journal of Experimental Psychology: Learning,
Memory, and Cognition, 37, pp. 507–515. Copyright 2011 by the
American Psychological Association. Adapted with permission
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recognition processes underlie face recognition, as com-
pared to object and scene recognition (e.g., Diamond &
Carey, 1986; McKone & Peh, 2006). In particular, the
evidence strongly suggests that faces, unlike objects, are
typically recognized on the basis of their holistic or
configural properties, rather than on the basis of individ-
ual features (for a recent review, see Tanaka & Gordon,
2011). Thus, the finding of relatively higher confidence
for feature-based than for familiarity-based responses that
we observed for scenes may not occur in the case of
faces. Our experiment therefore tested whether features
and familiarity exert general effects across visual stimuli,
or whether the mechanisms that produce confidence and
accuracy in face recognition diverge from those for scene
recognition. Second, in our experiments using scenes,
there was an approximately equal mix of feature-based
and familiarity-based recognition responses. However,
several researchers have recently proposed that face rec-
ognition may always be based on familiarity (e.g., Jones
& Bartlett, 2009). If this proposal is correct, there would
be no reason to expect similar results from face and
scene stimuli, as only scene stimuli would be expected
to be recognized on the basis of features. Finally, many
important real-world recognition tasks involve face rec-
ognition; for example, witnesses to crimes are often
asked to recognize people. The experiment provided a
preliminary test of whether, given equal confidence,
familiarity-based face recognition responses will be more
likely than feature-based responses to be correct.

The present experiment used the same method used by
Reinitz et al. (2011), except that subjects were tested on
both scenes and faces in separate trial blocks. Each block
included a study phase in which stimuli were presented
for varying brief durations, immediately followed by a
test phase in which the old stimuli were randomly inter-
mingled with new stimuli. Subjects indicated whether
each test stimulus was old or new, rated their confidence
on a 4-point scale, and indicated whether their response
was based on recognition of a specific feature or on
general familiarity. This allowed us to plot accuracy
and confidence as functions of exposure duration for
feature-based and familiarity-based responses, and to cre-
ate confidence–accuracy scatterplots separately for faces
and for scenes.

Method

Subjects

A group of 216 University of Washington undergraduates,
run in 12 groups of 16–21 subjects per group, participated
for course credit.

Stimulus and apparatus

The stimuli were 96 pictures of naturalistic scenes that had
been used by Reinitz et al. (2011), along with 96 pictures of
faces taken from the University of Michigan’s Center for Vital
Longevity Face Database (Minear & Park, 2004) and from the
Florida Department of Corrections database (www.dc.state.
fl.us/activeoffenders/search.asp). All of the faces were those
of Caucasian males between 18 and 29 years old.

To help ensure a mix of familiarity-based and feature-
based responses in our experiment, we chose these scenes
and faces on the basis of pilot experiments in which the
subjects viewed a large number of pictures and, for each,
indicated whether they thought that they would subsequent-
ly recognize it on the basis of a feature or of familiarity
instead. We chose as stimuli the 48 faces and scenes that
received the most “familiarity” responses in the pilots
(which we refer to as “familiarity pictures”) and the 48 that
received the most “feature” responses (“feature pictures”).
Although pictures were separated into sets for purposes of
counterbalancing, it is important to note that all of the faces
were intermingled during the experiment and were drawn
from databases that are common sources of stimuli for face
recognition experiments. Thus, our set of faces completely
overlaps with stimuli from any recognition experiment that
has made use of the same databases.

Following the pilot experiments, the face stimuli were
standardized so that they were all presented against the same
turquoise background; the pictures were recropped as much
as possible to eliminate any visible clothing; any remaining
clothing was carefully removed and replaced with either the
background color or skin tone, as appropriate, using
Photoshop; and all pictures were cropped to the same size.

As in the Reinitz et al. (2011) experiments, the scenes were
presented at low contrast to avoid ceiling effects. The faces
were presented at full contrast in order to approximately
equate overall accuracy with the scenes. The pictures were
displayed on a white wall at the front of the testing room using
an LCD projector. The MATLAB Psychophysics Toolbox
(Brainard, 1997) controlled stimulus presentation and timing,
and data were collected using eight numeric keypads that
allowed for the running of up to eight subjects at once.

Design and procedure

The subjects completed eight blocks of trials, alternating
between scene blocks and face blocks. Each block began
with a 12-trial study phase in which six familiarity pictures
and six feature pictures, each at one of the six durations,
were presented in random order

The exposure durations for pictures in the study phase were
16, 32, 64, 128, 256, and 512 ms. A test phase followed in
which the 12 study pictures were randomly mixed with six
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new familiarity pictures and six new feature pictures. These 24
test pictures were presented in a random order. On each test
trial, the test picture remained in view until all subjects had
completed all required responses, which were as follows.
First, subjects indicated whether the picture was old or new
using a numeric keypad. Second they indicated their confi-
dence on a 4-point scale, on which a 0 indicated that they were
not at all confident, and a 3 indicated that they were totally
confident. Third, they indicated whether their response was
based onmemory for a specific feature in the picture or instead
on general familiarity.1 Across the 12 groups of subjects, each
picture was presented equally often and was used equally
often as a target and a distractor.

Results

Figure 2 shows our main results for scenes (left panels) and
for faces (right panels). Accuracy and confidence have been
corrected for false alarms.2

The error bars show the 95 % within-subjects confidence
intervals (Loftus & Masson, 1994). Because the groups
differed in size, we used groups, rather than subjects, as
the unit of analysis.

It is evident that the results for scenes and faces are
qualitatively similar and are consistent with previous results:
Both accuracy (top panels) and confidence (middle panels)
increased with exposure duration, and both confidence and
accuracy are higher for feature-based than for familiarity-
based responses. More importantly, the bottom panels show
the confidence–accuracy scatterplots across all 12 Response
Type×Duration combinations. It is clear that for any accu-
racy level, confidence is higher for feature-based than for
familiarity-based responses; conversely, for any confidence
level, performance is higher for familiarity-based than for
feature-based responses, for both scenes and pictures of
faces.

In the pilot experiments, feature and familiarity picture sets
were defined prior to standardizing the faces. The features
identified by subjects might have involved clothing, size, or
background color, which were all subsequently controlled.
Nonetheless, when feature-based and familiarity-based
responses were defined by picture sets,3 the same pattern
was obtained as for the subject-defined responses. These
results are shown in Fig. 3; the format is identical to that in
the previous figure. As can be seen, confidence and accuracy
increased with exposure duration for both picture types, and
the state-trace plots show that accuracy was higher at all
confidence levels for familiarity pictures than for feature
pictures. These results show that subjects based their pilot-
experiment judgments on characteristics of the faces that had
been presented. More importantly, they show that the same
pattern of results is obtained, regardless of whether feature-
based and familiarity-based responses are manipulated by the
experimenters or instead defined by the subjects’ responses
during the test. This finding rules out the possibility that our
patterns of results are due to test-phase instructions for making
feature and familiarity responses, and it indicates that specific
pictures are reliably associated with specific recollective
experiences.

Discussion

Summary of results

We replicated previous findings that memories based on
features tend to be more accurate than those based on
familiarity, and we extended those results to faces.

1 The instructions for this task were identical to those used by Reinitz
et al. (2011).
2 The logic for using these corrections is as follows.

First, the corrected accuracy measure is pij ¼ Hij�FAj

� �
=

1�FAj

� �
; where Hij and FAj are the hit and false alarm rates

corresponding to study duration i, and j indexes feature/familiarity.
This is a standard correction measure, issuing from a high-threshold
model that has been used often—for instance, in the precursor to this
research (Reinitz et al., 2011).

The corrected confidence measure is Cij ¼ C Hij

� ��C FAj

� �
;

where C(H) and C(FA) indicate the mean confidence associated with
hits and false alarms in each condition. This measure is less familiar
than the corrected accuracy measure. Although it is used by Reinitz et
al. (2011), it may warrant some explanation.

Since the dawn of signal detection theory, it has been agreed that
in a yes–no detection or recognition task, there is a necessity for
correcting the hit rate. Most generally, a correction is needed such that
(a) with equal hit and false alarm rates, the corrected measure should be
zero, and (b) holding false alarm rate constant, the corrected measure
increases monotonically with the hit rate. The most direct such measure
would simply be the hit minus the false alarm rate. Traditionally,
however, a more complex measure has been used—one that is implied
by some specific model. So, from standard signal detection theory,
d0 ¼ z Hð Þ � z FAð Þ; and from a high-threshold model, pij ¼
Hij�FAj

� �
= 1� FAj

� �
: It is only with such a correction that

accuracy can be legitimately compared across conditions that
differ in terms of the false alarm rate.

In the experiment reported here, we faced a novel issue: We
must compare not only accuracy across conditions—namely, fea-
ture and familiarity—wherein the false alarm rates differ, but we
must also compare confidence. Exactly the same considerations
described above that imply the requirement for an accuracy cor-
rection also imply the requirement for a confidence correction. In
other words, just as we require an accuracy measure that is zero
when hit and false alarm rates are equal, we require a confidence
measure that is zero when confidence given a hit and confidence
given a false alarm are equal. In the absence of a specific model,
we have used the simplest such measure, the difference between
the confidence rates associated with hits and false alarms.

3 In this case, feature and familiarity are experimenter defined (because
picture set is an independent variable manipulated by the
experimenters).
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However, we also showed that, for both scenes and faces,
this moderate accuracy gain is accompanied by a sufficient-
ly large confidence increase that for any given confidence
level, a familiarity-based response is more likely than a
feature-based response to be accurate. We discuss the impli-
cations below.

Theoretical implications

It is well known that confidence is often a relatively poor
predictor of accuracy (e.g., Bothwell, Deffenbacher, &
Brigham, 1987; Sporer, Penrod, Read, & Cutler, 1995).
Our experiment helps us understand why this is so. Our
results necessarily imply that confidence and accuracy are
not based on identical underlying information, but instead

arise at least in part from separate underlying informational
components. Consider a model according to which confi-
dence and accuracy are both functions of the same underly-
ing information—say, memory strength. If this were true,
then any conditions that produced equal accuracy must also
produce equal confidence, because those conditions imply
equal memory strength. However, in our experiments,
feature-based and familiarity-based responses that produced
equal accuracy were associated with different confidence
levels. This is entirely consistent with the multidimensional
model described previously. Here, accuracy is based solely
on memory strength; however, confidence is a function of
both memory strength and certainty, which increases when a
feature is recognized. Our results, combined with those of
Busey et al. (2000), support the notion that metacognitive
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assumptions about the factors that contribute to accuracy,
such as test item luminance or the presence of a recogniz-
able feature, contribute to confidence but not to accuracy.

Implications for theories of face recognition

The results show that our model is sufficiently general to
account for the effects of feature recognition and the implied
confidence–accuracy dissociation across both faces and
scenes. This has implications for current debates regarding
differences in how people process faces and scenes. As
previously mentioned, several researchers have recently
proposed that faces are identified entirely on the basis of
familiarity (e.g., Jones & Bartlett, 2009). Our results discon-
firm this proposal and show that face recognition is

sometimes based on familiarity and other times on memory
for specific features. On trials in which our subjects claimed
to use features to identify faces, the results differed from
those for familiarity-based identifications in exactly the
same pattern that was obtained for scenes.

One possible reason for our finding of feature-based
face recognition is related to memory-set size. In our
experiments, subjects only had to remember 12 faces in
each block of trials; experiments that provide evidence
for entirely familiarity-based face recognition have typ-
ically required subjects to remember much larger sets of
faces. The long sequences of study faces in those
experiments may have led to diminished featural dis-
tinctiveness, thereby producing an overreliance on
familiarity.
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In fact, our experiment indicates that face recognition is
generally more accurate when responses are based on fea-
tures rather than on familiarity. Other experiments have
similarly indicated important roles of facial features in face
recognition (e.g., Megreya & Burton, 2006; Reinitz,
Morrissey, & Demb, 1994); our results are consistent with
their findings. Finally, it is important to note that we did not
specifically ask subjects which features they recognized.
Some researchers have provided evidence that the config-
urations produced by spatial relations between individual
facial features may serve as features in face recognition
(e.g., Leder & Bruce, 2000; Rhodes, 1988), so configural
aspects of the faces may underlie our face recognition
results.

Relation to dual-process theory

It has commonly been proposed that one may recognize an
item on the basis of explicit recollection of its previous
occurrence (“remembering”) or of simple familiarity, in the
absence of explicit recollection (“knowing”; Tulving, 1985).
Our feature/familiarity distinction is different from the “re-
member”/“know” distinction in several important ways. For
instance, Reinitz et al. (2011) showed that specific pictures
reliably elicit familiarity responses, while others reliably
elicit feature responses. Thus a feature response indicates
the presence of a salient visual feature within the picture,
and it is possible to vary feature and familiarity trials as an
independent variable defined by specific picture sets. On the
other hand, there is no evidence that specific pictures reli-
ably elicit “remember” versus “know” responses. Thus, the
feature/familiarity distinction relates to visual characteristics
of the stimuli presented during the study phase of a recog-
nition experiment, and “remember”/“know” responses re-
flect phenomenal experiences during the test phase.

Nonetheless, there are obvious similarities between the
two distinctions; “remember” responses, like feature
responses, are accompanied by higher confidence and accu-
racy than are “know” responses, which are based on famil-
iarity (Yonelinas, 2002). Familiarity is widely considered to
result from implicit memory processes, so it is likely that
explicit recollection of a picture occurs more often on fea-
ture than on familiarity trials. Indeed, explicit recollection
may well be the event that triggers the metacognitive judg-
ments that result in increased certainty. Palmer, Brewer,
McKinnon, and Weber (2010) had participants rate their
confidence and make “remember”/“know” judgments for
their recognition responses in an eyewitness identification
experiment. Confidence and accuracy were both higher for
“remember” than for “know” judgments; however, taking
remember/know into account did not predict accuracy over
confidence alone. This result directly conflicts with the one
we report in the present article and may indicate that there

are fundamental differences between the two distinctions.
However, Palmer et al. made no effort to equate confidence
across the response types. In addition, they used a between-
subjects design that was appropriate for testing applied
issues, but for reasons of statistical power was suboptimal
for testing the issues raised in the present study. Similar to
our present findings, Perfect, Williams, and Anderton-
Brown (1995) found that, when confidence was held con-
stant, word recognition accuracy was higher for “know”
than for “remember” responses. More research is needed
to determine the extent of empirical overlap between the
feature/familiarity and the remember/know distinctions.

Relation to signal detection models

Signal detection theory is often used to model the results of
recognition experiments. According to a simple signal de-
tection account of our data, the effects of feature recognition
are twofold: Memory strength must increase (to account for
the increase in accuracy), and response criterion must be-
come more liberal (to account for higher confidence given
equal accuracy, and therefore equal memory strength). This
is consistent with the model proposed by Reinitz et al.
(2011), where two underlying dimensions determine confi-
dence–accuracy relations: memory strength, which contrib-
utes to both confidence and accuracy, and certainty, which
contributes only to confidence (for a discussion, see Reinitz
et al., 2011, p. 514).

Wixted (2007) and others have argued that a simple
signal detection model can account for remember/know
dissociations in recognition experiments. According to this
model, both types of responses are based in a single under-
lying dimension (memory strength), and there is a lower
criterion for “know” than for “remember” responses. Any
stimulus with memory strength that surpasses the “know”
criterion, but falls below the “remember” criterion, will
receive a “know” response; stimuli whose memory strengths
exceed the “remember” criterion receive “remember”
responses. This model necessarily implies that “know”
responses will be associated with lower memory strength
than “remember” responses; this prediction has been borne
out in numerous experiments (e.g., Palmer et al., 2010).
While this model may well provide a reasonable account
for remember/know dissociations, it does not provide a
good account for our feature/familiarity data. Consistent
with the model, familiarity responses were associated with
poorer accuracy and lower confidence than were feature
responses. However, Figs. 1, 2, and 3 show that there was
extensive overlap in accuracy for feature-based and
familiarity-based responses. Consistent with dual-process
theory, but not with a unidimensional signal detection theory
account, the figures show that short-duration feature pic-
tures produced much lower confidence and accuracy than
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longer-duration familiarity pictures. Thus, in our experiment
memory strength only weakly distinguished feature-based
responses from familiarity-based ones. To the extent that our
feature/familiarity distinction maps onto the dual-process
theory distinction between familiarity and recollection, our
results are consistent with those recently reported by
Ingram, Mickes, and Wixted (2012), who showed wide
and overlapping ranges of memory strengths for
recollection-based and familiarity-based recognition
responses.

Closing comments

Eyewitnesses are often asked to identify once-seen faces,
and the accuracy and confidence associated with such iden-
tifications can have profound influences on the individuals
who have been identified. The extent to which our results
generalize to such real-world situations is debatable; our
procedures are admittedly quite different from those typical-
ly used by police and some eyewitness identification
researchers, who are more likely to test between subjects
and to have subjects make only a single recognition decision
(e.g., Brewer & Wells, 2006; Sauer, Brewer, Zweck, &
Weber, 2010). Additionally, our faces were presented for
briefer durations than are typical in real witness situations,
and police often acquire identifications using simultaneous-
ly rather than sequentially presented faces. Nonetheless, in
any face recognition paradigm, people may make decisions
based on memory for features or on familiarity. Our results
show that, given equal accuracy, familiarity-based responses
are likely to be accompanied by significantly lower confi-
dence than are feature-based responses. Thus, a familiarity-
based memory report may be equally or more likely than a
feature-based report to be accurate, even when the
familiarity-based report is accompanied by lower confi-
dence. More generally, although familiarity-based responses
may well be accurate, they are likely to be accompanied by
relatively low confidence. This is potentially problematic,
because many studies have shown that jurors interpret high
confidence as implying accuracy (e.g., Cutler, Penrod, &
Stuve, 1988). Although additional work is clearly needed to
extend our results to the domain of witness accuracy, our
findings suggest that jurors should consider the phenome-
nological basis of a memory report when debating its po-
tential accuracy.
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