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Abstract
The prevailing view among criminal justice and legal practitioners, and the general
public, is that eyewitness evidence is generally inaccurate and unreliable. Here we argue
that that perspective fails to take the full cognitive context of eyewitness reports into
account. A broader view of eyewitness cognition includes both memory judgments—for
example, the selection of an individual from a lineup—and an accompanying metacognitive context—for example, the level of confidence that an eyewitness places in
that selection. When these components are considered jointly, eyewitness evidence
is highly reliable and can be treated like any other source of evidence in the
courtroom—valuable when appropriately assayed but prone to contamination.
Empirical research over the past 10 years, based on the bedrock principles of Signal
Detection Theory, has illuminated problems with standard historical measures that are
based on intuitive theorizing about measurement. Those measures, and the results from
experiments that utilize them, have misled the field regarding reform efforts and have
diminished the role that eyewitness confidence should play in distinguishing accurate
from inaccurate identifications. Signal detection theory, coupled with ROC analysis and
confidence calibration, is pointing toward a new science of eyewitness memory. The
new science shifts the blame for faulty testimony from unreliable eyewitnesses to other
actors in the law enforcement and legal community—actors whose behaviors can
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transform low-confidence, likely inaccurate, initial identifications, into incorrect, highconfidence, courtroom identifications. Signal detection theory also highlights the role
that other metacognitive factors play, as well as how to balance the two types of
errors—false identifications of the innocent and missed identifications of the
guilty—that inevitably arise from the eyewitness decision problem. The new science
of eyewitness memory is leading a transformation in how eyewitness evidence can
and should be used by the criminal justice system.

1. Introduction
In the summer of 1984, Jennifer Thompson was raped in her home in
Burlington, North Carolina. After fleeing her assailant for a nearby home,
another woman in the same neighborhood was raped; the police believed
the same man committed both rapes. Jennifer helped with the creation of a
composite sketch and a set of suspects was developed and eventually placed into
a lineup. After selecting Ronald Cotton from this six-person lineup, Jennifer
said, “Yeah. This is the one,” adding, “I think this is the guy” (Garrett, 2011b).
She later viewed a live lineup, and again chose Cotton, reporting, “This looks
the most like him.” Largely based on Jennifer’s identification, Ronald Cotton
was sentenced to life in prison plus 54 years (PBS, 2018).
After serving over 10 years in prison, Cotton was exonerated by the Innocence Project through DNA testing. His case has become a go-to example for
the unreliability of eyewitness identification by the courts, the police, and the
general public (Thompson-Cannino, Cotton, & Torneo, 2010). This conclusion fit well with the prevailing wisdom of memory researchers, who
had demonstrated innumerable ways in which humans were not faithful
reporters of past experiences (e.g., Bartlett, 1932; Johnson, Hashtroudi, &
Lindsay, 1993; Loftus, 2005; Roediger & McDermott, 2000; Zaragoza &
Lane, 1994), and of the myriad factors underlying typical criminal identification procedures that render those reports even less reliable (e.g., Wells &
Bradfield, 1998). In fact, understanding the basis of these errors has been
an important area of applied psychological research for more than 100 years
(Arnold, 1906; M€
unsterberg, 1908). Honest, well-meaning eyewitnesses, it
has long been understood, are unable to reliably identify strangers with much
accuracy.
At the core of this belief is an indisputable fact about memory: it is
incomplete and prone to error (Schacter, 1999). We forget much of what
we experience (Crovitz & Schiffman, 1974; Rubin, 1982); what we do
remember, we remember in a manner that is biased by expectations
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(Hellmann & Memon, 2016), by our ideas about the way the world works
(Pezdek, Finger, & Hodge, 1997), by modifications due to rumination and
repeated recounting (Garry & Polaschek, 2000; Loftus & Kaufman, 1992),
by confusions with information introduced after the remembered event
(Pezdek, 1977), and by the way we are queried (Loftus & Palmer, 1974). It
is not surprising, given the wealth and robustness of the evidence on the fragility and malleability of memory, that human memory is seen as an unreliable
source of evidence, particularly in the criminal justice system, where the stakes
are so high. But this old science view of eyewitness memory is in need of
revision.
The old science view is based on an incomplete view both of memory
and of the criminal justice system. Memory reports carry metacognitive
information with them, and that metacognitive information can be useful
in eyewitness reports. People can indicate certainty, or lack thereof (e.g.,
Wixted, Mickes, Clark, Gronlund, & Roediger, 2015; Wixted & Wells,
2017). They can answer a question vaguely or precisely, indicating possession
of a lesser or greater amount of relevant knowledge (Koriat & Goldsmith,
1996; Weber & Brewer, 2008). They can say that they don’t know, indicating
an insufficient amount of knowledge to be willing to venture a response
(Glucksberg & McCloskey, 1981; Key et al., 2017; Weber & Perfect,
2012). They can respond quickly and confidently, or with hesitation and reluctance (Dunning & Stern, 1994; Sporer, 1992). As we will see below, memory
is prone to error but metacognition is generally accurate (Benjamin, 2007;
Fiechter, Benjamin, & Unsworth, 2016; Koriat, 2018) and provides useful
guidance on the weight that should be applied to a particular memory report.
The differences between the old science and the new science of eyewitness memory owe, at least in part, to unintegrated research traditions (see
also Lane & Meissner, 2008). At the beginning of the 21st century, applied
research on eyewitness memory and basic research involving recognition
memory occurred in different labs, were on divergent paths, and spoke little
to one another. In addition, this applied research on eyewitness memory was
being conducted at the same time that DNA testing was publicly revealing
that many innocent people were in prison, and that faulty eyewitness evidence was one of the reasons why. This was an obvious social ill that memory researchers could help address, and the approach that was adopted was to
conduct tests with high ecological validity, and to focus on techniques for
improving the quality of typically unreliable eyewitness evidence (what
Wells (1978) called system variable research). This approach places much
of the blame for misidentifications on fundamental limitations of cognition.
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Basic research, on the other hand, focused on synthesizing an understanding of core memory functions, including the recognition of previously
seen stimuli like faces. Given the many points of common interest between
applied and basic memory research, these unintegrated research traditions
were unfortunate and to the detriment of both fields. Recent advances at
the interface of these fields have promoted a reunification of applied and
basic approaches to eyewitness memory (for a review, see Mickes &
Gronlund, 2017). In this chapter, we describe the influence of three historically important traditions in basic memory research as they have been imported into eyewitness memory: signal-detection theory, the measurement of
memory, and the role of metacognition.
Our chapter begins by reviewing the old science view, and discusses how
and why it gained dominion over the field. This will include a review of the
theoretical prism through which eyewitness evidence was viewed, and how
that prism influenced the ways in which memory was measured and the public reforms that were advocated. Next, we will describe a theoretical framework that offers a different view of eyewitness memory: Signal Detection Theory
(SDT). SDT has guided basic research in perception and memory for decades
(Banks, 1970; Egan, 1975; Green & Swets, 1966; Macmillan & Creelman,
2005). It offers a coherent perspective on decision-making with ambiguous
evidence, provides alternative ways of measuring memory, and suggests directions for eyewitness reform efforts. Signal detection theory also provides an
explicit linkage to metacognition, and leads to the promotion of confidence
as a means of assessing the quality of an eyewitness report. The new science of
eyewitness memory is transforming our scientific understanding of eyewitness
evidence, and it is beginning to influence the criminal justice system. We will
make the case in this chapter that eyewitness evidence is like any other type of
forensic evidence: imperfect, but useful when the potential and means for
contamination is understood and controlled (Kassin, Dror, & Kukucka,
2013; Wixted & Wells, 2017). Once we consider this new science view,
we will revisit the case of Jennifer Thompson and propose a new interpretation for her behavior that conveys a very different message than the simple one
that eyewitnesses are unreliable.

2. Overhauling the old science view
To understand the two theoretical perspectives discussed here, and the
data marshaled in support of them, it is important to understand general procedures for collecting eyewitness evidence, both in the lab and in the field.
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Criminal lineups consist of one suspect and several fillers—that is, individuals similar to the suspect, but known to be innocent. In the United States,
five fillers are usually used, though this varies with convenience and across
jurisdictions. Most lineups in the United States are photo lineups, but they
can be conducted as live or video presentations (and often are in other countries: Seale-Carlisle & Mickes, 2016). Eyewitnesses are asked to view the
lineup and to either select the perpetrator from the set or to indicate that
they do not believe the perpetrator to be in that set of photographs. Because
fillers are known to be innocent of the crime, they are typically in no legal
jeopardy if chosen by an eyewitness. In some cases, only a single photograph
of the suspect is used with no fillers; this procedure is called a showup and is
generally considered to be inferior to a lineup (Neuschatz et al., 2016).
In the field, detectives do not know for sure if the suspect is the real
perpetrator of the crime. But, in the laboratory, we can know with certainty
if the suspect from a mock crime is included in the lineup or not. So we
include target-present lineups that have the actual perpetrator, and target-absent
lineups that have a suspect who is innocent. A target-absent lineup is created
by replacing the photograph of the perpetrator with someone else. In some
cases, he is replaced by a designated innocent suspect, matched on various
physical dimensions. In other cases, another face from the set of fillers used
in the rest of the lineup takes the place of the guilty suspect. If an eyewitness
selects the guilty suspect from a target-present lineup, this is a correct identification and contributes to the hit rate. A false identification occurs when an
eyewitness selects the designated innocent suspect from the target-absent
lineup, a choice that contributes to the false-alarm rate. When a target-absent
lineup does not include a single designated innocent suspect, one estimates
the rate at which a single suspect would have been chosen by dividing the
number of false alarms to all of the fillers by the total number of fillers. The
hit rate and false-alarm rate are the basic statistics that describe eyewitness
performance in a lineup. After describing the respective theories, we will
examine how those statistics are used and interpreted by the competing
theories.

2.1 Relative judgment theory
Relative judgment theory (Wells, 1984, 1993) starts from the assumption that
there are two bases for reaching the conclusion that a particular member of a
lineup is the perpetrator. In a standard lineup, in which the faces are presented
simultaneously, eyewitnesses are biased to employ a relative judgment rule,
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in which they compare the members of the lineup to one another, and choose
the individual that best matches their memory of the perpetrator. This is not
an unreasonable approach to the task if the guilty suspect is actually in the
lineup, but it is easy to see how it could lead to an increased likelihood of
choosing an innocent suspect from a lineup when the police have the wrong
man and he happens to be the best match. Jennifer Thompson appeared
to have done exactly that in choosing from the live lineup when she said,
“This looks the most like him.”
If choosing the best match is all that was involved, eyewitnesses would
always choose someone from a lineup; there is always someone who resembles the perpetrator more than the others do. But eyewitnesses do not always
choose. This fact makes clear that there is also an absolute judgment that is
made on the basis of how well a face matches one’s memory for the perpetrator, independent of the other members of the lineup. Whereas undue reliance on relative judgments leads to elevated false alarms, it is assumed that a
reliance on absolute judgments reduces such biases, and, in so doing, protects
innocent suspects. Consequently, according to relative judgment theory,
procedures that promote a greater reliance on absolute judgments are sought.
Relative judgment theory has not been formally specified, which makes
deriving clear-cut predictions difficult. Also, in part because of the divergence
of applied and basic approaches to eyewitness memory, there existed no serious challenger to relative judgment theory for many years. As Bornstein and
Penrod (2008) pointed out, a lack of theoretical guidance in the study of eyewitness memory was present from the beginning. Whereas M€
unsterberg
(1908) took an applied approach and made frequent use of examples and
anecdotes, Arnold (1906; cited in Bornstein & Penrod, 2008) saw value in
theory and was concerned about processes and general principles of memory.
Munsterberg’s approach carried the day, a historical fact that, we argue, has
led to some of the current controversies. Signal detection theory is a prominent current challenger, and the adoption of its theoretical perspective is
changing the narrative surrounding eyewitness memory.

2.2 Signal detection theory
Signal detection is a theory of decision-making with wide applicability
to tasks involving detection, discrimination, identification, and choice
(Green & Swets, 1966). Swets, Dawes, and Monahan (2000) reviewed
numerous applications of signal detection theory (SDT), including medical
decision-making, predicting violence, detecting cracks in airplane wings,
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weather forecasting, and law school admissions. What SDT brings to the
study of eyewitness memory is a time-tested focus on measurement
(Wixted & Mickes, 2012). At the heart of SDT is the idea that the psychological experience of an event is subject to noise (variability), and that that
noise can be statistically modeled as arising from a normal distribution. Link
(1994; Wixted & Mickes, 2018) traced this history to Fechner’s (1860/1966)
idea that perception involves “an unknown amount of error that interfered
with the measurement of the true value” of a phenomenon of interest.
Fechner’s theory of discrimination posited that sensations were likewise
perturbed by measurement error. He assumed that the decision threshold,
or criterion, for discriminating the heaviness of two weights, for example,
was located midway between the two Gaussian distributions that summarized the statistical sensory experience of each weight. In the 1950s, the idea
of an adjustable decision criterion was adopted (e.g., Egan, 1958), a shift that
enhanced the psychological usefulness of signal detection theory and facilitated its adoption into basic research involving recognition memory (Banks,
1970; Lockhart & Murdock, 1970).
We begin with an example of SDT as applied to an eyewitness task; for
ease of explication, the example involves a showup (a test with a single candidate face) rather than a lineup, but the extension of the theory to a lineup
test is straightforward (see Wixted & Mickes, 2014). The example can be
construed as depicting a situation in which a large number of eyewitnesses
possess a memory for the face of the perpetrator, but some eyewitnesses had a
better view than others. As shown in Fig. 1, a target distribution summarizes
the degree to which the test face matches memory for this group of eyewitnesses. A few witnesses had a very good view and formed very strong memories of the perpetrator, and the test face yields a high match to their
memories. Others had a very poor view, formed very weak memories,
and exhibit lower matches. The memories of the bulk of the eyewitnesses
fall somewhere between these two extremes.
Of course, sometimes the police apprehend a suspect who is innocent of
a crime. What happens in this case? The suspect may resemble the actual
perpetrator to a greater or lesser degree. For idiosyncratic reasons, some eyewitnesses may experience a higher match between this innocent suspect and
memory, and others a lower match. But, importantly, the average match
across eyewitnesses between memory and an innocent suspect will be lower
than between memory and the actual perpetrator. It is for this reason that the
distribution of match values for the innocent suspect (the lure distribution)
lies to the left of the one for the perpetrator.
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Fig. 1 A depiction of an equal-variance signal-detection model for a showup test. The
three levels of instructional bias are denoted by β1, β2, and β3, and X denotes the memory strength elicited by a suspect. The hit and false-alarm rates for the criteria located
at β3, β2, and β1 correspond to the data in Table 1 for Conditions A (the careful students),
B, and C.

It is critical to note that these target and lure distributions overlap.
Consequently, there is no amount of evidence that completely and unambiguously reveals that the match is to the perpetrator or to an innocent suspect. And, in fact, there is a region around the intersection of the
distributions where the evidence is highly ambiguous. The degree of overlap of the distributions influences discriminability—the latent knowledge differentiating innocent from guilty suspects. If a perpetrator was visible for a
longer duration, or eyewitnesses had multiple opportunities to view him,
the target distribution would be shifted to the right. This shift would
indicate, on average, greater memory strengths for the perpetrator, and
consequent greater discriminability from innocent suspects. Alternatively,
the variability of the target distribution could be increased (e.g., Ratcliff,
Sheu, & Gronlund, 1992), for example, by having eyewitnesses more widely
dispersed in space over the crime scene, thereby increasing overlap and
decreasing discriminability.
How does SDT conceptualize a decision arising from this framework?
The police present an eyewitness with their suspect, and the decision of
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the eyewitness provides evidence regarding whether the police have the
right man. The photo of suspect evokes a memory match in the mind of
the eyewitness (denoted by the X in Fig. 1), and the eyewitness compares
that match value to a decision criterion. The likelihood that X arises from
an innocent or guilty suspect is determined by the nature of the target
and lure distributions, the locations and shapes of which are determined
by the nature of the memories resulting from the act of witnessing the crime,
as well as individual differences associated with that eyewitness. If the match
exceeds the decision criterion, the witness selects the suspect; if the match
fails to exceed the decision criterion, the witness makes no selection. As
indicated above, the position of the decision criterion is adjustable. If a witness is determined that someone must pay for the crime, the value of the
decision criterion may take the value β1, which means that less evidence
(a lower memory match) will be needed to prompt a selection. Or the police
can inform a witness that the suspect may or may not be present, an act that
makes a witness more conservative and shifts the decision criterion to β2.
Or the police may inform a witness that it is important not to implicate an
innocent suspect, an instruction that can induce a still higher standard for
choosing from the showup, and shift the decision criterion to an even
more conservative position (β3). Critically, within SDT, the position of
the decision criterion is both theoretically and empirically separable from
discriminability.

2.3 Measurement of memory
Two components of a recognition memory decision, like an eyewitness
identification, are crucial to measure. One component involves the accuracy
of the decision, so that researchers can determine, for example, whether a
proposed reform (for example, sequential lineups) is better than an existing
procedure (simultaneous lineups). The second component is the relationship
between the confidence expressed by an eyewitness, and the accuracy of that
identification (sometimes referred to as eyewitness reliability). We begin with
the measurement of accuracy.
2.3.1 Accuracy
No identification or diagnostic technique can be fully evaluated without a
joint consideration of both the hit rate and the false-alarm rate that it yields.
The theoretical position adopted regarding the origin of these responses
dictates the manner of this joint consideration. As we shall see, research on
recognition memory research, despite being based on very basic experiments
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with low ecological validity, was built on a foundation of measurement. The
new science of eyewitness memory owes a major debt to this foundation.
Relative judgment theory has much to say about the sources of evidence
for endorsement of a face within a lineup. However, it is mostly mute to the
important question of how false alarms and hits are related to one another.
Consequently, the predominant method by which accuracy was assessed is
one that has some face validity but has problematic measurement characteristics. Because hits are desirable, and false alarms are undesirable, Wells and
Lindsay (1980) recommended a measure they called the diagnosticity ratio: the
ratio of the hit rate to the false-alarm rate. This ratio was used to evaluate
the quality of techniques for eliciting eyewitness reports. For example, in
the first study that compared simultaneous and sequential lineups (Lindsay &
Wells, 1985), sequential lineups were deemed superior because the diagnosticity ratio for sequential lineups was greater than for simultaneous lineups. Likewise, in the first study that evaluated the effect of instructing eyewitnesses
that the perpetrator may or may not be present in the lineup (Malpass &
Devine, 1981), such instructions were determined to be effective because they
increased the diagnosticity ratio.
The problem with comparing diagnosticity ratios across conditions
owes to the pernicious influence of response bias. Response bias can be easily
understood by example (adapted from Gronlund, Mickes, Wixted, & Clark,
2015). Take a large class and randomly assign the students into three groups.
Random assignment ensures that, on average, these three groups have
approximately the same level of knowledge of the course material. Everyone
gets exactly the same True-False exam, and everyone is told that they will
earn 1 point for each correct response. However, the error payoffs differ
between the groups: One group (Condition A) is instructed that each error
results in the loss of 10 points, another group (Condition B) is instructed that
each error results in the loss of 5 points, and the final group (Condition C)
is instructed that each error results in the loss of 1 point. The students in
Condition A are going to end up with the fewest correct answers, simply
because these students will not answer unless they are absolutely certain that
they are correct. Conversely, the students in Condition B and especially Condition C have less to lose and can afford to make some choices with lower
confidence. The left two columns in Table 1 provide hypothetical hit rates
and false-alarm rates for this example.
Students in Condition A would certainly cry foul if their exam grades were
based only on the raw proportion of correct answers—that value is lower for
these students simply because they were responding more conservatively,
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Table 1 Students randomly assigned into groups that vary in error payoffs on a
true-false exam.
Response Diagnosticity
False alarm
ratio
Hit rate rate
Accuracy (d0 ) bias (β)

Condition A

0.48

0.02

2.0

8.2

24

Condition B

0.60

0.04

2.0

4.5

15

Condition C

0.82

0.14

2.0

1.2

6

Note. Students assigned to Condition A lose 10 points for each error, students in Condition B lose 5
points, and students in Condition C lose 1 point.

a fact that can be easily seen in the lower false-alarm rate. The diagnosticity
ratios, shown in the rightmost column, suffer from a similar problem;
concluding that the students in Condition A know more than the other students just because they have a larger diagnosticity ratio would be obviously
wrong, too.
All that we have done in this example is induce different response biases.
Any successful theory of decision-making in a task like this (as for a lineup)
must have a means of separating the effects of response bias from the effects of
memory sensitivity (the ability to discriminate true from false statements). As
we shall see, measures derived from SDT reveal exactly what has happened.
The response bias parameter (β) signals that the careful students (Condition A)
require a great deal of evidence (i.e., greater certainty) before they are willing to respond, but they have no more knowledge (the d0 values are equal
across conditions).
Signal detection theory separates accuracy (as assessed by d0 ), a function of
the overlap between the target and lure distributions, from the willingness to
make a selection, the response bias (the position of the β’s). Fig. 1 depicts
how hit and false-alarm rates arise from the underlying evidence distributions. The hit rate is given by the portion of the target distribution that
falls above a particular criterion; the false-alarm rate is given by the portion
of the lure distribution that falls above that same criterion. Note how the
portion of the target and lure distributions that exceed a criterion change
together. For example, if the criterion is at β1, the hit rate will be larger than,
say, if the criterion is at β3, but the false-alarm rate for β1 also will be larger
than if the criterion is at β3.
A straightforward approach to measuring these two aspects of performance emerges from plotting the hit rate and false-alarm rates at these different levels of response bias. This creates a receiver operating characteristic
(ROC) curve. One common way to develop such a curve is to collect
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responses at varying levels of confidence expressed in the judgment, with the
idea that confidence is a proxy for response bias. This means of developing
an ROC is the link between SDT and metamemory, described in more
detail in the next section.
The assessment of eyewitness performance by constructing ROC curves
in this manner is not without its critics (Lampinen, 2016; Wells, Smalarz, &
Smith, 2015). Some of the criticism arises from a confusion between
theoretical and empirical discriminability (Wixted, Mickes, Wetmore,
Gronlund, & Neuschatz, 2017). ROCs can be used as a means of testing
competing theories regarding the shape or location of the probability distributions underlying the distribution of evidence. That is a purely theoretical
endeavor, and requires the adoption of assumptions that have generally
proven correct, but have not been discussed here and are not relevant for
the present work. On the other hand, empirical discriminability is a measure
of the area under the empirically obtained ROC points and is measured
without reference to any theory. Such ROCs are standard in areas like diagnostic medicine and weather forecasting, and are simply a way of combining
hit and false-alarm rates into a single, theory-free, entity that reveals underlying discriminability (Swets, 1986).
Returning to the theoretical use of ROCs, any summary measure
of performance—including the diagnosticity ratio and d0 —makes a prediction about the family of ROC curves that result from manipulating discriminability. The diagnosticity ratio predicts curves that are linear in probability
space, whereas d0 and related measures predict curves that are bowed.
Empirically measured ROCs almost always look like the latter description
and almost never like the former, which is how the field has decided that
signal-detection theory describes detection and discrimination performance
more accurately than other competitors (Rotello, 2017; Swets, 1986).
In the eyewitness domain, we construct the ROC using the choosing
rates of guilty suspects (hits) and innocent suspects (false alarms) at different
cumulated levels of confidence (Gronlund, Wixted, & Mickes, 2014;
Wixted & Mickes, 2012). The top panel of Fig. 2 depicts an ROC curve
constructed from the data depicted in Table 1. The only difference is that
now β1, β2, and β3 reflect different confidence boundaries (low, medium,
and high, respectively) rather than the effects of different error payoffs.
The leftmost point on the ROC reflects the proportion of choices of guilty
and innocent suspects expressed with high confidence; the middle point on
the ROC reflects the correct and false IDs made with either high or medium
confidence; and the right-most point reflects the correct and false IDs made
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Fig. 2 The top panel depicts an ROC curve based on the signal-detection model
depicted in Fig. 1. The high confidence criterion (β3) results in a correct ID rate of
0.48 and a false ID rate of 0.02; the medium confidence criterion results in a correct
ID rate of 0.6 and a false ID rate of 0.04; the low confidence criterion results in a correct
ID rate of 0.82 and a false ID rate of 0.14. The dashed line marks chance performance.
The bottom panel depicts the calibration curve for these same response proportions.
The proportion correct in each confidence category (high: 0.48/(0.48 + 0.02) ¼ 0.96;
medium: 0.12/(0.12 + 0.02) ¼ 0.86; low: 0.22/(0.22 + 0.1) ¼ 0.69) is plotted as a function
of confidence.
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at any level of confidence. The closer an ROC curve falls to the upper lefthand corner of the space, the better discrimination is.
The diagnosticity ratio conflates accuracy and response bias (Wixted &
Mickes, 2012), which means that reforms that had been judged as inducing
superior accuracy actually may have only been making eyewitnesses less
willing to make a selection from a lineup. As experiments have been
re-run and analyzed from the perspective of SDT, received wisdom has been
upended. It appears as though old-science researchers conflated the empirical aim of determining superior reform procedures with the social aim of
reducing the rate at which innocent suspects were being selected by eyewitnesses. Of course, reducing risk to innocent suspects is a commendable goal.
But through the prism of signal detection, it is apparent that such actions
come with a cost—namely, fewer correct identifications of guilty suspects.
An explicit awareness of this unavoidable and ubiquitous tradeoff has contributed to the re-evaluation of the role that eyewitness confidence can play
in distinguishing accurate from inaccurate identifications, as we review in
the next section.
2.3.2 Confidence
The documentation of techniques that maximize memory discriminability
(enhance accuracy) is a core goal of research in eyewitness memory (Clark,
Benjamin, Wixted, Mickes, & Gronlund, 2015). But we also need a manner
of understanding, and sometimes controlling, the response bias that a
decision-maker applies to an identification. In the old science of eyewitness
memory, those two goals were conflated. In the new science view, the
ROC itself determines diagnostically superior procedures and techniques,
and response confidence is used to assess response bias. Consequently, measurement of the confidence that accompanies an identification judgment is the
second key component of the new science of eyewitness memory.
Confidence has a checkered past in the eyewitness literature. Early work
investigating the relationship between confidence and accuracy did so by computing the point-biserial correlation between the two measures. Although one
important early meta-analysis reported that correlation to be 0.41 when someone is selected from a lineup (Sporer, Penrod, Read, & Cutler, 1995), the old
science view of confidence reports was that they were of little use to the criminal
justice system. Penrod and Cutler (1995, p. 830) concluded that eyewitness
confidence “… is a weak indicator of eyewitness accuracy even when measured
at the time an ID is made and under relatively ‘pristine’ laboratory conditions.”
A survey of memory experts (Kassin, Ellsworth, & Smith, 1989; again in
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Kassin, Tubb, Hosch, & Memon, 2001) revealed that 87% agreed with the
statement, “An eyewitness’s confidence is not a good predictor of his or her
identification accuracy.” More recently, Simons and Chabris (2011, p. 5)
reported that “...most memory experts agree that an isolated expression of confidence is at best a limited predictor of memory accuracy.” Confidence was
thought to be of even less use in circumstances in which memory was deemed
generally weak: the optimality hypothesis (Deffenbacher, 1980, 2008) suggested
that the confidence-accuracy relationship weakens as circumstances for successful memory become less (for example, if the retention interval is longer, if exposure to the perpetrator is shorter, if stress is higher, if a weapon is present).
Notably, these are conditions that are common in the witnessing of criminal
acts. According to this view, the Supreme Court acted inappropriately when
it ruled that eyewitness certainty is one of the factors to be considered when
evaluating the accuracy of eyewitness evidence (Manson v. Braithwaite, 1977;
Neil v. Biggers, 1972).
Additional reasons to be skeptical about confidence reports came
from studies that showed that confidence was malleable as a result of feedback (Wells & Bradfield, 1998, 1999) and repeated remembering (Odinot,
Wolters, & Lavender, 2009; Shaw & McClure, 1996). Confidence inflation
clearly happened to Jennifer Thompson. The initial confidence statement
she offered (“I think this is the guy”) was not deemed sufficient; after she
chose Cotton from the live lineup, she asked, “Did I do OK?,” to which
the detective responded, “You did great.” Rather than asking her to assess
her confidence, the detective asked “if she was certain.” Jennifer Thompson
also received reassurances regarding the correctness of her choice from the
detective (e.g., “We thought that might be the guy”). But at trial, Jennifer
Thompson pointed at Ronald Cotton and reported she was “absolutely sure
that Ronald…Cotton is the man” that raped her. Her confidence in that
decision had increased massively, but inappropriately, between the original
identification and the one she provided in the courtroom.
However, there are important reasons to question the conclusion
that confidence is of limited utility in eyewitness reports. To start with, a
correlation of 0.41 is not something to be scoffed at within psychological
measurement; it signals a medium effect size and is bounded by limited reliability of the component measures. But the concerns go deeper than that, as
noted by Juslin, Olsson, and Winman (1996). They showed that the pointbiserial correlation can vary from 0 to 1 when individuals are in fact perfectly
calibrated—that is, even when confidence exactly matches attained accuracy, the point-biserial correlation can indicate zero relationship between
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the two. This result obviously indicates that that measure is a poor means of
assessing the relationship between confidence and accuracy.
In contrast, SDT provides a natural treatment of confidence that yields a
different view of its utility for the criminal justice system. As shown in Fig. 1,
memory strength is translated into confidence by extending a set of criteria
along the memory match dimension (β1 through β3). If the match evoked by
a suspect in the showup falls between criteria β1 and β2, a witness would
express less confidence in that decision than if a suspect’s match exceeded
β3. It is clear from Fig. 1 that a greater proportion of the target than the lure
distribution falls above β3 (0.48 vs. 0.02, as shown in Table 1), because a
majority of the memory strengths that exceed β3 arise from the target distribution (the perpetrator), and not the lure distribution (the innocent suspect). Consequently, high confidence will accompany judgments involving
strong memory matches, and most of those judgments will arise from events
governed by the target distribution. However, this relationship lessens with
lower confidence criteria. When considering the lowest criterion (β1), more
similar proportions of values come from the target and lure distributions
(0.22 vs. 0.10). Consequently, lower confidence will accompany judgments
with weaker memory matches, and those judgments will be less likely to be
accurate.
Of course, it is worth remembering what role confidence can and should
play in the context of a legal dispute. A judge or jury doesn’t want to know
about such arcane matters as the point-biserial correlation or the location of
decision criteria. Those statistics tell us nothing about the accuracy of a single
identification. What is really important is: how accurate one can expect an
identification to be, conditional upon a given level of confidence? To
answer this question, a second measurement tool, closely related to ROC
analysis, is necessary. A calibration curve plots the relative frequency of
hits (correct identifications) as a function of confidence. It is straightforward
to utilize the data depicted in the top panel of Fig. 2 to construct a calibration
curve. The hit and false-alarm rates we need are given in Table 1. The proportion correct for the high confidence judgments (those that exceed β3) is
given by the hit rate (the proportion of the target distribution that exceeds β3)
divided by the sum of the hit rate and false-alarm rate (the proportion of the
target and the lure distributions that exceed β3: 0.48/[0.48 + 0.02] ¼ 0.96).
This value can be computed for each confidence rating. As the bottom
panel of Fig. 2 illustrates, as the confidence expressed in an identification increases, the likelihood that the identification is correct increases.
(We discuss why this relationship follows from the assumptions of SDT in
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Section 3.1.3.) Note that the confidence-accuracy relationship depicted in
this manner provides information of direct use to a judge or juror; it indicates
how likely decisions expressed at different levels of confidence are to be
accurate.
Fig. 3 (reproduced from Wixted & Wells, 2017, figure 5b) shows the
strong relationship that exists between confidence and accuracy, collapsed
across 15 separate laboratory studies testing lineups. The dashed line on
the diagonal depicts perfect calibration, and reveals that laboratory participants clearly are very good at assessing and indicating the likelihood that they
are making a correct decision when they make a selection from a lineup (less
so when they reject a lineup). It is obvious that, in the controlled setting of
the laboratory, the confidence that participants report in their decisions
provides information that would be highly informative to the criminal justice system. But does the same relationship hold in the field, when real eyewitness makes consequential decisions from actual lineups constructed and
administered by the police?
There are two field studies that are relevant. In one (Klobuchar, Steblay, &
Caliguiri, 2006), the researchers measured the frequency and accuracy of rapid
identifications that were accompanied by judgments of absolute certainty.

Fig. 3 The calibration curve depicts data from 15 laboratory studies, which all used a
100-point confidence scale. Data are for those participants that made a choice from
the lineup. Reproduced with permission from Wixted, J. T., & Wells, G. L. (2017). The relationship between eyewitness confidence and identification accuracy: A new synthesis. Psychological Science in the Public Interest, 18, 10–65.
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Many of these jump-out identifications were made to individuals that the
eyewitness knew beforehand and consequently are not of direct interest
here. But 26 of these identifications involved strangers, and 25 of those
26 (96%) involved the selection of the police suspect. Of course, it is important to point out that ground truth is not known in the field. That is, unlike
in the lab, where an experimenter knows whether a lineup includes a guilty
or innocent suspect, in the field the police do not know for certain whether
a suspect is guilty or innocent. Yet the fact that suspects were chosen at a
much higher rate than matched fillers suggests that these judgments likely
exhibited high accuracy.
The second field study (Wixted, Mickes, Dunn, Clark, & Wells, 2016)
allowed for a more detailed examination of the contribution of confidence.
Eyewitnesses to robberies that took place in the Houston area expressed
low, medium, or high confidence in their identifications. They found that
the frequency of suspect identifications increased as confidence increased
(from less than 20% for low confidence to over 70% for high confidence),
and conversely, that the frequency of filler identifications decreased as confidence increased. They estimated the accuracy of the high-confidence
suspect identifications to be 97% correct, a value consistent with estimates
from laboratory research. They further noted that, as confidence in suspect
identifications increased, the proportion of cases increased in which
independent corroborating evidence of suspect guilt was also evident.
Low-confidence suspect identifications in this study were estimated to
be only about 50% correct. These results corroborate the claim that confidence reflects accuracy in eyewitness judgments, even under true crime
conditions.
The strong confidence-accuracy relationship bears out the new science
view, in contrast to the old science view, which ignores confidence and
treats the accuracy of eyewitness evidence as poor. In the next section,
we review how the new science of eyewitness memory and the narrative
it has inspired have changed ideas regarding reform efforts directed at the
collection and treatment of eyewitness evidence. We also discuss how it
has brought to the fore two topics that promise to advance understanding
of eyewitness memory, and its effectiveness within the criminal justice system: metacognition—how people assess their own knowledge, and how they
calibrate those assessments to the demands of a particular memory test—and
optimal criterion placement—how to balance the costs (reduced correct IDs)
and benefits (reduced false IDs) inherent in any diagnostic decision involving
ambiguous evidence.
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3. Implications of the new science
of eyewitness memory
The new science perspective fostered by SDT has contributed to a
re-interpretation of extant reforms once thought to enhance the accuracy
of eyewitness evidence. After reviewing this evidence, we will explore the
implications of the reliability of eyewitness evidence (the strong accuracyconfidence relationship). We suggest a new narrative in which eyewitness evidence has a key role in distinguishing accurate from inaccurate eyewitnesses
when the potential and the means for memory contamination is understood
and controlled.

3.1 Re-evaluation of reforms
According to relative judgment theory, the accuracy of eyewitness evidence
can be improved in a manner to protect the innocent. To accomplish this
goal, the proposed reforms promote absolute judgments, which facilitate
“true” recognition (to be contrasted with guesses; Wells, Steblay, &
Dysart, 2012). According to the theory, a shift to absolute judgments reduces
false identifications but does little to reduce the rate of correct identifications. The initial studies investigating the proposed reforms all yielded data
consistent with this “no-cost” view (Clark, 2012). But SDT provides a different perspective on these reform efforts.
A meta-analysis by Clark, Moreland, and Gronlund (2014) evaluated
four old science reforms thought to increase the accuracy of eyewitness evidence: sequential lineups (Lindsay & Wells, 1985), which force witnesses to
view and make a decision about each lineup member individually, unbiased
instructions (Malpass & Devine, 1981), which instruct the witness explicitly
that the perpetrator may or may not be present, high filler similarity (Lindsay &
Wells, 1980), which dictates that fillers should be similar to the perpetrator,
and matched filler selection (Wells, Rydell, & Seelau, 1993), which dictates that
the fillers should be matched to the eyewitness’s description of the perpetrator. In the next two sections, we focus on sequential lineups and unbiased
instructions, because interpretation of these two reforms has been most
impacted by the new science perspective. For a recent review of issues
involving filler selection see Wixted and Wells (2017). As mentioned above,
the early studies examining these reforms all showed clear accuracy advantages favoring the reforms. However, all of these effects exhibited decline
effects (Ioannidis, 2005; Lehrer, 2010) over the ensuing years, such that,
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by the time of the Clark et al. meta-analysis, the aggregate accuracy advantages favoring the reforms had entirely disappeared! In fact, instead of
increasing accuracy, these reforms simply appear to have made eyewitnesses
more conservative responders, and this increasing conservativeness was misinterpreted as increased accuracy due to the reliance on the diagnosticity
ratio (Mickes, Flowe, & Wixted, 2012; Rotello & Chen, 2016).
3.1.1 Sequential lineups
Since 2014, a number of laboratory studies (e.g., Andersen, Carlson,
Carlson, & Gronlund, 2014; Carlson & Carlson, 2014; Dobolyi & Dodson,
2013; Gronlund et al., 2012; Meisters, Diedenhofen, & Musch, 2018;
Mickes et al., 2012) and a field study (Amendola & Wixted, 2015; Wixted
et al., 2016) have compared sequential to simultaneous lineups using ROC
analysis, and the growing consensus is that simultaneous lineups actually enhance
eyewitness accuracy. It is noteworthy that this is the exact opposite conclusion
as that reached by research prior to the use of ROC analysis. As a consequence,
the US Department of Justice (Yates, 2017) has withdrawn its recommendationa to use sequential lineups.
Why do ROC analysis and diagnosticity-ratio analysis reach different
conclusions? It turns out that simultaneous lineups have two effects on
memory. To start with, they elicit superior discriminability—that is, it is easier for eyewitnesses to tell the difference between lineups with, and lineups
without, a perpetrator. This can be seen in the fact that the ROC for sequential lineups consistently lies closer to the chance diagonal than the ROC for
simultaneous lineups. However, sequential lineups also elicit more conservative judgments—that is, they make witnesses less willing to endorse a
lineup at all. The diagnosticity ratio confuses this conservatism with greater
discriminability, which is why much previous research reached the wrong
conclusion about the value of sequential lineups.
The superiority of simultaneous lineups follows naturally from well
understood concepts in memory research. Wixted and Mickes (2014) captured these concepts in a signal-detection-based theory that hypothesized
why simultaneous lineups result in higher discriminability. By viewing
all the lineup members at once, eyewitnesses can determine which characteristics are redundant, or nondiagnostic, and ignore these characteristics.
a

The recommendation applies to agents at the FBI, Drug Enforcement Administration, Bureau of Alcohol, Tobacco, Firearms and Explosives, the US Marshals Service, and federal prosecutors when deciding whether to charge a case involving an eyewitness identification.
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In a fair lineup, all lineup members will share features like race, hair color,
and age, so a final decision can’t be made on those bases. Constraining the
decision through use of a fair, simultaneous, lineup allows eyewitnesses to
focus their attention on characteristics that are diagnostic specifically of
the perpetrator (e.g., his crooked nose). This specific explanation is not
without its critics (e.g., Wells et al., 2015), and other explanations have been
proposed (Smith, Wells, Lindsay, & Penrod, 2017; Wetmore, McAdoo,
Gronlund, & Neuschatz, 2017), but the general superiority of simultaneous
lineups is not in question.
3.1.2 Unbiased instructions
It is recommended that the police inform an eyewitness that the perpetrator
may or may not be present in the lineup. The meta-analysis by Clark et al.
(2014) showed that these “unbiased” instructions induce a conservative shift
in response bias—leading to a higher diagnosticity ratio—but yield no
improvement to discriminability (accuracy). A recent study by Mickes,
Clark, and Gronlund (2017) and Mickes, Seale-Carlisle, et al. (2017) evaluated directly the effects of different lineup instructions, and compared the
outcome of those instructions to an ROC created from confidence ratings.
In her study, two of the instruction conditions induced liberal (“better to
pick someone…even if you are not sure”) or conservative (“better to choose
the ‘not present’ option than to pick someone when you are not certain”)
response biases. The liberal and conservative bias conditions fell slightly
below the level traced out by the confidence-based ROC, indicating that
such instructions may actually decrease discriminability. Such an effect can
be expected if different participants have very different ideas regarding where
to place a decision criterion under these conditions (Benjamin, Diaz, & Wee,
2009), or if maintaining confidence criteria imposes a cost on memory
(Benjamin, Tullis, & Lee, 2013).
The remaining two instruction conditions, standard biased (“If you see
the person…please pick him; otherwise, choose the “not present” option”)
or unbiased (“The person…may or may not be in the lineup. If you see the
person…please pick him; otherwise, choose the “not present” option”),
were modeled after prior research. These two conditions did not differ from
one another in discriminability, consistent with the conclusions of Clark
et al. (2014). (Surprisingly, they did not differ in response bias either.)
But most importantly, the discriminability achieved by these two instruction
conditions closely approximated the discriminability achieved in the standard confidence-rating condition.
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Generally speaking, as expected by SDT, instructional manipulations
and variations in response confidence map out similar relationships, with
no evidence that unbiased instructions result in superior accuracy. Given
these results, it might seem puzzling that the US National Academy of
Sciences, in a recent report reviewing the current state of the field of eyewitness memory (National Research Council, 2014), recommended the
use of unbiased instructions. We discuss the rationale for this recommendation in Section 3.3.
3.1.3 Confidence
The role of confidence is the most consequential change to the narrative surrounding eyewitness evidence arising from the new science perspective.
Recall from our earlier discussion the optimality hypothesis (Deffenbacher,
1980, 2008)—the claim that, as circumstances worsen for eyewitness memory, the weaker the relationship between confidence and accuracy. This
claim is generally inconsistent with research in metacognition: people who
have poorer memory—for whatever reason—are reluctant to report those
memories and typically do so only in vague terms (Barnes, Nelson,
Dunlosky, Mazzoni, & Narens, 1999; Koriat & Goldsmith, 1994, 1996).
Eyewitnesses do the same: when asked to report details about a mock crime
that they viewed, they withhold low-confidence responses. In one study,
information volunteered after a week was as accurate as information
reported after 10 min (Evans & Fisher, 2011), revealing the effectiveness
with which eyewitnesses withheld information of which they are unsure.
In this section, we review what is known about best practices for
soliciting eyewitness identifications and confidence in those identifications.
We begin with the assertion that the confidence judgment be made in
conjunction with an initial test of memory. We then engage in a broader
discussion of the pristine lineup conditions (Wixted & Wells, 2017) that
define the fairness of that initial test. We conclude by revisiting the optimality hypothesis, and describe how SDT explains the way in which a strong
relationship between confidence and accuracy is maintained despite factors
that adversely affect accuracy.
3.1.3.1 Initial test of memory

The research reviewed in Section 2.3.2 showed that confidence and accuracy are strongly related. However, it is important to emphasize that this
is true only if the confidence judgment reflects the initial test of memory
(see Steblay & Dysart, 2016). There are two aspects to consider regarding
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what constitutes an initial test. First, it is ideal to assess confidence when it is
most diagnostic, which means that the only memory of the suspect that
should exist is the one that arises from the original crime event, and not from
the eyewitness seeing the suspect in a book of mugshots, in a showup, in the
newspaper, or on social media, before viewing a lineup. Second, repeated
retrieval attempts can change memory (e.g., Hupbach, Gomez, & Nadel,
2009; Lindsay, 1994). This can happen, for example, if a witness repeatedly
describes the perpetrator to multiple detectives before viewing a lineup.
Additional research is needed scrutinizing precisely what constitutes an initial test of memory, and is exactly the kind of issue on which expert witnesses
can be consulted regarding the individual details of a particular case. In general, pre-identification exposure and repeated retrievals reduce the value of
subsequent tests of memory, because they weaken the confidence-accuracy
relationship: Interviewers get one good chance to assess an eyewitness’s
memory and confidence, an idea we will return to at the end of this section
in the context of other types of forensic evidence.
3.1.3.2 Pristine lineup conditions

Wixted and Wells (2017) emphasized the importance of collecting eyewitness confidence judgments under “pristine” conditions. Table 2 lists these
conditions. In the discussion that follows, Conditions 1 (one suspect per
lineup) and 3 (unbiased instructions, the offender may not be in the lineup)
primarily impact response bias, whereas Conditions 2 (the suspect should not
stand out) and 4 (double-blind testing) are key to defining a fair test of memory. We will deal with these two sets of conditions in turn. Then we turn our
attention to Condition 5 (collect a confidence statement at the time of the
identification), which is arguably the most important of the five pristine
conditions.
Unbiased instructions that inform eyewitnesses that the offender may not
be in the lineup (Condition 3) impact response bias, not accuracy (see Clark
et al., 2014). But that doesn’t mean that including this pristine condition is
Table 2 Pristine lineup conditions from Wixted and Wells (2017).

1.
2.
3.
4.
5.

One suspect per lineup
The suspect should not stand out
Unbiased instructions
Double-blind administration
Collect the confidence judgment at the time of the identification
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superfluous, as long as it is more important to protect the innocent than to
implicate the guilty (see Section 3.3). Likewise, Condition 1 (one suspect) is
an important safeguard, but it exerts its effects exclusively on response bias:
eyewitnesses will be more likely to choose from lineups if they believe that
everyone in the lineup is a possible suspect (“One of these people MUST
have done it”).
Enforcing Conditions 2 and 4 helps ensure that decisions are based on the
eyewitness’s memory rather than other considerations. Ensuring that no
lineup members stand out protects against someone being chosen because
he “sticks out” relative to other lineup members (Charman, Wells, &
Joy, 2011; Colloff, Wade, & Strange, 2016). Double-blind testing limits
any pressure to choose exerted by a lineup administrator. Pressure to choose
can take one of two forms. It affects response bias (an eyewitness’s willingness to choose someone) if a lineup administrator pushes an eyewitness to
choose (emboldening eyewitnesses to adopt a more liberal response criterion), although it can influence accuracy if a lineup administrator steers
an eyewitness (implicitly or explicitly) toward selecting a particular individual from the lineup (Clark et al., 2015; Clark, Brower, Rosenthal, Hicks, &
Moreland, 2013). Although there is some evidence that the absence of
double-blind testing actually can enhance accuracy in some circumstances
(Clark et al. (2013) found it was easier to steer witnesses toward a suspect
who is guilty than innocent), sanctioning steering is counter to principles
regarding the independence of different types of evidence (e.g., Hasel &
Kassin, 2009) and principles of procedural justice (see discussion by Clark,
2012). Eyewitness evidence arising from a lineup in which an eyewitness’s
selection is swayed by a lineup administrator fails to deliver an independent
contribution to subsequent determinations of the guilt (or innocence) of a
defendant.
The most important of the five pristine conditions, Condition 5,
specifies that a confidence judgment be made in conjunction with the
identification decision (and perhaps even video recorded), and not offered
at some later time. This is important for several reasons. First, because retrieval
itself can modify a memory (e.g., Chan & Lapaglia, 2011; Hupbach et al.,
2009; Roediger & Karpicke, 2006), if a confidence judgment is not contemporaneous, the confidence-accuracy relationship can be muddied. Relying
upon a confidence judgment made at the time of the identification limits
the adverse consequences of confidence inflation (Wells & Bradfield,
1998) and imagination inflation (Garry, Manning, Loftus, & Sherman,
1996), both of which lead to increases in confidence to inappropriate levels
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over time. Finally, the importance of Condition 5 is reinforced by data
showing that an identification need not be fully pristine to be useful.
Mickes, Clark, and Gronlund (2017) pointed out that high confidence identifications collected under some non-pristine circumstances (e.g., unfair
lineups) remain more likely to signal guilt than low confidence identifications. In other words, confidence can have probative value despite a lack
of pristineness, as long as the relied upon confidence judgment is made in
conjunction with the identification decision.
The consequences that arise when Condition 5 is violated are severe.
The most compelling illustration comes from Garrett’s (2011a) analysis of
161 DNA exoneration cases in which faulty eyewitness evidence played a
role. It was no surprise to Garrett to find that all of the eyewitnesses were
highly confident in their courtroom identifications of the defendants. But
for 92 of these cases (57%), Garrett found evidence of what these witnesses
reported initially, and not a single one of these eyewitnesses expressed high
confidence in their initial identifications. (In fact, some had even rejected
the initial lineup with the defendant in it, or had chosen an innocent filler.)
Among these eyewitnesses was Jennifer Thompson, who initially reported,
with considerable hesitation, “I think this is the guy.”
The circumstances surrounding these DNA exoneration lineups varied
widely (e.g., presence vs. absence of a weapon, same vs. cross-race identifications), as did factors like the length of the retention interval. Yet
Garrett (2011a) found that the confidence expressed in these initial identifications was consistently low. If actors in the criminal justice system had
relied upon evidence of initial confidence, rather than later, inflated confidence, the eyewitness evidence would have likely played a much smaller role
in juror decision-making.
In real criminal cases, circumstances vary and witnessing conditions are
often poor. Wixted and Wells (2017; Semmler, Dunn, Mickes, & Wixted,
2018) examined a number of factors that adversely affect identification accuracy, like longer retention interval, shorter exposure to the perpetrator, and
greater distance between the eyewitness and the perpetrator. They showed
that, although these suboptimal circumstances reduce average accuracy, if a high
confidence identification is made, it is just as likely to be accurate as the high
confidence identifications made under more optimal conditions (e.g., a shorter
retention interval). This result again indicates the gatekeeping role that metacognition plays in memory reports. Of course, memory decreases under all
of these suboptimal conditions—for that reason, this is a counterintuitive
result. How is it that the reliability of the confidence-accuracy relationship
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is maintained across this wide spectrum of conditions, in contradiction to the
optimality hypothesis? Metacognitive assessments of accuracy allow eyewitnesses to sort their memories into confidence categories that more or less maintain accuracy across these conditions. This is a claim that can be more easily
understood within the context of SDT.
The finding is consistent with a version of SDT that relies on likelihood
ratios to understand how confidence criteria (β1, β2, β3) shift across conditions that affect accuracy (d0 )—for example, as a function of short vs. long
retention intervals. The likelihood ratio is the ratio of the heights of the target and lure distributions at particular locations along the memory-match
axis. For example, at the point along the x-axis where the target and lure
distributions cross, the likelihood ratio is 1.0: A match value that falls at that
point yields totally equivocal evidence for whether it comes from the distribution of targets or the distribution of lures (whether it is a guilty suspect or
an innocent suspect). The likelihood ratio increases in magnitude as the criterion becomes more conservative (e.g., β3) because the height of the target
distribution increases as the height of the lure distribution decreases.
Theories of decision-making that use likelihood ratios as criteria assume
that participants will naturally maintain relatively constant likelihoods across
conditions that differ in accuracy (e.g., Glanzer, Adams, Iverson, & Kim,
1993; Osth, Dennis, & Heathcote, 2017). For example, Stretch and
Wixted (1998) found that the confidence criteria fanned out along the
memory-match axis for a low- compared to a high-performing discrimination (e.g., short vs. long retention intervals). Within research on eyewitness
memory, Semmler et al. (2018) found support for this view when they fit a
likelihood-SDT model to data from Lindsay, Semmler, Weber, Brewer, and
Lindsay (2008), an experiment that varied the distance between a target person
and the eyewitness in a naturalistic setting. Because the likelihood ratios
remain relatively constant as a function of factors like distance to a perpetrator,
the confidence-accuracy relationship is little changed. Offering an explanation
for a surprising finding like this enhances the validity of that finding.
Confidence can provide vitally important information to the criminal
justice system about who committed a crime, and often about who didn’t.
But, to be used fairly and effectively, the police must treat memory like it
treats sources of physical evidence. If the police are testing a crime scene
for fingerprints, or need to make an impression of a footprint, they cordon
off the area to prevent trespass, they wear protective gloves, and they deposit
evidence into protective containers. If an eyewitness’s memory is treated
with the same care, we have shown that the resulting evidence can be highly
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diagnostic. But just as allowing the public to wantonly traipse through a
crime scene likely harms the opportunity to test for fingerprints or to make
an impression of a footprint, post-event information and feedback, repeated
questioning and testing of an eyewitness, or relying on a delayed confidence
judgment, all diminish the value of the eyewitness evidence.

3.2 Critical role of metacognition
The confidence reported in a memory is a key aspect of metacognition, but,
as discussed in brief previously, there are other ways in which people calibrate their memory judgments to the demands of a task and the information
in their memories. Benjamin (2007) reviews metacognitive influences that
affect the encoding and accessing of information, with two processes available to access information, matching and retrieval. Matching arises from the
match of a cue to the contents of memory (as is done in a lineup); we already
have discussed lineup identifications extensively in this chapter. The other
process, retrieval, is characterized by using a cue to extract information
related to that cue (“What was the perpetrator wearing?”). There is limited
opportunity for an eyewitness to control the encoding of a crime event,
given that the event is unexpected, typically of short duration, and often
terrifying. Consequently, in this section we focus on the control and monitoring of memory access, especially memory access involving retrieval (see
also Fiechter et al., 2016).
3.2.1 Withholding an identification
One decision that is (or should be) under the control of the eyewitness
is whether or not to even attempt retrieval. Imagine being asked: “What
color was Barack Obama’s first tie?” Without even consulting your memory, you can be quite sure that you don’t have the relevant information and
would be reduced to guessing if forced to answer. Laboratory studies (e.g.,
Glucksberg & McCloskey, 1981) have shown that participants can quickly
and accurately report such an absence of knowledge. More generally, giving
people the option to indicate that they don’t know an answer allows them to
improve the accuracy of the volunteered answers. Weber and Perfect (2012)
provide a good example of this effect in an eyewitness situation. They had
participants view a mock crime, and make an identification from a showup.
Those participants with an explicit “don’t know” option performed better
(67% of reported decisions were correct) than those participants forced to
respond “yes” or “no” (55% correct). Inclusion of a “don’t know” option
benefits accuracy because eyewitnesses typically know when they do not
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know something (Bennett, Benjamin, Mistry, & Steyvers, 2018). Of course,
this takes place all the time when police canvas a scene for eyewitnesses: If a
bystander says she didn’t see the perpetrator, her assessment of lack of relevant knowledge is taken to be accurate, and such individuals are rarely asked
to view a lineup.
3.2.2 Probing eyewitness memory
How someone decides to search memory for information greatly influences
the quality and quantity of retrieved information. Successful rememberers
have a plan for how to access information (Indow & Togano, 1970). For
example, most US citizens know all 50 states, but reporting them in a haphazard manner likely results in forgetting to report a few, whereas having a
plan (e.g., organized by region) will lead to greater success. The same lesson
applies to memory reports regarding a crime.
Three approaches are taken by the criminal justice system regarding how
eyewitnesses search memory. One approach is to do nothing and leave it up
to the eyewitness. This strategy runs the risk that witnesses will choose an
ineffective recall strategy and perhaps render critical information even less
accessible than before their attempts. A second approach allows the police
to guide memory access by posing a series of questions; unfortunately,
the ordering of these questions may be haphazard, may include questions
that lead an eyewitness toward particular answers (Loftus, 1975), or may lead
to interference on important future questions (Shaw, Bjork, & Handal,
1995). Either of these first two approaches can increase the likelihood of
inconsistent witness reports due to the critical role of cue dependence on
memory success and retrieval failure (Tulving & Thomson, 1973). Retrieval
failure is a common cause of forgetting that occurs when cues present at
encoding are not present at retrieval, like when you remember a student’s
name when you see her in class but not when you see her at a local restaurant. Retrieval failures that arise due to recall strategies that change across
retrieval attempts contribute to inconsistent witness reports.
Attorneys believe that an inconsistent witness is an inaccurate witness
(“If the man that attacked you had a tattoo, why didn’t you mention that
to the police earlier?”). Metacognition can guide an exploration of this
maxim. Stanley and Benjamin (2016) conducted two laboratory studies in
which participants studied a set of stimuli followed by multiple free recall
attempts. Consistently recalled details were more accurate than inconsistently recalled details—that is, consistently recalled information was more
likely to have actually been among the studied material than inconsistently
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recalled information. But the accuracy of details recalled on later, but not
earlier, attempts (reminiscenced details, like the tattoo), were just as likely
to be accurate as details recalled on earlier but not later attempts (forgotten
details). Importantly, Stanley and Benjamin also found that, the more inconsistencies in a person’s recall, the less accurate the person’s consistently produced items were. These findings match prior research using eyewitness
paradigms (Krix, Sauerland, Lorei, & Rispens, 2015; Oeberst, 2015), and
are in agreement with the behavior of lawyers who rely on inconsistencies
in testimony to impeach a witness’s credibility.
A third approach to how eyewitnesses search memory involves having
eyewitnesses follow a retrieval protocol designed to maximize access to
important details and minimize interference. The most prominent example
of this approach is the cognitive interview (Geiselman et al., 1984; see review by
Memon, Meissner, & Fraser, 2010), which imposes a structure on the recall
interview, and attempts to limit inconsistencies in witness reports by organizing retrieval attempts in such a way so as to capitalize on cue dependence:
Witnesses are instructed to recall from different perspectives (their own vs.
others’ point of view; Anderson & Pichert, 1978), or in different temporal
orders (from the beginning of the event to the end, or from the end of the
event to the beginning). A meta-analysis of laboratory studies by K€
ohnken,
Milne, Memon, and Bull (1999) found that the cognitive interview elicited
more information than a standard interview, and did so without compromising the accuracy of the reported information. In a field study, Fisher,
Geiselman, and Amador (1989) trained experienced detectives in the cognitive interview, and compared the amount and accuracy of the elicited
information to a group of equally experienced detectives not trained in
the cognitive interview. Replicating the laboratory studies, the trained
detectives elicited more information from eyewitnesses, with corroboration
rates (computed by comparing a witness’s report to another reliable source
of information) greater than 93% for both sets of detectives. The lesson here
is that the use of a technique that treads lightly on memory can improve
the quantity of relevant, accurate information that an eyewitness is able to
report, and limit inconsistencies in those reports.
3.2.3 Grain size
Once information is retrieved, an eyewitness must decide whether and what
to output. Koriat and Goldsmith (1996) proposed that we adjust how much
we output in order to achieve an acceptable level of accuracy (Grice, 1975).
For example, instructions to be especially accurate reduce the amount of
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information that rememberers output, and also increase the accuracy of what
is output (Koriat & Goldsmith, 1994). This effect is particularly important in
the context of memory for conversation, where rememberers have considerable leeway in how detailed a report they provide, and much may depend
on exact details of what was said (Brown-Schmidt & Benjamin, 2018;
Neisser, 1981).
People adjust the grain size of what they report (Goldsmith, Koriat, &
Weinberg-Eliezer, 2002) to achieve acceptable levels of accuracy. That is,
people answer with less detailed information when they know (or remember) less, and more detailed information when they know (or remember)
more. For example, if asked, “When did the Rolling Stones release their first
album?,” someone with a lot of relevant information might report 1964,
whereas someone with less information might report “in the 60s.” Both
answers are correct, but are offered at differing levels of detail. Weber
and Brewer (2008) had participants view a mock crime video and then
answer a series of questions that allowed answers that could vary in grain size
(e.g., the duration of the crime, to the nearest 30 s, or within a 2-min range).
Participants had to provide both fine- and course-grained answers to each
question; participants also reported their confidence in their answers. After
completing all of the questions, participants revisited their earlier answers
and indicated whether they would nominate the fine- or the coarse-grained
answer to provide to a police officer investigating the crime. Not surprisingly,
overall accuracy was greater for coarse-grained than fine-grained answers
(0.72 vs. 0.44, respectively). However, the accuracy of the nominated
answers fell between these two values (0.64), indicating that participants
can select an appropriate response on an item-by-item basis, commensurate
with the level of expertise they felt they had for that question. Weber and
Brewer also showed that the confidence expressed in both fine- and coarsegrained answers was similarly calibrated to accuracy (although there was
a general overconfidence expressed in the fine-grained answers). People
choose a point that trades off informativeness for accuracy conditional upon
their expertise and upon the situational demands.
The critical role that metacognition plays in governing the use of memory suggests new or modified techniques that may enhance the ability to distinguish accurate from inaccurate eyewitnesses, or enhance the quality of the
information eyewitnesses provide. Brewer, Weber, Wootton, and Lindsay
(2012; Sauer, Brewer, & Weber, 2008) had participants make confidence
assessments to each lineup member. They found that classification
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algorithms (that weigh the pattern of confidence judgments across the set
lineup members) sorted accurate from inaccurate eyewitnesses better than
did standard binary lineup decisions. Horry, Brewer, and Weber (2016) examined what they called grain-size lineups, in which participants eliminate as
few, or as many, lineup members from consideration as they desire (eliminating all but one lineup member is a fine-grained decision). The grain-size
lineup is reminiscent of the elimination lineup (Pozzulo & Lindsay, 1999),
in which participants must choose one individual from a simultaneous lineup,
and then are asked if the selected individual is the perpetrator. Although Horry
et al. found that in their most difficult lineup condition, participants produced
a greater proportion of coarse-grained responses, neither grain-size lineups,
nor elimination lineups, induced better performance than simultaneous
lineups.
Researchers should continue to explore new approaches to testing eyewitness memory. Wells, Memon, and Penrod (2006, pp. 68–69) wrote:
It could be argued that research has been profoundly conservative in its approach
to the eyewitness-identification problem. Specifically, researchers have tended to
operate within the confines of the traditional lineup, in which a suspect is placed
among fillers and the eyewitness makes a verbal identification. But what if the
lineup had never existed and the legal system turned to psychology to determine
how information could be extracted from eyewitnesses’ memories?...Operating
from scratch, it seems likely that modern psychology would have developed
radically different ideas.

Metacognition, and SDT, can help guide modern psychology in this endeavor.

3.3 Balancing costs and benefits
The central claim of the new science perspective is that eyewitnesses, under
the proper circumstances, are highly reliable. Notably, this is not the same
thing as saying that they are highly accurate. Many are not. But as we have
made clear above, they can generally tell us when they are or are not accurate, making them reliable reporters of what they remember. That means
that not all identifications should be treated equally; high-confidence judgments, made under pristine conditions, are more diagnostic. But how high
should confidence be for the police to treat an identification as truthful?
Some might think that the level should be greater than 95%, because there
would be very few false identifications of innocent suspects. But, as we have
discussed, this will result in fewer correct identifications of guilty suspects, as
compared to the adoption of an 85% or 75% confidence level.
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3.3.1 Optimal confidence level
What is the ideal confidence level at which to consider eyewitness evidence
probative? This is a complicated question, with many factors to consider.
Moreover, it is a question that policy makers, not memory researchers, must
answer. However, SDT provides guidance for determining the optimal confidence level because it makes explicit the tradeoff between two types of
errors: failing to identify a guilty suspect from a lineup (a miss), and the identification of an innocent suspect (a false alarm). This tradeoff is apparent in
the reforms discussed above, like sequential lineups, which make eyewitnesses more conservative (reducing false alarms, but at the cost of fewer correct identifications). The same tradeoff is apparent when responses are
considered at different levels of confidence, with high confidence judgments
resulting in fewer false alarms but more misses (fewer correct identifications),
and low confidence judgments producing more false alarms, but fewer misses (more correct identifications). As Clark (2012, p. 248) put it, “What
should the exchange rate be for correct identifications lost versus false identifications avoided?”
To answer this question, consider the costs associated with the two errors.
How much more important is it to protect the innocent than to let guilty
suspects go free? There is a long history concerning the relative costs of
these errors. English jurist Sir William Blackstone (1765, p. 352) wrote that
it is “…better that ten guilty persons escape than that one innocent suffer”;
Benjamin Franklin thought the ratio should be 100:1 (see Baumgartner,
Grigg, Ramı́rez, & Lucy, 2018 for a recent review of this issue).
3.3.2 Role of base rates
Weighing these errors also requires consideration of the frequency with
which the police place innocent suspects in lineups. If this happened only
rarely, reform efforts that induce more conservative responding are misplaced, protecting against an error that is unlikely to occur. However, policy
makers may feel differently if a larger proportion of lineups contain innocent
suspects. The base rate with which suspects in lineups are actually guilty is
difficult to estimate for a number of reasons. There exist only haphazard
records of lineups from which suspects are not chosen, and, of course, conviction doesn’t mean that a defendant is guilty. The base rate with which
suspects in lineups are guilty also likely depends on when in an investigation
a lineup is administered. Wells and Olson (2003) argued that the police
should have probable cause before placing a suspect in a lineup, which
should reduce the base rate of innocent suspects being put at risk. But in
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some circumstances, and in some jurisdictions, lineups are used to build a
case against a suspect, likely putting many more innocent suspects at risk.
Finally, plea bargaining may play a role. The vast majority of criminal cases
in the United States are resolved by plea bargain; Rakoff (2014) reports that
more than 97% of federal criminal charges that are not dismissed are
resolved by plea bargain. A plea bargain can be reached at nearly any stage
in the criminal justice process, but if a suspect who is guilty is more likely to
take a plea (Gregory, Mowen, & Linder, 1978), plea bargaining becomes a
mechanism that may put more innocent suspects at risk in lineups.
Although there exists no empirical estimate of this base rate, Wixted et al.
(2016) used SDT to offer a principled, theory-based estimate. Using the
Houston field study data, they estimated that only 35% of the lineups constructed by the Houston Police Department included a guilty suspect. More
work like this is needed to validate this low estimate. If it is correct, it does
suggest that calibration of evidential standards should be more focused on
protecting the innocent than on ensuring conviction of the guilty (which
is consistent with the impact of unbiased instructions as suggested by the
National Research Council (2014) report).
3.3.3 Formalism for balancing costs and benefits
Signal detection theory shows us how to combine the costs of the two
types of eyewitness errors with the base rates to determine where a decision
criterion should be set (McNicol, 1972; for a detailed treatment, see
Green & Swets, 1966). To begin, policy makers must set a positive value
for hits (VH) and correct rejections (VCR), and a negative cost for misses
(CM) and false alarms (CFA). If it is assumed that the base rate of guilt among
suspects in lineups is 50%, the optimal likelihood ratio criterion (βoptimal) is
straightforward:
βoptimal ¼

VCR + CFA
V H + CM

(1)

Eq. (2) shows the necessary adjustments if the base rates are not equal,
where BRG is the proportion of lineups that include a guilty suspect and
(1  BRG) is the proportion of lineups that include an innocent suspect.
βoptimal ¼

ðVCR + CFA Þ  ð1  BRG Þ
ðVH + CM Þ  ðBRG Þ

(2)

Now let us consider an example of how to use this equation in practice.
Before we do so, remember that the assessment of values and costs is a civic

274

Scott D. Gronlund and Aaron S. Benjamin

and not a scientific question; we take certain values here only as an example
and do not intend this to be a set of recommendations for such values.
Following Blackstone’s principle, set the cost of a false alarm to be
10 times that of a miss (CFA ¼ 10 vs. CM ¼ 1), and let the benefit of a hit
be equal to the benefit of a correct rejection (VH ¼ VCR ¼ 1). If we use
the base rate estimate from Wixted et al. (2016, BRG ¼ 0.35), the optimal
criterion position is quite conservative, βoptimal ¼ 10.2. This means that
the criterion will be ideally placed at a point where the eyewitness evidence
is slightly more than 10 in favor of guilt than innocence. This conservatism
makes sense because more of the suspects are innocent, and the cost of a false
alarm is much greater than the cost of a miss, making the goal of reducing
false alarms more important than limiting misses. The value of βoptimal dictates the level of confidence upon which the police should rely. In the case of
such a high prescribed value for βoptimal, only identifications at high levels of
confidence would be considered probative.
What if, instead, policy makers decide that the two errors should be treated
equivalently (CFA ¼ CM ¼ 1), but that the value of selecting guilty suspects
is five times more beneficial than rejecting lineups with innocent suspects
(VH ¼ 5, VCR ¼ 1)? For the same estimate of the base rate of guilt among
suspects, the optimal criterion position is more liberal (βoptimal ¼ 0.62), and
lower confidence identifications of suspects would be considered probative.
There are many factors that policy makers must contemplate before settling on values for CFA, CM, VH, and VCR. For one, false convictions take a
financial toll: California and Illinois alone paid nearly half a billion dollars for
false convictions overturned since 1989.b This estimate doesn’t include the
cost of incarceration, which is approximately $100 per day across the United
Statesc and much higher in some locations.d Even more importantly, there
are terrible social costs. A false conviction involves two tragic mistakes: the
conviction of an innocent individual, and the continued freedom of the
actual perpetrator. The Innocence Project reported that the actual perpetrators had been identified in 155 of the 358 DNA exoneration cases, and
the actual perpetrators had been convicted of 150 additional violent crimes

b

c

d

See https://www.innocenceproject.org/wrongful-convictions-cost-california-221-million; https://
www.bettergov.org/news/wrongful-conviction-costs-keep-climbing.
See https://www.federalregister.gov/documents/2018/04/30/2018-09062/annual-determination-ofaverage-cost-of-incarceration.
See https://www.nytimes.com/2013/08/24/nyregion/citys-annual-cost-per-inmate-is-nearly-168000study-says.html.
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during their period of wrongful liberty (Baumgartner et al., 2018e). This number included Bobby Poole, accused of 20 additional crimes after he raped
Jennifer Thompson and the second victim.f
Any policy decision regarding the determination of the optimal confidence level must take these financial and social costs into account. Only then
can policy-makers determine the confidence level for the police to use that
will distinguish identifications deemed to have probative value from those
identifications that do not. Relying on identifications that meet or exceed
the stipulated confidence level will result in a rate of false identifications that
society judges acceptable. Some might argue that the occurrence of any false
identifications is unacceptable, but the nature of the decision problem makes
that goal unattainable. And keep in mind that not all false identifications
result in false convictions. As Clark et al. (2015; see also Gould, Carrano,
Leo, & Hail-Jares, 2013) point out, the impact of eyewitness evidence on
the outcome of a trial depends on how identification evidence is utilized
by a variety of legal actors, including the police, prosecuting and defense
attorneys, judges (who rule on the admissibility of an identification), expert
witnesses, and the members of a jury. But we can enhance the fairness of the
criminal justice system by ensuring that these legal actors utilize accurate
eyewitness evidence, fine-tuned by metacognitive proficiency, and filtered
through existing and yet-to-be developed techniques that enable eyewitnesses to be reliable reporters of what they do and do not remember.

4. Conclusions
Memory is incomplete and prone to error (e.g., Schacter, 1999).
When coupled with the frequent headlines proclaiming the exoneration
of innocent people, it is not surprising that the general public and the criminal justice system deem memory evidence untrustworthy. However, this
old science view of eyewitness memory must be revised, because memory
reports carry metacognitive information that eyewitnesses can utilize to distinguish accurate from inaccurate identifications, and to differentiate among
beneficial and misleading memory reports. The recent bridging of the historical divide between basic recognition memory research and applied
research in eyewitness memory has provided a new narrative, shaped by
e
f

See https://www.innocenceproject.org/dna-exonerations-in-the-united-states.
See https://www.themarshallproject.org/2018/03/21/when-the-innocent-go-to-prison-how-manyguilty-go-free.
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the adoption of three important traditions from basic memory research:
signal-detection theory, the measurement of memory, and the contribution
of metacognition.
These traditions have facilitated a number of important developments,
several of which are featured in this chapter. Signal-detection theory demonstrates to policy makers how to use the weight of the two types of errors
inherent to eyewitness identification decisions—the false identifications of
innocent suspects and the missed identifications of guilty suspects—to determine the confidence level at which identifications are deemed accurate. The
adoption of alternative means of measurement (ROC analysis) naturally disentangles memory accuracy from response bias, and reveals the strong relationship between confidence and accuracy (calibration). The utilization of
ROC analysis has recast prior reform efforts, and the use of calibration analysis revealed the critically important role that response confidence can play,
if the confidence judgment arises from the initial test of memory, and
involves a confidence judgment taken at the time of that initial test. Consideration of other aspects of metacognition reveals how eyewitnesses can
adjust what they report in a manner that maximizes the accuracy and informativeness of the reported information. If the potential and means for memory contamination are understood and controlled, the new science of
eyewitness memory reveals that eyewitnesses are in control of their memories, rather than unwitting victims of a flawed memory system that they
do not understand and cannot control.
The new science of eyewitness memory offers a very different perspective on Jennifer Thompson’s identification of Ronald Cotton. In Jennifer’s
initial test (a photo lineup), she reported “I think this is the guy,” only raising
her confidence level as the detective pressed her for greater certainty. The
district attorney requested a second test (a live lineup), with only Cotton
being tested again. Again, she took several minutes before stating that
Cotton “looks the most like him,” with Jennifer indicating that she was certain only after the detective asked her “if she was certain.” And the jury,
instead of hearing Jennifer’s initial report, heard her state in court that she
was “absolutely sure” in her identification (from Garrett, 2011b).
According to the new science of eyewitness memory, and the research
that we have presented in this chapter, how should an identification like
Jennifer Thompson’s unfold today? The police will test her memory only
once, in a double-blind manner, accompanied by instructions indicating that
the perpetrator may or may not be present in the lineup. Jennifer will make a
confidence statement at the time of the initial identification, and that is the
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confidence statement on which the police, the attorneys, the judge, and
the jury will rely. If Jennifer’s level of confidence fails to reach the predetermined level, it will be treated as a non-identification. The old science
view of eyewitness memory reinforces exactly the wrong message regarding
Jennifer Thompson’s incorrect identification. Rather than concluding that
eyewitnesses can never be trusted, it was by way of her slow, unconfident
identifications of Cotton, that Jennifer signaled that there was a good chance
that she was making an error. It is our contention that false convictions like
the one that ensnared Ronald Cotton can be decreased through the proper
handling of eyewitness evidence, and a more comprehensive understanding
of eyewitness memory.
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