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Prior research points to a meaningful confidence-accuracy (CA) relationship for positive identifi-
cation decisions. However, there are theoretical grounds for expecting that different aspects of the
CA relationship (calibration, resolution, and over/underconfidence) might be undermined in some
circumstances. This research investigated whether the CA relationship for eyewitness identification
decisions is affected by three, forensically relevant variables: exposure duration, retention interval,
and divided attention at encoding. In Study 1 (N = 986), a field experiment, we examined the effects
of exposure duration (5 s vs. 90 s) and retention interval (immediate testing vs. a 1-week delay) on
the CA relationship. In Study 2 (N = 502), we examined the effects of attention during encoding on
the CA relationship by reanalyzing data from a laboratory experiment in which participants viewed
a stimulus video under full or divided attention conditions and then attempted to identify two targets
from separate lineups. Across both studies, all three manipulations affected identification accuracy.
The central analyses concerned the CA relation for positive identification decisions. For
the manipulations of exposure duration and retention interval, overconfidence was greater in the
more difficult conditions (shorter exposure; delayed testing) than the easier conditions. Only the
exposure duration manipulation influenced resolution (which was better for 5 s than 90 s), and only
the retention interval manipulation affected calibration (which was better for immediate testing than
delayed testing). In all experimental conditions, accuracy and diagnosticity increased with confi-
dence, particularly at the upper end of the confidence scale. Implications for theory and forensic
settings are discussed.
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The prevalence of eyewitness identification errors (e.g., Cut-
ler & Penrod, 1995; Steblay, Dysart, Fulero, & Lindsay, 2001),
combined with the potentially serious consequences of such
errors (Wells et al., 1998), has led psychologists to search for
markers that might be used to assess the accuracy of individual
identification decisions. The most well-known and widely in-
vestigated marker of accuracy is identification confidence. Prior
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research (e.g., Brewer & Wells, 2006; Sauer, Brewer, Zweck, &
Weber, 2010; Sporer, 1993; Sporer, Penrod, Read, & Cutler,
1995) points to a meaningful confidence-accuracy (CA) rela-
tionship for positive identification decisions. However, there
are theoretical grounds for expecting that different aspects of
the CA relationship (calibration, resolution, and over/undercon-
fidence) might be impaired in some circumstances. Given that
eyewitness identification evidence—and identification confi-
dence in particular—is influential in criminal investigations and
courtroom trials (e.g., Brewer & Burke, 2002; Lindsay, Wells,
& Rumpel, 1981), it is important to examine factors that may
weaken, or even completely undermine, the CA relationship.
This research examined whether CA calibration, resolution,
and over/underconfidence are influenced by variations in three
forensically relevant factors, each of which has been (a) en-
dorsed by the U.S. Supreme Court as relevant to assessments of
eyewitness identification evidence (Neil v. Biggers, 1972) and
(b) shown to affect recognition accuracy. These factors are
exposure duration (e.g., Murdock, 1974; Ratcliff, Clark, &
Shiffrin, 1990; Ratcliff, Sheu, & Gronlund, 1992), retention
interval (e.g., Deffenbacher, Bornstein, McGorty, & Penrod,
2008; Ebbinghaus, 1964), and attention (e.g., Jacoby, Wo-
loshyn, & Kelley, 1989; Reinitz, Morrissey, & Demb, 1994).
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The CA Relationship for Eyewitness Identification
Decisions

Although numerous studies have reported weak to moderate CA
correlations (e.g., Bothwell, Deffenbacher, & Brigham, 1987; Cut-
ler, Penrod, & Martens, 1987; Sporer et al., 1995), there is a
growing body of evidence that points to a meaningful CA rela-
tionship under certain conditions. For example, confidence has
been shown to be a useful predictor of accuracy when there is
substantial variability in witnessing conditions (e.g., Lindsay,
Read, & Sharma, 1998), and when the witness makes a positive
identification as opposed to rejecting the lineup (e.g., Sporer,
1993; Sporer et al., 1995). As an aside, it is important to note that
positive identifications occur when the witness picks someone
from the lineup, regardless of whether the suspect or another
lineup member (who is known to be innocent) is chosen. Witnesses
who make a positive identification are often termed choosers, and
those who reject the lineup are termed nonchoosers.

The Calibration Analysis Approach

More recently, knowledge about the CA relationship for eye-
witness identification decisions has benefitted from the use of
analysis approaches that examine different aspects of this relation-
ship. Specifically, calibration analyses provide information about
two independent properties of the CA relationship: resolution and
calibration. Resolution is conceptually similar to the point-biserial
CA correlation, in that both index the degree to which confidence
judgments discriminate correct from incorrect decisions. However,
they are different (and differently useful) indexes of this property
of the CA relation. The point-biserial correlation is a mathematical
transformation of the 7-value obtained in an independent-samples #
test. Thus, it is essentially an index of the extent to which the
confidence distributions for correct and incorrect responses over-
lap. This is not very useful information for inferring likely accu-
racy from confidence. In contrast, the resolution index represents
the extent to which accuracy at each confidence level differs from
overall accuracy. In other words, resolution shows the extent to
which knowledge of confidence allows one to predict accuracy,
which is much more useful information. Resolution can be ex-
pressed via the Adjusted Normalized Resolution Index (ANRI)
statistic, which ranges from 0 (no discrimination) to 1 (perfect
discrimination).

Calibration reflects a different aspect of the CA relationship: the
degree of correspondence between the subjective probability of
accuracy (i.e., confidence) and the objective probability of accu-
racy. Calibration curves are constructed by plotting confidence
against accuracy. If calibration is perfect, responses made with
20% confidence will be 20% likely to be correct, responses made
with 40% confidence will be 40% likely to be correct, and so forth.
Calibration is typically assessed through (a) visual comparison of
the observed calibration function to a perfect calibration function,
and (b) calculation of two associated statistics, C and O/U. The
calibration (C) statistic indexes deviation from perfect calibration.
C values range from 0 (perfect calibration) to 1. Over/undercon-
fidence (O/U) is a different property of the CA relationship, one
that can be considered a coarser version of calibration. The O/U
statistic reflects the degree to which average confidence is greater
(i.e., overconfidence) versus less (i.e., underconfidence) than over-

all accuracy. O/U values range from —1 to 1 with positive and
negative values indicating over- and underconfidence, respec-
tively. Note that, although O/U and C are strongly related, changes
in O/U are not necessarily predictable from changes in C, and vice
versa.

The calibration analysis approach examines the CA relation-
ship in terms of both types of properties: the extent to which
confidence discriminates correct from incorrect decisions
(ANRI) and the extent to which subjective probability judg-
ments match objective probability judgments (C and O/U). This
is an important advantage over other approaches for two rea-
sons. First, the different properties of the CA relationship have
different bases and are mathematically independent. Thus, there is
no reason to expect that manipulations that affect one property will
necessarily affect others. For example, Juslin, Olsson, and Win-
man (1996) used a hypothetical data set to demonstrate that con-
fidence and accuracy can be perfectly calibrated even when the CA
correlation is weak, and Merkle (2009) showed that manipulations
of task difficulty can affect over/underconfidence when calibration
is perfect. Such findings illustrate that analysis of a single aspect
of the CA relationship does not provide a comprehensive picture;
for instance, if Juslin et al. had reported only the point-biserial CA
correlation, their example would have suggested that the CA
relationship was modest at best.

Second, the different properties provide different information
about the CA relationship. From the present applied perspective
(the context of eyewitness identification tests), calibration provides
the most useful and important information. Resolution is important
because some nonzero level of resolution is necessary in order for
confidence to be a useful indicator of accuracy (Williamson,
Weber, & Timmins, 2012). However, once nonzero resolution is
established, it is the calibration and over/underconfidence proper-
ties that are of greatest interest because they are the most useful for
guiding jurors’ and police investigators’ interpretations of identi-
fication evidence. Consider Juslin et al.”’s (1996) example of a jury
assessing the likely accuracy of a single identification decision
made with 90% confidence. From calibration research, the jury
might learn that identification decisions made with 90% confi-
dence are correct approximately 80% of the time. This information
is helpful because it is interpretable by jurors. Knowing that the
point-biserial CA correlation is .40 (or some other value) is not.

Furthermore, because the different properties provide infor-
mation about different aspects of the CA relationship, changes
in calibration, over/underconfidence, and resolution have dif-
ferent implications for the CA relationship. For example, if we
know that certain conditions increase overconfidence, this can
be taken into account when evaluating the likely accuracy of
identification decisions (e.g., under those conditions, decisions
made with 90% confidence might be correct 65%—80% of the
time). If it was known that a particular set of circumstances
undermined CA calibration or resolution entirely, confidence
would cease to be a useful predictor of accuracy under those
conditions, and confidence could be disregarded. In summary,
the calibration analysis approach provides forensically useful
information about multiple, independent properties of the CA
relationship; the same information cannot be obtained from the
point-biserial CA correlation.
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Prior Calibration Research

Calibration techniques have been used to examine the CA
relationship in face recognition decisions (e.g., Cutler & Penrod,
1989; Weber & Brewer, 2003, 2004). However, although calibra-
tion analysis offers a promising avenue for advancing understand-
ing of the CA relationship for identification decisions, calibration
research has been relatively sparse in the identification literature.
This is perhaps attributable in part to the fact that very large
numbers of participants are required to obtain stable estimates of
calibration (e.g., Brewer, Keast, & Rishworth, 2002; Juslin et al.,
1996).

The few calibration studies published have yielded promising
results. Confidence and accuracy have been shown to be well
calibrated for positive identifications (i.e., when the witness
chooses someone from the lineup) but not lineup rejections (e.g.,
Brewer & Wells, 2006; Sauer et al., 2010; Sauerland & Sporer,
2009). This indicates that confidence is indeed a useful indicator of
accuracy for suspect identifications. In addition, positive identifi-
cations have been shown to be made with some degree of over-
confidence. For example, identifications made with 90%-100%
confidence are associated with accuracy rates of approximately
75%-90%. However, it is clear that calibration research has only
begun to scratch the surface with regard to the CA relation for
identification decisions. In particular, there is a need to investigate
factors that might moderate CA calibration, resolution, and over/
underconfidence for identification decisions. Two studies have
investigated such factors. Keast, Brewer, and Wells (2007) focused
on the age of the witness. Although positive identifications made
by adult witnesses were well calibrated, albeit somewhat overcon-
fident, those made by child witnesses (mean age = 11 years) were
characterized by poor calibration and resolution, and extreme
overconfidence. Sauer et al. (2010) investigated the effects of
retention interval. They found that accuracy increased with confi-
dence for identification decisions made immediately or several
weeks after viewing a target person, indicating that variability in
retention interval did not undermine the basic nature of the CA
relationship. Sauer et al.’s results also suggested that identification
decisions made after a delay were more overconfident than those
made immediately after encoding, although they did not report
inferential statistics for this comparison.

Potential Moderators of the CA Relationship

This research extended understanding of the CA relationship by
investigating whether calibration, resolution, and over-/undercon-
fidence are influenced by two previously untested situational fac-
tors: exposure duration and attention at encoding. We also tested
whether the effects of retention interval found by Sauer et al.
(2010) would be replicated. There are three reasons why we chose
to examine these factors. First, each is forensically relevant. In
criminal cases, the amount of time for which a witness views a
culprit, the amount of attention paid by a witness to a culprit, and
the time elapsing between the crime and the identification test can
differ substantially across cases and witnesses (e.g., Lindsay et al.,
1998; Pike, Brace, & Kynan, 2002; Wells & Murray, 1983).
Second, these factors have particular relevance to courtroom pro-
ceedings, as each has been endorsed by the U.S. Supreme Court as
one of the five Biggers criteria on which assessments of eyewit-

ness identification evidence should be based (Neil v. Biggers,
1972).!

Finally, and most important, existing theory suggests that these
factors might affect different properties of the CA relationship. As
will be outlined later, each of these factors has been shown to
affect accuracy in recognition memory and eyewitness identifica-
tion tests. Numerous models hold that both confidence and accu-
racy are based, at least in part, on the same evidence (e.g., Green
& Swets, 1966; Macmillan & Creelman, 1991; Van Zandt, 2000;
Yonelinas, 2002). Hence, manipulations that influence memory
strength (e.g., exposure duration, retention interval, and attention)
might be expected to have equivalent effects on both accuracy and
confidence. However, prior research shows that this is not always
the case; differences in accuracy can be associated with differences
in one or more properties of the CA relationship.

For example, effects on accuracy are often not mirrored by an
equivalent change in confidence. This can influence the degree of
over-/underconfidence observed. The hard-easy effect (e.g., Gig-
erenzer, Hoffrage, & Kleinbolting, 1991; Weber & Brewer, 2004)
occurs when a manipulation affects accuracy but has a smaller
effect on confidence. This results in greater overconfidence for
increasingly difficult conditions and greater underconfidence for
increasingly easy conditions. In the present research, we antici-
pated that the manipulations of exposure duration, retention inter-
val, and attention during encoding would produce hard-easy ef-
fects, such that overconfidence would be greater for the more
difficult conditions (i.e., shorter exposure; longer retention inter-
val; divided attention) compared with the corresponding less dif-
ficult conditions (i.e., longer exposure; shorter retention interval;
full attention).

There is also reason to expect that factors that affect accuracy
will also affect resolution. For example, the optimality hypothesis
(Bothwell et al., 1987; Deffenbacher, 1980) predicts that the CA
correlation will be stronger when better “processing conditions”
(Deffenbacher, 1980, p. 246) enable witnesses to make more
appropriate confidence estimates. Consistent with this view, Per-
fect and Stollery (1993) found that deficits in metacognitive mon-
itoring for older participants compared with younger participants
disappeared when the two age groups were equated on memory
performance. This implies that the quality of memory may limit
the effectiveness of metamemorial monitoring. Such results sug-
gest that CA resolution will be poorer for the more difficult
experimental conditions in the present research: shorter exposure,
longer retention interval, and divided attention.

Although there is a basis for predicting the effects of exposure
duration, retention interval, and divided attention on over/under-
confidence and resolution, we know little about how these factors
might influence CA calibration. For example, the predicted effects
on over/underconfidence could manifest as an overall shift in the
calibration curve, or a shift only in high or low confidence deci-
sions. These patterns would have different implications for CA
calibration. Furthermore, because the effects of exposure duration,
retention interval, and attention on calibration are unknown, it is
unclear whether variability in these factors affects the degree to

"' The Biggers criteria include: the witness’s certainty; the degree of
attention paid; opportunity to view the perpetrator; amount of time elapsed;
and quality of description of the perpetrator.
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which confidence is a useful indicator of accuracy in forensic
settings.

Summary

This research investigated potential moderators of the CA rela-
tionship in terms of calibration, resolution, and over/underconfi-
dence. In addition to replicating the results of Sauer et al. (2010),
this research broke new ground by examining the effects of two
additional variables: exposure duration and attention during en-
coding. In Study 1, we manipulated exposure duration and reten-
tion interval in a field experiment. Participants viewed one of six
targets for either 5 s or 90 s and completed an identification test
either immediately or following a delay of approximately 1 week.
In Study 2, we examined the effects of a divided attention manip-
ulation by reanalyzing data from Palmer, Brewer, McKinnon, and
Weber (2010). In that experiment, witnesses viewed a stimulus
video under full or divided attention conditions and then attempted
to identify two targets from separate lineups. Because prior re-
search has demonstrated meaningful CA relationships for positive
identifications but not lineup rejections, our focus in both studies
was on the effects of our manipulations on the CA relation for
positive identifications.

Study 1: Exposure Duration and Retention Interval

A wealth of evidence from the broader memory literature dem-
onstrates that increased exposure time is associated with increased
recognition accuracy (e.g., Deffenbacher, Leu, & Brown, 1981;
Hirshman & Henzler, 1998; Murdock, 1974; Ratcliff et al., 1990;
Ratcliff et al., 1992; Reynolds & Pezdek, 1992; Weber & Brewer,
2004). Similar results have been found using an eyewitness iden-
tification paradigm. Memon, Hope, and Bull (2003) reported that
witnesses who viewed a culprit for 45 s versus 12 s made more
correct identifications from target-present lineups and fewer foil
identifications from target-absent lineups.

Consistent with the optimality hypothesis, in separate meta-
analyses of face identification studies, Bothwell et al. (1987) and
Shapiro and Penrod (1984) reported stronger CA correlations for
longer versus shorter exposure times (e.g., estimated rs of .31 and
.19 for longer and shorter exposure durations, respectively, in
Bothwell et al.). This suggests that resolution will be better under
longer exposure. However, no study has examined the effects of
exposure duration on CA calibration or over-/underconfidence for
eyewitness identification decisions.

Retention interval has also been shown to affect memory per-
formance, such that increased retention intervals are associated
with decreased recognition accuracy (e.g., Deffenbacher et al.,
2008; Ebbinghaus, 1964). Similar effects have been found in the
eyewitness identification domain. For example, Sauer et al. (2010)
found that identification responses made after a delay of three to
seven weeks were less likely to be correct than responses made
immediately after viewing the target. In terms of the confidence
accuracy relationship, as noted earlier, Sauer et al.’s results sug-
gested that a longer retention interval increases overconfidence
(i.e., a hard-easy effect) without substantially undermining cali-
bration. Given that calibration research for eyewitness identifica-
tion decisions is in its very early stages, replication of results is
particularly important. So, as well as examining the effects of

exposure duration, the present research attempted to replicate
Sauer et al.’s results with different sets of stimuli.

Method

Participants and design. A total of 986 members of the
general public of Adelaide, South Australia (517 female; aged
14—87 years, M = 33.08, SD = 15.37) participated in Study 1. A
2 (exposure duration: 90s, 5s) X 2 (retention interval: immediate
test, delayed test) X 2 (target-presence: present, absent) between-
subjects design was used.

Lineups. Target-present and target-absent lineups were con-
structed for each of six targets. Target-present lineups comprised
color, head-and-neck photographs of the target and seven match-
description foils. Target-absent lineups comprised head-and-neck
photographs of eight match-description foils. Following Palmer,
Brewer, McKinnon, et al. (2010), the suitability of foils for each
target was assessed by, first, having one group of mock witnesses
(N = 3) view the targets for 10 s each and then provide a
description of each target. These descriptions were used to produce
a modal description for each target. A second group of mock
witnesses (N = 20), who had not viewed the targets, was presented
with the eight lineup foils and modal description for each target
and asked to select any faces that matched the description. The
mean number of foils selected for each target ranged from 5.40
(SD = 1.70) t0 6.55 (SD = 1.57). Each foil was selected by at least
eight mock witnesses. For each target, one foil was randomly
selected to be the target replacement.

Procedure. Data were collected in various public places (e.g.,
university campuses, city streets, and parks) by 12 third-year
undergraduate psychology students. Prior to the commencement of
the study, the students completed several hours of training in the
protocols for data collection. During data collection, the students
followed scripted instructions regarding the procedure and instruc-
tions to be given to participants. The students worked in pairs, with
one person acting as the target and the other as the researcher. The
researcher approached individuals and asked whether they would
be interested in participating in a psychology experiment. When an
individual agreed to participate, the researcher informed them of
their rights as a participant and obtained written consent. The
researcher then signaled to the target (who had remained hidden
until now) to move into view, and directed the participant’s atten-
tion to the target. The participant viewed the target at a premea-
sured distance of 10 m, and was asked to remain looking at the
target until the target stepped out of view. After 90 s (long
exposure duration) or 5 s (short exposure duration), the researcher
signaled to the target to move out of view.

Participants in the immediate testing condition then received the
following instructions from the researcher: “I'm now going to ask
you to try to pick the person you just saw out of a group of
photographs on this sheet.” The researcher then showed the par-
ticipant the target-present or target-absent lineup for that target, in
the form of an A4 sheet of laminated card displaying eight clearly
numbered photographs and a box marked “not present.” The
researcher continued: “The person may or may not be present in
the lineup. If you think the person is not present, please say ‘not
present.” If you think the person is present, please indicate the
number of their photo.” The researcher then recorded the partici-
pant’s identification response, and asked the participant to indicate
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how confident they were that their decision was correct on an
11-point scale (0% to 100%) with decile response options. Re-
searchers were instructed not to provide postidentification feed-
back (verbal or nonverbal) until after data collection was com-
pleted. The participant was also asked to provide demographic
information about their age, gender, and whether they usually wore
vision-correcting glasses or lenses (participants who said that they
did were asked whether they were wearing these during the study).

Participants allocated to the delayed testing condition were
asked to provide an e-mail address and were contacted via e-mail
6—8 days after viewing the target. These participants were pro-
vided with a link to a data collection website via which they
completed the identification task. We anticipated a response rate of
approximately two-thirds, based on the response rate obtained in
previous studies that used a similar delayed testing condition (e.g.,
Sauer et al., 2010). Therefore, to minimize differences in partici-
pant numbers between the two retention interval conditions in this
study, 60% of participants were randomly allocated to the delayed
condition and 40% to the immediate condition. This approach was
successful. The actual response rate in the delayed condition was
65.4%, yielding 472 participants in the delayed condition com-
pared with 514 in the immediate condition. Retention intervals in
the delayed condition ranged from 6 to 103 days (M = 9.42, SD =
7.00). Most participants (60.3%) responded within 8 days and the
vast majority (92.9%) within 14 days. Only two took longer than
40 days. Note that the substantial variability in retention interval
within the delayed condition mirrors what would be expected to
occur in police investigations and had no apparent effects on
confidence, accuracy, or the CA relationship (although there were
insufficient data at the longer retention intervals to formally ana-
lyze effects on calibration).

Participants in the delayed condition received lineup instruc-
tions identical to those received by participants in the immediate
condition, albeit on-screen rather than orally. Identification re-
sponses were made by clicking on the appropriate photo or the
“not present” button displayed on-screen, and participants rated
their identification confidence by clicking one of 11 on-screen
buttons (0% to 100%). Participants in the delayed condition pro-
vided the same demographic information as those in the immediate
condition. It should be noted that the retention interval manipula-
tion was confounded with response medium (face-to-face vs.
computer-administered instructions and responses) in Study 1.
However, Sauer et al. (2010) used a methodology with the same
confound, and the consistency between their findings and other
lab-based identification studies suggests that this confound had
minimal or no impact on results.

Across both retention interval conditions, 78 participants re-
ported that they usually wore corrective glasses or lenses but were
not wearing these during the study. Data from these participants
were excluded from analyses.

Results and Discussion

An alpha level of .05 was used for all analyses in Studies 1 and
2. The effect size estimate w is reported for comparisons of
proportions, with cut offs for small, medium, and large effects of
0.1, 0.3, and 0.5, respectively.

Manipulation checks. The frequencies and percentages of
different types of identification responses for each cell of the

exposure duration and retention interval conditions are reported in
the online supplementary materials (Table S1). To test whether the
manipulations of exposure duration and retention interval had the
intended effects on accuracy, we conducted a 2 (exposure dura-
tion) X 2 (retention interval) X 2 (choosing status) X 2 (accuracy)
hierarchical loglinear analysis. This yielded a weak but significant
2-way association between exposure duration and accuracy, x*(1,
n =908) = 14.72, p < .01, w = 0.13, with a higher proportion of
correct responses in the 90-s exposure condition (63.8%) than the
5-s condition (50.7%). Because our focus was on the CA relation-
ship for choosers, we conducted an additional 2 (exposure dura-
tion) X 2 (accuracy) x* analysis using choosers’ data only to rule
out the possibility that the exposure duration manipulation only
influenced accuracy for nonchoosers. This confirmed that the
proportion of correct positive identification decisions was higher
in the 90-s exposure condition (56.5%) than the 5 s (39.0%),
X2(1) = 1641, p < .01, w = 0.17.

There was also a weak but significant 2-way association be-
tween retention interval and accuracy, x*(1, n = 908) = 5.32, p <
.05, w = 0.07, with a higher proportion of correct responses made
in the immediate testing condition (60.2%) than the delayed con-
dition (53.7%). None of the other 3-way or 4-way interactions
were significant, all x*s < 1.

The CA relationship. As stated earlier, our focus was on the
CA relationship for positive identification decisions. We present
results for the main effects of exposure duration and retention
interval—rather than the interaction between these factors—be-
cause, even with the large sample in Study 1, there were insuffi-
cient data points to obtain stable calibration statistics and curves
when the data were analyzed by individual cells. For interested
readers, the calibration data and curves for individual cells of the
exposure duration X retention interval design can be found in the
online supplementary materials (Tables S2, S3, S4, and Figure S1).

The frequencies of different identification responses for each
confidence level for choosers are displayed in Table 1. Following
Brewer and Wells (2006) and Sauer et al. (2010), foil identifica-
tions from target-present lineups were excluded from calibration
analyses. In a single-suspect lineup (comprising known-to-be-
innocent fillers plus one suspect), such decisions represent known
errors and, therefore, confidence is not necessary for evaluating
accuracy. Moreover, including these decisions in analyses would
provide a distorted impression of the usefulness of confidence as
an indicator of accuracy in actual police investigations. As per
prior research investigating CA calibration (Brewer & Wells,
2006; Juslin et al., 1996; Sauer et al., 2010), data were collapsed
from the original 11 confidence categories (i.e., 0% to 100%) to
five categories (i.e., 0%—20%, 30%—40%, 50%—60%, 70%—80%,
90%-100%) to improve the stability of the calibration functions.
The weighted average confidence was used in all plots and anal-
yses as the confidence value for each of these groups.

We examined the effects of exposure duration and retention
interval on over/underconfidence, resolution, and calibration. Ta-
ble 2 shows the relevant O/U, ANRI, and C values, and the
associated calibration curves are displayed in Figure 1. To conduct
inferential tests on O/U, ANRI, and C values, we followed a
procedure used by Palmer, Brewer, and Weber (2010) and con-
structed inferential 95% confidence intervals (Tryon, 2001) using
estimated SEs that were derived from a modified jackknife proce-
dure (Mosteller & Tukey, 1968). Unlike standard confidence in-
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Table 1
Response Frequencies and In Diagnositicity Ratios for Each Confidence Interval for Positive
Identifications in Each Exposure and Retention Interval Condition in Study 1

Confidence level (%)

Condition and response 0-20 30-40 50-60 70-80 90-100 Overall
90-s exposure
Correct identification 3 7 27 48 55 140
Foil identification 8 4 16 10 3 41
False identification 4 6 24 23 10 67
Overall 15 17 67 81 68 248
Diagnosticity (In) 1.53 1.83 2.07 2.72 3.74 2.70
SE 0.75 0.40 0.21 0.20 0.31 0.11
5-s exposure
Correct identification 7 5 22 36 43 113
Foil identification 5 12 15 15 10 57
False identification 14 24 39 34 9 120
Overall 26 41 76 85 62 290
Diagnosticity (In) 1.62 0.72 1.79 2.28 3.29 2.11
SE 0.37 0.45 0.20 0.17 0.32 0.09
Immediate testing
Correct identification 6 6 35 48 49 144
Foil identification 8 9 15 9 7 48
False identification 12 15 29 27 8 91
Overall 26 30 79 84 64 283
Diagnosticity (In) 1.49 1.26 2.07 2.72 3.78 2.50
SE 0.41 0.39 0.18 0.18 0.36 0.10
Delayed testing
Correct identification 4 6 14 36 49 109
Foil identification 5 7 16 16 6 50
False identification 6 15 34 30 11 96
Overall 15 28 64 82 66 255
Diagnosticity (In) 1.67 1.11 1.61 2.23 3.33 2.23
SE 0.58 0.40 0.26 0.18 0.29 0.10

Note. The foil identification frequencies represent incorrect positive identifications from target-present lineups.
The false identification frequencies represent the total number of positive identifications from target-absent
lineups (not divided by the number of lineup members).

tervals, inferential confidence intervals test for statistically signif-
icant differences between conditions. If the inferential confidence
intervals for two conditions do not overlap, this indicates a signif-
icant difference at the o = .05 level. Thus, by comparing the

relevant inferential confidence intervals for the exposure duration
and retention interval conditions, we could assess whether the
manipulations had a significant effect on the O/U, ANRI, and C
statistics.

Table 2

Over/Underconfidence (O/U), Adjusted Normalized Resolution Index (ANRI), and Calibration
(C) Statistics, and Associated o = .05 Inferential Confidence Intervals (ICls) for Each Exposure
Duration and Retention Interval Condition in Study 1

Exposure duration Retention interval

Statistics 90 s 5s Immediate Delayed

Positive identifications

Oo/u .046 150 .049 161

.05 ICT .001, .091 106, .194 .006, .092 115, .207

ANRI .062 164 119 162

.05 ICT .010, .115 121, .208 .058, .179 .088, .236

C .010 .034 .008 .038

.05 ICT .002,.019 .018,.051 .001, .016 .020, .056
Lineup rejections

Oo/u .003 —.049 —.035 —.009

.05 ICI —.045, .050 —.099, .002 —.082,.011 —.060, .043

ANRI .024 .022 .032 031

.05 ICI —.019, .067 —.023, .068 —.016, .080 —.019, .082

C .025 .032 .026 .035

.05 ICI .008, .042 .013,.051 .009, .043 .015, .055
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Figure 1. Calibration curves for choosers and nonchoosers in the exposure duration and retention interval

conditions in Study 1. Dotted lines denote perfect calibration. Error bars denote SESs.

As expected, the manipulations of exposure duration and reten-
tion interval both produced hard-easy effects. Compared with the
easier conditions (i.e., 90-s exposure and immediate testing), the
more difficult conditions (i.e., 5-s exposure and delayed testing)
were characterized by higher O/U values and calibration curves
positioned further to the right.

There was no evidence that resolution was poorer in the more
difficult conditions. In fact, ANRI values were higher for the more
difficult conditions, with the difference reaching statistical signif-
icance for the comparison between 5-s exposure and 90-s expo-
sure. This observed pattern is opposite that predicted by the opti-
mality hypothesis.

For the exposure duration manipulation, the C values did not
differ significantly between the 90-s and 5-s conditions, indicating
that the manipulation did not significantly affect calibration. For
the retention interval manipulation, calibration was better in the
immediate testing condition than the delayed testing condition.
However, the associated effect size estimates suggest that the
effect of the exposure duration (d = 0.17) and retention interval
manipulations (d = 0.22) on calibration did not differ much in
magnitude; both were small effects. Moreover, the low C values
observed in all exposure duration and retention interval conditions
suggest that, although confidence ratings more closely corre-
sponded to likelihood of accuracy in the easier conditions, corre-

spondence was good in all conditions. Inspection of the calibration
curves (and SEs of points on the curves) indicated that accuracy
clearly increased with confidence in all exposure and retention
interval conditions. This was particularly evident in the upper half
of the confidence scale, and especially at the upper end of the scale
(i.e., 90%—100% vs. 70%—80% confidence). Together, these re-
sults suggest that although the retention interval manipulation had
a statistically significant detrimental effect on calibration, confi-
dence remained a useful indicator of accuracy in all experimental
conditions.

To further investigate how the effects of exposure duration and
retention interval on the CA relationship might affect the useful-
ness of confidence as an index of accuracy in forensic settings, we
calculated diagnosticity ratios (Wells & Lindsay, 1980) for each
confidence category. Diagnosticity ratios reflect the degree to
which investigators should adjust their estimates of the probable
guilt of the suspect (established prior to the identification test)
based on the witness’s decision. For choosers, diagnosticity is
calculated as the ratio of (a) the probability of making a correct
identification from a target-present lineup to (b) the probability of
incorrectly identifying an innocent suspect from a target-absent
lineup. For nonchoosers, diagnosticity is calculated as the ratio of
(c) the probability of correctly rejecting a target-absent lineup to
(d) the probability of incorrectly rejecting a target-present lineup.
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The calculation of part (b) of the diagnosticity ratio for choosers
(i.e., the false identification rate) was not straightforward because,
unlike actual police lineups, there was no designated suspect for
the 8-person target-absent lineups in this experiment. Following
Brewer and Wells (2006; see also Palmer, Brewer, McKinnon, et
al., 2010; Sauer et al., 2010), we estimated the innocent suspect
false identification rate for target-absent lineups by dividing the
foil identification rate by the number of lineup members (i.e.,
eight). Although this approach involves treating target-present and
target-absent lineups differently, it is—of all logistically feasible
methods—the most stringent test of confidence as an indicator of
identification accuracy. The ideal way of calculating the false
identification rate would be to construct a separate target-absent
lineup for each witness, selecting foils on the basis of that wit-
ness’s description of the culprit (as would happen in an actual
police investigation). However, this is not practical in a large
study. The simplest alternative is to designate one member of the
target-absent lineup member as the innocent suspect, and treat the
other foils as known-to-be-innocent lineup members (disregarding
picks of these foils in calculating the false identification rate).
However, this approach runs the risk of biasing the results of CA
analyses, particularly if the designated suspect is similar in appear-
ance to the real culprit. In this situation, witnesses with poor
memories of the culprit will be the most likely to choose a lineup
member other than the innocent suspect (i.e., one that better
matches their memory of the culprit) and to be confident in this
error. By discarding these decisions, we would potentially be
removing from the dataset the witnesses with the poorest memo-
ries of the culprit.

In dividing the foil identification rate by the number of lineup
members, we are analyzing the worst-case scenario (i.e., the one
most likely to produce high-confidence false identifications) by
allowing each witness to select from the target-absent lineup the
best match to their memory of the culprit. Assuming that the
best-matching foil is indeed the innocent suspect, we then test
whether confidence ratings would help police determine that this
choice was erroneous. This approach may well overestimate the
“real” false identification rate for a given target-absent lineup.
However, it avoids the more serious issue (that accompanies any
other suspect selection strategy) of potentially overestimating the
usefulness of confidence as an indicator of accuracy.
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Following Perfect and Weber (2012), we report natural log (In)
diagnosticity values. These can be interpreted as log odds ratios. A
value of zero means that the witness’s identification response
should not alter investigators’ prior estimates of the odds of the
guilt of their suspect. Higher positive values indicate that the
witness’s decision should lead to a greater increase in investiga-
tors’ estimates of the odds of guilt of the suspect (or, in the case of
lineup rejections, the innocence of the suspect).

Table 1 shows In diagnosticity ratios for choosers in each
experimental condition, calculated separately for each confidence
level (i.e., 0%—-20%, 30%—40%, etc.). To enable informative com-
parisons between confidence categories, we calculated estimated
SEs for In diagnosticity ratios using a modified jackknife proce-
dure. We used these to construct 95% confidence intervals around
the In diagnosticity value for each confidence category in each
condition, as shown in Figure 2. Note that these are not inferential
confidence intervals, but standard confidence intervals, which can
be interpreted as indicating a range of plausible values for the true
population parameter In diagnosticity ratio in each condition.

When the diagnosticity values are considered in relation to their
confidence intervals, several patterns become apparent. First, In
diagnosticity values were positive and increased with confidence
in all experimental conditions. Put another way, as confidence
decreased, the diagnosticity value of positive identifications also
decreased. Second, in all experimental conditions, the drop in
diagnosticity as confidence decreased was sharpest at the high end
of the confidence scale (i.e., 90%—100% vs. 70%-80% confi-
dence). In contrast, at the lower end of the confidence scale (i.e.,
below 50%—-60% confidence), diagnosticity did not change much
with differences in confidence. Third, the experimental manipula-
tions of exposure duration and retention interval had no meaning-
ful effect on the diagnosticity of positive identifications, as evi-
denced by the substantial degree of overlap in confidence intervals
for every confidence category. Finally, in all experimental condi-
tions, suspect identifications accompanied by confidence ratings of
50%—-60% or greater were diagnostic of guilt, as evidenced by
confidence intervals that do not include an In diagnosticity value of
zero. Overall, analysis of the diagnosticity ratios leads to the same
conclusions that were drawn from inspection of the calibration
curves: In all conditions, the accuracy and informativeness of
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Figure 2. Ln diagnosticity ratios for suspect identifications in the exposure duration and retention interval
conditions in Study 1. Dotted lines indicate a value of zero, representing completely nondiagnostic decisions.

Error bars denote 95% confidence intervals.
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Table 3

Response Frequencies and In Diagnositicity Ratios for Each Confidence Interval for Lineup
Rejections in Each Exposure and Retention Interval Condition in Study 1

Confidence level (%)

Condition and

response 0-20 30-40 50-60 70-80 90-100 Overall
90-s exposure
Correct rejection 6 4 27 47 55 139
Incorrect rejection 2 4 15 19 10 50
Overall 8 8 42 66 65 189
Diagnosticity (In) 1.37 0.41 0.72 1.00 1.75 1.14
SE 0.93 0.65 0.27 0.22 0.31 0.14
5-s exposure
Correct rejection 10 7 33 42 34 126
Incorrect rejection 7 8 17 15 8 55
Overall 17 15 50 57 42 181
Diagnosticity (In) 0.12 —0.35 0.38 0.89 1.80 0.74
SE 0.41 0.47 0.24 0.26 0.36 0.13
Immediate testing
Correct rejection 8 6 27 49 50 140
Incorrect rejection 4 4 18 14 9 49
Overall 12 10 45 63 59 189
Diagnosticity (In) 0.59 0.31 0.60 1.18 1.83 1.09
SE 0.58 0.63 0.25 0.26 0.33 0.14
Delayed testing
Correct rejection 8 5 33 40 39 125
Incorrect rejection 5 8 14 20 9 56
Overall 13 13 47 60 48 181
Diagnosticity (In) 0.47 —0.42 0.44 0.72 1.71 0.78
SE 0.46 0.52 0.26 0.22 0.33 0.13

positive identifications increased with confidence, especially to-
ward the upper end of the confidence scale.

Although we were primarily concerned with the effects of
exposure duration and retention interval on the CA relationship for
choosers, we note briefly that there was little evidence of a
meaningful CA relationship for nonchoosers. This was most evi-
dent in the slope of the calibration curves for nonchoosers which,
in all conditions, were relatively flat in relation to the SE of points
on the curve (Figure 1). These results are consistent with those of
previous calibration studies in the eyewitness literature (Brewer &
Wells, 2006; Sauer et al., 2010; Sauerland & Sporer, 2009). Table
3 shows the response frequencies and In diagnosticity ratios for
nonchoosers in each experimental condition of Study 1, calculated
for each confidence level.

In summary, variability in exposure duration and retention in-
terval influenced not only accuracy but also the CA relationship,
with both manipulations producing hard-easy effects, exposure
duration affecting resolution, and retention interval affecting cal-
ibration. Importantly, however, neither manipulation undermined
the usefulness of confidence as an indicator of accuracy.

Additional analyses. We conducted additional analyses to
test the possibility that the absence of experimental effects on
some important indices of the CA relation (e.g., resolution; diag-
nosticity) in Study 1 were attributable to (a) the nature of our
sample or (b) idiosyncratic characteristics of individual targets or
student researchers.

The sample for Study 1 included a very broad range of ages
(14-87 years). Given that age is related to identification accuracy
(which is impaired for older adults; e.g., Searcy, Bartlett, &

Memon, 1999) and the CA relationship (which is impaired for
children; Keast et al., 2007), it was possible that a different pattern
of results would be obtained with participants of a narrower age
range. However, a reanalysis of our data excluding all participants
aged less than 17 years or over 65 years yielded results virtually
identical to those obtained using the entire data set (see Tables S5,
S6, S7, and Figure S2 in the supplementary materials). The most
notable exceptions were that the effect of retention interval on
calibration (indexed by the C statistic) and the effect of exposure
duration on resolution (indexed by the ANRI statistic) were no
longer significant (as shown in Table S7). Thus, the broad age
range of participants in Study 1 was not problematic.

We also reanalyzed the data to test whether the results of Study
1 were contingent on a particular target person and student re-
searcher pair. Even with the large sample for Study 1, there were
insufficient data points to conduct meaningful analyses for each of
the six individual target-researcher pairs. Instead, we repeated our
analyses six times, each time omirtting data from one target-
experimenter pair. The same pattern emerged each time, suggest-
ing that the results of Study 1did not rely on data from one
particular pair. To illustrate this, Table S8 in the supplementary
material shows the results for In diagnosticity ratios by confidence
category (for positive identifications) for each of the six combi-
nations of target-researcher pairs.

Finally, it is interesting to compare the effects of our two
manipulations on accuracy for target-present and target-absent
lineups (Table S1) with those described by Clark and Godfrey
(2009), who reanalyzed data from 13 experiments and found that
manipulations of memory strength (stress, exposure duration, and
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retention interval) reduce the correct identification rate but have
little effect on the innocent suspect false identification rate. Al-
though the relevant effects were extremely small, our retention
interval manipulation produced the same general pattern described
by Clark and Godfrey, with longer retention reducing the correct
identification rate (w = 0.04) by a greater extent than the innocent
suspect identification rate (w = 0.01; defined as 1/8 of the foil
identification rate from target-absent lineups). However, our ex-
posure duration manipulation reduced correct identifications and
false identifications of innocent suspects by virtually identical
amounts (both ws = 0.04).

Study 2: Attention

In Study 2, we investigated the effects of attention during
encoding on the CA relationship. Attention can be manipulated by
comparing performance in one condition that requires participants
to perform a secondary task during encoding (e.g., monitoring
tones; counting dots) with performance in another condition in
which no secondary task is performed. Prior research has demon-
strated that divided (vs. full) attention is associated with reduced
accuracy on recognition tests for a variety of stimuli including
words (Parkin, Reid, & Russo, 1990), famous and nonfamous
names (Jacoby et al., 1989) and faces (e.g., Reinitz et al., 1994).

No study has investigated the effects of divided attention on CA
calibration, resolution, and overunderconfidence for identification
decisions. In Study 2, we addressed this issue directly by reana-
lyzing data from Palmer, Brewer, McKinnon, et al. (2010), in
which a secondary task was used to manipulate the attentional
resources that witnesses were able to direct toward targets during
encoding.

Method

Overview. For Study 2, we used data from Palmer, Brewer,
McKinnon, et al. (2010), who investigated the utility of phenom-
enological reports (e.g., remember-know judgments; Tulving,
1985) as markers of accuracy for eyewitness identification deci-
sions. Palmer, Brewer, McKinnon, et al. included a divided atten-
tion manipulation at encoding because such manipulations have
been shown to have different effects on remember and know
judgments (e.g., Yonelinas, 2002). In the following sections, we
provide a summary of the methodology used; a detailed descrip-
tion of the stimulus materials and procedure can be found in
Palmer, Brewer, McKinnon, et al. Note that Palmer, Brewer,
McKinnon, et al. did not report any data relevant to the impact of
divided attention on the CA relationship.

Participants. Participants were 502 undergraduate students
from Flinders University, Adelaide, South Australia (280 women;
aged 17-56 years, M = 22.37, SD = 7.20), who received course
credit or payment.

Materials and procedure. Participants viewed a stimulus
video in which two targets (one female, one male) performed
everyday activities (i.e., withdrawing money from a bank, drinking
coffee). The video also included some incidental people who
differed in appearance from the targets (e.g., female target with
straight, blond hair vs. incidental female with dark, wavy hair) and,
hence, were not confusable with the targets. The faces of the
female and male targets were shown for 14 s and 32 s, respec-
tively.

Eight-person target-present and target-absent lineups were con-
structed for each target. Target-present lineups comprised head-
and-shoulders photographs of the target and seven match-to-
description foils. For target-absent lineups, the target was replaced
with another match-description foil. Palmer, Brewer, McKinnon,
et al. (2010) assessed foil suitability using the same method de-
scribed in Study 1. For each target, a modal description was
constructed, based on descriptions given by one group of mock-
witnesses (N = 5). A second group of mock witnesses (N = 15,
none of whom had viewed the stimulus video) was presented with
the foils and modal description and asked to indicate any foils that
matched the description. Palmer, Brewer, McKinnon, et al. re-
ported that the mean number of foils selected was 6.60 (SD =
1.35) for the female target and 6.07 (SD = 1.10) for the male, and
that each foil was selected by five or more mock witnesses.

Participant’s attention during encoding was manipulated via a
tone monitoring task (e.g., Parkin et al., 1990). The soundtrack to
the stimulus video comprised a series of tones randomized for
pitch (high or low) and intervening interval (1s or 2s). Participants
in the divided attention condition were asked to respond to low and
high pitch tones by pressing keys marked low or high with their
left or right index finger, respectively. Participants in the full
attention condition were told that the soundtrack was for another
experiment and asked to ignore the tones. Data from 19 divided-
attention participants who failed to signal at least two-thirds of the
tones correctly were excluded.

Following an 8-min interval, participants were asked to identify
the two targets from separate lineups. Each participant viewed
either (a) a target-present lineup for the female and a target-absent
lineup for the male, or (b) a target-absent lineup for the female and
a target-present lineup for the male. The order of presentation of
targets and lineup types was counterbalanced. For each lineup,
participants were informed that the lineup may or may not contain
a person who appeared in the video, and were asked to click on the
photo of anyone they recognized from the video or click the not
present button. Following their identification response, partici-
pants rated their confidence in the accuracy of their decision on an
11-point scale ranging from 0% (not at all confident) to 100%
(completely confident). Participants who made a positive identifi-
cation then made a remember-know judgment (Tulving, 1985) and
gave reasons supporting this judgment.

It should be noted that, in contrast to most eyewitness iden-
tification experiments, the lineup instructions did not provide
contextual information to specify which person from the video
the witness should be looking for (e.g., “Please look for the
male who was drinking coffee”). The original study was primar-
ily concerned with witnesses’ phenomenological reports, and such
instructions would have rendered subsequent phenomenological
reports meaningless (by providing the witness with contextual
detail that may not have been recollected). However, because each
of the targets differed in appearance from other people in the
video, it is unlikely that participants were attempting to identify
someone other than the target for whom the lineup was con-
structed. Furthermore, it is by no means inconceivable that a
witness in an actual police investigation might view a lineup
without a specified target person in mind. For example, a witness
to a riot might be asked whether they recognize anyone who was
present during the incident, rather than whether they recognize a
particular person who committed a specific act.
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Table 4

Response Frequencies and In Diagnositicity Ratios for Each Confidence Interval for Positive
Identifications and Lineup Rejections in Each Attention Condition in Study 2

Confidence level (%)

Condition and response 0-20 30-40 50-60 70-80 90-100 Overall
Full—positive
Correct identification 1 9 23 37 49 119
Foil identification 7 3 10 6 5 31
False identification 13 18 20 23 5 79
Overall 21 30 53 66 59 229
Diagnosticity (In) —0.01 2.05 2.34 2.60 3.58 2.49
SE — 0.31 0.25 0.21 0.46 0.11
Divided—positive
Correct identification 4 12 11 29 30 86
Foil identification 7 17 10 12 2 48
False identification 16 24 30 17 5 92
Overall 27 53 51 58 37 226
Diagnosticity (In) 1.01 1.62 1.33 2.27 3.23 2.01
SE 0.57 0.30 0.32 0.25 0.44 0.12
Full—rejection
Correct rejection 16 19 44 50 28 157
Incorrect rejection 10 7 24 27 18 86
Overall 26 26 68 77 46 243
Diagnosticity (In) —0.01 0.33 0.49 0.57 1.22 0.60
SE 0.28 0.36 0.18 0.17 0.22 0.10
Divided—rejection
Correct rejection 25 29 51 35 16 156
Incorrect rejection 19 13 42 32 8 114
Overall 44 42 93 67 24 270
Diagnosticity (In) —0.04 0.57 —0.06 0.43 1.34 0.31
SE 0.19 0.27 0.12 0.17 0.36 0.08

Note.

The foil identification frequencies represent incorrect positive identifications from target-present lineups.

The false identification frequencies represent the total number of positive identifications from target-absent
lineups (not divided by the number of lineup members). A dash indicates that SE could not be estimated because

the cell contained only one instance of a response type.

Results and Discussion

Manipulation check. Palmer, Brewer, McKinnon, et al.
(2010) reported that identification accuracy, collapsed across
target-present and target-absent lineups, was significantly greater
in the full (60.4%) versus divided attention condition (49.7%),
x>(1, n = 910) = 10.66, p < .01, w = 0.11. Repeating this analysis
on positive identifications only yielded the same pattern, with greater
accuracy under full attention (55.4%) than divided attention (38.9%),
x°(1, n = 405) = 11.10, p < .01, w = 0.17.

The CA relationship. As per Study 1, foil identifications
from target-present lineups were excluded from calibration anal-
yses, and the original 11 confidence categories were collapsed to
five categories. Again, the weighted average confidence was used
in all plots and analyses as the confidence value for each of these
groups. The frequencies of different identification responses for
each confidence level are displayed in Table 4.

To assess the effects of the divided attention manipulation on
the CA relationship for positive identifications, we calculated
inferential confidence intervals for the O/U, ANRI, and C values,
as per Study 1. Recall that inferential confidence intervals function
as significance tests, with nonoverlapping intervals indicating a
significant difference at the a = .05 level. The inferential confi-
dence intervals are shown in Table 5, and the associated calibration
curves are displayed in Figure 3. For each statistic, the inferential
confidence interval for the full attention condition overlapped that

for the divided attention condition. Thus, although the divided
attention manipulation influenced accuracys, it did not significantly
affect over/underconfidence, resolution, or CA calibration. The
absence of any significant effects of the attention manipulation on
calibration and over/underconfidence is reflected in the calibration
curves; in relation to their SEs, the points on the full and divided
attention curves closely overlay each other (with the exception of
points representing the 50—60% confidence category). Note also
that, as was the case in Study 1, the position of points on the curves
in relation to their SEs indicates that differences in accuracy were
greatest at the upper end of the confidence scale (i.e., 90%—100%
confidence vs. 70%-80% confidence).

As per Study 1, we calculated In diagnosticity ratios for each
confidence level in each experimental condition (Table 4) and
confidence intervals around these values (Figure 4). When the In
diagnositicity ratios are considered in light of the associated con-
fidence intervals, we find the same two patterns that occurred in all
conditions in Study 1. In both attention conditions, diagnosticity
values were positive and increased with confidence, and this
relationship was most pronounced at the upper end of the confi-
dence scale. The divided attention manipulation did not substan-
tially affect In diagnosticity, as evidenced by the considerable
overlap of the intervals associated with each confidence category
(with the exception of responses made with 50%—60% confidence,
where diagnosticity was higher for full attention than divided
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Table 5
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Over/Underconfidence (0O/U), Adjusted Normalized Resolution Index (ANRI), and Calibration
(C) Statistics, and Associated o = .05 Inferential Confidence Intervals (ICI), for Each Attention

Condition in Study 2

Positive identifications

Lineup rejections

Statistic Full Divided Full Divided
O/u .062 .103 —.021 .042

.05 1ICT .020, .105 .056, .150 —.070, .028 —.089, .005
ANRI 219 212 .000 .001

.05 1ICIT 146, .292 124, .299 —.013,.013 —.021,.022
C .006 .023 .067 .070

.05 1ICIT —.001,.013 .008, .037 .043,.091 .048,.093

attention). Finally, for all confidence levels above 30%, suspect
identifications were informative of guilt, as evidenced by confi-
dence intervals that do not include a value of zero. These results,
along with the analyses of O/U, ANRI, and C statistics, and
inspection of the associated calibration curves, indicate that the
divided attention manipulation did not undermine the usefulness of
confidence as an indicator of accuracy for positive identifications.

Consistent with the results of Study 1 and with previous cali-
bration research on eyewitness identifications (Brewer & Wells,
2006; Sauer et al., 2010; Sauerland & Sporer, 2009), no meaning-
ful CA relationship was apparent for nonchoosers in Study 2, as
evidenced by the flat slope of the calibration curves (shown in
Figure 3).

General Discussion

This research investigated whether the usefulness of confidence
as an indicator of accuracy for positive eyewitness identification
decisions was undermined by variability in three forensically rel-
evant factors: exposure duration, retention interval, and divided
attention during encoding. The three manipulations all influenced
accuracy but differed in their effects on the CA relationship.
Hard-easy effects (i.e., greater overconfidence in the more difficult
conditions) were produced by the exposure duration and retention
interval manipulations, but not the divided attention manipulation.

Choosers

—a—Full
—a—Divided

i ; ; : :
0 20 40 60 80 100

Confidence (%)

% Correct

Only the exposure duration manipulation significantly affected
resolution (with better resolution for 5-s exposure than 90-s expo-
sure). Only the retention interval manipulation significantly influ-
enced calibration (with poorer calibration for delayed vs. imme-
diate testing), although there were trends of similar magnitude
toward poorer calibration in the more difficult conditions of the
exposure duration and divided attention manipulations. (The ds
were 0.22, 0.17, and 0.15, respectively, for the retention interval,
exposure duration, and divided attention manipulations). Despite
these varied effects, the same fundamental pattern was observed in
all conditions: accuracy and diagnosticity clearly increased with
confidence for positive identifications, particularly in the upper
half of the confidence scale. These results point to some interesting
theoretical and applied conclusions.

Overall, the most important conclusion to draw from these
findings is that, when confidence is assessed immediately after the
lineup decision, the CA relationship for positive eyewitness iden-
tification decisions is not fragile. It remains an empirical question
as to whether there are conditions under which the CA relation
does collapse entirely. Although our manipulations of exposure
duration, retention interval, and divided attention were strong
enough to produce significant effects on identification accuracy,
these effects were not large, and it is possible that stronger ma-
nipulations may have a greater influence on the CA relationship

Nonchoosers
100 -
80 -
60
40
20 4 —a—Full
—a-Divided
0 4 . . , .

0 20 40 60 80 100
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Figure 3. Calibration curves for choosers and nonchoosers in the full attention and divided attention conditions
in Study 2. Dotted lines denote perfect calibration. Error bars denote SEs.
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Figure 4. Ln diagnosticity ratios for suspect identifications in the full
attention and divided attention conditions in Study 2. Dotted lines indicate
a value of zero, representing completely nondiagnostic decisions. Error
bars denote 95% confidence intervals. Note that because only one correct
identification decision was made with 0%-20% confidence in the full
attention condition, we could not calculate a meaningful estimate of In
diagnosticity.

(e.g., Sauer et al., 2010, speculated that the extent to which
confidence distinguishes correct from incorrect identification de-
cisions may be reduced under conditions where identification
accuracy is at chance levels). However, with the exception of
identification decisions made by child witnesses (Keast et al.,
2007), researchers have not yet identified conditions under which
confidence is uninformative of accuracy. The CA relation has, thus
far, proved to be robust.

In addition, the observed impact of our manipulations on CA
resolution is noteworthy. Specifically, the CA resolution data were
inconsistent with the idea that reduced memory quality would be
accompanied by poorer resolution. This observation is clearly
inconsistent with Deffenbacher’s (1980) optimality hypothesis,
which states that confidence will better discriminate accuracy as
information-processing conditions become more optimal. This is
not simply the result of our use of ANRI versus the point-biserial
correlation used in past research. Examination of point-biserial
correlations reveals no evidence of significant differences for
choosers between: (a) 90 s (r = .38) and 5 s (r = .33) exposure,
Z = 0.58, p = .562; (b) immediate (r = .38) and delayed (r = .37)
testing, Z = 0.04, p = .968; and (c) full (r = .52) and divided (r =
44) attention, Z = 1.04, p = .298. In addition, at first glance, it
could be tempting to dismiss this finding on the basis of the small
effects of our manipulations on accuracy rates: do small changes in
proportion correct really reflect substantive differences in optimal-
ity? However, examination of the Study 1 resolution statistics
suggests that this explanation does not hold. Although the differ-
ence in resolution was only significant for the exposure duration
manipulation, the statistics vary substantially in the opposite di-
rection (more than double for exposure duration and 1.5 times for
retention interval). Thus, these results provide strong reason to
question the veracity of the optimality hypothesis.

The optimality hypothesis (Deffenbacher, 1980) was based on
the notion that, if confidence does indeed reflect accuracy, the

variability of confidence judgments will decrease with the quality
of memorial information (caused by decreasing optimality of
information-processing). Our results suggest that the assumption
that confidence reflects accuracy is not in error. Specifically, we
observed clear positive relationships between confidence and pro-
portion correct (for choosers) for all conditions in both experi-
ments. Thus, these results appear to call the association between
confidence variability and optimality into question. Recent results
contrasting identification performance in lineup procedures with
and without an explicit option to respond Don’t know (Perfect &
Weber, 2012) suggest an explanation for this. Specifically, partic-
ipants who had indicated a lineup decision without the Don’t know
option were offered the chance to volunteer the decision as police
evidence or, if unsure, to withhold their response. The majority of
withheld responses were Not present responses, not identifications.
These data suggest that when the quality of memory drops, par-
ticipants tend to shift from identification to rejection, rather than
simply making low-confidence identifications. If this is the case,
we would not expect the distribution of confidence for choosers to
change with optimality as choosers would be the same self-
selected sample of participants with memory quality greater than a
constant threshold. Thus, the results supporting the optimality
hypothesis could be an artifact of the failure to separate analysis of
choosers from nonchoosers in the early studies of the CA relation-
ship meta-analyzed by Deffenbacher.

This conclusion has three important implications. First, the
combined analysis of choosers and nonchoosers does not neces-
sarily provide a clear picture of the CA relationship for either
choosers or nonchoosers. Second, these results underscore Perfect
and Weber’s (2012) call for basic research on the cognitive and
metacognitive processes underlying compound recognition deci-
sions that involve situations where a target may or may not be
present in an array of options. Finally, consistent with our overall
findings regarding confidence as a marker of accuracy, this result
provides no reason for police to discount confidence on the basis
that witnessing conditions were difficult or less than optimal (we
elaborate on this in the following section).

Another noteworthy finding is that the anticipated hard-easy
effects were observed for the exposure duration and retention
interval manipulations in Study 1 but not the divided attention
manipulation in Study 2. It is important to note that the key finding
is the failure to observe a significant difference in Study 2. Of
course, the lack of evidence of a significant difference cannot be
interpreted as evidence of equivalence. However, calculating the
effect size for the O/U difference between full and divided atten-
tion (using the jackknife SEs to estimate standard deviations)
reveals a Cohen’s d of 0.09 (95% confidence interval = 0.05,
0.14). As the cut-off for a small effect is a Cohen’s d of 0.20, we
can be confident that the O/U difference in Study 2 is negligibly
sized. Thus, even if the study were sufficiently powerful to detect
the smallest effect we would consider meaningful (i.e., a Cohen’s
d of 0.20), this difference would not be significant. In other words,
the null finding appears to reflect the size of the effect, not the
power of the study. This conclusion is further supported by con-
sidering the effects of the Study 1 manipulations on accuracy and
O/U. Specifically, the exposure duration manipulation had the
same size effect on the proportion of correct identifications as the
divided attention manipulation (w = 0.17), and the retention
interval’s effect size (w = .07) was less than half the size of the
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other manipulations. However, these equivalent, or weaker, effects
on accuracy in Study 1 produced O/U differences more than 2.5
times that observed in Study 2 (exposure duration: .150 — .046 =
.104; retention interval: .161 — .049 = .112; divided attention:
.103 — .062 = .041). Thus, not only can we conclude that the
effect of divided attention on O/U was negligible in an absolute
sense but we also observed clear evidence that it was small relative
to the effects of other manipulations.

This negligible hard-easy effect in Study 2 has important im-
plications for our understanding of confidence. At first, this find-
ing appears to pose problems for theories that describe processes
that fit Merkle’s (2009) definition of error models of confidence.
The range of models that fit this broad definition is wide. For
example, these models of confidence span those that explicitly
include random error in confidence judgments (Erev, Wallsten, &
Budescu, 1994) to those where error arises through misplacement
of criteria in a signal detection theory-based decision (Ferrell &
McGoey, 1980) or through specific processing biases such as the
underweighting of evidence for unselected alternatives (McKen-
zie, 1997). Given Merkle’s demonstration that the hard-easy effect
will emerge for any of these models, our result could cast doubt on
either Merkle’s analysis or this class of models.

An alternative view of confidence provides a potential explana-
tion for this discrepancy. The theories that fit the model examined
by Merkle (2009) essentially reflect confidence judgments based
solely on the information which is used as the basis for the
decision. However, some models of confidence (e.g., Chaiken &
Trope, 1999; Kahneman, 2003; Kelley & Jacoby, 1996) identify
the potential for different sources of information to contribute to
metacognitive judgments. For example, Koriat and colleagues
(e.g., Koriat & Levy-Sadot, 1999) have proposed that metacogni-
tive judgments can be shaped by experience-based information
(e.g., encoding and retrieval fluency) and theory-based information
(i.e., beliefs about memory performance: e.g., “recognition is
easier than recall”). There is evidence that some metacognitive
judgments are based primarily on experience-based information
and almost totally unaffected by theory-based information. For
instance, participants who expect to be tested after a week or a year
predict that they will recall as much material as those who expect
to be tested immediately (Koriat, Bjork, Sheffer, & Bar, 2004). In
these situations theories fitting Merkle’s error model are sufficient.
However, other studies (e.g., Busey, Tunnicliff, Loftus, & Loftus,
2000) demonstrate that experience-based judgments occasionally
are not sufficient to describe observed confidence and CA rela-
tionships.

Our results appear to align with these findings. The divided
attention manipulation has an obvious effect on participant’s abil-
ity to encode and, thus, provides a clear basis for a theory-based
influence on confidence judgments. Specifically, the effect of the
manipulation on encoding fluency is salient and would, therefore,
provide an obvious reason for participants to expect their memory
to be poorer and to give lower confidence judgments. In contrast,
the deleterious effects of the short exposure and delayed testing are
not necessarily as apparent to participants. Indeed, Koriat et al.
(2004) observed that participants who expected to be tested after a
week or a year predicted that they would recall as much material
as those who expect to be tested immediately. In these situations,
participants may have no access to theory-based information that
allows them to appropriately adjust their confidence. Thus, the

substantial difference in the effect of the Study 1 versus Study 2
manipulations on O/U could reflect the impact of theory-based
information on participants’ confidence judgments. This conclu-
sion raises a promising avenue for future research. Specifically,
given demonstrations that instructions that focus attention on di-
agnostic cues can improve metacognitive judgments (e.g., Brewer
et al., 2002; Lane, Roussel, Villa, & Morita, 2007; Weber, Wood-
ard, & Williamson, 2012), specific instructions to attend to cues to
accuracy may offer a method to further improve the usefulness of
confidence as an indicator of accuracy.

Applied Implications

Two of our central findings have clear implications for police
investigators and the courtroom. First, the results show that con-
fidence is a useful indicator of accuracy for positive identification
decisions, such that accuracy and diagnosticity increase with con-
fidence. Although it is important, this is not new information; the
same pattern has now been found across a variety of experimental
stimuli (Brewer & Wells, 2006; Sauer et al., 2010; Sauerland &
Sporer, 2009). Second, the results show that the usefulness of
confidence as an indicator of accuracy is not undermined by
variability in exposure duration, retention interval, or attention at
encoding. This is new information and, as we will argue, it is
information that will likely prove valuable for police investigators
and in the courtroom.

Knowledge about the relationship between confidence and ac-
curacy can be used to enhance decision making during police
investigations. Prior to conducting an identification test, police
investigators will have formed some impression—based on other
evidence—about the likely guilt of the suspect in question. This
estimate of likely guilt is then adjusted depending on the witness’s
response to the lineup; it increases if the suspect is identified and
decreases if the suspect is not identified (Wells & Lindsay, 1980;
Wells & Olson, 2002). The value of confidence evidence is that it
allows investigators to make more precise adjustments to estimates
of probable guilt following an identification decision. All suspect
identifications should increase investigators’ estimates of the
likely guilt of the suspect in question, but the amount of influence
that a suspect identification has should depend on the confidence
with which it was made. Suspect identifications made with very
high confidence should have the greatest impact, and should be
taken as an indication that this person warrants close investigation.
As confidence decreases, suspect identifications should have less
influence on investigators’ opinions about the likely guilt of the
suspect in question. Suspect identifications made with low confi-
dence suggest that—all else being equal—there is a good chance
that the person in question may not be the actual culprit and, hence,
investigators might want to widen investigations to consider other
possible suspects.

It might be tempting to think that police investigators likely
have an intuitive appreciation of the most basic feature of the CA
relationship; that is, that accuracy increases with confidence. How-
ever, it is very important to note that other characteristics of the
CA relation are much less intuitively obvious. These include the
absence of a meaningful CA relation for lineup rejections, the fact
that positive identifications are typically made with a degree of
overconfidence, and the fact that the drop in accuracy that accom-
panies a drop in confidence is greatest toward the upper end of the
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confidence scale (i.e., 90%—-100% vs. 70%—80% confidence).
These are less intuitively obvious aspects of the CA relationship.
Knowledge about these less intuitively obvious aspects of the CA
relationship is likely to benefit police decision making. For exam-
ple, in cases where a suspect identification is made with anything
less than very high confidence, investigators should remain par-
ticularly open-minded about alternative suspects. And, in police
investigations where the witness rejects the lineup, investigators’
opinions about the likely guilt of the suspect should not be swayed
by confidence. That is, although the lineup rejection itself weighs
in favor of the suspect being innocent (Clark, Howell, & Davey,
2008; Wells & Lindsay, 1980; Wells & Olson, 2002), the confi-
dence with which the lineup was rejected should not be taken into
account. In a similar vein, jurors’ decision making would likely
benefit from this knowledge.

The novel applied contribution of our research is that it dem-
onstrates that police investigators can take advantage of confi-
dence ratings to fine tune estimates of likely guilt across a reason-
ably wide range of witnessing conditions that affect the strength of
witnesses’ memory for the culprit. To be clear, we are not sug-
gesting that police should rely solely on confidence and com-
pletely disregard factors that affect memory strength when evalu-
ating identification evidence. What our data do indicate is that
investigators should by no means feel obliged to disregard confi-
dence as an indicator of likely accuracy just because the witness
only saw the culprit for a few seconds, was distracted at the time,
or because the lineup was not conducted soon after the crime. This
knowledge is very likely to be useful to police investigators.

These conclusions must be accompanied by one very important
caveat. The results obtained in this research and other calibration
studies clearly point to a meaningful CA relationship. However,
these results were obtained under conditions where (a) the identi-
fication tests were administered in a double-blind fashion (except
for the immediate testing condition in Study 1), and (b) confidence
was recorded at the time of the identification decision (and thus not
influenced by feedback from lineup administrators or cowit-
nesses). It is extremely unlikely that we would find a similar
relationship between accuracy and confidence judgments if these
conditions were not met. For example, postidentification feedback
has been shown to weaken the CA relation by inflating confidence
to a greater extent for incorrect than correct decisions (Bradfield,
Wells, & Olson, 2002). This highlights the fact that witnesses’
expressions of identification confidence made in the courtroom are
unlikely to offer any useful indication of accuracy, and the impor-
tance of using appropriate procedures for the collection of identi-
fication evidence and accompanying confidence statements.

Finally, we note that at low levels of confidence (i.e., below
approximately 40%), the usefulness of confidence as an indicator
of accuracy for positive identification decisions remains unclear.
For some stimuli and manipulations, CA calibration appears quite
strong at these low levels of confidence (e.g., our Study 2 data and
the “waiter” data from Brewer & Wells, 2006). However, with
other stimuli and manipulations, calibration seems very poor (e.g.,
our Study 1 data and Brewer & Wells’ “thief” data). The relatively
low number of observations at these confidence levels (compared
with higher levels of confidence) likely contributes to this incon-
sistency. Regardless, this issue warrants further examination, par-
ticularly from the perspective of advising police investigators how
to interpret low-confidence identifications.

Summary and Conclusions

This research provides a valuable test of the boundary condi-
tions for the CA relation for eyewitness identification. The results
provide evidence that the usefulness of confidence as an indicator
of accuracy is not undermined by variability in exposure duration,
retention interval, or attention at encoding. Furthermore, in light of
prior research on CA calibration, the results point to some regu-
larities in patterns of eyewitness confidence and accuracy that
could potentially aid police investigators and jurors to fine tune
their interpretations of identification evidence.
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