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ABSTRACT

In face matching, observers have to decide whether two photographs depict the same

person or different people. This task is not only remarkably difficult but accuracy

declines further during prolonged testing. The current study investigated whether

this decline in long tasks can be eliminated with regular rest-breaks (Experiment 1)

or room-switching (Experiment 2). Both experiments replicated the accuracy decline

for long face-matching tasks and showed that this could not be eliminated with

rest or room-switching. These findings suggest that person identification in applied

settings, such as passport control, might be particularly error-prone due to the long

and repetitive nature of the task. The experiments also show that it is difficult to

counteract these problems.

Subjects Neuroscience, Neurology, Ophthalmology, Psychiatry and Psychology

Keywords Face perception, Face matching, Unfamiliar faces, Passport control

INTRODUCTION
In forensic face matching, observers have to decide whether two simultaneous presenta-

tions of unfamiliar faces depict the same person or different people (Jenkins & Burton,

2008; Johnston & Bindemann, 2013). This task is of considerable applied importance.

Passport control at airports and national borders, for example, routinely requires the

matching of a face photograph from an identity document to its bearer. Face matching

is also utilized for person identification in other everyday settings, encompassing, for

example, proof of age for the purchase of alcohol or as a method for controlling entrance to

restricted premises.

A coherent body of research has established that face matching is a surprisingly

error-prone task. Under optimized laboratory conditions, in which observers have to

match pairs of high-quality same-day photographs, identification errors are typically

made on 10–20% of trials (e.g., Burton, White & McNeill, 2010; Megreya, Bindemann &

Havard, 2011). Identification accuracy declines further with more taxing task demands, for

example, when to-be-matched photographs are taken months apart (Megreya, Sandford

& Burton, 2013), viewing time is limited (Özbek & Bindemann, 2011), or realistic identity

documents are used (Bindemann & Sandford, 2011; Kemp, Towell & Pike, 1997).
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These identification errors might occur because face matching is image-bound (see

Burton, Jenkins & Schweinberger, 2011; Jenkins & Burton, 2011; Jenkins et al., 2011).

Changes in factors such as lighting, expression or view can induce many differences in

the appearance of a face (for reviews, see Hancock, Bruce & Burton, 2000; Johnston &

Edmonds, 2009). Every encounter with a person therefore provides a unique pattern for

visual analysis. In the matching of unfamiliar faces, it can be difficult to dissociate the

contribution of such variables to a person’s temporary appearance from the constant

identity features of a face. As a consequence, two different people may seem to be the

same person under similar viewing conditions, or two instances of the same person can be

mistaken for separate people under different viewing conditions.

Such findings suggest that matching errors result from external factors that affect

the appearance of a face. However, it is now becoming clear that internal factors,

within observers, also contribute to errors in this task. Personality traits (Megreya &

Bindemann, 2013), emotional states (Attwood et al., 2013), and an observer’s age (Megreya

& Bindemann, 2015) can, for example, explain some variation between individuals in face-

matching accuracy. However, there also appears to be variation within individuals in the

ability to perform this task, as the same observers frequently make different identification

decisions to repetitions of the same face pairs (Bindemann, Avetisyan & Rakow, 2012).

We recently obtained a striking example of this observer inconsistency (see Fig. 1).

While face matching is typically measured with relatively short tasks, we assessed perfor-

mance over 1,000 trials (Alenezi & Bindemann, 2013). Over this extended period, matching

performance declined continuously. This effect was characterized by a remarkable error,

whereby accuracy actually increased for identity matches, which are composed of two

photographs of the same person’s face. However, accuracy decreased dramatically for

mismatches, which consist of pairs of photographs of different people. This decline was

such that mismatch accuracy was reduced to only 51% after 1,000 trials and showed no

signs of reaching a floor level of performance.

These findings are important for several reasons. Firstly, this experiment indicates that

general measures of matching accuracy, averaged over an entire experiment, might not

be representative of performance at different stages of this task. Since the within-task

variation in Alenezi & Bindemann’s (2013) study is characterized by a decline in accuracy

over time, these findings suggest that previous research, which is based on shorter tasks

and combines performance across blocks, might therefore still overestimate the accuracy

of face matching. Moreover, the nature of this decline, which is characterized specifically

by a decrease in mismatch accuracy, indicates that people find it increasingly difficult to tell

different identities apart during prolonged face-matching tasks.

If these findings generalize to face-matching scenarios outside of the laboratory, then

this error might be particularly serious for applied settings. Consider that passports are

increasingly difficult to forge (e.g., National Audit Office, 2007; Bundesdruckerei, 2013).

As a consequence, people who seek to cross borders without detection attempt to do so

increasingly by using valid identity documents that belong to other persons who are of suf-

ficiently similar facial appearance. These real-world identity mismatches are a documented
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Figure 1 Face matching performance in a long task (taken from Alenezi & Bindemann, 2013). Open

symbols denote match trials, grey-filled symbols denote mismatch trials. The data is split into 25 blocks

of 40 trials, with each block comprising 20 match and 20 mismatch face pairs.

security concern (e.g., CPNI, 2007; FRONTEX, 2012; Stevens, 2011). This concern seems

justified considering that passport officers appear to be no better in face matching than

the untrained student observers that are commonly used as participants in psychological

experiments in this field (White et al., 2014b). In light of this, the finding that the detection

of mismatches declines over prolonged laboratory testing raises further concerns about

person identification at passport control, which is also a long and repetitive task.

The experiments in this study are motivated by this decline in mismatch accuracy in

long tasks. We sought to explore two simple manipulations that were suggested to us by

Border Force UK (J McSweeney, pers. comm., 2013) and might be useful for maintaining

face-matching performance under such prolonged testing. Specifically, we explored

whether accuracy could be maintained by enforcing regular rest-breaks (Experiment 1)

or by asking observers to switch desks at regular intervals (Experiment 2).

EXPERIMENT 1
This experiment sought to explore whether face-matching accuracy can be maintained in a

long task by enforcing regular rest breaks. This makes good sense as breaks are a common

form of resting the mind to maintain task performance. For this reason, rest breaks are

also provided routinely in psychological experiments on face processing (see, e.g., Bonner

& Burton, 2004; Farah et al., 1998; Özbek & Bindemann, 2011). However, it is unknown

whether these breaks actually help to maintain performance in these tasks.

Outside of this domain, it has already been demonstrated that performance declines

when breaks are not provided. Research has shown, for example, that observers find it

difficult to sustain attention for continuous object identification and visual vigilance tasks

(Davies & Parasuraman, 1982; Helton & Russell, 2012; Caggiano & Parasuraman, 2004).

This reduction in accuracy becomes markedly pronounced after 20–30 min (Nuechterlein,
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Parasuraman & Jiang, 1983). Performance is also affected by monotony, whereby it is more

challenging to maintain relevant task goals during highly repetitive tasks (see, e.g., Ariga

& Lleras, 2011; Bonneh, Cooperman & Sagi, 2001; Helton & Russell, 2012). With regard to

forensic face matching, it is already established that such decrements occur during related

security tasks, such as baggage screening at airports (Nuechterlein, Parasuraman & Jiang,

1983). And outside of this field, it has been shown that compulsory rest breaks reduce

errors in other applied tasks, such as surgical procedures (Engelmann et al., 2011). This

raises the possibility that breaks can also help to maintain face-matching accuracy.

To assess whether such benefits can be found, Experiment 1 applied the same procedure

as Alenezi & Bindemann (2013). The experiment therefore consisted of 1,000 trials of a

matching task. However, to determine whether accuracy in this task can be maintained

when participants are given regular rest periods, a five-minute break was enforced

every 200 trials. In line with previous findings, we expected initial performance to be

reasonably high and comparable for match and mismatch trials, followed by a continuous

increase in match accuracy and a concurrent decline in mismatch performance (Alenezi

& Bindemann, 2013). The question of main interest was whether breaks would facilitate

recovery from this effect and re-set accuracy to its initial levels. To assess the effect of such

rest breaks fully, performance was compared immediately prior to and after each break. In

addition, we included a control condition for our analysis, to provide a direct comparison

of face matching performance in this task when enforced rest-breaks are not administered.

This comparison is based on Experiment 6 in Alenezi & Bindemann (2013) and provides

identical sample size, stimuli and procedure to Experiment 1 (except for the enforced

rest-breaks).

METHOD

Participants

Twenty-five undergraduate students (23 female) from the University of Kent, with a mean

age of 22.9 years (SD = 8.9), volunteered to participate in the rest-break experiment for a

small fee. The participants of the control group also comprised undergraduate volunteers

(21 female) from the University of Kent, with a mean age of 20.0 years (SD = 2.9). All

reported normal vision and provided written consent prior to taking part. This research

was approved by the Ethics Committee of the School of Psychology at the University

of Kent and was conducted in accordance with the ethical guidelines of the British

Psychological Association.

Stimuli and procedure

For the rest-break and the control group, the stimuli consisted of 100 match pairs (50 male,

50 female) and 100 mismatch pairs (also 50 male, 50 female) from the Glasgow Face

Matching Test (see Burton, White & McNeill, 2010). These pairs were constructed so

that faces were shown in grayscale on a white background. Each face was depicted with

a neutral expression, and measured maximally 350 pixels in width at a screen resolution

of 72 ppi. Only the internal features (i.e., the eyes, nose and mouth) of these faces were
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shown to minimize the influence of changeable external features, such as hairstyle (see, e.g.,

Bruce et al., 1999; Sinha & Poggio, 1996).

In each match and mismatch face pair, one face image was taken with a digital camera,

while the other image was a frame from high-quality video. In addition, each pair consisted

of a frontal and profile view. This change in view was retained for consistency with Alenezi

& Bindemann (2013) and to reduce reliance on simple pictorial similarities between

to-be-matched images (see, e.g., Jenkins & Burton, 2011). It also increases task difficulty

(Estudillo & Bindemann, 2014; Longmore, Liu & Young, 2008). Considering that match

responses increased continuously in Alenezi & Bindemann’s (2013) long face-matching

task, this should reduce the possibility of ceiling effects.

Procedure

Each trial began with a fixation cross for one second. This was followed by a face

pair, which was presented until a response was registered. Participants were asked to

decide whether an identity match or mismatch was shown by pressing one of two

corresponding buttons on a computer keyboard. Accuracy was emphasized and responses

were self-spaced.

The 200 face stimuli were administered in 5 blocks of 40 trials, comprising 20 match and

20 mismatch pairs. This sequence of blocks was then repeated four more times to provide

a total of 1,000 trials across 25 experimental blocks. The presentation of the stimuli was

randomized within all blocks for each observer. However, block order was counterbalanced

across participants over the course of the experiment, so that each face pair was equally

likely to appear in all of the blocks.

To enforce regular rest periods, participants were given a five-minute break every

200 trials (i.e., every five blocks). During these breaks, the onscreen display instructed

participants to rest and entertainment magazines were provided to read. The provision

of such magazines does not provide a rest for participants’ visual system per se but was

designed to mimic possible break-time activities in occupational settings. A ten-second

tone signalled the end of each rest period and alerted participants to return to the

matching task. The procedure of the control group was identical except that these enforced

rest-breaks between blocks were not provided.

RESULTS

Accuracy

The percentage accuracy data are illustrated in Fig. 2 for each block of the experiment and

show that performance was initially comparable for match and mismatch trials. Mismatch

accuracy then began to decline and this effect persisted throughout the experiment. For

match trials, on the other hand, a continuous increase in accuracy was observed.

To analyse these trends, match and mismatch accuracy were correlated with block

number. This analysis shows a positive correlation for match trials, r(23) = 0.631, p < 0.01,

but a negative correlation for mismatch trials, r(23) = −0.871, p < 0.01. Figure 2 suggests

that the continuous decline on mismatch trials is also more marked than the concurrent
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Figure 2 Face-matching performance for Experiment 1. The data is split into 25 blocks, illustrated on

the horizontal axis. Individual graphs show percentage accuracy, response times, d-prime and criterion.

Open symbols denote match trials and grey-filled symbols denote mismatch trials. Line breaks between

blocks indicate enforced rest periods.
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increase in accuracy on match trials. To explore this possibility, overall accuracy (i.e., the

average of match and mismatch accuracy) was correlated with block. This revealed a

negative correlation, r(23) = −0.795, p < 0.01, which confirms that overall accuracy

decreased during the experiment.

The correlational analysis indicates that enforced rest-breaks do not eliminate the

decline in mismatch and overall accuracy that occurs during long matching tasks. To

investigate this further, performance for the blocks immediately preceding and following

each break was also analysed. For example, for the first 5-minute break this analysis

compared performance on match and mismatch trials for Block 5 (before break) and Block

6 (after break). A 4 (break number: 1, 2, 3 and 4) × 2 (trial type: match vs. mismatch) × 2

(rest: before vs. after break) ANOVA revealed a main effect of trial type, F(1,24) = 12.77,

p < 0.01, η2
p = 0.35, which reflects generally lower accuracy for mismatch (M = 65.3%,

SD = 22.5%) than match trials (M = 86.0%, SD = 13.4%). ANOVA also revealed a main

effect of break number, F(3,72) = 6.46, p < 0.01, η2
p = 0.21, due to the general decline

in accuracy over the course of the experiment, with performance dropping from 78.6%

(SD = 11.4%) at break 1 to 72.9% (SD = 13.4%) at break 4. In addition, an interaction

between break number and trial type was found, F(3,72) = 7.62, p < 0.01, η2
p = 0.24.

Analysis of simple main effects showed an effect of break number for mismatch trials,

F(3,72) = 5.97, p < 0.01, η2
p = 0.45, which reflects lower accuracy at breaks 2 (M = 65.1%,

SD = 23.1%), 3 (M = 63.1%, SD = 25.2%) and 4 (M = 60.2%, SD = 27.7%) than at break

1 (M = 72.9%, SD = 17.4%), all qs ≥ 6.01, ps ≤ 0.01, and at break 4 than break 2, q = 3.77,

p < 0.05. None of the other differences were significant, both qs ≤ 2.23. By contrast,

accuracy was more even on match trials, F(3,72) = 2.54, p = 0.08, η2
p = 0.26, with perfor-

mance across breaks ranging only from 84.2% (SD = 14.5%) to 87.7% (SD = 12.9%).

This analysis therefore converges with the correlational data to show that mismatch

accuracy declined during the experiment. However, no main effect of rest, F(1,24) = 2.18,

p = 0.15, η2
p = 0.08, and no interaction of rest and break number, F(3,72) = 0.68, p = 0.57,

η2
p = 0.03, or rest and trial type, F(1,24) = 0.04, p = 0.85, η2

p = 0.00, and no three-way

interaction was found, F(3,72) = 1.85, p = 0.15, η2
p = 0.07. This indicates, once again, that

rest breaks do not alleviate the decline in mismatch accuracy.

d-prime and criterion

The data were also transformed into signal detection measures, which reflect the combined

accuracy on match and mismatch trials (d′) and response bias (criterion). These data are

also given in Fig. 2 and show that overall accuracy (d′) decreased over the 25 blocks of the

experiment, r(23) = −0.659, p < 0.01. This decrease was accompanied by a criterion shift

to classify increasingly more faces as identity matches over the course of the experiment,

r(23) = −0.878, p < 0.01.

To assess the effect of breaks on overall accuracy and bias, we also performed two 4

(break number: 1, 2, 3 and 4) × 2 (rest: before vs. after break) ANOVAs for criterion and d′.

For d′, ANOVA did not find a main effect of rest, F(1,24) = 2.72, p = 0.11, η2
p = 0.10, or

an interaction of break number and rest, F(3,72) = 1.17, p = 0.33, η2
p = 0.05. However,
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a main effect of break number was found, F(3,72) = 3.73, p < 0.05, η2
p = 0.14. Tukey

HSD test showed that this reflects lower accuracy at break 4 (M = 1.58, SD = 0.87) than

break 1 (M = 1.89, SD = 0.85), q = 4.73, p < 0.01. The analogous analysis of criterion also

did not find a main effect of rest, F(1,24) = 0.08, p = 0.78, η2
p = 0.00, or an interaction

between factors, F(3,72) = 1.39, p = 0.25, η2
p = 0.06, but revealed a main effect of break,

F(3,57) = 5.59, p < 0.01, η2
p = 0.19. Tukey HSD test showed that criterion was lower at

break 3 (M = −0.44, SD = 0.56) and break 4 (M = −0.46, SD = 0.63) in comparison

with break 1 (M = −0.23, SD = 0.41), both qs ≥ 4.71, ps ≤ 0.01. This bias confirms that

observers made an increasingly greater proportion of match responses as the experiment

progressed. None of the other comparisons were significant, all qs ≤ 3.58.

Response times

Response speed was not emphasized to participants, but mean correct RTs were calculated

also for completeness (see Fig. 2). For match and mismatch trials, response times

decreased over the course of the experiment and correlated negatively with block number,

r(23) = −0.929, p < 0.01, and, r(23) = −0.954, p < 0.01, respectively. In addition, a 4

(break number) × 2 (trial type) × 2 (rest) ANOVA of the RTs showed a main effect of

trial type, F(1,24) = 13.46, p < 0.01, η2
p = 0.36, due to generally longer RTs on mismatch

(M = 3,082 ms, SD = 1,597 ms) than match trials (M = 2,519 ms, SD = 1,547 ms). A main

effect of break number was also found, F(3,72) = 6.26, p < 0.01, η2
p = 0.21, which reflects

the decrease in response times over the course of the experiment, ranging from 3,538 ms

(SD = 2,325) at break 1 to 2,213 ms (SD = 1,308) at break 4. However, no main effect of

rest was found, F(1,24) = 0.00, p = 0.96, η2
p = 0.00. None of the two-way interactions, all

Fs ≤ 1.05, ps ≥ 0.32, η2
p ≤ 0.04, or the three-way interaction, F(3,57) = 2.00, p = 0.12,

η2
p = 0.07, were significant.

Enforced-rest vs. control condition

In a final step of the analysis, performance with enforced rest-breaks was compared with a

control condition, in which such breaks were not provided (for a summary of the control

data, see Fig. 1). A 4 (break number: 1, 2, 3 and 4) × 2 (trial type: match vs. mismatch) × 2

(rest: before vs. after break) × 2 (condition: enforced rest vs. control) mixed-factor

ANOVA found no main effect of condition, F(1,48) = 0.02, p = 0.89, η2
p = 0.00, and

no interactions between condition and any of the other factors, all Fs ≤ 3.40, ps ≥ 0.07,

η2
p ≤ 0.07.

DISCUSSION
Identification performance was initially relatively high, at just over 80%, for match and

mismatch trials. Thereafter, performance declined on mismatch trials throughout the

experiment. This decline was such that mismatch accuracy dropped close to 50% in

Block 25 and was accompanied by a concurrent increase in match responses. This pattern

indicates that the face pairs, regardless of stimulus type, were classified increasingly as

identity matches. This bias suggests that observers lost the ability to tell different facial

identities apart during this long task.
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These results converge with Alenezi & Bindemann’s (2013) recent findings. In contrast

to this previous work, the current experiment explored whether enforced rest periods of

five minutes could help to maintain face-matching accuracy. We failed to find evidence

of such a benefit here, both within the rest-break condition and in comparison with a

control group for which such rests were not provided. This is striking considering the

duration of these rest periods compared to the time that observers required to complete the

intervening face-matching trials. For example, whereas Blocks 1 to 5 were completed on

average in 17.1 min, by Blocks 21–25 this had reduced to only 9.6 min. By the end of the

experiment, observers therefore received one minute of rest for every two minutes of the

matching task. This favourable ratio suggests that matching performance does not decline

because of insufficient rest time. In turn, these findings indicate that rest breaks are not

effective for maintaining matching performance.

EXPERIMENT 2
Experiment 1 showed that enforced breaks do not help to maintain performance in a

long face-matching task. The next experiment therefore sought to explore an alternative

manipulation that could be employed in applied settings with minimal effort, by moving

observers into a new room after every five blocks. We compare this subtle change in context

to a desk-switching exercise whereby passport officers in settings such as an airport arrivals

hall would be asked to interchange control points at regular intervals.

This manipulation is explored here due to its simple practical potential but it also

receives some support from psychological theory. It is well established, for example, that

the maintenance of contextual cues facilitates recognition memory for a range of visual

stimuli (e.g., Rosas et al., 2001; Smith & Vela, 2001; Godden & Baddeley, 1980), including

unfamiliar faces (Russo et al., 1999). If poor performance is also maintained by the

continuation of the same context, then a decline in accuracy might be alleviated by change.

This experiment is motivated also by the fact that observers typically exhibit the best

face-matching accuracy at the start of an experiment, whereas performance deteriorates

as the task progresses (Alenezi & Bindemann, 2013). This pattern might arise from

habituation, whereby participants struggle to maintain the same goal representations over

time due to the repetitive nature of this task. Such habituation can be alleviated through

the momentary de- and reactivation of a task (Ariga & Lleras, 2011; Helton & Russell, 2012;

Bonneh, Cooperman & Sagi, 2001). Room-switching might also help to prevent habituation

in this way. If this approach is successful, then it should maintain matching accuracy.

METHOD

Participants

Twenty-five new students (21 female) from the University of Kent, with a mean age of

20.3 years (SD = 2.6), participated in the room-switching experiment for a small fee. All

reported normal vision and provided written consent prior to taking part. This research

was approved by the Ethics Committee of the School of Psychology at the University
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of Kent and was conducted in accordance with the ethical guidelines of the British

Psychological Association.

Stimuli and procedure

The stimuli and procedure were identical to Experiment 1, except for the following

changes. The experiment took part in a laboratory, which comprised a waiting area and

five testing booths. During the experiment, participants again performed 1,000 trials of

the matching task, comprising 25 blocks of 20 match and 20 mismatch trials. However, in

contrast to the rest breaks of Experiment 1, participants now changed rooms regularly, by

moving into a new experimental booth after every 200 trials. Each of these changeovers

required less than one minute.

RESULTS

Accuracy

The mean percentage accuracy for match and mismatch trials is shown in Fig. 3. A

correlation of these scores with block number revealed a positive relationship on match

trials, r(23) = 0.773, p < 0.001, which shows that match responses gradually increased

during the experiment. The opposite pattern was found for mismatch trials, for which

accuracy declined continuously, r(23) = −0.854, p < 0.001. As in Experiment 1, overall

accuracy was also analysed. This revealed a negative correlation, r(23) = −0.607, p < 0.01,

which shows that overall performance decreased during the experiment.

The correlational analysis indicates that room-switching does not eliminate the decline

in mismatch accuracy during long matching tasks. To investigate this further, matching

performance before and after each of the room-switches was also compared. A 4 (switch

number: 1, 2, 3 and 4) × 2 (trial type: match vs. mismatch) × 2 (room switch: before vs.

after) ANOVA of these data showed a main effect of trial type, F(1,24) = 10.86, p < 0.01,

η2
p = 0.31, due to generally lower accuracy on mismatch (M = 68.3%, SD = 14.3%)

than match trials (M = 84.0%, SD = 15.5%). However, main effects of room switch,

F(1,24) = 0.23, p = 0.64, η2
p = 0.01, and switch number, F(3,72) = 0.32, p = 0.81,

η2
p = 0.01, were not found.

The interaction of switch number and room switch, F(3,72) = 0.71, p = 0.55,

η2
p = 0.03, and room switch and trial type, F(1,24) = 3.57, p = 0.07, η2

p = 0.13, and

the three-way interaction, F(3,72) = 0.89, p = 0.45, η2
p = 0.04, were not significant.

However, an interaction between switch number and trial type was found, F(3,72) = 8.06,

p < 0.001, η2
p = 0.25. Analysis of simple main effects shows that performance declined on

mismatch trials, F(3,72) = 3.66, p < 0.05, η2
p = 0.33, so that accuracy at the fourth switch

(M = 64.3%, SD = 16.1%) was lower than at the first (M = 71.7%, SD = 14.6%) and

second switch (M = 69.5%, SD = 15.5%), both qs ≥ 4.37, ps ≤ 0.05. Analysis of simple

main effects also showed a change in performance in the match condition, F(3,72) = 7.28,

p < 0.001, η2
p = 0.50, due to an increase in accuracy by switch 4 (M = 87.4%, SD = 12.9%)

compared to switch 1 (M = 81.0%, SD = 17.6%) and 2 (M = 81.7%, SD = 18.6%),

both qs ≥ 4.79, p ≤ 0.05, and switch 3 (M = 85.8%, SD = 15.0%) compared to switch
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Figure 3 Face-matching performance for Experiment 2. The data is split into 25 blocks, illustrated on

the horizontal axis. Individual graphs show percentage accuracy, response times, d-prime and criterion.

Open symbols denote match trials and grey-filled symbols denote mismatch trials. Dotted lines between

blocks indicate room switches.
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1, q = 4.03, p < 0.05. None of the other differences were significant, all qs ≤ 3.53. In

addition, a simple main effect of trial type was not found at switch 1 (match M = 81.0%,

SD = 17.6%; mismatch M = 71.7%, SD = 14.5%), F(1,24) = 3.38, p = 0.08, η2
p = 0.12,

but at switch 2 (match M = 81.7%, SD = 18.6%; mismatch M = 69.5%, SD = 15.5%),

F(1,24) = 5.07, p < 0.05, η2
p = 0.17, switch 3 (match M = 85.8%, SD = 15.0%; mismatch

M = 67.5%, SD = 17.5%), F(1,24) = 10.58, p < 0.01, η2
p = 0.31, and at switch 4 (match

M = 87.4%, SD = 12.9%; mismatch M = 64.3%, SD = 16.1%), F(1,24) = 28.48,

p < 0.001, η2
p = 0.54, due to higher accuracy on match than mismatch trials.

d-prime and criterion

The accuracy data were again transformed into the signal detection measures of d′

prime and criterion (Fig. 3). d′ scores declined throughout the task, due to the gradual

decrease in overall accuracy during the experiment, and correlated negatively with block,

r(24) = −0.360, p = 0.075. For criterion, accuracy was initially close to zero score, which

indicates that observers were equally likely to make correct match or mismatch responses at

the beginning of the experiment. Criterion then began to decrease immediately after Block

1 and this decline continued throughout the matching task, r(24) = −0.826, p < .001. This

reflects a growing bias to make more match responses over the course of the experiment.

We also performed two 4 (switch number: 1, 2, 3 and 4) × 2 (room switch: before

vs. after switch) ANOVAs for criterion and d′. For d′, ANOVA did not find a main effect

of switch number, F(3,72) = 0.23, p = 0.87, η2
p = 0.01, room switch, F(1,24) = 1.72,

p = 0.20, η2
p = 0.07, or an interaction between these factors, F(3,72) = 0.54, p = 0.66,

η2
p = 0.02. The analogous analysis of criterion also did not find an interaction between

factors, F(3,72) = 1.39, p = 0.25, η2
p = 0.06, but revealed a main effect of room switch,

F(1,24) = 6.72, p < 0.05, η2
p = 0.22, which reflects a greater match bias after (M = −0.37,

SD = 0.44) than before each switch (M = −0.25, SD = 0.40). A main effect of switch

number was also found, F(3,72) = 7.05, p < .001, η2
p = 0.23. Tukey HSD test showed

that criterion was lower at the fourth (M = −0.44, SD = 0.41) in comparison with

the first (M = −0.20, SD = 0.44) and second room-switch (M = −0.26, SD = 0.40),

both qs ≥ 4.17, ps ≤ 0.05. This bias confirms that observers made an increasingly

greater proportion of match responses as the experiment progressed. None of the other

comparisons were significant, all qs ≤ 3.68.

Response times

For completeness, Fig. 3 also shows the mean correct RTs. For match and mismatch trials,

these data correlated negatively with block, r(23) = −0.864, p < 0.001 and r(23) = −0.904,

p < 0.001, respectively. This shows that response speed increased during the experiment.

A 4 (switch number) × 2 (trial type) × 2 (room switch) ANOVA of these data also showed

a main effect of switch number, F(3,72) = 8.75, p < 0.001, η2
p = 0.27, due to the decline

in response times during the experiment, which ranged from 2,966 ms (SD = 1,536 ms) at

switch 1 to 1,989 ms (SD = 783 ms) at switch 4. In addition, a main effect of trial type was

found, F(1,24) = 16.15, p < 0.001, η2
p = 0.40, reflecting generally longer RTs on mismatch

Alenezi et al. (2015), PeerJ, DOI 10.7717/peerj.1184 12/18

https://peerj.com
http://dx.doi.org/10.7717/peerj.1184


(M = 2,851 ms, SD = 1,524 ms) than match trials (M = 2,046 ms, SD = 921 ms). By

contrast, no main effect of room switch was found, F(1,24) = 0.26, p = 0.62, η2
p = 0.01,

and all two-way interactions, all Fs ≤ 1.53, ps ≥ 0.21, η2
p ≤ 0.06, and the three-way

interaction, F(3,72) = 1.19, p = 0.32, η2
p = 0.05, were not significant.

Room-switching vs. control condition and rest-breaks

In a final step of the analysis, performance with room switches was also compared with

the control condition (see Experiment 1), in which such breaks were not provided (for

a summary of the control data, see Fig. 1). A 4 (switch number: 1, 2, 3 and 4) × 2 (trial

type: match vs. mismatch) × 2 (room switch: before vs. after switch) × 2 (condition:

room switch vs. control) mixed-factor ANOVA found no main effect of condition,

F(1,48) = 0.02, p = 0.96, η2
p = 0.00, and no interactions between condition and any of

the factors, all Fs ≤ 1.95, ps ≥ 0.17, η2
p ≤ 0.04, except for an interaction of condition and

switch number, F(3,144) = 3.14, p < 0.05, η2
p = 0.06. Analysis of simple main effects

found no effect of switch number for the room-switching condition, F(3,144) = 0.37,

p = 0.77, η2
p = 0.02, but for the control condition, F(3,144) = 4.23, p < 0.05, η2

p = 0.22.

Tukey HSD test showed that this arises from lower accuracy at switch 3 (M = 74.7%,

SD = 7.9%) and 4 (M = 73.9%, SD = 9.3%), than switch 1 (M = 78.7%, SD = 8.5%),

both qs ≥ 4.49, both ps ≤ 0.05. This contrast between the experimental conditions could

indicate that room-switches slow the decline in accuracy that occurs during the course

of the experiment. Contrary to this notion, however, no simple main effects of condition

were found for any of the four individual room switches, all Fs ≤ 0.91, all ps ≥ 0.35, all

η2
p ≤ 0.02.

A similar analysis was also conducted to compare enforced rest-breaks and room

switches directly. A 4 (break /switch number: 1, 2, 3 and 4) × 2 (trial type: match vs.

mismatch) × 2 (rest/switch: before vs. after) × 2 (condition: rest break vs. room switch)

mixed-factor ANOVA found no main effect of condition, F(1,48) = 0.03, p = 0.87,

η2
p = 0.00, and no interactions between condition and any of the factors, all Fs ≤ 1.23,

ps ≥ 0.27, η2
p ≤ 0.03, except for an interaction of condition and rest/switch number,

F(3,144) = 3.12, p < 0.05, η2
p = 0.06. Analysis of simple main effects found no effect

of rest/switch number for the room-switching condition, F(3,144) = 0.34, p = 0.79,

η2
p = 0.02, but for the rest-break condition, F(3,144) = 5.75, p < 0.01, η2

p = 0.27. Tukey

HSD test showed that this arises from lower accuracy at break 4 (M = 72.9%, SD = 13.4%)

than break 1 (M = 78.6%, SD = 11.4%), q = 6.46, p < 0.05. However, no simple main

effects of condition were found for any of the four individual room switches, all Fs ≤ 0.82,

all ps ≥ .37, all η2
p ≤ 0.02.

DISCUSSION
As in Experiment 1, matching accuracy was initially comparatively high but then declined

throughout the experiment. This effect was characterised by a decline in mismatch

accuracy, whereas performance for match trials showed a concurrent increase in accuracy

but of a lesser magnitude. This pattern replicates the response bias from previous studies
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(Alenezi & Bindemann, 2013) and suggests that observers find it increasingly difficult to tell

different identities apart in prolonged face-matching tasks.

Experiment 2 examined whether this bias is reduced when observers switch rooms

at regular intervals. A visual comparison with a control group and the enforced-rest

condition suggests that room-switches might have slowed the decline in mismatch

accuracy to some extent (c.f., Figs. 1–3). However, this observation receives only

limited support from the statistical analysis. Moreover, the results clearly show that

room-switching cannot eliminate the decline in mismatch, and overall, accuracy that is

found in long face-matching tasks.

It is possible that room-switches failed to affect matching performance because the

experimental booths were visually highly similar spaces. We specifically chose this set-up

in view of the practical implications of our work, such as person identification at passport

control, where desk-switching would expose operators to comparable similarities across

work-stations. Consequently, the current data suggests that desk-switching would not be

effective for maintaining face-matching accuracy at passport control.

GENERAL DISCUSSION
It is well established that face matching is an error-prone task (see, e.g., Burton, White &

McNeill, 2010; Johnston & Bindemann, 2013). However, it has only emerged recently that

matching performance declines further during prolonged testing (Alenezi & Bindemann,

2013). This decline in accuracy is characterized by a striking error, whereby accuracy

increases for identity matches but decreases for mismatches. This pattern indicates that

observers find it increasingly difficult to tell different people apart under such conditions.

The current study explored two manipulations that might help to arrest this decline in

mismatch accuracy, by investigating the effect of rest-breaks and room-switching on task

performance. These manipulations were chosen due to their simple practical application,

but also receive support from psychological theory. It has already been shown, for example,

that it is difficult to sustain attention for long and monotonous tasks (see, e.g., Caggiano &

Parasuraman, 2004; Helton & Russell, 2012; Nuechterlein, Parasuraman & Jiang, 1983) and

that rest breaks can reduce errors in some applied tasks (Engelmann et al., 2011). Similarly,

there is evidence that the momentary de- and reactivation of task-goals can improve visual

performance (see, e.g., Ariga & Lleras, 2011; Bonneh, Cooperman & Sagi, 2001; Helton &

Russell, 2012). However, it has not been explored whether such manipulations benefit facial

identification.

In both experiments here, accuracy began to decline after the first block of trials. This

effect persisted throughout the experiment and, consistent with previous research, was

characterised by a specific decline in mismatch accuracy (c.f., Alenezi & Bindemann, 2013).

However, this effect could not be eliminated by regular rest-breaks and room-switching.

This is striking considering the magnitude of these manipulations. For example, towards

the end of Experiment 1, observers received one min of rest for every two minutes of the

task. Despite this favourable task-to-break ratio, no improvements in accuracy were found.

Taken together, these results indicate that enforced rest-breaks and room-switching are
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not effective at maintaining face-matching accuracy. This also suggests that the decline in

mismatch accuracy cannot be attributed per se to mental fatigue or the habituation of task

goals. We draw these conclusions with some caution considering current sample sizes (with

N = 25 per condition). It is possible that effects of rest-breaks and room-switching are still

found with larger samples or different participant groups, such as passport officers (but see

White et al., 2014b).

PRACTICAL APPLICATION
This study provides further evidence that the difficulty of face matching might be

underestimated by experiments that assess performance over a short duration (see Alenezi

& Bindemann, 2013; Bindemann, Avetisyan & Rakow, 2012). These difficulties are likely to

apply to important security tasks, such as passport control (see White et al., 2014b), where

faces have to be matched continuously over long intervals. The current experiments show

that it is difficult to counteract the loss of accuracy that occurs during such prolonged face

matching tasks with rest-breaks or room-switching. Solutions to this problem in applied

settings may therefore require alternative approaches to improve the accuracy of human

observers, such as the redesign of current photo-identity documents (White et al., 2014a)

or crowd-based decision-making (White et al., 2013).

Our findings could also inform how technological solutions to person identification

at passport control, such as electronic passport gates (eGates), should be combined best

with human operators to maximise performance. These eGates utilise facial recognition

software to automatically compare a person’s face to their passport photograph and are

now used across many countries. Doubts remain, however, over the accuracy of these

systems (see Jenkins & White, 2009; Robertson, Middleton & Burton, 2015). In applied

settings (and our experiments), both face matches and mismatches present two different

images of a person. Electronic recognition systems must, therefore, have a threshold

to determine when sufficient similarity exists between images to make identification

decisions. The current findings suggest that it might be advantageous to apply a threshold

to electronic recognition systems that is biased towards mismatch responses. This might

help to counteract the match bias of human observers, which are typically used to verify

electronically-detected mismatches. However, such counterbalancing is complicated

considering the match bias that arises gradually in human observers during prolonged

testing, whereas electronic recognition thresholds are stable. The combination of these

processes is therefore an interesting area for further research.

ADDITIONAL INFORMATION AND DECLARATIONS

Funding

The authors declare there was no funding for this work.

Competing Interests

The authors declare there are no competing interests.

Alenezi et al. (2015), PeerJ, DOI 10.7717/peerj.1184 15/18

https://peerj.com
http://dx.doi.org/10.7717/peerj.1184


Author Contributions

• Hamood M. Alenezi conceived and designed the experiments, performed the exper-

iments, analyzed the data, wrote the paper, prepared figures and/or tables, reviewed

drafts of the paper.

• Markus Bindemann conceived and designed the experiments, analyzed the data, wrote

the paper, prepared figures and/or tables, reviewed drafts of the paper.

• Matthew C. Fysh performed the experiments, analyzed the data, reviewed drafts of the

paper.

• Robert A. Johnston conceived and designed the experiments, reviewed drafts of the

paper.

Human Ethics

The following information was supplied relating to ethical approvals (i.e., approving body

and any reference numbers):

This research was approved by the Ethics Committee of the School of Psychology at the

University of Kent (20111925) and was conducted in accordance with the ethical guidelines

of the British Psychological Association.

Supplemental Information

Supplemental information for this article can be found online at http://dx.doi.org/

10.7717/peerj.1184#supplemental-information.

REFERENCES
Alenezi HM, Bindemann M. 2013. The effect of feedback on face-matching accuracy. Applied

Cognitive Psychology 27:735–753 DOI 10.1002/acp.2968.

Ariga A, Lleras A. 2011. Brief and rare mental“breaks” keep you focused: deactivation

and reactivation of task goals preempt vigilance decrements. Cognition 118:439–443

DOI 10.1016/j.cognition.2010.12.007.

Attwood AS, Penton-Voak IS, Burton AM, Munafò MR. 2013. Acute anxiety impairs

accuracy in identifying photographed faces. Psychological Science 24:1591–1594

DOI 10.1177/0956797612474021.

Bindemann M, Avetisyan M, Rakow T. 2012. Who can recognize unfamiliar faces? Individual

differences and observer consistency in person identification. Journal of Experimental

Psychology: Applied 18:277–291 DOI 10.1037/a0029635.

Bindemann M, Sandford A. 2011. Me, myself, and I: different recognition rates for three

photo-IDs of the same person. Perception 40:625–627 DOI 10.1068/p7008.

Bonneh YS, Cooperman A, Sagi D. 2001. Motion-induced blindness in normal observers. Nature

411:798–801 DOI 10.1038/35081073.

Bonner L, Burton AM. 2004. 7–11-year-old children show an advantage for matching and

recognizing the internal features of familiar faces: evidence against a developmental

shift. The Quarterly Journal of Experimental Psychology Section A 57:1019–1029

DOI 10.1080/02724980343000657.

Alenezi et al. (2015), PeerJ, DOI 10.7717/peerj.1184 16/18

https://peerj.com
http://dx.doi.org/10.7717/peerj.1184#supplemental-information
http://dx.doi.org/10.7717/peerj.1184#supplemental-information
http://dx.doi.org/10.7717/peerj.1184#supplemental-information
http://dx.doi.org/10.7717/peerj.1184#supplemental-information
http://dx.doi.org/10.7717/peerj.1184#supplemental-information
http://dx.doi.org/10.7717/peerj.1184#supplemental-information
http://dx.doi.org/10.7717/peerj.1184#supplemental-information
http://dx.doi.org/10.7717/peerj.1184#supplemental-information
http://dx.doi.org/10.7717/peerj.1184#supplemental-information
http://dx.doi.org/10.7717/peerj.1184#supplemental-information
http://dx.doi.org/10.7717/peerj.1184#supplemental-information
http://dx.doi.org/10.7717/peerj.1184#supplemental-information
http://dx.doi.org/10.7717/peerj.1184#supplemental-information
http://dx.doi.org/10.7717/peerj.1184#supplemental-information
http://dx.doi.org/10.7717/peerj.1184#supplemental-information
http://dx.doi.org/10.7717/peerj.1184#supplemental-information
http://dx.doi.org/10.7717/peerj.1184#supplemental-information
http://dx.doi.org/10.7717/peerj.1184#supplemental-information
http://dx.doi.org/10.7717/peerj.1184#supplemental-information
http://dx.doi.org/10.7717/peerj.1184#supplemental-information
http://dx.doi.org/10.7717/peerj.1184#supplemental-information
http://dx.doi.org/10.7717/peerj.1184#supplemental-information
http://dx.doi.org/10.7717/peerj.1184#supplemental-information
http://dx.doi.org/10.7717/peerj.1184#supplemental-information
http://dx.doi.org/10.7717/peerj.1184#supplemental-information
http://dx.doi.org/10.7717/peerj.1184#supplemental-information
http://dx.doi.org/10.7717/peerj.1184#supplemental-information
http://dx.doi.org/10.7717/peerj.1184#supplemental-information
http://dx.doi.org/10.7717/peerj.1184#supplemental-information
http://dx.doi.org/10.7717/peerj.1184#supplemental-information
http://dx.doi.org/10.7717/peerj.1184#supplemental-information
http://dx.doi.org/10.7717/peerj.1184#supplemental-information
http://dx.doi.org/10.7717/peerj.1184#supplemental-information
http://dx.doi.org/10.7717/peerj.1184#supplemental-information
http://dx.doi.org/10.7717/peerj.1184#supplemental-information
http://dx.doi.org/10.7717/peerj.1184#supplemental-information
http://dx.doi.org/10.7717/peerj.1184#supplemental-information
http://dx.doi.org/10.7717/peerj.1184#supplemental-information
http://dx.doi.org/10.7717/peerj.1184#supplemental-information
http://dx.doi.org/10.7717/peerj.1184#supplemental-information
http://dx.doi.org/10.7717/peerj.1184#supplemental-information
http://dx.doi.org/10.7717/peerj.1184#supplemental-information
http://dx.doi.org/10.7717/peerj.1184#supplemental-information
http://dx.doi.org/10.7717/peerj.1184#supplemental-information
http://dx.doi.org/10.1002/acp.2968
http://dx.doi.org/10.1016/j.cognition.2010.12.007
http://dx.doi.org/10.1177/0956797612474021
http://dx.doi.org/10.1037/a0029635
http://dx.doi.org/10.1068/p7008
http://dx.doi.org/10.1038/35081073
http://dx.doi.org/10.1080/02724980343000657
http://dx.doi.org/10.7717/peerj.1184


Bruce V, Henderson Z, Greenwood K, Hancock PJB, Burton AM, Miller P. 1999. Verification

of face identities from images captured on video. Journal of Experimental Psychology: Applied

5:339–360 DOI 10.1037//1076-898X.5.4.339.

Bundesdruckerei. 2013. ePassport pocket guide 2013. Available at https://www.bundesdruckerei.de/

en/1339-publikationen (accessed 26 May 2014).

Burton AM, Jenkins R, Schweinberger SR. 2011. Mental representations of familiar faces. British

Journal of Psychology 102:943–958 DOI 10.1111/j.2044-8295.2011.02039.x.

Burton AM, White D, McNeill A. 2010. The Glasgow face matching test. Behavior Research

Methods 42:286–291 DOI 10.3758/BRM.42.1.286.

Caggiano DM, Parasuraman R. 2004. The role of memory representation in the vigilance

decrement. Psychonomic Bulletin & Review 11:932–937 DOI 10.3758/BF03196724.

CPNI. 2007. A good practice guide on pre-employment screening: document verification. Available

at http://www.cpni.gov.uk/documents/publications/2007/2007044-gpg document verification

guidance.pdf?epslanguage=en-gb (accessed 26 May 2014).

Davies DR, Parasuraman R. 1982. The psychology of vigilance. London: Academic Press.

Engelmann C, Schneider M, Kirschbaum C, Grote G, Dingemann J, Schoof S, Ure BM. 2011.

Effects of intraoperative breaks on mental and somatic operator fatigue: a randomized clinical

trial. Surgical Endoscopy 25:1245–1250 DOI 10.1007/s00464-010-1350-1.

Estudillo AJ, Bindemann M. 2014. Generalization across view in face memory and face matching.

i-Perception 5:589–601 DOI 10.1068/i0669.

Farah MJ, Wilson KD, Drain M, Tanaka JN. 1998. What is “special” about face

perception? Psychological Review 105:482–498 DOI 10.1037/0033-295X.105.3.482.

FRONTEX. 2012. Annual risk analysis 2012. Available at http://frontex.europa.eu/assets/

Attachment Featured/Annual Risk Analysis 2012.pdf (accessed 26 May 2014).

Godden D, Baddeley A. 1980. When does context influence recognition memory? British Journal

of Psychology 71:99–104 DOI 10.1111/j.2044-8295.1980.tb02735.x.

Hancock PJB, Bruce V, Burton AM. 2000. Recognition of unfamiliar faces. Trends in Cognition

Sciences 4:330–337 DOI 10.1016/S1364-6613(00)01519-9.

Helton WS, Russell PN. 2012. Brief mental breaks and content-free cues may not keep you

focused. Experimental Brain Research 219:37–46 DOI 10.1007/s00221-012-3065-0.

Jenkins R, Burton AM. 2008. Limitations in facial identification: the evidence. Justice of the Peace

172:4–6.

Jenkins R, Burton AM. 2011. Stable face representations. Philosophical Transactions of the Royal

Society B 366:1671–1683 DOI 10.1098/rstb.2010.0379.

Jenkins R, White D. 2009. Commercial face recognition doesn’t work. In: Bioinspired

Learning and Intelligent Systems for Security, 2009. BLISS’09 Symposium on. IEEE, 43–48

DOI 10.1109/BLISS.2009.22.

Jenkins R, White D, Van Montfort X, Burton AM. 2011. Variability in photos of the same face.

Cognition 121:313–323 DOI 10.1016/j.cognition.2011.08.001.

Johnston RA, Bindemann M. 2013. Introduction to forensic face matching. Applied Cognitive

Psychology 27:697–699 DOI 10.1002/acp.2963.

Johnston RA, Edmonds AJ. 2009. Familiar and unfamiliar face recognition: a review. Memory

17:577–596 DOI 10.1080/09658210902976969.

Kemp R, Towell N, Pike G. 1997. When seeing should not be believing: photographs, credit cards

and fraud. Applied Cognitive Psychology 11:211–222

DOI 10.1002/(SICI)1099-0720(199706)11:3<211::AID-ACP430>3.0.CO;2-O.

Alenezi et al. (2015), PeerJ, DOI 10.7717/peerj.1184 17/18

https://peerj.com
http://dx.doi.org/10.1037//1076-898X.5.4.339
https://www.bundesdruckerei.de/en/1339-publikationen
https://www.bundesdruckerei.de/en/1339-publikationen
https://www.bundesdruckerei.de/en/1339-publikationen
https://www.bundesdruckerei.de/en/1339-publikationen
https://www.bundesdruckerei.de/en/1339-publikationen
https://www.bundesdruckerei.de/en/1339-publikationen
https://www.bundesdruckerei.de/en/1339-publikationen
https://www.bundesdruckerei.de/en/1339-publikationen
https://www.bundesdruckerei.de/en/1339-publikationen
https://www.bundesdruckerei.de/en/1339-publikationen
https://www.bundesdruckerei.de/en/1339-publikationen
https://www.bundesdruckerei.de/en/1339-publikationen
https://www.bundesdruckerei.de/en/1339-publikationen
https://www.bundesdruckerei.de/en/1339-publikationen
https://www.bundesdruckerei.de/en/1339-publikationen
https://www.bundesdruckerei.de/en/1339-publikationen
https://www.bundesdruckerei.de/en/1339-publikationen
https://www.bundesdruckerei.de/en/1339-publikationen
https://www.bundesdruckerei.de/en/1339-publikationen
https://www.bundesdruckerei.de/en/1339-publikationen
https://www.bundesdruckerei.de/en/1339-publikationen
https://www.bundesdruckerei.de/en/1339-publikationen
https://www.bundesdruckerei.de/en/1339-publikationen
https://www.bundesdruckerei.de/en/1339-publikationen
https://www.bundesdruckerei.de/en/1339-publikationen
https://www.bundesdruckerei.de/en/1339-publikationen
https://www.bundesdruckerei.de/en/1339-publikationen
https://www.bundesdruckerei.de/en/1339-publikationen
https://www.bundesdruckerei.de/en/1339-publikationen
https://www.bundesdruckerei.de/en/1339-publikationen
https://www.bundesdruckerei.de/en/1339-publikationen
https://www.bundesdruckerei.de/en/1339-publikationen
https://www.bundesdruckerei.de/en/1339-publikationen
https://www.bundesdruckerei.de/en/1339-publikationen
https://www.bundesdruckerei.de/en/1339-publikationen
https://www.bundesdruckerei.de/en/1339-publikationen
https://www.bundesdruckerei.de/en/1339-publikationen
https://www.bundesdruckerei.de/en/1339-publikationen
https://www.bundesdruckerei.de/en/1339-publikationen
https://www.bundesdruckerei.de/en/1339-publikationen
https://www.bundesdruckerei.de/en/1339-publikationen
https://www.bundesdruckerei.de/en/1339-publikationen
https://www.bundesdruckerei.de/en/1339-publikationen
https://www.bundesdruckerei.de/en/1339-publikationen
https://www.bundesdruckerei.de/en/1339-publikationen
https://www.bundesdruckerei.de/en/1339-publikationen
https://www.bundesdruckerei.de/en/1339-publikationen
https://www.bundesdruckerei.de/en/1339-publikationen
https://www.bundesdruckerei.de/en/1339-publikationen
https://www.bundesdruckerei.de/en/1339-publikationen
https://www.bundesdruckerei.de/en/1339-publikationen
https://www.bundesdruckerei.de/en/1339-publikationen
http://dx.doi.org/10.1111/j.2044-8295.2011.02039.x
http://dx.doi.org/10.3758/BRM.42.1.286
http://dx.doi.org/10.3758/BF03196724
http://www.cpni.gov.uk/documents/publications/2007/2007044-gpg_document_verification_guidance.pdf?epslanguage=en-gb
http://www.cpni.gov.uk/documents/publications/2007/2007044-gpg_document_verification_guidance.pdf?epslanguage=en-gb
http://www.cpni.gov.uk/documents/publications/2007/2007044-gpg_document_verification_guidance.pdf?epslanguage=en-gb
http://www.cpni.gov.uk/documents/publications/2007/2007044-gpg_document_verification_guidance.pdf?epslanguage=en-gb
http://www.cpni.gov.uk/documents/publications/2007/2007044-gpg_document_verification_guidance.pdf?epslanguage=en-gb
http://www.cpni.gov.uk/documents/publications/2007/2007044-gpg_document_verification_guidance.pdf?epslanguage=en-gb
http://www.cpni.gov.uk/documents/publications/2007/2007044-gpg_document_verification_guidance.pdf?epslanguage=en-gb
http://www.cpni.gov.uk/documents/publications/2007/2007044-gpg_document_verification_guidance.pdf?epslanguage=en-gb
http://www.cpni.gov.uk/documents/publications/2007/2007044-gpg_document_verification_guidance.pdf?epslanguage=en-gb
http://www.cpni.gov.uk/documents/publications/2007/2007044-gpg_document_verification_guidance.pdf?epslanguage=en-gb
http://www.cpni.gov.uk/documents/publications/2007/2007044-gpg_document_verification_guidance.pdf?epslanguage=en-gb
http://www.cpni.gov.uk/documents/publications/2007/2007044-gpg_document_verification_guidance.pdf?epslanguage=en-gb
http://www.cpni.gov.uk/documents/publications/2007/2007044-gpg_document_verification_guidance.pdf?epslanguage=en-gb
http://www.cpni.gov.uk/documents/publications/2007/2007044-gpg_document_verification_guidance.pdf?epslanguage=en-gb
http://www.cpni.gov.uk/documents/publications/2007/2007044-gpg_document_verification_guidance.pdf?epslanguage=en-gb
http://www.cpni.gov.uk/documents/publications/2007/2007044-gpg_document_verification_guidance.pdf?epslanguage=en-gb
http://www.cpni.gov.uk/documents/publications/2007/2007044-gpg_document_verification_guidance.pdf?epslanguage=en-gb
http://www.cpni.gov.uk/documents/publications/2007/2007044-gpg_document_verification_guidance.pdf?epslanguage=en-gb
http://www.cpni.gov.uk/documents/publications/2007/2007044-gpg_document_verification_guidance.pdf?epslanguage=en-gb
http://www.cpni.gov.uk/documents/publications/2007/2007044-gpg_document_verification_guidance.pdf?epslanguage=en-gb
http://www.cpni.gov.uk/documents/publications/2007/2007044-gpg_document_verification_guidance.pdf?epslanguage=en-gb
http://www.cpni.gov.uk/documents/publications/2007/2007044-gpg_document_verification_guidance.pdf?epslanguage=en-gb
http://www.cpni.gov.uk/documents/publications/2007/2007044-gpg_document_verification_guidance.pdf?epslanguage=en-gb
http://www.cpni.gov.uk/documents/publications/2007/2007044-gpg_document_verification_guidance.pdf?epslanguage=en-gb
http://www.cpni.gov.uk/documents/publications/2007/2007044-gpg_document_verification_guidance.pdf?epslanguage=en-gb
http://www.cpni.gov.uk/documents/publications/2007/2007044-gpg_document_verification_guidance.pdf?epslanguage=en-gb
http://www.cpni.gov.uk/documents/publications/2007/2007044-gpg_document_verification_guidance.pdf?epslanguage=en-gb
http://www.cpni.gov.uk/documents/publications/2007/2007044-gpg_document_verification_guidance.pdf?epslanguage=en-gb
http://www.cpni.gov.uk/documents/publications/2007/2007044-gpg_document_verification_guidance.pdf?epslanguage=en-gb
http://www.cpni.gov.uk/documents/publications/2007/2007044-gpg_document_verification_guidance.pdf?epslanguage=en-gb
http://www.cpni.gov.uk/documents/publications/2007/2007044-gpg_document_verification_guidance.pdf?epslanguage=en-gb
http://www.cpni.gov.uk/documents/publications/2007/2007044-gpg_document_verification_guidance.pdf?epslanguage=en-gb
http://www.cpni.gov.uk/documents/publications/2007/2007044-gpg_document_verification_guidance.pdf?epslanguage=en-gb
http://www.cpni.gov.uk/documents/publications/2007/2007044-gpg_document_verification_guidance.pdf?epslanguage=en-gb
http://www.cpni.gov.uk/documents/publications/2007/2007044-gpg_document_verification_guidance.pdf?epslanguage=en-gb
http://www.cpni.gov.uk/documents/publications/2007/2007044-gpg_document_verification_guidance.pdf?epslanguage=en-gb
http://www.cpni.gov.uk/documents/publications/2007/2007044-gpg_document_verification_guidance.pdf?epslanguage=en-gb
http://www.cpni.gov.uk/documents/publications/2007/2007044-gpg_document_verification_guidance.pdf?epslanguage=en-gb
http://www.cpni.gov.uk/documents/publications/2007/2007044-gpg_document_verification_guidance.pdf?epslanguage=en-gb
http://www.cpni.gov.uk/documents/publications/2007/2007044-gpg_document_verification_guidance.pdf?epslanguage=en-gb
http://www.cpni.gov.uk/documents/publications/2007/2007044-gpg_document_verification_guidance.pdf?epslanguage=en-gb
http://www.cpni.gov.uk/documents/publications/2007/2007044-gpg_document_verification_guidance.pdf?epslanguage=en-gb
http://www.cpni.gov.uk/documents/publications/2007/2007044-gpg_document_verification_guidance.pdf?epslanguage=en-gb
http://www.cpni.gov.uk/documents/publications/2007/2007044-gpg_document_verification_guidance.pdf?epslanguage=en-gb
http://www.cpni.gov.uk/documents/publications/2007/2007044-gpg_document_verification_guidance.pdf?epslanguage=en-gb
http://www.cpni.gov.uk/documents/publications/2007/2007044-gpg_document_verification_guidance.pdf?epslanguage=en-gb
http://www.cpni.gov.uk/documents/publications/2007/2007044-gpg_document_verification_guidance.pdf?epslanguage=en-gb
http://www.cpni.gov.uk/documents/publications/2007/2007044-gpg_document_verification_guidance.pdf?epslanguage=en-gb
http://www.cpni.gov.uk/documents/publications/2007/2007044-gpg_document_verification_guidance.pdf?epslanguage=en-gb
http://www.cpni.gov.uk/documents/publications/2007/2007044-gpg_document_verification_guidance.pdf?epslanguage=en-gb
http://www.cpni.gov.uk/documents/publications/2007/2007044-gpg_document_verification_guidance.pdf?epslanguage=en-gb
http://www.cpni.gov.uk/documents/publications/2007/2007044-gpg_document_verification_guidance.pdf?epslanguage=en-gb
http://www.cpni.gov.uk/documents/publications/2007/2007044-gpg_document_verification_guidance.pdf?epslanguage=en-gb
http://www.cpni.gov.uk/documents/publications/2007/2007044-gpg_document_verification_guidance.pdf?epslanguage=en-gb
http://www.cpni.gov.uk/documents/publications/2007/2007044-gpg_document_verification_guidance.pdf?epslanguage=en-gb
http://www.cpni.gov.uk/documents/publications/2007/2007044-gpg_document_verification_guidance.pdf?epslanguage=en-gb
http://www.cpni.gov.uk/documents/publications/2007/2007044-gpg_document_verification_guidance.pdf?epslanguage=en-gb
http://www.cpni.gov.uk/documents/publications/2007/2007044-gpg_document_verification_guidance.pdf?epslanguage=en-gb
http://www.cpni.gov.uk/documents/publications/2007/2007044-gpg_document_verification_guidance.pdf?epslanguage=en-gb
http://www.cpni.gov.uk/documents/publications/2007/2007044-gpg_document_verification_guidance.pdf?epslanguage=en-gb
http://www.cpni.gov.uk/documents/publications/2007/2007044-gpg_document_verification_guidance.pdf?epslanguage=en-gb
http://www.cpni.gov.uk/documents/publications/2007/2007044-gpg_document_verification_guidance.pdf?epslanguage=en-gb
http://www.cpni.gov.uk/documents/publications/2007/2007044-gpg_document_verification_guidance.pdf?epslanguage=en-gb
http://www.cpni.gov.uk/documents/publications/2007/2007044-gpg_document_verification_guidance.pdf?epslanguage=en-gb
http://www.cpni.gov.uk/documents/publications/2007/2007044-gpg_document_verification_guidance.pdf?epslanguage=en-gb
http://www.cpni.gov.uk/documents/publications/2007/2007044-gpg_document_verification_guidance.pdf?epslanguage=en-gb
http://www.cpni.gov.uk/documents/publications/2007/2007044-gpg_document_verification_guidance.pdf?epslanguage=en-gb
http://www.cpni.gov.uk/documents/publications/2007/2007044-gpg_document_verification_guidance.pdf?epslanguage=en-gb
http://www.cpni.gov.uk/documents/publications/2007/2007044-gpg_document_verification_guidance.pdf?epslanguage=en-gb
http://www.cpni.gov.uk/documents/publications/2007/2007044-gpg_document_verification_guidance.pdf?epslanguage=en-gb
http://www.cpni.gov.uk/documents/publications/2007/2007044-gpg_document_verification_guidance.pdf?epslanguage=en-gb
http://www.cpni.gov.uk/documents/publications/2007/2007044-gpg_document_verification_guidance.pdf?epslanguage=en-gb
http://www.cpni.gov.uk/documents/publications/2007/2007044-gpg_document_verification_guidance.pdf?epslanguage=en-gb
http://www.cpni.gov.uk/documents/publications/2007/2007044-gpg_document_verification_guidance.pdf?epslanguage=en-gb
http://www.cpni.gov.uk/documents/publications/2007/2007044-gpg_document_verification_guidance.pdf?epslanguage=en-gb
http://www.cpni.gov.uk/documents/publications/2007/2007044-gpg_document_verification_guidance.pdf?epslanguage=en-gb
http://www.cpni.gov.uk/documents/publications/2007/2007044-gpg_document_verification_guidance.pdf?epslanguage=en-gb
http://www.cpni.gov.uk/documents/publications/2007/2007044-gpg_document_verification_guidance.pdf?epslanguage=en-gb
http://www.cpni.gov.uk/documents/publications/2007/2007044-gpg_document_verification_guidance.pdf?epslanguage=en-gb
http://www.cpni.gov.uk/documents/publications/2007/2007044-gpg_document_verification_guidance.pdf?epslanguage=en-gb
http://www.cpni.gov.uk/documents/publications/2007/2007044-gpg_document_verification_guidance.pdf?epslanguage=en-gb
http://www.cpni.gov.uk/documents/publications/2007/2007044-gpg_document_verification_guidance.pdf?epslanguage=en-gb
http://www.cpni.gov.uk/documents/publications/2007/2007044-gpg_document_verification_guidance.pdf?epslanguage=en-gb
http://www.cpni.gov.uk/documents/publications/2007/2007044-gpg_document_verification_guidance.pdf?epslanguage=en-gb
http://www.cpni.gov.uk/documents/publications/2007/2007044-gpg_document_verification_guidance.pdf?epslanguage=en-gb
http://www.cpni.gov.uk/documents/publications/2007/2007044-gpg_document_verification_guidance.pdf?epslanguage=en-gb
http://www.cpni.gov.uk/documents/publications/2007/2007044-gpg_document_verification_guidance.pdf?epslanguage=en-gb
http://www.cpni.gov.uk/documents/publications/2007/2007044-gpg_document_verification_guidance.pdf?epslanguage=en-gb
http://www.cpni.gov.uk/documents/publications/2007/2007044-gpg_document_verification_guidance.pdf?epslanguage=en-gb
http://www.cpni.gov.uk/documents/publications/2007/2007044-gpg_document_verification_guidance.pdf?epslanguage=en-gb
http://www.cpni.gov.uk/documents/publications/2007/2007044-gpg_document_verification_guidance.pdf?epslanguage=en-gb
http://www.cpni.gov.uk/documents/publications/2007/2007044-gpg_document_verification_guidance.pdf?epslanguage=en-gb
http://www.cpni.gov.uk/documents/publications/2007/2007044-gpg_document_verification_guidance.pdf?epslanguage=en-gb
http://www.cpni.gov.uk/documents/publications/2007/2007044-gpg_document_verification_guidance.pdf?epslanguage=en-gb
http://www.cpni.gov.uk/documents/publications/2007/2007044-gpg_document_verification_guidance.pdf?epslanguage=en-gb
http://www.cpni.gov.uk/documents/publications/2007/2007044-gpg_document_verification_guidance.pdf?epslanguage=en-gb
http://www.cpni.gov.uk/documents/publications/2007/2007044-gpg_document_verification_guidance.pdf?epslanguage=en-gb
http://www.cpni.gov.uk/documents/publications/2007/2007044-gpg_document_verification_guidance.pdf?epslanguage=en-gb
http://www.cpni.gov.uk/documents/publications/2007/2007044-gpg_document_verification_guidance.pdf?epslanguage=en-gb
http://www.cpni.gov.uk/documents/publications/2007/2007044-gpg_document_verification_guidance.pdf?epslanguage=en-gb
http://www.cpni.gov.uk/documents/publications/2007/2007044-gpg_document_verification_guidance.pdf?epslanguage=en-gb
http://www.cpni.gov.uk/documents/publications/2007/2007044-gpg_document_verification_guidance.pdf?epslanguage=en-gb
http://www.cpni.gov.uk/documents/publications/2007/2007044-gpg_document_verification_guidance.pdf?epslanguage=en-gb
http://www.cpni.gov.uk/documents/publications/2007/2007044-gpg_document_verification_guidance.pdf?epslanguage=en-gb
http://www.cpni.gov.uk/documents/publications/2007/2007044-gpg_document_verification_guidance.pdf?epslanguage=en-gb
http://www.cpni.gov.uk/documents/publications/2007/2007044-gpg_document_verification_guidance.pdf?epslanguage=en-gb
http://www.cpni.gov.uk/documents/publications/2007/2007044-gpg_document_verification_guidance.pdf?epslanguage=en-gb
http://www.cpni.gov.uk/documents/publications/2007/2007044-gpg_document_verification_guidance.pdf?epslanguage=en-gb
http://www.cpni.gov.uk/documents/publications/2007/2007044-gpg_document_verification_guidance.pdf?epslanguage=en-gb
http://www.cpni.gov.uk/documents/publications/2007/2007044-gpg_document_verification_guidance.pdf?epslanguage=en-gb
http://www.cpni.gov.uk/documents/publications/2007/2007044-gpg_document_verification_guidance.pdf?epslanguage=en-gb
http://www.cpni.gov.uk/documents/publications/2007/2007044-gpg_document_verification_guidance.pdf?epslanguage=en-gb
http://www.cpni.gov.uk/documents/publications/2007/2007044-gpg_document_verification_guidance.pdf?epslanguage=en-gb
http://www.cpni.gov.uk/documents/publications/2007/2007044-gpg_document_verification_guidance.pdf?epslanguage=en-gb
http://www.cpni.gov.uk/documents/publications/2007/2007044-gpg_document_verification_guidance.pdf?epslanguage=en-gb
http://dx.doi.org/10.1007/s00464-010-1350-1
http://dx.doi.org/10.1068/i0669
http://dx.doi.org/10.1037/0033-295X.105.3.482
http://frontex.europa.eu/assets/Attachment_Featured/Annual_Risk_Analysis_2012.pdf
http://frontex.europa.eu/assets/Attachment_Featured/Annual_Risk_Analysis_2012.pdf
http://frontex.europa.eu/assets/Attachment_Featured/Annual_Risk_Analysis_2012.pdf
http://frontex.europa.eu/assets/Attachment_Featured/Annual_Risk_Analysis_2012.pdf
http://frontex.europa.eu/assets/Attachment_Featured/Annual_Risk_Analysis_2012.pdf
http://frontex.europa.eu/assets/Attachment_Featured/Annual_Risk_Analysis_2012.pdf
http://frontex.europa.eu/assets/Attachment_Featured/Annual_Risk_Analysis_2012.pdf
http://frontex.europa.eu/assets/Attachment_Featured/Annual_Risk_Analysis_2012.pdf
http://frontex.europa.eu/assets/Attachment_Featured/Annual_Risk_Analysis_2012.pdf
http://frontex.europa.eu/assets/Attachment_Featured/Annual_Risk_Analysis_2012.pdf
http://frontex.europa.eu/assets/Attachment_Featured/Annual_Risk_Analysis_2012.pdf
http://frontex.europa.eu/assets/Attachment_Featured/Annual_Risk_Analysis_2012.pdf
http://frontex.europa.eu/assets/Attachment_Featured/Annual_Risk_Analysis_2012.pdf
http://frontex.europa.eu/assets/Attachment_Featured/Annual_Risk_Analysis_2012.pdf
http://frontex.europa.eu/assets/Attachment_Featured/Annual_Risk_Analysis_2012.pdf
http://frontex.europa.eu/assets/Attachment_Featured/Annual_Risk_Analysis_2012.pdf
http://frontex.europa.eu/assets/Attachment_Featured/Annual_Risk_Analysis_2012.pdf
http://frontex.europa.eu/assets/Attachment_Featured/Annual_Risk_Analysis_2012.pdf
http://frontex.europa.eu/assets/Attachment_Featured/Annual_Risk_Analysis_2012.pdf
http://frontex.europa.eu/assets/Attachment_Featured/Annual_Risk_Analysis_2012.pdf
http://frontex.europa.eu/assets/Attachment_Featured/Annual_Risk_Analysis_2012.pdf
http://frontex.europa.eu/assets/Attachment_Featured/Annual_Risk_Analysis_2012.pdf
http://frontex.europa.eu/assets/Attachment_Featured/Annual_Risk_Analysis_2012.pdf
http://frontex.europa.eu/assets/Attachment_Featured/Annual_Risk_Analysis_2012.pdf
http://frontex.europa.eu/assets/Attachment_Featured/Annual_Risk_Analysis_2012.pdf
http://frontex.europa.eu/assets/Attachment_Featured/Annual_Risk_Analysis_2012.pdf
http://frontex.europa.eu/assets/Attachment_Featured/Annual_Risk_Analysis_2012.pdf
http://frontex.europa.eu/assets/Attachment_Featured/Annual_Risk_Analysis_2012.pdf
http://frontex.europa.eu/assets/Attachment_Featured/Annual_Risk_Analysis_2012.pdf
http://frontex.europa.eu/assets/Attachment_Featured/Annual_Risk_Analysis_2012.pdf
http://frontex.europa.eu/assets/Attachment_Featured/Annual_Risk_Analysis_2012.pdf
http://frontex.europa.eu/assets/Attachment_Featured/Annual_Risk_Analysis_2012.pdf
http://frontex.europa.eu/assets/Attachment_Featured/Annual_Risk_Analysis_2012.pdf
http://frontex.europa.eu/assets/Attachment_Featured/Annual_Risk_Analysis_2012.pdf
http://frontex.europa.eu/assets/Attachment_Featured/Annual_Risk_Analysis_2012.pdf
http://frontex.europa.eu/assets/Attachment_Featured/Annual_Risk_Analysis_2012.pdf
http://frontex.europa.eu/assets/Attachment_Featured/Annual_Risk_Analysis_2012.pdf
http://frontex.europa.eu/assets/Attachment_Featured/Annual_Risk_Analysis_2012.pdf
http://frontex.europa.eu/assets/Attachment_Featured/Annual_Risk_Analysis_2012.pdf
http://frontex.europa.eu/assets/Attachment_Featured/Annual_Risk_Analysis_2012.pdf
http://frontex.europa.eu/assets/Attachment_Featured/Annual_Risk_Analysis_2012.pdf
http://frontex.europa.eu/assets/Attachment_Featured/Annual_Risk_Analysis_2012.pdf
http://frontex.europa.eu/assets/Attachment_Featured/Annual_Risk_Analysis_2012.pdf
http://frontex.europa.eu/assets/Attachment_Featured/Annual_Risk_Analysis_2012.pdf
http://frontex.europa.eu/assets/Attachment_Featured/Annual_Risk_Analysis_2012.pdf
http://frontex.europa.eu/assets/Attachment_Featured/Annual_Risk_Analysis_2012.pdf
http://frontex.europa.eu/assets/Attachment_Featured/Annual_Risk_Analysis_2012.pdf
http://frontex.europa.eu/assets/Attachment_Featured/Annual_Risk_Analysis_2012.pdf
http://frontex.europa.eu/assets/Attachment_Featured/Annual_Risk_Analysis_2012.pdf
http://frontex.europa.eu/assets/Attachment_Featured/Annual_Risk_Analysis_2012.pdf
http://frontex.europa.eu/assets/Attachment_Featured/Annual_Risk_Analysis_2012.pdf
http://frontex.europa.eu/assets/Attachment_Featured/Annual_Risk_Analysis_2012.pdf
http://frontex.europa.eu/assets/Attachment_Featured/Annual_Risk_Analysis_2012.pdf
http://frontex.europa.eu/assets/Attachment_Featured/Annual_Risk_Analysis_2012.pdf
http://frontex.europa.eu/assets/Attachment_Featured/Annual_Risk_Analysis_2012.pdf
http://frontex.europa.eu/assets/Attachment_Featured/Annual_Risk_Analysis_2012.pdf
http://frontex.europa.eu/assets/Attachment_Featured/Annual_Risk_Analysis_2012.pdf
http://frontex.europa.eu/assets/Attachment_Featured/Annual_Risk_Analysis_2012.pdf
http://frontex.europa.eu/assets/Attachment_Featured/Annual_Risk_Analysis_2012.pdf
http://frontex.europa.eu/assets/Attachment_Featured/Annual_Risk_Analysis_2012.pdf
http://frontex.europa.eu/assets/Attachment_Featured/Annual_Risk_Analysis_2012.pdf
http://frontex.europa.eu/assets/Attachment_Featured/Annual_Risk_Analysis_2012.pdf
http://frontex.europa.eu/assets/Attachment_Featured/Annual_Risk_Analysis_2012.pdf
http://frontex.europa.eu/assets/Attachment_Featured/Annual_Risk_Analysis_2012.pdf
http://frontex.europa.eu/assets/Attachment_Featured/Annual_Risk_Analysis_2012.pdf
http://frontex.europa.eu/assets/Attachment_Featured/Annual_Risk_Analysis_2012.pdf
http://frontex.europa.eu/assets/Attachment_Featured/Annual_Risk_Analysis_2012.pdf
http://frontex.europa.eu/assets/Attachment_Featured/Annual_Risk_Analysis_2012.pdf
http://frontex.europa.eu/assets/Attachment_Featured/Annual_Risk_Analysis_2012.pdf
http://frontex.europa.eu/assets/Attachment_Featured/Annual_Risk_Analysis_2012.pdf
http://frontex.europa.eu/assets/Attachment_Featured/Annual_Risk_Analysis_2012.pdf
http://frontex.europa.eu/assets/Attachment_Featured/Annual_Risk_Analysis_2012.pdf
http://frontex.europa.eu/assets/Attachment_Featured/Annual_Risk_Analysis_2012.pdf
http://frontex.europa.eu/assets/Attachment_Featured/Annual_Risk_Analysis_2012.pdf
http://frontex.europa.eu/assets/Attachment_Featured/Annual_Risk_Analysis_2012.pdf
http://frontex.europa.eu/assets/Attachment_Featured/Annual_Risk_Analysis_2012.pdf
http://frontex.europa.eu/assets/Attachment_Featured/Annual_Risk_Analysis_2012.pdf
http://frontex.europa.eu/assets/Attachment_Featured/Annual_Risk_Analysis_2012.pdf
http://frontex.europa.eu/assets/Attachment_Featured/Annual_Risk_Analysis_2012.pdf
http://frontex.europa.eu/assets/Attachment_Featured/Annual_Risk_Analysis_2012.pdf
http://frontex.europa.eu/assets/Attachment_Featured/Annual_Risk_Analysis_2012.pdf
http://dx.doi.org/10.1111/j.2044-8295.1980.tb02735.x
http://dx.doi.org/10.1016/S1364-6613(00)01519-9
http://dx.doi.org/10.1007/s00221-012-3065-0
http://dx.doi.org/10.1098/rstb.2010.0379
http://dx.doi.org/10.1109/BLISS.2009.22
http://dx.doi.org/10.1016/j.cognition.2011.08.001
http://dx.doi.org/10.1002/acp.2963
http://dx.doi.org/10.1080/09658210902976969
http://dx.doi.org/10.1002/(SICI)1099-0720(199706)11:3%3C211::AID-ACP430%3E3.0.CO;2-O
http://dx.doi.org/10.7717/peerj.1184


Longmore CA, Liu CH, Young AW. 2008. Learning faces from photographs. Journal of Experimen-

tal Psychology: Human Perception & Performance 34:77–100 DOI 10.1037/0096-1523.34.1.77.

Megreya AM, Bindemann M. 2013. Individual differences in personality and face identification.

Journal of Cognitive Psychology 25:30–37 DOI 10.1080/20445911.2012.739153.

Megreya AM, Bindemann M. 2015. Developmental improvement and age-related decline in

unfamiliar face matching. Perception 44:5–22 DOI 10.1068/p7825.

Megreya AM, Bindemann M, Havard C. 2011. Sex differences in unfamiliar face identification:

evidence from matching tasks. Acta Psychologica 137:83–89 DOI 10.1016/j.actpsy.2011.03.003.

Megreya AM, Sandford A, Burton AM. 2013. Matching images of faces taken on the same

day or months apart: the limitations of photo-ID. Applied Cognitive Psychology 27:700–706

DOI 10.1002/acp.2965.

National Audit Office (NAO). 2007. Identity and passport service: introduction of ePassports.

Available at http://www.nao.org.uk/wp-content/uploads/2007/02/0607152.pdf (accessed 26 May

2014).

Nuechterlein KH, Parasuraman R, Jiang Q. 1983. Visual sustained attention: image

degradation produces rapid sensitivity decrement over time. Science 22:327–329

DOI 10.1126/science.6836276.
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Rosas JM, Vila NJ, Lugo M, López L. 2001. Combined effect of context change and retention

interval on interference in causality judgments. Journal of Experimental Psychology: Animal

Behavior Processes 27:153–164 DOI 10.1037//0097-7403.27.2.153.

Russo R, Ward G, Geurts H, Scheres A. 1999. When unfamiliarity matters: changing

environmental context between study and test affects recognition memory for unfamiliar

stimuli. Journal of Experimental Psychology: Learning, Memory, and Cognition 25:488–499

DOI 10.1037//0278-7393.25.2.488.

Sinha P, Poggio TA. 1996. Role of learning in three-dimensional form perception. Nature

384:460–463 DOI 10.1038/384460a0.

Smith SM, Vela E. 2001. Environmental context-dependent memory: a review and meta-analysis.

Psychonomic Bulletin & Review 8:203–220 DOI 10.3758/BF03196157.

Stevens C. 2011. Facing up to impostor fraud. Available at http://www.icao.int/publications/

journalsreports/2011/ICAO%20MRTD%20Report%20Vol.6%20No.3,%202011.pdf (accessed

26 May 2014).

White D, Burton AM, Jenkins R, Kemp RI. 2014a. Redesigning photo-id to improve unfamiliar

face matching performance. Journal of Experimental Psychology: Applied 20:166–173

DOI 10.1037/xap0000009.

White D, Burton AM, Kemp RI, Jenkins R. 2013. Crowd effects in unfamiliar face matching.

Applied Cognitive Psychology 27:769–777 DOI 10.1002/acp.2971.

White D, Kemp RI, Jenkins R, Matheson M, Burton AM. 2014b. Passport officers’ errors in face

matching. PLoS ONE 9(8):e103510 DOI 10.1371/journal.pone.0103510.

Alenezi et al. (2015), PeerJ, DOI 10.7717/peerj.1184 18/18

https://peerj.com
http://dx.doi.org/10.1037/0096-1523.34.1.77
http://dx.doi.org/10.1080/20445911.2012.739153
http://dx.doi.org/10.1068/p7825
http://dx.doi.org/10.1016/j.actpsy.2011.03.003
http://dx.doi.org/10.1002/acp.2965
http://www.nao.org.uk/wp-content/uploads/2007/02/0607152.pdf
http://www.nao.org.uk/wp-content/uploads/2007/02/0607152.pdf
http://www.nao.org.uk/wp-content/uploads/2007/02/0607152.pdf
http://www.nao.org.uk/wp-content/uploads/2007/02/0607152.pdf
http://www.nao.org.uk/wp-content/uploads/2007/02/0607152.pdf
http://www.nao.org.uk/wp-content/uploads/2007/02/0607152.pdf
http://www.nao.org.uk/wp-content/uploads/2007/02/0607152.pdf
http://www.nao.org.uk/wp-content/uploads/2007/02/0607152.pdf
http://www.nao.org.uk/wp-content/uploads/2007/02/0607152.pdf
http://www.nao.org.uk/wp-content/uploads/2007/02/0607152.pdf
http://www.nao.org.uk/wp-content/uploads/2007/02/0607152.pdf
http://www.nao.org.uk/wp-content/uploads/2007/02/0607152.pdf
http://www.nao.org.uk/wp-content/uploads/2007/02/0607152.pdf
http://www.nao.org.uk/wp-content/uploads/2007/02/0607152.pdf
http://www.nao.org.uk/wp-content/uploads/2007/02/0607152.pdf
http://www.nao.org.uk/wp-content/uploads/2007/02/0607152.pdf
http://www.nao.org.uk/wp-content/uploads/2007/02/0607152.pdf
http://www.nao.org.uk/wp-content/uploads/2007/02/0607152.pdf
http://www.nao.org.uk/wp-content/uploads/2007/02/0607152.pdf
http://www.nao.org.uk/wp-content/uploads/2007/02/0607152.pdf
http://www.nao.org.uk/wp-content/uploads/2007/02/0607152.pdf
http://www.nao.org.uk/wp-content/uploads/2007/02/0607152.pdf
http://www.nao.org.uk/wp-content/uploads/2007/02/0607152.pdf
http://www.nao.org.uk/wp-content/uploads/2007/02/0607152.pdf
http://www.nao.org.uk/wp-content/uploads/2007/02/0607152.pdf
http://www.nao.org.uk/wp-content/uploads/2007/02/0607152.pdf
http://www.nao.org.uk/wp-content/uploads/2007/02/0607152.pdf
http://www.nao.org.uk/wp-content/uploads/2007/02/0607152.pdf
http://www.nao.org.uk/wp-content/uploads/2007/02/0607152.pdf
http://www.nao.org.uk/wp-content/uploads/2007/02/0607152.pdf
http://www.nao.org.uk/wp-content/uploads/2007/02/0607152.pdf
http://www.nao.org.uk/wp-content/uploads/2007/02/0607152.pdf
http://www.nao.org.uk/wp-content/uploads/2007/02/0607152.pdf
http://www.nao.org.uk/wp-content/uploads/2007/02/0607152.pdf
http://www.nao.org.uk/wp-content/uploads/2007/02/0607152.pdf
http://www.nao.org.uk/wp-content/uploads/2007/02/0607152.pdf
http://www.nao.org.uk/wp-content/uploads/2007/02/0607152.pdf
http://www.nao.org.uk/wp-content/uploads/2007/02/0607152.pdf
http://www.nao.org.uk/wp-content/uploads/2007/02/0607152.pdf
http://www.nao.org.uk/wp-content/uploads/2007/02/0607152.pdf
http://www.nao.org.uk/wp-content/uploads/2007/02/0607152.pdf
http://www.nao.org.uk/wp-content/uploads/2007/02/0607152.pdf
http://www.nao.org.uk/wp-content/uploads/2007/02/0607152.pdf
http://www.nao.org.uk/wp-content/uploads/2007/02/0607152.pdf
http://www.nao.org.uk/wp-content/uploads/2007/02/0607152.pdf
http://www.nao.org.uk/wp-content/uploads/2007/02/0607152.pdf
http://www.nao.org.uk/wp-content/uploads/2007/02/0607152.pdf
http://www.nao.org.uk/wp-content/uploads/2007/02/0607152.pdf
http://www.nao.org.uk/wp-content/uploads/2007/02/0607152.pdf
http://www.nao.org.uk/wp-content/uploads/2007/02/0607152.pdf
http://www.nao.org.uk/wp-content/uploads/2007/02/0607152.pdf
http://www.nao.org.uk/wp-content/uploads/2007/02/0607152.pdf
http://www.nao.org.uk/wp-content/uploads/2007/02/0607152.pdf
http://www.nao.org.uk/wp-content/uploads/2007/02/0607152.pdf
http://www.nao.org.uk/wp-content/uploads/2007/02/0607152.pdf
http://www.nao.org.uk/wp-content/uploads/2007/02/0607152.pdf
http://www.nao.org.uk/wp-content/uploads/2007/02/0607152.pdf
http://www.nao.org.uk/wp-content/uploads/2007/02/0607152.pdf
http://www.nao.org.uk/wp-content/uploads/2007/02/0607152.pdf
http://www.nao.org.uk/wp-content/uploads/2007/02/0607152.pdf
http://dx.doi.org/10.1126/science.6836276
http://dx.doi.org/10.1016/j.visres.2011.08.009
http://dx.doi.org/10.1037//0097-7403.27.2.153
http://dx.doi.org/10.1037//0278-7393.25.2.488
http://dx.doi.org/10.1038/384460a0
http://dx.doi.org/10.3758/BF03196157
http://www.icao.int/publications/journalsreports/2011/ICAO%20MRTD%20Report%20Vol.6%20No.3,%202011.pdf
http://www.icao.int/publications/journalsreports/2011/ICAO%20MRTD%20Report%20Vol.6%20No.3,%202011.pdf
http://www.icao.int/publications/journalsreports/2011/ICAO%20MRTD%20Report%20Vol.6%20No.3,%202011.pdf
http://www.icao.int/publications/journalsreports/2011/ICAO%20MRTD%20Report%20Vol.6%20No.3,%202011.pdf
http://www.icao.int/publications/journalsreports/2011/ICAO%20MRTD%20Report%20Vol.6%20No.3,%202011.pdf
http://www.icao.int/publications/journalsreports/2011/ICAO%20MRTD%20Report%20Vol.6%20No.3,%202011.pdf
http://www.icao.int/publications/journalsreports/2011/ICAO%20MRTD%20Report%20Vol.6%20No.3,%202011.pdf
http://www.icao.int/publications/journalsreports/2011/ICAO%20MRTD%20Report%20Vol.6%20No.3,%202011.pdf
http://www.icao.int/publications/journalsreports/2011/ICAO%20MRTD%20Report%20Vol.6%20No.3,%202011.pdf
http://www.icao.int/publications/journalsreports/2011/ICAO%20MRTD%20Report%20Vol.6%20No.3,%202011.pdf
http://www.icao.int/publications/journalsreports/2011/ICAO%20MRTD%20Report%20Vol.6%20No.3,%202011.pdf
http://www.icao.int/publications/journalsreports/2011/ICAO%20MRTD%20Report%20Vol.6%20No.3,%202011.pdf
http://www.icao.int/publications/journalsreports/2011/ICAO%20MRTD%20Report%20Vol.6%20No.3,%202011.pdf
http://www.icao.int/publications/journalsreports/2011/ICAO%20MRTD%20Report%20Vol.6%20No.3,%202011.pdf
http://www.icao.int/publications/journalsreports/2011/ICAO%20MRTD%20Report%20Vol.6%20No.3,%202011.pdf
http://www.icao.int/publications/journalsreports/2011/ICAO%20MRTD%20Report%20Vol.6%20No.3,%202011.pdf
http://www.icao.int/publications/journalsreports/2011/ICAO%20MRTD%20Report%20Vol.6%20No.3,%202011.pdf
http://www.icao.int/publications/journalsreports/2011/ICAO%20MRTD%20Report%20Vol.6%20No.3,%202011.pdf
http://www.icao.int/publications/journalsreports/2011/ICAO%20MRTD%20Report%20Vol.6%20No.3,%202011.pdf
http://www.icao.int/publications/journalsreports/2011/ICAO%20MRTD%20Report%20Vol.6%20No.3,%202011.pdf
http://www.icao.int/publications/journalsreports/2011/ICAO%20MRTD%20Report%20Vol.6%20No.3,%202011.pdf
http://www.icao.int/publications/journalsreports/2011/ICAO%20MRTD%20Report%20Vol.6%20No.3,%202011.pdf
http://www.icao.int/publications/journalsreports/2011/ICAO%20MRTD%20Report%20Vol.6%20No.3,%202011.pdf
http://www.icao.int/publications/journalsreports/2011/ICAO%20MRTD%20Report%20Vol.6%20No.3,%202011.pdf
http://www.icao.int/publications/journalsreports/2011/ICAO%20MRTD%20Report%20Vol.6%20No.3,%202011.pdf
http://www.icao.int/publications/journalsreports/2011/ICAO%20MRTD%20Report%20Vol.6%20No.3,%202011.pdf
http://www.icao.int/publications/journalsreports/2011/ICAO%20MRTD%20Report%20Vol.6%20No.3,%202011.pdf
http://www.icao.int/publications/journalsreports/2011/ICAO%20MRTD%20Report%20Vol.6%20No.3,%202011.pdf
http://www.icao.int/publications/journalsreports/2011/ICAO%20MRTD%20Report%20Vol.6%20No.3,%202011.pdf
http://www.icao.int/publications/journalsreports/2011/ICAO%20MRTD%20Report%20Vol.6%20No.3,%202011.pdf
http://www.icao.int/publications/journalsreports/2011/ICAO%20MRTD%20Report%20Vol.6%20No.3,%202011.pdf
http://www.icao.int/publications/journalsreports/2011/ICAO%20MRTD%20Report%20Vol.6%20No.3,%202011.pdf
http://www.icao.int/publications/journalsreports/2011/ICAO%20MRTD%20Report%20Vol.6%20No.3,%202011.pdf
http://www.icao.int/publications/journalsreports/2011/ICAO%20MRTD%20Report%20Vol.6%20No.3,%202011.pdf
http://www.icao.int/publications/journalsreports/2011/ICAO%20MRTD%20Report%20Vol.6%20No.3,%202011.pdf
http://www.icao.int/publications/journalsreports/2011/ICAO%20MRTD%20Report%20Vol.6%20No.3,%202011.pdf
http://www.icao.int/publications/journalsreports/2011/ICAO%20MRTD%20Report%20Vol.6%20No.3,%202011.pdf
http://www.icao.int/publications/journalsreports/2011/ICAO%20MRTD%20Report%20Vol.6%20No.3,%202011.pdf
http://www.icao.int/publications/journalsreports/2011/ICAO%20MRTD%20Report%20Vol.6%20No.3,%202011.pdf
http://www.icao.int/publications/journalsreports/2011/ICAO%20MRTD%20Report%20Vol.6%20No.3,%202011.pdf
http://www.icao.int/publications/journalsreports/2011/ICAO%20MRTD%20Report%20Vol.6%20No.3,%202011.pdf
http://www.icao.int/publications/journalsreports/2011/ICAO%20MRTD%20Report%20Vol.6%20No.3,%202011.pdf
http://www.icao.int/publications/journalsreports/2011/ICAO%20MRTD%20Report%20Vol.6%20No.3,%202011.pdf
http://www.icao.int/publications/journalsreports/2011/ICAO%20MRTD%20Report%20Vol.6%20No.3,%202011.pdf
http://www.icao.int/publications/journalsreports/2011/ICAO%20MRTD%20Report%20Vol.6%20No.3,%202011.pdf
http://www.icao.int/publications/journalsreports/2011/ICAO%20MRTD%20Report%20Vol.6%20No.3,%202011.pdf
http://www.icao.int/publications/journalsreports/2011/ICAO%20MRTD%20Report%20Vol.6%20No.3,%202011.pdf
http://www.icao.int/publications/journalsreports/2011/ICAO%20MRTD%20Report%20Vol.6%20No.3,%202011.pdf
http://www.icao.int/publications/journalsreports/2011/ICAO%20MRTD%20Report%20Vol.6%20No.3,%202011.pdf
http://www.icao.int/publications/journalsreports/2011/ICAO%20MRTD%20Report%20Vol.6%20No.3,%202011.pdf
http://www.icao.int/publications/journalsreports/2011/ICAO%20MRTD%20Report%20Vol.6%20No.3,%202011.pdf
http://www.icao.int/publications/journalsreports/2011/ICAO%20MRTD%20Report%20Vol.6%20No.3,%202011.pdf
http://www.icao.int/publications/journalsreports/2011/ICAO%20MRTD%20Report%20Vol.6%20No.3,%202011.pdf
http://www.icao.int/publications/journalsreports/2011/ICAO%20MRTD%20Report%20Vol.6%20No.3,%202011.pdf
http://www.icao.int/publications/journalsreports/2011/ICAO%20MRTD%20Report%20Vol.6%20No.3,%202011.pdf
http://www.icao.int/publications/journalsreports/2011/ICAO%20MRTD%20Report%20Vol.6%20No.3,%202011.pdf
http://www.icao.int/publications/journalsreports/2011/ICAO%20MRTD%20Report%20Vol.6%20No.3,%202011.pdf
http://www.icao.int/publications/journalsreports/2011/ICAO%20MRTD%20Report%20Vol.6%20No.3,%202011.pdf
http://www.icao.int/publications/journalsreports/2011/ICAO%20MRTD%20Report%20Vol.6%20No.3,%202011.pdf
http://www.icao.int/publications/journalsreports/2011/ICAO%20MRTD%20Report%20Vol.6%20No.3,%202011.pdf
http://www.icao.int/publications/journalsreports/2011/ICAO%20MRTD%20Report%20Vol.6%20No.3,%202011.pdf
http://www.icao.int/publications/journalsreports/2011/ICAO%20MRTD%20Report%20Vol.6%20No.3,%202011.pdf
http://www.icao.int/publications/journalsreports/2011/ICAO%20MRTD%20Report%20Vol.6%20No.3,%202011.pdf
http://www.icao.int/publications/journalsreports/2011/ICAO%20MRTD%20Report%20Vol.6%20No.3,%202011.pdf
http://www.icao.int/publications/journalsreports/2011/ICAO%20MRTD%20Report%20Vol.6%20No.3,%202011.pdf
http://www.icao.int/publications/journalsreports/2011/ICAO%20MRTD%20Report%20Vol.6%20No.3,%202011.pdf
http://www.icao.int/publications/journalsreports/2011/ICAO%20MRTD%20Report%20Vol.6%20No.3,%202011.pdf
http://www.icao.int/publications/journalsreports/2011/ICAO%20MRTD%20Report%20Vol.6%20No.3,%202011.pdf
http://www.icao.int/publications/journalsreports/2011/ICAO%20MRTD%20Report%20Vol.6%20No.3,%202011.pdf
http://www.icao.int/publications/journalsreports/2011/ICAO%20MRTD%20Report%20Vol.6%20No.3,%202011.pdf
http://www.icao.int/publications/journalsreports/2011/ICAO%20MRTD%20Report%20Vol.6%20No.3,%202011.pdf
http://www.icao.int/publications/journalsreports/2011/ICAO%20MRTD%20Report%20Vol.6%20No.3,%202011.pdf
http://www.icao.int/publications/journalsreports/2011/ICAO%20MRTD%20Report%20Vol.6%20No.3,%202011.pdf
http://www.icao.int/publications/journalsreports/2011/ICAO%20MRTD%20Report%20Vol.6%20No.3,%202011.pdf
http://www.icao.int/publications/journalsreports/2011/ICAO%20MRTD%20Report%20Vol.6%20No.3,%202011.pdf
http://www.icao.int/publications/journalsreports/2011/ICAO%20MRTD%20Report%20Vol.6%20No.3,%202011.pdf
http://www.icao.int/publications/journalsreports/2011/ICAO%20MRTD%20Report%20Vol.6%20No.3,%202011.pdf
http://www.icao.int/publications/journalsreports/2011/ICAO%20MRTD%20Report%20Vol.6%20No.3,%202011.pdf
http://www.icao.int/publications/journalsreports/2011/ICAO%20MRTD%20Report%20Vol.6%20No.3,%202011.pdf
http://www.icao.int/publications/journalsreports/2011/ICAO%20MRTD%20Report%20Vol.6%20No.3,%202011.pdf
http://www.icao.int/publications/journalsreports/2011/ICAO%20MRTD%20Report%20Vol.6%20No.3,%202011.pdf
http://www.icao.int/publications/journalsreports/2011/ICAO%20MRTD%20Report%20Vol.6%20No.3,%202011.pdf
http://www.icao.int/publications/journalsreports/2011/ICAO%20MRTD%20Report%20Vol.6%20No.3,%202011.pdf
http://www.icao.int/publications/journalsreports/2011/ICAO%20MRTD%20Report%20Vol.6%20No.3,%202011.pdf
http://www.icao.int/publications/journalsreports/2011/ICAO%20MRTD%20Report%20Vol.6%20No.3,%202011.pdf
http://www.icao.int/publications/journalsreports/2011/ICAO%20MRTD%20Report%20Vol.6%20No.3,%202011.pdf
http://www.icao.int/publications/journalsreports/2011/ICAO%20MRTD%20Report%20Vol.6%20No.3,%202011.pdf
http://www.icao.int/publications/journalsreports/2011/ICAO%20MRTD%20Report%20Vol.6%20No.3,%202011.pdf
http://www.icao.int/publications/journalsreports/2011/ICAO%20MRTD%20Report%20Vol.6%20No.3,%202011.pdf
http://www.icao.int/publications/journalsreports/2011/ICAO%20MRTD%20Report%20Vol.6%20No.3,%202011.pdf
http://www.icao.int/publications/journalsreports/2011/ICAO%20MRTD%20Report%20Vol.6%20No.3,%202011.pdf
http://www.icao.int/publications/journalsreports/2011/ICAO%20MRTD%20Report%20Vol.6%20No.3,%202011.pdf
http://www.icao.int/publications/journalsreports/2011/ICAO%20MRTD%20Report%20Vol.6%20No.3,%202011.pdf
http://www.icao.int/publications/journalsreports/2011/ICAO%20MRTD%20Report%20Vol.6%20No.3,%202011.pdf
http://www.icao.int/publications/journalsreports/2011/ICAO%20MRTD%20Report%20Vol.6%20No.3,%202011.pdf
http://www.icao.int/publications/journalsreports/2011/ICAO%20MRTD%20Report%20Vol.6%20No.3,%202011.pdf
http://www.icao.int/publications/journalsreports/2011/ICAO%20MRTD%20Report%20Vol.6%20No.3,%202011.pdf
http://www.icao.int/publications/journalsreports/2011/ICAO%20MRTD%20Report%20Vol.6%20No.3,%202011.pdf
http://www.icao.int/publications/journalsreports/2011/ICAO%20MRTD%20Report%20Vol.6%20No.3,%202011.pdf
http://www.icao.int/publications/journalsreports/2011/ICAO%20MRTD%20Report%20Vol.6%20No.3,%202011.pdf
http://www.icao.int/publications/journalsreports/2011/ICAO%20MRTD%20Report%20Vol.6%20No.3,%202011.pdf
http://dx.doi.org/10.1037/xap0000009
http://dx.doi.org/10.1002/acp.2971
http://dx.doi.org/10.1371/journal.pone.0103510
http://dx.doi.org/10.7717/peerj.1184

	Face matching in a long task: enforced rest and desk-switching cannot maintain identification accuracy
	Introduction
	Experiment 1
	Method
	Participants
	Stimuli and procedure
	Procedure

	Results
	Accuracy
	d-prime and criterion
	Response times
	Enforced-rest vs. control condition

	Discussion
	Experiment 2
	Method
	Participants
	Stimuli and procedure

	Results
	Accuracy
	d-prime and criterion
	Response times
	Room-switching vs. control condition and rest-breaks

	Discussion
	General Discussion
	Practical Application
	References


