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ABSTRACT
Distance, lighting, and facial masking negatively impact eyewitness
identification accuracy. We investigated their combined effect on
accuracy and how internal (e.g., eyes) versus external (e.g., hair)
masking impacts accuracy. Using live targets witnessed by 1325
participants, we investigated the effects of distance (5m, 12.5m,
20m), lighting (optimal:300lx, suboptimal:2lx), facial masking (no
facial masking, sunglasses, hood, sunglasses & hood), and
eyewitness age (5-90) on identification accuracy in target-present
(TP) or target-absent (TA) eight-person simultaneous photograph
line-ups. TP identification accuracy, with no facial masking, for all
participants was .69 (.96 for only 18-44-year-old choosers) at 5m,
.34 (.58) at 12.5m, and .17 (.42) at 20m. TA rejection accuracy for
all participants was .63 (.60 for only 18-44-year-olds) at 5m, .42
(.54) at 12.5m, and .46 (.46) at 20m. Facial masking further
decreased accuracy; internal facial masking had the strongest
negative effect. The combined negative effects of distance,
lighting, and facial masking resulted in chance-level performance
in TP line-ups (i.e., .125) in some instances. We also found a
positive association between accuracy and high confidence and
shorter response times. We recommend that law enforcement
agencies and researchers report these variables to allow for the
postdiction of the likely accuracy of an eyewitness decision.
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Introduction

Remembering and recognizing faces

The ability to visually recognize a face is a specialized skill that is superior to the recog-
nition of other objects (Shakeshaft & Plomin, 2015; Werner et al., 2013). This is likely
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due to the evolutionary importance of reacting to and recognizing faces (Burke & Suli-
kowski, 2013). In legal contexts, facial identification plays an important role because eye-
witnesses are frequent sources of evidence in criminal proceedings, for example when
placing a suspect at the time and place of a crime (e.g. Wells et al., 2006). Eyewitness
identifications also influence juries and judges (Brewer & Wells, 2011; Cutler et al., 1990;
Nash et al., 2015) despite eyewitness identifications being prone to errors (Albright,
2017; Wells et al., 2015). Largely, eyewitness identification research has focused on two
main areas: (1) the law-enforcement practices (i.e. system variables) used to examine eye-
witness memories and (2) situational factors (i.e. estimator variables) that relate to the cir-
cumstances under which a memory was encoded (Wells, 1978). The former line of
research has led to important suggestions for reform (Wells et al., 2020), whereas the
latter has received less attention and therefore many questions remain unanswered
(e.g. Fulero, 2009). The present study focused on the effect of the following estimator vari-
ables on eyewitness identification accuracy of unfamiliar faces: facial masking, viewing
distance, lighting, and eyewitness age. In the present study eyewitnesses were presented
with live target individuals to be observed and that the distance, lighting, and masking
were manipulated live. This is in contrast to the majority of studies that have used photo-
graphic or video stimuli and simulated manipulations (e.g. Kovera & Evelo, 2021).

Facial masking

The perception, memory, and recognition of faces relies on a holistic processing of the
dynamic elements of the face, which means that various elements of the face are stored
and retrieved as a whole (Burke & Sulikowski, 2013; Rossion, 2013). Familiarity is also impor-
tant, as recognition of familiar faces is less prone to identification errors compared with unfa-
miliar faces (Megreya & Burton, 2006; Young & Burton, 2018). Broadly speaking, the face
consists of internal features (e.g. nose, eyes, mouth), which change only a little over time,
and external features (e.g. ears, hair, outer contours of the face) some of which can be
easily altered (Ellis et al., 1979; Young, 1984). Concealing (e.g. by using a disguise) either
internal facial features or external facial features can negatively influence facial identification
accuracy in various ways (e.g. Andrews et al., 2010; Shapiro & Penrod, 1986). For example, in a
study aimed at training eyewitnesses to focus on internal facial features in order to improve
their accuracy, Paterson et al. (2017) found that when external features had been altered
between encoding and identification (i.e. retrieval), focus on internal features improved
accuracy but not when external features were kept constant between encoding and identifi-
cation. Moreover, Carlson et al. (2021) found that in relation to external facial masking,
matching encoding and retrieval conditions leads overall to better line-up performance –
meaning that if external features were masked during encoding then line-up performance
is improved if external features are masked also during retrieval.

However, it is especially internal facial masking that is detrimental to encoding and
identification accuracy (Carragher & Hancock, 2020; Manley et al., 2018; Mansour et al.,
2020; Nguyen & Pezdek, 2017; Ross et al., 2022; Thorley et al., 2022). The main reason
appears to be that identification accuracy is often assessed using a line-up task where
images of a target and fillers (i.e. target lookalikes) are only distinguishable based on dis-
tinctive internal facial features; that is, that external feature (e.g. the hair) of the fillers are
selected so as to match the target as much as possible (e.g. Malpass et al., 2008).
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A difficulty in creating line-ups is, nevertheless, that eyewitness descriptions are not
always accurate or detailed and the police do not always follow guidelines set by
researchers concerning best practices for creating line-ups (Malpass et al., 2008; Nyman
et al., 2021). In this context, accuracy is defined as the ability to differentiate between
the image of the target and the images of the fillers based on the eyewitness’s memory
of the specific features of the observed target. Eye tracking studies lend support to the
interpretation that attention to internal facial features is important for identification accu-
racy, as findings show that focus on or directed attention towards internal facial features
tends to improve accuracy (Fletcher et al., 2008; Paterson et al., 2017).

Importantly, a limitation of earlier studies on the effects of facial masking is that they
have relied on simulated effects of masking on identification accuracy (i.e. they have used
images) and there appear to have been no empirical studies that would have investigated
the effects of masking using live targets (e.g. Kramer & Ritchie, 2016; Manley et al., 2018;
Mansour et al., 2020). Moreover, the studies have not investigated other aspects that
impact the visibility of the face, such as lighting and distance; two variables which are rel-
evant in any visual encoding context.

Visibility

The perception and encoding of a face can be impeded in several ways and, as previously
mentioned, the explicit masking of internal or external facial masking has indeed been
found to have a negative impact on identification accuracy (e.g. Manley et al., 2018;
Mansour et al., 2020). However, the visibility of a face can also be impeded in other
ways, such as, by increasing the distance between the observer and the observed or by
increasing or decreasing the lighting conditions in which the observation takes place. A
clear difference between explicit facial masking and either increased distance or
decreased lighting is that facial masking can specifically target either internal or external
facial features and thus obstruct encoding and identification accuracy in specific ways
(e.g. Manley et al., 2018; Mansour et al., 2020). In contrast, the effects of increased distance
or decreased lighting appear to result in a more global negative effect on facial encoding,
thus potentially obstructing both internal and external facial features (e.g. Loftus & Harley,
2005; McKone, 2009; Wagenaar & Van Der Schrier, 1996). Studies have found that when a per-
petrator is seen at a greater viewing distance this has a negative effect on later identification
accuracy (de Jong et al., 2005; Lampinen et al., 2014; Lindsay et al., 2008; Lockamyeir et al.,
2020; Loftus & Harley, 2005; McKone, 2009; Nyman, Antfolk, et al., 2019; Nyman, Lampinen,
et al., 2019; Wagenaar & Van Der Schrier, 1996). Similar to increased distance, decreased light-
ing has also been found to have a negative impact on identification accuracy (de Jong et al.,
2005; Nyman, Antfolk, et al., 2019; Wagenaar & Van Der Schrier, 1996).

The majority of the above-mentioned research on the effects of distance and lighting
on identification accuracy is based on simulated scenarios, but there are a few studies that
have investigated the effect of actual distance or lighting using live targets (Lampinen
et al., 2014; Lindsay et al., 2008; Nyman, Antfolk, et al., 2019; Nyman, Lampinen, et al.,
2019). However, these studies have not included an investigation of disguise. Moreover,
Nyman, Antfolk et al. (2019) is the only study to date that has investigated the combined
effect of actual distance and lighting using live targets and they found that in target
present line-ups accuracy reached chance level (i.e. .125) at 20 meters in low lighting.
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However, the study did not include target absent line-ups, which diminishes the useful-
ness of the results. In comparison, and based on simulated distance and lighting, Wagen-
aar and Van Der Schrier (1996), introduced a rule of thumb in which they stated that to
reach optimal encoding and identification accuracy, lighting should be above 15 lux
and distance below 15 m to achieve a diagnostic value of 15; which they considered to
be acceptable. In a more recent simulated distance design, it was found that accuracy
declined substantially with distance as the target present identification accuracy fell in
Experiment 1 from .50 at 3 m to .15 at 20 m and in Experiment 2 from .54 at 3 m and
.19 at 20 m (Lockamyeir et al., 2020).

Importantly, despite the ostensibly clear connection between facial masking, viewing
distance, and lighting, there has been no investigation of the effects of these variables on
identification accuracy. For this reason, there has also not been an empirical investigation
into the different effects that internal and external facial masking have in optimal versus
suboptimal viewing conditions. More specifically, because visibility decreases with
increased distance and decreased lighting, internal facial features will presumably be
impacted first and external facial features last. That is, when the viewing distance to a
target is increased or the lighting is decreased, lower visibility will first reduce the
ability to distinguish between the smaller and spatially close internal features of the
face (e.g. nose, eyes, mouth), whereas the external and larger features (e.g. ears, hair,
outer contours of the face) will be less affected. This implies that different predictions
can be made regarding the combined effects of internal and external facial masking
and either increased distance or decreased lighting on identification accuracy. It may
be that internal facial masking (e.g. sunglasses) will have a more detrimental effect
under optimal viewing conditions (i.e. smaller viewing distance or optimal lighting)
compared to under sub-optimal conditions (i.e. greater viewing distance or suboptimal
lighting). In contrast, the opposite prediction can be made for the masking of external
facial features.

Eyewitness age

No earlier studies have investigated age-differences in the effects of facial masking. The
closest comparison is a study by Pozzulo and Balfour (2006), where the authors found
that changes in appearance (i.e. hair length) of a target between observation and line-
up task negatively impacted accuracy for both children (8–13) and adults (17–59). Only
one earlier study has investigated the impact of age-related differences in identification
accuracy with increased viewing distance (Nyman, Lampinen, et al., 2019), where accuracy
was found to be lower for young children (5–11) but the impact of increased distance was
similar compared with young adults (18–44). Additionally, no earlier studies have investi-
gated age-related differences with different lighting conditions.

Overall, young adults tend to outperform young children and older adults on identifi-
cation tasks (Erickson et al., 2015; Fitzgerald & Price, 2015; Pozzulo & Lindsay, 1998). Chil-
dren and older adults also tend tomake more filler selections (i.e. choose more) in line-ups
where the target is absent (Bartlett, 2014; Bartlett & Memon, 2007; Fitzgerald & Price,
2015). The predilection to choose among children and older adults may be related to a
reliance on familiarity (vs. recollection) in the identification task (Shing et al., 2010). Fam-
iliarity is associated with a feeling of something being similar (e.g. a face) and recollection
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is associated with a more detailed and specific memory (Jacoby, 1991). Familiarity devel-
ops early in childhood while recollection continues to develop throughout childhood
(Anooshian, 1999; Brainerd et al., 2004). Children may rely on familiarity due to their recol-
lection not being as developed (Shing et al., 2008, 2010), whereas older adults may rely on
familiarity due to recollection impairments (e.g. Fitzgerald & Price, 2015; Healy et al.,
2005).

Facial processing matures between the ages of 5–7, which indicates that lower accu-
racy is more likely to be associated with memory and attention (Crookes & McKone,
2009). Older adults may also suffer from attention deficits or even inhibition deficits,
but findings do not support the claim that inhibition control is decreased in older
adults (Rey-Mermet & Gade, 2018). Interestingly, although both children and adults inte-
grate internal and external facial features into a holistic representation of a face, evidence
suggests that for children (6–10-year-olds) external facial features are more important in
their representation of faces and lead to a higher degree of accuracy (Knowles & Hay,
2014). This potentially means that there are age-related differences in how facial
masking affects identification accuracy, but with almost no background information,
there is no clear foundation upon which to formulate sound hypotheses. Differences in
the development of young individuals and potential age-related deficiencies in later
life imply that the effects of age may not be linear.

Metacognition

The subjectively perceived difficulty of a task is of potential importance when investi-
gating the effects of facial masking and visibility (i.e. distance and lighting) on identifi-
cation accuracy. This is because although an eyewitness may be aware of the difficulty
of the task of observing (i.e. encoding) a face under sub-optimal conditions (e.g. a
masked face), evidence suggests that line-up choosing behavior is not adequately
adjusted in a more conservative direction so that the eyewitnesses would be more cau-
tious (Lindsay et al., 2008; Mansour et al., 2020; Nyman, Lampinen, et al., 2019). Interest-
ingly, it has also been found that both poor encoding conditions (estimator variables) and
degraded line-ups (system variables) lead to a similar effect; that the response criterion of
the eyewitness becomesmore liberal (Smith et al., 2019). This means that line-up choosing
behavior is not adequately adjusted to becomemore cautious when encoding is hindered
or when the line-up is more difficult. The conclusion of earlier findings is that eyewit-
nesses are often not sensitive to the objective difficulty of an eyewitness task (i.e. they
do not realize that their ability to encode and later identify accurately is diminished).
However, it may also be that, having realized the difficulty, eyewitnesses are either unwill-
ing or unable to change their willingness to guess or in a real-life scenario help the inves-
tigation by attempting to make an identification. The conclusion is that by decreasing
visibility during encoding, we would expect to see an increase in choosing behavior
and in error rates.

Line-up confidence and response time

Earlier studies have found that high confidence among the choosers in line-ups is indica-
tive of identification accuracy (Lindsay et al., 1998; Sporer et al., 1995; Wixted & Wells,
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2017). There is also a range of evidence indicating that shorter response times in line-up
tasks are associated with identification accuracy (Dodson & Dobolyi, 2016; Dunning & Per-
retta, 2002; Sauer et al., 2008; Sauerland et al., 2018; Sauerland & Sporer, 2009; Weber
et al., 2004). Interestingly, it has also been asserted that estimator variables do not nega-
tively impact the confidence-accuracy relationship, so that for example, no matter what
the visibility was during the encoding, as long as pristine line-ups and line-up procedures
are used, a high confidence identification will have a high probability of being accurate
(Semmler et al., 2018). However, there is also evidence that estimator variables can
have a negative impact on the relationship between accuracy and confidence (e.g.
Giacona et al., 2021; Grabman et al., 2019; Lockamyeir et al., 2020). We argue that
before claiming that the confidence-accuracy relationship will hold true irrespective of
how the multitude of estimator variables are manipulated, an empirical investigation
should be conducted. In the present study, we were able to investigate both the associ-
ation between confidence, accuracy, response time and accuracy under suboptimal
viewing conditions.

The present study

In the present study, we investigated the effects of distance (5, 12.5, 20 m), lighting (sub-
optimal lighting; 2 lux: lx, Optimal lighting; 300lx), facial masking (no facial masking, sun-
glasses, hood, sunglasses & hood), and eyewitness age (5–90: young children; 5–11, older
children; 12–17, young adults; 18–44, older adults; 45–90), on identification accuracy of
unfamiliar faces. The novelty of the present study was that no earlier studies have inves-
tigated (1) the combined effects of actual distance and actual lightning on identification
accuracy in target present and target absent line-ups, (2) the combined effects of facial
masking, distance, and lighting, (3) age related differences in accuracy when a target is
wearing facial masking or when they have been presented at various distances and in
optimal or suboptimal lighting. Combined, the present study represents the most sys-
tematic approach to date of investigating how visibility of the face during encoding
impacts identification accuracy. Our hypotheses were:

. H1 (distance and lighting): Increased distance and decreased lighting will have a
negative impact on overall accuracy. This hypothesis was based on findings of the
negative effects of increased distance on identification accuracy (de Jong et al.,
2005; Lampinen et al., 2014; Lindsay et al., 2008; Lockamyeir et al., 2020; Loftus &
Harley, 2005; McKone, 2009; Nyman, Antfolk, et al., 2019; Nyman, Lampinen, et al.,
2019; Wagenaar & Van Der Schrier, 1996) and the negative effects of decreased lighting
on identification accuracy (de Jong et al., 2005; Nyman, Antfolk, et al., 2019; Wagenaar
& Van Der Schrier, 1996).

. H2 (threshold hypothesis):Under suboptimal viewing conditions, the combined effect
of both increased distance and decrease lighting will result in an upper identification
threshold where identification accuracy will have fallen to chance level in target
present line-ups. Here, chance level was defined as 1/8 = 12.5% in target present line-
ups because the line-ups we employed were eight-person simultaneous line-ups
where chance is equal to selecting any one image at random. Based on earlier, but
only provisional findings, this threshold was assumed to be achieved at 20 meters, in
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suboptimal lighting, andwith no facialmasking (Nyman, Antfolk, et al., 2019). With facial
masking, the threshold was expected to be considerably lower for all participants.

. H3 (age differences): Overall, in comparison with young adults, young children and
older adults will be less accurate. This assumption was based on earlier findings of
age differences in identification accuracy (Fitzgerald & Price, 2015) and the specific
age groups and their expected differences in accuracy were based on an earlier and
similar study (Nyman, Lampinen, et al., 2019). We also hypothesized that the age-
related differences would be pronounced in optimal viewing conditions, but as
viewing conditions worsened (i.e. distance increased or lighting decreased), when
facial masking was employed, or a combination of all three factors, then the age-
related differences would decrease. This was due to the expected low level of accuracy
for all participants in sub-optimal encoding conditions.

. H4 (internal versus external facial masking): Under optimal viewing conditions (5 m
& 300lx), internal facial masking (sunglasses or sunglasses & hood) will have a more
negative effect on accuracy compared with no facial masking and potentially also
external facial masking (hood). This was a novel hypothesis based on earlier findings
of the negative impact of facial masking on identification accuracy (Carragher &
Hancock, 2020; Manley et al., 2018; Mansour et al., 2020; Nguyen & Pezdek, 2017). More-
over, this hypothesis was also based on the earlier mentioned negative impacts of
increased distance and decreased lighting on identification accuracy and the gap in
the literature of the combined effects of these variables. Our reasoning was that
when internal facial features are visible, masking them will have a considerable nega-
tive impact, whereas when internal facial features are no longer discernible, then
reliance on external features will increase and so external facial masking will potentially
have a more negative impact on identification accuracy. No earlier studies have inves-
tigated this question.

. H5 (internal versus external facial masking): In line with H4, under suboptimal
viewing conditions (20 m & 2lx), both internal and external facial masking (vs. no
facial masking) will have a negative effect on accuracy. However, we expected that
external facial masking would have a more negative effect on accuracy compared
with internal facial masking.

. H6 (confidence and accuracy): High confidence among the line-up choosers will be
positively associated with accuracy. This expectation was based on earlier findings
(e.g. Lindsay et al., 1998; Sporer et al., 1995; Wixted & Wells, 2017).

. H7 (response time and accuracy): Shorter line-up response times among the line-up
choosers will be positively associated with accuracy. This assumption was based on
earlier findings (Dodson & Dobolyi, 2016; Dunning & Perretta, 2002; Sauer et al.,
2008; Sauerland et al., 2018; Sauerland & Sporer, 2009; Weber et al., 2004).

Method

Participants

Prior to data cleaning, there were 1425 participants and 4893 responses. We excluded
responses due to: (1) participant withdrawal (#23), (2) technical (#46) and participant
(#79) errors, (3) repeated participation (#176), (4) prior familiarity with a person
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represented in the chosen line-up image (#70) or any other (#75) line-up image, (5) par-
ticipant age was reported as below 5 (#15) or equal to 99 (#1). The final sample included
4456 responses (N = 1325, age range: 5–90). In accordance with earlier studies and as we
expected non-linear effects of age, we categorized age into four distinct groups: Young
children; 5–11, older children; 12–17, young adults; 18–44, older adults; 45–90. See
Table 1 for an overview of the frequencies of participants per age group and gender.

Ethics statement

All aspects of the current study were approved by the ethical committee at Åbo Akademi
University. All responses were collected at The Heureka Science Centre, where partici-
pants volunteered to participate while they were at the venue. We presented all partici-
pants with information about the design prior to their participation and offered no
compensation for participation. Participants who were younger than 12-years-old could
participate only if a close relative was present; the child and their relative had to give
their verbal assent and consent, respectively.

Design

Weemployed amixed design that included 48 conditions. The between subject factorswere
distance (5, 12.5, 20 m) and lighting (suboptimal:∼2 lux; lx and optimal:∼300lx). The within
subject factors were facial masking (no facial masking, sunglasses, hood, sunglasses & hood)
and line-up type (target present (TP) line-ups and target absent (TA) line-ups). See ‘Materials
and stimuli’ for more information about the counterbalancing of the factors.

Measures

Background questions
Prior to taking part in the main experiment, each participant was asked a series of back-
ground questions on a tablet (the same that was used to record their responses during
the main experiment). These questions were: (1) ‘How old are you?’ (answer options: 0–

Table 1. The frequency of participants per age group and gender.
Age group n Gender n M SD

Young adults 618 Female 356 31.40 7.22
Male 239 32.30 6.72
Other 23 32.09 8.12

Older adults 245 Female 133 54.11 7.43
Male 98 54.82 8.08
Other 14 60.00 10.20

Young children 266 Female 110 8.98 1.76
Male 141 8.50 1.77
Other 15 8.67 1.50

Older children 196 Female 96 14.46 1.89
Male 93 13.95 1.80
Other 7 14.14 2.19

Total 1325 Female 695 29.86 15.94
Male 571 27.30 16.98
Other 59 30.63 20.40

Note. A total of 1198 (90%) identified themselves as Finnish natives and 127 identified themselves as natives of various
other countries.
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99 years old), (2) ‘Have you taken part in this experiment before?’ (answer options: yes/no),
(3) ‘I have received information about this eyewitness experiment, I know I can stop at any
time. I am participating because I want to’ (answer options: yes), (4) ‘Are you:’ (answer
options: boy/man; girl/woman; other), (5) ‘How tall are you?’ (answer options: 0–220
cm), (6) ‘What country are you from’ (answer options: dropdown menu of countries),
(7) ‘Do you usually wear glasses or contact lenses?’ (answer options: yes, near-sighted,
yes far-sighted, yes-other, no), (8) ‘Are you wearing glasses or contact lenses at the
moment?’ (answer options: yes/no).

Main measures
After responding to the background questions, participants took part in a test round (see
procedure). The choices made in each test round were recorded, but not analyzed or
reported here. The main measures that were recorded after each eyewitness observation
of a live target were: (1) ‘The person was a:’ (answer options: man/woman), (2) ‘How tall
was the person?’ (answer options: 0–220 cm), (3) ‘How old was the person?’ (answer
options: 5–99), (4) ‘How much do you think the person weighs?’ (answer options: 0–
150 kg), (5) ‘How far away from you was the person standing? (answer options: 0–200
meters)’. After answering these questions, a simultaneous eight-person line-up was pre-
sented on a separate page (see procedure). Here responses were recorded as either an
image selection (the specific image selected) or as a line-up rejection (i.e. selecting the
option ‘The person is not among the images’). Additionally, line-up response time (i.e.
the duration from the presentation of the line-up until a choice was made) was recorded.
After the line-up choice, participants were presented (on a new page) with the following
post line-up questions: (1) ‘How certain are you of your choice?’ (answer options: 0–100%),
(2) ‘Have you seen this person BEFORE this experiment?’ (answer options: yes/no), (3)
‘Have you seen any of the other people BEFORE this experiment?’ (answer options: yes/
no). The last two questions were used to exclude any participant who had recognized
any image in the line-up from outside the context of the experiment.

Procedure

The experimental setup was designed so that anywhere between one and four partici-
pants could take part at the same time. In some instances, there were four and, in some
instances, there was only one participant who took part in the experiment. Each partici-
pant had a tablet placed in front of them. Between each participant there was a
wooden screen to ensure that they could not observe one another’s decisions. Prior
to the experiment, participants received verbal information concerning the experiment
from the test instructor. Once they had verbally agreed to participate, they were placed
in front of their respective tablets and their first task was to select the preferred
language to be used on the tablet throughout the experiment. Next, the participants
were asked to answer a series of background questions on the tablet (see Measures).
Next, the instructor verbally guided the participants through a test round, where no
actual live target was presented to the participants, but where the participants were
presented with mock-questions and a mock-line-up in order to practice for the main
experiment. During this time, the test instructor evaluated whether or not the partici-
pants understood what to do and could follow the instructions. Once the main
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experiment started, participants were instructed both by the instructor (verbally) and
the tablet (in text) to keep their gaze fixed downwards. The instructor, via radio,
then directed the live target to come out and take their position along the runway
(see Materials and stimuli). The participants were then verbally instructed to look up
and observe the target for approximately 20 s (time was managed by the instructor,
who used a stop watch). During the 20 s, the target stood in the middle of the
runway in a fixed position and rotated their head from side to side and also looked
forward (five seconds per side and twice straight forward for five seconds). When
20 s had past, the participants were verbally instructed to look down again, while
the target moved out of site (i.e. off the runway). Next the participants were instructed
to continue with the application on their tablets, which first presented a series of pre-
line-up questions (see Measures), then presented an eight-person simultaneous line-up
(randomized by the software to be either TP or TA), followed by post line-up questions
(see Measures). Next, the procedure was repeated in order to present the other three
live targets. In some instances, we did not have all four targets present, in which case
some participants only observed one or two live targets.

Experimental feedback
At the end of the experiment, all participants received feedback on how many correct or
incorrect decisions they had made. The feedback was presented at the end of the exper-
iment in the following way: ‘You identified 1 correct. The person you saw was missing
from the line-up 2 times. When the image was missing you correctly chose not to identify
0 times. Thank you for participating as an eyewitness!’. The purpose of the feedback was
to make the experiment more engaging for participants.

Materials and stimuli

Distance and lighting
We built an enclosed indoor runway (2.6 m × 2.5 m × 22m) with lighting devices (SUMO100
+) facing towards the targets who were presented in the middle of the runway at the three
distances; 5, 12.5 and 20 m (see Figure 1). Lighting was defined as the amount of light
shining on the face (measure in lux: lx). Distance was defined as the physical distance
between the participant and the target measured in meters (m). We counterbalanced dis-
tances, so that all targets were presented at the same distances for 2–3 h per day after
which the distance was changed although the lighting was kept constant for the whole
day (with a few exceptions due to practical arrangements) and then changed.

Targets
We employed eight targets (seven female and onemale;Mheight = 166.75 cm, SDheight= 6.63;
Mweight= 64.50 kg, SDweight= 11.67 kg, Mage= 25.13 y, SDage= 2.37 y). We employed two
teams (one instructor and four targets) and rotated the teams approximately every 3–4 days.

Line-ups
For each target, we created two eight-person full color simultaneous photograph line-ups:
One TP line-up (seven fillers and one target) and one TA line-up (same TP fillers and one
new filler). Line-ups were presented on 10.1 inch tablets. The image size was kept constant
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and the positions were randomized by the software. No facial masking was included in the
line-ups. We also programmed the software to randomize the participant to either a TP or
a TA line-up separately for each trial. Fillers were selected by the first author to match the
general characteristics of the target. Two common methods for filler selections are target-
matching and description-matching and there have been ongoing debates concerning
which is more appropriate – with findings suggesting that too homogenous line-ups (i.e.
where targets and fillers match too closely) are less effective (e.g. Carlson et al., 2019;
Colloff et al., 2021). Nevertheless, it is common for the police to use either method or a com-
bination of both methods when creating line-ups. In the present study we made the filler
selections based on target-matching simply due to time-constraints given the large-scale
nature and logistical and practical difficulties of implementing the present design. Target
and filler images were collected using a Canon camera (Model: EOS1300D) and a 50-mm
lens. All individuals were photographed against a white canvas, wearing a white t-shirt,
and in optimal lighting conditions. We also employed a professional editor to edit one
line-up so that all the images had the same hair length. All line-ups included unique
images, with one exception: One filler image was used in two separate line-ups because
the targets were meant to work on separate days. Of necessity, the two targets were pre-
sented on the same day twice during the data collection (i.e. 2/34 days). We have controlled
for this issue by excluding any observations where participants responded that they recog-
nized any image from before and by including the target as a random intercept in the ana-
lyses where possible (see analyses).

Facial masking
All targets wore a light grey sweater with a hood. To create the four masking conditions,
we instructed the targets to either leave their hood down (no facial masking), leave the
hood down and wear black sunglasses (sunglasses), pull up the hood (hood), or wear
the sunglasses and also have the hood up (sunglasses & hood). We counterbalanced
the types of facial masking that the targets wore between trials.

Figure 1. Illustration of the experimental setup.
Note. Panel A: A target presented wearing a hoodie and sunglasses at 5 meters in 300 lux (i.e. optimal lighting). Panel B: A
target presented wearing a hoodie and sunglasses at 12.5 meters in 300 lux. Panel C: A target presented wearing a hoodie
and sunglasses at 20 meters in 300 lux.
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Statistical analyses

Approach and rational
To account for the within-participant and within-target dependencies, we employed mul-
tilevel binary logistic regressions to investigate the estimated TP identification accuracy
and TA rejection accuracy. We used the lme4 package (Bates et al., 2014) to conduct the
main analyses in R (R Core Team, 2016), followed by the afex package to investigate the
main and interactive effects (Singmann et al., 2019), and the emmeans package for Tukey
post hoc comparisons (Lenth et al., 2019). We used the SjPlot and ggplot2 packages to
generate figures (Lüdecke, 2019; Wickham, 2016). Where possible, we have included
random intercepts for participants and targets, thus controlling for their variance.
When investigating post hoc comparisons, we have only focused on those comparisons
that were necessary to test our hypotheses. Our points of reference in the analyses for
categorical variables were the shortest distance (5 m), optimal lighting (300lx), young
adults (18–44), and no facial masking. In line with our hypotheses, in certain instances,
we recategorized the age of the participants from a continuous variable to a categorical
variable to investigate specific hypotheses. In all cases, we have included our motivations
for the recategorizing of age and have also included an analysis using the continuous
version of this variable.

Sample size justification
Our sample size estimate was partially based on earlier similar studies in eyewitness
research (Lindsay et al., 2008; Nyman, Lampinen, et al., 2019), however, our unique
data collection was conducted within a set time frame of two months and we aimed to
collect as much data as possible. We submitted a pre-registration of our design after col-
lecting responses from 400 participants, where we stated that our goal was to collect data
from at least 800 participants but with no upper limit. As our plan was to collect four
responses per person, a sample of 800 participants would have meant 3200 observations
(i.e. approximately 67 responses per condition). However, our final data set consists of
4456 response from 1325 participants (i.e. approximately 93 observations per condition).
The general consensus concerning sample sizes for a multilevel logistic regression model
is 50 per cell (Ali et al., 2019; Moineddin et al., 2007). Based on the existing literature, our
sample has adequate power.

Results

Descriptive data

The data used for the statistical analyses consisted (after data cleaning; see Participants) of
4456 responses from 1325 participants, with 2260 target present responses and 2196
target absent responses. In Table 2, we present an overview of the frequencies of
correct and incorrect line-up choices, the correct identification rate (HR), the false alarm
rate (FAR), discriminability, and response bias, per lighting level, facial masking, distance,
and line-up type. Tables 3–6 separate the responses per age group. Similarly, an overview
of the post line-up confidence can be found in Table 7 and an overview of line-up
response times can be found in Table 8.
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Table 2. All participants: The frequencies of correct or incorrect line-up choices and the calculated diagnostic values per lighting level, facial masking, distance,
line-up type.

Lighting Facial masking D

TP TA

HR FAR dʹ CIn-correct rejection In-correct filler ID Correct target ID Correct rejection In-correct filler ID

Optimal No mask 5 20 15 62 74 35 0.64 0.32 2.11 0.70
12.5 38 20 45 47 55 0.44 0.54 1.34 0.83
20 38 43 24 44 49 0.23 0.53 0.76 1.13

Sunglasses 5 29 46 40 42 38 0.35 0.48 1.17 0.98
12.5 13 40 18 34 65 0.25 0.66 0.73 1.03
20 30 51 24 36 89 0.23 0.71 0.60 1.05

Hood 5 19 9 47 41 26 0.63 0.39 1.98 0.67
12.5 31 37 34 29 36 0.33 0.55 1.05 0.96
20 39 51 28 54 68 0.24 0.56 0.76 1.10

Sunglasses & Hood 5 28 39 31 39 66 0.32 0.63 0.94 0.95
12.5 29 37 31 17 57 0.32 0.77 0.83 0.89
20 33 46 2 33 42 0.02 0.56 −0.49 1.72

Sub-optimal No mask 5 23 17 68 54 48 0.63 0.47 1.90 0.62
12.5 28 41 21 51 52 0.23 0.50 0.80 1.13
20 20 56 15 26 54 0.16 0.68 0.40 1.18

Sunglasses 5 25 33 21 22 74 0.27 0.77 0.68 0.96
12.5 25 53 20 42 68 0.20 0.62 0.60 1.13
20 29 51 8 25 55 0.09 0.69 0.03 1.35

Hood 5 40 20 62 47 58 0.51 0.55 1.50 0.73
12.5 28 56 14 44 65 0.14 0.60 0.38 1.26
20 23 37 8 29 42 0.12 0.59 0.26 1.32

Sunglasses & Hood 5 33 38 26 32 68 0.27 0.68 0.75 1.00
12.5 24 50 9 24 38 0.11 0.61 0.19 1.33
20 24 38 9 21 41 0.13 0.66 0.25 1.26

Note. N = 1325 (4456 line-up decisions; 2260 target present responses and 2196 target absent responses). Age range: 5–90. Target = Live target observed for ∼20 s. Line-up = eight-person
simultaneous line-up. Optimal = 300 lux, Suboptimal = 2 lux, Facial Masking = Disguise worn by live target, D = Distance (meters), TP = Target present line-up, TA = Target absent line-up.
HR = Hit rate based on decisions from target present line-ups (Microsoft Excel formula = Target identifications / (target identifications + filler identifications + rejections)). FAR = False
alarm rates based on target absent line-ups (Microsoft Excel formula = Filler identifications / (filler identifications + rejections)). dʹ = discriminability (Microsoft Excel formula = (−(NORM-
SINV(HR) + NORMSINV(FA/8))). C = Decision criterion (Microsoft Excel formula = (−(NORMSINV(HR) + NORMSINV(FA/8))/2).
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Table 3. Young adults (18–44): The frequencies of correct or incorrect line-up choices and the calculated diagnostic values per lighting level, facial masking,
distance, line-up type.

Lighting Facial masking D

TP TA

HR FAR dʹ CIn-correct rejection In-correct filler ID Correct target ID Correct rejection In-correct filler ID

Optimal No mask 5 6 2 27 31 17 0.77 0.35 2.45 0.48
12.5 12 7 19 27 20 0.50 0.43 1.61 0.81
20 19 14 11 16 18 0.25 0.53 0.83 1.09

Sunglasses 5 10 21 19 19 18 0.38 0.49 1.24 0.93
12.5 5 19 11 11 36 0.31 0.77 0.82 0.89
20 8 23 12 9 40 0.28 0.82 0.68 0.93

Hood 5 8 1 31 17 9 0.78 0.35 2.47 0.48
12.5 16 19 17 12 15 0.33 0.56 1.03 0.96
20 10 20 13 18 31 0.30 0.63 0.89 0.96

Sunglasses & Hood 5 14 17 14 17 23 0.31 0.58 0.97 0.98
12.5 13 15 14 6 23 0.33 0.79 0.86 0.86
20 10 13 1 10 18 0.04 0.64 −0.33 1.57

Sub-optimal No mask 5 14 6 38 37 22 0.66 0.37 2.08 0.64
12.5 16 23 12 33 26 0.24 0.44 0.88 1.16
20 13 23 8 8 23 0.18 0.74 0.42 1.12

Sunglasses 5 15 16 14 14 41 0.31 0.75 0.83 0.91
12.5 18 27 14 21 33 0.24 0.61 0.71 1.07
20 15 21 3 11 25 0.08 0.69 −0.07 1.39

Hood 5 17 9 40 32 31 0.61 0.49 1.81 0.64
12.5 22 30 7 21 34 0.12 0.62 0.24 1.30
20 13 17 2 14 14 0.06 0.50 0.00 1.53

Sunglasses & Hood 5 22 17 17 19 39 0.30 0.67 0.86 0.95
12.5 13 31 5 11 23 0.10 0.68 0.11 1.32
20 14 13 5 10 24 0.16 0.71 0.34 1.18

Note. N = 618 (2108 line-up decisions; 1081 target present responses and 1027 target absent responses). Age range: 5–90. Target = Live target observed for ∼20 s. Line-up = eight-person
simultaneous line-up. Optimal = 300 lux, Suboptimal = 2 lux, Facial Masking = Disguise worn by live target, D = Distance (meters), TP = Target present line-up, TA = Target absent line-up.
HR = Hit rate based on decisions from target present line-ups (Microsoft Excel formula = Target identifications / (target identifications + filler identifications + rejections)). FAR = False
alarm rates based on target absent line-ups (Microsoft Excel formula = Filler identifications / (filler identifications + rejections)). dʹ = discriminability (Microsoft Excel formula = (−(NORM-
SINV(HR) + NORMSINV(FA/8))). C = Decision criterion (Microsoft Excel formula = (−(NORMSINV(HR) + NORMSINV(FA/8))/2).
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Table 4. Older adults (45–99): The frequencies of correct or incorrect line-up choices and the calculated diagnostic values per lighting level, facial masking,
distance, line-up type.

Lighting Facial masking D

TP TA

HR FAR dʹ CIn-correct rejection In-correct filler ID Correct target ID Correct rejection In-correct filler ID

Optimal No mask 5 4 4 16 16 10 0.67 0.38 2.09 0.62
12.5 9 2 8 5 11 0.42 0.69 1.17 0.78
20 4 6 8 8 8 0.44 0.50 1.39 0.84

Sunglasses 5 4 12 14 8 8 0.47 0.50 1.45 0.81
12.5 2 6 4 5 10 0.33 0.67 0.95 0.91
20 6 10 4 5 11 0.20 0.69 0.52 1.10

Hood 5 4 3 9 7 7 0.56 0.50 1.69 0.69
12.5 5 3 5 4 10 0.38 0.71 1.05 0.82
20 8 9 5 12 9 0.23 0.43 0.86 1.18

Sunglasses & Hood 5 6 7 12 5 13 0.48 0.72 1.29 0.69
12.5 4 8 6 4 9 0.33 0.69 0.93 0.90
20 9 13 0 3 5 0.00 0.63 NA NA

Sub-optimal No mask 5 2 3 13 3 10 0.72 0.77 1.89 0.36
12.5 5 5 4 9 14 0.29 0.61 0.87 1.00
20 4 12 4 7 8 0.20 0.53 0.66 1.17

Sunglasses 5 2 4 3 3 12 0.33 0.80 0.85 0.86
12.5 4 7 3 11 19 0.21 0.63 0.62 1.10
20 6 11 2 4 12 0.11 0.75 0.07 1.29

Hood 5 6 5 10 4 8 0.48 0.67 1.32 0.72
12.5 4 9 5 8 16 0.28 0.67 0.79 0.99
20 4 9 2 7 11 0.13 0.61 0.32 1.27

Sunglasses & Hood 5 1 6 4 7 4 0.36 0.36 1.34 1.02
12.5 6 9 3 9 9 0.17 0.50 0.57 1.25
20 3 11 2 8 7 0.13 0.47 0.42 1.36

Note. N = 245 (835 line-up decisions; 432 target present responses and 403 target absent responses). Age range: 5–90. Target = Live target observed for ∼20 s. Line-up = eight-person sim-
ultaneous line-up. Optimal = 300 lux, Suboptimal = 2 lux, Facial Masking = Disguise worn by live target, D = Distance (meters), TP = Target present line-up, TA = Target absent line-up.
HR = Hit rate based on decisions from target present line-ups (Microsoft Excel formula = Target identifications / (target identifications + filler identifications + rejections)). FAR = False
alarm rates based on target absent line-ups (Microsoft Excel formula = Filler identifications / (filler identifications + rejections)). dʹ = discriminability (Microsoft Excel formula = (−(NORM-
SINV(HR) + NORMSINV(FA/8))). C = Decision criterion (Microsoft Excel formula = (−(NORMSINV(HR) + NORMSINV(FA/8))/2).
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Table 5. Young children (5–11): The frequencies of correct or incorrect line-up choices and the calculated diagnostic values per lighting level, facial masking,
distance, line-up type.

Lighting Facial masking D

TP TA

HR FAR dʹ CIn-correct rejection In-correct filler ID Correct target ID Correct rejection In-correct filler ID

Optimal No mask 5 6 7 8 19 4 0.38 0.17 1.72 1.16
12.5 9 4 10 6 13 0.43 0.68 1.20 0.77
20 9 17 2 11 17 0.07 0.61 −0.03 1.45

Sunglasses 5 14 9 2 14 6 0.08 0.30 0.38 1.59
12.5 5 13 1 13 10 0.05 0.43 −0.02 1.61
20 13 13 2 13 19 0.07 0.59 −0.02 1.46

Hood 5 6 5 5 12 7 0.31 0.37 1.20 1.09
12.5 7 10 8 7 3 0.32 0.30 1.31 1.12
20 13 13 4 13 18 0.13 0.58 0.35 1.28

Sunglasses & Hood 5 6 7 2 12 20 0.13 0.63 0.31 1.26
12.5 5 7 3 4 9 0.20 0.69 0.52 1.10
20 9 7 0 11 7 0.00 0.39 NA NA

Sub-optimal No mask 5 4 7 12 7 11 0.52 0.61 1.48 0.69
12.5 3 9 4 7 8 0.25 0.53 0.83 1.09
20 2 9 1 5 8 0.08 0.62 0.04 1.40

Sunglasses 5 4 7 3 3 14 0.21 0.82 0.47 1.03
12.5 3 14 2 6 9 0.11 0.60 0.19 1.35
20 2 10 1 4 8 0.08 0.67 −0.04 1.40

Hood 5 13 4 8 3 13 0.32 0.81 0.80 0.87
12.5 1 12 1 10 10 0.07 0.50 0.07 1.50
20 2 4 1 1 9 0.14 0.90 0.15 1.14

Sunglasses & Hood 5 7 6 5 3 16 0.28 0.84 0.66 0.92
12.5 2 7 1 2 5 0.10 0.71 0.06 1.31
20 5 5 1 1 6 0.09 0.86 −0.09 1.29

Note. N = 266 (880 line-up decisions; 443 target present responses and 437 target absent responses). Age range: 5–90. Target = Live target observed for ∼20 s. Line-up = eight-person sim-
ultaneous line-up. Optimal = 300 lux, Suboptimal = 2 lux, Facial Masking = Disguise worn by live target, D = Distance (meters), TP = Target present line-up, TA = Target absent line-up.
HR = Hit rate based on decisions from target present line-ups (Microsoft Excel formula = Target identifications / (target identifications + filler identifications + rejections)). FAR = False
alarm rates based on target absent line-ups (Microsoft Excel formula = Filler identifications / (filler identifications + rejections)). dʹ = discriminability (Microsoft Excel formula = (−(NORM-
SINV(HR) + NORMSINV(FA/8))). C = Decision criterion (Microsoft Excel formula = (−(NORMSINV(HR) + NORMSINV(FA/8))/2).
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Table 6. Older children (12–17): The frequencies of correct or incorrect line-up choices and the calculated diagnostic values per lighting level, facial masking,
distance, line-up type.

Lighting Facial masking D

TP TA

HR FAR dʹ CIn-correct rejection In-correct filler ID Correct target ID Correct rejection In-correct filler ID

Optimal No mask 5 4 2 11 8 4 0.65 0.33 2.11 0.68
12.5 8 7 8 9 11 0.35 0.55 1.09 0.94
20 6 6 3 9 6 0.20 0.40 0.80 1.24

Sunglasses 5 1 4 5 1 6 0.50 0.86 1.24 0.62
12.5 1 2 2 5 9 0.40 0.64 1.15 0.83
20 3 5 6 9 19 0.43 0.68 1.19 0.78

Hood 5 1 0 2 5 3 0.67 0.38 2.11 0.62
12.5 3 5 4 6 8 0.33 0.57 1.03 0.95
20 8 9 6 11 10 0.26 0.48 0.92 1.10

Sunglasses & Hood 5 2 8 3 5 10 0.23 0.67 0.65 1.06
12.5 7 7 8 3 16 0.36 0.84 0.90 0.80
20 5 13 1 9 12 0.05 0.57 −0.15 1.54

Sub-optimal No mask 5 3 1 5 7 5 0.56 0.42 1.76 0.74
12.5 4 4 1 2 4 0.11 0.67 0.16 1.30
20 1 12 2 6 15 0.13 0.71 0.23 1.23

Sunglasses 5 4 6 1 2 7 0.09 0.78 −0.04 1.32
12.5 0 5 1 4 7 0.17 0.64 0.44 1.19
20 6 9 2 6 10 0.12 0.63 0.23 1.30

Hood 5 4 2 4 8 6 0.40 0.43 1.36 0.93
12.5 1 5 1 5 5 0.14 0.50 0.47 1.30
20 4 7 3 7 8 0.21 0.53 0.71 1.15

Sunglasses & Hood 5 3 9 0 3 9 0.00 0.75 NA NA
12.5 3 3 0 2 1 0.00 0.33 NA NA
20 2 9 1 2 4 0.08 0.67 0.00 1.38

Note. N = 196 (633 line-up decisions; 304 target present responses and 329 target absent responses). Age range: 5–90. Target = Live target observed for ∼20 s. Line-up = eight-person sim-
ultaneous line-up. Optimal = 300 lux, Suboptimal = 2 lux, Facial Masking = Disguise worn by live target, D = Distance (meters), TP = Target present line-up, TA = Target absent line-up. HR =
Hit rate based on decisions from target present line-ups (Microsoft Excel formula = Target identifications / (target identifications + filler identifications + rejections)). FAR = False alarm rates
based on target absent line-ups (Microsoft Excel formula = Filler identifications / (filler identifications + rejections)). dʹ = discriminability (Microsoft Excel formula = (−(NORMSINV(HR) + NORM-
SINV(FA/8))). C = Decision criterion (Microsoft Excel formula = (−(NORMSINV(HR) + NORMSINV(FA/8))/2).
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Table 7. Confidence per lighting, facial masking, distance, and age group.

Lighting Facial masking Distance

Young adults Older adults Young children Older children

N n M SD n M SD n M SD n M SD

Optimal No mask 5 200 79 64.73 27.44 48 67.08 28.14 44 63.43 34.96 29 65.83 23.94
12.5 198 82 55.79 29.70 34 56.65 30.56 40 58.73 32.03 42 56.45 24.74
20 188 73 55.14 27.21 30 58.00 26.86 55 44.47 32.35 30 47.40 24.83

Sunglasses 5 185 83 52.22 26.19 43 56.79 23.74 42 60.48 31.80 17 52.24 22.12
12.5 164 80 48.63 23.82 26 48.08 22.70 40 47.95 30.15 18 48.94 22.26
20 222 88 45.18 23.61 34 40.21 28.35 59 49.51 31.42 41 50.51 19.40

Hood 5 136 62 72.77 21.24 28 52.71 30.96 35 59.51 35.59 11 54.45 26.57
12.5 161 76 54.12 27.54 26 42.54 22.53 33 54.82 25.31 26 56.96 22.74
20 228 87 45.71 26.26 38 41.58 26.63 60 41.30 31.24 43 48.23 24.20

Sunglasses & Hood 5 195 81 44.74 25.53 41 47.10 23.50 45 55.73 31.03 28 50.11 22.68
12.5 168 70 45.91 24.74 30 39.20 25.77 28 49.46 33.88 40 56.15 24.09
20 152 49 35.88 25.59 29 34.31 26.66 34 45.71 32.78 40 46.73 21.88

Suboptimal Normal 5 204 113 64.63 28.01 29 55.03 26.29 41 66.59 26.64 21 58.76 26.83
12.5 181 108 52.30 24.64 31 52.45 25.77 27 50.85 27.77 15 52.73 26.03
20 156 68 37.60 22.98 28 35.07 27.03 24 48.04 32.41 36 44.92 20.70

Sunglasses 5 169 96 43.94 23.04 22 44.86 23.13 31 43.45 22.38 20 45.60 20.66
12.5 202 111 43.38 24.29 41 41.66 28.04 33 43.33 28.80 17 42.24 32.22
20 151 67 32.52 22.64 27 32.15 21.54 25 51.28 32.55 32 45.00 20.77

Hood 5 221 125 61.13 24.48 31 54.35 21.64 41 55.34 23.23 24 49.83 24.59
12.5 196 112 44.34 24.95 37 36.92 24.14 30 51.17 29.30 17 39.53 21.16
20 126 54 32.41 23.34 28 27.21 19.68 16 51.75 31.65 28 41.14 21.74

Sunglasses & Hood 5 192 110 43.76 24.31 21 38.38 23.78 37 48.65 31.78 24 42.75 21.55
12.5 137 81 35.07 22.06 31 35.74 25.99 16 51.19 32.40 9 43.89 35.85
20 117 58 27.43 21.49 24 28.46 20.92 17 46.59 31.93 18 37.06 23.85

Note. The total sample includes 4456 line-up decisions. However, there were 207 missing confidence judgements in the sample (i.e. participants that forgot or due to errors did not report
their confidence). The table above contains 4249 decisions (4456–207). Age range: 5–90. Line-up type = eight-person simultaneous line-up. Optimal = 300 lux, Suboptimal = 2 lux, Facial
Masking = Disguise worn by live target, D = Distance (meters), Young adults = 18–44, Older adults = 45–90, Young children 5–11, Older children 12–17.
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Table 8. Response time per lighting, facial masking, distance, and age group.

Lighting Facial masking Distance

Young adults Older adults Young children Older children

N n M SD n M SD n M SD n M SD

Optimal No mask 5 206 83 15.08 8.95 50 17.68 13.60 44 10.33 5.18 29 11.72 7.70
12.5 205 85 15.58 9.07 35 17.28 9.56 42 13.97 10.15 43 12.29 9.90
20 198 78 16.83 12.05 34 14.85 8.53 56 15.90 14.05 30 14.84 17.45

Sunglasses 5 203 85 19.80 11.37 43 24.69 19.69 47 15.86 8.25 28 15.58 7.25
12.5 171 71 17.41 8.92 31 19.54 9.66 28 18.98 11.74 41 12.76 7.13
20 156 52 21.19 12.38 30 16.08 8.47 34 18.82 11.95 40 15.40 10.12

Hood 5 195 87 20.02 10.90 46 20.37 12.49 45 17.61 11.65 17 18.64 8.10
12.5 170 82 18.78 11.00 27 21.71 13.20 42 17.92 12.23 19 21.42 15.09
20 230 92 17.15 8.94 36 19.86 10.63 60 16.40 10.34 42 13.33 7.66

Sunglasses & Hood 5 142 66 13.53 8.21 30 18.25 9.54 35 14.12 10.98 11 20.01 12.61
12.5 167 79 17.18 10.74 27 18.84 11.07 35 12.14 6.99 26 12.64 7.41
20 240 92 16.14 9.18 43 17.52 9.57 61 14.79 9.69 44 19.31 26.39

Suboptimal Normal 5 210 117 13.98 8.23 31 19.27 10.42 41 13.08 9.07 21 12.33 6.32
12.5 193 110 15.17 10.47 37 17.94 7.72 31 15.22 12.04 15 16.08 7.08
20 171 75 14.94 8.65 35 16.86 10.11 25 14.50 6.41 36 16.59 10.51

Sunglasses 5 197 114 17.60 9.06 22 19.14 10.93 37 18.49 15.12 24 18.87 10.10
12.5 145 83 16.28 7.28 36 19.76 11.22 17 12.45 8.11 9 15.41 11.20
20 133 66 15.22 9.55 31 16.42 10.33 18 18.95 12.86 18 13.69 5.40

Hood 5 227 129 14.93 8.85 33 19.89 13.01 41 14.28 7.87 24 14.87 6.87
12.5 207 114 16.38 11.52 42 18.15 12.16 34 15.41 12.34 17 17.62 8.03
20 139 60 14.59 8.14 33 17.75 11.85 17 15.73 9.08 29 14.73 6.79

Sunglasses & Hood 5 175 100 18.74 9.37 24 18.93 10.98 31 15.06 9.00 20 16.67 7.52
12.5 208 113 18.36 16.42 44 18.35 8.10 34 16.51 12.90 17 18.07 18.25
20 168 75 14.33 6.45 35 17.72 10.34 25 11.79 7.04 33 15.76 9.09

Note. The total sample includes 4456 line-up decisions. Age range: 5–90. Line-up type = eight-person simultaneous line-up. Optimal = 300 lux, Suboptimal = 2 lux, Facial Masking = Disguise
worn by live target, D = Distance (meters), Young adults = 18–44, Older adults = 45–90, Young children 5–11, Older children 12–17.
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Main results

Identification accuracy with no facial masking: analyses approach
To investigate hypotheses H1–H3 (i.e. the combined effects of increased distance,
decreased lighting, and eyewitness age on identification accuracy), we investigated TP
identification accuracy and TA rejection accuracy separately using a subset of the data
where the target(s) had worn no facial masking during the time the participant observed
them. Because it is of specific relevance for practitioners, in the TP line-ups we focused
on a subset of only those participants who made an identification in the line-up (i.e. the
choosers) and disregarded thosewho rejected the line-up (i.e. the non-choosers). Here, dis-
tance, lighting, and age were treated as categorical variables (Model 1). Because some
readersmaywish to see the same analyses conductedwhere age is treated as a continuous
variable, we have included such an analysis and results in our Supplemental Online
Materials (see Model 1.1). Moreover, as some readers may also be interested to see the
results that include both the choosers and non-choosers, we have included in our Sup-
plemental Online Materials an analysis with all TP decisions where age is treated as a cat-
egorical variable (see Model 1.2) and where age is treated as a continuous variable (see
Model 1.3). We conducted similar analyses for TA rejection accuracy with age as a categori-
cal variable (Model 2), but because it would be somewhat illogical to focus only on the
choosers when assessing rejection accuracy in TA line-ups, we included both the choosers
and non-choosers in our analysis of the TA line-ups. See also the Supplemental Online
Materials for additional TA analyses and results where agewas treated as a continuous vari-
able (seeModel 2.1). The choosingbehavior for TA line-ups can be found in Tables 2–6. In all
analyses, we included random intercepts for targets but not for participants because there
was, on average, only one observation per person in these subsets.

Model 1: TP line-ups with no facial masking (only choosers)
In the TP line-ups (line-up decisions = 427), we found that there was a main effect of dis-
tance (χ2 [2] = 68.87, p < .001), lighting (χ2 [1] = 24.17, p = .024), and age group (χ2 [3] =
21.21, p < .001), but no interactive effects on identification accuracy (see Figure 2). The
predicted probability in optimal lighting for young adults at 5 m was .96 (95% CI [.88,
.99]), at 12.5 m was .58 (95% CI [.31, .81]), and at 20 m was .42 (95% CI [.19, .69]). Post
hoc comparisons (averaged over levels of lighting and age groups) revealed that accuracy
was higher at 5 m compared with at 12.5 m (B = 1.46, SE = 0.39, p < .001) and compared
with accuracy at 20 m (B = 2.70, SE = 0.40, p < .0001). Accuracy was also higher at
12.5 m compared with accuracy at 20 m (B = 1.24, SE = 0.38, p = .003). Accuracy (averaged
over levels of distance and age groups) was higher in optimal versus suboptimal lighting
(B = 1.25, SE = 0.32, p < .001). Moreover, post hoc comparisons of age groups revealed that
young adults were more accurate (averaged over levels of lighting and distance) com-
pared with young children (B = 1.40, SE = 0.38, p = .001), but not compared with older chil-
dren (B = 0.80, SE = 0.44, p = .268) or older adults (B =−0.04, SE = 0.37, p = .999). These
results illustrate that when focusing only on the choosers, identification accuracy was
higher in optimal (vs. suboptimal) lighting, accuracy was higher at smaller (vs. greater) dis-
tances, and accuracy was higher for young adults compared with young children. The
results revealed that increased distance had a detrimental effect on identification accu-
racy in both optimal and sub-optimal conditions and for all age groups, as the predicted
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probability of identification accuracy for young adults fell from .96 at 5 m to .42 at 20 m.
The results also illustrated that TP identification accuracy increased with increased eyewit-
ness age.

Model 2: TA line-ups with no facial masking (choosers & non-choosers)
In the TA line-ups (line-up decisions = 589), we found that there was a main effect of dis-
tance (χ2 [2] = 6.21, p = .045), lighting (χ2 [1] = 5.51, p = .019), no main effect of age group
(χ2 [3] = 4.52, p = .210), and no interactive effects on rejection accuracy (see Figure 3). The

Figure 2. Identification accuracy in TP line-ups with no facial masking in optimal and suboptimal
lighting (only choosers).
Note. The predicted probabilities of identification accuracy in target present line-ups (only the choosers) by distance,
lighting, and age group with no facial masking. Here, the sample had been reduced to only the choosers (i.e. all decisions
that were rejections had been removed). On the left, optimal lighting. On the right, suboptimal lighting. TP = Target
present line-up, Optimal lighting = 300 lux, Suboptimal lighting = 2 lux. Young adults = 18–44, Older adults = 45–90,
Young children 5–11, Older children 12–17. All results are based on multilevel binary logistic regressions. The line-ups
consisted of eight images that were presented simultaneously; meaning that chance level of identifying the actual
target was at .125.

Figure 3. Rejection accuracy in TA line-ups with no facial masking in optimal and suboptimal lighting
(choosers & non-choosers).
Note. The predicted probabilities of rejection accuracy in target absent line-ups (choosers and non-choosers) by distance,
lighting, and age group with no facial masking. On the left, optimal lighting. On the right, suboptimal lighting. TA =
Target absent line-up, Optimal lighting = 300 lux, Suboptimal lighting = 2 lux. Young adults = 18–44, Older adults =
45–90, Young children 5–11, Older children 12–17. All results are based on multilevel binary logistic regressions. The
line-ups consisted of eight images that were presented simultaneously.
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predicted probability in optimal lighting for young adults at 5 m was .60 (95% CI [.44, .74]),
at 12.5 m .54 (95% CI [.39, .68]), and at 20 m .46 (95% CI [.32, .61]). Post hoc comparisons
revealed that accuracy (averaged over all lighting conditions and age groups) was no
higher at 5 m compared to the other distances. Accuracy (averaged overall all distances
and age groups) was higher in optimal compared with suboptimal lighting (B = 0.47,
SE = 0.21, p = .024). The TA rejection accuracy of the most accurate age group, young
adults, and in optimal lighting fell from .60 at 5 m to .46 at 20 m.

Identification accuracy with facial masking: analyses approach
To investigate H3–H5, that is, if internal facial masking was more detrimental to accuracy
compared with external facial masking in optimal viewing conditions (H4), whether
this difference was reversed or disappeared under suboptimal viewing conditions
(H5), and if there were age-related differences (H3), we investigated TP identification accu-
racy and TA rejection accuracy separately and included all facial masking conditions
(including no facial masking). Due to model convergence issues when including all
the predictors (distance, lighting, facial masking, and age), and to make the analyses
and reporting manageable, we separated the analyses per lighting condition. We
included random intercepts for both participants and targets in all analyses where not
otherwise specified. Here, our aim was to focus on identification accuracy for only the
choosers in TP line-ups and treat age as a categorical variable in suboptimal lighting
and optimal lighting. However, treating age as a categorical variable resulted in a
model that failed to converge, so we will not report the model here. Instead we investi-
gated the TP line-ups with facial masking where age was treated as a continuous variable
in optimal lighting (Model 3) and suboptimal lighting (Models 4). For additional analyses
of both the choosers and non-choosers, see the Supplemental Online Materials (Models
3.1–2 and 4.1–2). We then ran analyses for the TA rejection accuracy in optimal lighting
with age as a categorical variable (Model 5), followed by the same for suboptimal lighting
(Model 6). See the Supplemental Online Materials for the TA line-up analyses with age as a
continuous variable (Models 5.1 and 6.1).

Model 3: TP line-ups with facial masking in optimal lighting (only choosers)
In the TP line-ups (line-up decisions = 820) we found a main effect of distance (χ2 [2] =
13.65, p = .001), facial masking (χ2 [3] = 16.09, p = .001), and age (χ2 [1] = 16.82, p < .001),
but no interactive effects on identification accuracy (see Figure 4). Post hoc comparisons
(averaged over facial masking conditions) for all participants revealed that accuracy was
higher at 5 m compared with 12.5 m (B = 0.95, SE = 0.23, p = .0001) and 20 m (B = 2.12, SE
= 0.30, p < .0001). Accuracy at 12.5 m was higher compared with at 20 m (B = 1.17, SE =
0.28, p = .0001). Overall accuracy (averaged over all distances) for all participants was
higher for no facial masking compared with only sunglasses (B = 1.27, SE = 0.27, p
< .0001), was not higher compared with only a hood (B = 0.53, SE = 0.26, p = .176), and
was higher compared with sunglasses and a hood (B = 1.90, SE = 0.36, p < .0001). Accuracy
was lower for only sunglasses compared with only a hood (B =−0.74, SE = 0.25, p = .018),
but was not higher compared with sunglasses and a hood (B = 0.63, SE = 0.33, p = .225). TP
identification accuracy was higher for only a hood compared with sunglasses and a hood
(B = 1.37, SE = 0.35, p < .001).
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Model 4: TP line-ups with facial masking in suboptimal lighting (only choosers)
Focusing only on the choosers and excluding random intercepts for participants (due to
model convergence issues). In the TP line-ups (line-up decisions = 771) we found a main
effect of distance (χ2 [2] = 28.52, p < .001), facial masking (χ2 [3] = 9.95, p = .019), age (χ2

[1] = 8.45, p = .004), but no interactions on identification accuracy (see Figure 4). Post
hoc comparisons revealed that overall accuracy (averaged over facial masking conditions)
was higher at 5 m compared with 12.5 m (B = 1.76, SE = 0.22, p < .0001) and 20 m (B = 2.22,
SE = 0.25, p < .0001). However, accuracy was not higher at 12.5 m compared with accuracy
at 20 m (B = 0.46, SE = 0.25, p = .170). Overall accuracy (averaged over distances) was not
higher for no facial masking compared with only sunglasses (B = 0.52, SE = 0.27, p = .208),
or compared with only a hood (B = 0.21, SE = 0.27, p = .868), but was higher compared
with sunglasses and a hood (B = 0.84, SE = 0.28, p = .012). Accuracy was not higher for
only sunglasses compared with only a hood (B =−0.32, SE = 0.28, p = .659) or compared
with sunglasses and a hood (B = 0.32, SE = 0.29, p = .690). TP identification accuracy was
also not higher for only a hood compared with sunglasses and a hood (B = 0.63, SE =
0.29, p = .121). Higher participant age was associated with higher accuracy.

Model 5: TA line-ups with facial masking in optimal lighting (choosers & non-
choosers)
In the TA line-ups and optimal lighting (line-up decisions = 1116), we found a main effect
of distance (χ2 [2] = 10.99, p = .004), a main effect of facial masking (χ2 [3] = 20.04, p < .001),
no main effect of age group (χ2 [3] = 6.93, p = .074), and an interaction between distance
and facial masking (χ2 [6] = 13.48, p = .036) on rejection accuracy (see Figure 5). Post hoc
comparisons revealed that accuracy was not higher at 5 m with no facial masking com-
pared with when the target was wearing only sunglasses (B = 0.98, SE = 0.44, p = .520)
or compared with only a hood (B = 0.42, SE = 0.39, p = .996), but accuracy was higher com-
pared with sunglasses and a hood (B = 1.35, SE = 0.36, p = .008). Accuracy at 12.5 m with
no facial masking was not higher compared with when the target was wearing sunglasses

Figure 4. Identification accuracy in TP line-ups with facial masking in optimal and suboptimal lighting
(only choosers).
Note. Panel A: The predicted probabilities of identification accuracy in target present line-ups by distance and facial
masking in optimal lighting. Panel B: The same as Panel A but in suboptimal lighting. Here, the sample had been
reduced to only the choosers (i.e. all decisions that were rejections had been removed). TP = Target present line-up,
Optimal lighting = 300 lux, Suboptimal lighting = 2 lux. Young adults = 18–44, Older adults = 45–90, Young children
5–11, Older children 12–17. All results are based on multilevel binary logistic regressions. The line-ups consisted of
eight images that were presented simultaneously; meaning that chance level of identifying the actual target was at .125.
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(B = 0.20, SE = 0.35, p = 1.000), when compared with only a hood (B =−0.19, SE = 0.39, p =
1.000), or compared with sunglasses and a hood (B = 0.90, SE = 0.39, p = .467). Accuracy at
20 m with no facial masking was not higher compared with when the target was wearing
only sunglasses (B = 0.95, SE = 0.33, p = .159), when compared with only a hood (B = 0.17,
SE = 0.32, p = 1.000), or compared with sunglasses and a hood (B = 0.07, SE = 0.36, p =
1.000). These results revealed that increased distance had a negative impact on rejection
accuracy and that facial masking had on average a negative impact on rejection accuracy,
but only at a short distance was the combination of internal and external facial masking
markedly different from no facial masking.

Model 6: TA line-ups with facial masking in suboptimal lighting (choosers & non-
choosers)
In the TA line-ups and suboptimal lighting (line-up decisions = 1080), we found no main
effect of distance (χ2 [2] = 3.85, p = .146), no main effect of facial masking (χ2 [3] = 5.95, p
= .114), no main effect of age group (χ2 [3] = 6.44, p = .092), but an interaction between
distance and age group (χ2 [9] = 18.25, p = .032) on rejection accuracy (see Figure 5).
Post hoc analyses did not reveal any significant differences.

Identification accuracy and confidence
In order to investigate the postdictive value of post line-up confidence (H6), we con-
ducted several confidence-accuracy characteristic analyses (CAC; Mickes, 2015). The
CAC values are presented in Table 9 together with all decision frequencies per lighting
condition, facial masking condition, distance condition, decision type, and confidence
bin (0–59%, 60–89%, and 90–100%). We have also illustrated the CAC analyses in
Figure 6 (the raw values can be found in Table 9). Overall, we found that there was a posi-
tive association between confidence and accuracy (see Figure 6 and Table 9). However, as
the distance increased, the lighting decreased, and more facial masking was introduced,
subsequently confidence estimates fell, leaving far fewer high confidence decisions in
suboptimal encoding conditions.

Figure 5. Rejection accuracy in TA line-ups with facial masking in optimal and suboptimal lighting
(choosers & non-choosers).
Note. Panel A: The predicted probabilities of rejection accuracy in target absent line-ups (choosers and non-choosers) by
distance and facial masking in optimal lighting. Panel B: The same as Panel A but in suboptimal lighting. TA = Target
absent line-up, Optimal lighting = 300 lux, Suboptimal lighting = 2 lux. Not separated by age group because there
was no main effect of age. Age groups = Young adults = 18–44, Older adults = 45–90, Young children 5–11, Older chil-
dren 12–17. All results are based on multilevel binary logistic regressions. The line-ups consisted of eight images that
were presented simultaneously.
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Table 9. Confidence-accuracy characteristic analyses per lighting, facial masking, distance, line-up type, decisions, and confidence bin.

Lighting Facial masking Distance

Target present Target absent

CACTarget selections Filler selections Rejections Filler selections Rejections

0–
59

60–
89

90–
100

0–
59

60–
89

90–
100

0–
59

60–
89

90–
100

0–
59

60–
89

90–
100

0–
59

60–
89

90–
100

0–
59

60–
89

90–
100

Optimal No mask 5 12 26 22 8 1 6 10 5 5 21 9 2 26 26 21 0.82 0.96 0.99
12.5 12 19 13 12 3 4 23 8 7 37 8 6 20 19 7 0.72 0.95 0.95
20 13 7 3 29 10 2 19 14 4 27 14 3 23 12 8 0.79 0.80 0.89

Sunglasses 5 14 17 9 28 12 3 9 11 6 28 6 2 25 8 7 0.80 0.96 0.97
12.5 10 8 0 25 9 4 7 5 1 49 9 4 20 10 3 0.62 0.88 0.00
20 8 15 1 35 14 0 17 8 4 64 19 3 22 8 4 0.50 0.86 0.73

Hood 5 10 16 19 5 2 2 11 6 1 14 6 4 18 15 7 0.85 0.96 0.97
12.5 11 17 6 25 5 3 19 9 2 27 8 1 13 12 3 0.77 0.94 0.98
20 15 5 7 39 9 2 26 9 4 50 15 0 28 15 4 0.71 0.73 1.00

Sunglasses &
Hood

5 18 8 3 29 6 3 20 5 1 46 14 4 24 8 6 0.76 0.82 0.86
12.5 16 12 3 22 12 3 18 9 2 39 12 3 13 2 2 0.77 0.89 0.89
20 1 0 0 39 5 2 23 6 3 31 8 3 22 7 2 0.21 0.00 0.00

Suboptimal No mask 5 15 28 23 8 5 3 13 5 3 28 15 4 25 15 14 0.81 0.94 0.98
12.5 9 9 2 25 11 1 17 8 1 37 7 4 24 17 9 0.66 0.91 0.80
20 11 3 0 40 10 2 16 3 0 40 6 2 15 5 3 0.69 0.80 0.00

Sunglasses 5 15 4 2 24 6 1 17 8 0 59 11 1 12 7 2 0.67 0.74 0.94
12.5 15 4 1 38 9 3 18 4 2 47 16 4 30 9 2 0.72 0.67 0.67
20 6 2 0 39 7 1 18 5 1 43 9 1 14 3 2 0.53 0.64 0.00

Hood 5 22 32 6 10 7 3 23 13 2 41 13 3 21 15 10 0.81 0.95 0.94
12.5 10 1 3 41 8 4 18 7 2 46 13 2 29 11 1 0.63 0.38 0.92
20 4 3 0 29 2 1 14 4 1 33 7 1 21 5 1 0.49 0.77 0.00

Sunglasses &
Hood

5 15 8 2 28 7 2 19 9 4 50 16 2 24 6 0 0.71 0.80 0.89
12.5 8 1 0 41 5 2 16 5 1 30 6 1 15 4 2 0.68 0.57 0.00
20 6 0 1 31 5 0 17 2 1 33 2 2 16 1 0 0.59 0.00 0.80

Note: The total sample includes 4456 line-up decisions. However, there were 207 missing confidence judgements in the sample (i.e. participants that forgot or due to errors did not report their
confidence). The table above contains 4249 decisions (4456–207). Age range: 5–90. Line-up type = eight-person simultaneous line-up. Optimal = 300 lux, Suboptimal = 2 lux, Facial Masking =
Disguise worn by live target, D = Distance (meters). CAC = Confidence-accuracy characteristic, Confidence = post line-up decision, Distance was measured in meters (m). The formula used to
calculate the CAC value per bin (0–59%, 60–89%, 90–100%) was: target present (TP) identifications / (TP filler identifications + (target absent (TA) filler identification)/8). In other words, we
assumed fair line-ups and that is why we divided by eight (i.e. the number of images in the line-ups).
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Figure 6. Confidence-accuracy characteristic analyses per lighting, facial masking, distance, and confi-
dence bin.
Note. Panels A-H: Confidence-Accuracy Characteristic Analyses per Lighting, Facial Masking, Distance, and Confidence Bin.
The total sample includes 4456 line-up decisions. However, there were 207 missing confidence judgements in the sample
(i.e. participants that forgot or due to errors did not report their confidence). The figure above contains information based
on 4249 decisions (4456–207). Please see Table 9 for the raw values that the CAC analyses are based on. Age range: 5–90.
Optimal = 300 lux, Suboptimal = 2 lux, no mask = No disguise worn by live target, sunglasses, hood, sunglasses & hood =
descriptions of the disguise worn by the live target. CAC = Confidence-accuracy characteristic, Confidence = post line-up
decision. Distance was measured in meters (m). The formula used to calculate the CAC value per bin (0–59%, 60–89%,
90–100%) was: target present (TP) identifications / (TP filler identifications + (target absent (TA) filler identification)/8). In
other words, we assumed fair line-ups and that is why we divided by eight (i.e. the number of images in the line-ups).
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Additionally, we have added exploratory receiver operating characteristic (ROC) ana-
lyses based on the raw data, which are visualized in Figures 7–9. In the ROC analyses
we have focused on the effects of distance, lighting, and facial masking. These ROC ana-
lyses are exploratory only in the sense that we had not planned to include them when
pre-registering this study. The ROC analyses were conducted and plotted using the pyWit-
ness software (Mickes et al., 2022). For the sake of clarity, we have split the data to inves-
tigate discriminability in optimal vs. suboptimal lighting (Figure 7), discriminability by
distance in optimal and suboptimal lighting (panels A and B in Figure 8), discriminability
by facial masking in optimal and suboptimal lighting (panels C and D, Figure 8), and dis-
criminability per facial masking by distance in optimal and suboptimal lighting (panels A-
H, Figure 9). A summary of all analyses can be found in the Supplemental Online Materials.

We found support for H1 that increased distance and decreased lighting have a nega-
tive impact on discriminability. Participants exhibited higher discriminability in optimal
lighting compared to suboptimal lighting (optimal lighting: pAUC = 0.0165 ± 0.0008; sub-
optimal lighting: pAUC = 0.0117 ± 0.0007, Z = 4.3258, p < .001) (see Figure 7). Additionally,
reducing the distance to the target improved discriminability in both optimal and subop-
timal lighting (see panels A and B, Figure 8). In optimal lighting, discriminability was
higher at 5 m (pAUC = 0.0194 ± 0.0014) compared to 12.5 m (pAUC = 0.0115 ± 0.001, Z
= 4.3907, p < .001) and 20 m (pAUC = 0.0058 ± 0.0007, Z = 8.3852, p < .001). Similarly, in
suboptimal lighting, discriminability was higher at 5 m (pAUC = 0.0221 ± 0.0017) com-
pared to 12.5 m (pAUC = 0.0074 ± 0.001, Z = 7.5033, p < .001) and 20 m (pAUC = 0.0046
± 0.0009, Z = 9.212, p < .001). We also found partial support for our threshold hypothesis
(H2). As can be seen in panel B of Figure 8, discriminability in suboptimal lighting is close
to chance level performance at 12.5 m and the confidence intervals of discriminability at

Figure 7. Raw data receiver operating characteristic (ROC) curves per lighting.
Note. Receiver Operating Characteristic (ROC) Curves per lighting condition. Optimal Lighting = 300 lux, Suboptimal Light-
ing = 2 lux. This analysis was based on 4249 observations (4456 observations minus 207 missing confidence judgements).
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20 m overlap with chance level performance. The results support the earlier provisional
findings of Nyman, Antfolk, et al. (2019).

Turning to H4 (internal versus external facial masking), under optimal lighting, no facial
masking (pAUC = 0.0173 ± 0.0015) showed significantly better discriminability compared
to when the target was wearing sunglasses (pAUC = 0.0099 ± 0.0012, Z = 3.8212, p
= .0001) (see panel C, Figure 8). However, there was no significant difference between
no facial masking and wearing a hood (pAUC = 0.0141 ± 0.0015, Z = 1.4939, p = .135).
Additionally, comparing no facial masking to sunglasses & hood (pAUC = 0.0051 ±
0.0009), we found a significant difference favoring no facial masking (Z = 6.9263, p
< .001). Comparing sunglasses to hood, there was a significant difference favoring
hood (Z = 2.2201, p = .026). Comparing sunglasses to sunglasses & hood revealed a signifi-
cant difference favoring sunglasses (Z = 3.2664, p = .001). Comparing hood to sunglasses
& hood revealed a significant difference favoring hood (Z = 5.2459, p < .001). These results
support our hypothesis (H4) and illustrate that internal facial masking has a more negative
effect on accuracy compared with no facial masking and external facial masking.

Next, our results support hypothesis H5 by demonstrating that under suboptimal
viewing conditions, both internal facial masking and external facial masking have a nega-
tive effect on discriminability (see Figure 9). However, we did not find support for our
assumption that external facial masking would have a more negative effect on accuracy

Figure 8. Raw data receiver operating characteristic (ROC) curves per lighting, facial masking, and dis-
tance.
Note. Panel A: Receiver Operating Characteristic (ROC) curves per distance (5 meters (m), 12.5, 20 m) in optimal lighting
(300 lux). This analysis was based on 2197 observations (2283 observations minus 86 missing confidence judgements).
Panel B: ROC curves per distance in suboptimal lighting (2 lux). This analysis was based on 2052 observations (2173 obser-
vations minus 121 missing confidence judgements). Panel C: ROC curves per facial masking in optimal lighting (no_mask
= no facial masking worn by live target; sunglasses = facial masking (sunglasses) worn by live target, hood = facial
masking (hood) worn by live target, sunglasses_&_hood = facial masking (sunglasses and hood) worn by live target).
This analysis was based on 2197 observations (2283 observations minus 86 missing confidence judgments). Panel D:
ROC curves per facial masking in suboptimal lighting. This analysis was based on 2052 observations (2173 observations
minus 121 missing confidence judgements).
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Figure 9. Raw data receiver operating characteristic (ROC) curves per lighting, facial masking, and dis-
tance.
Note. Panel A: Receiver Operating Characteristic (ROC) curves per distance (5 meters (m), 12.5, 20 m) in optimal lighting
(300 lux) with no facial masking worn by target. This analysis was based on 586 observations (609 observations minus 23
missing confidence judgements). Panel B: ROC curves per distance in suboptimal lighting (2 lux) with no facial masking
worn by target. This analysis was based on 541 observations (574 observations minus 33 missing confidence judge-
ments). Panel C: ROC curves per distance in optimal lighting with sunglasses worn as facial masking by target. This analy-
sis was based on 571 observations (595 observations minus 24 missing confidence judgements). Panel D: ROC curves per
distance in suboptimal lighting with sunglasses worn as facial masking by target. This analysis was based on 522 obser-
vations (551 observations minus 29 missing confidence judgements). Panel E: ROC curves per distance in optimal lighting
with a hood worn as facial masking by target. This analysis was based on 525 observations (549 observations minus 24
missing confidence judgements). Panel F: ROC curves per distance in suboptimal lighting with hood worn as facial
masking by target. This analysis was based on 543 observations (573 observations minus 30 missing confidence judge-
ments). Panel G: ROC curves per distance in suboptimal lighting with sunglasses and a hood worn as facial masking by
target. This analysis was based on 515 observations (530 observations minus 15 missing confidence judgements). Panel
H: ROC curves per distance in suboptimal lighting with sunglasses and a hood worn as facial masking by target. This
analysis was based on 446 observations (475 observations minus 29 missing confidence judgements). Due to the lack
of target identifications, we were unable to create ROC curves for 20 m for the figures in Panels G and H.
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compared with internal facial masking at greater distances in suboptimal lighting. In sub-
optimal lighting with sunglasses, there were no significant differences in discriminability
between 5 m (pAUC = 0.011 ± 0.0029) and 12.5 m (pAUC = 0.0097 ± 0.0023, Z = 0.3378, p
= .736), and 20 m (pAUC = 0.0045 ± 0.0018, Z = 1.9133, p = .056), or between 12.5 and
20 m (Z = 1.7935, p = .073). Notably, discriminability was low for all distances with sun-
glasses, clearly showing the combined negative effect of sunglasses and suboptimal light-
ing (see panel D, Figure 9). In suboptimal lighting and with a hood, discriminability was
significantly better at 5 m (pAUC = 0.0234 ± 0.0029) compared to 12.5 m (pAUC =
0.0053 ± 0.0017, Z = 5.3035, p < .001) and 20 m (pAUC = 0.0052 ± 0.0023, Z = 4.7119, p
< .001). There was no difference between 12.5 and 20 m (Z = 0.0124, p = .990) (see
panel F, Figure 9). Lastly, in suboptimal lighting and with both sunglasses and a hood, dis-
criminability was significantly better at 5 m (pAUC = 0.0132 ± 0.0028) compared to 12.5 m
(pAUC = 0.0039 ± 0.0015, Z = 2.9049, p = .004) (see panel H, Figure 9). Additionally, there
were too few correct target identifications at 20 m to compare with the other distances,
which is an indicator of the negative impact of combining increased distance and internal
and external facial masking.

Identification accuracy and response time with no facial masking: analyses
approach
To investigate the postdictive value of response time on identification accuracy among the
choosers (H7), we first evaluated which fillers were selected most in the TA line-ups. Based
on the highest frequency per TA line-up, we selected eight selection-based innocent sus-
pects. We then created a new variable where all target selections were defined as ‘1’ (i.e.
correct) and all innocent selection were defined as ‘0’ (i.e. incorrect). We ignored all
other filler selections and all rejections. Next, based on the subset of only the choosers
of targets who wore no facial masking, we investigated the postdictive value of response
time. We included distance, lighting, and response time as predictors, with random inter-
cepts for targets (but not for participants). Model convergence issues did not allow for the
inclusion of age as a predictor, so we first analyzed all participants combined and then re-
ran the analysis with only adults; the results were almost identical (i.e. the same predictors
were significant) so we have opted to only report the analyses with all participants com-
bined. We first ran an analysis of identification accuracy that included distance and lighting
as categorical variables and age and response time as continuous variables (Model 7). Next,
when including facial masking, model convergence issues forced us to divide the analysis
per lighting condition into optimal lighting (Model 8) and suboptimal lighting (Model 9).
Here, we report only the results from the entire sample, as we were unable to reach
model convergence with only the young adult data.

Model 7: identification accuracy with no facial masking (only choosers)
With no facial masking, only the choosers, and all ages (line-up decisions = 361), we found
a main effect of distance (χ2 [2] = 15.82, p < .001), no main effect of lighting (χ2 [1] = 1.31, p
= .253), a main effect of response time (χ2 [1] = 22.52, p < .001), and no interactive effects
on identification accuracy. The results show a decrease in accuracy with increased dis-
tance and increased response times.
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Model 8: identification accuracy with facial masking in optimal lighting (only
choosers)
In optimal lighting, with both facial masking and no facial masking, only the choosers, and
all ages (line-up decisions = 653), we found a main effect of distance (χ2 [2] = 14.39, p
< .001), facial masking (χ2 [3] = 13.53, p = .004), response time (χ2 [1] = 5.91, p = .015),
and no interactive effects on identification accuracy. The results show a decrease in accu-
racy with increased distance and increased response time. In addition, facial masking led
to a decrease in accuracy compared with no facial masking.

Model 9: identification accuracy with facial masking in suboptimal lighting (only
choosers)
In suboptimal lighting, with both facial masking and no facial masking, only the choosers,
and all ages (line-up decisions = 578), we found a main effect of distance (χ2 [2] = 8.71, p
= .013), facial masking (χ2 [3] = 10.57, p = .014), response time (χ2 [1] = 7.39, p = .007), and
no interactive effects on identification accuracy. The results were similar to that of optimal
lighting except that here there was no difference when comparing the different types of
facial masking.

Discussion

Earlier research has found that identification accuracy of unfamiliar faces is negatively
impacted by increased viewing distance (de Jong et al., 2005; Lampinen et al., 2014;
Lindsay et al., 2008; Lockamyeir et al., 2020; Loftus & Harley, 2005; McKone, 2009;
Nyman, Antfolk, et al., 2019; Nyman, Lampinen, et al., 2019; Wagenaar & Van Der
Schrier, 1996), decreased lighting (de Jong et al., 2005; Nyman, Antfolk, et al., 2019;
Wagenaar & Van Der Schrier, 1996), and facial masking (Manley et al., 2018; Mansour
et al., 2020). The reason for the negative impact on accuracy is that these factors
reduce the visibility of facial features during encoding and this lowers accuracy during
later retrieval and identification in a line-up task.

Based on a sample of 1325 participants (age range: 5–90) and 4456 line-up decisions,
our findings clearly illustrate that with no facial masking both increased distance and
decreased lighting had a negative impact on identification accuracy. This was further sub-
stantiated with exploratory ROC analyses showing a negative impact of increased dis-
tance and decreased lighting on discriminability. These results reaffirm earlier findings
concerning the negative effect that increased distance has on eyewitness accuracy
using live targets (Nyman, Lampinen, et al., 2019) and robustly confirms the findings of
earlier research on the negative effects of decreased lighting with live targets (Nyman,
Antfolk, et al., 2019). However, we also have new findings that we have outlined below
by separating between identification accuracy with no facial masking and with facial
masking.

Identification accuracy with no facial masking

We hypothesized that increased distance and decreased lighting would have a negative
impact on identification accuracy (H1). We found clear support for a negative impact of
increased distance on the predicted probability of correct TP identifications for only
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the choosers. For example, when focusing on the most accurate age group (i.e. young
adults), the predicted probability decreased from .96 at 5 m to .58 at 12.5 m and to .42
at 20 m (see Figure 2). Moreover, for young children identification accuracy was signifi-
cantly lower (compared with young adults). For all participants (i.e. averaged over all
ages), the predicted probability of identification accuracy decreased from .84 at 5 m to
.61 at 12.5 m and to .31 at 20 m (see Model 1.1 in the Supplemental Online Materials).
Our results also illustrate that decreased lighting had a negative impact on identification
accuracy. However, it appears that increased distance had the largest negative impact on
identification accuracy. Combined, these results mean that we did not find clear support
for our threshold hypothesis (H2). However, even though TP identification accuracy did
not fall to chance level (i.e. .125), it was still markedly low at 20 m and highly likely to
lead to substantial errors. The impact of increased distance on TA rejection accuracy
was not as noticeable compared with TP identification accuracy. For the most accurate
age group (i.e. young adults) rejection accuracy fell from .60 at 5 m to .54 at 12.5 m
and to .46 at 20 m. For all participants the predicted probability of accuracy decreased
from .63 at 5 m to .43 at 12.5 m and to .46 at 20 m.

Additionally, assessing identification accuracy separately for TP and TA line-ups may
not necessarily present a complete picture of the effects of our manipulations on identifi-
cation accuracy. For a comparative overview, see Tables 2–6 for the correct identification
rates, the false alarm rates, discriminability rates, and response biases, per lighting level,
facial masking, distance, and line-up type. Looking at the raw data in Table 2, we can see
that in optimal (sub-optimal) lighting the correct identification rate was .63 (.64) and the
false alarm rate was 0.32 (.47) at 5 m. At 20 m, the correct identification rate was .23 (.16)
and the FAR was .53 (.68). Moreover, when analyzing discriminability using exploratory
ROC curves (see Figures 7–9), we confirmed the negative effects of increased distance
and decreased lighting on discriminability. Concerning H2, we also confirmed that discri-
minability in suboptimal lighting was close to chance level performance at 12.5 m and
that the confidence intervals of discriminability at 20 m overlap with chance level per-
formance. This is partial support H2 and strengthens the provisional findings of Nyman,
Antfolk, et al. (2019) that performance at 20 meters in suboptimal lighting and with no
facial masking is at chance level.

These results clearly illustrate that the overall accuracy and discriminability declined
dramatically with increased distance. The difference between optimal and suboptimal
lighting was not substantial, which is surprising, but the difference between 5 and
20 m was considerable. Additionally, we hypothesized that there would be age-related
differences (H3). However, interestingly our initial prediction that both young children
and older adults would fare worse than young adults was only partially supported, as
young children were on average less accurate but the same was not true of the older
adults. Investigating age both as a continuous variable and as a categorical variable,
we found that increased age was associated with higher accuracy. This is also illustrated
in Tables 2–6.

Identification accuracy with facial masking

We hypothesized, similar to no facial masking, that accuracy would be lower with
increased distance and decreased lighting when targets wore facial masking (H1). We

32 T. J. NYMAN ET AL.



found clear evidence of a fall in accuracy as distance increased and, when interpreting the
figures, we can infer that decreased lighting had a negative impact on accuracy; although
not to the same extent as increased distance. Concerning facial masking, we had set up
two hypotheses stating that internal (vs. external) facial masking would be more determi-
nantal to accuracy under optimal (5 m and optimal lighting) viewing conditions (H4) and
that external (vs. internal) facial masking would be more determinantal to accuracy under
suboptimal (20 m & suboptimal lighting) viewing conditions (H5). When investigating TP
identification accuracy, we did not find support for our hypotheses (H4 & H5) that facial
masking would impact TP identification accuracy differently at different distances. Instead
we found, in both optimal and suboptimal lighting conditions, that internal facial masking
(sunglasses) and internal and external facial masking (sunglasses and hood) had overall
the most negative impact on TP identification accuracy. Here, an investigation of age
revealed that increased age was positively associated with overall accuracy, but we
found no interactive effects between age, distance, and facial masking. When investi-
gating TA rejection accuracy, the results were somewhat similar to the results of TP
identification accuracy but with more variability and a less pronounced negative effect
of increased distance and less pronounced age-related differences (compare Figures 2
and 3).

Additionally, the ROC analyses (see Figure 9) illustrate that at close proximity, internal
facial masking had a more negative effect compared with external facial masking on dis-
criminability. Combined, the overall results revealed that internal facial masking or a com-
bination of internal and external facial masking had a dramatic negative effect on
discriminability. Moreover, that facial masking, in combination with increased distance
or decreased lighting, had an increased negative impact on discriminability; to the
extent that the difference between these negative effects became indistinguishable
after observations in suboptimal encoding conditions.

Lastly, from a metacognitive perspective, earlier studies have found that the choosing
behavior of eyewitnesses is not adequately updated in relation to the objective difficulty
of the task (Lindsay et al., 2008; Mansour et al., 2020; Nyman, Lampinen, et al., 2019). In the
present study we found that the decision criterion became more conservative as the
viewing conditions worsened (see Table 2). This is somewhat in contrast to earlier
findings, but could be the result of our substantial manipulation of the visual conditions.
It may be that because we manipulated three factors (light, distance, and facial masking)
the combined effect was so clearly negative on memory encoding that participants were
more aware of the task difficulty and adjusted their response criterion accordingly. Had
the manipulations been subtler, the response criterion might not have been so conserva-
tive (e.g. Giacona et al., 2021).

Identification accuracy and confidence

The pattern that emerged was that confidence was positively associated with accuracy
(see Table 9 and Figure 6). However, by adding masking, increased distance, and
decreased lighting, the frequency of high confidence decisions fell markedly. Additionally,
the positive association between confidence and accuracy appears to have weakened
when viewing conditions worsened; although the low number of high confidence
decisions makes this interpretation somewhat speculative. This echoes other recent
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results (Lockamyeir et al., 2020). Overall, the results imply that more research is needed to
evaluate the association between confidence and accuracy, especially under poor encod-
ing conditions.

Identification accuracy and response time

Overall, we found that shorter response times were positively associated with identifi-
cation accuracy among the choosers who had witnessed a target both wearing and
not wearing a mask and in both optimal and suboptimal conditions. There were no inter-
active effects between distance or facial masking on identification accuracy and the
effects were similar in both optimal and suboptimal lighting.

Limitations

There are a few limitations that should be mentioned in relation to the present study.
First, this was not a mock crime event and that might reduce the generalizability
from an applied perspective. Second, the participants knew that they should memor-
ize the perpetrator, thus again reducing applied generalizability to some crime events.
Third, although we used eight separate live targets, these were culturally and pheno-
typically very similar and it would be useful and informative to include more varied
targets.

Conclusions

In the present study we found that increased distance, decreased lighting, and facial
masking (internal and external) had a substantially negative impact on identification accu-
racy and discriminability. Importantly, the negative impact of facial masking was more pro-
nounced under optimal (vs suboptimal) viewing conditions with internal (vs. external) facial
masking being most detrimental to identification accuracy and discriminability. Under sub-
optimal viewing conditions the effect of facial masking (both internal and external) on
identification accuracy and discriminability was low due to the overall negative effects of
increased distance and decreased lighting; with increased distance having the strongest
negative impact on identification accuracy and discriminability. This means that if a perpe-
trator is seen under the cover of low lighting (e.g. moonlight) and at a distance of approxi-
mately 20 meters then facial masking (either internal or external) has little added negative
effect. Moreover, at 20 meters in low lighting, eyewitness reliability was overall in the range
of chance level and, therefore, the reliability of identifications conducted after having
encoded a perpetrator in such viewing condition is exceptionally low. Overall, this study
clearly highlights the negative impact that viewing conditions have on eyewitness identifi-
cation accuracy and discriminability. We hope that our findings will provide guidance for
practitioners to assess the evidentiary value of real-life identification decisions.
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