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ABSTRACT

ARTICLE HISTORY

Discrimination accuracy is usually higher for same- than for cross-race faces, a
phenomenon known as the cross-race effect (CRE). According to prior research, the
CRE occurs because memories for same- and cross-race faces rely on qualitatively
different processes. However, according to a continuous dual-process model of
recognition memory, memories that rely on qualitatively different processes do not
differ in recognition accuracy when confidence is equated. Thus, although there are
differences in overall same- and cross-race discrimination accuracy, confidencespecific accuracy (i.e., recognition accuracy at a particular level of confidence) may
not differ. We analysed datasets from four recognition memory studies on sameand cross-race faces to test this hypothesis. Confidence ratings reliably predicted
recognition accuracy when performance was above chance levels (Experiments 1, 2,
and 3) but not when performance was at chance levels (Experiment 4).
Furthermore, at each level of confidence, confidence-specific accuracy for sameand cross-race faces did not significantly differ when overall performance was
above chance levels (Experiments 1, 2, and 3) but significantly differed when overall
performance was at chance levels (Experiment 4). Thus, under certain conditions,
high-confidence same-race and cross-race identifications may be equally reliable.
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Discrimination accuracy is higher when recognizing
individuals of the same race than a different race, a
phenomenon known as the cross-race effect (CRE;
Malpass & Kravitz, 1969). Meissner, Brigham, and
Butz (2005) and others (Goldinger, He, & Papesh,
2009; Hills & Lewis, 2006; Hugenberg, Young, Bernstein, & Sacco, 2010) argue that the CRE is a result of
qualitative differences in encoding same- and crossrace faces. Consistent with the classic dual-process framework of familiarity and recollection (Mandler, 1980),
Meissner et al. reported that recollection, which they
measured using the remember/know paradigm, is
more likely to occur for same- than for cross-race
faces. This is because observers are more likely to
undergo effortful elaboration and encode qualitatively
diagnostic information of same- than cross-race faces,
and are thus more likely to retrieve specific episodic
information to help differentiate among similar
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faces during recognition for same- than for crossrace faces.
Although qualitative differences in memory may
result in higher recognition accuracy for same- than
for cross-race faces, according to the continuous
dual-process model of recognition memory (Wixted
& Mickes, 2010), memories based on qualitatively
different processes may not always differ in old/new
recognition accuracy. According to Wixted and
Mickes’s (2010) continuous dual-process model of recognition memory, which incorporates signal detection
theory (Banks, 1970) and classic dual-process models
(Mandler, 1980), memory strength is comprised of
two dimensions of recollection and familiarity. Traditionally, recollection-based memories (i.e., made
with “remember” judgments) are considered to represent stronger memories than familiarity-based
memories (i.e., made with “know” judgments;
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Donaldson, 1996; Dunn, 2004). However, Wixted and
Mickes (2010) argued that the remember/know paradigm does not assess only memory strength, but
also the quality or content of the memory. To dissociate strength from quality of a memory signal,
Wixted and Mickes tested participants on their recognition memory for words. They asked participants to
make a confidence rating in their old/new recognition
judgment and then asked them to make a remember/
know/guess judgment for each word they judged to
be “old”. The remember/know/guess judgments
were used to assess the quality or content of the
memory, whereas the confidence ratings were used
to assess the strength of the memory. According to
signal detection theory, each level of confidence represents a different response criterion. A high confidence rating represents a more conservative
criterion, or a higher threshold for memory strength,
than a low confidence rating. Thus, an observer
would need a stronger memory signal to make a
high-confidence “old” judgment than a low-confidence “old” judgment, and this would be true
whether the memory is recollection or familiarity
based.
Wixted and Mickes (2010) reported that, overall,
remember judgments yielded higher old/new discrimination accuracy than know and guess judgments.
However, and more importantly, when confidence
was equated, old/new discrimination accuracy did
not differ between high-confidence remember (i.e.,
recollection-based) and high-confidence know (i.e.,
familiarity-based) judgments. In contrast, high-confidence remember and high-confidence know judgments differed in source accuracy (i.e., the colour or
location in which the word was presented during
the study phase). Thus, recollection-based and familiarity-based memories differ qualitatively even when
they are equated for overall memory strength.
Similar findings were reported in a subsequent and
detailed study reported by Ingram, Mickes, and
Wixted (2012). These results suggest that when comparing judgments made with the same confidence
level (i.e., those similar in memory strength), memories
that rely on qualitatively different processes, such as
memory for same- versus cross-race faces (Goldinger
et al., 2009; Hills & Lewis, 2006; Hugenberg et al.,
2010; Meissner et al., 2005), may not significantly
differ.
Extending the dual-process model of recognition
memory to memory for same- and cross-race faces,
if high-confidence memories that are based on
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qualitatively different processes do not differ in recognition accuracy, then the magnitude of the CRE should
be attenuated at the highest level of confidence. The
key point is that comparing memory for same- and
cross-race faces similar in memory strength, which
we refer to as confidence-specific accuracy, is different
from examining overall same- and cross-race discrimination accuracy. Overall discrimination accuracy
assesses the average difference in memory, and
there is no doubt that it differs for same- versus
cross-race recognition, perhaps because same-race
faces are more likely to involve recollection (Meissner
et al., 2005) or qualitatively superior information (Goldinger et al., 2009; Hills & Lewis, 2006; Hugenberg et al.,
2010). In contrast, confidence-specific accuracy
assesses differences in recognition accuracy for memories (that can differ qualitatively) that are similar in
memory strength, and it is an open question as to
whether a CRE is evident once confidence is
equated. Our study investigates this issue as it
applies to eyewitness memory. Based on past research
on discrimination accuracy and the CRE, cross-race
identifications are viewed as less reliable than samerace identifications. However, if we compare confidence-specific accuracy, the more informative
measure for triers of fact, cross-race identifications
may not always be less reliable, especially if they are
made with high confidence.
Numerous variables reported to affect overall discrimination accuracy at encoding have been reported
not to affect confidence-specific accuracy. Using an
eyewitness identification paradigm, Palmer, Brewer,
Weber, and Nagesh (2013) tested the effects of
exposure duration and divided attention on memory
to assess whether the confidence–accuracy (CA)
relationship is weakened under poor encoding conditions. They reported that confidence was a reliable
predictor of accuracy in all experimental conditions
for “choosers” (i.e., those who made an identification)
but not “non-choosers” (i.e., those who do not make
an identification). More importantly, the proportion
correct at the highest level of confidence did not
differ as a function of retention interval, exposure duration, or divided attention. Thus, although overall discrimination accuracy has been reported to be poor
under specific conditions (e.g., short exposure duration, divided attention at encoding, etc.; Deffenbacher, Bornstein, McGorty, & Penrod, 2008), the results
of Palmer et al. (2013) suggest that these variables
do not affect confidence-specific accuracy. Although
Palmer et al. used an eyewitness identification
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paradigm, their results are consistent with Wixted and
Mickes’s (2010) continuous dual-process model of recognition memory.
Recently, Dodson and Dobolyi (2015) tested crossrace recognition accuracy using a simultaneous lineup procedure. Not surprisingly, they found a significant cross-race effect in that d′ was higher for samethan for cross-race identifications (and this was true
for both Black and White participants). Separately,
they also examined accuracy at each level of confidence, which was measured using a 100-point confidence scale. Overall, calibration, a measure of how
well confidence ratings align with accuracy, was significantly better for same- than for cross-race identifications, and at each level of confidence the proportion
correct was slightly higher for same- than for crossrace identifications. However, looking at Dodson and
Dobolyi’s Figure 1a, the proportion correct was consistently higher for same- than for cross-race faces,
suggesting that the CA relationship may not differ as
a function of face race. Although there was a small
but significant CRE on measures of calibration and
the proportion correct data, the vastly stronger
effect was the relationship between confidence and
accuracy. For example, for decisions made with zero
confidence, accuracy was very low for both sameand cross-race identifications (15% correct and 11%
correct, respectively, estimated from their Figure 1a).
For decisions made with 100% confidence, accuracy
was much higher for both same- and cross-race identifications (80% correct and 77% correct, respectively).

Figure 1. Confidence-specific accuracy assessed with confidence–
accuracy characteristic (CAC) curves in Experiment 1. Chance performance is denoted by the horizontal line. Error bars represent standard
error.

Thus, although a reliable CRE was still evident even
after controlling for confidence, it was of negligible
magnitude compared to low-versus-high-confidence
identifications.
We asked whether the same- versus cross-race
manipulation affects confidence-specific accuracy (in
addition to overall discrimination accuracy) using an
old/new recognition procedure. In an old/new recognition memory test, only one face is shown at a
time. This test is thus more similar to a show-up
than to a line-up (a line-up was the procedure used
in Dodson and Dobolyi, 2015). A show-up is a standard
police eyewitness identification procedure in which an
eyewitness (often a victim) is presented with a suspect
who has been apprehended shortly after a crime was
committed. The police want to know whether the
witness recognizes the suspect, yes or no, as the
person who committed the crime. Thus, a show-up
is a real-world old/new recognition procedure.
Although line-ups are reported to result in higher discrimination accuracy than show-ups (Wixted & Mickes,
2015), these two identification procedures may or may
not differ in terms of how race affects the confidence–
accuracy relationship.
We investigated same- and cross-race confidencespecific accuracy by performing secondary analyses
on datasets obtained from four old/new recognition
memory studies on same- and cross-race faces.
These are datasets obtained from Nguyen and
Pezdek (2015), Blandón-Gitlin, Pezdek, Saldivar, and
Steelman (2014), O’Brien and Wasson (2015), and
Pezdek, O’Brien, and Wasson (2012). All four of these
studies tested memory for a list of recently presented
faces. Faces from all four studies were obtained from a
database of male faces used by Meissner et al. (2005).
Meissner et al. provided two photographs of each
face: (a) each man smiling and dressed in a casual
shirt, and (b) each man with a neutral facial expression
and dressed in a maroon coloured shirt. In all four
studies, the first set was presented during the study
phase, and the second set was presented during the
test phase. Consistent with other studies discussed
thus far (Dodson & Dobolyi, 2015; Palmer et al., 2013;
Wixted & Mickes, 2010), in our four studies, confidence
ratings were collected immediately after each old/new
recognition judgment during the initial (and only) test
phase. This provides optimal conditions for a reliable
CA relationship. As Brewer (2006) suggested, confidence may be predictive of accuracy only if the confidence rating is made shortly after the initial
recognition judgment. If there is a substantial delay
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between the recognition and the confidence judgment, the information about evidence strength that
is used to make an old/new judgment may not be
accessible to the observer, and he or she is likely to
rely on less accurate information to make the metacognitive judgment.
Consistent with previous research on the CA
relationship (Palmer et al., 2013), we defined accuracy
at each level of confidence as no. hitsc/(no. hitsc + no.
false alarmsc), where c indicates that the hits and false
alarms were made with a specific level of confidence.
In each of the four studies, this proportion correct (confidence-specific accuracy) was computed separately for
same- and cross-race faces for each level of confidence
for each participant. We focus on analyses of “old”
responses, which is similar to analysing data from only
“choosers” in an eyewitness identification paradigm. In
other words, this proportion is the probability that a
positive identification or an “old” judgment is correct,
a useful measure of reliability for triers of fact. It is
reasonable to focus on “old” responses rather than
“new” responses because it is only the cases in which
an eyewitness identifies the suspect that proceed to
trial. We did assess the CA relationship for “new”
responses to compare it to the CA relationship for
“old” responses and briefly report these results below.
Consistent with past research (Palmer et al., 2013;
Sporer, Penrod, Read, & Cutler, 1995), the CA relationship for “new” responses (i.e., non-choosers) was
weaker and less reliable than the CA relationship for
“old” responses (i.e., choosers); therefore, we do not
focus on the results for “new” responses.
Calibration statistics were not computed for these
studies because confidence was not collected on a
0–100-point scale. Still, one can examine the CA
relationship by plotting the confidence–accuracy
characteristic (CAC) curves (Mickes, 2015). CAC
curves are created by plotting the average proportion
correct [no. hitsc/(no. hitsc + no. false alarmsc)] for each
level of confidence. CAC curves and confidencespecific accuracy allow researchers to determine
how reliable or trustworthy same- and cross-race
face judgments are. Receiver operating characteristic
(ROC) curves and other measures of discrimination
accuracy (e.g., d′ ) do not convey that information
(see Mickes, 2015, for a thorough discussion of ROC
versus CAC analyses).
To illustrate further the difference between discrimination accuracy (ROC or d′ ) and confidencespecific accuracy (CAC), we present a hypothetical
dataset in Table 1. Suppose participants studied
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Table 1. Comparison of d′ and confidence-specific accuracy in a
hypothetical data set.
Condition

No.
hits

Hit
rate

No. false
alarms

False-alarm
rate

d′

Condition A
Condition B

48
24

.96
.48

32
16

.64
.32

1.39
0.42

Table 1a. Comparison of d′ and confidence-specific accuracy in a
hypothetical data set.
Confidence

No.
hits

No. false
alarms

Proportion
correct

Condition A

5
4
3
2
1
Total

18
16
6
6
2
48

2
4
4
14
8
32

.9
.8
.6
.3
.2

Condition B

5
4
3
2
1
Total

9
8
3
3
1
24

1
2
2
7
4
16

.9
.8
.6
.3
.2

Condition

faces under two experimental conditions. Condition
A (e.g., same-race faces or long exposure duration)
yields higher discrimination accuracy, measured by
d′ ; on the other hand, Condition B (e.g., cross-race
faces or short exposure duration) yields lower discrimination accuracy. Although these two conditions differ
radically in discrimination accuracy, the CAC curves for
Conditions A and B are identical. This is because d′ and
ROC curves measure discrimination accuracy whereas
confidence-specific accuracy (proportion correct) and
CAC curves measure reliability or trustworthiness.
Thus, although d′ (discrimination accuracy) is reportedly lower for cross-race faces, a cross-race judgment
may not always be less reliable than a same-race
judgment.

Experiment 1: Nguyen and Pezdek (2015)
Method
In Experiment 1 of their study, Nguyen and Pezdek
(2015) tested 48 Caucasian undergraduate and graduate students for recognition memory of 48 White
(same-race) and 48 Black (cross-race) faces, half old
and half new. The study was a 2 [race of target face:
White (same-race), Black (cross-race)] × 2 (exposure
time: 1.5 s, 5 s) × 2 (interstimulus interval, ISI: 3 s, 9 s)
within-subjects factorial design. The experiment was
conducted on a computer using PsychoPy software
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(Peirce, 2007), and participants were tested individually. The study phase consisted of two blocks, counterbalanced across participants. ISI was the blocked
variable; exposure time was randomized within each
block. Half of the 48 study faces (24 White and 24
Black) in each block were presented for 1.5 s each;
half were presented for 5 s each. In one block, participants were presented 24 faces (12 White and 12 Black)
each followed by an ISI of 3 s. In the other block, 24
different faces were followed by an ISI of 9 s. Each
study face was presented individually. Across participants, each face was equally often presented with a
1.5-s or 5-s exposure time and following a 3-s or 9-s
ISI. After the study phase, participants had four
minutes to sort a list of words alphabetically. This
served as a distractor task to avoid recency effects.
The test phase followed. Each of the 96 test faces
was presented individually, randomly arranged
across participants. Participants pressed the “1” key
to indicate an “old” face and the “0” key to indicate
a “new” face. Participants rated their confidence on a
scale of 1 (completely guessing) to 5 (absolutely sure
I’m correct) by pressing one of the 1–5 number keys
and were instructed to use the full range of the
scale. Each face equally often served as a target or a
foil face. For the purposes of the current analyses,
race of target face results were collapsed across
exposure time and ISI conditions because we were
only interested in whether confidence-specific accuracy differed between same- and cross-race faces.

Results
There was a significant difference in discrimination
accuracy between same- and cross-race faces as
measured by the signal detection measure d′ , 1.10
and 0.75, respectively, F(1, 47) = 28.66, p < .001, d =
0.77. Note that this is a large effect size. Given this significant CRE when examining old/new discrimination
accuracy assessed with d′ , the similarity in trustworthiness (i.e., confidence-specific accuracy or the proportion of correct “old” responses) of same- and
cross-race faces, as measured by confidence-specific
accuracy or CAC analysis, cannot be attributed to a
manipulation failure of the race of face variable.
Next, we assessed confidence-specific accuracy for
“old” responses across participants. A 2 (race of target
face: same-race, cross-race) × 4 (confidence: 1 & 2, 3, 4,
5) repeated measures analysis of variance (ANOVA)
was conducted on the proportion correct data. There
were few observations at the two lowest levels of

confidence so we collapsed across Levels 1 and 2 for
all analyses to reduce noise. The mean proportion
correct for each condition is plotted in Figure 1. We
conducted chi-square tests of independence to
ensure that race of target face and confidence were
orthogonal factors (i.e., observers were not more
likely to rate cross-race faces with lower levels of confidence than same-race faces).1 Results from the
ANOVA indicated that there was not a significant
main effect of race of target face, F(1, 47) = 2.72, p
= .11, h2p = .06, power = .37, but there was a significant
main effect of confidence level, F(3, 45) = 31.48, p
< .001, h2p = .68, power = 1.00. Confidence accounted
for much more variance in proportion correct than
race of target face, h2p = .68 and h2p = .06, respectively.
Post hoc pairwise comparisons were conducted to
examine the main effect of confidence. For these comparisons, and all other pairwise comparisons in this
paper, we used a Bonferroni correction of α/n, where
α = .05, and n is the number of pairwise comparisons.
All comparisons were one-tailed. With a Bonferroni
correction of α = .008, the proportion correct at the
highest level of confidence was significantly higher
than the proportion correct at each of the other
three lower levels of confidence (all ps < .001). Furthermore, the proportion correct values among each of
the three lower confidence levels were not statistically
significantly different from one another (all ps < .01).
There was also a significant interaction between
race of target face and confidence level, F(3, 45) =
3.19, p = .03, h2p = .18, power = .70. To explore further
whether the confidence–accuracy relationship differed as a function of race of target face, dependent
t tests were conducted on the proportion correct for
same- and cross-race faces at each of the four levels
of confidence. A Bonferroni correction of α = .0125
was used. To make the mean estimates of proportion
correct more stable, for each t test, we removed participants who did not make at least two ratings at
that particular confidence level; therefore, the
sample sizes across all t tests were slightly different
(total N = 48). The dependent t tests indicated that
the proportion correct for same- and cross-race judgments did not significantly differ at Confidence Level
5, t(45) = 1.32, p = .10, power = .25, at Confidence
Level 4, t(46) = 2.26, p = .01, power = .60, at Confidence
Level 3, t(46) = −1.74, p = .96, power = .40, or at Confidence Levels 1 and 2, t(39) = 1.55, p = .06, power = .33.
Although the significant interaction between race of
target face and confidence level indicated that differences in memory accuracy between same- and cross-
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Figure 2. A comparison of the effect size of the difference in discrimination accuracy (as measured by d′ ) and confidence-specific accuracy (as
measured by proportion correct for each level of confidence) between same-race and cross-race faces in Experiment 1, Experiment 2, Experiment
3, and Experiment 4.

race faces varied with confidence level, the pairwise
comparisons indicated that confidence-specific accuracy did not significantly differ between same- and
cross-race faces at any confidence level.
The small sample size in this study (and the following studies) may have resulted in low power to detect
statistically significant differences between same- and
cross-race face confidence-specific accuracy, and a
conservative Bonferroni correction may result in
Type II errors. It is thus useful to compare effect sizes
for each comparison. Figure 2 (top left panel) shows
a comparison of the effect sizes as measured by
Cohen’s d with Hedges’s g adjustment for small
sample sizes. Although the size of the difference in discrimination accuracy (d′ ) between same- and crossrace faces is large, the effect sizes for confidencespecific accuracy indicate small differences between
same- and cross-race face accuracy at each level of
confidence. Based on this comparison of effect sizes,
it is clear that the magnitude of the CRE is larger for
discrimination than confidence-specific accuracy.
These results suggest that the CRE may be attenuated
when confidence is equated.
We also ran mixed-effects logistic regression analyses using the glmer function in R to address potential issues with conducting ANOVAs on aggregate
proportions. Results from two mixed-effects models

are presented in Table 2. The first model consisted
of random intercepts of participants (as judgment
trials were nested within participants) and the main
effects of face race and confidence. In the second
model, we added the interaction between face race
and confidence. A model comparison indicated that
adding the interaction term did not improve model
fit; however, the main effect of face race was no
longer statistically significant. Thus, when confidence
was equated, accuracy for same- and cross-race
faces did not significantly differ. In contrast, confidence was a significant predictor of accuracy even
with face race in the model; higher levels of confidence were associated with higher accuracy than
lower levels of confidence. These results indicate
that confidence is more informative of accuracy than
is face race. The nonsignificant interaction between
face race and confidence indicates that the CA
relationship did not differ between same- and crossrace faces.
We also assessed whether participants who differ in
magnitude of the CRE also differ in their CA relationships. In a third mixed-effects logistic regression
model, we included random slopes of face race and
found that this did not improve the fit of the model.
Given that the magnitude of the CRE did not vary in
our samples, we do not discuss these results further.
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Table 2. Results from mixed-effects logistic regression analyses.
Model 1
Experiment
1
2
3
4

Model 2

Face race

Confidence

Face race

Confidence

Face Race ×
Confidence

Models 1 and 2
comparison

z = 3.52 (.39)***
z = 3.96 (.46)***
z = 1.39 (.26)
z = 2.09 (.40)*

z = 11.35 (.57)***
z = 15.05 (.41)***
z = 3.88 (.32)***
z = 6.65 (.63)***

z = 0.44 (.14)
z = 1.49 (.51)
z = −0.08 (−.05)
z = −1.03 (−.78)

z = 8.24 (.54)***
z = 12.27 (.41)***
z = 2.56 (.28)*
z = 3.83 (.49)***

z = 0.77 (.07)
z = −0.14 (−.01)
z = 0.50 (.08)
z = 1.61 (.31)

χ2(1) = 0.60
χ2(1) = 0.02
χ2(1) = 0.25
χ2(1) = 2.63

Note: Coefficient estimates (log odds) are in parentheses. Random effects consisted of random intercepts of participant on accuracy. Face race
and confidence were entered as fixed effects. Model 1 in Wilkinson–Rogers notation is as follows: accuracy ∼ face race + confidence + (1|participant); Model 2 is as follows: accuracy ∼ (face race × confidence) + (1|participant).
*p < .05. ***p < .001.

Overall, as results from the mixed-effects logistic
regression mirror those from the ANOVA, we discuss
only the ANOVA results moving forward.
The CA relationship for “new” responses was also
examined. Using a Bonferroni correction of α = .0125,
results from dependent t tests indicated that sameand cross-race confidence-specific accuracy did not
differ at any of the four confidence levels in Experiment 1 (ps > .21). The CA relationship for “new”
responses in Experiment 1 is presented in Figure 3
(top left panel).

Discussion
In summary, Experiment 1 results indicate that confidence is predictive of accuracy, more so than race of
face, when calculated as the proportion of correct
“old” responses. Furthermore, confidence-specific
accuracy for same- and cross-race faces did not significantly differ at each of the four levels of confidence
after a Bonferroni correction. Still, there was a small
effect of race (slightly lower accuracy for cross-race
judgments) that would be significant if a less stringent
correction for multiple testing was used. Thus, our
results are much like those reported by Dodson and
Dobolyi (2015) using line-ups. Specifically, these
results suggest that high-confidence cross-race identifications are as trustworthy as, or only slightly less
trustworthy than, high-confidence same-race identifications. To see whether these results replicate on
another dataset, in Experiment 2 we performed secondary analyses of data published by Blandón-Gitlin
et al. (2014).

Experiment 2: Blandón-Gitlin et al. (2014)
Method
In Experiment 1 of their study, Blandón-Gitlin et al.
(2014) tested 43 Caucasian male college students for

recognition memory of 50 White (same-race) and 50
Black (cross-race) faces, half old and half new. The
study was a 2 (condition: placebo, oxytocin) × 2
[race of target face: same-race (White faces) and
cross-race (Black faces)] mixed design. Condition was
between subjects; race of target face was within subjects. Each of the 50 (half White, half Black) study faces
was presented individually for 2.5 s in the study phase.
In the test phase, participants were presented 100
faces and made an old/new judgment for each
along with a confidence rating on a scale of 1 (not
at all confident) to 10 (very confident). Participants
were instructed to use the full range of the scale.
Although there was a reported CRE for the placebo
but not the oxytocin condition, for the purposes of
the current analyses, race of target face results were
collapsed across the placebo and oxytocin conditions
to have a sufficient sample size.2

Results
There was a significant difference in discrimination
accuracy between same- and cross-race faces as
measured by the signal detection measure d′ , 1.89
and 1.56, respectively, F(1, 41) = 14.22, p = .001, d =
0.58. As in Experiment 1, the manipulation of race of
target face in Experiment 2 was successful in eliciting
at CRE based on measures of discrimination accuracy.
Next, we assessed confidence-specific accuracy
across participants. A 2 (race of target face: samerace, cross-race) × 7 (confidence: 1–4, 5, 6, 7, 8, 9, 10)
repeated measures ANOVA was conducted on the
proportion correct data. Similar to Experiment 1,
there were too few observations at the lower levels
of confidence on the 10-point scale, so we collapsed
across Levels 1 through 4. The mean proportion
correct for each condition is plotted in Figure 4 (top
panel). We also conducted analyses on the placebo
and oxytocin groups separately. Mean proportion
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Figure 3. Confidence-specific accuracy for “new” responses assessed with confidence–accuracy characteristic (CAC) curves in Experiment 1,
Experiment 2, Experiment 3, and Experiment 4. Chance performance is denoted by the horizontal line. Error bars represent standard error.

correct for the placebo and oxytocin groups are
plotted in Figure 4 (bottom panels). The conclusions
we drew from the data did not differ when we analysed the groups separately versus together; therefore,
we report results from both groups together (see Footnote 2). Results from the ANOVA indicated no significant main effect of race of target face, F(1, 42) = 2.01,
p = .16, h2p = .05, power = .28, but a significant main
effect of confidence level, F(6, 37) = 53.09, p < .001,
h2p = .90, power = 1.00. Confidence accounted for a
much larger amount of variance in proportion
correct than race of target face, h2p = .90 and h2p
= .05, respectively. With a Bonferroni correction of α
= .008, the proportion correct was significantly
higher at the highest level of confidence than at
each of the other six lower levels of confidence (all
ps < .001). These results replicate Experiment 1;
overall, higher levels of confidence were associated
with higher levels of accuracy for both same- and
cross-race faces.
In contrast to Experiment 1, in Experiment 2, the
interaction between race of target face and confidence level was not significant, F(6, 37) = 0.57, p
= .75, h2p = .08, power = .20. Nevertheless, we conducted dependent t tests on the proportion correct
data at each of the seven levels of confidence.
Similar to Experiment 1, we removed participants

who did not make at least two ratings at any specific
confidence level; therefore, the sample sizes slightly
differed across t tests (total N = 43). With a Bonferroni
correction of α = .007, the proportion correct did not
significantly differ between same- and cross-race
faces at Confidence Level 10, t(42) = 2.22, p = .03,
power = .58, at Confidence Level 9, t(37) = −0.15, p
= .56, power = .05, at Confidence Level 8, t(39) = 1.41,
p = .17, power = .28, at Confidence Level 7, t(36) =
1.05, p = .30, power = .18, at Confidence Level 6, t
(33) = 1.49, p = .15, power = .30, at Confidence Level
5, t(28) = 0.70, p = .49, power = .10, or at Confidence
Level 1–4, t(26) = 0.24, p = .81, power = .06. Consistent
with Experiment 1, confidence-specific accuracy did
not differ between same- and cross-race faces at any
confidence level; however, there was slightly lower
accuracy for cross-race judgments that would be significant if a less stringent correction for multiple
testing was used. Furthermore, the small sample
sizes resulted in low power to detect significant
effects. Thus, it is more important to compare effect
sizes for these differences.
Figure 2 (top right panel) illustrates the effect size
comparison for d′ and confidence-specific accuracy
for each level of confidence. Based on this comparison of effect sizes, it is clear that the magnitude of
the CRE is larger for discrimination than
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Figure 4. Confidence-specific accuracy assessed with confidence–accuracy characteristic (CAC) curves in Experiment 2. CAC curves for the
placebo and oxytocin groups are presented separately and together. Chance performance is denoted by the horizontal line. Error bars represent
standard error.

confidence-specific accuracy. The effect size for the
highest level of confidence appears to be fairly
large, but that is because the error bars associated
with the proportion correct measures at high levels
of accuracy are very small. The actual difference in
high-confidence accuracy for same- and cross-race
judgments is negligible, as shown in Figure 4 (proportions are .97 and .94, respectively). Thus, there
may be a trend for high-confidence same-race judgments to be associated with higher accuracy than
high-confidence cross-race judgments; however, the
difference is negligible.
Using a Bonferroni correction of α = .0125, dependent t tests on the CA relationship for “new” responses
indicated that same- and cross-race confidencespecific accuracy did not differ at any of the seven
confidence levels in Experiment 2 (ps > .15). The CA
relationship for “new” responses in Experiment 2 is
presented in Figure 3 (top right panel).

Discussion
As predicted, there was a reliable CA relationship for
same- and cross-race faces in Experiment 2. The
overall impression from these results is the same as

that of Experiment 1 and corresponds to what
Dodson and Dobolyi (2015) reported using line-ups:
Confidence is highly predictive of accuracy, face race
may be slightly predictive as well (though it was not
significant here), but the direction of any face race
effect (when it exists) is that cross-race confidencespecific accuracy is slightly lower than same-race confidence-specific accuracy. These conclusions hold
even though discrimination accuracy was substantially
higher for same- than for cross-race faces. This is
because discrimination accuracy and confidencespecific accuracy are different measures. To see
whether these results replicate on another dataset,
in Experiment 3 we performed secondary analyses of
data published by O’Brien and Wasson (2015).

Experiment 3: O’Brien and Wasson (2015)
Method
In Experiment 1 of their study, O’Brien and Wasson
(2015) tested 86 Caucasian college students for recognition memory of 16 White (same-race) and 16 Black
(cross-race) faces, half old and half new. The study
was a 3 (face presentation condition: individual, 3face group without arrow, 3-face group with arrow) ×
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2 [race of target face: same-race (White faces), crossrace (Black faces)] mixed factorial design. Face presentation was varied between subjects; race of target face
was varied within subjects. The experiment was conducted in a classroom to groups of 16–20 participants.
Each group was randomly assigned to an experimental condition. The faces were presented on a screen at
the front of a room. In the study phase, participants
were randomly assigned to view the 16 target faces
(8 White and 8 Black) in one of three presentation conditions, varied between subjects. Each three-face
group contained one target face and two foil faces
of the same race as the target face (i.e., a homogeneous group). Throughout this study, participants
were never tested on the two foil faces. In both of
the group presentation conditions (with and without
an arrow), each target appeared equally often in the
first, second, or third position across all participants.
In the individual presentation condition, each target
face was presented for 5 s. In the group presentation
conditions, the three-face group was presented for
15 s. The test phase immediately followed the study
phase. In the test phase, each of the 32 test faces
was presented individually and was randomly
arranged. Participants made an old/new judgment
for each along with a confidence rating on a scale of
1 (not at all confident) to 5 (very confident) on a
paper packet. Participants were instructed to use the
full range of the scale. To make Experiment 3 comparable to Experiments 1 and 2, only participants who
were presented with faces individually rather than in
a group were included in this analyses (final N = 29).

Results
There was a significant difference in discrimination
accuracy between same- and cross-race faces as
measured by the signal detection measure d′ , 1.52
and 0.88, respectively, F(1, 28) = 7.00, p = .01, d =
0.49. Similar to Experiments 1 and 2, the manipulation
of race of target face in Experiment 3 was successful in
eliciting a CRE.
A 2 (race of target face: same-race, cross-race) × 4
(confidence: 1 & 2, 3, 4, 5) repeated measures
ANOVA was conducted on the proportion correct
data. We collapsed across Levels 1 and 2 for all analyses because there were too few observations at
the two lowest levels of confidence. The mean proportion correct for each condition is plotted in
Figure 5. Consistent with the previous two studies,
results from the Experiment 3 ANOVA indicated that
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there was not a significant main effect of race of
target face, F(1, 28) = 0.76, p = .39, h2p = .03, power
= .13, but there was a significant main effect of confidence level, F(3, 26) = 33.52, p < .001, h2p = .80, power
= 1.00. Confidence accounted for a much larger
amount of variance in proportion correct than race
of target face, h2p = .80 and h2p = .03, respectively.
With a Bonferroni correction of α = .008, the proportion correct at the highest level of confidence
was significantly higher than the proportion correct
at each of the other three lower levels of confidence
(all ps < .001). In contrast, the proportion correct at
the lowest confidence level (1 and 2) did not significantly differ from both Confidence Levels 3 and 4
(all ps < .05), and the proportion correct at Confidence
Levels 3 and 4 did not significantly differ (p = .77).
The weak relationship between confidence and
accuracy at the three lower levels of confidence in
Experiment 3 is consistent with results reported by
Weber and Brewer (2003), who reported that confidence is a reliable predictor of accuracy at or above
chance levels but not below chance. Here, chance
performance is a proportion correct of .50. Participants in Experiment 3 had slightly lower levels of confidence-specific accuracy than those in Experiments 1
and 2, and in Experiment 3, confidence-specific accuracy for same- and cross-race faces was around
chance performance for the three lower levels of
confidence.
In contrast to Experiment 1 but similar to Experiment 2, there was not a significant interaction
between race of target face and confidence level, F(3,
26) = 0.06, p = .98, h2p = .01, power = .06. Nevertheless,
we conducted dependent t tests on the proportion
correct data at each of the four levels of confidence.
After removing participants who did not make at
least two ratings at any specific confidence level, the
sample sizes slightly differed across t tests (total N =
29). With a Bonferroni correction of α = .0125, the proportion correct for same- and cross-race identifications
did not significantly differ at Confidence Level 5, t(27)
= 0.26, p = .40, power = .06, at Confidence Level 4, t(26)
= −0.95, p = .82, power = .15, at Confidence Level 3, t
(24) = −0.49, p = .69, power =.08, or at Confidence
Levels 2 and 1, t(18) = −0.23, p = .59, power =.06.
Although there was a significant interaction between
face race and confidence in Experiment 1 but not in
Experiment 2 or 3, pairwise comparisons in all three
studies indicated that at all confidence levels, confidence-specific accuracy did not differ significantly
between same- and cross-race faces.

2528

T. B. NGUYEN ET AL.

Figure 5. Confidence-specific accuracy assessed with confidence–
accuracy characteristic (CAC) curves in Experiment 3. Chance performance is denoted by the horizontal line. Error bars represent standard
error.

The sample size in Experiment 3 was small because
we included only participants who were presented
with individual faces. The small sample size may
have resulted in low power to detect significant differences; therefore, it is useful to compare the effect size
for each statistical test. Figure 2 (bottom left panel)
illustrates the comparison of effect sizes between d′
(discrimination accuracy) and confidence-specific
accuracy. The effect size at all levels of confidence
was small compared to the effect size for the difference in same- and cross-race discrimination accuracy,
which replicates results of Experiments 1 and 2.
Using a Bonferroni correction of α = .0125, dependent t tests on the CA relationship for “new” responses
indicated that in Experiment 3, same- and cross-race
confidence-specific accuracy did not significantly
differ at the lower confidence levels (ps > .02) but
did differ at the highest level of confidence (p
< .001). High-confidence same-race judgments were
associated with higher accuracy than high-confidence
cross-race judgments. Furthermore, there was a less
reliable CA relationship for “new” than for “old”
responses. This may be attributed to overall lower
accuracy in Experiment 3 than in Experiments 1 and
2. The CA relationship for “new” responses in Experiment 3 is presented in Figure 3 (bottom left panel).

1 and 2, in Experiment 3, confidence was not a reliable
indicator of accuracy at the lower portion of the confidence scale, where performance was at or below
chance. These results are consistent with those of Deffenbacher (1980) and Weber and Brewer (2003); the
CA relationship is less reliable when performance is
at or below chance. Observers who are merely guessing should not be more confident in a guess that
resulted in a correct identification than a guess that
resulted in an incorrect identification. Furthermore,
observers who are guessing (i.e., whose memory
signal is very weak) would have a more lax criterion
for responding “old” and are thus predicted to be
less confident in their responses than observers who
make recognition judgments relying on more information in memory (i.e., strong feelings of familiarity
or specific episodic information). Thus, accuracy is
more likely to fluctuate around chance levels at
lower levels of confidence than at higher levels of confidence. In fact, Weber and Brewer (2003) reported that
although confidence reliably predicted accuracy in the
upper portion of their 100-point confidence scale
where performance was above chance levels, the CA
relationship was less reliable for the lower portion of
the 100-point scale because the lower portion was
associated with chance performance or guessing.
This hypothesis was examined in Experiment 4
where overall recognition performance was relatively
low compared to Experiments 1, 2, and 3. Discrimination accuracy for same- and cross-race faces, as
measured by d′ , was (a) 1.10 and 0.75, respectively,
in our Experiment 1 by Nguyen and Pezdek (2015),
(b) 1.89 and 1.56, respectively, in our Experiment 2
by Blandón-Gitlin et al. (2014), and (c) 1.52 and 0.88,
respectively, in our Experiment 3 by O’Brien and
Wasson. Discrimination accuracy for same- and
cross-race faces, as measured by d′ , was lower in our
Experiment 4 by Pezdek et al. (2012), 0.50 and 0.16,
respectively. The d′ values close to zero indicate
chance performance. Thus it was predicted that in
Experiment 4, confidence would be a reliable indicator
of accuracy only when recognition accuracy was
above chance.

Experiment 4: Pezdek et al. (2012)
Discussion

Method

Together, the results from Experiments 1, 2, and 3 indicate that the CA relationship did not differ significantly
as a function of race of face. In contrast to Experiments

In Experiment 1 of their study, Pezdek et al. (2012)
tested 44 Caucasian college students for recognition
memory of 16 White (same-race) and 16 Black
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(cross-race) faces, half old and half new. The study was
a 2 (face presentation condition: individual, group) × 2
[race of target face: same-race (White faces), cross-race
(Black faces)] within-subjects factorial design. To make
Experiment 4 comparable to the previous three
studies, only responses to faces presented individually, rather than in a group, were included in Experiment 4 analyses. Each of the eight study faces (four
White and four Black) in the individual face presentation condition was presented for 5 s in the study
phase, with an interstimulus interval of 1.5 s. In the
test phase, participants were presented with 32 faces
and made an old/new recognition judgment for
each along with a confidence rating on a scale of 1
(not at all confident) to 5 (very confident). Participants
were instructed to use the full range of the scale.
The total number of test faces per race of face was
smaller in this study (four) than in Experiments 1
(24), 2 (25), and 3 (eight); therefore, the mean
proportion correct for each individual may be less
stable.

Results
There was a significant difference in discrimination
accuracy between same- and cross-race faces as
measured by d′ , 0.50 and 0.16, respectively, F(1, 43)
= 5.21, p = .03, d = 0.34. Similar to the previous three
studies, the manipulation of race of target face in
Experiment 4 was successful in eliciting a CRE based
on measures of discrimination accuracy.
For the CAC analysis, a correction to the number of
false alarms was made in this study because the face
presentation manipulation was within subjects; therefore, a separate false-alarm rate could not be calculated for faces presented individually. For each
participant, we divided the number of false alarms
per confidence level by two to account for the fact
that there were twice as many possible false alarms
as there were possible hits. Again, because there
were too few observations at the two lowest levels
of confidence, we collapsed across Levels 1 and 2 for
all analyses.
A 2 (race of target face: same-race, cross-race) × 4
(confidence: 1 & 2, 3, 4, 5) repeated measures
ANOVA was conducted on the proportion correct
data. The mean proportion correct for each condition
is plotted in Figure 6. Results from the ANOVA indicated no significant main effect of race of target
face, F(1, 43) = 0.63, p = .43, h2p = .01, power = .12, but
there was a significant main effect of confidence
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level, F(3, 41) = 10.40, p < .001, h2p = .43, power = 1.00.
Confidence accounted for a much larger amount of
variance in proportion correct than race of target
face ( h2p = .43; h2p = .01, respectively). With a Bonferroni correction of α = .008, all pairwise comparisons
among the four levels of confidence were not significant (ps < 10). Although not statistically significant,
replicating Experiments 1, 2, and 3, the highest level
of confidence was associated with higher mean accuracy than the other three levels of confidence.
This ANOVA yielded a significant interaction
between race of target face and confidence level, F
(3, 41) = 4.79, p = .01, h2p = .26, power = .87. We conducted dependent t tests on the proportion correct
data for each of the four levels of confidence. After
removing participants who did not make at least
two ratings at any confidence level, the sample sizes
slightly differed across t tests (total N = 44). A Bonferroni correction of α = .0125 was used. In contrast to
Experiments 1, 2, and 3, in Experiment 4 a dependent
t test indicated that the proportion correct was significantly higher for same- than for cross-race faces at
Confidence Level 5, t(29) = 3.77, p < .001, power = .95.
The proportion correct did not significantly differ
between same- and cross-race faces at Confidence
Level 4, t(33) = −0.17, p = .57, power = .05, at Confidence Level 3, t(34) = 0.77, p = .22, power = .12, or at
Confidence Levels 1 and 2, t(20) = −0.86, p = .80,
power = .13. These pairwise comparisons mirror the
significant interaction between race of target face
and confidence level: Same- and cross-race confidence-specific accuracy did not differ at each of the
three lower levels of confidence but same-race confidence-specific accuracy was significantly higher than
cross-race confidence-specific accuracy at the
highest level of confidence. Figure 2 (bottom right
panel) illustrates the effect size comparison for d′
and confidence-specific accuracy for each level of confidence. In contrast to the previous three studies, the
effect size for differences between same- and crossrace confidence-specific accuracy at the highest level
of confidence was larger than the effect size for d′ .
Using a Bonferroni correction of α = .0125, dependent t tests on the CA relationship for “new” responses
indicated that in Experiment 4, same- and cross-race
confidence-specific accuracy did not significantly
differ at the lower confidence levels (ps > .02) but
did differ at the highest confidence level (p = .002).
High-confidence same-race judgments were associated with higher accuracy than high-confidence
cross-race judgments. Furthermore, there was a less
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General discussion

Figure 6. Confidence-specific accuracy assessed with CAC curves in
Experiment 4. Chance performance is denoted by the horizontal
line. Error bars represent standard error.

reliable CA relationship for “new” than for “old”
responses. Similar to Experiment 3, this difference
may be attributed to lower overall performance in
Experiment 4 than in Experiments 1 and 2. The CA
relationship for “new” responses in Experiment 4 is
presented in Figure 3 (bottom right panel).

Discussion
In Experiment 4, confidence-specific accuracy did not
differ as a function of race of face at the lower levels of
confidence, but same-race confidence-specific accuracy was significantly higher than cross-race confidence-specific accuracy at the highest level of
confidence. In contrast to the previous three
studies, in Experiment 4, high levels of confidence
were indicative of high levels of accuracy for samerace faces but only slightly above chance levels for
cross-race faces. The absence of a reliable CA relationship for cross-race faces may be attributed to overall
chance performance, resulting in a significant difference in trustworthiness (i.e., the proportion of
correct “old” responses) for same- and cross-race
faces at the highest level of confidence. Furthermore,
slightly above-chance cross-race accuracy at the
highest level of confidence may also be indicative of
liberal responding. In contrast to the previous three
studies, results from Experiment 4 suggest that highconfidence same-race identifications may be more
trustworthy than high-confidence cross-race identifications when observers are merely guessing in the
cross-race condition.

Much of the research on same- and cross-race face
memory posits that the CRE is a result of qualitative
differences at encoding (Goldinger et al., 2009; Hills
& Lewis, 2006; Hugenberg et al., 2010; Meissner
et al., 2005). Encoding of same-race faces is more
likely to involve effortful elaboration of specific diagnostic information than encoding of cross-race faces.
Thus, observers are better able to rely on recollective
processes and retrieve specific episodic information
during recognition of same- than recognition of
cross-race faces, resulting in higher overall discrimination accuracy for same- than for cross-race faces.
According to Wixted and Mickes’s (2010) continuous
dual-process model of recognition memory,
however, memories based more on recollective processes do not always have higher old/new discrimination accuracy than memories based more on
familiarity processes. They reported a dissociation
between quality (content) and quantity (strength) of
memory, typically measured with remember/know
judgments and confidence ratings, respectively.
When comparing strong, high-confidence recollection- and familiarity-based memories that are similar
in memory strength (i.e., they had the same confidence rating), there was no significant difference in
old/new discrimination accuracy (Wixted & Mickes,
2010). These results suggest that the reliability of the
CA relationship may not depend on the type of processing (i.e., recollection or familiarity) because confidence ratings are indicative of the strength of the
memory rather than the quality of the memory.
If, according to results from Wixted and Mickes
(2010), strong, high-confidence memories, which
can be recollection or familiarity based, do not
differ in recognition accuracy, then high-confidence
same-race judgments and high-confidence crossrace judgments may not differ in accuracy. Results
from the four CAC analyses indicate that confidence
judgments made for “old” responses immediately
following the initial test phase reliably predict recognition accuracy when performance is above chance
levels (Experiments 1, 2, and 3) but not when performance is at chance levels (Experiment 4). These
results are consistent with findings of Deffenbacher
(1980) and Weber and Brewer (2003). When there
is no memory signal, observers merely guess, and,
consequently, confidence is not predicted to be
indicative of accuracy. Furthermore, confidencespecific accuracy for same- and cross-race faces did
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not significantly differ at each level of confidence
when overall performance was above chance levels
(Experiments 1, 2, and 3) but significantly differed
when overall performance was at chance levels for
cross-race faces (Experiment 4). In other words,
when observers are not performing at chance
levels, a high-confidence cross-race identification
can be as trustworthy as a high-confidence samerace identification.
Applying these results to the legal system, it is
important to note that the eyewitness cases that are
more likely to proceed to trial are those with high-confidence eyewitnesses. Accordingly, our findings would
suggest that judges and jurors should not be hasty to
judge cross-race identifications as unreliable,
especially when eyewitness confidence was obtained
close in time to the identification, and performance
is above chance levels. This is so even though it is
also true that overall same- and cross-race recognition
accuracy differs considerably as measured by d´. In
other words, the existence of a CRE on d´ (which is
what the CRE typically refers to) does not necessarily
imply that confidence-specific accuracy differs significantly for same- and cross-race faces. Although there
was slightly higher accuracy for high-confidence
same- than cross-race judgments in our studies
(which would have been significant if a less stringent
correction for multiple testing was used), the difference in accuracy at high confidence is nonetheless
small. As shown in Figure 2, when recognition
memory performance is above chance, the magnitude
of the CRE is smaller at high levels of confidence than
when measured by d′ .
Our results are similar to those reported by Dodson
and Dobolyi (2015). Although they reported statistically significant higher calibration scores for samethan for cross-race judgments, the size of this difference was small (d = .31 for Black participants and d
= .10 for White participants). Furthermore, the proportion correct for high-confidence same- and crossrace judgments were similar, 80% and 77%, respectively. Dodson and Dobolyi had a large sample size
(N = 1,656) and thus more power to detect even
small effects. Some of our reported comparisons
may have been statistically significant if we had
used a more liberal alpha correction or had a larger
sample size. However, the focus should be on the
effect sizes, which are fairly similar across our two
studies. Although there may be a real difference
between same- and cross-race face accuracy across
all levels of confidence, differences in confidence-
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specific accuracy were small compared to differences
in discrimination accuracy. As confidence-specific
accuracy is a more informative measure to triers of
fact than discrimination accuracy (Mickes, 2015),
triers of fact should not be quick to judge a crossrace identification as unreliable compared to a samerace identification.
Across all four studies, confidence was a stronger
predictor of accuracy than face race. In fact, results
from the mixed-effects logistic regression indicated
that when confidence is equated, face race is no
longer a significant predictor of accuracy. Furthermore, our results suggest that the CA relationship
does not differ as a function of face race. These four
studies, together with the results of Palmer et al.
(2013) and Dodson and Dobolyi (2015), suggest that
when confidence is collected immediately after the
initial recognition memory test, and performance is
above chance levels, observers are able to metacognitively adjust their subjective confidence ratings to
account for poor encoding conditions. For example,
witnesses may know that they only caught a
glimpse of the perpetrator’s face and thus do not
rate their confidence as high unless they are absolutely sure. Thus, confidence can be a reliable indicator
of accuracy for both same- and cross-race faces when
overall performance is above chance levels, and confidence is collected immediately after the initial identification. This is one explanation for the difference in
same- and cross-race discrimination accuracy in light
of the similarity in same- and cross-race confidencespecific accuracy reported in these four studies.
The low recognition memory performance for
cross-race faces in our Experiment 4, utilizing data
from Pezdek et al. (2012; cross-race mean d′ = 0.16),
may explain the less reliable CA relationship for
cross-race than same-race faces; high confidence
was indicative of high accuracy for same-race faces
but only indicative of slightly above-chance performance for cross-race faces. This level of overconfidence
for cross-race faces at the highest confidence level
may be indicative of a high false-alarm rate and
liberal responding. This liberal responding in confidence ratings may have resulted from the within-subjects manipulation of individual versus group
presentation of faces by Pezdek et al. (2012). In that
study, discrimination accuracy for cross-race faces,
but not same-race faces, decreased to chance levels
when target faces were presented in a group (with
two companion faces) rather than individually. This
suggests that cross-race target faces presented in a
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group were not encoded well, and therefore all
appeared to be new faces when later presented in
the test phase, when, in fact, half of the test faces
were old, and half were new. When taking a multiitem recognition test, participants may not have
wanted to respond “new” on all test faces, and, thus,
incorrectly responded “old” to some new cross-race
test faces. Participants may have incorrectly rated
some new test faces with high confidence due to
strong feelings of familiarity if the target and test
faces shared similar characteristics.
These considerations suggest that it will be important to test these issues using an eyewitness show-up
paradigm where observers only make one judgment.
In the four studies reported, observers made multiple
judgments. Observers may be able to improve their
ability to calibrate their confidence ratings as
testing proceeds and, as a result, inflate the reliability
of the CA relationship (Brewer, 2006). The same
concern might apply to the findings reported by
Dodson and Dobolyi (2015), who reported very
similar results to ours using a line-up procedure. In
their study, participants each made 12 memory judgments. Despite these limitations, results from these
studies help us better understand the recognition
memory framework and provide support for the dissociation between quality (content) and quantity
(strength) of a memory trace (Wixted & Mickes,
2010). The absence of a CRE with confidence-specific
accuracy suggests that it is important to consider
both quality and quantity when assessing recognition
accuracy.
One might argue that because these four studies
were not fully crossed with a second racial group of
participants, the difference between discrimination
accuracy for same- and cross-race faces may be due
to the nature of the particular stimuli used. For
example, perhaps overall, the White faces were more
memorable than the Black faces. In all four studies,
however, response bias, measured with the signal
detection measure C, was more conservative (i.e.,
less likely to say “old”) for same- than for cross-race
faces. This is consistent with previous CRE research
that reports that observers are more liberal in
responding to cross- than to same-race faces (Meissner & Brigham, 2001). In addition, Meissner et al.
(2005) tested both White and Black participants on a
recognition memory task using photos from the
same database as the one that we used and did not
find a significant main effect of face race on discrimination accuracy. This suggests that the White faces in

this stimulus set are not more memorable than the
Black faces. Furthermore, this alternative explanation
would not account for the difference in the magnitude
of the CRE between discrimination and confidencespecific accuracy. Finally, it is worth noting that
Wixted, Mickes, Dunn, Clark, and Wells (2016) recently
reported evidence of a strong CA relationship in real
eyewitnesses tested using photo line-ups in the
Houston Police Department. Most eyewitness identifications in the jurisdiction are cross-race identifications, yet high confidence accuracy in that study
was estimated to be very high (greater than 95%
correct).
In addition to the theoretical contribution of this
research, there are many applications of these
results to eyewitness memory. An estimated 76% of
DNA exonerated cases can be attributed to eyewitness
misidentifications (Garrett, 2011). However, and consistent with the results of our study, Garrett (2011)
reviewed trial materials for 161 DNA exonerated
cases and reported that 57% of innocent suspects
were misidentified by eyewitnesses who expressed
low levels of certainty during their initial identification.
The results from our studies and others (Mickes, 2015;
Palmer et al., 2013; Weber & Brewer, 2003) provide evidence that under certain conditions, the effects of estimator variables like race of face and exposure duration
do not affect the reliability of the CA relationship. In
other words, when confidence is collected immediately after the initial identification, and performance
is above chance, a high-confidence cross-race identification can be as trustworthy as a high-confidence
same-race identification. At the very least, under
these conditions, the magnitude of the CRE (assessed
by Cohen’s d ) is attenuated when confidence is taken
into account.

Notes
1. One concern about running ANOVAs on the proportion
correct data is that the two independent variables of
race of target face and confidence may be non-orthogonal. To account for this possibility, for each participant
in each of the four studies, we ran a χ2 test of independence on the number judgments made for same- and
cross-race faces at each level of confidence. Based on
these analyses, we removed participants using a cut-off
of α = .05 on the χ2 test of independence and then reran the ANOVAs. The number of participants removed
per study was as follows: Experiment 1 = 2, Experiment
2 = 2, Experiment 3 = 1, and Experiment 4 = 2. With
these participants removed, there were no differences
in the statistical significance of any main effects or
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interactions in all four studies. Next, to decrease our
chances of Type II error, we removed participants using
a cut-off of α = .10 on the χ2 test of independence and
re-ran the ANOVAs. The number of additional participants
removed per study was as follows: Experiment 1 = 7,
Experiment 2 = 6, Experiment 3 = 2, and Experiment 4 =
2. With these additional participants removed, there
were no differences in the statistical significance of any
main effects or interactions in Experiments 2, 3, and
4. The main effect of race was significant (p = .02) in
Experiment 1; therefore, we re-ran the t tests comparing
the proportion correct at each confidence level after
removing the 7 participants who had significant χ2 test
of independence using α = .10. The statistical significance
of the t tests did not differ with these participants
removed. Given that the results of the ANOVAs and t
tests did not differ after removing these participants, in
the manuscript, we report the ANOVA results on all
participants.
2. The CA relationship was examined separately for the
placebo and oxytocin conditions and was similar to the
CA relationship for both groups combined. Before an
alpha correction, there were statistically significant differences in same- and cross-race confidence-specific accuracy at confidence levels of 5 and 6 for the placebo
group alone and at level 10 for the oxytocin group
alone (ps < .05). There were no other significant differences. To be consistent with the other reported studies,
we used a Bonferroni correction of α = .007, and these
differences are no longer statistically significant. More critically, examining the mean proportions from the oxytocin group at level 10 indicated that high-confidence
same-race judgments had an average accuracy of .97
whereas high-confidence cross-race judgments had an
average accuracy of .95. There may be a real difference
between high-confidence same- and cross-race judgments, but the difference is small.
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