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Abstract
Recent research in the eyewitness identification literature has investigated whether simultaneous or sequential lineups yield better
discriminability. In standard eyewitness identification experiments, subjects view a mock-crime video and then are tested only
once, requiring large samples for adequate power. However, there is no reason why theories of simultaneous versus sequential
lineup performance cannot be tested using more traditional recognition memory tasks. In two experiments, subjects studied DRM
(Deese-Roediger-McDermott) word lists (e.g., bed, rest, tired, ...) and were tested using “lineups” in which six words were
presented either simultaneously or sequentially. A studied word (e.g., tired) served as the guilty suspect in target-present lineups,
unstudied related words (e.g., nap) served as fillers in target-present and target-absent lineups, and critical lures (e.g., sleep) were
included in some target-present and target-absent lineups as well, to serve as attractive alternatives to the target word (or suspect).
ROC analyses showed that the simultaneous test format generally yielded superior discriminability performance compared to the
sequential test format, whether or not the critical lure was present in the lineup.

Keywords Word recognition . Eyewitnessmemory . ROC . DRM .Methodology

Introduction

Experimental psychologists have long been concerned about
the reliability of eyewitness memory (e.g., Clifford & Bull,
1978; Munsterberg, 1908), especially with regard to the iden-
tification of a suspect in a lineup. Few recognition memory
tasks have consequences that are as important as a police
lineup. Guilty suspects have been correctly convicted based
on true eyewitness identifications, but innocent suspects have
also been wrongly convicted based on false eyewitness iden-
tifications (Buckhout, 1974; Garrett, 2011; see also The
Innocence Project http://www.innocenceproject.org and the
National Registry of Exonerations, Gross & Shaffer, 2012).

Lineups are used for eyewitness identification purposes
when the police establish a suspect during the course of a

criminal investigation. Importantly, the suspect may or may
not actually be the one who committed the crime. An eyewit-
ness who saw the crime is shown a lineup, which typically
consists of a set of photographs with one photograph of the
suspect and five or more photographs of physically similar
“fillers” who are “known innocents” and not suspected of
the crime (Police Executive Research Forum, 2013, Fig. 2).
The eyewitness can either choose one of the lineup members
or decline to choose anyone (i.e., they can “reject the lineup”).

This real-world procedure is both similar to and different
from basic laboratory experiments on recognition memory, so
it is worth clarifying a few points. In real-world lineups, police
do not know when a suspect is guilty. In experiments, the
researchers do indeed know when a suspect is guilty (i.e.,
was previously shown to subjects). If the suspect is guilty,
then the lineup is a target-present lineup, and choosing the
suspect is a hit, while rejecting the lineup is a miss. If the
suspect is innocent, then the lineup is a target-absent lineup,
and choosing the suspect is a false alarm, while rejecting the
lineup is a correct rejection. If the eyewitness chooses a filler
(i.e., any candidate beside the suspect), that is a different kind
of false alarm, called a filler identification or “foil identifica-
tion” (Clark & Godfrey, 2009), which carries much less con-
sequence than a false alarm to an innocent suspect. Because
fillers are known innocents, a filler identification will not
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result in investigation or prosecution of the person pictured.
Although both filler identifications and lineup rejections
(which could be misses or correct rejections) provide some
evidence in favor of the suspect’s innocence (Wells,
Smalarz, & Smith, 2015Wells, Smith, & Smalarz, 2015), they
are less consequential than the responses that matter the most:
when the eyewitness chooses the suspect, known as “suspect
identifications” (IDs). In real-world settings, when an eyewit-
ness makes a suspect ID, that suspect is likely to be further
investigated and possibly charged with and convicted of the
crime. Suspect ID responses are either hits or false alarms,
depending on whether the suspect is actually guilty. The ideal
lineup procedure would maximize correct suspect IDs (hits)
andminimize incorrect suspect IDs (false alarms). Thus, much
research has focused on these two measures, focusing on anal-
yses that exclude filler identifications and lineup rejections
(e.g., diagnosticity ratios, receiver operating characteristics
(ROCs)).

Researchers have investigated numerous variables to deter-
mine their effect on eyewitness memory performance (e.g.,
Wells et al., 1998). One variable of particular interest is lineup
presentation format: simultaneous versus sequential. In a si-
multaneous lineup, all six photos are presented at the same
time and the eyewitness either chooses one of the candidates
or rejects the lineup. In a sequential lineup, each photo is
presented individually, one at a time, and the eyewitness
makes a yes/no decision about each candidate. A “stopping
rule” based on the first identification may be used, such that
the sequential lineup ends as soon as the eyewitness chooses a
candidate. If such a stopping rule is not used, the sequential
lineup continues through all photos and the eyewitness may
choose multiple candidates. Either way, the eyewitness can
say no to all candidates, thus rejecting the lineup. Sequential
lineups can also make use of a technique called backloading,
in which subjects do not know exactly how many photos they
will see (Horry, Palmer, & Brewer, 2012). Note that the se-
quential lineup procedure resembles an old/new (yes/no) rec-
ognition task, while the simultaneous lineup procedure resem-
bles an n-alternative forced choice recognition task. Finley,
Roediger, Wahlheim, Hughes, and Jacoby (Finley, Roediger,
Hughes, Wahlheim, & Jacoby, 2015) provided further discus-
sion of lineup procedures versus traditional laboratory recog-
nition procedures.

A landmark study by Lindsay and Wells (1985) compared
simultaneous versus sequential photo lineups and found that
although there was a small and non-significant difference in
the hit rate (simultaneous = .58, sequential = .50), the false-
alarm rate was substantially lower for the sequential procedure
(simultaneous = .43, sequential = .17). Intuitively, the larger
proportional decrease in the false-alarm rate compared to the
hit rate would seem to argue in favor of the sequential proce-
dure. This apparent “sequential superiority effect” is quanti-
fied by the diagnosticity ratio, which is equal to the hit rate

divided by the false-alarm rate. Thus, in the Lindsay andWells
(1985) study, the diagnosticity ratio for the sequential lineup
was .50/.17 = 2.94 and for the simultaneous lineup it was .58/
.43 = 1.35.1 The same pattern has often been observed in later
investigations (Steblay, Dysart, & Wells, 2011).

According to one theory (Wells, 1984, 2001), simultaneous
lineups encourage eyewitnesses to use a relative judgment
process to select the candidate who looks most like the perpe-
trator they remember seeing. Some researchers have argued
that the use of a relative judgment process tends to yield false
identifications when the true perpetrator is not in the lineup,
particularly when the lineup is unfair in that the innocent sus-
pect resembles the perpetrator more than the fillers do
(Lindsay et al., 1991). In contrast, sequential lineups theoret-
ically encourage an absolute judgment process in which eye-
witnesses individually compare each candidate to their mem-
ory of the perpetrator, and this process is less likely to lead to
false identification (Wells, 1984, 2001). Based on empirical
data indicating that the diagnosticity ratio is higher for sequen-
tial lineups, and on the theory of absolute versus relative judg-
ments, as many as 30% of police departments in the USA
adopted the sequential procedure (Police Executive Research
Forum, 2013).

Recently, researchers have pointed out that the diagnosticity
ratio would increase even if the only effect of sequential lineups
was to induce more conservative responding (Gronlund,
Mickes et al., 2014; Meissner, Tredoux, Parker, & MacLin,
2005; Mickes, Flowe, & Wixted, 2012; Wixted & Mickes,
2012). Indeed, as first noted by Wells (1984), the absolute/
relative distinction speaks to response bias – the tendency to
make an ID from the lineup at all – with the relative judgment
strategy yielding more IDs than the absolute judgment strategy
(Wixted & Mickes, 2014). In laboratory experiments using
multiple-lineups per participant, Meissner et al. (2005) used
measures from signal detection theory to tease apart response
bias and discriminability (the ability to distinguish between
previously studied faces and new faces), and found that sequen-
tial lineups induced a more conservative response criterion but
did not affect discriminability.

Mickes et al. (2012) argued that a particular kind of analy-
sis, ROC (which arises from signal detection theory; see also
Wixted & Mickes, 2015), is best suited to unambiguously
answer the key question: which procedure better enables eye-
witnesses to discriminate innocent from guilty suspects? To
our knowledge, studies using ROC analysis have never report-
ed a sequential superiority effect. Instead, they have found
either no difference in discriminability between the two pro-
cedures or they have found a significant simultaneous

1 Although technically inappropriate, as noted by Mickes, Moreland, Clark,
and Wixted (2014), the common measure of discriminability, d', can also be
calculated from the data reported by Lindsay and Wells (1985), and it was
higher for the sequential lineup (.95) than the simultaneous lineup (.38).
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advantage (Andersen, Carlson, Carlson, & Gronlund, 2014;
Carlson & Carlson, 2014; Dobolyi & Dodson, 2013;
Gronlund et al., 2012; Meisters, Diedenhofen, & Musch,
2018; Mickes et al., 2012; Sučić, Tokić, & Ivešić, 2015).

Wixted and Mickes et al. (2014) proposed the diagnostic
feature-detection theory to explain why simultaneous lineups
are, if anything, superior to sequential lineups. Theoretically,
compared to sequential lineups, simultaneous lineups help
eyewitnesses to notice and to then discount non-diagnostic
facial features (namely, the features that are common across
the lineup members, such as race). By discounting non-
diagnostic features, eyewitnesses are better able to focus at-
tention on diagnostic features, enhancing their ability to tell
the difference between innocent and guilty suspects (i.e., en-
hancing discriminability). This effect would show up as a
higher ROC curve (or higher d') for simultaneous compared
to sequential lineups.

In most eyewitness memory studies, subjects view one
simulated crime and later complete a single lineup memory
test, because this is similar to what happens in the real world.
Such procedures yield one datum per subject and thus require
large sample sizes in order to aggregate data to calculate a
single discriminability statistic (e.g., area under the ROC or
d') for each experimental condition. However, more tradition-
al laboratory recognition experiments using simple stimuli can
yield numerous observations per subject, allowing perfor-
mance measures to be calculated for each subject, offering
greater power and ability to generalize results across subjects;
indeed, this was done by Meissner et al. (2005). Mansour,
Beaudry, and Lindsay (2017) recently found that multiple-
trial designs appear to have minimal effects on eyewitness
identification performance relative to single-trial designs,
and they therefore recommended that “Researchers should
thus consider using multiple-trial designs for conducting eye-
witness identification experiments” (p. 2235). Indeed, there is
no obvious reasonwhy the theoretical predictions made by the
absolute/relative judgment theory and the diagnostic feature-
detection theory cannot be tested using more traditional pro-
cedures even if the results would not have direct policy impli-
cations for police lineups.

The present study was designed to evaluate recognition
memory performance yielded by simultaneous versus sequen-
tial lineups using basic experimental stimuli: word lists. In two
experiments, subjects studied multiple lists of words, and rec-
ognition memory for those words was tested using six-item
simultaneous or sequential word lineups. In order to simulate
conditions used in face lineup studies, we used Deese-
Roediger-McDermott lists (DRM; Deese, 1959; Roediger &
McDermott, 1995), which consist of words that are all asso-
ciated with a critical word that is missing from the list. For
each list, subjects first studied part of the list (e.g., bed, rest,
tired, ...); these words are analogous to perpetrators of a
witnessed crime. In the subsequent lineup tests, a studied word

(e.g., tired) would act as the target, or guilty suspect.
Unstudied words from the same DRM list (e.g., yawn, nap,
drowsy) would act as fillers, or known innocents. The critical
lure word, which was always unstudied (e.g., sleep), would act
as an attractive innocent suspect.

Each subject was tested with four lineup types: target-
present (TP), target-absent (TA), target-present-critical-
lure (TPCL), and target-absent-critical-lure (TACL). We
compared simultaneous versus sequential test formats in
three ways. First, we used data from the TP and TA lineups
(TP:TA), which are analogous to fair lineups. Second, we
u s ed da t a f r om th e TPCL and TACL l i n eup s
(TPCL:TACL), to see how any effect of test format on
discriminability is influenced by the inclusion of an attrac-
tive lure (the critical lure) to both target-present and target-
absent lineups. This is analogous to a face lineup situation
in which a known innocent filler face happens to have very
similar features to the real perpetrator. Third, we used data
from the TP and TACL lineups, focusing on false alarms
specifically to the critical lure itself (TP:TACL_cl). This is
analogous to an unfair or biased lineup situation in which
the lineup either contains a guilty suspect (TP) or an un-
lucky innocent suspect (critical lure in TACL) who more
closely resembles the actual perpetrator(s) than any of the
fillers. For all three approaches (TP:TA, TPCL:TACL, and
TP:TACL_cl), the question of interest was whether the
simultaneous test format or the sequential test format
yielded higher discriminability, as measured using both
ROC and d' analysis.

Experiment 1

Method

Subjects Sixty-four undergraduates at Washington University
in St. Louis (ages 18–25 years) participated in the study for
course credit or payment. Sample size was based on what is
typically used in DRM word-list experiments. DRM effects
tend to be large (e.g., d = 1.57, Pardilla-Delgado & Payne,
2017; d = 3.04, Zhu, Chen, Loftus, Lin & Dong, 2013), and
thus for example a sample size of only 42 is sufficient to detect
a large between-subjects effect (d ≥ 0.80) with 80% power.
However, with regard to potential effect size for test format
(simultaneous vs. sequential), there was very little relevant
data available at the time this experiment was run (2013) to
make a priori estimates. Although other effects found in lineup
studies have tended to be small, those studies typically involve
only one trial per subject. In our experiment, there were mul-
tiple trials per subject, which should thus reduce measurement
error and increase effect size. In this experiment, achieved
power was 88% for large between-subjects effect sizes (d ≥
0.80), and 50% for medium between-subjects effect sizes (d =
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0.50). Upon discovering effect sizes smaller than anticipated
in Experiment 1, we increased sample size, and thus power, in
Experiment 2.

Design The experiment had two independent variables: test
format, and lineup type. It used a 2 × 4 mixed design, with
the two recognition test formats manipulated between subjects
(simultaneous vs. sequential), and the four lineup types ma-
nipulated within subjects.2 All lineups consisted of six items.
The first two lineup types were: target-present (TP; one stud-
ied target word and five non-critical lures weakly related to
that target) and target-absent (TA; six non-critical lures weakly
related to the absent target). The remaining two lineup types
replaced the weakest related lure (the one with the lowest
backward associative strength to the target) with the critical
lure, creating target-present-critical-lure (TPCL) and target-
absent-critical-lure (TACL). As in real lineups, even the non-
critical lures fit the criterion of being similar to (related to) the
target item from the list, analogous to faces in a lineup
matching the general verbal description given by an eyewit-
ness. Nevertheless, the TACL lineup could be considered an
unfair or biased lineup because the critical lure more closely
resembles the actual perpetrator(s) than any of the fillers.
Dependent variables were subjects’ choices and confidence
ratings on the lineups.

Materials Materials were 40 DRM lists taken from the norms
provided by Roediger, Watson,McDermott, and Gallo (2001).
We selected the 40 lists with the highest rates of false recog-
nition of the critical lure word (sleep, in this example). Each
list consisted of 15 words associated with the critical lure,
which was not presented in the list. From each list we selected
the ten words with the strongest backward associative strength
to the critical lure to appear in the study phase, and we ran-
domly selected one of the words from norm positions 4–8
(e.g., tired) to serve as the target word on the tests for all
subjects. The remaining five DRM list items that were not
studied were used as non-critical lures on the recognition tests.
For the target-absent lineups, a sixth item was selected from
the Nelson, McEvoy, and Schreiber (1998) norms to serve as
the additional non-critical lure; it was weakly related to the
critical lure and thus similar to the other non-critical lures.
When the critical lure was included in a test lineup, we
dropped the lure with the weakest backward associative
strength to the critical lure. Figure 1 shows an example of an
entire DRM list, the ten words that subjects studied, and the
four different types of lineups that subjects saw at test.

TP target-present, TA target-absent, TPCL target-present
with critical lure, TACL target-absent with critical lure

Each subject studied and was tested on only 32 of the
40 DRM lists. Each DRM list was used equally often
across the four lineup types, using a balanced Latin square
to counterbalance order of conditions. For each block of
eight lists for each subject, two were tested in each of the
four lineup types.

Procedure This study received ethical approval from the
Institutional Review Board of Washington University in
St. Louis. The experiment was constructed using the
Collector software (Garcia, n.d.) and displayed using the
Google Chrome internet browser on 21.5-in. iMac com-
puters. Subjects were instructed that they would be study-
ing a total of 32 lists of ten words each for later recogni-
tion tests. They were told that there would be four study-
test cycles – after studying eight lists, they would then be
tested on those eight lists, and then repeat this cycle again
for the remainder of the lists until all 32 lists were studied
and tested.3

Subjects were randomly assigned to receive either all
simultaneous or all sequential recognition tests, and were
instructed about their test format. Both groups were told
that in some tests, none of the words would be ones they
studied, and that in such cases they should respond “No”
to all items (sequential) or “Not present” (simultaneous).
Subjects in the sequential condition were told that their
first “Yes” response for each list would be the only one
counted. Note, however, that these subjects still complet-
ed a trial for every one of the six words in a given test list
regardless of their responses. Thus, the stopping rule was
not implemented during the procedure, but we did imple-
ment it later during data analysis.

Subjects first completed a practice non-DRM list with
an immediate test using the format they were assigned.
After that, the procedure consisted of four study-test cy-
cles. In the study phase of each cycle, words were present-
ed in random order in 72-pt Times New Roman font, at a
rate of 2 s per word with a 1-s inter-stimulus interval. A 10-
s warning screen preceded presentation of each of the eight
lists in the cycle. After studying all eight lists, subjects
played the game Tetris for 2 min, and then began the rec-
ognition tests for that cycle. Lists were tested in the same
order studied, to keep the retention intervals roughly con-
sistent. Subjects were not told ahead of time how many
words would be in the tests.

A 5-s warning slide appeared before each test. For the
simultaneous test format, six words then appeared on the
screen in a random order, arranged in two rows of three, with
a “Not Present” button at the bottom. Subjects had 8 s to click
one of the words or the “Not Present” button. If they did not
respond in time, the programmoved on to the next test. If they2 This could also be considered a 2 × 2 × 2 design: test format by target

presence by critical lure presence. We combine the latter two variables under
“lineup type” to simplify reporting of results. 3 See Supplemental Materials for complete instructions.
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did respond in time, they then made a confidence rating using
a slider that ranged from 20 to 100, where 20 was guessing
and 100 was absolutely certain. Although chance was in fact
16.67%, we rounded up to 20 because the slider moved in
increments of five.

For the sequential test format, subjects saw six words,
one at a time, in a random order. For each word, subjects
had 8 s to click either a “Yes” button or a “No” button. If
they did not respond in time, the program moved on to the
next word. If they did respond in time, they then made a
confidence rating using a slider, just like in the simulta-
neous test format. The 8-s time limit was imposed for the
practical purpose of keeping the entire procedure length
under one hour.

This entire study-test cycle procedure was done four times
for each subject, so that they ultimately studied and were test-
ed on a total of 32 lists. Each lineup type (TP, TA, TPCL,
TACL) was used for eight lists, and the order of lineup type
was counterbalanced using a balanced Latin square. The entire
procedure lasted approximately 60 min.

Results and discussion

An alpha level of .05 was used for all tests of statistical
significance unless otherwise noted. Effect sizes for com-
parisons of means are reported as Cohen’s d calculated
using the pooled standard deviation of the groups being
compared. Standard deviations (SDs) are reported raw
(i.e., calculated using N, not N-1) on the grounds that the
SD is a descriptive statistic, and the N-1 adjustment should
be reserved for use in inferential statistics. We will first

report hit rates and false-alarm rates, followed by group
ROC curves, and then individual d' scores.

Hit rates and false-alarm rates Table 1 shows the mean hit
rates (correct ID rates) and false-alarm rates (false ID rates)
by test format (simultaneous vs. sequential) and lineup type.
In some eyewitness studies, a stopping rule is used for sequen-
tial lineups, such that the remainder of a lineup is not present-
ed once the subject responds “yes” on any trial. Steblay et al.
(2011, p. 117) reported that a majority of eyewitness research
teams did not use such a rule. In the current experiment, al-
though subjects in the sequential condition were told that only
their first “yes” would count, they still completed a trial for
every one of the six words in a given test list regardless of their
responses. Thus, the stopping rule was not executed during the
procedure, but for data analysis we simulated it by
disregarding any responses after the first “yes” response in
each sequential lineup. We will report results first with the
stopping rule, then without it.

In Table 1, the hit rate (correct ID rate) is the proportion of
target-present lineups (either TP or TPCL) in which the sub-
ject chose the single target word that had been previously
studied. The table also shows several different calculations
of false-alarm rate (false ID rate). The critical lure false ID
rate is the proportion of lineups with a critical lure (either
TPCL or TACL) in which the subject chose the critical lure.
The non-critical lure false ID rate is the proportion of lineups
in which the subject chose any of the non-critical lures. Note
that the number of non-critical lures varied across lineup type
(TP: 5, TPCL: 4, TA: 6, TACL: 5). Thus, we also report the
non-critical lure false ID rate adjusted by dividing by the

Fig. 1. Example DRM list, study list, and test lineup lists. Bold and italics are for illustrative purposes only; all words appeared in the same font in the
actual tests. Actual word order was random for both study and test. Each subject was tested on only one lineup type per DRM list.
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number of non-critical lures in that lineup type. This adjust-
ment to false-alarm rate is typically done in eyewitness lineup
studies when target-absent lineups do not contain a
designated-innocent suspect. The adjustment thus estimates
the probability of a subject choosing any one particular non-
critical lure.

Finally, Table 1 also shows the mean lineup rejection rate,
which is the proportion of lineups in which the subject did not
choose any of the items; such responses constituted misses in
target-present lineups and correct rejections in target-absent
lineups. As expected, lineup rejections were more likely for
target-absent lineups than target-present lineups for both the
simultaneous test format, t(31) = 7.39, p < .001, d = 1.73, and
the sequential test format, t(31) = 6.86, p < .001, d = 1.34.

TP target-present, TA target-absent, TPCL target-present
with critical lure, TACL target-absent with critical lure

What was the effect of test format (simultaneous vs. se-
quential)? Consider first the TP and TA lineups, which did
not contain critical lures. The hit rate for simultaneous TP
lineups (correct ID rate = .56) did not significantly differ from
the hit rate for sequential TP lineups (correct ID rate = .56),
t(62) = 0.01, p = .990, d < 0.01, and the adjusted false-alarm
rates to non-critical lures for TA lineups were also similar
across test formats (.06 for simultaneous, and .07 for sequen-
tial), t(62) = 1.11, p = .273, d = 0.28. The hit rate for simulta-
neous TPCL lineups (correct ID rate = .57) was significantly
higher than the hit rate for sequential TPCL lineups (correct
ID rate = .38), t(62) = 2.70, p = .009, d = 0.67, whereas the
adjusted false-alarm rates to non-critical lures for TACL
lineups were similar across test formats (.05 for simultaneous,
and .06 for sequential), t(62) = 0.91, p = .366, d = 0.23.

As expected, due to the nature of DRM lists, in target-
absent lineups that contained a critical lure, subjects were
more likely to false alarm to the critical lure than to any one

particular non-critical lure (.28 vs. .05 for TACL simulta-
neous, and .29 vs. .06 for TACL sequential lineups). That
effect accounts for the reduction in the non-critical false-alarm
rates for both simultaneous and sequential test formats when
the critical lure was included in the lineups.

ROC analysis We next measured discriminability using ROC
analysis, focusing on three comparisons. First, we considered
the ability to distinguish between targets and lures in TP:TA
lineups, analogous to a fair lineup situation. Second, we con-
sidered the ability to distinguish between targets and non-
critical lures in TPCL:TACL lineups, which addresses the
effect of having an attractive filler (critical lure) added to both
the TP and TA lineups. Third, we considered the ability to
distinguish between targets and critical lures in TP:TACL_cl
lineups, counting only false alarms to the critical lure, analo-
gous to an unfair or biased lineup situation in which the lineup
either contains a guilty suspect (TP) or an unlucky innocent
suspect (critical lure in TACL) who more closely resembles
the actual perpetrator(s) than any of the fillers.Because the
data were too noisy to construct ROCs at the individual level,
we combined data from all subjects to construct group ROCs,
using the pROC statistical package for R (Robin et al., 2011),
as described in the tutorial provided in the supplemental ma-
terials of Gronlund, Wixted, and Mickes (2014).4 Figure 2
shows group ROCs for simultaneous versus sequential test
formats. Figure 2A presents data from the fair lineups
(TP:TA); Fig. 2B presents data from lineups with an attractive
lure (TPCL:TACL, counting only non-critical false alarms);
and Fig. 2C presents data from unfair target-absent lineups
(TP:TACL_cl, with the critical lure serving as the innocent
suspect). For ROC figures and analyses we did not bother with

4 See Supplemental Materials for details on data formatting.

Table 1. Mean correct ID (hit) rates and false ID (false-alarm) rates in Experiment 1

Test format × lineup type False-alarm rate

Hit rate Critical lure Non-critical lures Non-critical lures (adjusted) Lineup rejection rate

Simultaneous

TP .56 (.25) .22 (.23) .04 (.05) .21 (.20)

TA .36 (.26) .06 (.04) .59 (.25)

TPCL .57 (.26) .15 (.17) .13 (.17) .03 (.04) .16 (.13)

TACL .28 (.24) .24 (.17) .05 (.03) .44 (.25)

Sequential

TP .56 (.26) .28 (.24) .06 (.05) .17 (.16)

TA .45 (.33) .07 (.05) .55 (.33)

TPCL .38 (.28) .26 (.19) .22 (.21) .05 (.05) .14 (.19)

TACL .29 (.21) .29 (.28) .06 (.06) .42 (.32)

Note. Standard deviations in parentheses. Adjusted false-alarm rates for non-critical lures are divided by the number of such lures in the given lineup type
(TP: 5, TA: 6, TPCL: 4, TACL: 5). Stopping rule (first yes) was in effect for sequential condition. Overall false-alarm rates in TPCL and TACL can be
computed by adding false-alarm rates for critical and non-critical lures
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any adjustments to false-alarm rates (i.e., dividing by number
of lures), because such a linear transformation would only
change the labeling of the x-axis in the figures (Wixted &
Mickes, 2015, point 2), and would not influence any inferen-
tial statistical tests.

It is plain to see that when critical lures were included in the
lineups (Fig. 2B), the simultaneous test format yielded supe-
rior discrimination compared to the sequential test format; but
any difference between test formats is less clear in the other
two panels. Still, we see no hint of a sequential superiority
effect. In order to statistically compare the partial area under
the curve (pAUC) across test formats, it is necessary to first
determine the range of false-alarm rates to use for calculation.
Typically, the area under the ROCs for lineups is defined by a
false-alarm rate range extending from 0 to the maximum false-
alarm rate of one of the two conditions being compared. In our
case, we could use the maximum FAR yielded by either the
simultaneous test format (which tended to be smaller) or the
sequential test format (which tended to be larger). We used
both approaches, and the results were very similar either way.
For each comparison, the test statistic provided by the pROC

package isD = (pAUCsim – pAUCseq)/swhere s is the standard
error of differences under the null hypothesis, which was es-
timated using non-parametric bootstrapping (resampling with
replacement, 10,000 replicates). The p-value was obtained by
comparing the test statistic to a standard normal distribution.
Table 2 shows the results of these analyses.

Observing the rows in Table 2 where the stopping rule
was used for the sequential test format, we see that when
there were no critical lures in the lineups (i.e., TP:TA),
there was no significant difference between the simulta-
neous and sequential test formats (Fig. 2A). However,
when critical lures were used in the lineups (i.e.,
TPCL:TACL), we see that pAUC was statistically signifi-
cantly greater for the simultaneous test format compared to
the sequential test format. This indicates that, when critical
lures were present, subjects in the simultaneous condition
were better able to discriminate between targets and lures
than subjects in the sequential condition, as is plainly vis-
ible in Fig. 2B. Finally, we also see that when critical lures
were in the lineup and only identification of the critical lure
was considered a false alarm (i.e., TP:TACL_cl), there was

a b

c

Fig. 2. Mean receiver operating characteristics (ROCs) for simultaneous
and sequential test formats in Experiment 1, with stopping rule (first yes)
used for the sequential test format. ROCs were constructed using (A)
lineups without the critical lure (TP:TA), (B) lineups with the critical lure

(TPCL:TACL), and (C) lineups with the critical lure in target-absent
lineups only and with the critical lure serving as the “innocent suspect”
(TP:TACL_cl). The solid diagonal line represents chance performance
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no significant difference between the simultaneous and se-
quential test formats (Fig. 2C). Again, this is only consid-
ering results with the stopping rule in effect.

Individual d' analysis In addition to these group ROC anal-
yses, we also computed d' scores from the individual subject
hit and false-alarm rate data, with the commonly used adjust-
ment of adding or subtracting ½ of a hit or false alarm to avoid
rates of 0 or 1 (Macmillan & Creelman, 2004, p. 8). Mickes
et al. (2014) showed that although d' was designed for an old/
new recognition procedure, it nevertheless does a reasonably
good job in measuring discriminability for lineups. The results
largely corresponded to the ROC analyses. For the TP:TA d'
values, calculated using the hit rate from TP and the adjusted
false-alarm rate from TA, the mean was not significantly dif-
ferent for the simultaneous test format (1.70, SD = 0.87) ver-
sus the sequential test format (1.66, SD = 1.07), t(62) = 0.18, p
= .856, d = 0.05. For the TPCL:TACL d' values, calculated
using the hit rate from TPCL and the adjusted non-critical
false-alarm rate from TACL, the mean was significantly
higher for the simultaneous test format (1.80, SD = 0.83) ver-
sus the sequential test format (1.15, SD = 0.94), t(62) = 2.84, p
= .006, d = 0.71. Finally, we consider the TP:TACL_cl d'
values, calculated using the hit rate from TP and the critical

false-alarm rate from TACL, which represent a biased lineup
situation. The mean was not significantly different for the
simultaneous test format (0.80, SD = 1.14) versus the sequen-
tial test format (0.80, SD = 1.07), t(62) = 0.01, p = .991, d <
0.01. Note that this test is not independent of the main tests we
report using the TP:TA and TPCL:TACL lineup combina-
tions, but we include it for completeness.

Removing the stopping ruleThe results reported above for the
lineups featuring critical lures offer some support for predic-
tions made by the diagnostic feature-detection theory (Wixted
& Mickes, 2014). That is, at least for the TPCL:TACL lineup
combination, the simultaneous test format was associated with
higher discriminability than the sequential test format.
However, a stopping rule was used in the analysis of the se-
quential test format. As shown by Rotello and Chen (2016),
the stopping rule imposes an artificial constraint on discrimi-
native performance, one that increases as responding becomes
more liberal. That is, as responding becomes more liberal,
measured discriminative performance (empirical discrimina-
bility) becomes worse even though underlying discriminabil-
ity (the degree to which the internal memory signals associat-
ed with targets and lures overlap) remains the same. In effect,
the stopping rule makes underlying discriminability appear to

Table 2. Comparison of partial area under the curve (pAUC) for group ROCs in Experiment 1

Lineup type Stopping rule Max FAR used for pAUC Simultaneous pAUC Sequential pAUC D p

No critical lure in lineups (TP:TA)

Stopping rule

Smaller .17 .15 1.00 .315

Larger .22 .20 0.98 .326

No stopping rule

Smaller .17 .14 2.10 .036

Larger .22 .18 2.04 .042

Critical lure in lineups (TPCL:TACL)

Stopping rule

Smaller .11 .07 3.33 < .001

Larger .14 .09 3.59 < .001

No stopping rule

Smaller .11 .06 4.49 < .001

Larger .12 .07 4.55 < .001

Critical lure in lineups (TP:TACL_cl)

Stopping rule

Smaller .12 .11 0.73 .466

Larger .13 .12 0.73 .466

No stopping rule

Smaller .13 .10 2.05 .040

Larger .14 .11 1.97 .048

Note. D = (pAUCsim – pAUCseq)/s, where s is the standard error of differences under the null hypothesis, which was estimated using non-parametric
bootstrapping (resampling with replacement, 10,000 replicates); pAUC is calculated from 0 to the max FAR, which differed across lineup types, thus
making it inappropriate to compare these pAUC values between lineup types. Stopping rule (first yes) was implemented or not during data analysis
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be worse than it really is. Conceivably, the entire difference in
discriminability between simultaneous and sequential lineups
(Table 2, Fig. 2) may result from this artificial constraint, in
which case the data would not lend any support to the diag-
nostic feature-detection theory after all.

We therefore reanalyzed the sequential data after removing
the stopping rule. In 34% of the lineups, subjects made more
than one “yes” response. Our procedure for removing the
stopping rule was as follows: for each lineup and each subject,
if there was more than one “yes” response, then instead of
using the first “yes” response made by the subject, we used
the “yes” response made with the highest level of confidence
as the official ID decision for that lineup and subject. In case
of a tie (e.g., a subject said “yes” with 100% confidence to
both the second and the fifth items in a lineup), we used the
last “yes” on the assumption that it overrode previous IDs.
Such ties occurred in only 8% of all lineups.

The ROC curves are shown in Fig. 3, and a simultaneous
advantage is now apparent in all three comparisons. As shown
in the “no stopping rule” rows of Table 2, without the stopping
rule, the greater pAUC for simultaneous versus sequential test

format became statistically significant in the absence of criti-
cal lures (TP:TA, Fig. 3A) and remained so in their presence
(TPCL:TACL, Fig. 3B). For the TP:TACL_cl ROC curves
(Fig. 3C), the effect of test format also became significant in
favor of simultaneous lineups, whereas it had not been signif-
icant with the stopping rule.

The pattern of results based on group ROC analysis with-
out the stopping rule was also apparent in the d' scores com-
puted from individual subject hit and false-alarm rate data,
though significant differences obtained using ROC analysis
were not always significant in the analysis of d' scores. For
the TP:TA individual d' analysis, and in agreement with the
corresponding group ROC analysis, the mean d' for the simul-
taneous test format (1.70, SD = 0.87) was higher than the
mean d' for the sequential test format (1.54, SD = 1.10).
However, in contrast to the ROC analysis, the difference
was not significantly different, t(62) = 0.66, p = .511, d =
0.17. For the TPCL:TACL individual d' analysis, and in full
agreement with the group ROC analysis, the mean d' was
significantly higher for the simultaneous test format (1.80,
SD = 0.83) versus the sequential test format (1.05, SD =

a b
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Fig. 3. Mean receiver operating characteristics (ROCs) for simultaneous
and sequential test formats in Experiment 1, with no stopping rule used
for the sequential test format. ROCs were constructed using (A) lineups
without the critical lure (TP:TA), (B) lineups with the critical lure

(TPCL:TACL), and (C) lineups with the critical lure in target-absent
lineups only and with the critical lure serving as the “innocent suspect”
(TP:TACL_cl). The solid diagonal line represents chance performance
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0.97), t(62) = 3.26, p = .002, d = 0.82. Finally, for the
TP:TACL_cl individual d' analysis, and again in agreement
with the corresponding group ROC analysis, the mean d' for
the simultaneous test format (0.80, SD = 1.14) was higher than
the mean d' for the sequential test format (0.68, SD = 1.11).
However, unlike in the ROC analysis, the difference was not
significantly different, t(62) = 0.41, p = .681, d = 0.10.

The effect of removing the stopping rule (which, if any-
thing, lowered discriminability for sequential lineups) is the
opposite of what we predicted based on past research. Usually,
the removal of the stopping rule elevates the sequential ROC
(Rotello & Chen, 2016; Wilson, Donnelly, Christenfeld, &
Wixted, 2019). However, in Experiment 1, for reasons un-
known, it seems that subjects in the sequential condition
who happened to correctly choose the target as their first de-
cision in TP and TPCL lineups tended to choose a subsequent
lure with equal or higher confidence, thereby decreasing the
hit rate when the stopping rule was removed. Whatever the
reason for this unexpected result, the overall pattern of results,
showing a decisive lack of advantage for the sequential test
format, does not appear to be due to the stopping rule. In fact,
in analyses without the stopping rule, the simultaneous test
format appears to be superior to the sequential test format
(definitively so according to the group ROC analysis and less
definitively so according to an analysis of individual d'
scores).

Limitations One limitation of Experiment 1 was that subjects
did not always respond within the 8-s response deadline.
Therefore, data were missing for some trials (Simultaneous:
6% in TP, 8% in TA, 2% TPCL, 8% in TACL; Sequential: 3%
in TP, 4% in TA, 7% TPCL, 3% in TACL). Furthermore, the
8-s response deadline may have served to bias the results in
favor of the sequential format. For the simultaneous lineups,
the deadline meant that subjects had only 8 s to consider six
words, which means that they had only 1.33 s of decision-
making time per word. For the sequential lineups, subjects
had a full 8 s of decision-making time per word. Any potential
effect of the difference in decision-making time imposed by
the response deadline was eliminated in Experiment 2, which
used no response deadlines. Finally, due to a programming
error, target items for two particular DRM lists were not prop-
erly presented in TP and TPCL lineups, so data from those
lists were excluded from analysis. This too was fixed in
Experiment 2.

Some eyewitness lineup studies comparing simultaneous
and sequential procedures have used a “backloading” tech-
nique, by which subjects in the sequential condition do not
know exactly howmany photos they will see because they are
not informed of the number or are told there will be more
photos than there really are. This has been found to encourage
a more conservative response bias throughout the sequential
lineup (Carlson, Carlson, Weatherford, Tucker, & Bednarz,

2016; Horry et al., 2012). One limitation of the use of multiple
lineups per subject, as in the current study, is that backloading
cannot be used, because subjects would know how long the
lineups are after the first few lineups.

Experiment 2

The results of Experiment 1 showed an advantage of the si-
multaneous test format over the sequential test format, but
only when lineups contained critical lures. However, because
we imposed an 8-s response deadline, subjects did not respond
on some trials in all the conditions, and the amount of decision
time per word favored the sequential test format. Experiment 2
was designed to replicate the results of Experiment 1 while
eliminating the time limit and also correcting a programming
error so that targets were properly presented for all DRM lists.
All other methods were the same as in Experiment 1.

Method

Subjects Ninety-six undergraduates at Washington University
in St. Louis (ages 18–25 years) participated in the study for
course credit or payment. In this experiment, achieved power
was 97% for large between-subjects effect sizes (d ≥ 0.80),
and 68% for medium between-subjects effect sizes (d = 0.50).

Design and materials The design and materials were the same
as in Experiment 1.

Procedure The procedure was the same as in Experiment 1,
with the exception that subjects were required to respond on
each test trial before they moved on to the next trial, with no
time limit. Due to a programming error, test instructions for
the simultaneous condition still mentioned an 8-s limit, al-
though no such limit was actually implemented, and subjects
in that condition frequently took longer than 8 s to respond
(mean of 15% of trials across subjects).

Results and discussion

Hit rates and false-alarm rates Table 3 shows the mean hit
rates (correct ID rates) and false-alarm rates (false ID rates)
by test format (simultaneous vs. sequential) and lineup type
for Experiment 2. As expected, and as in Experiment 1, lineup
rejections were more likely for target-absent lineups than
target-present lineups for both the simultaneous test format,
t(47) = 9.93, p < .001, d = 2.02, and the sequential test format,
t(47) = 8.73, p < .001, d = 1.34.

What was the effect of test format in the absence of critical
lures? The hit rate for simultaneous TP lineups (correct ID rate
= .62) was significantly higher than the hit rate for sequential
TP lineups (correct ID rate = .48), t(94) = 2.87, p = .005, d =
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0.59, whereas the adjusted false-alarm rates to non-critical
lures for TA lineups were again similar across test formats
(.07 for simultaneous, and .08 for sequential), t(94) = 1.07, p
= .287, d = 0.22. The pattern was similar for the TPCL and
TACL lineups, which did contain critical lures. The hit rate for
simultaneous TPCL lineups (correct ID rate = .61) was signif-
icantly higher than the hit rate for sequential TPCL lineups
(correct ID rate = .45), t(94) = 3.42, p = .001, d = 0.70, where-
as the adjusted false-alarm rates to non-critical lures for TACL
lineups were again similar across test formats (.05 for simul-
taneous, and .06 for sequential), t(94) = 1.21, p = .228, d =
0.25.

As in Experiment 1, in lineups that contained a critical lure
subjects were more likely to false alarm to the critical lure than
to any one particular non-critical lure (.32 vs. .05 for TACL
simultaneous, and .32 vs. .06 for TACL sequential). That ef-
fect accounts for the reduction in the non-critical false-alarm
rates for both simultaneous and sequential lineups when the
critical lure was included in the lineups. Overall, hit rates were
higher for simultaneous versus sequential lineups, and false-
alarm rates did not significantly differ.

ROC analysis ROC curves were constructed and analyzed in
the same way described in Experiment 1. Figure 4 shows
group ROCs for simultaneous versus sequential test formats,
and as a function of whether or not a critical lure was present
in the lineups. Figure 4A presents data from the fair lineups
(TP:TA); Fig. 4B presents data from lineups with an attractive
lure (TPCL:TACL); and Fig. 4C presents data from unfair
target-absent lineups (TP:TACL_cl, with the critical lure serv-
ing as the innocent suspect). Table 4 shows comparisons of
pAUC for simultaneous versus sequential test formats, con-
ducted just as described in Experiment 1. Regardless of which

right-hand cutoff was used, and whether or not critical lures
were present in the lineups, and whether non-critical or critical
lures were counted as false alarms, pAUC was larger for the
simultaneous versus sequential test format in every situation.
This difference reached statistical significance in all cases ex-
cept TPCL:TACL with no stopping rule, for which the differ-
ence was only marginally statistically significant.

Individual d' analysis As in Experiment 1, we also ana-
lyzed d' computed from the individual subject data. In
the absence of critical lures (TP:TA), mean d' was sig-
nificantly greater for the simultaneous test format (1.82,
SD = 0.89) versus the sequential test format (1.37, SD =
0.76), t(94) = 2.65, p = .009, d = 0.54. In the presence
of critical lures (TPCL:TACL), mean d' was also signif-
icantly greater for the simultaneous test format (1.93,
SD = 0.84) versus the sequential test format (1.40, SD
= 0.75), t(94) = 3.22, p = .002, d = 0.66. For the
TP:TACL_cl d' values, the mean was also significantly
greater for the simultaneous test format (0.89, SD =
0.97) versus the sequential test format (0.47, SD =
0.83), t(94) = 2.27, p = .026, d = 0.46. This last result
is in contrast to the view in the eyewitness literature
that a sequential test format particularly protects against
biased lineups (Lindsay et al., 1991). Thus, results from
Experiment 2 showed an unqualified advantage for the
simultaneous test format in terms of discriminability as
measured by d'.

Removing the stopping rule As in Experiment 1, we also
recalculated all analyses without the stopping rule for the se-
quential test format. The ROC curves are shown in Fig. 5, and
a simultaneous advantage is still apparent in all three

Table 3. Mean correct ID (hit) rates and false ID (false-alarm) rates in Experiment 2

Test format × lineup type False-alarm rate

Hit rate Critical lure Non-critical lures Non-critical lures (adjusted) Lineup rejection rate

Simultaneous

TP .62 (.26) .21 (.19) .04 (.04) .17 (.18)

TA .45 (.24) .07 (.04) .55 (.24)

TPCL .61 (.25) .15 (.14) .13 (.16) .03 (.04) .11 (.12)

TACL .32 (.20) .27 (.22) .05 (.04) .41 (.24)

Sequential

TP .48 (.21) .30 (.24) .06 (.05) .22 (.17)

TA .50 (.27) .08 (.05) .50 (.27)

TPCL .45 (.22) .18 (.13) .23 (.19) .06 (.05) .14 (.16)

TACL .32 (.19) .32 (.20) .06 (.04) .36 (.23)

Note. Standard deviations in parentheses. Adjusted false-alarm rates for non-critical lures are divided by the number of such lures in the given lineup type
(TP: 5, TA: 6, TPCL: 4, TACL: 5). Stopping rule (first yes) was in effect for sequential condition. Overall false-alarm rates in TPCL and TACL can be
computed by adding false-alarm rates for critical lure and non-critical lures. TP target-present, TA target-absent, TPCL target-present with critical lure,
TACL target-absent with critical lure
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comparisons, though not as large as with the stopping rule
(Fig. 4). As shown in the “no stopping rule” rows of
Table 4, the pAUC values for the sequential test format in this
case increased once we removed the artificial constraint im-
posed by the stopping rule. The trend differs from what we
observed in Experiment 1 but is now in the direction predicted
by signal detection accounts of sequential lineup performance
(Rotello & Chen, 2016; Wilson et al., 2019). Nevertheless,
removing the stopping rule did not change the pattern of re-
sults. The greater pAUC for simultaneous versus sequential
test format remained statistically significant in all three cases:
TP:TA, TPCL:TACL, and TP:TACL_cl (Table 4). Thus,
based on pAUC, the overall pattern of results, showing an
advantage for the simultaneous test format, does not appear
to be an artifact of the stopping rule.

Similarly, all of the d' trends still favored the simulta-
neous procedure, but the effect sizes were reduced relative
to the analyses that used the stopping rule and the differ-
ences were no longer significant. For TP:TA, Msim = 1.82,
SDsim = 0.89, Mseq = 1.66, SDseq = 0.71, t(94) = 0.90, p =
.369, d = 0.18. For TPCL:TACL, Msim = 1.93, SDsim =

0.84, Mseq = 1.68, SDseq = 0.71, t(94) = 1.51, p = .133, d
= 0.31. For TP:TACL_cl, Msim = 0.89, SDsim = 0.97, Mseq

= 0.64, SDseq = 0.81, t(94) = 1.41, p = .162, d = 0.29.

General discussion

Across two experiments we used DRM word lists to simulate
eyewitness lineup procedures. Using ROC analysis in a multi-
trial, word-list lineup paradigm, we found that simultaneous
lineups generally yielded superior discriminability compared
to sequential lineups (with the exception of TP:TA in
Experiment 1 when using the simulated stopping rule, in
which no difference was found). This pattern mirrors the lit-
erature using face lineups, which almost always finds evi-
dence favoring the simultaneous procedure, though such trend
is not always significant (Andersen et al., 2014; Carlson &
Carlson, 2014; Dobolyi & Dodson, 2013; Gronlund et al.,
2012; Mickes et al., 2012; Terrell, Baggett, Dasse, &
Malavanti, 2017). Indeed, we know of only one study using
ROC analysis in which the trend favored the sequential

a b
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Fig. 4 Mean receiver operating characteristics (ROCs) for simultaneous
and sequential test formats in Experiment 2, with stopping rule (first yes)
used for the sequential test format. ROCs were constructed using (A)
lineups without the critical lure (TP:TA), (B) lineups with the critical lure

(TPCL:TACL), and (C) lineups with the critical lure in target-absent
lineups only and with the critical lure serving as the “innocent suspect”
(TP:TACL_cl). The solid diagonal line represents chance performance
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procedure (Meisters et al., 2018). Our findings are the first to
generalize the apparent simultaneous superiority effect from
the perceptual/face domain to the semantic/word domain.

When prior researchers have argued for the superiority of
sequential lineup procedures, one of the key pieces of evi-
dence has been lower false identification rates found in se-
quential versus simultaneous lineups (cf. Steblay et al.,
2011, p. 106). That is, a sequential procedure appears to yield
a more conservative response bias, with eyewitnesses less
likely to choose anyone from the lineup (Palmer & Brewer,
2012). In the current study we did not find lower false-alarm
rates for the sequential test format as compared to the simul-
taneous test format. However, several recent studies using
traditional eyewitness lineup materials (i.e., faces) have also
found no conservative response bias for the sequential proce-
dure (Carlson & Carlson, 2014; Andersen et al., 2014).
Furthermore, if our goal is to determine which procedure best
facilitates discrimination of guilty from innocent suspects, be
they words or faces, then response bias is beside the point.
Response bias can be readily shifted by factors such as instruc-
tions (Clark, 2005; Meissner et al., 2005; Rotello &

Macmillan, 2007). The key issue is discriminability, as mea-
sured using ROCs and d'.

One curious matter is why implementing the stopping rule
(as compared to no stopping rule) appeared to boost perfor-
mance for the sequential test format in Experiment 1 but re-
duce performance in Experiment 2. Only the latter effect is
anticipated by any basic signal detection model of sequential
lineup performance (Rotello & Chen, 2016; Wilson et al.,
2019). We do not have a ready explanation for this difference.
The main difference between the two experiments was the
presence (Experiment 1) or absence (Experiment 2) of an 8-s
time limit for responses. However, excluding the small num-
ber of trials for which subjects failed to respond in time in
Experiment 1, the median response time for sequential trials
was very similar across experiments: 1.28 s in Experiment 1,
and 1.26 s in Experiment 2. Nevertheless, perhaps merely
being aware of a time limit affected subjects’ absolute judg-
ments in Experiment 1’s sequential format in such a way that
their performance was best when measured by their first re-
sponse (stopping rule) rather than their highest confidence
response (no stopping rule). In any event, even with the

a b
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Fig. 5. Mean receiver operating characteristics (ROCs) for simultaneous
and sequential test formats in Experiment 2, with no stopping rule used
for the sequential test format. ROCs were constructed using (A) lineups
without the critical lure (TP:TA), (B) lineups with the critical lure

(TPCL:TACL), and (C) lineups with the critical lure in target-absent
lineups only and with the critical lure serving as the “innocent suspect”
(TP:TACL_cl). The solid diagonal line represents chance performance
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unexpected boost afforded by the stopping rule in Experiment
1, the group ROC curve for the sequential test format was
never higher than the curve for the simultaneous test format.
Thus, our main pattern of results stands: we found no superi-
ority of the sequential test format over the simultaneous test
format, but rather in most cases found quite the opposite:
s imul taneous tes t fo rmats y ie lded the super ior
discriminability.

As noted above, our finding of simultaneous format supe-
riority corresponds to previous results obtained using single-
trial mock-crime lineup paradigms involving faces (e.g.,
Carlson & Carlson, 2014; Dobolyi & Dodson, 2013; Mickes
et al., 2012). Because we used word lists, our results do not
have direct policy implications, but they do have theoretical
implications. The sequential lineup format reduces discrimi-
nability, and it appears to do so for two distinct reasons. First,
when the stopping rule is used, discriminative performance is
generally found to be artificially impaired by preventing sub-
jects from ever seeing the suspect (Rotello & Chen, 2016;
Wilson et al., 2019). Consider, for example, the extreme situ-
ation in which subjects in an eyewitness experiment are max-
imally liberal, in which case they would always choose the
first face in the six-person sequential lineup. Because the
guilty suspect is in the first position 1/6 of the time, the hit

rate would be 1/6. However, the innocent suspect is also in the
first position 1/6 of the time, so the false-alarm rate would also
be 1/6. In that case, empirical discriminability (pAUC or mea-
sured d') would indicate zero ability to discriminate targets
from lures, and this would be true even for subjects whose
underlying d' (difference between their internal memory sig-
nals for targets versus lures) is much greater than 0. The stop-
ping rule does serve to reduce the false-alarm rate (a positive
feature), but the cost of impairing discriminability can be high.
Thus, it is perhaps fortunate that when police departments
have adopted the sequential procedure, they rarely, if ever,
use a stopping rule (Steblay et al., 2011), even though some
of the research that led police to change to sequential presen-
tation lineups was based on using a stopping rule.

Aside from the artificial constraint imposed by the stopping
rule, a second factor also theoretically reduces discriminability
at the psychological level when a sequential format is used.
Wixted and Mickes et al. (2014) proposed that the simulta-
neous presentation of faces in a lineup allows eyewitnesses to
detect and discount common (and therefore non-diagnostic)
facial features. Attaching less weight to non-diagnostic fea-
tures (i.e., features shared by guilty suspects, innocent sus-
pects, and the fillers) should enhance discriminability.
Essentially, this theory holds that the memory-strength signal

Table 4. Comparison of partial area under the curve (pAUC) for group ROCs in Experiment 2

Lineup type Stopping rule Max FAR used for pAUC Simultaneous pAUC Sequential pAUC D p

No critical lure in lineups (TP:TA)

Stopping rule

Smaller .24 .17 4.44 < .001

Larger .27 .19 4.52 < .001

No stopping rule

Smaller .24 .20 2.55 .011

Larger .27 .23 2.46 .014

Critical lure in lineups (TPCL:TACL)

Stopping rule

Smaller .13 .10 3.71 < .001

Larger .16 .12 3.92 < .001

No stopping rule

Smaller .13 .12 1.81 .070

Larger .13 .11 1.82 .069

Critical lure in lineups (TP:TACL_cl)

Stopping rule

Smaller .15 .11 3.92 < .001

Larger .15 .11 3.92 < .001

No stopping rule

Smaller .15 .12 2.84 .004

Larger .18 .15 2.73 .006

Note. D = (pAUCsim – pAUCseq)/s where s is the standard error of differences under the null hypothesis, which was estimated using non-parametric
bootstrapping (resampling with replacement, 10,000 replicates); pAUC is calculated from 0 to the max FAR, which differed across lineup types, thus
making it inappropriate to compare these pAUC values between lineup types. Stopping rule (first yes) was implemented or not during data analysis
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in a lineup is determined by the degree to which one face
stands out from the other faces in terms of how well it matches
the memory of the perpetrator. By design, all of the faces in the
lineup match the memory trace of the perpetrator to some
degree, because faces are included in the lineup only if they
match the general description of the perpetrator. Thus, focus-
ing on the difference in the memory signal generated by one
face versus the average memory signal generated by all the
faces in the lineup subtracts away the contribution of the com-
mon features to that signal (Wixted, Vul, Mickes, & Wilson,
2018). Doing so yields an operative memory signal that is
more diagnostic of guilt (i.e., one that is based on non-
shared memory-matching features uniquely associated with
the perpetrator) than would otherwise be the case.
Analogously, a within-subjects experimental design is more
powerful than a between-subjects design because the former
subtracts out measurement error that might otherwise mask a
genuine effect.

Our data suggest that the same theoretical interpretation
may also apply to semantic features when lists of words are
used. In a word lineup, it is not physical features that are
shared by design; instead, in our lists, semantic features were
shared. To the degree that those shared semantic features con-
tribute to the memory signal, they would add noise, thereby
making it harder to discriminate a target that appeared on the
list from a lure. Thus, to detect the target word and avoid
picking a semantically similar filler in a target-present word
lineup, an adaptive strategy would be to discount the common
semantic features shared by the words and to focus on more
diagnostic semantic features (or perhaps even phonological
features; Finley, Sungkhasettee, Roediger III, & Balota,
2017) that the target word would uniquely share with the
memory trace. This theoretical interpretation offers one possi-
ble explanation for why, even when the stopping the rule was
removed from the sequential lineups, a simultaneous advan-
tage was still evident (e.g., Fig. 5).

The inclusion of critical lures as attractive fillers in target-
present and target-absent lineups (i.e., TPCL and TACL) had
the effect of siphoning away some IDs that would have oth-
erwise landed on a different word in the lineup. This can be
seen in Tables 1 and 4 by comparing non-critical false-alarm
rates for TP and TA to those for TPCL and TACL.
Interestingly, the presence of a critical lure in the TP lineup
did not have a detrimental effect on the hit rate with either type
of lineup (compare hit rates for TP vs. TPCL); the critical lure
only siphoned off responses from other fillers (for more on
filler siphoning, see Smith, Wells, Smalarz, & Lampinen,
2018; Colloff, Wade, Strange, & Wixted, 2018).

The ROC curves based on hit rates from the TP lineups and
critical false-alarm rates from the TACL lineups (Figs. 2C and
4C) provided an interesting scenario analogous to a biased
lineup in the face memory domain: pitting lineups with a
guilty suspect against lineups with an extremely suspicious

looking innocent suspect (the DRM critical lure). For this
scenario, using pAUC as the measure of discriminability, the
simultaneous test format yielded better performance than the
sequential test format in Experiment 1 (but only without the
stopping rule) and in Experiment 2.

Our overall finding is that a simultaneous test format yields
better discriminability than a sequential test format. Although
we have endeavored to provide every relevant statistical anal-
ysis, one really need only observe the ROC graphs (Figs. 2, 3,
4, and 5) to see that the simultaneous line is always above the
sequential line. These laboratory experiments have extended
lineup identification tasks to entirely different materials (word
lists), with the added benefit of easily testing multiple lineups
per subject. Traditional laboratory procedures and their ac-
companying analytical methods, particularly signal detection
theory and ROC analyses, should continue to be employed to
inform theory and data on important applied issues.
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