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Abstract

Eyewitness testimonies obtained through lineups can provide valuable evidence in crimi-
nal prosecutions. However, they also present legal professionals—including investigating
officers, attorneys, judges and jurors—with a fundamental dilemma: while correct culprit
identifications can support legitimate convictions and are therefore desirable, false identifi-
cations of innocent suspects may contribute to wrongful convictions and should therefore
be avoided. However, despite an extensive body of research, many forensically relevant fac-
tors that influence eyewitness responses to lineups and the cognitive processes underlying
them remain insufficiently understood. In this dissertation, the well-validated two-high
threshold eyewitness identification model was used to examine several of these factors. In
Experiments 1la and 1b, the combined effects of lineup size and pre-lineup instructions were
investigated. It was demonstrated in both experiments that the probability of culprit-pres-
ence detection was higher in three-person lineups than in six-person lineups. Furthermore,
the probability of guessing-based selection was lower when pre-lineup instructions suggest-
ing a low probability of culprit presence than when neutral pre-lineup instructions not im-
plying a low probability of culprit presence were provided. Ultimately, culprit identification
rates were higher in three-person lineups combined with instructions suggesting a low
probability of culprit presence compared to six-person lineups with neutral instructions,
while the innocent-suspect-identification rates were statistically indistinguishable. In Exper-
iment 2, the effect of varying delays between the crime and the associated lineup was exam-
ined. The probability of culprit-presence detection decreased progressively across four time
points (no delay, one day, one week and one month), with the decline best described by a
power function. Notably, the probability of guessing-based selection remained stable, indi-
cating that eyewitnesses did not compensate for declining culprit-presence detection by in-
creasing their tendency to guess. In Experiment 3, the effect of providing culprit descrip-
tions prior to the lineups was investigated. Both the probability of culprit-presence detection
and the probability of guessing-based selection were significantly lower when culprit de-
scriptions were provided compared to when no descriptions were provided. Together, these
findings underscore the utility of the two-high threshold eyewitness identification model for
addressing applied legal questions. This dissertation contributes to the field by offering new
insights into how several forensically relevant factors influence the cognitive processes un-

derlying eyewitness responses to lineups.
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Introduction

Eyewitness testimony plays a critical role in criminal investigations and prosecutions (e.
g., Wells & Olson, 2003). A common method for gathering evidence for or against a sus-
pect’s guilt is the photo lineup, in which a suspect’s photograph is presented alongside pho-
tographs of known-to-be-innocent persons (so-called fillers). When presented with a lineup,
eyewitnesses are asked to identify the culprit if the culprit is present or to reject the lineup if
the culprit is absent. While this might seem straightforward at first glance, eyewitness me-
mory is known to be fallible (Pezdek, 2012; Rose & Beck, 2016). As of 2024, false identifi-
cations of innocent suspects made by eyewitnesses contributed to 63 % of DNA exonerati-
on cases that were handled by the Innocence Project, a non-profit organization dedicated to
exonerating wrongfully convicted individuals (Innocence Project, 2024). This highlights an
inherent dilemma when interpreting the evidentiary value of eyewitness responses to lin-
eups: while a correct identification of a culprit can support a legitimate conviction and is
therefore desirable, a false identification of an innocent suspect can lead to a wrongful con-
viction and is therefore undesirable (Clark, 2012). Addressing this dilemma, efforts have
been undertaken for decades to identify and investigate potential forensically relevant fac-
tors that influence eyewitness responses to lineups, with the ultimate goal to ,[minimize] the
likelihood that an innocent suspect will be (falsely) identified and [maximize] the likelihood

that a guilty suspect will be (accurately) identified“ (Wells et al., 1993, p. 835).

There are numerous potential forensically relevant factors influencing eyewitness res-
ponses to lineups. Some of these relate to the environmental conditions present at the time
of the crime (i. e., situational factors), while others concern characteristics of the eyewitness
or the culprit (i. e., individual factors). These are entirely beyond the control of legal profes-
sionals and include factors such as the number of culprits involved in a crime (Lockamyeir et
al., 2021; Tupper et al., 2018), the eyewitness’s age (Erickson et al., 2016; Fitzgerald & Pri-
ce, 2015), the ethnicity of both the culprit and the eyewitness (Brigham & Ready, 1985;
Meissner & Brigham, 2001b) or the duration of exposure to the culprit’s face during the
crime (e. g., Memon et al., 2003; Palmer et al., 2013). Other forensically relevant factors (i.
e., procedural factors) pertain either to the broader investigative process that precedes the
lineup and serves to build evidence-based suspicion (i. e., pre-lineup investigative factors) or
to the administration of the lineup itself (i. e., lineup-specific factors). Pre-lineup investigati-

ve factors include decisions and circumstances associated with the collection and assess-
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ment of evidence. While some of these investigative steps are guided by protocol and are
therefore under partial control of the investigating officers, such as exposure of the eyewit-
ness to mugshots (Deffenbacher et al., 2006), the construction of facial composites (Sporer
et al., 2020; Tredoux et al., 2021) or the techniques used when interviewing eyewitnesses
(Gabbert & Brown, 2015), others are shaped by external influences, such as co-witness mis-
information (Levett, 2013; Zajac & Henderson, 2009). As such, these pre-lineup investigati-
ve factors may or may not fall fully within the control of legal professionals, yet they can
still exert significant effects on eyewitness responses to the eventual lineup. Unlike situatio-
nal, individual or pre-lineup investigative factors, lineup-specific factors are entirely under
the control of legal professionals and include decisions such as whether lineups are presen-
ted sequentially—where each photo is shown individually—or simultaneously—where all
photos are shown at once (Lindsay & Wells, 1985; Steblay et al., 2001), whether the proce-
dure is conducted live or via photographs (Egan et al., 1977; Rubinova et al., 2021), which
criteria are used to select filler photographs (Fitzgerald et al., 2013; McKinley & Peterson,
2022) and whether eyewitnesses are asked to report their confidence level after having gi-
ven a response (Li et al., 2024). These aspects of the procedure can be systematically plan-
ned and standardized. Additionally, researchers have investigated combined effects of situa-
tional or individual factors with procedural factors. For example, specific lineup procedures
have been developed for children (Karageorge & Zajac, 2011; Pozzulo & Lindsay, 1999) and
older adults (Wilcock & Bull, 2010) or adapted in cross-racial cases (e. g., Evans et al., 2009)
or cases of masked culprits (e. g., Guerra et al., 2022; Manley et al., 2022). In light of these
extensive research efforts, numerous recommendations designed to optimize lineups have

been proposed (Wells, 2001; Wells et al., 2020; Wells et al., 1998).

However, many forensically relevant factors influencing eyewitness responses to lineups
remain insufficiently understood. One reason for this is that in many studies, conclusions
are based on the investigation of raw eyewitness response rates to lineups (e. g., the rates of
culprit-identifications or innocent-suspect-identifications). While this is a straightforward
and accessible approach, these eyewitness responses can result from a variety of underlying
cognitive processes, which remain insufficiently investigated. Taking into consideration the
forensically relevant factor of the eyewitness’s age as an example, older adults are less likely
than younger adults to correctly identify a culprit in a lineup (Erickson et al., 2016; Fitzge-
rald & Price, 2015). However, this difference in culprit identifications between older and

younger eyewitnesses could be caused by multiple underlying cognitive processes: first, it is


Amelie Therre


Effects on the cognitive processes underlying eyewitness responses to lineups 7

possible that the eyewitness’s ability to detect the presence of the culprit in the lineup decli-
nes with increasing age. Second, older eyewitnesses may be less sensitive to subtle differen-
ces between the culprit’s photo and those of the fillers—differences that, if noticed, could
make the culprit stand out and render the lineup unfair. As a result, characteristics of the
culprit’s appearance or photo that might lead younger eyewitnesses to make a biased sus-
pect selection may go unnoticed by older adults. Third, it is possible that older adults are

less inclined to select someone based on guessing than younger adults.

Although all of these processes lead to a decrease in correct culprit identifications, the
underlying cognitive processes differ considerably. Distinguishing between these processes
is critical, because if the observed decrease is due to a reduction in non-detection-based pro-
cesses—such as a reduced susceptibility to unfairness in lineups or a reduced inclination to
make a guessing-based selection—the decrease in culprit identifications is a desirable out-
come. That is because non-detection-based processes are inherently undesirable—even
when they occasionally result in correctly identifying the culprit, because in the moment of
the lineup, the suspect’s guilt is unknown. Therefore, these non-detection based processes
might equally lead to a wrongful identification of an innocent suspect. Conversely, if the de-
crement in culprit identifications arises because the eyewitness’s ability to detect the pre-
sence of the culprit in the lineup decreases with increasing age, this is clearly an undesirable
outcome, given that culprit identifications based on culprit-presence detection are the only
ones that are actually diagnostic of a suspect’s guilt. This illustrates that by investigating raw
response rates alone, important information is disregarded. Without taking into account the
latent cognitive processes that drive these responses, the evidentiary value of the responses
cannot be determined. Therefore, to thoroughly assess the effects of forensically relevant
factors (and examine potential remedies if the factor increases non-detection-based proces-

ses), it is necessary to apply measurements that go beyond raw response rates.

A classic measure that goes beyond raw response rates is the diagnosticity ratio (Wells &
Lindsay, 1980). This ratio expresses the rate of culprit identifications (numerator) relative to
the rate of innocent-suspect identifications (denominator). If a forensically relevant factor is
associated with a higher diagnosticity ratio, then an identification made by a single eyewit-
ness when influenced by this factor provides stronger evidence of guilt—i. e., increases the
probability that the identified suspect is actually the culprit (Wells, 2014)-—compared to a
suspect identification obtained under the influence of a forensically relevant factor associa-

ted with a lower diagnosticity ratio. As an alternative to the diagnosticity ratio, Mickes et al.
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(2012) introduced Receiver Operating Characteristic (ROC) analyses to lineup research.
Here, the relationship between culprit identifications (on the y-axis) and innocent-suspect
identifications (on the x-axis) is plotted in a graph across different levels of response criteria
(as assessed by subjective confidence). When connecting the values of culprit and innocent-
suspect identifications at different levels of subjective confidence, an ROC curve is created.
The area under the ROC curve serves as an index of how well a forensically relevant factor
discriminates innocent from guilty suspects in a lineup, with larger areas indicating better

discriminability.

However, both measures—diagnosticity ratio and ROC analyses—are based on only a
subset of the response categories that can occur when eyewitnesses respond to lineups, na-
mely culprit identifications and innocent-suspect identifications. In the case of the dia-
gnosticity ratio, filler identifications are excluded entirely. ROC analyses, which are based on
signal detection theory (Green & Swets, 1966), do not treat filler identifications as a separa-
te category and instead require a reclassification of the data. Whereas the original eyewit-
ness lineup response structure forms a 2 x 3 matrix—comprising culprit identifications, fil-
ler identifications, and incorrect rejections in culprit-present lineups, as well as innocent-
suspect identifications, filler identifications, and correct rejections in culprit-absent lin-
eups—ROC analyses necessitate collapsing this structure into a 2 x 2 matrix, including only
culprit identifications, innocent-suspect identifications, correct rejections and incorrect rejec-
tions. This is typically done by classifying filler identifications as false rejections in culprit-
present lineups and as correct rejections in culprit-absent lineups (Menne et al., 2022; Wells
et al., 2015a; Wells et al., 2015c; Winter et al., 2022). . While it has been argued that this
treatment of filler identifications is unproblematic, because identifying a filler has the same
legal consequences for the suspect as rejecting the lineup because both responses do not
provide evidence of the suspect’s guilt (Penrod & Cutler, 1995; Wixted & Mickes, 2015),
this 2 x 2 classification reduces the data’s informative value. That is because filler identifica-
tions and lineup rejections likely involve distinct cognitive processes: rejecting a culprit-ab-
sent lineup is a correct response, whereas mistakenly identifying a filler is an error (Menne
et al, 2022; Wells et al., 2015a; Wells et al., 2015b; Winter et al., 2022). Whether ignored
or reclassified, not considering filler identifications as a distinct category leads to the loss of

potentially meaningful information..

Moreover, both the diagnosticity ratio and ROC analyses yield only a single measure

each. For instance, assessing response biases (i. e., conservative or liberal responding) requi-
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res reverting to raw response rates or calculating the response-bias measure c taken from
signal detection theory (Hautus et al., 2021). Determining lineup fairness demands additio-
nal experimental approaches, (Doob & Kirshenbaum, 1973; Lee et al., 2022) which have
also been criticized (e. g., Menne et al., 2023b). Importantly, neither the diagnosticity ratio
nor ROC analyses enable the measurement of the cognitive processes that underlie eyewit-
ness responses to lineups. However, understanding these latent cognitive processes is crucial
in order to fully evaluate the influences of forensically relevant factors. Finally and critically,
neither the diagnosticity ratio nor ROC analyses have been validated specifically for use with
eyewitness response data. To date, in no empirical validation studies has it been demonstra-
ted that either measure reliably and sensitively captures what it was designed to assess. In
light of these limitations, it is advantageous to use a measurement model that does not par-
tially disregard relevant data categories, takes into account all available responses—inclu-
ding filler identifications—and allows for the direct, unconfounded, and simultaneous mea-
surement of multiple cognitive processes underlying eyewitness responses to lineups. Ideal-
ly, such a model should also have undergone empirical validation confirming that it accura-

tely captures the cognitive processes it was intended to capture.

The thoroughly-validated two-high threshold eyewitness identification model (Menne et
al., 2022; Winter et al., 2022; illustrated in Figure 1) fulfills all these criteria. It takes into
account all possible observable responses that might occur when eyewitnesses are presen-
ted with a lineup. In culprit-present lineups (see rounded rectangle on the left side of the
upper tree of Figure 1), the possible responses are culprit identifications, filler identifications
and lineup rejections (see rectangles on the right side of the upper tree of Figure 1). In cul-
prit-absent lineups (see rounded rectangles on the left side of the lower tree of Figure 1), the
possible responses are innocent-suspect identifications, filler identifications and lineup rejec-
tions (see rectangles on the right side of the lower tree of Figure 1). Based on these ob-
servable responses, the two-high threshold eyewitness identification model permits concur-
rent and direct measurement of the probabilities of four distinct latent cognitive processes
that underlie eyewitness responses to lineups: two detection-based processes (culprit-pre-
sence detection and culprit-absence detection) and two non-detection-based processes (bia-
sed suspect selection and guessing-based selection). The two-high threshold eyewitness
identification model is part of the multinomial processing tree (MPT) model family (Bat-
chelder & Riefer, 1999; Erdfelder et al., 2009; Riefer & Batchelder, 1988). MPT models are

straightforward and popular measurement models widely applied across various domains of
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cognitive research (Alexander et al., 2016; Bayen & Murnane, 1996; Berres et al., 2025;
Buchner et al., 1995; Erdfelder et al., 2007; Kroneisen et al., 2021; Lee et al., 2020). Within
MPT models, it is assumed that observable responses (here eyewitness responses to lineups)
stem from underlying cognitive processes that occur with specific probabilities. These pro-
babilities are precisely defined by the model equations and represented by model parame-
ters (letters denoted alongside the branches of the tree depicted in Figure 1), which can be

statistically compared using accessible software such as multiTree (Moshagen, 2010).

With probability dP, the presence of the culprit is detected in a culprit-present lineup,
which leads to the identification of the culprit. With the probability 1 - dP, the presence of
the culprit is not detected. However, two non-detection-based processes can still lead to the
identification of the culprit. With conditional probability b, biased suspect selection occurs,
which also leads to the identification of the culprit. Specifically, if the culprit stands out
from the lineup noticeably to the eyewitness, for example due to conspicuous characteristics
of the culprit’s photograph or appearance relative to the filler photographs, biased suspect
selection may occur with the conditional probability b > 0. With the conditional probability
1 - b, no biased suspect selection occurs. In this case, with the conditional probability g,
eyewitnesses may select someone from the lineup based on guessing. Conditional upon a
guessing-based selection, the probability of the identification of the culprit is given by the
reciprocal of the number of individuals presented in the lineup (1 + n). For example, in a six-
person lineup, the random sampling probability of the culprit is 1 + 6 (approximately .17).
With the counter-probability of 5 + 6 (approximating .83), a filler is selected. If no culprit-
presence detection (1 — dP), no biased suspect selection (1 — b) and no guessing-based selec-

tion (1 — g) occurs, the lineup is falsely rejected.

With probability dA, the absence of the culprit is detected in a culprit-absent lineup,
which leads to the correct rejection of the lineup. If the absence of the culprit is not detected
(1 - dA), the same non-detection-based processes as in a culprit-present lineup occur. That is
because in the absence of detection-based processes, there is no reason to assume that non-
detection-based processes differ depending on the suspect’s guilt. However, here it is impor-
tant to note that selection of the suspect in a culprit-absent lineup—whether due to biased

or guessing-based selection—results in the identification of an innocent person.
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Culprit identification

Culprit-
present
lineup

Culprit identification

Culprit identification

Filler identification

Lineup rejection

Lineup rejection

Culprit-
absent

Innocent suspect identification

lineup : Innocent suspect identification

Filler identification
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Figure 1. Representation of the two-high threshold eyewitness identification model (Menne et al., 2022; Win-
ter et al., 2022). Rounded rectangles on the left depict lineup types: culprit-present (upper tree) and culprit-
absent (lower tree) lineups. Rectangles on the right represent observable response categories (culprit identifi-
cations, filler identifications and lineup rejections in culprit-present lineups, as well as lineup rejections, filler
identifications and innocent-suspect identifications in culprit-absent lineups). Letters along the branches indica-
te probabilities of latent cognitive processes: dP (culprit-presence detection), dA (culprit-absence detection), b
(biased suspect selection) and g (guessing-based selection). If guessing-based selection occurs, the probability
of identifying the suspect—whether the actual culprit or an innocent suspect—is given by 1 + n, where n is the
lineup size (number of individuals present in the lineup).

The two-high threshold eyewitness identification model was extensively validated by re-
analyses of previously published data sets from various laboratories, with different stimulus
material and experimental designs (Menne et al., 2022), as well as by a series of dedicated
validation experiments (Winter et al., 2022), providing evidence that the parameters of the
model directly and sensitively reflect the cognitive processes they were designed to measu-

re.

Following its successful validation, the two-high threshold eyewitness identification mo-
del has been used as a valuable tool for examining the effects of various prominent forensi-
cally relevant factors on the cognitive processes underlying eyewitness responses to lineups.
By applying of the two-high threshold eyewitness identification model it was demonstrated
that utilizing morphed filler photographs does not increase the probability of biased suspect
selection (parameter b) relative to non-morphed filler photographs when the contents of the

pre-lineup instructions were comparable in both conditions (Menne et al., 2023b). Also, it
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was shown that utilizing Al-generated filler photographs even reduced the probability of
biased suspect selection relative to database-derived filler photographs (Bell et al., 2024).
Furthermore, administering pre-lineup instructions suggesting that only the first identifica-
tion in a sequential lineup would be counted (so-called “first-yes-counts” instructions) selec-
tively reduced the probability of guessing-based selection relative to pre-lineup instructions
not suggesting that only the first identification in a sequential lineup would be counted
(Winter et al., 2023). Reducing lineup sizes (the number of individuals present in a lineup)
to smaller, two- or three-person lineups resulted in an increased probability of culprit-pre-
sence detection (parameter dP) and a reduced probability of guessing-based selection relati-
ve to larger, five- or six-person lineups (Menne et al., 2023a). Lineup position selectively af-
fects guessing-based selection, because a person in the first position within a lineup is more
likely to be selected based on guessing than are those in other positions (Mayer et al., 2024).
Culprit-presence detection and, to some extent, culprit-absence detection decrease with age,
while guessing-based selection increases (Mayer et al., in press). And finally, disclosing the
number of lineups that would be shown to an eyewitness after a multiple-culprit crime in-
creases the probability of guessing-based selection compared to when no number or a false,

high number was announced beforehand (Menne et al., 2025).

These examples illustrate the utility of the two-high threshold eyewitness identification
model in investigating the effects of various forensically relevant factors on the cognitive
processes underlying eyewitness responses to lineups. In the present dissertation, the two-
high-threshold eyewitness identification model was applied to investigate how various im-
portant forensically relevant factors—beyond those illustrated in the preceding examples—
affect the cognitive processes underlying eyewitness responses. Specifically, three key re-
search questions are addressed, focusing on the effects of (1) lineup size and pre-lineup in-
structions, (2) delays between the witnessed event and the lineup and (3) the provision of

culprit descriptions prior to the lineup.
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On the combined effect of lineup size and

pre-lineup instructions

One key lineup-specific factor influencing eyewitness responses to lineups is the lineup
size—that is, the number of individuals included in the lineup. In order to assess effects of
lineup size, larger (including more fillers) lineups are compared to smaller (including fewer
fillers) lineups (Akan et al., 2021; Juncu & Fitzgerald, 2021; Menne et al., 2023a; Nosworthy
& Lindsay, 1990; Wooten et al., 2020). The main rationale for using larger lineups is that
they “protect” innocent suspects from being randomly selected by spreading guesses across
a greater number of lineup members (Levi & Lindsay, 2001; Wells, 2001; Wells et al.,
2020). Given that the random sampling probability of the suspect is determined by the re-
ciprocal of the number of lineup members (1 + n, where n is lineup size), the probability of a
random selection of a suspect decreases as lineup size increases. While this is an advantage
of larger over smaller lineups, it is important to note that this mathematical fact pertains to
all suspects, innocent and guilty. Consequentially, a cost-benefit tradeoff has often been re-
ported: while larger lineups reduce innocent-suspect identifications, they also reduce culprit
identifications. Conversely, smaller lineups increase culprit identifications, but at the cost of
more innocent-suspect identifications (Juncu & Fitzgerald, 2021). Given this tradeoff, lineup
size recommendations vary across jurisdictions: in some jurisdictions, for example, in Portu-
gal, Italy and Russia, three-person lineups are recommended, whereas in others, for examp-
le, in England, Wales and Scotland, up 12-person lineups are recommended for photo lin-

eups (Fitzgerald et al., 2021).

However, beyond the sampling probability—which is only relevant if responses are made
based on guessing in the first place—observable lineup responses (including the reported
cost-benefit tradeoff) can be stimulated by detection-based and non-detection based cogni-
tive processes. It is therefore critical to determine how variations of lineup size affect these
processes. In a previous study in which the two-high threshold eyewitness identification
model was applied (Menne et al., 2023a), it was found that reducing lineup size (e. g., from
six to three or from five to two individuals) increased the probability of culprit-presence de-
tection (parameter dP) while it decreased the probability of guessing-based selection (para-
meter g). While this suggests a strong advantage of smaller over larger lineups, there were

still more innocent-suspect identifications in smaller compared to larger lineups. The culprit-
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absent decision tree (lower tree of Figure 1) illustrates why this was the case: Menne et al.
(2023a) reported no differences in biased suspect selection (parameter b) and culprit-ab-
sence detection (parameter dA) depending on lineup size. Therefore, the difference of the
number of innocent-suspect identifications between the two lineup sizes was determined by
the term g x (1 + n). Even though the probability of guessing-based selection (parameter g)
occurring in the first place was significantly lower in smaller than in larger lineups, the con-
siderably higher sampling probability (1 + n) outweighed this effect. For instance, in three-
person lineups (n = 3), 1 + nis 1 + 3 (approximating .33), whereas in six-person lineups
(n=6),1+nis 1+ 6 (approximating .17)—therefore, the sampling probability (1 + n) is
twice as high in three-person lineups than in six-person lineups. In two-person lineups, 1 +n
is even two-and-a-half times higher (.50) than in five-person lineups (.20). Given this, there is
a need for strategies to counteract this particular disadvantage of smaller compared to larg-
er lineups. Figure 1 illustrates a potential countermeasure: it is inevitable that a decrease in
lineup size n always leads to an increase of its reciprocal 1+ n. However, if the probability of
guessing-based selection occurring initially can be reduced to a level even below that
achieved by decreasing lineup size alone, it may be possible to reduce innocent-suspect
identifications—preferably to a level lower than, or comparable to, those in larger lineups.
At the same time, due to the higher probability of culprit-presence detection in smaller line-

ups, culprit identifications should not be reduced.

A lineup-specific factor that specifically affects the probability of guessing-based selec-
tion is the instructions given to eyewitnesses before a lineup (Menne et al., 2022; Winter et
al., 2022). It has been shown in two reanalyses of published data conducted with the two-
high threshold eyewitness identification model (Lampinen et al., 2020; Malpass & Devine,
1981) that when eyewitnesses receive pre-lineup instructions suggesting a high probability
that the culprit is present in the lineup, the probability of guessing-based selection tends to
increase compared to neutral pre-lineup instructions that do not specify such a probability—
henceforth neutral instructions (Menne et al., 2022). Conversely, pre-lineup instructions
suggesting a low probability that the culprit is present in the lineup reduce the probability
of guessing-based selection (Winter et al., 2022).

Taking these considerations into account, two novel hypotheses concerning observable
responses were tested in Experiments 1a and 1b. First, if pre-lineup instructions insinuating
that the culprit is unlikely to be in the lineup (henceforth low-culprit-probability instruc-

tions) effectively reduce the probability of guessing-based selection, then combining smaller
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lineups with such pre-lineup instructions should result in comparable or lower innocent-sus-
pect-identification rates relative to larger lineups with neutral pre-lineup instructions (not
insinuating a low probability of culprit presence). Second, while the decrease in the proba-
bility of guessing-based selection also affects culprit identification rates, the increase in

1 + n—which also pertains to culprit-present lineups—should outweigh this effect. In addi-
tion to these non-diagnostic culprit identifications, the probability of culprit-presence detec-
tion (parameter dP) in smaller compared to larger lineups was reported to be higher (Menne
et al.,, 2023a). Taken together, both factors—the increase in 1 + n and the higher probability
of culprit-presence detection—should therefore lead to higher culprit identification rates in
smaller lineups, even despite the reduction of non-diagnostic, guessing-based culprit identi-
fications that will occur by pairing the smaller lineups with low-culprit-probability instruc-

tions.

In line with the previous study the present experiments were built on (Menne et al.,
2023a), three-person lineups were compared to six-person lineups. Within each lineup-size
condition, participants received either low-culprit-probability or neutral instructions. Given
that six-person lineups with neutral instructions represent standard police practice in the
United States of America (Police Executive Research Forum, 2013; Wells et al., 2020), this
combination was considered to be the standard of comparison. For the experimental mani-
pulations to manifest in effects on observable responses, first, they had to influence the co-
gnitive processes underlying these responses. Thus, the first aim was to replicate prior fin-
dings regarding the following effects on cognitive processes: three-person lineups should
effectuate a higher probability of culprit-presence detection (parameter dP) and a lower pro-
bability of guessing-based selection (parameter g) relative to six-person lineups (Menne et
al., 2023a); and low-culprit-probability instructions should effectuate a lower probability of
guessing-based selection (parameter g) relative to neutral instructions (Menne et al., 2022;
Winter et al., 2022). At the level of observable responses, it was expected that the combina-
tion of three-person lineups with low-culprit-probability instructions would result in inno-
cent-suspect identification rates to be lower or comparable to those in six-person lineups
with neutral instructions, while significantly higher culprit identification rates would be

maintained in three-person lineups with low-culprit-probability instructions.

Given that both sequential and simultaneous lineup procedures may be used worldwide

(Fitzgerald et al., 2021) and to ensure robustness and replicability (Open Science Collabora-
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tion, 2015), these predictions were tested in two experiments using sequential (Experiment

la) and simultaneous (Experiment 1b) lineup formats.

Experiment la

The goal of Experiment 1a was to investigate the combined effect of lineup size and pre-
lineup instructions on culprit identifications and innocent-suspect identifications, as well as
their underlying cognitive processes, using sequential lineups. Participants watched one of
two parallel staged-crime videos of four football hooligans (henceforth the culprits) verbally
and physically attacking a fan of a rivaling club. Subsequently, half of them received low-
culprit-probability instructions intended to discourage guessing-based selection, while the
other half received neutral instructions. Afterwards, they were presented with four photo-
graphic lineups containing either six (one suspect and five fillers) or three individuals (one
suspect and a random subset of two of the five fillers presented in six-person lineups). Two
of the lineups were culprit-present lineups (including a culprit from the previously-seen
video), while the other two were culprit-absent lineups (including an innocent suspect). In-
nocent suspects were portrayed by photographs of the culprits from the parallel video the
participants had not previously seen. Lineups were presented in sequential format. There-
fore, each photograph was shown individually and participants had to either identify the
presented person as one of the culprits or reject the lineup by indicating that the presented

person was not one of the culprits.

At the level of the latent cognitive processes, the results from prior studies were replicat-
ed. Three-persons lineups yielded a higher probability of culprit-presence detection (parame-
ter dP) and a lower probability of guessing-based selection (parameter g) compared to six-
person lineups. Furthermore, providing low-culprit-probability instructions resulted in a de-
creased probability of guessing-based selection (parameter g) relative to neutral instructions.
At the level of observable responses, two novel predictions that were derived from the struc-
ture of the two-high threshold eyewitness identification model were tested. It was confirmed
that combining three-person lineups with low-culprit-probability instructions resulted in in-
nocent-suspect-identification rates that were statistically indistinguishable from those in six-
person lineups with neutral instructions, while culprit-identification rates were significantly
higher in three-person lineups with low-culprit-probability instructions than in six-person

lineups with neutral instructions.
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Experiment 1b

To test the replicability and generalizability of the results—considering that recommend-
ed lineup formats vary across jurisdictions (Juncu & Fitzgerald, 2021)—Experiment 1b
served as a conceptual replication of Experiment 1a, differing only in that the simultaneous
lineup format instead of the sequential one was applied. Photographs of all individuals in
the lineup were thus shown at once. Participants had to either identify one of the persons
displayed on the photographs as one of the culprits or reject the lineup by indicating that
none of the persons were one of the culprits. As in Experiment 1a, at the level of latent cog-
nitive processes, it was found that three-person lineups yielded a higher probability of cul-
prit-presence detection (parameter dP) than six-person lineups. While there was no statisti-
cally significant difference in the probability of guessing-based selection (parameter g) be-
tween three-person lineups and six-person lineups, low-culprit-probability instructions led to
a reduced probability of guessing-based selection (parameter g) relative to neutral instruc-
tions. Experiment 1b was also aimed at replicating the predictions of Experiment 1a regard-
ing observable responses. It was confirmed that combining three-person lineups with low-
culprit-probability instructions resulted in innocent-suspect-identification rates that were
statistically indistinguishable from those in six-person lineups with neutral instructions,
while culprit-identification rates were significantly higher in three-person lineups with low-

culprit-probability instructions than in six-person lineups with neutral instructions.

Discussion

Across both experiments, it was demonstrated that smaller, three-person lineups led to an
increased probability of culprit-presence detection relative to six-person lineups. Additional-
ly, three-person sequential lineups led to a decreased probability of guessing-based selection
relative to six-person lineups. In line with previous research (Winter et al., 2022), it was also
demonstrated that low-culprit-probability instructions led to a decreased probability of
guessing-based selection relative to neutral instructions. Importantly, when combining three-
person lineups with low-culprit-probability instructions, innocent-suspect-identification rates
were effectively reduced to a level comparable to those in six-person lineups combined with
neutral instructions, while culprit-identification rates were significantly higher in three-per-
son lineups with low-culprit-probability instructions than in six-person lineups with neutral

instructions. The two-high threshold eyewitness identification model provided unique and
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valuable insights—not only for measuring latent cognitive processes but also for generating

hypotheses to potentially improve lineup procedures.

Previous research had already shown beneficial effects of small lineups on culprit-pre-
sence detection and guessing-based selection (Menne et al., 2023a). However, the unique
structure of the model allowed for generating further hypotheses not only about underlying
cognitive processes but also about observable responses. It is important to emphasize that
these insights were only possible through the use of the two-high threshold eyewitness iden-
tification model, which allowed for the differentiation between culprit-presence detection,
guessing-based selection, and the suspect’s sampling probability as determined by lineup
size (1 + n). By focusing on the interplay between these distinct factors that underlie eye-
witness responses to lineups, it was possible to identify a particularly effective strategy to
balance the necessity of achieving high rates of culprit identifications while minimizing the
risk of innocent-suspect identifications. This was achieved by combining three-person lin-
eups with low-culprit-probability instructions known to discourage guessing-based selection
(Winter et al., 2022). This approach successfully resulted in increased culprit identifications
without a corresponding increase in innocent-suspect identifications, relative to the standard
six-person lineup with neutral instructions. While it is necessary to extend procedures to
more naturalistic settings before deriving recommendations from the present results, the
findings from the present experiments may represent a meaningful step toward resolving a
central dilemma in lineups: maintaining high culprit identification rates while not increasing

innocent-suspect identification rates.

On the effect of crime-lineup delays

Before a lineup can be presented to an eyewitness and lineup-specific factors like lineup
size and pre-lineup instructions need to be taken into account, evidence must be accumula-
ted until there is sufficient justification for including a suspect in a lineup. This is necessary
because it increases the probability that the actual culprit and not an innocent suspect is
present in the lineup (Wells et al., 2020). However, the necessary investigations to establish
evidence-based suspicion inevitably require time, which can lead to considerable delays
between a crime and an associated lineup—especially given that resource limitations of in-

vestigators have often been reported (His Majesty’s Inspectorate of Constabulary and Fire &
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Rescue Services, 2015). Indeed, in a number of British archival studies, it has been reported
that delays of one to three months between the crime and the lineup are most common
(Horry et al., 2014; Horry et al., 2012; Memon et al., 2011; Pike et al., 2002). Given that it is
a well-established fact that human memory deteriorates over time (Ebbinghaus, 1885; Rad-
vansky et al., 2022; Rubin & Wenzel, 1996), it has been recommended that a lineup needs
to be presented to an eyewitness as soon as possible after a crime (Wells et al., 2020). This
highlights a dilemma faced by legal professionals during criminal investigations: pre-lineup
investigative factors are often interdependent. While it is necessary to accumulate sufficient
evidence-based suspicion before a lineup, it is also important to account for the need that

the lineup is presented to an eyewitness as soon as possible after a crime.

The effects of delays between witnessing a crime and completing a lineup on eyewitness
responses to lineups have been investigated in numerous studies. However, previous rese-
arch has been limited in several ways. First, most studies compared only short or no delays
with long delays (e. g., Palmer et al., 2013; Sauer et al., 2010; Wetmore et al., 2015). This
limitation to two time points does not allow for a more comprehensive understanding of
delay effects across the passage of time. Second, most prior analyses were based solely on
observable response rates (Egan et al., 1977; Gettleman et al., 2021; Giacona et al., 2021;
Karageorge & Zajac, 2011; Krafka & Penrod, 1985; Lin et al., 2019). As explicated in the
Introduction of this dissertation, while also informative, the exclusive investigation of raw
response rates is insufficient because observable responses to lineups can result from a va-
riety of latent cognitive processes, some of which are detection-based and are therefore dia-
gnostic of the suspect’s guilt (i. e., culprit-presence and culprit-absence detection), while
others are not detection-based and are therefore be not diagnostic of the suspect’s guilt (i.
e., guessing-based selection or biased suspect selection). Third, findings from prior studies
were mixed, given that in some, a decline in culprit identifications with longer delays was
reported (e. g., Cutler et al., 1986; Lin et al., 2019; Shepherd, 1983), while in others, no ef-
fect of delay was reported (e. g., Egan et al., 1977; Karageorge & Zajac, 2011; Krafka & Pen-
rod, 1985; Wetmore et al., 2015). However, given that raw response rates are insufficient in
order to draw conclusions about underlying cognitive processes, it is unclear what these
stable rates of culprit identifications reflect. It is possible that they reflect a true lack of de-
lay effects on culprit-presence detection or a compensatory increase in guessing-based selec-
tion that mask detection-based declines in culprit identifications. Furthermore, small sample

sizes may have resulted in insufficient statistical power.



Effects on the cognitive processes underlying eyewitness responses to lineups 20

Given these ambiguities, it remains unclear whether crime-lineup delays have negative
effects on the cognitive processes underlying eyewitness responses to lineups. Using the
two-high threshold eyewitness identification model, in Experiment 2, limitations of prior re-
search were addressed (1) by examining effects across four different delay intervals (no de-
lay, one day, one week and one month), (2) by parallel and direct measurement of delay ef-
fects on culprit-presence detection and guessing-based selection separately and (3) by using

a large sample size (N = 2108) to ensure adequate statistical sensitivity.

Here it was expected that culprit-presence detection (parameter dP) would decrease with
increasing delay, consistent with established forgetting functions (Rubin & Wenzel, 1996;
Wixted & Ebbesen, 1991). Hypotheses regarding guessing-based selection (parameter g)
were less clear-cut. It was deemed possible that guessing-based-selection remains stable, be-
cause factors known to affect the parameter—for instance, pre-lineup instructions—were
identical across conditions. Alternatively, it was deemed possible that guessing-based-selec-
tion would increase with decreasing parameter dP due to compensatory guessing (Kiippers &
Bayen, 2014; Meiser et al., 2007)—that is, an eyewitness’ attempt to counterbalance the
decline in culprit-presence detection by exhibiting a higher probability of guessing-based
selection. No strong predictions were made regarding culprit-absence detection (parameter
dA), as low baseline values have been reported even in experiments without delay (e. g.,

Mayer et al., 2024; Menne et al., 2023b), making further reductions unlikely.

Experiment 2

As in Experiments 1a and 1b, participants watched a staged-crime video including four
culprits. Subsequently, participants assigned to the no-delay condition immediately com-
pleted the four simultaneous lineups, two of which were culprit-present (including a culprit
from the previously-seen video), while the other two were culprit-absent (including a desig-
nated innocent suspect). Participants assigned to either of the delay conditions were instead
required to complete the simultaneous lineups after a delay of either one day, one week, or

one month.

As in previous studies, culprit-identification rates decreased with increasing delay (Cutler
et al, 1986; Lin et al.,, 2019; Shepherd, 1983), while innocent-suspect identification rates
remained stable (Lucas et al., 2021; Wetmore et al., 2015). Furthermore, the probability of
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culprit-presence detection (dP) steadily and significantly declined with increasing delay, with
the most rapid decline occurring at a short crime-lineup delay (between no-delay condition
and the one-day-delay condition). Moreover, dP approximated zero after a delay of one
month. In line with previous research on forgetting functions (Rubin & Wenzel, 1996;
Wixted & Ebbesen, 1991), this decline in dP was best described by a power function. The
probability of guessing-based selection (g) did not vary as a function of delay. Therefore,
there was no evidence of compensatory guessing (Klippers & Bayen, 2014; Meiser et al.,
2007)—participants did not attempt to counterbalance the decline in culprit-presence detec-
tion by exhibiting a higher probability of guessing-based selection. Finally, in line with pre-
vious studies in which no explicit manipulation of culprit-absence detection was applied
(Mayer et al., 2024; Menne et al., 2023b; Winter et al., 2022), the probability of culprit-ab-
sence detection was close to zero even in the no-delay condition and remained equally low

across all delays.

Discussion

The results of Experiment 2 demonstrate that the memory-based process of culprit-pre-
sence detection (parameter dP) declines systematically with increasing delay. By applying an
experimental design with four different delay intervals (no delay, one day, one week, and
one month), it was possible to show that in line with well-established forgetting functions—
including human face recognition (Wixted & Ebbesen, 1991)—this decline was best descri-
bed by a power function. In contrast to the decline in memory-based culprit-presence detec-
tion, the process of guessing-based selection (parameter g) remained stable across all delays,
thus providing no evidence for compensatory guessing. Likewise, culprit-absence detection
(parameter dA) was unaffected by delay and remained near zero across all conditions. This
pattern is consistent with previous literature (Mayer et al., 2024; Menne et al., 2023b; Win-
ter et al., 2022) and is likely attributable to the inherent difficulty of ruling out each indivi-
dual in a lineup, as opposed to detecting the presence of a single face (the culprit’s). Taken
together, the findings indicate that the observed decrease in culprit identifications with in-
creasing delay that has also been reported by numerous researchers priorly (e. g., Cutler et
al., 1986; Lin et al., 2019; Shepherd, 1983) is driven specifically by a decline in memory-

based culprit-presence detection, rather than by changes in guessing-based selection.
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These results also underscore the importance of the recommendation to minimize crime-
lineup delays as much as possible (Wells et al., 2020) and of informing legal professionals
about the effects of delay on eyewitness memory. Consistent with prior findings (Cutler et
al., 1986; Egan et al.,, 1977; Lin et al., 2019; Shapiro & Penrod, 1986), here primarily cul-
prit-present lineups and not culprit-absent lineups were affected by delay: while memory-
based culprit-presence detection declined substantially with increasing delay and approxi-
mated zero after a delay of one month, both guessing-based selection and culprit-absence
detection remained unaffected. This pattern has important implications regarding culprit
identifications—given that culprit-presence detection approached zero after a one-month

delay, any culprit identification at this stage is likely attributable to guessing-based selection.

However, these delays are often inevitable and real-world delays between a crime and a
lineup have often been reported to range from one to three months (Horry et al., 2014; Hor-
ry et al., 2012; Memon et al., 2011; Pike et al., 2002). One factor contributing to these de-
lays are the thorough investigations necessary to provide strong evidence-based grounds
against potential suspects before presenting them in a lineup. Given that these delays may
often be unavoidable, it is important to educate legal professionals about the detrimental
effects these delays may have on eyewitness memory. Jurors and judges should be aware of
the steep decline in memory-based culprit-presence detection over time and the potential

risks associated with suspect identifications following extended delays.

On the effect of culprit descriptions

Importantly, crime-lineup delays are not the only pre-lineup investigative factor that is
linked to thorough investigations. In Experiment 3 of this dissertation, a similar dilemma
regarding a direct consequence of an often necessary pre-lineup investigative factor is exam-
ined: while a detailed initial description of a culprit’s appearance is often crucial in order to
narrow the pool of potential suspects (Brown et al., 2008; Dodson et al., 2024; Wells et al.,
2020), it has been priorly reported studies that such descriptions can have negative effects
on eyewitness responses to subsequent lineups. This phenomenon, known as the verbal
overshadowing effect (Schooler & Engstler-Schooler, 1990), refers to the finding that provid-
ing verbal description of a culprit can result in decreased culprit-identification rates in cul-

prit-present lineups (Alogna et al., 2014; Holdstock et al., 2022; Schooler & Engstler-School-
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er, 1990; Wilson et al., 2018). However, given that in both the seminal study (Schooler &
Engstler-Schooler, 1990) as well as its large-scale replication (Alogna et al., 2014), exclusive-
ly culprit-present lineups were used, conclusions regarding the reasons behind these decre-
ments remain impossible. That is because without culprit-absent lineups, not all data cate-
gories from lineups can be analyzed, which prevents conclusions about the origins of the

effect.

One possible explanation for the decrease in culprit identifications is that verbalizing a
face interferes with holistic face processing (Cheung & Gauthier, 2010; Richler & Gauthier,
2014) and instead fosters feature-based processing that has been discussed to impair facial
recognition (Chin & Schooler, 2008; Wickham & Lander, 2008), thereby complicating cul-
prit-presence detection. Another possibility is that the difficulty of describing a face increa-
ses caution, thereby reducing the willingness to make a guessing-based selection. Accor-
dingly, in studies in which culprit-present and culprit-absent lineups were used, reductions
of both culprit and innocent-suspect identifications were reported after a description had
been provided (Clare & Lewandowsky, 2004; Dodson et al., 2024; Holdstock et al., 2022;
Mickes & Wixted, 2015; Smith & Flowe, 2015; Wilson et al., 2018).

This illustrates that the analysis of observable response rates alone is insufficient in order
to determine the origins of the verbal overshadowing effect, because the reduction in culprit
identifications can be driven by several underlying cognitive processes. Therefore, in order
to determine the cognitive processes underlying the verbal overshadowing effect, the two-
high threshold eyewitness identification model was applied. If facial recognition is impaired
due to an interference of feature-based description with holistic face processing, then the
probability of culprit-presence detection (parameter dP) should be lower when a culprit de-
scription was provided before a lineup compared to when no culprit description was provid-
ed beforehand. If eyewitnesses are more reluctant to make a guessing-based selection due
to the experienced difficulty of describing a culprit, then the probability of guessing-based
selection (parameter g) should be lower when a culprit description was provided before a
lineup compared to when no culprit description was provided beforehand. It is also possible
that both aspects contribute to the verbal overshadowing effect, in which case both culprit-
presence detection (parameter dP) and guessing-based selection (parameter g) should be
lower when a culprit description was provided before a lineup compared to when no culprit

description was provided beforehand.
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Experiment 3

Given that the size of the verbal overshadowing effect varies (Chin & Schooler, 2008;
Meissner & Brigham, 2001a), here manipulations were implemented which are known to
reliably elicit the effect. Participants were randomly assigned to either a culprit-description
condition or a no-culprit-description condition. After having been shown a staged-crime vi-
deo in which four culprits attack a victim, participants were required to play Tetris for 14
minutes. This delay aligns with typical response times for crimes of comparable severity (e.
g., Houston Police Department Office of Planning & Data Governance, 2023; Salt Lake City
Police Department, 2022) and has been discussed to increase the verbal overshadowing ef-
fect relative to longer or shorter crime-description delays (Protzko et al., 2023). Afterwards,
for five minutes, participants in the culprit-description condition were instructed to provide
feature-based face descriptions entailing everything they could remember about the four
culprits’ appearances. This was done because this has been found to increase the verbal
overshadowing effect compared to when participants are warned to describe only what they
are certain of (Clare & Lewandowsky, 2004; Dodson et al., 1997) or when participants are
asked to provide holistic descriptions (Wickham & Lander, 2008). Participants in the no-cul-
prit-description condition were instructed to list countries and their capitals for five minutes.
Subsequently, participants were presented with four lineups, two of which were culprit-pre-
sent (that is ,they included a culprit from the previously-seen video), while the other two
were culprit-absent (that is, they included a designated innocent suspect). It was found that
providing a culprit description prior to a lineup resulted in both a significant reduction of
culprit-presence detection (parameter dP) and guessing-based selection (parameter g) com-

pared to when no culprit description was provided beforehand.

Discussion

The goal of Experiment 3 was to investigate the cognitive processes underlying the verbal
overshadowing effect—the finding that providing a description of the culprit prior to a lin-
eup leads to reduced culprit identifications in culprit-present lineups (Schooler & Engstler-
Schooler, 1990). Researchers priorly reported reduced culprit identification rates (Alogna et
al., 2014; Holdstock et al., 2022; Schooler & Engstler-Schooler, 1990; Wilson et al., 2018)
and reduced innocent-suspect-identification rates (Clare & Lewandowsky, 2004; Dodson et

al., 2024; Holdstock et al., 2022; Mickes & Wixted, 2015; Smith & Flowe, 2015; Wilson et
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al., 2018) if a culprit description was given before the lineup was shown. This pattern of ob-
servable responses allows for multiple explanations: it could be explained by a reduction in
culprit-presence detection, guessing-based selection or both. Here the two-high threshold
eyewitness identification model was applied in oder to examine the underlying cognitive
processes of the verbal overshadowing effect. Providing culprit descriptions instead of na-
ming countries and capitals during the same time period resulted in both a reduction of cul-
prit-presence detection (parameter dP) and guessing-based selection (parameter g). These
findings support both possible explanations regarding the origins of the verbal overshado-
wing effect: they suggest that the effect is at least partly caused by culprit descriptions in-
terfering with face recognition, reducing the ability to detect the presence of the culprit in
the lineup (e. g., Chin & Schooler, 2008; Wickham & Lander, 2008) and by a greater reluc-
tance of participants to make a guessing-based selection (e. g., Clare & Lewandowsky,

2004).

General discussion

In the present dissertation, effects of several forensically relevant factors on the cognitive
processes underlying eyewitness responses to lineups were investigated. Specifically, effects
of the lineup-specific factors lineup size and pre-lineup instructions (Experiment 1a and 1b),
as well as effects of the pre-lineup investigative factors crime-lineup delay (Experiment 2)
and culprit descriptions (Experiment 3) were examined. By applying the well-validated two-
high threshold eyewitness identification model, it was possible to move beyond observable
responses and to directly assess the effects of these forensically relevant factors on four dis-
tinct cognitive processes underlying eyewitness responses to lineups—specifically, two de-
tection-based processes (culprit-presence detection and culprit-absence detection) and two

non-detection-based processes (biased suspect selection and guessing-based selection).

Effects of such forensically relevant factors are complex. For example, because smaller
lineups have been reported to increase culprit-presence detection and reduce guessing-based
selection (Menne et al., 2023a), they can be considered beneficial regarding eyewitness’s
latent cognitive processes. However, smaller lineups also inherently increase the random
sampling probability of each lineup member—including an innocent suspect—and are

therefore sometimes viewed critically (Juncu & Fitzgerald, 2021). Here, Experiments 1a and
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1b demonstrated that this disadvantage can be offset. Specifically, pre-lineup instructions
implying a low probability that the culprit would be present led to a lower probability of
guessing-based selection compared to neutral instructions. As a consequence, the combina-
tion of three-person lineups and low-culprit-probability instructions resulted in innocent-
suspect-identification rates that were statistically indistinguishable from those in standard
six-person lineups with neutral instructions. Importantly, culprit-presence detection was
higher in three-person lineups than in six-person lineups and low-culprit-probability instruc-
tions did not have a negative effect on culprit-presence detection. As a consequence, the
combination of three-person lineups and low-culprit-probability instructions resulted in
higher culprit-identification rates compared to six-person lineups with neutral instructions.
These effects on the observable response rates were consistently observed in both sequen-
tial and simultaneous formats. Only by taking into account the unique structure of the two-
high threshold eyewitness identification model was it possible to identify the beneficial
strategy of considering the two forensically relevant lineup-specific factors lineup size and
pre-lineup instructions concurrently. The two-high threshold eyewitness identification model
not only allowed for predictions about how these factors would interact, but also for inter-
preting the resulting distinct patterns of latent cognitive processes and observable responses

together.

Furthermore, in the present dissertation, effects of pre-lineup investigative factors were
taken into account. In Experiment 2, the effects of delays between the witnessed crime and
the lineup were examined. One factor contributing to these crime-lineup delays is the time
required to accumulate sufficient evidence-based suspicion to ethically and legally justify
including a suspect in a lineup. Among other factors, this contributes to the commonly ob-
served delays of one to three months between the crime and the lineup that has often been
reported in archival studies (Horry et al., 2014; Horry et al., 2012; Memon et al., 2011; Pike
et al.,, 2002). The results of Experiment 2 indicated a sharp, power-function-shaped decline
in memory-based culprit-presence detection as a function of increasing crime-lineup delay,
with culprit-presence detection approaching zero after one month. This decline was not ac-
companied by changes in the probability of guessing-based selection, indicating that eye-
witnesses did not compensate for their declining memory by increasing their tendency to
guess. The results are consistent with established forgetting functions in cognitive psychol-
ogy (Rubin & Wenzel, 1996; Wixted & Ebbesen, 1991) and provide strong support for

longstanding recommendations that lineups should be administered as soon as possible fol-
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lowing the crime (Wells et al., 2020; Wells et al., 1998). From an applied perspective, these
findings also carry critical implications. If culprit-presence detection approaches zero after
extended delays, any identifications that occur under such conditions are more likely to re-
sult from a non-detection-based process that holds no evidentiary value: guessing-based se-
lection. This underscores the risk of overestimating the evidentiary value of suspect identifi-
cations obtained long after the witnessed event. While the need for legal professionals to be
informed about the effects of crime-lineup delays on cognitive processes underlying eyewit-
ness lineup responses is underscored by these findings, it remains unresolved how well
these results generalize to field conditions. However, given that field conditions have been
reported to elicit either comparable (Pozzulo et al., 2008) or even lower (Eisen et al., 2022)
accuracy levels compared to laboratory conditions when eyewitnesses were presented with
lineups (with a high accuracy being defined by fewer innocent-suspect-identifications and
more culprit identifications), caution is warranted also in real-world scenarios for legal pro-
fessionals when interpreting the evidentiary value of a suspect identification after long

crime-lineup delays.

Experiment 3 addressed another pre-lineup investigative factor: the provision of a culprit
description. While obtaining culprit descriptions is often vital for narrowing down suspect
pools, researchers have priorly reported that providing verbal descriptions of a culprit’s fea-
tures can result in reduced rates of culprit identifications in subsequent lineups. This so-
called verbal overshadowing effect (Schooler & Engstler-Schooler, 1990) illustrates a fun-
damental dilemma faced by legal professionals: While culprit descriptions are needed to
locate possible suspects, these very descriptions can jeopardize an eyewitness’s ability to
identify the culprit in a lineup. Within the present experiment, it was shown that when par-
ticipants provided a culprit description shortly after viewing a staged-crime video, both the
probability of culprit-presence detection and the probability of guessing-based selection
were reduced in subsequent lineups. One possible explanation for this is that describing a
face may interfere with holistic face processing (e. g., Cheung & Gauthier, 2010; Richler et
al., 2011), thereby reducing culprit-presence detection, while simultaneously increasing cau-
tion (Clare & Lewandowsky, 2004; Horry et al., 2012), leading to a reduced probability of
guessing-based selection. The application of the two-high threshold eyewitness identifica-
tion model allowed for a precise attribution of the reduced culprit identifications to changes

in distinct latent cognitive processes.
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Taken together, the results of the present experiments demonstrate that the effects of
forensically relevant factors on eyewitness latent cognitive processes and their resulting re-
sponses to lineups are complex. Legal professionals—whether investigating officers, judges,
jurors or policy makers—are faced with high-stakes decisions that can profoundly impact
the lives of both innocent and guilty suspects. The findings presented here contribute to the
broader scientific understanding of a subset of these factors, including those under the di-
rect control of legal professionals—such as lineup-specific procedural factors like lineup size
and pre-lineup instructions—as well as those that are often unavoidable—such as pre-lineup
investigative factors like crime-lineup delays or the provision of culprit descriptions. Impor-
tantly, the results indicate that even when procedures are optimized, there are influences
outside the control of legal professionals. These influences may still adversely affect eyewit-
ness cognitive processes, given that they can reduce the probability of diagnostic, detection-
based processes (such as culprit-presence detection) and foster non-diagnostic, non-detec-

tion-based processes (such as guessing-based selection).

The implications of these findings are considerable. Eyewitness responses to lineups car-
ry substantial evidentiary weight in legal proceedings in many jurisdictions around the
world (Fitzgerald et al., 2021), yet the two-high threshold eyewitness identification model
shows that an identical eyewitness response—such as a suspect identification—can origi-
nate from fundamentally different cognitive processes, only one of which provides eviden-
tiary value about a suspect’s guilt. This becomes especially problematic in real-world legal
contexts, where the suspect’s guilt is never definitively known at the time of the lineup.
Therefore, a suspect identified through guessing or biased selection may be incorrectly as-
sumed to be the culprit, increasing the risk of wrongful convictions. Furthermore, while
post-hoc archival analyses of real-world lineup data are insightful, in most cases, it cannot be
definitively verified whether an eyewitness’ suspect identification is correct and the suspect
is indeed the culprit. The suspect’s guilt may remain uncertain, even after conviction, be-
cause conclusive evidence—such as DNA matches or reliable confessions—is not always
available. As data from wrongful conviction cases and exonerations show, individuals are
sometimes convicted mainly based on eyewitness testimony—and in a non-negligible num-

ber of cases, wrongly so (Innocence Project, 2024).

It is thus important that legal professionals are educated about the effects of forensically
relevant factors on eyewitness responses to lineups and their underlying cognitive process-

es. Without such knowledge, there is a heightened risk of misinterpreting suspect identifica-
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tions as compelling evidence of guilt even in situations where they are very likely to be dri-
ven by non-detection-based processes such as guessing (e. g., after long crime-lineup delays
as demonstrated in Experiment 2). In the worst-case scenario, such misinterpretations may

contribute to the conviction of innocent individuals (Innocence Project, 2024).

Furthermore, not only legal professionals but also researchers who address these ques-
tions of legal importance must remain aware that the variables they examine concern hu-
man lives. While empirical research in controlled laboratory settings is essential for advanc-
ing theoretical understanding and informing practice, the transition from laboratory insights
to legal application implies immense ethical responsibility. While psychological research is
inevitably needed in order to inform science-based legal systems, most recommendations
are largely derived from research carried out in laboratory settings—which is why, for some
forensically relevant factors, the applicability and relevance to real-world scenarios remains

unresolved (e. g., the verbal overshadowing effect in Experiment 3).

The findings from the present dissertation highlight the value of going beyond eyewit-
ness’ observable responses to lineups. Applying a well-validated model specifically designed
to directly and distinctively measure detection-based and non-detection-based cognitive pro-
cesses allows for investigating effects of forensically relevant factors on a deeper level,
which even allows for deriving strategies regarding their mitigation (Experiments 1la and

1b).

Results from the experiments of the present dissertation provide a valuable foundation
for future research. For instance, results of Experiments 1a and 1b could provide a founda-
tion to explore further strategies that aim at reducing innocent-suspect identification rates
even more effectively while still obtaining high culprit-identification rates. Given that two-
person lineups have been reported to yield higher culprit-presence detection and lower
guessing-based selection than larger lineups (Menne et al., 2023a), it is conceivable that
combining two-person lineups with low-culprit-probability instructions could reduce inno-
cent-suspect identification rates to levels even lower than those observed for six-person line-
ups with neutral instructions while still obtaining higher culprit-identification rates. Howev-
er, two-person lineups have a very high sampling probability of .50. Thus, it is also conceiv-
able that the reduction in guessing-based selection achieved through low-culprit-probability
instructions may not be sufficient to offset this high sampling probability. Moreover, four-

person lineups have not yet been examined. Accordingly, whether the relationship between
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lineup size (when combined with low-culprit-probability instructions) and innocent-suspect
identification rates follows a linear trend—whereby innocent-suspect identification rates
decline as lineup size decreases—remains an open question for future research. The results
of Experiment 2 demonstrate a power-function-shaped decline in culprit-presence detection
as crime-lineup delay increases. These findings offer a basis for investigating potential coun-
termeasures against this decline—such as context reinstatement. Given that the probability
of culprit-presence detection approaches zero after a one-month delay, it could be examined
whether reinstating the context of the crime—for instance, by instructing participants to
mentally recreate the crime scene, as in the cognitive interview (Fisher et al., 1990; Fisher et
al., 1994; Geiselman et al., 1986)—can support eyewitnesses not only in recalling crime de-
tails but also in detecting the presence of the culprit during lineups after extended delays.
Finally, the results of Experiment 3 offer insights into the cognitive processes underlying the
verbal overshadowing effect by demonstrating that providing a culprit description prior to a
lineup leads to reduced culprit-presence detection and guessing-based selection, compared
to when no description is given. However, the magnitude of the verbal overshadowing effect
varies and has been shown to occur reliably predominantly under specific conditions—
namely, when a feature-based face description containing all remembered aspects of the
culprit’s appearance is provided shortly after the crime (with a crime-description delay of 12
to 14 minutes) and no delay occurs between the culprit description and the lineup. Accord-
ingly, it remains an open question whether the verbal overshadowing effect generalizes to
real-world contexts, in which delays of several weeks or even months between the descrip-
tion and the lineup are commonly reported (e. g., Horry et al., 2014; Horry et al., 2012).
Taken together, the results from all four experiments in the three projects mark an impor-
tant step in contributing to existing research, but much remains to be explored regarding
how forensically relevant factors affect the cognitive processes underlying eyewitness re-

sponses to lineups.

Conclusion

In the present dissertation, the two-high threshold eyewitness identification model was
applied to systematically examine the effects of forensically relevant factors on the cognitive
processes underlying eyewitness responses to lineups. Four experiments conducted across

three projects yielded evidence that both lineup-specific factors (e. g., lineup size or pre-line-
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up instructions) and pre-lineup investigative factors (e. g., delays between crime and lineup
or provision of culprit descriptions) affect detection-based and non-detection-based process-

es, sometimes in combination.

These results underscore the relevance of assessing the effects of such factors not solely
in terms of observable behavior, but also in in light of the cognitive processes that underlie
them. Even responses that appear superficially identical—such as a suspect identifications—
may originate from different cognitive processes. Among these, only the detection of the
culprit’s presence provides information that is diagnostic of guilt, whereas responses based
on biased selection or guessing do not. In practical legal contexts, where neither the sus-
pect’s actual guilt nor the cognitive process leading to a suspect identification are known,
group-level insights into how certain factors influence cognitive processes leading up to

these responses may support the interpretation of suspect identifications.

While the experiments reported in this dissertation contribute meaningful insights into
the global scientific understanding of eyewitness responses to lineups and their underlying
cognitive processes, they represent only the tip of the iceberg. The effects of many forensi-
cally relevant factors—such as the combination of lineup sizes (other than those investigat-
ed in the present dissertation) with low-culprit-probability instructions, the use of context
reinstatement to counteract crime-lineup-delay-induced declines in culprit-presence detec-
tion, or the investigation of the real-world applicability of the verbal overshadowing effect—
remain to be systematically explored, altogether posing an important challenge for future

research.
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The primary argument for including large numbers of known-to-be innocent fillers in lineups is

that guessing-based selections are dispersed among a large number of lineup members, leading to
low innocent-suspect identification rates. However, a recent study using the two-high threshold
eyewitness identification model has demonstrated advantages of smaller lineups at the level of the
processes underlying the observable responses. Participants were more likely to detect the presence
of the culprit and less likely to select lineup members based on guessing in smaller than in larger
lineups. Nonetheless, at the level of observable responses, the rate of innocent-suspect identifications
was higher in smaller compared to larger lineups due to the decreased dispersion of guessing-based
selections among the lineup members. To address this issue, we combined smaller lineups with lineup
instructions insinuating that the culprit was unlikely to be in the lineup. The goal was to achieve a
particularly low rate of guessing-based selections. These lineups were compared to larger lineups with
neutral instructions. In two experiments, culprit-presence detection occurred with a higher probability
in smaller compared to larger lineups. Furthermore, instructions insinuating that the culprit was
unlikely to be in the lineup reduced guessing-based selection compared to neutral instructions. At the
level of observable responses, the innocent-suspect identification rate did not differ between smaller
lineups with low-culprit-probability instructions and larger lineups with neutral instructions. The rate
of culprit identifications was higher in smaller lineups with low-culprit-probability instructions than in
larger lineups with neutral instructions.

Keywords Police lineups, Eyewitness identification, Two-high threshold eyewitness identification model,
Lineup size, Lineup instructions, Multinomial processing tree model

In criminal prosecution, the testimony of an eyewitness can be a valuable element to complement other evi-
dence but also presents potential risks. False identifications by eyewitnesses have been determined to be a major
reason of wrongful convictions, being involved in 63 % of DNA exoneration cases'. One potential problem is
that the identification of a suspect is not only caused by the detection of the culprit but may also be caused by
guessing-based selection. In fact, guessing-based selection occurs surprisingly frequently. For instance, in a field
study with 1039 real lineups it has been found that “of all identifications made within this sample, approximately
forty per cent were of fillers. These data add to a growing body of research showing that eyewitness guessing is
not restricted to experimental situations with disinterested college students who know that their choices carry
no consequences”[p. 264%]. A possible measure to reduce the rate with which an innocent suspect is identified
from a lineup based on guessing is to include a large number of known-to-be-innocent fillers who share relevant
characteristics with the suspect.

Provided that the lineup is fair, that is, provided that the suspect does not stand out from the fillers such that it
is impossible to distinguish the suspect from the fillers without relying on memory for the culprit’s appearance’,
a larger lineup has the advantage over a smaller lineup that guessing-based selection, if it occurs, is dispersed
among a larger number of lineup members (including known-to-be-innocent fillers, therefore often described
as “filler siphoning”*®). Consequently, a larger lineup reduces the probability that guessing-based selection
leads to the identification of the suspect among the fillers compared to a smaller lineup. Legal requirements for
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the number of fillers in lineups vary across jurisdictions. In addition to the suspect, lineups typically comprise
five fillers in the United StatesS, at least seven in Germany’, eight in Great Britain® and nine in Canada’ (for an
overview, see'’). Consequently, the probability of sampling the suspect among the lineup members in case of a
guessing-based selection is 1 + 6 in the United States, at most 1+ 8 in Germany, 1+ 9 in Great Britain and 1+ 10
in Canada. If a lineup member is selected based on guessing, the smaller sampling probability associated with a
larger number of fillers can be said to protect a suspect from being falsely identified>!"2. This may be counted
as an advantage of larger lineups over smaller lineups. However, it has been pointed out that larger lineups com-
pared to smaller lineups are associated not only with a lower rate of innocent-suspect identifications, but also
with a lower rate of culprit identifications—a cost-benefit-tradeoff'>. Some researchers even found that larger
lineups lead to a lower discriminability between culprits and innocent suspects compared to smaller lineups'*
while others found no effect of lineup size on discriminability'>'¢ or raw identification rates'’.

These findings and considerations pertain to overall evaluations of eyewitness’s observable responses, that is,
the rates of innocent-suspect and culprit identifications. However, the effects of lineup size on innocent-suspect
and culprit-identification rates may result from various latent detection-based and non-detection-based pro-
cesses. Here the two-high threshold (2-HT) eyewitness identification model®>'3-?! is used to separately measure
the latent processes underlying observable responses to lineups. The 2-HT eyewitness identification model
(Fig. 1) has been successfully validated both in a series of dedicated validation experiments® and by reanalyzing
published data obtained in various laboratories®. The 2-HT eyewitness identification model belongs to the class of
multinomial processing tree models. Multinomial processing tree models are easy-to-use measurement models
that have been applied to many domains in cognitive research**~*>. Multinomial processing tree models imply
that overt responses result from latent processes that occur with certain probabilities?*. The probabilities with
which these processes occur are represented by model parameters that can be compared statistically by means
of easy-to-use software such as multiTree*.

The 2-HT eyewitness identification model comprises all response categories that may occur when eyewit-
nesses try to identify a culprit from a lineup. In culprit-present lineups (see the rounded rectangle on the left
side of the upper tree in Fig. 1), these response categories are culprit identifications, filler identifications and
lineup rejections (see the rectangles on the right side of the upper tree in Fig. 1). In culprit-absent lineups (see
the rounded rectangle on the left side of the lower tree in Fig. 1), these response categories are innocent-suspect
identifications, filler identifications and lineup rejections (see the rectangles on the right side of the lower tree
in Fig. 1).

In a culprit-present lineup (upper tree in Fig. 1), culprit-presence detection occurs with probability dP, as
a result of which the culprit is identified. If the presence of the culprit is not detected, which occurs with prob-
ability 1 —dP, the culprit can still be selected as a consequence of non-detection-based processes. Biased selec-
tion of the culprit may occur with probability b if the lineup is unfair, for example, if the culprit stands out from
the other members of the lineup based on physical appearance or other distinct characteristics of the suspect’s
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Figure 1. Rounded rectangles on the left represent the two types of possible lineups: culprit-present lineups
and culprit-absent lineups. Rectangles to the right represent the observable response categories. Letters along
the branches stand for the parameters that represent the latent processes (dP: probability of culprit-presence
detection; dA: probability of culprit-absence detection; b: probability of biased suspect selection; g: probability
of guessing-based selection). The constant # represents the number of persons in the lineup and 1 +# represents
the probability of sampling the culprit (upper tree) or the innocent suspect (lower tree) if guessing-based
selection occurs.
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photo. With the conditional probability 1 - b, no biased suspect selection occurs. In this case, the eyewitness
may still select one of the lineup members based on guessing with the conditional probability g. The probability
with which this process leads to the selection of the culprit is given by the sampling probability 1 +#, where n
is a constant representing the lineup size. For instance, in a lineup with n =6 persons, guessing-based selection
will lead to the selection of the culprit with a probability of 1 +620.17. With the complementary probability of
1-(1+n)=5+6=0.83, guessing-based selection will lead to the selection of a filler. A culprit-present lineup
is falsely rejected if neither culprit-presence detection (1 —dP) nor biased selection (1 —b) nor guessing-based
selection (1 - g) occur.

In a culprit-absent lineup (lower tree in Fig. 1), parameter dA reflects the probability of detecting that the
culprit is not in the lineup, resulting in a correct rejection of the lineup. With probability 1 - dA, culprit-absence
detection does not occur. In this case, biased suspect selection occurs with the conditional probability b, resulting
in a selection of the innocent suspect. In case of no biased suspect selection (1 — b), guessing-based selection
occurs with the conditional probability g, in which case the probability of selecting the innocent suspect is given
by the sampling probability 1+ #n while the probability of selecting a filler is given by 1 - (1 + n). The culprit-
absent lineup is correctly rejected if neither culprit-absence detection (1 —dA) nor biased selection (1 - b) nor
guessing-based selection (1 -g) occur.

When the 2-HT eyewitness identification model was used to evaluate the effects of lineup size on the latent
processes underlying eyewitnesses’ responses to lineups', interesting findings emerged on which we build here.
Reducing the size of lineups (from six to three or from five to two persons) resulted in two remarkable outcomes:
The probability of culprit-presence detection (represented by model parameter dP) was significantly higher and
the probability of guessing-based selection (represented by model parameter g) was significantly lower in smaller
compared to larger lineups. The model-based analysis thus revealed a favorable aspect of smaller compared to
larger lineups at the level of the latent processes in that it seems preferable if observable eyewitness responses to
lineups result from a detection process rather than from guessing-based processes.

However, an unfavorable outcome associated with smaller compared to larger lineups was obtained at the
level of observable responses: The rate of innocent-suspect identifications was higher in smaller compared to
larger lineups'. To see why this occurred, it is useful to look at the lower tree in Fig. 1. Here the model structure
exposes the interplay of the latent processes behind the changes in observable responses in culprit-absent lineups
when the lineup size n is reduced. For simplicity, let us assume that eyewitnesses do not detect the absence of the
culprit (dA =0) and that the lineup is perfectly fair (b=0). In this case, the probability of the innocent suspect
being identified as the culprit would be given by gx (1 +#). Seen in isolation, a reduced probability of guessing-
based selection (parameter g) in smaller compared to larger lineups should lead to a reduced rate with which
innocent suspects are identified. However, if guessing-based selection occurs, the sampling probability that
determines whether innocent suspects are identified is given by the term 1+ n, where n represents the lineup
size. A decrease in lineup size n implies that the term 1+ n increases. For instance, 1 + n is doubled from 0.17 in
six-person lineups to 0.33 in three-person lineups. The smaller probability of guessing-based selection (parameter
g) in smaller compared to larger lineups did not compensate for this considerable increase in the probability of
randomly sampling the innocent suspect (1 + ), leading to a net increase in the innocent-suspect identification
rate in smaller compared to larger lineups. This is why, despite a reduction in parameter g, there was still a higher
rate of innocent-suspect identifications in smaller compared to larger lineups®.

While the higher rate of innocent-suspect identifications is a clear disadvantage of smaller compared to
larger lineups, the structure of the model illustrated in Fig. 1 helps finding a potential remedy: At the level of the
latent processes, the innocent-suspect identification rate is strongly affected by the probability of guessing-based
selection reflected in parameter g. Therefore, the disadvantage of smaller compared to larger lineups at the level of
the innocent-suspect identification rates should become lower if people are discouraged from making guessing-
based selections. It seems even possible that the rate of innocent-suspect identifications in smaller lineups reaches
the rate of innocent-suspect identifications in larger lineups or perhaps even a lower rate. For this to occur it
would be necessary to reduce an eyewitness’s tendency to make a guessing-based selection even below the level
achieved by reducing the lineup size alone. Here it is useful that the probability of guessing-based selection can be
manipulated without affecting the other processes specified in the 2-HT eyewitness identification model simply
by applying appropriate lineup instructions®. Specifically, instructions insinuating that the culprit is unlikely
to be in the lineup have been found to reduce parameter g without affecting the other model parameters.
If instructions insinuating that the culprit is unlikely to be in the lineup effectively reduce the probability of
guessing-based selection in smaller lineups, then smaller lineups combined with such instructions might have
no strong disadvantage in the innocent-suspect-identification rates compared to larger lineups without such
instructions. This prediction was tested in the present experiments.

Apart from the unfavorable outcome of a higher rate of innocent-suspect identifications in smaller compared
to larger lineups, there was also an unambiguously favorable outcome at the level of observable responses: The
rate of culprit identifications was higher in smaller compared to larger lineups®. This is to be expected because
the dominant determinant of a higher culprit identification rate in smaller compared to larger lineups is the
higher probability of culprit-presence detection (parameter dP) in smaller compared to in larger lineups'. This
is why we expected the rate of culprit identifications to be higher in smaller compared to larger lineups in the
present experiments.

Parallel to the previous study'® which we build on here, three-person lineups were compared to six-person
lineups. The lineup size used in the latter condition corresponds to the typical lineup size in the United States®.
Within each lineup-size condition, about half of the participants received instructions insinuating that the culprit
was unlikely to be in the lineup (henceforth low-culprit-probability instructions), which are known to reduce
guessing-based selection without affecting culprit-presence detection®. The other half of the participants received
neutral instructions emphasizing that the culprit may or may not be in the lineup. Such neutral instructions are
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officially recommended for police lineups'>. We consider the combination of six-person lineups with neutral
instructions to be the standard of comparison. The combination of three-person lineups with low-culprit-
probability instructions was compared to this standard in terms of innocent-suspect identification rates and
culprit identification rates.

Before testing the novel predictions pertaining to the level of observable responses, it is important first to test
whether the previously found effects of lineup size'® and of low-culprit-probability instructions® are robust and
can be replicated. In case of a successful replication the probability of culprit-presence detection (parameter dP)
should be higher and the probability of guessing-based selection (parameter g) should be lower in three-person
lineups than in six-person lineups. Also, low-culprit-probability instructions should lead to a lower probability
of guessing-based selection (parameter g) than neutral instructions.

As mentioned above, the two novel predictions that were tested in the present study pertain to the level of
observable responses. Both predictions were derived from the analysis of the underlying detection-based and
non-detection-based processes as measured by the 2-HT eyewitness identification model. First, the hypothesis
was tested that three-person lineups with low-culprit-probability instructions should be associated with a low rate
of innocent-suspect identifications, ideally at least as low as the rate observed in six-person lineups with neutral
instructions (the standard of comparison). Second, the hypothesis was tested that three-person lineups with
low-culprit-probability instructions should be associated with a higher rate of culprit identifications compared
to the standard of comparison, that is, the six-person lineups with neutral instructions. To test these hypotheses,
we conducted two experiments. Given that both sequential and simultaneous lineups are used in jurisdictions
around the world', we used both types of lineup formats. Specifically, sequential lineups were used in Experiment
1 and simultaneous lineups were used in Experiment 2, which served as a conceptual replication of Experiment 1.

Experiment 1

Method

Participants

Participants were recruited using the Horizoom research panel (www.horizoom-panel.de). Of the 1063 datasets
of participants who had given their informed consent, 25 had to be excluded because participants had not passed
the attention check (see below), 3 had to be excluded because of duplicate participation and 29 had to be excluded
because participants had not completed the experiment or withdrew their consent. Consequently, datasets of
1006 participants were included in the analysis. Of these participants 528 identified as male, 475 as female and
3 as non-binary. Participants’ ages ranged from 18 to 85 years (M =51). Participants were randomly assigned to
one of the four experimental groups. A total of 252 participants responded to three-person lineups with low-
culprit-probability instructions, 255 participants responded to three-person lineups with neutral instructions,
255 participants responded to six-person lineups with low-culprit-probability instructions and 244 participants
responded to six-person lineups with neutral instructions. A sensitivity analysis with G*Power?” showed that
given N=1006 participants and four responses per participant, error probabilities of a=f=0.05 and df=1 for
tests of parameter equality across two groups, effects as small as w=0.06 could be detected.

Ethics statement

The ethics committee of the Faculty of Mathematics and Natural Sciences at Heinrich Heine University
Diisseldorf has granted ethical approval for the experiments reported here. The experiments were conducted in
compliance with the Declaration of Helsinki. A requirement for taking part was the participant’s declaration of
informed consent prior to the experiment. Before the staged-crime video, participants were informed that they
would see a video including physical and verbal violence. Participants were asked to continue the study only if
they agreed to watch such a video.

Materials and procedure

Materials and procedure were the same as those used in earlier experiments>!3-2!, The experiment was conducted
online and was implemented in SoSci Survey®® (www.socisurvey.de). Participation was possible with a desktop
or laptop computer. Participants had to be 18 years old or older (a legal requirement in Germany).

After having given their informed consent, participants provided sociodemographic data. Subsequently,
participants saw one of two staged-crime videos (henceforth Video 1 and Video 2). While the actors differed
between videos, the events shown as well as their sequence and timing were the same in both videos. In essence,
four men dressed in fan clothing of the German soccer club FC Bayern Miinchen were the culprits who physically
and verbally abused a man dressed in fan clothing of a rival soccer club, Borussia Dortmund, at a bus stop. Actors
portraying the same character were selected to be similar in body shape, hair color and hairstyle, that is, the
actor portraying Character A in Video 1 was similar to the actor portraying Character A in Video 2, the actor
portraying Character B in Video 1 was similar to the actor portraying Character B in Video 2 and so on. The
videos were presented at a resolution of 885 x 500 pixels and lasted about 130 s.

The video was followed by an attention-check question requiring participants to indicate the role of the
protagonists in the video (with soccer fans being the correct option amidst nine distractor options such as
knights, musicians and politicians). Next, participants were informed that they had to identify the FC Bayern
Miinchen hooligans in a series of photo lineups. All participants received the following instructions (the original
was in German):

“In the film, you saw Bayern Miinchen hooligans. Now we want you to identify them. To do this, we will
show you several lineups. In each lineup, you will see a series of faces. You will be asked to indicate whether
one of the people in the lineup is one of the Bayern Miinchen hooligans.”
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Participants in the groups with low-culprit-probability instructions also received the following instructions:

“It is unlikely that one of the culprits is in the lineup. Therefore, you should select the ‘Yes, was present’
button that belongs to the recognized face only if you are very certain that you have recognized the right
person. Otherwise, click on the ‘No, this person was not present’ button”

In contrast, participants in the groups with neutral instructions received the following instructions:

“It is also possible that no one in the lineup is one of the Bayern Miinchen hooligans. If you recognize
someone, click on the ‘Yes, was present’ button that belongs to the recognized face. Otherwise, click on
the ‘No, this person was not present’ button.”

Next, four sequential lineups were shown. Depending on the lineup size, the lineups included the facial photos
of one suspect and either two or five fillers. The photos were presented one at a time. For each photo, participants
had to decide whether or not it depicted one of the culprits by clicking either on a button labeled “Yes, was
present” below the person’s photo or on a button labeled “No, this person was not present”. It was possible to
choose more than one person in each lineup. As in prior studies®3-2}, the last selection was considered to be a
revision of any earlier selections and was used in the analyses.

In two lineups, a randomly selected culprit was present. In the other two lineups, an innocent suspect was
present. The photos of the innocent suspects were photos of the actors from the video participants had not seen.
For instance, if participants had seen Video 1 and the two randomly selected culprits from Video 1 were culprits
portraying Characters B and C, then the culprits portraying Characters A and D from Video 2 were selected as
innocent suspects in the culprit-absent lineups. This crossed-lineup procedure is identical to the one applied in
prior studies'®-?! and ensures that the photos of culprits and innocent suspects (taken right after the videos had
been shot) differ to the same degree from the photos of the fillers (taken from a face database®® with the goal to
resemble one of the culprits in body shape, hair color and hairstyle). This is parallel to the real world where the
photos of the suspects (whose status of being innocent or guilty is unknown to the police) are often taken from
a different source (e.g., from social media) than the photos of the fillers which are typically obtained from face
databases. The order of the lineups and the positions of all photos in a lineup, including those of the culprit or
innocent suspect, were randomly determined. For three-person lineups, random two-filler subsets were created
from the set of five fillers used for the six-person lineups.

Participants in the groups with low-culprit-probability instructions were provided with the following
reminder prior to each lineup: “It is unlikely that one of the culprits is in the lineup. Please choose someone
only if you are very certain” Participants in the groups with neutral instructions did not receive a reminder.

After having responded to all lineups, participants were asked to reaffirm their consent to the use of their
data, debriefed, thanked for their participation and redirected to the panel provider to receive their monetary
compensation.

Results

The response frequencies obtained in Experiment 1 are presented in Table 1 (together with those of Experiment
2). The files with the raw frequency data and the equation files needed for the model-based analyses are available
at https://osf.io/gcm8x/.

Culprit-present lineups Culprit-absent lineups
Culprit Innocent-suspect
Lineup size Instructions identifications Filler identifications | Lineup rejections | identifications Filler identifications | Lineup rejections
Experiment 1 - sequential lineups
Low-culprit- 212 92 200 73 124 307
Three probability
Neutral 260 122 128 131 166 213
Low-culprit- 126 166 218 52 205 253
Six probability
Neutral 152 214 122 72 252 164
Experiment 2 - simultaneous lineups
Low-culprit- 217 62 227 78 91 337
Three probability
Neutral 255 93 170 94 140 284
Low-culprit- 149 99 270 39 116 363
Six probability
Neutral 186 130 196 62 177 273

Table 1. Response frequencies in culprit-present and culprit-absent lineups for each combination of the
lineup-size variable (three-person lineups vs. six-person lineups) and the instruction variable (low-culprit-
probability instructions vs. neutral instructions) in Experiments 1 and 2.
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Latent processes: Effects on parameters dP and g of the 2-HT eyewitness identification model

All model-based analyses were conducted using multiTree?. Four instances of the model illustrated in Fig. 1 were
needed to analyze the data, one instance for each combination of the lineup-size variable (three-person lineups
vs. six-person lineups) and the instruction variable (low-culprit-probability instructions vs. neutral instructions).
The term (1 +n) which represents the probability of randomly sampling the suspect in case of guessing was set
to 0.33333 for data obtained with three-person lineups (approximating 1+ 3) and 0.16667 for data obtained with
six-person lineups (approximating 1 +6).

To arrive at a testable base model, restrictions were applied to the 2-HT eyewitness identification model
that were identical to those used in previous studies in which lineup size was manipulated"’. Specifically,
parameter b was set to be equal across all four instances of the model given that the lineups were composed
of the same suspects and fillers in all groups such that there was no obvious reason as to why lineup fairness
should differ between groups. Parameter dA was also set to be equal across all instances of the model because
the manipulations used here were clearly different from those known to affect the probability of culprit-absence
detection*?. The base model with these restrictions fit the data, G*(6) =8.04, p=0.235, providing support for
the assumptions implemented in the base model. Parameters b and dA were estimated to be 0.04 (SE=0.01) and
0.03 (SE=0.03), respectively.

The estimates of parameters dP and g are presented in Table 2. One goal of the present research was to test
whether the previously found effects of lineup size on culprit-presence detection and guessing-based selection
can be replicated". Table 2 shows that the probability of culprit-presence detection (parameter dP) was higher
in three-person lineups than in six-person lineups. To test whether this difference was statistically significant,
we imposed on the base model the additional restriction that parameter dP did not differ between three-person
and six-person lineups, separately for the low-culprit-probability-instruction group and the neutral-instruction
group. The decrease in model fit caused by this additional restriction compared to the fit of the base model was
statistically significant for both the low-culprit-probability-instruction group, AG*(1) =21.04, p <0.001, and the
neutral-instruction group, AG*(1) =20.12, p < 0.001, implying that the equality restriction is incompatible with
the data. This leads to the conclusion that the probability of culprit-presence detection is indeed higher in three-
person lineups than in six-person lineups. Table 2 also shows that the probability of guessing-based selection
(parameter g) was lower in three-person lineups than in six-person lineups. To test whether this difference was
statistically significant, we imposed on the base model the additional restriction that parameter g did not differ
between three-person and six-person lineups, separately for the low-culprit-probability-instruction group and the
neutral-instruction group. The decrease in model fit caused by this additional restriction compared to the fit of
the base model was statistically significant for both the low-culprit-probability-instruction group, AG*(1) =15.42,
p<0.001, and the neutral-instruction group, AG*(1)=12.81, p <0.001, implying that the equality restriction is
incompatible with the data. This leads to the conclusion that the probability of guessing-based selection is indeed
lower in three-person lineups than in six-person lineups. It can thus be concluded that the previously found
effects of smaller compared to larger lineups on the processes underlying eyewitnesses’ responses to lineups'®
are robust and can be replicated.

Next, we tested whether low-culprit-probability instructions reduce the probability of guessing-based selec-
tion (parameter g) compared to neutral instructions. Table 2 shows that the estimate of parameter g is lower in
the low-culprit-probability-instruction group than in the neutral-instruction group. To test whether this differ-
ence is statistically significant, we imposed on the base model the additional restriction that parameter g did not
differ as a function of whether low-culprit-probability or neutral instructions were used, separately for the three-
person-lineup group and the six-person-lineup group. The decrease in model fit caused by this additional restric-
tion compared to the fit of the base model was statistically significant for both the three-person-lineup group,
AG*(1)=52.24, p<0.001, and the six-person-lineup group, AG*(1) =55.75, p < 0.001, implying that the equality
restriction is incompatible with the data. This leads to the conclusion that low-culprit-probability instructions
lead to a lower probability of guessing-based selection compared to neutral instructions. As an aside, manipula-
tions aimed at changing the probability with which guessing-based selection occurs should not affect other model
parameters such as parameter dP>?. The restriction that parameter dP did not differ as a function of whether
low-culprit-probability or neutral instructions were used did not lead to a statistically significant decrease in
model fit compared to the fit of the base model for both the three-person-lineup group, AG*(1) =2.27, p=0.132,
and the six-person-lineup group, AG*(1) =1.95, p=0.162, implying that the equality restriction is compatible
with the data. This leads to the conclusion that culprit-presence detection does not differ as a function of the
lineup instructions. It can thus be concluded that the previously found effects of low-probability instructions on
the latent processes underlying eyewitnesses’ responses to lineups? are robust and can be replicated.

Lineup Size Instructions Estimates of parameter dP Estimates of parameter g
Three Low-culprit-probability 0.31 (0.03) 0.39 (0.02)
Neutral 0.37 (0.03) 0.59 (0.02)
) Low-culprit-probability 0.15 (0.02) 0.49 (0.02)
S Neutral 0.19 (0.03) 0.68 (0.02)

Table 2. Parameter estimates of parameter dP (representing the probability of culprit-presence detection)
and of parameter g (representing the probability of guessing-based selection) in Experiment 1. Values in
parentheses are standard errors.
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Observable responses: Effects on the rates of innocent-suspect identifications and culprit identifications

Given these successful replications we next tested whether combining three-person lineups with low-culprit-
probability instructions would lead to a low rate of innocent-suspect identifications, ideally at least as low as the
rate observed in six-person lineups with neutral instructions (the standard of comparison). The rates of innocent-
suspect identifications in three-person lineups with low-culprit-probability instructions and six-person lineups
with neutral instructions are presented in Fig. 2 (left side). Three-person lineups with low-culprit-probability
instructions were associated with a rate of innocent-suspect identifications close to the rate observed in six-
person lineups with neutral instructions. A two-proportion z-test showed that there was no statistically significant
difference between these groups in the rate of innocent-suspect identifications in Experiment 1, z=0.12, p=0.904.
This leads to the conclusion that the two rates are equal.

Finally, we tested whether three-person lineups combined with low-culprit-probability instructions would
lead to higher rates of culprit identifications compared to the rates observed in six-person lineups with neutral
instructions. The rates of culprit identifications are also presented in Fig. 2 (right side). Three-person lineups with
low-culprit-probability instructions were associated with a higher rate of culprit identifications than six-person
lineups with neutral instructions. A two-proportion z-test showed that the difference between these groups in
the rate of culprit identifications was statistically significant, z=3.57, p <0.001. This leads to the conclusion that
the rate of culprit identifications is higher for three-person lineups with low-culprit-probability instructions
compared to six-person lineups with neutral instructions.

Discussion

The probability of culprit-presence detection was significantly higher and the probability of guessing-based
selection was significantly lower in smaller compared to larger lineups. This replicates earlier findings'®. In
addition, low-culprit-probability instructions led to a significantly smaller probability of guessing-based selection
than neutral instructions. In contrast, the type of instructions did not affect the probability of culprit-presence
detection. This, too, replicates earlier findings>?°. It can be concluded that instructions implying that the culprit
is unlikely to be in the lineup effectively discourage guessing-based selection.

Two novel predictions were derived about how small lineups combined with low-culprit-probability
instructions should affect observable responses compared to six-person lineups with neutral instructions (the
standard of comparison). First, combining three-person lineups with low-culprit-probability instructions should
be associated with a low rate of innocent-suspect identifications, ideally at least as low as the rate observed in six-
person lineups with neutral instructions. Second, three-person lineups with low-culprit-probability instructions
should be associated with a higher rate of culprit identifications compared to six-person lineups with neutral
instructions. The fact that both of these predictions were confirmed demonstrates that a deeper understanding of
the latent processes underlying eyewitness responses can successfully lead to useful predictions about observable
responses.

However, before drawing any firm conclusions it seemed important to test the robustness of these findings in
a conceptual replication study, which was the purpose of Experiment 2. Given that not only sequential, but also
simultaneous lineups are used in jurisdictions around the world!?, Experiment 2 was parallel to Experiment 1
except that simultaneous lineups were used. We expected to replicate the findings of Experiment 1 in Experiment
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Figure 2. Rates of innocent-suspect identifications (left side) and rates of culprit identifications (right side)
for three-person lineups with low-culprit-probability instructions and for six-person lineups with neutral
instructions (the standard of comparison) in Experiment 1. Error bars represent the 95 % confidence intervals.
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Experiment 2

Method

Participants

Participants were recruited using the Horizoom research panel (www.horizoom-panel.de). Of the 1105 datasets
of participants who had given their informed consent, 21 had to be excluded because participants had not
passed the attention check, 1 had to be excluded because of duplicate participation and 56 had to be excluded
because participants had not completed the experiment or withdrew their consent. Consequently, datasets of
1027 participants, none of whom had participated in Experiment 1, were included in the analyses. Of these
participants, 564 identified as male, 458 as female and 5 as non-binary. Participants’ ages ranged from 18 to
84 years (M =49). Participants were randomly assigned to one of the four experimental groups. A total of
253 participants responded to three-person lineups with low-culprit-probability instructions, 259 participants
responded to three-person lineups with neutral instructions, 259 participants responded to six-person lineups
with low-culprit-probability instructions and 256 participants responded to six-person lineups with neutral
instructions. A sensitivity analysis with G*Power?” showed that given N=1027 participants and four responses
per participant, error probabilities of a=p=0.05 and df=1 for tests of parameter equality across two groups,
effects as small as w=0.06 could be detected.

Materials and procedure

Materials and procedure were identical to those of Experiment 1 except that simultaneous rather than sequential
lineups were used. For each lineup, all six photos were shown next to each other at the same time. Participants
could either select one person by clicking on a button labeled “Yes, was present” below the person’s photo or
reject the lineup by clicking on a button labeled “No, none of these persons was present”.

Results

The response frequencies obtained in Experiment 2 are presented in Table 1 (together with those of Experiment
1). The files with the raw frequency data and the equation files needed for the model-based analyses are available
at https://osf.io/gem8x/.

Latent processes: Effects on parameters dP and g of the 2-HT eyewitness identification model

The term (1 +n) was set to 0.33333 and 0.16667 for data obtained with three-person lineups and six-person
lineups, respectively. The same restrictions as in Experiment 1 were used to arrive at a base model which fit
the data, G*(6) =3.40, p=0.757. Parameters b and dA were estimated to be 0.05 (SE=0.01) and 0.04 (SE=0.05),
respectively.

The estimates of parameters dP and g are presented in Table 3. The probability of culprit-presence detection
(parameter dP) was higher in three-person lineups than in six-person lineups. Imposing on the base model
the additional restriction that parameter dP did not differ between three-person and six-person lineups led
to a significant decrease in model fit for both the low-culprit-probability-instruction group, AG*(1)=11.97,
p<0.001, and the neutral-instruction group, AG*(1) =6.89, p=0.009, implying that the equality restriction is
incompatible with the data. This leads to the conclusion that the probability of culprit-presence detection is higher
in three-person lineups than in six-person lineups. The probability of guessing-based selection (parameter g)
was not lower in three-person lineups than in six-person lineups. Imposing on the base model the additional
restriction that parameter g did not differ between the three-person and six-person lineups did not lead to a
significant decrease in model fit for both the low-culprit-probability-instruction group, AG*(1) =0.22, p=0.637,
and the neutral-instruction group, AG*(1)=0.06, p=0.815, implying that the equality restriction is compatible
with the data. In sum, then, the effects of smaller compared to larger lineups on the latent processes underlying
eyewitnesses’ responses to lineups reported in previous research!® were replicated with respect to culprit-presence
detection but not with respect to guessing-based selection. However, in those earlier results the difference in
the estimates of parameter g between three-person lineups and six-person lineups was descriptively smaller for
simultaneous lineups than for sequential lineups. From this pattern of findings, it seems possible to infer that
the effect of lineup size on the probability of guessing-based selection may be relatively small and is therefore
not reliably observed in simultaneous lineups. However, this is of course only a post-hoc speculation and the
reasons as to why the effect of lineup size on the probability of guessing-based selection might be comparatively
small in simultaneous lineups are currently unknown.

Next, we tested whether low-culprit-probability instructions reduce the probability of guessing-based selec-
tion (parameter g) compared to neutral instructions. Table 3 shows that the estimate of parameter g is lower

Lineup Size Instructions Estimates of parameter dP Estimates of parameter g
Low-culprit-probability 0.33 (0.03) 0.30 (0.02)
Three
Neutral 0.37 (0.03) 0.45 (0.02)
i Low-culprit-probability 0.21 (0.02) 0.29 (0.02)
ix
Neutral 0.28 (0.03) 0.45 (0.02)

Table 3. Parameter estimates of parameter dP (representing the probability of culprit-presence detection)
and of parameter g (representing the probability of guessing-based selection) in Experiment 2. Values in
parentheses are standard errors.

Scientific Reports |

(2024) 14:14126 | https://doi.org/10.1038/s41598-024-64768-0 nature portfolio


http://www.horizoom-panel.de
https://osf.io/gcm8x/

www.nature.com/scientificreports/

in the low-culprit-probability-instruction group than in the neutral-instruction group. Imposing on the base
model the additional restriction that parameter g did not differ as a function of whether low-culprit-probability
or neutral instructions were used led to a significant decrease in model fit for both the three-person-lineup group,
AG*(1)=28.81, p<0.001, and the six-person-lineup group, AG*(1) =42.21, p <0.001, implying that the equality
restriction is incompatible with the data. This replicates the results of Experiment 1 and leads to the conclu-
sion that low-culprit-probability instructions lead to a lower probability of guessing-based selection compared
to neutral instructions. The restriction that parameter dP did not differ as a function of whether low-culprit-
probability or neutral instructions were used did not lead to a statistically significant decrease in model fit
compared to the fit of the base model for both the three-person-lineup group, AG*(1) =1.18, p=0.278, and the
six-person-lineup group, AG*(1)=3.72, p=0.054, implying that the equality restriction is compatible with the
data. This replicates the results of Experiment 1 and leads to the conclusion that culprit-presence detection does
not differ as a function of the lineup instructions. It can thus be concluded that the previously found effects of
low-probability instructions on the latent processes underlying eyewitnesses’ responses to lineups® are robust
and can be replicated.

Observable responses: Effects on the rates of innocent-suspect identifications and culprit identifications
The rates of innocent-suspect identifications in three-person lineups with low-culprit-probability instructions
and six-person lineups with neutral instructions are presented in Fig. 3 (left side). Three-person lineups with
low-culprit-probability instructions were associated with a rate of innocent-suspect identifications close to the
rate observed in six-person lineups with neutral instructions. A two-proportion z-test showed that there was no
statistically significant difference between these groups in the rate of innocent-suspect identifications, z=1.53,
p=0.126. This replicates the results of Experiment 1 and leads to the conclusion that the two rates are equal.
The rates of culprit identifications are also presented in Fig. 3 (right side). Three-person lineups with low-
culprit-probability instructions were associated with a higher rate of culprit identifications than six-person
lineups with neutral instructions. A two-proportion z-test showed that the difference between these groups
in the rate of culprit identifications was statistically significant, z=2.14, p=0.032. This replicates the results of
Experiment 1 and leads to the conclusion that the rate of culprit identifications is higher for three-person lineups
with low-culprit-probability instructions compared to six-person lineups with neutral instructions.

Discussion

The results of Experiment 2 largely replicate those of Experiment 1. With regard to the latent processes underlying
eyewitness responses, the results confirm that the probability of culprit-presence detection is higher in smaller
compared to larger lineups. In addition, low-culprit-probability instructions lead to a lower probability of
guessing-based selection compared to neutral instructions.

With regard to observable responses, the results confirm the prediction that combining three-person lineups
with low-culprit-probability instructions should be associated with a low rate of innocent-suspect identifications
that does not differ from the rate observed in six-person lineups with neutral instructions. The results also
confirm the prediction that the rate of culprit identifications should be higher in three-person lineups with low-
culprit-probability instructions than in six-person lineups with neutral instructions.
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Figure 3. Rates of innocent-suspect identifications (left side) and rates of culprit identifications (right side) for
the three-person lineups with low-culprit-probability instructions and for the six-person lineups with neutral
instructions (the standard of comparison) in Experiment 2. Error bars represent the 95 % confidence intervals.
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General discussion

Here we built on, and largely replicated, earlier findings showing that smaller lineups are associated with a higher
probability of culprit-presence detection and a lower probability of guessing-based selection than larger lineups’.
In the present experiments, the model-based analyses confirmed that the probability of culprit-presence detection
is higher in smaller compared to larger lineups. This has to be counted as an advantage of smaller compared to
larger lineups in that it seems desirable that lineup procedures support the detection of the culprit. The probability
of guessing-based selection was lower in smaller compared to larger lineups in sequential (Experiment 1) but
not in simultaneous (Experiment 2) lineups. Guessing-based selection leads to the identification of culprits
and innocent suspects with a sampling probability of 1+ n that is inversely related to the lineup size n. A useful
aspect of the 2-HT eyewitness identification model (Fig. 1) is that it contains transparent assumptions about
how these latent processes concur and bring about overt responses such as innocent-suspect identifications and
culprit identifications. The insights gained based on the 2-HT eyewitness identification model and explicated
in more detail in the introduction have laid open why a higher probability of culprit-presence detection in
smaller compared to larger lineups may, among other factors, cause a higher rate of culprit identifications, and
they also helped to clarify why, despite a lower probability of guessing-based selection in smaller compared
to larger lineups, the inverse relationship between the sampling probability 1 +#» and the lineup size n caused
observable rates of innocent-suspect identifications to be higher in smaller compared to larger lineups in previous
experiments'’.

However, the 2-HT eyewitness identification model is a helpful tool not only to understand why these
phenomena occur but also to identify a possible solution to the problem of the increased rate of innocent-
suspect identifications in smaller compared to larger lineups. As explicated in the introduction, if it would be
possible to markedly reduce parameter g even below the level achieved by reducing the lineup size, then the
rate of innocent-suspect identifications in smaller lineups should be comparatively low, ideally at least as low as
the rate of innocent-suspect identifications in larger lineups with neutral instructions. One possible measure to
achieve this reduction in parameter g is to provide lineup instructions that discourage guessing-based selection,
for instance by insinuating that the culprit is unlikely to be in the lineup®***°. At the same time, the rate of culprit
identifications should remain higher in smaller than in larger lineups. The results of both experiments reported
here confirm these predictions. The rate of innocent-suspect identifications was the same in smaller lineups
with instructions that discourage guessing-based selection and in larger lineups with neutral instructions (the
standard of comparison). At the same time, the rate of culprit identifications was higher in smaller lineups with
low-culprit-probability instructions than in larger lineups with neutral instructions.

At a more abstract level, the present findings demonstrate the usefulness of the 2-HT eyewitness identification
model not only for measuring the latent processes underlying eyewitnesses’ responses to lineups'®!*2! but also
for gaining insights into how these processes may be affected with the goal of potentially improving the outcomes
of lineup procedures. The present results show that these insights can be used to generate testable predictions
about observable responses. These predictions were confirmed in the experimental tests reported here. Going
beyond these specific experimental tests, it may seem tempting to assume that the outcomes of lineup procedures
can generally be improved by combining a small lineup size with instructions that discourage guessing-based
selection. Here we must sound a note of caution. Whereas it may indeed turn out to be possible to improve the
outcomes of lineup procedures in that way, it is at this stage far from clear how well the findings reported here
can be generalized. For instance, it is not yet clear what happens if the eyewitnesses’ memory for the culprit is
extremely poor or extremely good, if lineups are unfair, if lineup sizes differ from the ones investigated here (with
showups clearly being out of the question®), if the instructions designed to discourage guessing-based selection
are different from the ones used here and so on. These questions and many more will all have to be answered in
future studies. The study reported here can thus only be the beginning of a larger research effort.

Data availability
The files with the frequency data and the equation files needed for the model-based analyses are available at
https://osf.io/gcm8x/.

Received: 15 March 2024; Accepted: 12 June 2024
Published online: 19 June 2024

References

1. Innocence Project. Exonerations Data. https://innocenceproject.org/exonerations-data/ (2024). Accessed 12 Mar 2024.

2. Horry, R., Memon, A., Wright, D. B. & Milne, R. Predictors of eyewitness identification decisions from video lineups in England:
A field study. Law Hum. Behav. 36, 257-265. https://doi.org/10.1037/h0093959 (2012).

3. Menne, N. M., Winter, K., Bell, R. & Buchner, A. A validation of the two-high threshold eyewitness identification model by reana-
lyzing published data. Sci. Rep. 12, 13379. https://doi.org/10.1038/s41598-022-17400-y (2022).

4. Wells, G. L., Smalarz, L. & Smith, A. M. ROC analysis of lineups does not measure underlying discriminability and has limited
value. J. Appl. Res. Mem. Cogn. 4, 313-317. https://doi.org/10.1016/j.jarmac.2015.08.008 (2015).

5. Wells, G. L. Police lineups: Data, theory, and policy. Psychol. Public Policy Law 7, 791-801. https://doi.org/10.1037/1076-8971.7.
4.791 (2001).

6. Police Executive Research Forum. A National Survey of Eyewitness Identification Procedures in Law Enforcement Agencies. https://
www.policeforum.org/assets/docs/Free_Online_Documents/Eyewitness_Identification/a%20national%20survey%200{%20eye
witness%20identification%20procedures%20in%20law%20enforcement%20agencies%202013.pdf (2013). Accessed 5 Mar 2024.

7. German Federal Ministry of the Interior and Community. Richtlinien fiir das Strafverfahren und das BufSgeldverfahren (RiStBV)
[Guidelines for criminal proceedings and fine proceedings]. https://www.verwaltungsvorschriften-im-internet.de/bsvwvbund_28032
023_BMJRB3313104000060001.htm (2023). Accessed 2 Mar 2024.

8. Home Office. Police and Criminal Evidence Act 1984 (PACE) Code D. https://assets.publishing.service.gov.uk/government/uploa
ds/system/uploads/attachment_data/file/903812/pace-code-d-2017.pdf (2017). Accessed 5 Mar 2024.

Scientific Reports |

(2024) 14:14126 | https://doi.org/10.1038/s41598-024-64768-0 nature portfolio


https://osf.io/gcm8x/
https://innocenceproject.org/exonerations-data/
https://doi.org/10.1037/h0093959
https://doi.org/10.1038/s41598-022-17400-y
https://doi.org/10.1016/j.jarmac.2015.08.008
https://doi.org/10.1037/1076-8971.7.4.791
https://doi.org/10.1037/1076-8971.7.4.791
https://www.policeforum.org/assets/docs/Free_Online_Documents/Eyewitness_Identification/a%20national%20survey%20of%20eyewitness%20identification%20procedures%20in%20law%20enforcement%20agencies%202013.pdf
https://www.policeforum.org/assets/docs/Free_Online_Documents/Eyewitness_Identification/a%20national%20survey%20of%20eyewitness%20identification%20procedures%20in%20law%20enforcement%20agencies%202013.pdf
https://www.policeforum.org/assets/docs/Free_Online_Documents/Eyewitness_Identification/a%20national%20survey%20of%20eyewitness%20identification%20procedures%20in%20law%20enforcement%20agencies%202013.pdf
https://www.verwaltungsvorschriften-im-internet.de/bsvwvbund_28032023_BMJRB3313104000060001.htm
https://www.verwaltungsvorschriften-im-internet.de/bsvwvbund_28032023_BMJRB3313104000060001.htm
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/903812/pace-code-d-2017.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/903812/pace-code-d-2017.pdf

www.nature.com/scientificreports/

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.
29.

30.

31.

. FPT: Federal/Provincial/Territorial Heads of Prosecutions. Subcommittee on the Prevention of Wrongful Convictions. Innocence

at stake: The need for continued vigilance to prevent wrongful convictions in Canada. Public Prosecution Service of Canada. https://
WWW.ppsc-sppc.gc.ca/eng/pub/is-ip/index.html (2018). Accessed 30 Dec 2023.

Fitzgerald, R. J., Rubinov4, E. & Juncu, S. Eyewitness identification around the world. In Methods, measures, and theories in eyewit-
ness identification tasks (eds. Smith, A. M., Toglia, M. & Lampinen, J. M.) 294-322. https://doi.org/10.4324/9781003138105-16
(Routledge/Taylor & Francis Group, 2021).

Levi, A. M. & Lindsay, R. C. L. Lineup and photo spread procedures: Issues concerning policy recommendations. Psychol. Public
Policy Law 7, 776-790. https://doi.org/10.1037/1076-8971.7.4.776 (2001).

Wells, G. L. et al. Policy and procedure recommendations for the collection and preservation of eyewitness identification evidence.
Law Hum. Behav. 44, 3-36. https://doi.org/10.1037/1hb0000359 (2020).

Juncu, S. & Fitzgerald, R. J. A meta-analysis of lineup size effects on eyewitness identification. Psychol. Public Policy Law 27,
295-315. https://doi.org/10.1037/law0000311 (2021).

Meissner, C. A., Tredoux, C. G., Parker, J. F. & MacLin, O. H. Eyewitness decisions in simultaneous and sequential lineups: A
dual-process signal detection theory analysis. Mem. Cogn. 33, 783-792. https://doi.org/10.3758/BF03193074 (2005).

Akan, M., Robinson, M. M., Mickes, L., Wixted, J. T. & Benjamin, A. S. The effect of lineup size on eyewitness identification. J.
Appl. Psychol. 27, 369-392. https://doi.org/10.1037/xap0000340 (2021).

Wooten, A. R. et al. The number of fillers may not matter as long as they all match the description: the effect of simultaneous lineup
size on eyewitness identification. Appl. Cogn. Psychol. 34, 590-604. https://doi.org/10.1002/acp.3644 (2020).

Nosworthy, G. J. & Lindsay, R. Does nominal lineup size matter?. J. Appl. Psychol. 75, 358-361. https://doi.org/10.1037/0021-9010.
75.3.358 (1990).

Menne, N. M., Winter, K., Bell, R. & Buchner, A. Measuring lineup fairness from eyewitness identification data using a multinomial
processing tree model. Sci. Rep. 13, 6290. https://doi.org/10.1038/s41598-023-33101-6 (2023).

Menne, N. M., Winter, K., Bell, R. & Buchner, A. The effects of lineup size on the processes underlying eyewitness decisions. Sci.
Rep. 13, 17190. https://doi.org/10.1038/s41598-023-44003-y (2023).

Winter, K., Menne, N. M., Bell, R. & Buchner, A. Experimental validation of a multinomial processing tree model for analyzing
eyewitness identification decisions. Sci. Rep. 12, 15571. https://doi.org/10.1038/s41598-022-19513-w (2022).

Winter, K., Menne, N. M., Bell, R. & Buchner, A. Evaluating the impact of first-yes-counts instructions on eyewitness performance
using the two-high threshold eyewitness identification model. Sci. Rep. 13, 6572. https://doi.org/10.1038/s41598-023-33424-4
(2023).

Batchelder, W. H. & Riefer, D. M. The statistical analysis of a model for storage and retrieval processes in human memory. Br. J.
Math. Stat. Psychol. 39, 129-149. https://doi.org/10.1111/j.2044-8317.1986.tb00852.x (1986).

Erdfelder, E. et al. Multinomial processing tree models: A review of the literature. Z. Psychol. / J. Psychol. 217, 108-124. https://
doi.org/10.1027/0044-3409.217.3.108 (2009).

Schmidt, O., Erdfelder, E. & Heck, D. W. How to develop, test, and extend multinomial processing tree models: A tutorial. Psychol.
Methods. https://doi.org/10.1037/met0000561 (2023).

Batchelder, W. H. & Riefer, D. M. Theoretical and empirical review of multinomial process tree modeling. Psychon. Bull. Rev. 6,
57-86. https://doi.org/10.3758/BF03210812 (1999).

Moshagen, M. multiTree: A computer program for the analysis of multinomial processing tree models. Behav. Res. Methods. 42,
42-54. https://doi.org/10.3758/BRM.42.1.42 (2010).

Faul, F, Erdfelder, E., Lang, A.-G. & Buchner, A. G* Power 3: A flexible statistical power analysis program for the social, behavioral,
and biomedical sciences. Behav. Res. Methods. 39, 175-191. https://doi.org/10.3758/BF03193146 (2007).

Leiner, D. J. SoSci Survey [Computer software]. https://www.soscisurvey.de (2022).

Minear, M. & Park, D. C. A lifespan database of adult facial stimuli. Beh. Res. Meth. Instr. Comp. 36, 630-633. https://doi.org/10.
3758/BF03206543 (2004).

Buchner, A, Erdfelder, E. & Vaterrodt-Pliinnecke, B. Toward unbiased measurement of conscious and unconscious memory
processes within the process dissociation framework. J. Exp. Psychol. Gen. 124, 137-160. https://doi.org/10.1037/0096-3445.124.2.
137 (1995).

Neuschatz, ]. S., et al. A comprehensive evaluation of showups. In Advances in Psychology and Law: Volume 1 (eds. Miller, M. K.
& Bornstein, B. H.) 43-69. https://doi.org/10.1007/978-3-319-29406-3_2 (Springer, 2016).

Author contributions

AT and NMM developed the experiment and implemented suggestions by RB, CM, UL and AB. AT collected
the data and analyzed them with contributions of RB, NMM, CM, UL and AB. AT wrote the first draft of the
manuscript. RB, NMM, CM, UL and AB revised the manuscript. All authors gave final approval for publication.

Funding
Open Access funding enabled and organized by Projekt DEAL. The work reported herein was funded by the
Deutsche Forschungsgemeinschaft (DFG, German Research Foundation) - BU 945/10-2, project number
456214986.

Competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to A.T.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Scientific Reports |

(2024) 14:14126 | https://doi.org/10.1038/s41598-024-64768-0 nature portfolio


https://www.ppsc-sppc.gc.ca/eng/pub/is-ip/index.html
https://www.ppsc-sppc.gc.ca/eng/pub/is-ip/index.html
https://doi.org/10.4324/9781003138105-16
https://doi.org/10.1037/1076-8971.7.4.776
https://doi.org/10.1037/lhb0000359
https://doi.org/10.1037/law0000311
https://doi.org/10.3758/BF03193074
https://doi.org/10.1037/xap0000340
https://doi.org/10.1002/acp.3644
https://doi.org/10.1037/0021-9010.75.3.358
https://doi.org/10.1037/0021-9010.75.3.358
https://doi.org/10.1038/s41598-023-33101-6
https://doi.org/10.1038/s41598-023-44003-y
https://doi.org/10.1038/s41598-022-19513-w
https://doi.org/10.1038/s41598-023-33424-4
https://doi.org/10.1111/j.2044-8317.1986.tb00852.x
https://doi.org/10.1027/0044-3409.217.3.108
https://doi.org/10.1027/0044-3409.217.3.108
https://doi.org/10.1037/met0000561
https://doi.org/10.3758/BF03210812
https://doi.org/10.3758/BRM.42.1.42
https://doi.org/10.3758/BF03193146
https://www.soscisurvey.de
https://doi.org/10.3758/BF03206543
https://doi.org/10.3758/BF03206543
https://doi.org/10.1037/0096-3445.124.2.137
https://doi.org/10.1037/0096-3445.124.2.137
https://doi.org/10.1007/978-3-319-29406-3_2
www.nature.com/reprints

www.nature.com/scientificreports/

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2024

Scientific Reports |  (2024) 14:14126 | https://doi.org/10.1038/s41598-024-64768-0 nature portfolio


http://creativecommons.org/licenses/by/4.0/

Effects on the cognitive processes underlying eyewitness responses to lineups 55

Articles Submitted for Publication

Article 2

This article includes Experiment 2.

Therre, A, Bell, R., Menne, N. M., Mayer, C., Lichtenhagen, U., & Buchner, A. (Under review).
Delays reduce culprit-presence detection but do not affect guessing-based selection
in response to lineups. Manuscript under review at Scientific Reports.



Delays reduce culprit-presence detection but
do not affect guessing-based selection in

response to lineups

Amelie Therre™, Raoul Bell', Nicola Marie Menne', Carolin Mayer', Ulla Lichtenhagen' &
Axel Buchner!
'Department of Experimental Psychology, Heinrich Heine University Diisseldorf,

Germany

Author Note
Amelie Therre: https://orcid.org/0009-0002-2345-0218

Nicola Marie Menne: https://orcid.org/0000-0001-9421-8286
Raoul Bell: https://orcid.org/0000-0002-0592-0362

Carolin Mayer: https://orcid.org/0009-0003-5278-4361
Ulla Lichtenhagen: https://orcid.org/0009-0001-8243-4632

Axel Buchner: https://orcid.org/0000-0003-4529-3444

We have no known conflict of interest to disclose.

Correspondence concerning this article should be addressed to Amelie Therre,
Department of Experimental Psychology, Heinrich Heine University Diisseldorf,
Universitétsstrale 1, 40225 Diisseldorf, Germany
E-Mail: Amelie. Therre@hhu.de

Reviewer-Link: https://osf.io/fqus6



DELAYS REDUCE CULPRIT-PRESENCE DETECTION 2

Abstract

Police lineups are conducted with varying delays between the crime and the lineup.
Crime-lineup delays may adversely affect the cognitive processes underlying eyewitness
responses to lineups. In the present study we examined how these processes change across
four crime-lineup delays. Participants viewed a staged-crime video and then completed
simultaneous photo lineups after no delay or after a delay of one day, one week or one month.
The results showed a significant decline in the probability of culprit-presence detection. The
form of the decline is best described by a power function with the most rapid decline
occurring at short crime-lineup delays. Eyewitnesses did not compensate the declining
culprit-presence detection by increasing guessing-based selection, as demonstrated by the fact
that the probability of guessing-based selection remained constant across crime-lineup delays.
The findings underscore the critical importance of conducting lineups as soon as possible

after a crime to maximize the probability of memory-based-culprit detection.

Keywords: police lineups, eyewitness identification, two-high threshold eyewitness
identification model, delay, multinomial processing tree model
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Responses made by eyewitnesses during police lineups can serve as important evidence in
criminal prosecutions [1]. In a lineup, an eyewitness sees a single suspect (who may be guilty
or innocent) along with a number of fillers who are known to be innocent. The ability of an
eyewitness to detect the presence of the culprit in a given culprit-present lineup or to detect
the absence of the culprit in a given culprit-absent lineup depends on the eyewitness’
memory. One of the most well-established facts about memory is that it decreases with time
[2-4]. Naturally, memory for crime-related details is no exception. For instance, the accuracy
of eyewitness responses to crime-related questions has been found to decline with increasing
delay [5-8]. This may also affect performance in a lineup given that participants’ recall of
facial characteristics has been reported to decline significantly after delays ranging from one
week [9] to three weeks [10] and one month [11]. Although conflicting results have been
reported [12], there is a general trend towards progressively worse accuracy of face memory
as a function of an increasing delay [13-18]. Therefore, it may be a concern that lineups can
occur with considerable delays due to factors outside of the control of investigators, such as
the time needed to identify a suspect and the availability of eyewitnesses. Furthermore, there
is good reason for conducting a lineup only after a thorough investigation because this
increases the probability that the actual culprit and not an innocent suspect is in the lineup
[19]. Delays can also result from resource limitations, as investigators must prioritize different
tasks across multiple cases. Archive studies from Great Britain on real-world lineups show
that delays between the crime and the lineup range from zero days to nine years [20], with the
most frequently reported delays being one to three months [20-23]. Here we test how varying
delays affect the cognitive processes underlying eyewitness responses to lineups.

Particularly relevant in this context are studies that address the question of how delay
affects eyewitness’s responses to lineups [24-35]. Most of these studies have relied on
observable response rates, such as rates of correct culprit identifications, filler identifications
and lineup rejections [27-32, 34, 35]. However, when the aim is to understand how delay
affects the processes underlying eyewitness’s responses to lineups, this approach does not
yield clear conclusions because changes in the observable response rates may result from
different underlying processes. For example, in some studies, the rate of correct culprit
identifications from lineups have been found to decline with delays ranging from several
minutes to eleven months [27, 28, 31]. In other studies, no differences were found in the

culprit identification rates as a function of delay [29, 30, 32, 33]. Here it is unclear whether
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delay had indeed no effect on the culprit identification accuracy or whether the sensitivity of
the statistical tests used in these studies was too low to detect such an effect. A third
possibility is that the ability to detect the culprit’s presence within the lineup declines, but
participants compensate this decline by being more willing to select someone from the lineup
based on guessing, resulting in no substantial change in culprit identification rates even after
increasing delays. Indeed, in some studies, a descriptive increase in filler identifications in
both culprit-present and culprit-absent lineups with increasing delay has been reported [24-
26, 33]. For instance, in one study [33] there was no detrimental effect of a 48-hour delay on
the rate of culprit identifications, but a descriptive increase in filler identifications in both fair
culprit-present lineups (from 10 % to 15 %) and fair culprit-absent lineups (from 24 % to

45 %). This pattern of results raises the question about whether the ability to detect the
culprit’s presence was truly unaffected by the delay or whether participants perhaps
compensated for a deficit in culprit-presence detection by being more willing to select
someone based on guessing, the latter of which would be consistent with the observation that
the rates of filler identifications were increased at a descriptive level. However, other studies
found no increase in filler identification rates as a function of delay [28, 31, 32, 42]. Also, the
effects of delay on innocent-suspect identifications are somewhat mixed. Whereas no such
effects have been reported in studies with a designated innocent suspect [26, 33], relatively
small effects have been reported in studies without a designated innocent suspect in which,
therefore, the innocent-suspect-identification rate could not be computed directly but had to
be substituted by a value determined by dividing the number of filler identifications in
culprit-absent lineups by the lineup size [24, 25].

In addition to studies focusing on observable response rates, a few studies have used ROC
analyses to examine the effects of delay on lineup performance [26, 33]. However, ROC
analyses were not originally designed for analyzing lineup data. To fit lineup data into the
binary format required by ROC analyses, filler identifications and lineup rejections in culprit-
present lineups are treated as a single “false rejection” category and filler identifications and
lineup rejections in culprit-absent lineups are treated as a single “correct rejection” category.
This data reduction discards important distinctions among response types [39-41]. For
instance, filler identifications in culprit-absent lineups are false responses, whereas rejections
of culprit-absent lineups are correct responses, indicating that difterent processes underlie

these responses. Moreover, ROC analyses yield only a single performance metric—the partial
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area under the curve—and do not allow for the measurement of multiple cognitive processes.
When researchers aim to examine additional processes, such as response bias, they have to
leave the measurement model on which ROC analyses are based. In the studies mentioned
above, this led researchers to either revert to analyzing raw response rates [33] or use the
response bias measure c of standard signal detection theory [26]. In each case, this entailed a
shift to a different measurement model, grounded in assumptions that differ from those
implied by the measurement model on which ROC analyses are based.

For the present study, one comprehensive model is required that is specifically designed to
separately measure the processes underlying eyewitness responses to lineups while taking into
account the full pattern of lineup-response categories. Ideally, such a model should be
supported by validation studies demonstrating that it reliably captures the processes it was
designed to measure. In addition, such a model should allow for a formal evaluation of model
fit to the data.

Therefore, we used the two-high threshold (2-HT) eyewitness identification model [43-49]
to examine the effects of delay on the cognitive processes underlying eyewitness responses to
lineups. The 2-HT eyewitness identification model is illustrated in Figure 1. It offers several
advantages. First, it allows for the assessment of four distinct cognitive processes within a
single, unified framework. These processes, represented by the model’s parameters, are
culprit-presence detection, biased suspect selection, guessing-based selection and culprit-
absence detection. Second, these cognitive processes are determined based on information
from all six categories of observable eyewitness responses to both culprit-present and culprit-
absent lineups. In culprit-present lineups, these categories are culprit identifications, filler
identifications and lineup rejections; in culprit-absent lineups, they are innocent-suspect
identifications, filler identifications and lineup rejections (see the rectangles on the right side
of Figure 1). Third, the model has been thoroughly validated, showing that its parameters
reliably and sensitively reflect the latent cognitive processes they were designed to measure.
The model’s validity has been demonstrated in a series of experimental studies using the same
stimulus materials as those used in the present study [46], and through reanalyses of
published data sets [43] from various researchers, laboratories and countries that used diverse
lineup procedures, staged-crime videos and photographs of fillers and suspects [32, 33, 50-
55].
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The 2-HT eyewitness identification model belongs to the class of multinomial processing
tree models—a class of straightforward and transparent measurement models for which
comprehensive tutorials [56] and easy-to-use software [57] exist. Multinomial processing tree
models are widely used in various domains of cognitive research [56, 58-60]. In these models,
observable responses are conceived of as being determined by an interplay of latent cognitive
processes that occur with certain probabilities [60]. As explicated previously [43-49], the
probabilities of these processes occurring are represented by model parameters for which
estimates can be determined and which can be statistically compared. Another advantage of
the 2-HT eyewitness identification model is that the processes of culprit-presence detection,
biased suspect selection, guessing-based selection and culprit-absence detection are precisely
and transparently defined by the model’s structure, as formalized in the model equations and
illustrated in Figure 1. The verbal labels used for the parameters only serve as accessible
everyday-language descriptors to simplify communication. The following sections use these
labels to explicate the model equations.

In a culprit-present lineup (see the upper tree in Figure 1), the presence of the culprit is
detected with probability dP, leading to a correct identification of the culprit. With
probability 1 — dP, the culprit’s presence is not detected but the culprit can still be identified
through non-detection-based processes referred to as biased selection and guessing-based
selection. Biased selection occurs with the conditional probability b. Specifically, if the lineup
is unfair and the culprit noticeably stands out based on physical appearance or distinct
characteristics of the suspect’s photo, biased suspect selection may occur with the conditional
probability 5> 0. In case of no biased suspect selection, which occurs with the conditional
probability 1 — b, a lineup member may still be selected based on guessing, which occurs with
the conditional probability g Conditional upon a guessing-based selection, the probability of
the selection of the culprit is determined by the sampling probability 1 + 12, with nbeing a
constant representing the number of individuals (suspect and fillers) in the lineup. For
example, in a lineup consisting of six individuals, the probability of selecting the culprit as a
consequence of a guessing-based process is 1 + 6 = 0.16. The probability of selecting a filler as
a consequence of a guessing-based process is given by the complementary
probability 1 — (1 + n). In six-person lineups, this probability is 5 + 6 = 0.83. In case of no
guessing-based selection, which occurs with the conditional probability 1 — g the lineup is

falsely rejected.
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In a culprit-absent lineup (see the lower tree in Figure 1), the absence of the culprit is
detected with probability dA, leading to a correct rejection of the lineup. With probability
1 — dA, culprit-absence detection does not occur. In this case, biased suspect selection may
occur with the conditional probability b, resulting in the selection of the innocent suspect. In
case of no biased suspect selection, which occurs with the conditional probability 1 — b, a
lineup member may still be selected based on guessing, which occurs with the conditional
probability g. The probability of this guessing-based process leading to the selection of the
innocent suspect is determined by the sampling probability 1 + n, while the probability of
selecting a filler is 1 — (1 + n). In case of no guessing-based selection, which occurs with the

conditional probability 1 — g the lineup is correctly rejected.

Culprit identification

o

Culprit- Culprit identification

present

1-dP

o

lineup

Culprit identification

I

Filler identification

Lineup rejection

Lineup rejection

Culprit-

absent

lineup

/O

dA

Innocent-suspect
identification

dP /Q
/O

i+n

Innocent-suspect
identification

o o—

1-(1+n)

b
1-b
ol
1-dA b
1-b
ol

Filler identification

1

g
1-g
O
g
-9
~O

Lineup rejection

Figure 1. Graphical illustration of the 2-HT eyewitness identification model. Rounded rectangles on the left
represent the two types of lineups an eyewitness may be confronted with: culprit-present lineups and culprit-
absent lineups. The rectangles on the right represent the categories of observable responses. Letters along the
branches denote parameters representing the latent processes specified by the model: dPrepresents the
probability of culprit-presence detection, b represents the probability of biased suspect selection which occurs in

unfair lineups, grepresents the probability of guessing-based selection and dA represents the probability of
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culprit-absence detection. The constant 1 + n represents the probability of selecting the culprit (upper tree) or
the innocent suspect (lower tree) if guessing-based selection occurs, with n corresponding to the number of

individuals in the lineup.

To date, the effects of delay on culprit-presence detection, guessing-based selection and
culprit-absence detection have not been examined directly, which was therefore the aim of
the present study. Furthermore, with a few notable exceptions [29, 31, 35], manipulations of
the delay variable in previous studies in which lineups were presented were typically limited
to only two points in time: one condition with no or a small delay and one condition with a
larger delay [24-26, 30, 32-34]. This binary approach, while certainly informative, does not
capture the form of the changes occurring over time. We therefore decided to examine the
effects of delay across four points in time with the goal to provide a more comprehensive
understanding of how the cognitive processes underlying eyewitness responses to lineups
change as a function of delay. Specifically, we investigated changes in culprit-presence
detection, guessing-based selection and culprit-absence detection as defined within the 2-HT
eyewitness identification model with no delay, a delay of one day, a delay of one week and a
delay of one month between viewing a staged-crime video and responding to the lineups.

The first prediction about the effects of these delays refers to the memory-based process of
culprit-presence detection (parameter dP). As memory is susceptible to forgetting [4], we
expected parameter dPto decline as a function of delay in the form of a typical forgetting
function [16]. In contrast, two different predictions as to how guessing-based selection
(parameter g) changes as a function of delay were possible based on prior research. The
inference for deriving one of the predictions begins by noting that guessing-based selection is
known to be very sensitive to the probability with which eyewitnesses expect the culprit to be
in the lineup based on the instructions they receive [46, 48]. Theses instructions were the
same for all delay conditions. Thus, one possible prediction was that guessing-based selection
stays constant across delays. Alternatively, the possibility exists that given a decline in culprit-
presence detection as a function of delay, participants might engage in compensatory
guessing [61-64]. If this were the case, then the probability of guessing-based selection would
increase as a function of increasing delays. Finally, the prediction about delay-induced
changes in the detection of absent culprits (parameter dA) was not as straightforward. This is

so because, on the one hand, the memory-based process of culprit-absence detection should
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become less likely with increasing delay, just like the memory-based process of culprit-
presence detection. On the other hand, the typical estimates of parameter dA under no-delay
conditions are already quite low [44, 47, 48, 65] because culprit-absence detection is an
inherently demanding cognitive process. While culprit-presence detection requires just one
lineup member (the culprit) to elicit culprit-presence detection, culprit-absence detection
requires the eyewitness to rule out each lineup member as the culprit. From this perspective it
seemed unrealistic to expect to observe further reductions in the probability with which

culprit-absence detection occurs.

Method

Participants

Participants were recruited via the Horizoom research panel (www.horizoom-panel.de), a

panel certified under ISO 20252 which ensures rigorous quality control. All participants were
first exposed to the staged-crime video and were then randomly assigned to one of four
groups defined by the duration of the delay after which the participants were invited to
participate in the second phase of the experiment. Of the 3108 data sets of participants who
had given their informed consent before being exposed to a staged-crime video, 22 had to be
excluded because participants had not passed the attention check (see below), 31 had to be
excluded because of duplicate participation and 245 had to be excluded because participants
had not completed the experiment or had withdrawn their consent after having completed
the first phase of the experiment. Therefore, valid data sets of 2810 participants were available
after the first phase of the experiment in which participants had been exposed to the staged-
crime video. Of these participants, 550 were assigned to the no-delay condition and were
asked to respond to the lineups right after having seen the staged-crime video, 788
participants were assigned to the one-day-delay condition, 706 participants were assigned to
the one-week-delay condition and 766 participants were assigned to the one-month-delay
condition. More participants were assigned to the with-delay conditions than to the no-delay
condition in an attempt to compensate for anticipated dropouts.

Responses to lineups were collected from 550 participants in the no-delay condition, from
532 participants in the one-day-delay condition, from 520 participants in the one-week-delay

condition and from 506 participants in the one-month-delay condition, resulting in a total of
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2108 data sets that were analyzed. A sensitivity analysis with G*Power [66] showed that given

N=2108 participants and four responses per participant, error probabilities of a = 3 = 0.05

(and thus a power of 0.95) and df= 3 for tests of parameter equality across the four delay

conditions, effects of delay as small as w= 0.05 could be detected.

The groups were compared with respect to the demographic data that we had collected to

assess whether there was any indication that the dropout was selective. Mean age and age

range, gender and educational level are reported in Table 1. Neither age, A3, 2104) = 0.59, p

= .619, nor gender distribution, x*(6) = 5.23, p=.515, nor educational level, x*(3) = 4.42, p=

.220 diftered significantly among groups. Thus, even though the sample size and, hence, the

sensitivity of the statistical tests of differences among groups was rather high, there was no

evidence that the dropout was selective.

Delay

Mean age (standard deviation)

Gender

Educational level

No delay (22 = 550)

52 years (15 years)

45% @,55% ', < 1 % non-binary

55 % A-Levels or higher

One day (2= 532)

51 years (14 years)

44 % @,55% &', 1 % non-binary

59 % A-Levels or higher

One week (1= 520)

51 years (14 years)

43% D,57% &

60 % A-Levels or higher

One month (1= 506)

51 years (14 years)

41% @,58 % &', 1 % non-binary

55 % A-Levels or higher

All (= 2108)

51 years (14 years)

43% @,56 % J', < 1 % non-binary

57 % A-Levels or higher

Table 1. Mean age (standard deviations in parentheses), gender and educational level by delay. A-Levels

include International Baccalaureate (IB) or equivalent qualifications.

Ethics statement

The ethics committee of the Faculty of Mathematics and Natural Sciences at Heinrich Heine

University Diisseldorf approved the experiment. The experiment was conducted in

accordance with the Declaration of Helsinki. Participants provided informed consent before

participating. In the consent form and prior to viewing the staged-crime video, participants

were informed that the video would contain physical and verbal violence. They were

instructed to proceed with the study only if they were comfortable watching such content.

Materials and procedure

Materials and procedure were the same as those used in a number of previous studies [43-

49, 67] except for the manipulation of the delay between viewing the staged-crime video and

responding to the lineups. The experiment was conducted online using SoSci Survey [68]
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(www.soscisurvey.de). Participation was possible with a desktop or a laptop computer.
Participants were informed that the experiment consisted of two parts, the first of which they
would complete directly. In addition, participants were informed that the experiment would
include a video portraying physical and verbal violence. They were advised that participation
required their consent to view such a video and to the use of their data. Next, participants
provided their age, gender and educational level. Participants could participate only if they
were least 18 years old (a legal requirement in Germany).

After having been instructed to start the video by clicking on a “Start® button, each
participant watched one of two staged-crime videos (referred to as Video 1 and Video 2). The
videos were presented at a resolution of 885 x 500 pixels and lasted approximately 130
seconds. The videos depicted the same events in the same sequence and timing but the actors
differed between the videos. However, the actors playing the same characters in both videos
were chosen to be similar in body shape, hair color and hairstyle. For instance, the actor
playing Character A in Video 1 resembled the actor playing Character A in Video 2. The same
applied to Characters B, C and D. Both videos featured four men dressed in FC Bayern
Miinchen soccer club fan clothing who physically and verbally assaulted a man in Borussia
Dortmund fan clothing at a bus stop. All culprits were involved in the crime to a similar
extent.

By including four culprits, we were able to obtain four data points per participant, thereby
increasing the statistical sensitivity of our analyses while also maintaining ecological validity
given that more than one third of real-world crimes have been reported to involve multiple
culprits [69]. Both in the real world and in study settings, responding to multiple lineups after
having witnessed a multiple-culprit crime may be more cognitively demanding than
responding to a single lineup after having witnessed a single-culprit crime [70].

Following the video, participants answered an attention-check question in which they had
to identify the roles of the protagonists in the video. The correct response was to select “soccer
fans” among nine distractor options such as “dancers”, “farmers” or “artists”. Providing a
correct response to the attention-check question was a prerequisite for participation in the
second part of the experiment.

Participants assigned to the no-delay condition were then informed that they were about
to enter the second part of the experiment. Participants assigned to one of the with-delay

conditions were instead informed that they would receive an email inviting them to
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participate in the second part of the experiment after a delay of 24 hours (one-day-delay
condition), seven days (one-week-delay condition) or 30 days (one-month-delay condition).
Participants in the with-delay conditions did not always complete the second part of the
experiment after the nominal delay, that is, on the same day at which the invitation email had
been sent. The average actual delay was therefore somewhat larger than the nominal delay.
The average actual delay was 1 day (standard deviation < 1 day) in the one-day-delay
condition, 8 days (standard deviation = 1 day) in the one-week-delay condition and 33 days
(standard deviation = 3 days) in the one-month-delay condition.

In the second part of the experiment, participants were instructed to identify the FC
Bayern Miinchen fans—seen in the video during the first part of the experiment—from a
series of photo lineups. The following instructions were given (the original instructions were
in German):

“In the first part of the experiment, you saw a film with Bayern Miinchen fans. Now we
want you to identify them. To do this, we will show you several lineups. In each lineup, you
will see a series of faces. You will be asked to indicate whether one of the people in the lineup
is one of the Bayern Miinchen fans. It is also possible that no one in the lineup is one of the
Bayern Miinchen fans. If you recognize someone, click on the ‘Yes, was present’ button that
belongs to the recognized face. Otherwise, click on the ‘No, none of these persons was
present’ button.”

Afterwards, each participant was presented with four separate lineups, one for each of the
Bayern Miinchen fans from the video. In each lineup, one suspect and five fillers were
displayed simultaneously in a single row. This presentation format is a possible method for
photographic lineups [71-75] and was chosen for several reasons. First, it resembles the
arrangement used in in-person lineups, which remain part of the pertinent guidelines in
various jurisdictions [76, 77]. Second, it has been reported that, within these guidelines, “52%
described an identification procedure that suggested lineup members would be presented
simultaneously (e.g., they would appear in a /ine), (emphasis added, [76p. 302]). Based on
this, we considered the single-row photographic format to be a reasonable choice for the
present study.

As in earlier studies [43-49, 67], the crossed-lineup procedure was used. Two of the four
lineups were culprit-present lineups and two were culprit-absent lineups. The two culprits for

the culprit-present lineups were selected randomly without replacement from the four
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culprits of the video the participant had seen. The innocent suspects in the culprit-absent
lineups were culprits from the parallel video that the participant had not seen. For example, if
Characters C and D from Video 1 had randomly been selected as culprits in the culprit-
present lineups, then Characters A and B from Video 2 were selected as innocent suspects in
the culprit-absent lineups. This crossed-lineup procedure ensures that the photos of the
culprits and innocent suspects (taken right after the videos had been recorded) differ to the
same degree from the photos of the fillers which were taken from a face database [78] and
resembled one of the culprits in body shape, hair color, and hairstyle. This setup is analogous
to real-world situations where photos of suspects (whose guilt or innocence is unknown to
the police) often come from a different source, such as social media, than the filler photos
which are typically taken from a face database. The crossed-lineup procedure is similar, but
not identical, to the single-lineup procedure proposed by Oriet and Fitzgerald [79]. In the
single-lineup procedure, a single lineup is shown to all participants and the suspect’s guilt is
determined by which of two videos participants viewed (either featuring the suspect from the
lineup or a similar-looking person). By contrast, in the crossed-lineup procedure used here, it
is randomly determined for each participant whether a suspect appears in a culprit-present or
culprit-absent lineup. This randomization ensures that each suspect has an equal likelihood of
being presented as a culprit or as an innocent suspect. This makes the crossed-lineup
procedure particularly suitable for cases involving multiple culprits, as it allows for variation
across lineups in whether a culprit or an innocent suspect is presented.

All individuals were shown from a frontal view with neutral facial expressions against a
black background with no visible clothing. The photographs were adjusted to maintain
consistent face sizes and lighting conditions and were displayed at a resolution of 142 x 214
pixels. The positions of the photos in the lineups were determined randomly, as was the
sequence of the lineups. Once participants had responded to all lineups, they were asked to
reaffirm, or to withdraw, their consent to the use of their data. They were then debriefed,
thanked for their participation and redirected to the panel provider to receive their monetary

compensation.
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The response frequencies obtained in this experiment are presented in Table 2. The files

with the raw frequency data and the equations needed for the model-based analyses are

available at https://osf.io/fqusé6.

Culprit-present lineups Culprit-absent lineups
Delay Culprit Filler Lineup Innocentt— Filler Lineup
identifications | identifications rejections |, Suspect identifications rejections
identifications
No delay 401 (37 %) 276 (25 %) 423 (38 %) 133 (12 %) 383 (35 %) 584 (53 %)
One day 265 (25 %) 355 (33 %) 444 (42 %) 137 (13 %) 397 (37 %) 530 (50 %)
One week 188 (18 %) 359 (35 %) 493 (47 %) 117 (11 %) 396 (38 %) 527 (51 %)
One month 134 (13 %) 347 (34 %) 531 (52 %) 109 (11 %) 370 (37 %) 533 (53 %)

Table 2. Response frequencies (and proportions, relative to the condition-specific response frequencies in
culprit-present and culprit-absence lineups, respectively, in parentheses) as a function of culprit presence or

absence and delay.

All model-based analyses were conducted using multiTree [57]. Four instances of the
model illustrated in Figure 1 were needed to analyze the data, one instance for each delay
condition (no delay, one day, one week, one month). To generate a testable base model,
restrictions were applied to the 2-HT eyewitness identification model. As six-person lineups
were presented in the current experiment, the term 1 + 7 which represents the sampling
probability of the suspect in case of guessing-based selection was set to 0.16667 for all
conditions. Given that the lineups consisted of the same suspects and fillers in all conditions,
there was no reason to expect differences in lineup fairness among conditions. Consequently,
parameter b was set to be equal for all conditions. The base model incorporating these
restrictions fitted the data, G*(3) = 2.87, p = 412, supporting the conclusion that lineup
fairness, represented by parameter b, did not vary as a function of delay. This implies that the
lineups were equally fair across all delays. Parameter 5 was estimated to be 0.04 (95 % CI
[0.03, 0.06]), reflecting a slight inherent unfairness in the lineups across all delays. By taking
biased selection due to lineup unfairness into account explicitly in the 2-HT eyewitness
identification model, two important goals are achieved. First, the model provides for a direct

measure of lineup fairness that is more valid than measures based on the traditional mock-
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witness task because the cognitive processes of mock witnesses and eyewitnesses differ
fundamentally [44]. Second, the model also ensures that the measurements of the other
model parameters remain uncontaminated by lineup unfairness, thereby allowing for valid
insights into the cognitive processes represented by these model parameters even in unfair

lineups [43, 44, 46].
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Figure 2. 2-HT eyewitness identification parameter estimates as a function of the average actual delay. For

the no-delay condition and the one-day-delay condition, the nominal delay was equal to the average actual

delay. For the condition with a nominal one-week delay, the average actual delay was eight days. For the

condition with a nominal delay of one month, the average actual delay was 33 days. Estimates of parameter dP
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(culprit-presence detection) are shown in the upper panel together with graphical illustrations of two functions
that have been fitted to the estimates of parameter dP. The continuous orange curve shows the standard power
function, the dashed orange curve shows the simplified function derived from Wickelgren’s [80] power-
exponential forgetting theory by Wixted and Carpenter [81] (see text for details). Both curves are plotted so as to
align with the empirical data points on the delay axis (0, 1, 8, 33 days). Estimates of parameter g (guessing-based
selection) are shown in the middle panel. Estimates of parameter dA (culprit-absence detection) are shown in

the lower panel. Error bars represent 95 % confidence intervals.

The estimates of parameters dP (culprit-presence detection), g (guessing-based selection)
and dA (culprit-absence detection) are displayed in Figure 2. The estimates of parameter dP
(upper panel of Figure 2) clearly decline as a function of delay. To test whether this decline is
statistically significant, parameter dPwas set to be equal across all four delay conditions. The
reduction in fit of the model with this equality restriction relative to the base model was
statistically significant, AG*(3) = 176.43, p < .001. The model implying that parameter dP does
not differ among delay conditions thus must be rejected, leading to the conclusion that the
probability of culprit-presence detection declines as a function of delay. Next, the two most
successful of the five ‘classic’ functions describing forgetting curves [4], a power function and
a logarithmic function, were fitted to the estimates of parameter dP. Here we took into
account that the standard power and logarithmic functions, dP=\ - (delay)™¥ and
dP= )\ -In(delay) + v, are undefined at delay = 0. In doing so we followed Wixted and
Ebbesen [16] and used modified versions of these standard functions of the form
dP=\- (1 + delay)™¥ and dP=\ - In(1 + delay) + y, which are defined at delay = 0 and
quickly approximate dP=\ - (delay)™ and dP= X\ -In(delay) + v, respectively, as delay
increases. Both functions fitted the data well, but the best fitting power function,
dP=0.2744 - (1 + delay)7, R = 0.98 (shown as the continuous orange curve in Figure 2)
fitted the data even better than the best fitting logarithmic function,
dP=-0.0679 - In(1 + delay) + 0.2377, & = 0.88 (not shown in Figure 2). Whereas these
functions provide an excellent description of the data, they are not theoretically motivated.
The latter approach—to fit a theoretically motivated forgetting function—was taken in a
meta-analysis by Deffenbacher et al. [18] who fitted the function implied by the power-
exponential forgetting theory proposed by Wickelgren [e. g., 80] to eleven data sets obtained
in facial memory studies. However, while Deffenbacher et al. [18] noted that this function was

of necessity only fitted by eye due to limited data points making formal data fitting



DELAYS REDUCE CULPRIT-PRESENCE DETECTION 18

impractical [18 p. 145], they also discussed the simplified version of Wickelgren’s power-
exponential forgetting function [80] proposed by Wixted and Carpenter [81]. This
simplification makes this forgetting function more practical for data fitting in empirical
memory studies. Specifically, Wixted and Carpenter [81] have shown that, under typical

conditions, Wickelgren’s power-exponential forgetting function reduces to

m=\1+Bd, (1)

where m is memory strength, X is the state of long-term memory at £= 0, § is a scaling
parameter, ¢is the time delay and v is the rate of forgetting. This function can be fitted to the
present data given a boundary condition proposed by Wickelgren [80]. This boundary
condition is that m(¢= 0) = A which was therefore equated with dA¢#=0). An estimate of dP
at ¢= 0 is known (dP= 0.2820 in the immediate condition, see Figure 2). It is therefore
straightforward to set A = 0. 2820. Given this, the fit of the simplified version of the forgetting
function implied by Wickelgren’s power-exponential forgetting theory [63, 64] is excellent
(dP=0.2820 - (1 + 2.6623 - delay) >, R* = 0.99, shown as the dashed orange curve in Figure
2). In the light of the similarly excellent fit of the descriptive power function mentioned
above, the fact that this theoretically motivated forgetting function fits the present data so well
may not be too surprising as it is, after all, also a power function, the only difference to the
standard power function being the additional scaling parameter P in the theoretically
motivated forgetting function.

The estimates of parameter g, in contrast, seem to be relatively constant across delays
(middle panel of Figure 2). To test whether this is indeed the case, parameter gwas set to be
equal across all four delay conditions. The reduction in fit of the model with this equality
restriction relative to the base model was not statistically significant, AG*(3) = 6.26, p = .100.
The model implying that parameter g does not differ among delay conditions is compatible
with the data and need not be rejected, leading to the conclusion that the probability of
guessing-based selection does not significantly change as a function of delay.

Finally, the estimates of parameter dA were very low (bottom panel of Figure 2). Given
that the parameter estimates were so close to the boundary of the parameter space, we used
the parametric bootstrap procedure implemented in multiTree [57] to obtain a p value based

on a simulated sampling distribution [56, 82]. The model in which parameter dA was set to be
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equal across all four delay conditions did not fit significantly worse than the base model,
AG*(3) = 0.14, bootstrapped p = . 814, indicating that the probability of culprit-absence

detection does not significantly change as a function of delay.

Discussion

The goal of the present study was to examine how the processes underlying eyewitness
responses are affected by the delay between viewing a staged-crime video and responding to
lineups. More specifically, we tested hypotheses about how delays affect culprit-presence
detection, guessing-based selection and culprit-absence detection. Extending previous studies
in which the effects of delay were typically investigated by comparing a condition with no or a
small delay to another condition with a larger delay [24-26, 30, 32-34], here the delay variable
had four levels: no delay, one day, one week (average actual delay: eight days) and one month
(average actual delay: 33 days), allowing us to examine the form of changes in the latent
processes underlying eyewitness responses over time. This was done using a large sample of
N=2108 participants, each of whom contributed four data points, thus providing for
sensitive statistical tests of the effects of delay on the processes underlying eyewitness
responses to lineups.

The results are clear-cut for the memory-based process of culprit-presence detection
(parameter dP) which declines in a way that is described well by a power function, one of the
two ‘classic’ functions that have been found to best describe the decline in the ability to
remember over time [4]. In fact, the present results are strikingly parallel to those from
experimental paradigms as diverse as human face memory, matching-to-sample with pigeons
and even Ebbinghaus’ original savings data for which a power function has been found to fit
forgetting curves best and even slightly better than a logarithmic function, just like in the
present case [16]. Additionally, the present results align closely with the simplified version of
Wickelgren’s power-exponential forgetting function [e. g., 80] proposed by Wixted and
Carpenter [81]. In sum, then, the changes in the memory-based process of culprit-presence
detection (parameter dP) as a function of delay are consistent with what is known about the
time-course of forgetting in general. With four levels of the delay variable, the study
presented here allows for this conclusion which would not have been possible to draw based
on only two levels of the delay variable, the latter of which is characteristic of most studies on

the effects of delay on eyewitness memory [24-26, 30, 32-34].
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In recommendations of how to perform lineups it has been noted that “eyewitness
memory can fade with the passage of time. Hence, a lineup should be conducted as soon as
possible after establishing evidence-based suspicion” [1]. The present results demonstrate just
how rapid the fading of memory-based culprit-presence detection can be at small delays
already. This underscores the critical importance of conducting lineups as soon as possible
after a crime to maximize the chances of culprit identifications based on memory. It also
highlights the importance of educating those involved in criminal trials such as jurors about
the rapid reduction in memory-based culprit-detection processes within the first days
following the crime [83], particularly when considering that naive metacognitive judgements
typically do not anticipate the rapid declines reflected in empirical forgetting curves [84, 85].

The results are also clear-cut for guessing-based selection (parameter g) which does not
change as a function of delay. Specifically, guessing-based selection does not increase parallel
to the delay-related reduction in culprit-presence detection; thus, there is no evidence of
compensatory guessing [61-64]. Culprit-absence detection (parameter dA) did not vary as a
function of delay. Notably, the value of dA was already close to zero in the no-delay condition
and remained at this low level across all delays. This pattern of dA4 is commonly observed in
the literature [44, 47, 48, 65] and the explanation for this pattern is straightforward. Whereas
culprit-presence detection requires just one lineup member (the culprit) to elicit culprit-
presence detection, culprit-absence detection requires the eyewitness to rule out every single
lineup member as the culprit which is usually much more difficult.

The present results align with those of previous studies according to which delay primarily
affects culprit-present lineups as opposed to culprit-absent lineups [27-29, 42]. Consistent
with these findings, the most striking descriptive observation at the level of observable
behavior is that culprit identification rates decrease with increasing delay (Table 2). A priori,
this pattern could have been attributed to various underlying processes, such as a decline in
culprit-presence detection, changes in guessing-based selection, or a combination of these
and other processes. The model-based analysis presented here disambiguates this pattern by
demonstrating that the decrease in culprit identification rates is driven by a pronounced
decline in culprit-presence detection as a function of delay. By contrast, guessing-based
selection and all other processes remain constant across delays.

As a limitation, it should be mentioned that the forgetting functions evaluated here

describe the decline in culprit-presence detection but do not allow conclusions about
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mechanisms of forgetting such as decay, interference or consolidation. Future studies could
aim at further disentangling the contributions of these mechanisms. Furthermore, the present
conclusions rely on a single experiment with a large sample size (N = 2108) to assess the
effects of four levels of delay (no delay, one day, one week, one month) on the processes
underlying eyewitness responses. While our results align well with those of previous research
regarding the decline of memory as described by a power function [16], future research could
further test the robustness of the conclusions drawn here by investigating even longer delays,
sequential lineups versus simultaneous lineups, single-culprit versus multiple-culprit crimes
as well as other variations in lineup procedures and stimulus materials [86].

In sum, the results of the present study underscore the critical importance of conducting
lineups as soon as possible after a crime to maximize the chances of memory-based culprit-
presence detections. Archival studies from Great Britain suggest that the most common delay
between a crime and an associated lineup is one to three months [20-23]. Although it is not
justified to generalize the exact time course of the decline in culprit-presence detection
observed here to real-world cases, the rapid initial reduction in memory-based culprit
detections strengthens the argument that lineups should be conducted as soon as possible,
ideally within hours or days after the crime, rather than weeks or months later. These findings
also highlight the need to educate jurors and others involved in criminal trials about the sharp

decline in memory-based culprit-presence-detection within the first days after the crime.
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Abstract

Culprit descriptions and eyewitness responses to lineups are essential for criminal
investigations—the first to locate possible suspects and the latter to provide information relevant to
determining guilt or innocence. However, describing a culprit before responding to a lineup can
reduce culprit identification rates, a phenomenon known as the verbal overshadowing effect. In the
present experiment, the well-validated two-high threshold eyewitness identification model was
applied to investigate how culprit descriptions affect the cognitive processes underlying lineup
responses. Participants either described or did not describe the culprits before responding to the
lineups. If providing culprit descriptions interferes with face recognition, culprit-presence detection
should be lower in the culprit-description condition compared to the no-culprit-description
condition. Alternatively or additionally, culprit descriptions may discourage guessing-based selection.
The results support both hypotheses: Compared to providing no culprit description, providing culprit
descriptions reduced culprit-presence detection and guessing-based selection. These findings offer

new insights into the processes underlying the verbal overshadowing effect.

Keywords: police lineups, eyewitness identification, two-high threshold eyewitness identification

model, multinomial processing tree model, verbal overshadowing effect, culprit descriptions



On the Cognitive Processes Underlying the Verbal Overshadowing Effect 2

General Audience Summary

Eyewitnesses play a critical role in criminal investigations. Initially, they often describe a
culprit’s appearance, helping police to narrow down potential suspects. Later, eyewitnesses might
view a police lineup consisting of a suspect—who might be the culprit or innocent—and several
known-to-be innocent fillers. The eyewitness’s task is either to identify the culprit or to reject the
lineup if the culprit is absent. Although both culprit descriptions and lineup responses are essential in
criminal investigations, describing a culprit can unintentionally lead to a reduction in correct
identifications of the culprit in a lineup. This phenomenon is known as the verbal overshadowing
effect. In the present experiment participants either provided or did not provide culprit descriptions
prior to viewing lineups. To understand why the verbal overshadowing effect occurs, we tested two
possible explanations of the verbal overshadowing effect: First, describing a culprit might interfere
with face recognition, making it harder to detect the presence of the culprit in a lineup compared to
when no description is given beforehand. Second, describing the culprit may discourage
eyewitnesses from selecting a lineup member based on guessing relative to when no description is
provided. The results support both explanations: Providing culprit descriptions reduced culprit-
presence detection and guessing-based selection relative to not providing culprit descriptions. The
results enhance our understanding of how culprit descriptions affect the processes underlying lineup
responses.

225 of max. 300 words



On the Cognitive Processes Underlying the Verbal Overshadowing Effect 3

On the Cognitive Processes Underlying the Verbal Overshadowing Effect: Culprit Descriptions
Reduce Culprit-Presence Detection and Guessing-Based Selection in Eyewitness Responses to

Lineups

Obtaining culprit descriptions is often necessary before conducting a lineup (Brown et al., 2008;
Dodson et al., 2024; Wells et al., 2020), but providing culprit descriptions can have unintended
consequences for eyewitness responses to subsequent lineups. The verbal overshadowing effect
(Schooler & Engstler-Schooler, 1990) refers to a reduction of culprit identifications from culprit-
present lineups after having provided a culprit description (Alogna et al., 2014; Dodson et al., 2024,
Holdstock et al., 2022; Wilson et al., 2018). In the present study we applied the well-validated two-
high threshold (2-HT) eyewitness identification model (Menne et al., 2022; Winter et al., 2022) to
understand how providing culprit descriptions affects the processes underlying eyewitness responses
to lineups, using the data from all response categories available from the lineups. This approach
enabled us to test whether requiring culprit descriptions affects the probability of the detection of
the culprit in the lineup and the probability of guessing-based selections, two distinct processes that
have not previously been disentangled within a single unified analytical framework.

One constraint in understanding how providing culprit descriptions affect these processes is that
often not all possible data from lineups have been analyzed. In the seminal work by Schooler and
Engstler-Schooler (1990) and its large-scale replication (Alogna et al., 2014), only culprit-present
lineups were examined. While this research demonstrated that describing a culprit leads to fewer
culprit identifications, the lack of culprit-absent lineups limits conclusions on the causes of the verbal
overshadowing effect. One possibility is that the cognitive processes involved in describing a face
differ fundamentally from those used in efficient face recognition. Whereas faces are processed
holistically (Cheung & Gauthier, 2010; Meltzer & Bartlett, 2019; Richler & Gauthier, 2014) and holistic
processing predicts subsequent face recognition (Richler et al., 2011), verbalizing the characteristics

of a face can result in descriptions of the face as a sum of its parts, creating a mismatch (Chin &
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Schooler, 2008; Wickham & Lander, 2008). This mismatch may complicate the detection of the
culprit’s face in a lineup.

Another possibility is that the difficulty experienced when verbally describing a face leads
eyewitnesses to be more reluctant to make guessing-based selections. Guessing is common among
eyewitnesses in laboratory and real-world settings (Horry et al., 2012) and a reduction in guessing-
based selection would lead to fewer identifications overall. Therefore, reduced guessing-based
selection could also cause the observed decrease in culprit identifications. In line with this
explanation, when studies include culprit-absent lineups, culprit descriptions have often been found
to lead to decreased suspect identification rates in culprit-absent lineups as well (Clare &
Lewandowsky, 2004; Dodson et al., 2024; Holdstock et al., 2022; Mickes & Wixted, 2015; Smith &
Flowe, 2015; Wilson et al., 2018). Given this, a measurement model is needed to determine whether
the verbal overshadowing effect is driven by a reduction in guessing-based selection, culprit-
presence detection, or both.

Analyses using receiver operating characteristics (ROC) yielded inconsistent results.
Sometimes providing culprit descriptions reduced the discriminability between the culprit and an
innocent suspect (Dodson et al., 2024; Smith & Flowe, 2015; Wilson et al., 2018) but not always
(Holdstock et al., 2022; Sporer et al., 2016). A limitation of these analyses is that only culprit
identification and innocent-suspect identification rates were considered because only these two data
categories can be used to determine ROCs. Filler identifications and lineup rejections were not
considered separately. Consequently, important information was disregarded (Smith et al., 2017;
Wells et al., 2015). For instance, in culprit-absent lineups, identifying a filler is a false response
whereas rejecting a culprit-absent lineup is a correct response. The fact that one response is false
and the other is correct suggests that they result from different underlying processes. Distinguishing
between these response categories could therefore inform the understanding of the underlying
processes. A further complication is that the culprit-absent lineups in these studies did not include a
designated innocent suspect but only fillers. It was thus impossible to determine proper innocent-

suspect identification rates. As a substitute, pseudo-innocent-suspect identification rates were
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determined by dividing filler identification rates in culprit-absent lineups by lineup size. Given that
this method imposes an artificial ceiling on the innocent-suspect identification rate, it is appropriate
only if a lineup is perfectly fair, a rather restrictive assumption that may or may not hold (Fitzgerald
et al., 2023; Quigley-McBride & Wells, 2021). This is why the culprit-absent lineups used here
included designated innocent suspects and the crossed-lineup procedure was used which ensures
that culprits and innocent suspects differ to the same degree from the fillers (for details, see the
Materials and procedure section).

Another limitation of the previous studies is that ROC analyses yield only a single measure—
the (partial) area under the curve. In lineup research, this measure reflects how well the culprit can
be discriminated from an innocent suspect. Unfortunately, ROC analyses do not provide a measure
for testing the hypothesis about the potentially more cautious responding in the culprit-description
condition compared to the no-culprit-description condition. To test this important hypothesis,
researchers had to turn to measures alien to the ROC measurement model such as signal-detection
theory’s response-bias measure c (Sporer et al., 2016) or raw response rates (Clare & Lewandowsky,
2004; Dodson et al., 2024; Holdstock et al., 2022; Smith & Flowe, 2015; Wilson et al., 2018).
However, both approaches require switching from the measurement model underlying ROC analyses
to alternative measurement models with different underlying assumptions. Also, both approaches
force researchers to rely on only a subset of the available response categories (e. g., culprit
identifications and innocent-suspect identifications in case of signal-detection theory’s response-bias
measure c), as a consequence of which substantial and potentially informative data are discarded. To
test hypotheses about the processes underlying eyewitness identification responses, it is preferable
to use one single empirically validated measurement model that is based on a coherent set of
assumptions, incorporates all available response categories and allows for model fit to be evaluated
as an indicator of the model’s appropriateness, prior to interpreting the model parameters.

The 2-HT eyewitness identification model (Menne et al., 2022; Winter et al., 2022) is such a
measurement model. Based on culprit identifications, filler identifications and lineup rejections in

culprit-present lineups and innocent-suspect identifications, filler identifications and lineup
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rejections in culprit-absent lineup, it allows to measure four different types of processes, as will be
explicated below. Through four different validation experiments (Winter et al., 2022) and eight
different reanalyses (Menne et al., 2022) of published data from different laboratories around the
world using diverse stimulus materials and procedures (Colloff et al., 2016; Karageorge & Zajac, 2011;
Lampinen et al., 2020; Malpass & Devine, 1981; Memon et al., 2003; Smith, 2020; Wetmore et al.,
2015; Wilcock & Bull, 2010), the 2-HT eyewitness identification model has been thoroughly validated,
demonstrating that the model parameters accurately measure the latent processes they were
designed to measure.

The 2-HT eyewitness identification model (Figure 1) is a multinomial processing tree model
(e. g., Batchelder & Riefer, 1986, 1999; Erdfelder et al., 2009). In the model it is transparently
specified how latent processes occurring with certain probabilities (Batchelder & Riefer, 1999) lead
to observable lineup responses. The probabilities of these processes are represented by model
parameters which can be statistically compared across conditions, allowing for statistical hypothesis
tests directly at the process level. The model has been described previously (Bell et al., 2024; Mayer
et al., 2024; Mayer et al., in press; Menne et al., 2025; Menne et al., 2022, 2023a, 2023b; Therre et
al., 2024; Winter et al., 2022; Winter et al., 2023), but its description is repeated here for
convenience.

In a culprit-present lineup (upper tree in Figure 1), the presence of the culprit is detected
with probability dP, leading to a correct culprit identification. With probability 1 - dP, culprit-
presence detection does not occur in which case biased suspect selection occurs with probability b,
also leading to a culprit identification. Biased suspect selection refers to the selection of a suspect
who stands out from the other lineup members. Parameter b thus captures lineup unfairness and
allows the other model parameters to be determined without being contaminated by lineup
unfairness. No biased suspect selection occurs with probability 1 - b in which case a lineup member
is selected based on guessing with probability g. Within the 2-HT eyewitness identification model,
guessing is defined as selecting a lineup member in the absence of detection, without any systematic

bias towards selecting the suspect over fillers. If guessing occurs, the constant 1 + n, representing the
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reciprocal of the lineup size n, determines the probability of selecting the culprit. Probability
1 - (1 + n) determines the probability of selecting a filler. No guessing-based selection occurs with
probability 1 - g, leading to a false lineup rejection.

In a culprit-absent lineup (lower tree in Figure 1), the absence of the culprit is detected with
probability dA, leading to a correct lineup rejection. With probability 1 - dA, culprit-absence
detection does not occur. In this case, the same non-detection-based processes as in culprit-present
lineups occur because, in the absence of detection-based processes, eyewitnesses cannot

differentiate between lineups with and without culprit.
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Figure 1. Graphical illustration of the 2-HT eyewitness identification model, as originally proposed and
used in previous studies (Bell et al., 2024; Mayer et al., 2024; Mayer et al., in press; Menne et al.,
2025; Menne et al., 2022, 2023a, 2023b; Therre et al., 2024; Winter et al., 2022; Winter et al., 2023).
Squares on the left represent the two types of lineups an eyewitness may be confronted with: culprit-
present lineups and culprit-absent lineups. Letters along the branches denote parameters
representing the latent processes specified in the model: dP represents the probability of culprit-
presence detection, b represents the probability of biased suspect selection and is larger than zero in
unfair lineups in which the suspect stands out from the fillers, g represents the probability of
guessing-based selection and dA represents the probability of culprit-absence detection. The
constant 1 + n represents the probability of selecting the culprit (upper tree) or the innocent suspect
(lower tree) if guessing-based selection occurs, with n corresponding to the lineup size. The rounded

rectangles on the right represent the categories of observable responses.
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Depending on methodological variations, the size and the robustness of the verbal overshadowing
effect vary considerably (Meissner & Brigham, 2001). To facilitate measuring the processes
underlying the effect, we implemented conditions known to increase the effect’s size: First, we
encouraged participants to describe everything they could remember about the culprit’s appearance
instead of warning them to describe only what they are certain of (Clare & Lewandowsky, 2004;
Dodson et al., 1997). Second, we asked for configural face descriptions instead of holistic descriptions
(Wickham & Lander, 2008). Third, we implemented a 14-minute delay between witnessing the crime
event and providing the culprit descriptions (Protzko et al., 2023).

If the verbal overshadowing effect arises due to an incompatibility between the processes
involved in culprit descriptions and those involved in face recognition, then the culprit-detection-
parameter dP should be lower in the culprit-description condition compared to the no-culprit-
description condition. If the difficulty experienced when describing a face renders eyewitnesses more
reluctant to make guessing-based selections, then the guessing-based-selection parameter g should
be lower in the culprit-description condition compared to the no-culprit-description condition. If
both components are involved in the verbal overshadowing effect, culprit-presence detection
(parameter dP) and guessing-based selection (parameter g) should be reduced in the culprit-

description condition compared to the no-culprit-description condition.

Method

Participants

Participants were recruited through personal contacts, social media and an email list of
individuals who had signed up to be notified about psychological experiments in which they could
participate. Of the 517 participants who had initially provided their informed consent and
sociodemographic data, 106 participants were excluded because they did not complete the
experiment or withdrew their consent, one had to be excluded for failing the attention check (see
below for details), and two had to be excluded because they reported to be under 18 years old (due

to German legal requirements). Therefore, valid data sets of 408 participants were available for
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analysis. Of those, 280 participants identified as female, 127 as male and three as non-binary.
Participants had a mean age of 29 years (SD = 14 years). Education level was high, with 391
participants holding at least a university entrance qualification. All participants reported having high
German proficiency levels. Psychology students were offered course credit for participation.
Participants were randomly assigned to one of two experimental conditions: They responded to
lineups either after having provided culprit descriptions (culprit-description condition, n = 206) or
without having provided culprit descriptions (no-culprit-description condition, n = 202). A sensitivity
analysis using G*Power (Faul et al., 2007) showed that, given N = 408 participants, four responses per
participant and error probabilities of a = B = 0.05 (implying a statistical power of 1 — =.95), an
effect of the size of w = 0.09 could be detected when testing whether the culprit-presence-detection
and guessing-based-selection parameters can be equated across the culprit-description and no-
culprit-description conditions (df = 1).
Ethics statement

The ethics committee of the Faculty of Mathematics and Natural Sciences at Heinrich Heine
University Dusseldorf has granted approval for the experiment. The experiment was conducted in
accordance with the Declaration of Helsinki. Participants provided informed consent before
participating. In the consent form and prior to viewing the staged-crime video, participants were
informed that a video they would see would contain physical and verbal violence. They were
instructed to proceed with the study only if they were comfortable watching such content.
Materials and procedure

Materials and procedure were the same as those used in previous studies (Bell et al., 2024,
Mayer et al., in press; Menne et al., 2025; Menne et al., 2022, 2023a, 2023b; Therre et al., 2024;
Winter et al., 2022; Winter et al., 2023), except for the delay after the staged-crime video and the
culprit-description manipulation described below. The experiment was conducted online using SoSci
Survey (Leiner, 2022) and was made accessible only to participants who used a desktop or laptop
computer. Participants were first asked to provide their age, gender, German proficiency level and

educational background. Afterwards, each participant viewed one of two staged-crime videos,
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henceforth referred to as Video 1 and Video 2. Both videos portrayed identical events in identical
timing and sequence, with only the actors differing between the videos. Actors portraying the
identical role were chosen to resemble one another in body shape, hair color and hairstyle. For
example, the actor playing Character A in Video 1 was chosen to match the actor portraying
Character A in Video 2; the same applies to Characters B, C, and D. In both videos, four men (the
culprits) wearing fan clothing such as caps, shirts and scarfs of the German soccer club Bayern
Minchen verbally and physically attacked a man (the victim) wearing fan clothing of the soccer club
Borussia Dortmund. The videos were displayed at a resolution of 885 x 500 pixels and lasted about
130 seconds. Participants could clearly see the culprits’ faces from all angles including the frontal
view.

Next, participants completed an attention check question in which they had to correctly
identify the roles of the protagonists from the video as “Soccer fans”. Participants were only able to
continue the experiment if they answered the attention check correctly. Given that the optimal time
delay to elicit a verbal overshadowing effect has been reported to be about 14 minutes (Protzko et
al., 2023), participants then received a 14-minute distractor task. As in previous studies (Bacharach &
Baker, 2024; Baker & Reysen, 2020; Wilson et al., 2018), participants received a brief instruction on
how to play Tetris and then played that game. Once the 14-minute delay had elapsed, the
experiment proceeded automatically.

Participants assigned to the culprit-description condition were then asked to describe the
four Bayern Miinchen fans they had previously seen in the video. Parallel to earlier studies
(Holdstock et al., 2022; Itoh, 2005; Smith & Flowe, 2015; Wilson et al., 2018), participants were
required to spend five minutes completing the culprit descriptions. A timer displayed the time
remaining for the task. Similar to the original instructions by Schooler and Engstler-Schooler (1990)
that had also been used by others (Alogna et al., 2014; Holdstock et al., 2022; Wilson et al., 2018),
participants saw the following instructions (all instructions displayed here were translated from

German):
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“Please describe the appearance of the four Bayern Miinchen fans in as much detail as
possible. Try to describe all facial features as precisely as possible. Write down everything you
can think of about the appearance of the four Bayern Miinchen fans. It is important that you
use the entire five minutes for this. When the time is up, you will automatically be redirected
to the next page.”

Underneath these instructions, four text fields were provided to describe the four culprits.
The first text field was titled “Please describe the first Bayern Miinchen fan”. The other text fields
were titled analogously, referring to the second, third and fourth Bayern Miinchen fan. After the five
minutes had elapsed, the experiment continued automatically.

Participants assigned to the no-culprit-description condition were asked to name as many
countries as possible together with their capitals. Parallel to the culprit-description condition and as
in earlier studies (Holdstock et al., 2022; Wilson et al., 2018), participants were required to spend five
minutes completing the task. A timer displayed the time remaining for the task. Similar to previous
studies (Holdstock et al., 2022; Wilson et al., 2018), participants saw the following instructions:

“Please list as many countries as possible together with their capitals. Please do not use the

internet for assistance. It is important that you use the entire five minutes. When the time is

up, you will automatically be redirected to the next page.

Example:

Germany — Berlin

France — Paris”

Underneath this instruction, one text field was provided to list countries together with their
capitals. After the five minutes had elapsed, the experiment continued automatically.

Participants in both conditions were then asked to identify the Bayern Miinchen fans from
the video they had seen in photo lineups. Participants from both groups received the subsequent
instructions:

“In the first part of the experiment, you saw a film with Bayern Miinchen fans. Now we want

you to identify them. To do this, we will show you several lineups. In each lineup, you will see
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a series of faces. You will be asked to indicate whether one of the people in the lineup is one

of the Bayern Miinchen fans. It is also possible that no one in the lineup is one of the Bayern

Minchen fans. If you recognize someone, click on the ‘Yes, was present’ button that belongs

to the recognized face. Otherwise, click on the ‘No, none of these persons was present’

button.”

Each participant was then successively shown four separate simultaneous lineups, each
corresponding to one Bayern Miinchen fan from the previously seen video. In each lineup, one
suspect was shown alongside five fillers who matched the culprit in body shape, hair color and
hairstyle, all displayed in a single row (for an illustration of the lineups, see Winter et al., 2022). For
each participant, two lineups were randomly selected to include a culprit (culprit-present lineups)
while the other two included an innocent suspect instead of a culprit (culprit-absent lineups). As in
prior research (Bell et al., 2024; Mayer et al., 2024; Mayer et al., in press; Menne et al., 2025; Menne
et al., 2022, 202343, 2023b; Therre et al., 2024; Winter et al., 2022; Winter et al., 2023), the crossed-
lineup procedure was used. The two culprits in the culprit-present lineups were chosen at random
from the four individuals featured in the video the participant had seen. The innocent suspects in the
culprit-absent lineups were culprits from the parallel video the participant had not seen. For
instance, if Characters B and D from Video 1 were shown as culprits in the culprit-present lineups,
then Characters A and C from Video 2 were shown as innocent suspects in the culprit-absent lineups.
The crossed-lineup procedure ensures that culprit and innocent-suspect photographs, taken
immediately after filming the staged-crime videos, differ to the same degree from the filler
photographs taken from a face database (Minear & Park, 2004). This mirrors police practice where
the photograph of the suspect, whose innocence or guilt is unknown, may come from a different
source, such as social media, than the filler photographs, which are often selected from face
databases. As explained elsewhere (Menne et al., 2025), the crossed-lineup procedure is similar to
the single-lineup procedure (Oriet & Fitzgerald, 2018) but the two procedures are not identical. For
instance, the crossed-lineup procedure can be used to experimentally manipulate culprit presence or

absence across lineups, which is not feasible if only a single lineup is used.
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All lineup photographs showed faces from a frontal perspective, with neutral expressions,
against a black background and without visible clothing. Photographs had been standardized in terms
of consistent face sizes and lighting and were shown at a resolution of 142 x 214 pixels. Both the
positions of the photographs within each lineup and the order of the lineups were randomized for
each individual. After completing all lineups, participants had the option to confirm or to withdraw
their consent to the use of their data. Participants were subsequently debriefed, thanked and

received their course credit (if required).

Results

Data availability

The files containing the frequency data and the equations required for the model-based
analyses have been made publicly available at the Open Science Framework (OSF) and can be
accessed at https://osf.io/xke8w.
Model-based analyses

Response frequencies are displayed in Table 1. The model-based analyses were conducted
using multiTree (Moshagen, 2010), a free and easy-to-use computer program available for several
platforms (see Schmidt et al., , for an excellent introduction to the application of multinomial
models). To analyze the present data, two instances of the model depicted in Figure 1 were needed,
one for the culprit-description condition and one for the no-culprit-description condition. Our aim
was to start with a testable base model that was as simple as possible. To achieve this, the same
parameter constraints as in previous studies were imposed onto the 2-HT eyewitness identification
model (Mayer et al., 2024; Menne et al., 2025; Menne et al., 2023a; Therre et al., 2024; Winter et al.,
2022; Winter et al., 2023). Specifically, given that the lineups included identical photographs of the
suspects and fillers in both conditions, no differences in lineup fairness were to be expected.
Therefore, the biased-suspect-selection parameter b was set to be equal across conditions. In
addition, given that the experimental manipulation used here was clearly different from

manipulations known to influence culprit-absence detection (Menne et al., 2022; Winter et al.,
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2022), there was no reason to expect culprit-absence detection to differ between conditions.
Therefore, parameter dA was set to be equal across conditions as well. Furthermore, given that six-
person lineups were shown, the term 1 + n, representing the probability of sampling the suspect in
case of a guessing-based selection, was set to 0.16667 (approximating 1 + 6) in both conditions. The
base model with these constraints fit the data G*(2) = 0.31, p = .856 which is important because it
shows that the assumptions implemented in the base model are appropriate. Parameters b and dA
were estimated to be .06 (SE =.01) and .00 (SE = .07), respectively. Parameter estimates for dP and g

are presented in Panels A and B of Figure 2, respectively.

Culprit-present lineups Culprit-absent lineups

Description | t

Condition Culprit Filler Lineup :zsc::t Filler Lineup

identifications | identifications rejections . p . identifications rejections
identifications
Culprit
wprt 137 80 195 49 104 259

Description

No Culprit 184 89 131 52 147 205
Description

Table 1. Response frequencies in culprit-present and culprit-absent lineups for the culprit-description
and no-culprit-description conditions.

Using multinomial processing tree models, hypotheses can be tested directly at the level of
the postulated processes. Panel A of Figure 2 shows that, at a descriptive level, the estimate of
parameter dP was lower in the culprit-description condition than in the no-culprit-description
condition. The hypothesis that this descriptive difference in culprit-presence detection between the
culprit-description condition and the no-culprit-description condition is statistically significant can be
tested by setting parameter dP to be equal across both conditions. This additional constraint
generates one degree of freedom. If the model with the additional equality constraint fits the data
significantly worse than the base model, it can be concluded that parameter dP differs as a function
of the culprit description. Indeed, setting parameter dP to be equal across conditions significantly
decreased the fit of the model to the data relative to the fit of the base model, AG*(1) = 10.13,

p =.001. This statistical test result leads to the conclusion that that culprit-presence detection is
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significantly reduced when participants provide a culprit description before responding to the lineup
than when no culprit description is provided.

Panel B of Figure 2 shows that, at a descriptive level, the estimate of parameter g was lower
in the culprit-description condition than in the no-culprit-description condition. Constraining the
guessing-based selection parameter g to be equal between the culprit-description condition and the
no-culprit-description condition significantly decreased the fit of the model to the data relative to the
fit of the base model, AG%(1) = 20.52, p <.001, leading to the conclusion that describing a culprit

before responding to a lineup reduces guessing-based selection relative to not describing a culprit.

Q Culprit-presence detection (dP) B Guessing-based selection (g)
O Culprit description O Culprit description
@ No culprit description @ No culprit description
0.5 - 0.5 7
0.45 0.45 7
0.4 0.4 7
I 0.35 - % 0.35 1
£ E 03 -
S 0.3 A+ S 3
g o
E 0.25 - % 0.25 4
g 0.2 - S 0.2 A
c £
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Figure 2. Estimates of the culprit-presence-detection parameter dP (Panel A) and the guessing-based-
selection parameter g (Panel B) as a function of the description condition (culprit description, no

culprit description). Error bars represent standard errors.
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Discussion

The verbal overshadowing effect primarily refers to the finding that providing a culprit
description before responding to a lineup reduces correct culprit identifications (Alogna et al., 2014;
Dodson et al., 2024; Holdstock et al., 2022; Schooler & Engstler-Schooler, 1990; Wilson et al., 2018).
However, the seminal study by Schooler and Engstler-Schooler (1990) and its large-scale replication
(Alogna et al., 2014) included only culprit-present lineups. When culprit-absent lineups were
included, identifications in culprit-absent lineups were often reduced as well (Clare & Lewandowsky,
2004; Dodson et al., 2024; Holdstock et al., 2022; Mickes & Wixted, 2015; Smith & Flowe, 2015;
Wilson et al., 2018). Given this, the reduction in culprit identifications following culprit descriptions
could be due to a decrease in culprit-presence detection, a decrease in guessing-based selection or
both. The aim of the present study was to clarify which of these processes underlies the verbal
overshadowing effect using the well-validated 2-HT eyewitness identification model (Menne et al.,
2022; Winter et al., 2022). With this well-validated model, it is possible to separately measure
detection-based and non-detection-based processes from all available lineup responses. The results
were clear-cut. Providing culprit descriptions led to decreased culprit-presence detection relative to
not providing a description (Panel A of Figure 2). This suggests that the verbal overshadowing effect
is at least partly due to culprit descriptions interfering with face recognition, reducing the ability to
detect the culprit’s presence in the lineup. Furthermore, providing culprit descriptions also decreased
guessing-based selection relative to not providing a description (Panel B of Figure 2), supporting the
hypothesis that culprit descriptions cause participants to be more reluctant to make guessing-based
selections. A key advantage of the 2-HT eyewitness identification model is that it allows both effects
to be measured within the same analytical framework, providing a comprehensive understanding of
how verbal overshadowing influences lineup performance at the process level.

Law professionals should be aware that obtaining culprit descriptions before a lineup may influence
the processes underlying lineup responses in multiple ways. The primary concern with collecting a

culprit description is its potential to reduce culprit-presence detection. A decrease in guessing-based
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selection is not inherently negative because guessing occurs independently of the culprit’s presence
in the lineup, so that guessing-based selections have no evidentiary value. However, the decrease in
culprit-presence detection as a function of providing culprit descriptions creates a fundamental
dilemma: Although culprit descriptions are essential for locating possible suspects (Brown et al.,
2008; Dodson et al., 2024; Wells et al., 2020), creating favorable conditions for culprit-presence
detection is also crucial when eyewitness testimonies serve as key evidence. Given this dilemma, it
may be important to increase awareness of the verbal overshadowing effect, which is often
overlooked in practice (Brown et al., 2008).

However, as with any cognitive phenomenon studied under controlled conditions,
generalization from experimental observations to practice requires caution. In the present study we
implemented a 14-minute delay between viewing the crime and providing the description to
maximize the likelihood of detecting the verbal overshadowing effect (Protzko et al., 2023). This
interval also aligns with the typical delay with which the police arrives at the crime scene and begins
interrogating victims and eyewitnesses for crimes comparable in severity to that shown in the
staged-crime videos in the present experiment (e. g., Houston Police Department Office of Planning
& Data Governance, 2023; Salt Lake City Police Department, 2022). Nevertheless, other aspects of
our design such as the short delay between the description and the lineup are not representative of
police practice.

In general, both the size and the robustness of the verbal overshadowing effect vary
considerably across studies (Alogna et al., 2014; Chin & Schooler, 2008; Dodson et al., 2024; Finger &
Pezdek, 1999; Holdstock et al., 2022; Meissner & Brigham, 2001; Schooler & Engstler-Schooler, 1990;
Wilson et al., 2018), being influenced by factors such as the length of the crime-description delay, the
length of the description-lineup delay, the instructions and the number of repetitions of the verbal
description of the culprit. While our findings highlight the risks of obtaining culprit descriptions
before a lineup, their implications for police procedures should therefore be considered with caution.
Given that both culprit descriptions and lineups are standard components of police investigations,

future research should test whether the present results can be replicated under conditions more
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typical of practical settings and explore interventions to minimize the effect of culprit descriptions on
culprit-presence detection—for example, by emphasizing holistic rather than feature-based
descriptions.

To summarize, the present study advances our knowledge about the verbal overshadowing
effect by disentangling detection-based and non-detection-based processes underlying the effect
using one single coherent and well-validated measurement model which takes into account the
complete set of lineup response categories (Menne et al., 2022; Winter et al., 2022). The findings
lead to clear conclusions about the cognitive processes underlying the verbal overshadowing effect in
eyewitness identification: Providing culprit descriptions reduces both culprit-presence detection and
guessing-based selection, indicating that verbalization impairs recognition and at the same time leads

to more cautious responding.
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