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On the possible advantages 
of combining small lineups 
with instructions that discourage 
guessing‑based selection
Amelie Therre *, Raoul Bell , Nicola Marie Menne , Carolin Mayer , 
Ulla Lichtenhagen  & Axel Buchner 

The primary argument for including large numbers of known‑to‑be innocent 昀؀llers in lineups is 
that guessing‑based selections are dispersed among a large number of lineup members, leading to 
low innocent‑suspect identi昀؀cation rates. However, a recent study using the two‑high threshold 
eyewitness identi昀؀cation 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 identi昀؀cations 
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 identi昀؀cation rate did not di昀؀er between smaller 
lineups with low‑culprit‑probability instructions and larger lineups with neutral instructions. The rate 
of culprit identi昀؀cations was higher in smaller lineups with low‑culprit‑probability instructions than in 
larger lineups with neutral instructions.

Keywords Police lineups, Eyewitness identi�cation, Two-high threshold eyewitness identi�cation 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 identi�cations by eyewitnesses have been determined to be a major 
reason of wrongful convictions, being involved in 63 % of DNA exoneration  cases1. One potential problem is 
that the identi�cation 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 �eld 
study with 1039 real lineups it has been found that “of all identi�cations made within this sample, approximately 
forty per cent were of �llers. �ese 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.  2642]. A possible measure to reduce the rate with which an innocent suspect is identi�ed 
from a lineup based on guessing is to include a large number of known-to-be-innocent �llers 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 �llers such that it 
is impossible to distinguish the suspect from the �llers without relying on memory for the culprit’s  appearance3, 
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 �llers, therefore o�en described 
as “�ller siphoning”4,5). Consequently, a larger lineup reduces the probability that guessing-based selection 
leads to the identi�cation of the suspect among the �llers compared to a smaller lineup. Legal requirements for 
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the number of �llers in lineups vary across jurisdictions. In addition to the suspect, lineups typically comprise 
�ve �llers in the United  States6, at least seven in  Germany7, eight in Great  Britain8 and nine in  Canada9 (for an 
overview,  see10). 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 �llers can be said to protect a suspect from being falsely  identi�ed5,11,12. �is 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 identi�cations, but also 
with a lower rate of culprit identi�cations—a cost–bene�t-tradeo�13. Some researchers even found that larger 
lineups lead to a lower discriminability between culprits and innocent suspects compared to smaller  lineups14 
while others found no e�ect of lineup size on  discriminability15,16 or raw identi�cation  rates17.

�ese �ndings and considerations pertain to overall evaluations of eyewitness’s observable responses, that is, 
the rates of innocent-suspect and culprit identi�cations. However, the e�ects of lineup size on innocent-suspect 
and culprit-identi�cation rates may result from various latent detection-based and non-detection-based pro-
cesses. Here the two-high threshold (2-HT) eyewitness identi�cation  model3,18–21 is used to separately measure 
the latent processes underlying observable responses to lineups. �e 2-HT eyewitness identi�cation model 
(Fig. 1) has been successfully validated both in a series of dedicated validation  experiments20 and by reanalyzing 
published data obtained in various  laboratories3. �e 2-HT eyewitness identi�cation 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  research22–25. Multinomial processing tree models imply 
that overt responses result from latent processes that occur with certain  probabilities25. �e probabilities with 
which these processes occur are represented by model parameters that can be compared statistically by means 
of easy-to-use so�ware such as multiTree26.

�e 2-HT eyewitness identi�cation 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 le� 
side of the upper tree in Fig. 1), these response categories are culprit identi�cations, �ller identi�cations 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 le� side of the lower tree in Fig. 1), these response categories are innocent-suspect 
identi�cations, �ller identi�cations 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 identi�ed. 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 

Figure 1.  Rounded rectangles on the le� 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). �e constant n represents the number of persons in the lineup and 1 ÷ n 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. �e probability 
with which this process leads to the selection of the culprit is given by the sampling probability 1 ÷ n, 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 ÷ 6 ≅ 0.17. With the complementary probability of 
1 − (1 ÷ n) = 5 ÷ 6 ≅ 0.83, guessing-based selection will lead to the selection of a �ller. 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 re�ects 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 �ller is given by 1 − (1 ÷ n). �e 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 identi�cation model was used to evaluate the e�ects of lineup size on the latent 
processes underlying eyewitnesses’ responses to  lineups19, interesting �ndings emerged on which we build here. 
Reducing the size of lineups (from six to three or from �ve to two persons) resulted in two remarkable outcomes: 
�e probability of culprit-presence detection (represented by model parameter dP) was signi�cantly higher and 
the probability of guessing-based selection (represented by model parameter g) was signi�cantly lower in smaller 
compared to larger lineups. �e 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: �e rate of innocent-suspect identi�cations was higher in smaller compared to 
larger  lineups19. 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 identi�ed as the culprit would be given by g × (1 ÷ n). 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 identi�ed. However, if guessing-based selection occurs, the sampling probability that 
determines whether innocent suspects are identi�ed 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. �e 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 ÷ n), leading to a net increase in the innocent-suspect identi�cation 
rate in smaller compared to larger lineups. �is is why, despite a reduction in parameter g, there was still a higher 
rate of innocent-suspect identi�cations in smaller compared to larger  lineups19.

While the higher rate of innocent-suspect identi�cations is a clear disadvantage of smaller compared to 
larger lineups, the structure of the model illustrated in Fig. 1 helps �nding a potential remedy: At the level of the 
latent processes, the innocent-suspect identi�cation rate is strongly a�ected by the probability of guessing-based 
selection re�ected in parameter g. �erefore, the disadvantage of smaller compared to larger lineups at the level of 
the innocent-suspect identi�cation rates should become lower if people are discouraged from making guessing-
based selections. It seems even possible that the rate of innocent-suspect identi�cations in smaller lineups reaches 
the rate of innocent-suspect identi�cations 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 a�ecting the other processes speci�ed in the 2-HT eyewitness identi�cation model simply 
by applying appropriate lineup  instructions20. Speci�cally, instructions insinuating that the culprit is unlikely 
to be in the lineup have been found to reduce parameter g without a�ecting the other model  parameters20. 
If instructions insinuating that the culprit is unlikely to be in the lineup e�ectively 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-identi�cation rates compared to larger lineups without such 
instructions. �is prediction was tested in the present experiments.

Apart from the unfavorable outcome of a higher rate of innocent-suspect identi�cations in smaller compared 
to larger lineups, there was also an unambiguously favorable outcome at the level of observable responses: �e 
rate of culprit identi�cations was higher in smaller compared to larger  lineups19. �is is to be expected because 
the dominant determinant of a higher culprit identi�cation rate in smaller compared to larger lineups is the 
higher probability of culprit-presence detection (parameter dP) in smaller compared to in larger  lineups19. �is 
is why we expected the rate of culprit identi�cations to be higher in smaller compared to larger lineups in the 
present experiments.

Parallel to the previous  study19 which we build on here, three-person lineups were compared to six-person 
lineups. �e lineup size used in the latter condition corresponds to the typical lineup size in the United  States6. 
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 a�ecting culprit-presence  detection20. �e 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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o�cially recommended for police  lineups12. We consider the combination of six-person lineups with neutral 
instructions to be the standard of comparison. �e combination of three-person lineups with low-culprit-
probability instructions was compared to this standard in terms of innocent-suspect identi�cation rates and 
culprit identi�cation rates.

Before testing the novel predictions pertaining to the level of observable responses, it is important �rst to test 
whether the previously found e�ects of lineup  size19 and of low-culprit-probability  instructions20 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 identi�cation 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 identi�cations, 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 identi�cations 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  world10, we used both types of lineup formats. Speci�cally, 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. horiz oom- 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 identi�ed 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*Power27 showed that 
given N = 1006 participants and four responses per participant, error probabilities of α = β = 0.05 and df = 1 for 
tests of parameter equality across two groups, e�ects as small as w = 0.06 could be detected.

Ethics statement
�e ethics committee of the Faculty of Mathematics and Natural Sciences at Heinrich Heine University 
Düsseldorf has granted ethical approval for the experiments reported here. �e 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  experiments3,18–21. �e experiment was conducted 
online and was implemented in SoSci Survey28 (www. socis urvey. de). Participation was possible with a desktop 
or laptop computer. Participants had to be 18 years old or older (a legal requirement in Germany).

A�er 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 di�ered 
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 München 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. �e 
videos were presented at a resolution of 885 × 500 pixels and lasted about 130 s.

�e 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 
München hooligans in a series of photo lineups. All participants received the following instructions (the original 
was in German):

“In the �lm, you saw Bayern München 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 München hooligans.”

http://www.horizoom-panel.de
http://www.socisurvey.de
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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. �erefore, 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 München 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 �ve �llers. �e 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  studies3,18–21, 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. �e 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. �is crossed-lineup procedure is identical to the one applied in 
prior  studies18–21 and ensures that the photos of culprits and innocent suspects (taken right a�er the videos had 
been shot) di�er to the same degree from the photos of the �llers (taken from a face  database29 with the goal to 
resemble one of the culprits in body shape, hair color and hairstyle). �is 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 o�en taken from 
a di�erent source (e.g., from social media) than the photos of the �llers which are typically obtained from face 
databases. �e 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-�ller subsets were created 
from the set of �ve �llers 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.

A�er having responded to all lineups, participants were asked to rea�rm 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
�e response frequencies obtained in Experiment 1 are presented in Table 1 (together with those of Experiment 
2). �e �les with the raw frequency data and the equation �les needed for the model-based analyses are available 
at https:// osf. io/ gcm8x/.

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.

Lineup size Instructions

Culprit-present lineups Culprit-absent lineups

Culprit 
identi�cations Filler identi�cations Lineup rejections

Innocent-suspect 
identi�cations Filler identi�cations Lineup rejections

Experiment 1 – sequential lineups

�ree

Low-culprit-
probability

212 92 200 73 124 307

Neutral 260 122 128 131 166 213

Six

Low-culprit-
probability

126 166 218 52 205 253

Neutral 152 214 122 72 252 164

Experiment 2 – simultaneous lineups

�ree

Low-culprit-
probability

217 62 227 78 91 337

Neutral 255 93 170 94 140 284

Six

Low-culprit-
probability

149 99 270 39 116 363

Neutral 186 130 196 62 177 273

https://osf.io/gcm8x/
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Latent processes: E�ects on parameters dP and g of the 2-HT eyewitness identi�cation model
All model-based analyses were conducted using multiTree26. 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). 
�e 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 identi�cation model 
that were identical to those used in previous studies in which lineup size was  manipulated19. Speci�cally, 
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 �llers in all groups such that there was no obvious reason as to why lineup fairness 
should di�er between groups. Parameter dA was also set to be equal across all instances of the model because 
the manipulations used here were clearly di�erent from those known to a�ect the probability of culprit-absence 
 detection3,20. �e base model with these restrictions �t the data, G2(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.

�e estimates of parameters dP and g are presented in Table 2. One goal of the present research was to test 
whether the previously found e�ects of lineup size on culprit-presence detection and guessing-based selection 
can be  replicated19. 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 di�erence was statistically signi�cant, 
we imposed on the base model the additional restriction that parameter dP did not di�er between three-person 
and six-person lineups, separately for the low-culprit-probability-instruction group and the neutral-instruction 
group. �e decrease in model �t caused by this additional restriction compared to the �t of the base model was 
statistically signi�cant for both the low-culprit-probability-instruction group, ΔG2(1) = 21.04, p < 0.001, and the 
neutral-instruction group, ΔG2(1) = 20.12, p < 0.001, implying that the equality restriction is incompatible with 
the data. �is 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 di�erence was 
statistically signi�cant, we imposed on the base model the additional restriction that parameter g did not di�er 
between three-person and six-person lineups, separately for the low-culprit-probability-instruction group and the 
neutral-instruction group. �e decrease in model �t caused by this additional restriction compared to the �t of 
the base model was statistically signi�cant for both the low-culprit-probability-instruction group, ΔG2(1) = 15.42, 
p < 0.001, and the neutral-instruction group, ΔG2(1) = 12.81, p < 0.001, implying that the equality restriction is 
incompatible with the data. �is 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 
e�ects of smaller compared to larger lineups on the processes underlying eyewitnesses’ responses to  lineups19 
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 di�er-
ence is statistically signi�cant, we imposed on the base model the additional restriction that parameter g did not 
di�er 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. �e decrease in model �t caused by this additional restric-
tion compared to the �t of the base model was statistically signi�cant for both the three-person-lineup group, 
ΔG2(1) = 52.24, p < 0.001, and the six-person-lineup group, ΔG2(1) = 55.75, p < 0.001, implying that the equality 
restriction is incompatible with the data. �is 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 a�ect other model 
parameters such as parameter dP3,20. �e restriction that parameter dP did not di�er as a function of whether 
low-culprit-probability or neutral instructions were used did not lead to a statistically signi�cant decrease in 
model �t compared to the �t of the base model for both the three-person-lineup group, ΔG2(1) = 2.27, p = 0.132, 
and the six-person-lineup group, ΔG2(1) = 1.95, p = 0.162, implying that the equality restriction is compatible 
with the data. �is leads to the conclusion that culprit-presence detection does not di�er as a function of the 
lineup instructions. It can thus be concluded that the previously found e�ects of low-probability instructions on 
the latent processes underlying eyewitnesses’ responses to  lineups20 are robust and can be replicated.

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.

Lineup Size  Instructions Estimates of parameter dP Estimates of parameter g

�ree
Low-culprit-probability 0.31 (0.03) 0.39 (0.02)

Neutral 0.37 (0.03) 0.59 (0.02)

Six
Low-culprit-probability 0.15 (0.02) 0.49 (0.02)

Neutral 0.19 (0.03) 0.68 (0.02)
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Observable responses: E�ects on the rates of innocent-suspect identi�cations and culprit identi�cations
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 identi�cations, ideally at least as low as the 
rate observed in six-person lineups with neutral instructions (the standard of comparison). �e rates of innocent-
suspect identi�cations in three-person lineups with low-culprit-probability instructions and six-person lineups 
with neutral instructions are presented in Fig. 2 (le� side). �ree-person lineups with low-culprit-probability 
instructions were associated with a rate of innocent-suspect identi�cations close to the rate observed in six-
person lineups with neutral instructions. A two-proportion z-test showed that there was no statistically signi�cant 
di�erence between these groups in the rate of innocent-suspect identi�cations in Experiment 1, z = 0.12, p = 0.904. 
�is 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 identi�cations compared to the rates observed in six-person lineups with neutral 
instructions. �e rates of culprit identi�cations are also presented in Fig. 2 (right side). �ree-person lineups with 
low-culprit-probability instructions were associated with a higher rate of culprit identi�cations than six-person 
lineups with neutral instructions. A two-proportion z-test showed that the di�erence between these groups in 
the rate of culprit identi�cations was statistically signi�cant, z = 3.57, p < 0.001. �is leads to the conclusion that 
the rate of culprit identi�cations is higher for three-person lineups with low-culprit-probability instructions 
compared to six-person lineups with neutral instructions.

Discussion
�e probability of culprit-presence detection was signi�cantly higher and the probability of guessing-based 
selection was signi�cantly lower in smaller compared to larger lineups. �is replicates earlier  �ndings19. In 
addition, low-culprit-probability instructions led to a signi�cantly smaller probability of guessing-based selection 
than neutral instructions. In contrast, the type of instructions did not a�ect the probability of culprit-presence 
detection. �is, too, replicates earlier  �ndings3,20. It can be concluded that instructions implying that the culprit 
is unlikely to be in the lineup e�ectively discourage guessing-based selection.

Two novel predictions were derived about how small lineups combined with low-culprit-probability 
instructions should a�ect 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 identi�cations, 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 identi�cations compared to six-person lineups with neutral 
instructions. �e fact that both of these predictions were con�rmed 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 �rm conclusions it seemed important to test the robustness of these �ndings 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  world10, Experiment 2 was parallel to Experiment 1 
except that simultaneous lineups were used. We expected to replicate the �ndings of Experiment 1 in Experiment 
2.

Figure 2.  Rates of innocent-suspect identi�cations (le� side) and rates of culprit identi�cations (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 % con�dence intervals.



8

Vol:.(1234567890)

Scienti昀؀c Reports |        (2024) 14:14126  | https://doi.org/10.1038/s41598-024-64768-0

www.nature.com/scientificreports/

Experiment 2
Method
Participants
Participants were recruited using the Horizoom research panel (www. horiz oom- 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 identi�ed 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*Power27 showed that given N = 1027 participants and four responses 
per participant, error probabilities of α = β = 0.05 and df = 1 for tests of parameter equality across two groups, 
e�ects 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
�e response frequencies obtained in Experiment 2 are presented in Table 1 (together with those of Experiment 
1). �e �les with the raw frequency data and the equation �les needed for the model-based analyses are available 
at https:// osf. io/ gcm8x/.

Latent processes: E�ects on parameters dP and g of the 2-HT eyewitness identi�cation model
�e term (1 ÷ n) was set to 0.33333 and 0.16667 for data obtained with three-person lineups and six-person 
lineups, respectively. �e same restrictions as in Experiment 1 were used to arrive at a base model which �t 
the data, G2(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.

�e estimates of parameters dP and g are presented in Table 3. �e 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 di�er between three-person and six-person lineups led 
to a signi�cant decrease in model �t for both the low-culprit-probability-instruction group, ΔG2(1) = 11.97, 
p < 0.001, and the neutral-instruction group, ΔG2(1) = 6.89, p = 0.009, implying that the equality restriction is 
incompatible with the data. �is leads to the conclusion that the probability of culprit-presence detection is higher 
in three-person lineups than in six-person lineups. �e 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 di�er between the three-person and six-person lineups did not lead to a 
signi�cant decrease in model �t for both the low-culprit-probability-instruction group, ΔG2(1) = 0.22, p = 0.637, 
and the neutral-instruction group, ΔG2(1) = 0.06, p = 0.815, implying that the equality restriction is compatible 
with the data. In sum, then, the e�ects of smaller compared to larger lineups on the latent processes underlying 
eyewitnesses’ responses to lineups reported in previous  research19 were replicated with respect to culprit-presence 
detection but not with respect to guessing-based selection. However, in those earlier results the di�erence 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 �ndings, it seems possible to infer that 
the e�ect 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 e�ect 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 

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.

Lineup Size  Instructions Estimates of parameter dP Estimates of parameter g

�ree
Low-culprit-probability 0.33 (0.03) 0.30 (0.02)

Neutral 0.37 (0.03) 0.45 (0.02)

Six
Low-culprit-probability 0.21 (0.02) 0.29 (0.02)

Neutral 0.28 (0.03) 0.45 (0.02)

http://www.horizoom-panel.de
https://osf.io/gcm8x/
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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 di�er as a function of whether low-culprit-probability 
or neutral instructions were used led to a signi�cant decrease in model �t for both the three-person-lineup group, 
ΔG2(1) = 28.81, p < 0.001, and the six-person-lineup group, ΔG2(1) = 42.21, p < 0.001, implying that the equality 
restriction is incompatible with the data. �is 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. �e restriction that parameter dP did not di�er as a function of whether low-culprit-
probability or neutral instructions were used did not lead to a statistically signi�cant decrease in model �t 
compared to the �t of the base model for both the three-person-lineup group, ΔG2(1) = 1.18, p = 0.278, and the 
six-person-lineup group, ΔG2(1) = 3.72, p = 0.054, implying that the equality restriction is compatible with the 
data. �is replicates the results of Experiment 1 and leads to the conclusion that culprit-presence detection does 
not di�er as a function of the lineup instructions. It can thus be concluded that the previously found e�ects of 
low-probability instructions on the latent processes underlying eyewitnesses’ responses to  lineups20 are robust 
and can be replicated.

Observable responses: E�ects on the rates of innocent-suspect identi�cations and culprit identi�cations
�e rates of innocent-suspect identi�cations in three-person lineups with low-culprit-probability instructions 
and six-person lineups with neutral instructions are presented in Fig. 3 (le� side). �ree-person lineups with 
low-culprit-probability instructions were associated with a rate of innocent-suspect identi�cations close to the 
rate observed in six-person lineups with neutral instructions. A two-proportion z-test showed that there was no 
statistically signi�cant di�erence between these groups in the rate of innocent-suspect identi�cations, z = 1.53, 
p = 0.126. �is replicates the results of Experiment 1 and leads to the conclusion that the two rates are equal.

�e rates of culprit identi�cations are also presented in Fig. 3 (right side). �ree-person lineups with low-
culprit-probability instructions were associated with a higher rate of culprit identi�cations than six-person 
lineups with neutral instructions. A two-proportion z-test showed that the di�erence between these groups 
in the rate of culprit identi�cations was statistically signi�cant, z = 2.14, p = 0.032. �is replicates the results of 
Experiment 1 and leads to the conclusion that the rate of culprit identi�cations is higher for three-person lineups 
with low-culprit-probability instructions compared to six-person lineups with neutral instructions.

Discussion
�e results of Experiment 2 largely replicate those of Experiment 1. With regard to the latent processes underlying 
eyewitness responses, the results con�rm 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 con�rm the prediction that combining three-person lineups 
with low-culprit-probability instructions should be associated with a low rate of innocent-suspect identi�cations 
that does not di�er from the rate observed in six-person lineups with neutral instructions. �e results also 
con�rm the prediction that the rate of culprit identi�cations should be higher in three-person lineups with low-
culprit-probability instructions than in six-person lineups with neutral instructions.

Figure 3.  Rates of innocent-suspect identi�cations (le� side) and rates of culprit identi�cations (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 % con�dence intervals.
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General discussion
Here we built on, and largely replicated, earlier �ndings showing that smaller lineups are associated with a higher 
probability of culprit-presence detection and a lower probability of guessing-based selection than larger  lineups19. 
In the present experiments, the model-based analyses con�rmed that the probability of culprit-presence detection 
is higher in smaller compared to larger lineups. �is 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. �e 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 identi�cation 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 identi�cation model (Fig. 1) is that it contains transparent assumptions about 
how these latent processes concur and bring about overt responses such as innocent-suspect identi�cations and 
culprit identi�cations. �e insights gained based on the 2-HT eyewitness identi�cation 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 identi�cations, 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 ÷ n and the lineup size n caused 
observable rates of innocent-suspect identi�cations to be higher in smaller compared to larger lineups in previous 
 experiments19.

However, the 2-HT eyewitness identi�cation 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 identi�cations 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 identi�cations in smaller lineups should be comparatively low, ideally at least as low as 
the rate of innocent-suspect identi�cations 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  lineup3,20,30. At the same time, the rate of culprit 
identi�cations should remain higher in smaller than in larger lineups. �e results of both experiments reported 
here con�rm these predictions. �e rate of innocent-suspect identi�cations 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 identi�cations was higher in smaller lineups with 
low-culprit-probability instructions than in larger lineups with neutral instructions.

At a more abstract level, the present �ndings demonstrate the usefulness of the 2-HT eyewitness identi�cation 
model not only for measuring the latent processes underlying eyewitnesses’ responses to  lineups18,19,21 but also 
for gaining insights into how these processes may be a�ected with the goal of potentially improving the outcomes 
of lineup procedures. �e present results show that these insights can be used to generate testable predictions 
about observable responses. �ese predictions were con�rmed in the experimental tests reported here. Going 
beyond these speci�c 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 �ndings 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 di�er from the ones investigated here (with 
showups clearly being out of the  question31), if the instructions designed to discourage guessing-based selection 
are di�erent from the ones used here and so on. �ese questions and many more will all have to be answered in 
future studies. �e study reported here can thus only be the beginning of a larger research e�ort.

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

Police lineups are conducted with varying delays between the crime and the lineup. 

Crime-lineup delays may adversely aûect 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 aýer no delay or aýer a delay of one day, one week or one month. 

âe results showed a signiûcant decline in the probability of culprit-presence detection. âe 

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. 

âe ûndings underscore the critical importance of conducting lineups as soon as possible 

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

 

Keywords: police lineups, eyewitness identiûcation, two-high threshold eyewitness 
identiûcation model, delay, multinomial processing tree model 

 

  



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 ûllers who are known to be innocent. âe 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]. âis may also aûect performance in a lineup given that participants’ recall of 

facial characteristics has been reported to decline signiûcantly aýer delays ranging from one 

week [9] to three weeks [10] and one month [11]. Although conûicting 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]. âerefore, 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 aýer 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 diûerent 

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 aûect the cognitive processes underlying eyewitness responses to lineups.  

Particularly relevant in this context are studies that address the question of how delay 

aûects eyewitness’s responses to lineups [24-35]. Most of these studies have relied on 

observable response rates, such as rates of correct culprit identiûcations, ûller identiûcations 

and lineup rejections [27-32, 34, 35]. However, when the aim is to understand how delay 

aûects 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 

diûerent underlying processes. For example, in some studies, the rate of correct culprit 

identiûcations from lineups have been found to decline with delays ranging from several 

minutes to eleven months [27, 28, 31]. In other studies, no diûerences were found in the 

culprit identiûcation rates as a function of delay [29, 30, 32, 33]. Here it is unclear whether 



delay had indeed no eûect on the culprit identiûcation accuracy or whether the sensitivity of 

the statistical tests used in these studies was too low to detect such an eûect. 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 identiûcation rates even aýer 

increasing delays. Indeed, in some studies, a descriptive increase in ûller identiûcations 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 eûect of a 48-hour delay on 

the rate of culprit identiûcations, but a descriptive increase in ûller identiûcations in both fair 

culprit-present lineups (from 10 % to 15 %) and fair culprit-absent lineups (from 24 % to 

45 %). âis pattern of results raises the question about whether the ability to detect the 

culprit’s presence was truly unaûected by the delay or whether participants perhaps 

compensated for a deûcit 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 ûller identiûcations were increased at a descriptive level. However, other studies 

found no increase in ûller identiûcation rates as a function of delay [28, 31, 32, 42]. Also, the 

eûects of delay on innocent-suspect identiûcations are somewhat mixed. Whereas no such 

eûects have been reported in studies with a designated innocent suspect [26, 33], relatively 

small eûects have been reported in studies without a designated innocent suspect in which, 

therefore, the innocent-suspect-identiûcation rate could not be computed directly but had to 

be substituted by a value determined by dividing the number of ûller identiûcations 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 eûects of delay on lineup performance [26, 33]. However, ROC 

analyses were not originally designed for analyzing lineup data. To ût lineup data into the 

binary format required by ROC analyses, ûller identiûcations and lineup rejections in culprit-

present lineups are treated as a single “false rejection” category and ûller identiûcations and 

lineup rejections in culprit-absent lineups are treated as a single “correct rejection” category. 

âis data reduction discards important distinctions among response types [39-41]. For 

instance, ûller identiûcations in culprit-absent lineups are false responses, whereas rejections 

of culprit-absent lineups are correct responses, indicating that diûerent processes underlie 

these responses. Moreover, ROC analyses yield only a single performance metric—the partial 



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 

shiý to a diûerent measurement model, grounded in assumptions that diûer from those 

implied by the measurement model on which ROC analyses are based. 

For the present study, one comprehensive model is required that is speciûcally 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 

ût to the data. 

âerefore, we used the two-high threshold (2-HT) eyewitness identiûcation model [43-49] 

to examine the eûects of delay on the cognitive processes underlying eyewitness responses to 

lineups. âe 2-HT eyewitness identiûcation model is illustrated in Figure 1. It oûers several 

advantages. First, it allows for the assessment of four distinct cognitive processes within a 

single, uniûed framework. âese 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 identiûcations, ûller 

identiûcations and lineup rejections; in culprit-absent lineups, they are innocent-suspect 

identiûcations, ûller identiûcations and lineup rejections (see the rectangles on the right side 

of Figure 1). âird, the model has been thoroughly validated, showing that its parameters 

reliably and sensitively reûect the latent cognitive processes they were designed to measure. 

âe 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 ûllers and suspects [32, 33, 50-

55]. 



âe 2-HT eyewitness identiûcation 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 soýware [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 identiûcation model is that the processes of culprit-presence detection, 

biased suspect selection, guessing-based selection and culprit-absence detection are precisely 

and transparently deûned by the model’s structure, as formalized in the model equations and 

illustrated in Figure 1. âe verbal labels used for the parameters only serve as accessible 

everyday-language descriptors to simplify communication. âe 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 identiûcation of the culprit. With 

probability 1 2 dP, the culprit’s presence is not detected but the culprit can still be identiûed 

through non-detection-based processes referred to as biased selection and guessing-based 

selection. Biased selection occurs with the conditional probability b. Speciûcally, 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 b > 0. In case of no biased suspect selection, which occurs with the conditional 

probability 1 2 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 ÷ n, with n being a 

constant representing the number of individuals (suspect and ûllers) 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". âe probability of selecting a ûller as 

a consequence of a guessing-based process is given by the complementary 

probability 1 2 (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 2 g, the lineup is 

falsely rejected. 



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 2 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 2 b, a 

lineup member may still be selected based on guessing, which occurs with the conditional 

probability g. âe 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 ûller is 1 2 (1 ÷ n). In case of no guessing-based selection, which occurs with the 

conditional probability 1 2 g, the lineup is correctly rejected. 

 

Figure 1. Graphical illustration of the 2-HT eyewitness identiûcation model. Rounded rectangles on the leý 

represent the two types of lineups an eyewitness may be confronted with: culprit-present lineups and culprit-

absent lineups. âe rectangles on the right represent the categories of observable responses. Letters along the 

branches denote parameters representing the latent processes speciûed by the model: dP represents the 

probability of culprit-presence detection, b represents the probability of biased suspect selection which occurs in 

unfair lineups, g represents the probability of guessing-based selection and dA represents the probability of 
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culprit-absence detection. âe 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 eûects 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]. âis binary approach, while certainly informative, does not 

capture the form of the changes occurring over time. We therefore decided to examine the 

eûects 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. Speciûcally, we investigated changes in culprit-presence 

detection, guessing-based selection and culprit-absence detection as deûned within the 2-HT 

eyewitness identiûcation 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.  

âe ûrst prediction about the eûects 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 dP to decline as a function of delay in the form of a typical forgetting 

function [16]. In contrast, two diûerent predictions as to how guessing-based selection 

(parameter g) changes as a function of delay were possible based on prior research. âe 

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]. âeses instructions were the 

same for all delay conditions. âus, 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. âis is 

so because, on the one hand, the memory-based process of culprit-absence detection should 



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 certiûed under ISO 20252 which ensures rigorous quality control. All participants were 

ûrst exposed to the staged-crime video and were then randomly assigned to one of four 

groups deûned by the duration of the delay aýer 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 aýer having completed 

the ûrst phase of the experiment. âerefore, valid data sets of 2810 participants were available 

aýer the ûrst 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 aýer 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 



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 ³ = ´ = 0.05 

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

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

âe 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, F(3, 2104) = 0.59, p 

= .619, nor gender distribution, Ç²(6) = 5.23, p = .515, nor educational level, Ç²(3) = 4.42, p = 

.220 diûered signiûcantly among groups. âus, even though the sample size and, hence, the 

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

evidence that the dropout was selective. 

Delay Mean age (standard deviation) Gender Educational level 

No delay (n = 550) 52 years (15 years) 45 % f, 55 % f, < 1 % non-binary 55 % A-Levels or higher 

One day (n = 532) 51 years (14 years) 44 % f, 55 % f, 1 % non-binary 59 % A-Levels or higher 

One week (n = 520) 51 years (14 years) 43 % f, 57 % f 60 % A-Levels or higher 

One month (n = 506) 51 years (14 years) 41 % f, 58 % f, 1 % non-binary 55 % A-Levels or higher 

All (n = 2108) 51 years (14 years) 43 % f, 56 % f, < 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 qualiûcations. 

Ethics statement 

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

University Düsseldorf approved the experiment. âe 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. âey 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. âe experiment was conducted online using SoSci Survey [68] 



(www.soscisurvey.de). Participation was possible with a desktop or a laptop computer. 

Participants were informed that the experiment consisted of two parts, the ûrst of which they 

would complete directly. In addition, participants were informed that the experiment would 

include a video portraying physical and verbal violence. âey 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). 

Aýer 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). âe 

videos were presented at a resolution of 885 × 500 pixels and lasted approximately 130 

seconds. âe videos depicted the same events in the same sequence and timing but the actors 

diûered 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. âe same 

applied to Characters B, C and D. Both videos featured four men dressed in FC Bayern 

München 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 aýer 

having witnessed a multiple-culprit crime may be more cognitively demanding than 

responding to a single lineup aýer 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. âe 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 



participate in the second part of the experiment aýer 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 aýer the nominal delay, that is, on the same day at which the invitation email had 

been sent. âe average actual delay was therefore somewhat larger than the nominal delay. 

âe 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 München fans—seen in the video during the ûrst part of the experiment—from a 

series of photo lineups. âe following instructions were given (the original instructions were 

in German): 

“In the ûrst part of the experiment, you saw a ûlm with Bayern München 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 München fans. It is also possible that no one in the lineup is one of the 

Bayern München 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.” 

Aýerwards, each participant was presented with four separate lineups, one for each of the 

Bayern München fans from the video. In each lineup, one suspect and ûve ûllers were 

displayed simultaneously in a single row. âis 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 identiûcation procedure that suggested lineup members would be presented 

simultaneously (e.g., they would appear in a line)“, (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. âe two culprits for 

the culprit-present lineups were selected randomly without replacement from the four 



culprits of the video the participant had seen. âe 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. âis crossed-lineup procedure ensures that the photos of the 

culprits and innocent suspects (taken right aýer the videos had been recorded) diûer to the 

same degree from the photos of the ûllers which were taken from a face database [78] and 

resembled one of the culprits in body shape, hair color, and hairstyle. âis setup is analogous 

to real-world situations where photos of suspects (whose guilt or innocence is unknown to 

the police) oýen come from a diûerent source, such as social media, than the ûller photos 

which are typically taken from a face database. âe 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. âis randomization ensures that each suspect has an equal likelihood of 

being presented as a culprit or as an innocent suspect. âis 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. âe photographs were adjusted to maintain 

consistent face sizes and lighting conditions and were displayed at a resolution of 142 × 214 

pixels. âe 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 

reaûrm, or to withdraw, their consent to the use of their data. âey were then debriefed, 

thanked for their participation and redirected to the panel provider to receive their monetary 

compensation. 



Results 

âe response frequencies obtained in this experiment are presented in Table 2. âe ûles 

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

available at https://osf.io/fqus6. 

 

Delay 

Culprit-present lineups Culprit-absent lineups 

Culprit 
identiûcations 

Filler 
identiûcations 

Lineup 
rejections 

Innocent-
suspect 

identiûcations 

Filler 
identiûcations 

Lineup 
rejections 

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-speciûc 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 identiûcation model. As six-person lineups 

were presented in the current experiment, the term 1 ÷ n 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 ûllers in all conditions, 

there was no reason to expect diûerences in lineup fairness among conditions. Consequently, 

parameter b was set to be equal for all conditions. âe base model incorporating these 

restrictions ûtted the data, G2(3) = 2.87, p = .412, supporting the conclusion that lineup 

fairness, represented by parameter b, did not vary as a function of delay. âis implies that the 

lineups were equally fair across all delays. Parameter b was estimated to be 0.04 (95 % CI 

[0.03, 0.06]), reûecting 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 

identiûcation 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-



witness task because the cognitive processes of mock witnesses and eyewitnesses diûer 

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].  



 

Figure 2.  2-HT eyewitness identiûcation 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 ûtted to the estimates of parameter dP. âe continuous orange curve shows the standard power 

function, the dashed orange curve shows the simpliûed 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 % conûdence intervals. 

âe estimates of parameters dP (culprit-presence detection), g (guessing-based selection) 

and dA (culprit-absence detection) are displayed in Figure 2. âe estimates of parameter dP 

(upper panel of Figure 2) clearly decline as a function of delay. To test whether this decline is 

statistically signiûcant, parameter dP was set to be equal across all four delay conditions. âe 

reduction in ût of the model with this equality restriction relative to the base model was 

statistically signiûcant, �G2(3) = 176.43, p < .001. âe model implying that parameter dP does 

not diûer 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 ûve ‘classic’ functions describing forgetting curves [4], a power function and 

a logarithmic function, were  ûtted to the estimates of parameter dP. Here we took into 

account that the standard power and logarithmic functions, dP = » ·  (delay)−ψ and 

dP =  » · ln(delay) + Ë, are undeûned at delay = 0. In doing so we followed Wixted and 

Ebbesen [16] and used modiûed versions of these standard functions of the form 

dP = » ·  (1 + delay)−ψ and dP = » · ln(1 + delay) + Ë, which are deûned at delay  = 0 and 

quickly approximate dP = » ·  (delay)−ψ and dP =  » · ln(delay) + Ë, respectively, as delay 

increases. Both functions  ûtted the data well, but the best ûtting power function, 

dP$  = 0.2744 · (1 + delay)−0.726, R2 = 0.98 (shown as the continuous orange curve in Figure 2)  

ûtted the data even better than the best ûtting logarithmic function, 

dP$  = 20.0679 · ln(1 + delay) + 0.2377, R2 = 0.88 (not shown in Figure 2). Whereas these 

functions provide an excellent description of the data, they are not theoretically motivated. 

âe latter approach—to ût a theoretically motivated forgetting function—was taken in a 

meta-analysis by Deûenbacher et al. [18] who  ûtted 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 Deûenbacher et al. [18] noted that this function was 

of necessity only  ûtted by eye due to limited data points making formal data ûtting 



impractical [18 p. 145], they also discussed the simpliûed version of Wickelgren’s power-

exponential forgetting function [80] proposed by Wixted and Carpenter [81]. âis 

simpliûcation makes this forgetting function more practical for data ûtting in empirical 

memory studies. Speciûcally, Wixted and Carpenter [81] have shown that, under typical 

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

 

 m = »(1 + ´t)−ψ,     (1) 

 

where m is memory strength, » is the state of long-term memory at t = 0, ´ is a scaling 

parameter, t is the time delay and Ë is the rate of forgetting. âis function can be ûtted to the 

present data given a boundary condition proposed by Wickelgren [80]. âis boundary 

condition is that m(t = 0) = » which was therefore equated with dP(t = 0). An estimate of dP 

at t = 0 is known (dP$ = 0.2820 in the immediate condition, see Figure 2). It is therefore 

straightforward to set » = 0. 2820. Given this, the ût of the simpliûed version of the forgetting 

function implied by Wickelgren’s power-exponential forgetting theory [63, 64] is excellent 

(dP$  = 0.2820 · (1 + 2.6623 · delay)−0.502, R2 = 0.99, shown as the dashed orange curve in Figure 

2). In the light of the similarly excellent ût of the descriptive power function mentioned 

above, the fact that this theoretically motivated forgetting function ûts the present data so well 

may not be too surprising as it is, aýer all, also a power function, the only diûerence to the 

standard power function being the additional scaling parameter ´ in the theoretically 

motivated forgetting function. 

âe 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 g was set to be 

equal across all four delay conditions. âe reduction in ût of the model with this equality 

restriction relative to the base model was not statistically signiûcant, �G2(3) = 6.26, p = .100. 

âe model implying that parameter g does not diûer 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 signiûcantly 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]. âe model in which parameter dA was set to be 



equal across all four delay conditions did not ût signiûcantly worse than the base model, 

�G2(3) = 0.14, bootstrapped p = . 814, indicating that the probability of culprit-absence 

detection does not signiûcantly change as a function of delay.  

Discussion 

âe goal of the present study was to examine how the processes underlying eyewitness 

responses are aûected by the delay between viewing a staged-crime video and responding to 

lineups. More speciûcally, we tested hypotheses about how delays aûect culprit-presence 

detection, guessing-based selection and culprit-absence detection. Extending previous studies 

in which the eûects 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. âis 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 eûects of delay on the processes underlying eyewitness 

responses to lineups. 

âe 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 ût 

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 simpliûed 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 eûects of delay on eyewitness memory [24-26, 30, 32-34].   



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 aýer establishing evidence-based suspicion” [1]. âe present results demonstrate just 

how rapid the fading of memory-based culprit-presence detection can be at small delays 

already. âis underscores the critical importance of conducting lineups as soon as possible 

aýer a crime to maximize the chances of culprit identiûcations 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 ûrst days 

following the crime [83], particularly when considering that naïve metacognitive judgements 

typically do not anticipate the rapid declines reûected in empirical forgetting curves [84, 85]. 

âe results are also clear-cut for guessing-based selection (parameter g) which does not 

change as a function of delay. Speciûcally, 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. âis pattern of dA 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 diûcult. 

âe present results align with those of previous studies according to which delay primarily 

aûects culprit-present lineups as opposed to culprit-absent lineups [27-29, 42]. Consistent 

with these ûndings, the most striking descriptive observation at the level of observable 

behavior is that culprit identiûcation 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. âe model-based analysis presented here disambiguates this pattern by 

demonstrating that the decrease in culprit identiûcation 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 



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 

eûects 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 aýer 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 

justiûed 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 aýer the crime, rather than weeks or months later. âese ûndings 

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 ûrst days aýer the crime. 

 

References 



-

-









-





Data availability 

âe ûles with the frequency data and the equations needed for the model-based analyses 

are available at https://osf.io/fqus6. 

Author contributions 

AT developed the experiment and implemented suggestions by RB, NMM, CM, UL and 

AB. AT collected the data and analyzed them with contributions of RB, NMM, CM, UL and 

AB. AT wrote the ûrst draý of the manuscript. RB, NMM, CM, UL and AB revised the 

manuscript. All authors gave ûnal approval for publication. 

Funding 

âe work reported herein was funded by the Deutsche Forschungsgemeinschaý (DFG, 

German Research Foundation) – BU 945/10-1, project number 456214986. 

Competing interests 

âe authors declare no competing interests. 



昀؀

û



On the Cogni+ve Processes Underlying the Verbal Overshadowing Eûect: Culprit Descrip+ons 

Reduce Culprit-Presence Detec+on and Guessing-Based Selec+on in Eyewitness Responses to 

Lineups 

Amelie Therre*, Raoul Bell, Nicola Marie Menne, Carolin Mayer, Ulla Lichtenhagen & Axel Buchner 

Department of Experimental Psychology, Heinrich Heine University Düsseldorf, Germany 

  

Author Note 

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

Raoul Bell: https://orcid.org/0000-0002-0592-0362  

Nicola Marie Menne: https://orcid.org/0000-0001-9421-8286 

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. 

This study was not preregistered. 

The work reported herein was funded by the Deutsche Forschungsgemeinscha[ (DFG, German 

Research Founda]on) 3 BU 945/10-1, project number 456214986. 

 

Correspondence concerning this article should be addressed to Amelie Therre, Department of 

Experimental Psychology, Heinrich Heine University Düsseldorf, Universitätsstraße 1, 40225 

Düsseldorf, Germany 

E-Mail: Amelie.Therre@hhu.de 

 

Word Count: 2548 words  

Reviewer-Link: https://osf.io/xke8w  



On the Cogni]ve Processes Underlying the Verbal Overshadowing Eûect 

 

1 

Abstract 

Culprit descriptions and eyewitness responses to lineups are essential for criminal 

investigations4the 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 
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General Audience Summary 

Eyewitnesses play a critical role in criminal investigations. Initially, they often describe a 

culprit9s appearance, helping police to narrow down potential suspects. Later, eyewitnesses might 

view a police lineup consisting of a suspect4who might be the culprit or innocent4and several 

known-to-be innocent fillers. The eyewitness9s 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  
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On the Cogni+ve Processes Underlying the Verbal Overshadowing Eûect: Culprit Descrip+ons 

Reduce Culprit-Presence Detec+on and Guessing-Based Selec+on 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 

culprit9s 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 measure4

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 

theory9s 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 theory9s 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 model9s 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 2 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 2 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 2 (1 ÷ n) determines the probability of selecting a filler. No guessing-based selection occurs with 

probability 1 2 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 2 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 illustra]on of the 2-HT eyewitness iden]ûca]on 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 le[ represent the two types of lineups an eyewitness may be confronted with: culprit-

present lineups and culprit-absent lineups. Lesers along the branches denote parameters 

represen]ng the latent processes speciûed in the model: dP represents the probability of culprit-

presence detec]on, b represents the probability of biased suspect selec]on and is larger than zero in 

unfair lineups in which the suspect stands out from the ûllers, g represents the probability of 

guessing-based selec]on and dA represents the probability of culprit-absence detec]on. The 

constant 1 ÷ n represents the probability of selec]ng the culprit (upper tree) or the innocent suspect 

(lower tree) if guessing-based selec]on 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 effect9s size: First, we 

encouraged participants to describe everything they could remember about the culprit9s 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 

Par+cipants 

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 



On the Cogni]ve Processes Underlying the Verbal Overshadowing Eûect 

 

10 

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 ³ = ´ = 0.05 (implying a statistical power of 1 3 ´ = .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 Düsseldorf 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 

München 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 × 500 pixels and lasted about 

130 seconds. Participants could clearly see the culprits9 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 München 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 München 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 München fans. It is important that you 

use the en]re ûve minutes for this. When the ]me is up, you will automa]cally 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 München fan=. The other text fields 

were titled analogously, referring to the second, third and fourth Bayern München 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 en]re ûve minutes. When the ]me is 

up, you will automa]cally be redirected to the next page. 

Example: 

Germany 3 Berlin 

France 3 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 München fans from 

the video they had seen in photo lineups. Participants from both groups received the subsequent 

instructions: 

<In the ûrst part of the experiment, you saw a ûlm with Bayern München fans. Now we want 

you to iden]fy 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 München fans. It is also possible that no one in the lineup is one of the Bayern 

München fans. If you recognize someone, click on the 8Yes, was present9 buson that belongs 

to the recognized face. Otherwise, click on the 8No, none of these persons was present9 

buson.= 

Each participant was then successively shown four separate simultaneous lineups, each 

corresponding to one Bayern München 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, 2023a, 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 × 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 G2(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. 

 

Descrip]on 
Condi]on 

Culprit-present lineups Culprit-absent lineups 

Culprit 
iden]ûca]ons 

Filler 
iden]ûca]ons 

Lineup 
rejec]ons 

Innocent-
suspect 

iden]ûca]ons 

Filler 
iden]ûca]ons 

Lineup 
rejec]ons 

Culprit 
Descrip]on 

137 80  195 49  104 259 

No Culprit 
Descrip]on 

184 89  131 52  147  205 

Table 1. Response frequencies in culprit-present and culprit-absent lineups for the culprit-descrip]on 

and no-culprit-descrip]on condi]ons. 

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, �G2(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, �G2(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. 

 

Figure 2. Es]mates of the culprit-presence-detec]on parameter dP (Panel A) and the guessing-based-

selec]on parameter g (Panel B) as a func]on of the descrip]on condi]on (culprit descrip]on, no 

culprit descrip]on). 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 culprit9s 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 culprit9s 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 detection4for 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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