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Abstract

Face recognition ability is highly variable among neurologically intact populations. Across
three experiments, this study examined for the first time associations between individual dif-
ferences in a range of adaptive versus maladaptive emotion regulation strategies and face
recognition. Using an immediate face-memory paradigm, in which observers had to identify
a self-paced learned unfamiliar face from a 10-face target-present/ target-absent line-up,
Experiment 1 (N =42) found high levels of expressive suppression (the ongoing efforts to
inhibit emotion-expressive behaviors), but not cognitive reappraisal (the cognitive re-evalua-
tion of emotional events to change their emotional consequences), were associated with a
lower level of overall face-memory accuracy and higher rates of misidentifications and false
positives. Experiment 2 (N = 53) replicated these finding using a range of face-matching
tasks, where observers were asked to match pairs of same-race or different-race face
images taken on the same day or during different times. Once again, high levels of expres-
sive suppression were associated with a lower level of overall face-matching performance
and higher rates of false positives, but cognitive reappraisal did not correlate with any face-
matching measure. Finally, Experiment 3 (N = 52) revealed that the higher use of maladap-
tive cognitive emotion regulation strategies, especially catastrophizing, was associated with
lower levels of overall face-matching performances and higher rates of false positives. All
told, the current research provides new evidence concerning the important associations
between emotion and cognition.

Introduction

Face recognition ability is highly variable among neurologically intact populations [e.g., for
reviews see 1-3]. On the one hand, individuals with developmental prosopagnosia have severe
face recognition deficits in the absence of any brain damages [for reviews, see 4, 5]. On the
other hand, individuals with extra-ordinary face recognition ability, oftentimes called super-
recognizers, are able to perform rather challenging face recognition tasks with extremely high
levels of accuracy [e.g., for reviews see 6, 7]. Between these two extremes, face recognition abil-
ity of the vast majority of neurologically intact individuals is distributed along this spectrum.
Across a set of studies involving a total of 400 participants, Woodhead and Baddeley (1981)
noticed that d’, the sensitivity index in the signal detection theory, ranges from 0.5 to 6.8 using
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a facial recognition memory task (making old/new decisions for a set of previously studied
faces or distractors) [8]. These wide individual differences were also noticed using face percep-
tion tasks, which do not rely on memory. For example, face-matching performance has gener-
ally been found to range between 50% to 96% accuracy [9] using an array task (matching a
target unfamiliar face to a 10-face target-present/ target-absent lineup [10]. Further, using the
Glasgow Face Matching Test (GFMT), a test that asks participants to match the identity of
pairs of unfamiliar faces, individual performance ranges along a broad continuum from just
above chance to perfect [11]. Importantly, not only are these individual differences reliably
found across studies and tasks, they appear to be stable [12], unrelated to general intelligence
[13], and highly heritable [14]. Therefore, understanding the processes associated with the
individual differences in face recognition is a topic of interest [e.g., for reviews see 1-3].

Demographic-related differences in face recognition

The vast majority of studies that have considered contributors to variation in facial recognition
ability have largely focused on demographic characteristics of participants and face stimuli
including race, age, and gender. For example, an own-race advantage has been well-docu-
mented such that individuals recognize faces belonging to their own-race more accurately
than those belonging to other races [15-18]. In addition, developmental studies have reported
that face recognition improves with development before deteriorating with old age [19, 20].
Furthermore, gender differences have been observed in face recognition, with an own-gender
bias reliably found, especially for females [21-24]. Importantly, however, despite these demo-
graphic-related differences, face recognition ability still remarkably varies widely, even within
demographically-homogeneous groups of individuals (i.e., within individuals belonging to the
same race, age, and gender).

Individual differences among face recognition tasks

Even within demographically-homogeneous groups, a great deal of variation in face recogni-
tion abilities exists. With this in mind, a general face recognition factor (termed f) has been
proposed in order to explain this variation. For example, Verhallen et al. (2017) suggested that
individuals who are good in a task measuring specific aspects of face perception are also good
in other tasks measuring different aspects of face memory [25]. Specifically, Verhallen et al.
(2017) reported positive inter-correlations among three standardized tests measuring different
aspects of face recognition [25]. These included the GFMT, the Cambridge Face Memory Test
(CEMT), a measure of face memory that requires participants to recognize sets of previously
learned faces through three-alternative forced choice tasks, and the Mooney Face Test, a mea-
sure of face closure (a perceptual tendency to view incomplete objects as complete) that
requires observers to identify the gender of faces using high-contrast images consisting of
exclusively dark or light regions [25].

Similar findings have also been reported by McCaffery, Robertson, Young, and Burton
(2018) who found positive inter-correlations among the GFMT, the CFMT, and the Before
They Were Famous task (BTWEF), a measure of familiar face recognition that requires observ-
ers to recognize a set of celebrities using photos taken before they became famous; when they
were children or adolescents [26]. Robertson, Black, Chamberlain, Megreya and Davis (2020)
also found positive and relatively strong inter-correlations between matching and memory
tasks, which included same-race and other-race faces [27]. Stacchi, Huguenin-Elie, Caldara,
and Ramon (2020) reported similarly strong positive correlations among a variety of face rec-
ognition tasks [28].
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Further, matching upright unfamiliar faces has been found to positively correlate with rec-
ognition memory [9], immediate memory (identifying a learned face through a subsequent
target-present/ target-absent 10 face line-up) [29], eye-witness identification (identifying a cul-
prit eye-witnessed during a staged crime through a target-present/ target-absent line-up) [30],
and matching inverted familiar and unfamiliar faces [9]. Further underscoring the replicabil-
ity, across assessment modalities, of positive associations among distinct face-related tasks,
performance on the CFMT positively has been found to correlate with the fast periodic visual
stimulation (FPVS) paradigm, an objective EEG index of individual face discrimination in the
right occipitotemporal cortex [31].

Individual differences in face recognition and visual processing

In addition to face-related abilities more specifically, individual differences in face recognition
also appear to co-vary with variation in visual processing abilities more generally. For example,
almost forty-years-ago, Woodhead and Baddeley (1981) found that people who were good at
recognizing faces were also good at recognizing other non-face visual objects [8]. More
recently, Megreya and Burton (2006) found that performance on the 1-in-10 face matching
task positively correlated with visual short term memory, perceptual speed (Finding A’s and
Identical Picture Tests), and Matching Familiar Figure Test, a measure of object matching that
requires participants to match a target line drawing of common objects to a line-up of six
minor variants [9]. Similarly, performance on the GFMT positively correlated with the Match-
ing Familiar Figure Test [11, 26] and with the Navon local processing task, a measure of parts
perception that require observers to identify the identity of the small parts of the compound
letters [26] as has performance on CFMT and the Cambridge Car Memory Test have also been
found to be positively correlated with each other [32]. Performance on recognition memory
for faces and visual processing speed in infants [33] and with visual perceptual speed in 11
year-old children [34] have similarly been found to positively associate with each other.

Although studies have consistently found face recognition to be affected by several visual
processing skills, some studies have reported some distinctions between these two domains.
For example, McCaffery et al. (2018) found that performances on the GFMT, CFMT and
BTWE did not correlate with performances on a range of visual perception tasks including
position discrimination (identifying which squire includes a more precisely central dot), posi-
tion of gap (identifying whether the gaps in two circles are in the same or different positions),
letter detection (detecting the letter “€” from a passage), and Navon global processing (identify-
ing the identity of the large compound letters) [26]. Consistently, Wilhelm et al (2010) found
that found that individual differences in three main aspects of face recognition (face percep-
tion, face memory, and speed of face cognition) could not be reduced to individual differences
in immediate and delayed memory, general cognitive ability, mental speed, and object recogni-
tion [13]. Therefore, although face recognition is correlated with some visual processing tasks
[9, 32], a consistent empirical literature provides support for the face-specific domain theory
[35] suggesting that faces are processed through cognitive and neurological mechanisms that
are not involved in object recognition [13].

Individual differences in face recognition and personality and emotions

Intriguingly, although findings have been mixed, individual differences in face recognition
seem to also relate to other “non-visual” processes including personality and emotions. For
example, some studies have found that observers who exhibit high levels of extraversion and
emotional stability are more accurate at face recognition than individuals with lower levels of
these traits [36, 37]. Cheung, Rutherford, Mayes, and McPartland (2010) further found that
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those with higher in extraversion exhibited a discrepant N170 neurophysiological event-
related potential amplitude, a face-specific brain electrophysiology component, associated
with face inversion that was more prominent in the right hemisphere [38]. However, whereas
neuroticism (i.e., low emotional stability) appears to be associated with a reliable negative
impact on face identification [39], results from studies on extraversion and related traits (e.g.,
shyness [reverse-keyed] have been more mixed [40-43]. For example, Megreya and Binde-
mann (2013) examined the relationship between individual differences in performance in the
1-in-10 face matching task and a range of personality factors and found that correct face iden-
tifications related to low anxiety, low tension, and high emotional stability (i.e., low neuroti-
cism) [44]. Lander and Poyarekar (2015) examined the relationship among upright/ inverted
familiar face recognition (naming a set of British and American celebrities), the GFMT, and a
brief measure personality revealed only one significant association: extraversion positively cor-
related with recognition of familiar faces when presented upright but not upside down; no
other associations between face-recognition and personality emerged [45]. Further complicat-
ing the picture, McCaffery et al (2018) more recently found no relationship between the
GFMT, CFMT and BTWF and personality [26].

One potential explanation for the mixed literature concerning associations between indi-
vidual differences traits and face recognition may be variation in not only traits (i.e., general
tendencies to experience various emotions) but also the way in which individuals regulate
those emotions. Indeed, emotions generally, and emotion regulation more specifically, may
play some roles on individual differences in face recognition. In support of this possibility, an
early study reported that participants in a moderate arousal condition had higher face recogni-
tion ability than those in the high arousal condition [46]. More recently, Hills et al (2019)
examined how being observed affects face recognition and found that being observed during
learning, but not during the test phase, impaired recognition accuracy using an old/new recog-
nition memory and eyewitness identification paradigms [47]. Although being observed was
associated with increased physiological arousal as indexed by galvanic skin response and heart
rate, these authors found that this heightened arousal did not explain the detriments in face
recognition [47]. Nevertheless, face recognition has been found to negatively associate with
generalized anxiety [44, 48-51]; but for an inconsistent finding see [52] as well as social anxiety
more specifically [53]. In addition, observers scoring high on socio-emotional empathy also
appear more accurate at face recognition than people who display lower levels of empathy
[54]. Furthermore, the Matching Familiar Figures Test, which was initially developed as a mea-
sure of impulsiveness in children, has been shown to predict accuracy in face matching tasks
[9, 11].

To summarize, there are wide individual differences in face recognition [e.g., for reviews
see 1-3] and these individual differences are stable across different face perception and recog-
nition tasks [25-28]. There have been many factors identified in the literature that may help to
explain this variation including: (i) demographic characteristics including race [15-18], age
[19, 20], and gender [21, 24]; (ii) a range of visual cognitive abilities such as general memory
[8, 13, 32], object perception [11, 26], and perceptual speed [9, 33, 34]; (iii) personality traits
such as extraversion [36-38, 45], neuroticism/low emotional stability [36-39, 44], impulsive-
ness [9, 11, 26], and socio-emotional empathy [54]; and (iv) anxiety-related symptomatology
including generalized anxiety [44, 48-51], social anxiety [53], physiological arousal [47].

Emotions and emotion regulation

It is well-established that emotions can be substantially modified using a range of emotion reg-
ulation (ER) strategies [e.g., for an extensive review see 55] and some scholars have even
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argued that both emotions and ER might be one process [56, 57]. ER has been conceptualized
as “the processes or strategies through which individuals can modulate or manage which emo-
tions they have, when they have them, and how these emotions are experienced and expressed”
[58]. The widely-used process model of ER [58, 59] includes two broader types of ER strategies:
1) antecedent-focused strategies, referring to things people do before emotional response ten-
dencies have completely activated and 2) response-focused strategies, referring to things peo-
ple do once emotions have already been generated. In addition to these two broad types of
strategies, more specific strategies are thought to fall along a temporal sequencing of emotion
regulation processes. In addition, Garnefski, Kraaij, and Spinhoven (2001) provide a second
widely-used model of ER in which a distinction is made between cognitive (e.g., making plans)
and behavioral (e.g., taking immediate action) ER strategies [60].

A meta-analysis found that anxiety, depression, eating, and substance-related disorders
were negatively associated with two adaptive ER strategies (problem-solving and reappraisal)
and positively associated with three less-adaptive ER strategies (rumination, avoidance, and
suppression) [61]. In addition to associating with various psychopathological outcomes, ER
strategies appear to also have cognitive correlates. For example, Richard and Gross (2000)
found that suppression impaired memory, but reappraisal had no effect [62]. Consistently,
subsequent studies reported associations between ER and working memory [63-65]. For
example, Schmeichel et al (2008) found that the successful suppression of facial expressions of
emotions negatively correlated with working memory capacity [65]. In addition, McRae et al
(2012) found a positive correlation between individual differences in reappraisal ability and
working memory capacity [64]. Therefore, some studies have found that training working
memory could improve ER strategies [66-68]. Notably, significant interactions between face
recognition and working memory have been consistently found in behavioral and neuro-phys-
iological experiments [69-71]. For example, activity in fusiform face area was found to modu-
late as a function of working memory load [69].

Current study

Given reliable associations between variation in emotions and face recognition [44, 46, 48-51,
53], the conceptual overlap of emotions and ER [56, 57], the effects of various ER strategies on
memory [62-65], and the associations between memory and face recognition [9, 32, 69-71], it
is reasonable to assume that ER strategies might influence face recognition. Surprisingly, how-
ever, no previous studies have explicitly investigated this assumption (e.g., for reviews see 1-
3]. Therefore, the present study aimed to examine the relationship between individual differ-
ences in ER and face recognition. This is the first study to examine how face memory (Experi-
ment 1) and face perception (Experiments 2 and 3) might be affected by a range of adaptive
and maladaptive ER strategies.

Experiment 1
Method

Participants. Forty-two undergraduate students (21 females and 21 males) from Qatar
University (Qatar) volunteered to participate in this experiment. Participant’s mean age was
20.1 years (SD = 2.1) and all had normal or corrected to normal vision and none had any his-
tory of psychopathology using a self-reported item asking about whether they had any current
or previous mental health problems. Ethical approval for participation in the three experi-
ments in this study was provided by Qatar University’s institutional review board (QU-IRB)
and all methods were administered in accordance with QU-IRB guidelines and regulations.
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Written informed consent was obtained from all participants for being included in the
experiments.

Measures. (1) Face immediate memory task. This task consists of 20 images of target faces
along with 40 corresponding 10-face target-present/ target-absent lineups. These stimuli were
taken from an Egyptian face database [72]. Target face images were stills captured from a high-
quality digital camcorder, whereas all lineup images were photographs taken from a high-qual-
ity digital camera. The target and line-up images were taken on the same day under the same
lighting conditions, and each image showed a very similar full-face pose of young, clean-
shaven Egyptian young men who were undergraduate students in an Egyptian university.
Notably, only male faces were used in this study as the vast majority of females in Arab coun-
tries are wearing headscarves, which have particular influences on face perception and recog-
nition [16, 73]. All images were shown in grey-scale and the size of each face was
approximately 5-7 cm. Full details about the construction of this task can be found in Megreya
and Burton (2008) [72].

Participants were tested individually in a session of approximately 10 minutes. On each
trial, they were shown (i) a target face; (ii) an intervening interval of 5 seconds; (iii) a 10 face
target-present or target-absent lineup. Fig 1 shows a schematic representation of these proce-
dures. The individuals pictured in Figs 1 and 2 have provided written informed consent (as
outlined in PLOS consent form) to publish their image alongside the manuscript. There was
no time limit for studying the targets. Consistent with previous studies [29, 72], participants
were instructed to study each target until they felt confident that they could recognized him in
a subsequent 10-face lineup test. After a 5-second gap, participants were instructed that the
face they had just seen might or might not be present in the lineup.

Each participant completed 20 trials: 10 target-present and 10 target-absent. The presence
of targets was counter-balanced across the experiment so that each target appeared equally
often in target-present and target-absent lineups. Using an answer sheet, participants were
asked to write down the number of the face in the lineup or mark X if they decided that the tar-
get was not present.

(2) Emotion Regulation Questionnaire (ERQ) [74]. Gross and John (2003) developed the
Emotion Regulation Questionnaire (ERQ), an instrument designed to measure the two most
commonly used ER strategies: cognitive reappraisal (antecedent-focused) and expressive sup-
pression (response-focused) [74]. Cognitive reappraisal is defined as “a form of cognitive
change that involves construing a potentially emotion-eliciting situation in a way that changes
its emotional impact”, whereas expressive suppression is defined as “a form of response modu-
lation that involves inhibiting ongoing emotion-expressive behavior” [74, p. 349]. The ERQ is
a 10-item self-report measure of cognitive reappraisal (6 items) and expressive suppression (4
items), using a 7-point Likert-type scale ranging from 1 (strongly disagree) to 7 (strongly agree).
Gross and John (2003) reported moderate internal reliabilities for cognitive reappraisal (o =
0.79) and expressive suppression (o = 0.73), with no inter-correlation (r = - 0.01). ERQ has
dominated the ER literature and has been translated into many different languages including
Arabic [75]. Across four Arab countries (Egypt, Kuwait, Qatar, and Kingdom of Saudi Arabia),
Cronbach alpha reliability rates for cognitive reappraisal and expressive suppression were
acceptable to good, ranging from 0.75 to 0.85 [75].

Results

In the face immediate memory task, given previous findings that performances on these trials
are dissociable [9, 29, 72], participant’s responses to target-present versus target-absent arrays
were assessed separately. In target-present trials, we measured hits (the correct identification
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Study Phase

Self-paced

Y 5 Second Gap
Identification Test

1 2 3 4 5

7 8 9 10
The face you just saw may be present here

Fig 1. A schematic representation of the unfamiliar immediate memory task.

https://doi.org/10.1371/journal.pone.0243209.9001

of the target face), misses (the incorrect decision that the target was absent), and misidentifica-
tion (the identification of a distractor face). In target-absent trials, false positives (the incorrect
decision that the target was present) were calculated. In addition, we report the overall accu-
racy by combining hits and correct rejection (the complement of false positives). For the ERQ,
we report the averages of individuals’ responses on the items measuring cognitive reappraisal
and expressive suppression. Table 1 shows descriptive statistics for these measures.

PLOS ONE | https://doi.org/10.1371/journal.pone.0243209 December 10, 2020 7126


https://doi.org/10.1371/journal.pone.0243209.g001
https://doi.org/10.1371/journal.pone.0243209

PLOS ONE

Emotion regulation and face recognition

80
70
60
50
40 °
30

False Positives (%)

20
10

.
.
.
.
L
.
o
.
o
.
o
.

3
Expressive

o
® o o
o
4 5
suppression

Fig 2. Scatter plots for the relationship between expressive suppression and false positives in face immediate memory in Experiment 1. r (40) = .57, p< 0.001,

with 95% confidence internals of .32 to .74.

https://doi.org/10.1371/journal.pone.0243209.9002

Table 2 shows Pearson Correlation coefficients between face immediate memory and ERQ
strategies. Cognitive reappraisal did not correlate with any measures of face memory (mean r
=.06). However, expressive suppression evidenced a moderate to strong negative correlation
with the overall accuracy of face immediate memory (r = -.52, p < 0.001). Specifically, higher
levels of expressive suppression were associated with a lower level of overall face-memory
accuracy and higher rates of misidentifications and false positives. Fig 2 shows scatter plots for

the relationship between expressive suppression and false positives. No associations were

found for hits and misses.

Table 1. Descriptive statistics for participants’ responses on the face immediate memory task (%) and the ERQ.

Measure M SD Minimum Maximum

Face Immediate memory

Overall accuracy 61.9 16.8 30 100
Hits 66.2 17.2 30 100
Miss 17.4 15.9 0 50
Misidentification 16.9 13.9 0 50
False Positives 424 24.5 0 70

Emotion Regulation Questionnaire

cognitive reappraisal 4.9 9 2.5 6.7

expressive suppression 3.7 1.4 1.3 6.3

https://doi.org/10.1371/journal.pone.0243209.t001
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Table 2. Correlations between face immediate face memory and ERQ strategies.

Opverall accuracy
Hits
Miss
Misidentification

False Positives

Note
** =p<0.01.

https://doi.org/10.1371/journal.pone.0243209.t002

Cognitive reappraisal Expressive suppression
.06 -.52**
.06 -.20
-13 -.14
.10 40"
-.03 577"

Discussion

Consistent with previous experiments [72], overall performance on the face immediate mem-
ory task was rather low (62%), but there were wide individual differences ranging from 30% to
100%. Similarly, wide ranges of individual differences in ERQ strategies were evident (see
Table 1), replicating previous studies [74]. The overall accuracy of immediate face memory
negatively correlated with expressive suppression. This correlation was mainly derived from
misidentification and false positive, which are positively correlated with each other [9, 29, 72].
However, there was no correlation between any measure of face memory and cognitive
reappraisal.

The negative correlation found between expressive suppression and face immediate mem-
ory can be explained by integrating two main findings within the existing literature. First,
expressive suppression has been found to associate with negative emotions and stress-related
symptoms [74]. For example, Butler et al. (2003) found that expressive suppression disrupted
social communication, had a negative impact on the regulators’ emotional experience, and
increased stress levels as indicated by increased blood pressure [76]. Second, face recognition
studies have found that negative emotions, especially anxiety, had detrimental effects on per-
formances on a range of face recognition tasks [44, 46, 48-51, 53]. It is therefore possible that
expressive suppression might mediate the negative relationship between emotions and face
recognition. Future studies are needed to more explicitly examine this possibility, though.

The negative correlation between expressive suppression and face memory also converges
with the results of Richard and Gross (2000) that expressive suppression, but not cognitive
reappraisal, is associated with poor memory [62], as previous studies reported positive associa-
tions between memory and face recognition [9, 32, 69-71]. Although some studies have found
that face memory is positively correlated with face perception [26], face recognition theories
suggested a dissociation between face perception and face memory [13]. Therefore, to more
clearly explicate this potential dissociation, Experiment 2 aimed to examine the associations
between ERQ strategies and a face-matching task.

Experiment 2

Experiment 1 found detrimental effects of expressive suppression on some aspects of immedi-
ate face memory. The aim of the present experiment was to replicate this finding using a range
of 1-in-1 face-matching tasks, in which participants were presented with pairs of unfamiliar
faces and they were asked to make same/different decisions. Surprisingly, previous studies
have repeatedly demonstrated that performance on this seemingly easy task is rather poor,
with an error rate of roughly 20 per cent for overall accuracy [9, 72]. In addition, to maximize
individual differences, we involved highly challenging face-matching conditions including
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Egyptian Faces
Same-Day Photos

Egyptian Faces

Different-Day Photos

Caucasian Faces
Same-Day Photos

same- vs. other-race face images taken in the same day or different times. Previous studies
have reported that other-race faces are perceived and recognized less accurately than own-race
faces [15-18] and that matching performance highly degrades when the task involves images
taken months apart [77].

Method

Participants. Fifty-three undergraduate students (28 females and 25 males) from Qatar
University volunteered to participate in this experiment. The participants’ mean age was 19.5
years (SD = 1.6) and all had normal or corrected to normal vision. None had any history of
psychopathology as self-reported and none had participated in Experiment 1.

Measures. (1) Face-matching tasks. A total of 200 match/mismatch pairs of Egyptian and
UK male unfamiliar faces were used in this experiment. For each face nationality, there were
60 same-day photo pairs (30 matches and 30 mismatches) and 40 different-day photo pairs (20
matches and 20 mismatches). Fig 3 shows examples of these stimuli.

The Egyptian and UK same-day face-matching pairs were taken from Megreya and Burton
(2008 and 2006), respectively [9, 72]. All images showed a full-face view with a neutral facial

Mismatch

90
&

Match

\
'." -

i. 'A "”
-,

Fig 3. Examples of face-matching tasks used in Experiment 2 and 3. Regarding copyright issues, we could not present examples for the UK face images that were

taken in different times.

https://doi.org/10.1371/journal.pone.0243209.9003
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expression. On the one hand, each matching pair consisted of a still photograph of a target face
captured by a high-quality video camera and a photograph depicting the same person that was
taken from a high-quality digital camera in the same day and under the same lighting condi-
tions. On the other hand, each mismatching pair consisted of a still photograph of a target face
and a digital photograph depicting a distractor face.

The Egyptian and UK different-day face-matching pairs were taken from Megreya et al.,
(2013) and White, Kemp, Jenkins, and Burton, (2014), respectively [77, 78]. For the Egyptian
stimuli, each matching pair consisted of a still photograph of a target and a photograph depict-
ing the same face that was taken months apart, with an average of roughly seven months,
whereas mismatch pairs consisted of stills and photographs depicting different faces. Like the
same-day stimuli, all Egyptian different-day images showed a full-face view with a neutral facial
expression. In addition, all stills and photographs were taken from the same camcorder and dig-
ital cameras as used in the same-day condition and under the same lighting conditions. The UK
face pair stimuli were constructed using sets of images depicting Australian and British celebri-
ties taken from the internet. Matching pairs consisted to two images depicting the same face
that were taken during different times and showed different expressions, whereas mismatching
pairs consisted of two images of two different people. Notably, all celebrities were unknown to
the participants in this study as confirmed by all of them after the experiment.

Each participant completed 100 trials (15 Egyptian same-day matches; 15 Egyptian same-
day mismatches; 10 Egyptian different-day matches; 10 Egyptian different-day mismatches; 15
UK same-day matches; 15 UK same-day mismatches; 10 UK different-day matches; 10 UK dif-
ferent-day mismatches). Two versions of stimuli were created to counter-balance match/mis-
match trials so that each target face was equally presented in match and mismatch pairs across
the experiment.

(2) Emotion Regulation Questionnaire (ERQ) [74]. This was the same instrument described
in Experiment 1 above.

Results

Three indices were calculated for the face-matching tasks. These included (i) hits (correct deci-
sion that the two faces in matching pairs depict the same identity), (ii) false positives (FPs; false
decision that the two faces in mismatching depict the same identity), and (iii) overall accuracy
(hits plus correct rejections; the complement of FPs). Consistent with Experiment 1, we report
the averages of individuals’ responses on the ERQ items measuring cognitive reappraisal and
expressive suppression. Table 3 shows descriptive statistics for these measures.

Correlations between face matching and ERQ strategies. Table 4 shows Pearson corre-
lation coefficients between participants’ performances on the face matching tasks and ERQ
strategies. For general performance across the four face-matching tasks, there were no signifi-
cant correlations between all matching measures and cognitive reappraisal (mean r = -.01).
However, expressive suppression correlated negatively with the overall accuracy (r = -.34,

p = 0.01) and positively with FPs (r = .51, p < 0.001). Therefore, higher levels of expressive sup-
pression were associated with a lower level of overall face-matching performance and higher
rates of false positives. Fig 4 shows scatter plots for the relationship between expressive sup-
pression and false positives in the overall face-matching task. Moderate-to-strong positive cor-
relations between expressive suppression and FPs were consistently found across the four face-
matching tasks (mean r = .39). However, no correlation was found between expressive sup-
pression and hits (see Table 4).

Correlations among the four face-matching tasks. Table 5 shows Pearson correlation
coefficients among the four face-matching tasks. There were strong positive correlations
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Table 3. Descriptive statistics for participants’ responses on the 1-in-1 face-matching tasks and ERQ strategies in Experiment 2.

General Performance
Overall Accuracy

Hits

FPs
Performance on Egyptian same-day task
Overall Accuracy

Hits

FPs
Performance on Egyptian different-day task
Overall Accuracy

Hits

FPs
Performance on UK same-day task
Overall Accuracy

Hits

FPs
Performance on UK different-day task
Overall Accuracy

Hits

FPs
ERQ
Reappraisal

Suppression

https://doi.org/10.1371/journal.pone.0243209.t003

M SD Minimum Maximum
79.8 8.5 51.7 92.9
81 114 50 96.7
21.5 14.5 1.7 63.3
85.4 10.8 46.7 100
91.1 11.9 40 100
20.4 17.8 0 80
81.5 10.4 55 100
75.6 17.8 20 100
12.5 13.8 0 50
81 114 50 100
844 11.2 60 100
22.3 19.2 0 73.3
71.1 10.0 50 90
73.1 19.6 20 100
31.0 20.1 0 80
53 0.9 32 6.8
3.7 1.5 1 6.3

among all tasks with the following exceptions. Hit scores in matching Egyptian faces that were
taken during the same time did not correlate with hits of matching UK faces that were taken
during different times. In addition, no correlation was observed for FPs in matching Egyptian
and UK faces in the different time condition.

Performances across the four face-matching tasks. The comparability of the Egyptian
and UK same day face-matching tasks were higher than that of the different day tasks. On the
one hand, the Egyptian different day task consisted of images of targets that were taken several
months apart using the same cameras and under the same lighting conditions, similar to the
Egyptian same day task. On the other hand, the UK different day task involved ambient images
taken from the internet. With this caution, we examined the differences among participants’
performances on these four face-matching tasks. Matching measures were subjected to a series
of 2 (face nationality: Egyptian vs. UK) x 2 (times: same-day vs. different-day photos) within-
participant Analysis of Variances (ANOV As). For overall accuracy, there were main effects of
face nationality, F (1,51) = 55.98, p < 0.001, showing that Egyptian faces were matched more
accurately than UK ones (83.5% vs. 76%), and image times, F (1,51) = 29.06, p<0.001, indicat-
ing that same-day faces were matched more accurately than different-day ones (83.2% vs.
76.3%). In addition, there was an interaction between these two factors, F (1,51) = 15.51,
Pp<0.001. Subsequent Simple Main Effects (SMEs) reported other-race effects using both
same-day and different-day stimuli, Fs (1,51) = 9.66 and 55.84, ps < 0.01, and confirmed the
image time effects using both same-race (Egyptian) and different-race (UK) faces, Fs (1,51) =
4.51 and 30.25, ps < 0.05. Consistently, significant main effects of face nationality were noticed
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Table 4. Correlations between face matching and ERQ strategies in Experiment 2.

Reappraisal Suppression

General performance

Overall Accuracy -0.01 -.34*
Hits 0.06 0.14
FPs 0.06 0.51**

Performance on Egyptian same-day task

Overall Accuracy 0.05 -0.42**
Hits 0.15 -0.03
FPs 0.04 0.48"*

Performance on Egyptian different-day task

Overall Accuracy 0.17 -0.11
Hits 0.18 0.18
FPs -0.02 0.39*

Performance on UK same-day task

Overall Accuracy -0.04 -0.31*
Hits 0.08 0.02
FPs 0.09 0.38*

Performance on UK different-day task

Overall Accuracy -0.23 -0.23
Hits -0.16 0.19
FPs 0.07 0.40"

Note

*=p<0.05

**=p<0.01.

https://doi.org/10.1371/journal.pone.0243209.t1004

for both hits and false positives, Fs (1,51) = 5.96 and 29.63, ps < 0.05. Image times had signifi-
cant main effect on hits, F (1,51) = 63.16, p < 0.001, but not for false positives, F < 1.

Discussion

This experiment examined the correlation between participant performance on a range of
face-matching tasks, with different levels of difficulty, and ERQ strategies. Consistent with pre-
vious studies [9, 72], the task of matching images depicting same-race unfamiliar faces that
were taken on the same day was relatively error-prone so that participants falsely rejected
roughly 10% of matching pairs and falsely accepted roughly 20% of mismatching pairs. In
addition, consistent with Megreya et al. (2013), a lower level of performance was noticed when
participants had to match same-race face images that were taken months apart as they falsely
rejected roughly 25% in matching pairs [77]. Furthermore, the present results replicated the
well-established other-race effect [18] in that participants matched their own-race faces more
accurately than other-race faces when the images were taken in the same day (85% vs. 81%) or
in different times (81% vs. 71%).

Experiment 1 found that performance on a face immediate memory task did not correlate
with cognitive reappraisal, whereas overall accuracy, misidentifications and false positives
were associated with a high use of expressive suppression. Providing converging evidence in
support of the stability of these findings, using a range of perceptual tasks, the present experi-
ment demonstrated a close to zero correlation between face-matching performances and cog-
nitive reappraisal, while a lower level of overall accuracy and higher rates of false positives
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Fig 4. Scatter plots for the relationship between expressive suppression false positives in the overall face-matching task in Experiment 2. r (50) = .51, p< 0.001,

with 95% confidence internals of .22 to .75.

https://doi.org/10.1371/journal.pone.0243209.9004

were associated with a higher use of expressive suppression. Therefore, maladaptive ER strate-
gies, in general, might have detrimental effects on face recognition. To examine this suggestion
further, Experiment 3 investigated associations between the same four face-matching tasks
and a broader range of adaptive versus maladaptive cognitive ER strategies.

Table 5. Correlations among the four face-matching tasks in Experiment 2.

Egyptian/ Same Time Egyptian/ Different Times UK/
Same Time
Overall Accuracy
Egyptian/ Different Times 48"
UK/ Same Time 797 .39
UK/ Different Times 4177 A5+ 49
Hits
Egyptian/ Different Times A48
UK/ Same Time 48" 52+
UK/ Different Times 19 .35% 57+
False Positives
Egyptian/ Different Times 727
UK/ Same Time .80%* 57+
UK/ Different Times 427 27 51
Note
*=p<0.05
" = p< 001
https://doi.org/10.1371/journal.pone.0243209.t005
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Experiment 3

Experiments 1 and 2 both found that expressive suppression was negatively associated with the
accuracy of face memory and face perception, respectively. This ER strategy has been generally
considered as maladaptive in that it is associated with increased rates of negative emotions and
psychopathology [61]. The ER literature, however, suggests that additional maladaptive ER
strategies exist which may similarly be associated with face-perception abilities. For example,
Garnefski et al., (2001) developed a nine-factor framework for the cognitive emotion regula-
tion strategies thought to encompass the various ways in which people cognitively manage and
control their emotions during or after the experience of a stressful event [60]. These factors
include self-blame, acceptance, rumination, positive refocusing, refocus on planning, positive
reappraisal, putting into perspective, catastrophizing, and other-blame. Garnefski et al. (2001)
found that these nine factors could be classified into two boarder factors: adaptive strategies
(which include Positive refocusing, Positive reappraisal, Putting into perspective, Refocus on
planning and Acceptance) and maladaptive strategies (which include Rumination, Self-blame,
Other-blame and Catastrophizing) [60]. Megreya, Latzman, Al-Attiyah, & Alrashidi, 2016)
replicated the nine-factor structure of the CERQ among four Arab countries (Egypt, Kingdom
of Saudi Arabic, Kuwait, and Qatar) [79]. To further examine how adaptive versus maladaptive
emotion regulation strategies may influence face recognition, Experiment 3 was conducted to
investigate individual differences in across these cognitive ER strategies and face perception.

Method

Participants. Fifty-two graduate and undergraduate students from Qatar University (28
females and 24 males) volunteered to participate in this experiment. Their mean age was 26.4
years (SD = 4.1) and all had normal or corrected to normal vision. None had history of psycho-
pathology as self-reported and none had participated in Experiments 1 and 2.

Measures. (1) Face-matching tasks. This experiment used the same face-matching tasks
that were used in Experiment 2. These required participants to match sets of match/ mismatch
pairs of unfamiliar faces, which belonged to the same- or different-race and taken on the same
day or during different times (see Fig 3 for examples).

(2) Cognitive Emotion Regulation Questionnaire (CERQ) [60]. The Cognitive Emotion Reg-
ulation Questionnaire (CERQ) assesses a variety of cognitive strategies that people tend to use
following the experience of negative events and situations. The CERQ measures nine cognitive
ER strategies, which were defined as following [80]:

o Self-blame: the thoughts of blaming oneself for what she/he has experienced,
o Acceptance: the thoughts of resigning what has happened,

o Rumination: thinking all the time on the feelings and thoughts associated with negative
events,

o Positive refocusing: thinking of other, pleasant matters instead of the actual event,
o Refocus on planning: thinking on potential steps to deal with negative events,

o Positive reappraisal: thinking of attaching a positive meaning to the event in terms of per-
sonal growth,

o Putting into perspective: the thoughts of playing down the seriousness of a negative event as
compared to other events,

« Catastrophizing: the explicit emphasize of the terror of negative events,
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o Other-blame: the thoughts of putting the blame for what one has experienced on others.

The CERQ is a 36-item self-report measure of these nine cognitive ER strategies that indi-
viduals tend to use after experiencing a stressful life event. It consists of nine subscales, which
measure a range of adaptive (Positive refocusing, Refocus on planning, Positive reappraisal,
and Putting into perspective) and maladaptive (Self-blame, Acceptance, Rumination, Catastro-
phizing, and Other-blame) cognitive ER strategies. Each subscale consists of 4 items, using a
5-point Likert-type scale ranging from 1 (almost never) to 5 (almost always). Therefore, the
scores of each subscale range between 4 and 20, and a high score reflects a greater use of the
CERQ strategy. All of the nine-CERQ factors positively correlated with each other (rs ranged
between .20 and .62), with moderate to high Cronbach’s alpha reliabilities (ois ranged between
0.68 and 0.83) and high test-retest stability (rs ranged between 0.41 and 0.59). The Arabic ver-
sion of the CERQ has similar adequate psychometric properties in a range of Arabic countries,
including Qatar [79, 80]. Specifically, Megreya et al (2016) replicated the nine-factor structure
(CERQ strategies) and the higher two-factor solution (adaptive versus maladaptive strategies)
of the Arabic version of the CERQ, with acceptable to good Cronbach reliability rates for the
nine CERQ subscales (which ranged from 0.67 to 0.86) [79].

Results

Correlations between face matching and CERQ strategies. Table 6 shows descriptive
statistics for participants’ responses on the face-matching tasks and the CERQ. Table 7 shows
Pearson correlation coefficients between participants’ performances on the face matching
tasks and CERQ strategies. For participants’ general performance in the four face-matching
tasks, overall face-matching accuracy correlated negatively with self-blame, rumination, and
catastrophizing. Hits correlated negatively with self-blame (r = -.32, p = 0.02 and rumination
(r =-.28, p = 0.04) whereas false positives correlated positively with catastrophizing (r = .51,

p < 0.001). Fig 5 shows scatter plots for the relationship between catastrophizing and false pos-
itives in the overall face-matching task. Across all of the four face-matching tasks, strong posi-
tive correlations between false positives and catastrophizing were consistently reported (rs
ranged from .35 to .45, ps < 0.01, mean r = .40). However, no correlation was found between
the face matching measures and the other eight CERQ factors, especially for matching own-
race (Egyptian) faces. When broad dimensions were considered, no correlation was found
between adaptive strategies and any of face-matching measures across all tasks. Importantly
however, maladaptive strategies correlated negatively with overall accuracies in all face-match-
ing tasks (rs ranged from -.28 to -.45, ps < 0.05, mean r = -.35) but not in the task of matching
Egyptian different-day faces (r = -.15, p = .27). That is, maladaptive cognitive emotion regula-
tion strategies, especially catastrophizing, were associated with lower levels of overall face-
matching performances and higher rates of false positives.

Correlations among the four face-matching tasks. Table 8 shows Pearson correlation
coefficients among the four face-matching tasks. There were strong positive correlations
among all tasks (s ranged from .31 to .67, mean r = .49).

Performances across the four face-matching tasks. A series of 2 (face nationalities) x 2
(image times) within-participants ANOVAs were conducted using the three face-matching
measures. Face nationality and image time factors yielded significant main effects on overall
accuracy, Fs (1,51) = 43.14 and 47.49, ps < 0.001, and hits, Fs (1,51) = 13.83 and 71.24,
ps < 0.001, showing same-race and same-day advantages; respectively. For false positives, the
same-race advantage was also noticed, F (1,51) = 14.68, p < 0.001, but there was no main effect
of image time, F (1,51) < 1. Face nationality and image time yielded interactions for overall
accuracy, F (1,51) = 6.43, p = 0.01, and false positives, F (1,51) = 12.56, p < 0.001, but not for
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Table 6. Descriptive statistics for participants’ responses on the face matching tasks and CERQ in Experiment 3.

M SD Minimum Maximum

Face matching tasks

General Performance

Overall Accuracy 80.2 7.8 59.2 93.8
Hits 80.2 12.3 50.0 100
FPs 19.8 13.3 1.7 62.5

Performance on Egyptian same-day task

Overall Accuracy 85.8 8.5 63.3 100
Hits 90.5 10.1 60 100
FPs 18.8 14.6 0 60

Performance on Egyptian different-day task

Overall Accuracy 81.2 114 55 100
Hits 76.2 20.3 20 100
FPs 13.8 13.6 0 60

Performance on UK same-day task

Overall Accuracy 82.0 9.8 56.7 100
Hits 83.7 14.1 40 100
FPs 19.7 18.0 0 86.7

Performance on UK different-day task

Overall Accuracy 71.8 10.8 45 95
Hits 70.6 17.6 20 100
FPs 26.9 21.3 0 80

CERQ
Self-Blame 12.3 3.5 5 19
Acceptance 13 2.8 4 20
Rumination 14.6 3.9 5 20
Positive Refocusing 13.3 4.0 5 19
Refocus on Planning 16.1 3.2 6 20
Positive Reappraisal 15.8 3.3 5 20
Putting into Perspective 15.0 3.5 4 20
Catastrophizing 10.4 4.4 4 20
Other-blame 10 3.4 4 19
Adaptive strategies 60.3 11.7 20 77
Maladaptive strategies 60.3 13.8 22 91

https://doi.org/10.1371/journal.pone.0243209.t006

hits, F(1, 51) <1, p =.71. The results of Simple Main Effects of overall accuracy and false posi-

tives can be found as a supplementary file.

Discussion

Replicating results of Megreya et al (2013) [77] and Experiment 2, hit rates dropped from
90.5% to 76.1% when observers were asked to match same-race face images that were taken on
the same day or months apart. In addition, consistent with Experiment 2, hit rates dropped
from 83.7% to 70.6% when they had to match other-race face images that were taken on the
same day or during different times. Indeed, a large body of experimental studies have provided
good evidence that face matching is rather error-prone [9, 72]. However, the vast majority of
these studies have used face-matching stimuli that were photographed on the same day and
under the same lighting conditions. Consistent with a previous suggestion [77], the present
results suggest that these previous experimental studies likely provide an underestimate of the
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Table 7. Correlations between performances on the face-matching tasks and CERQ strategies in Experiment 3.

General Performance
Overall Accuracy

Hits

FPs
Performance on Egyptian same-day task
Overall Accuracy

Hits

FPs
Performance on Egyptian different-day task
Overall Accuracy

Hits

FPs
Performance on UK same-day task
Overall Accuracy

Hits

FPs
Performance on UK different-day task
Overall Accuracy

Hits

12

Self Acc Rum PRef Plan PosR Pers Cat Other Adaptive Maladaptive
-.36%" -.20 -.32" -.14 .08 -.09 -.01 -42%F -12 -.05 -.38%*
-.32% -.10 -.28" -.08 -.15 -.14 .08 .02 -.01 -.08 -.17

.15 11 .09 -.23 -.02 .08 51 13 -.02 29*
-21 -.19 -22 -.14 .03 -.09 -.01 -.36"" -.03 -.10 -.28"
-27 -12 -.18 -.16 -.19 -.05 .08 .04 .16 -.18 -.09
.06 14 14 .06 -.17 .06 .08 457" .15 -.01 .26
-17 -.19 -17 -.05 .03 -.12 15 -.17 13 -.01 -.15
-.15 -.05 -.19 -.09 -.20 -.23 .06 .09 17 -.14 -.03
.06 24 .01 -.05 -.34 -.15 -.16 43" .04 -.20 21
-.32% -.26 -.33" -.13 .10 -.04 -.11 -.51%F -.24 -.06 -45%*
-.34%* -.13 -.34* -.18 -12 -.17 -.03 -27 -.18 -.15 -.36%*
-.01 18 .09 -.01 -.20 -.08 .10 .35% 12 -.05 .20
-.38%* -.01 -25 -.11 .09 .01 -.01 -.28" -23 -.01 -31*
-.20 -.02 -.18 12 .03 13 .20 .14 -.16 .15 -.10
22 .01 .10 21 -.07 .10 18 397 .10 .13 .23

FPs

Note: Self = Self-blame; Acc = Acceptance; Rum =

Rumination; PRef = Positive Refocusing; Plan = Refocus on Planning; PosR = Positive Reappraisal; Pers = Putting

into Perspective; Cat = Catastrophizing; Other = Other-blame; FPs = False positives

* =p<0.05
** =p<0.01.

https://doi.org/10.1371/journal.pone.0243209.t007

challenges of face identity verification in security settings such as country borders where pass-
port officers have to match face identities of different ethnic groups to their passport photo-
graphs that would not be never taken on the same day.

The results of this experiment also improve our understanding of the relationship between
adaptive versus maladaptive ER strategies and face perception. Adaptive cognitive ER strate-
gies—individually or combined-did not correlate with any face matching measures consistently
in all face-matching tasks. This finding converges with the results of Experiments 1 and 2 that
cognitive reappraisal-as an adaptive ER strategy—does not correlate with face memory and
face perception. Importantly, however, higher use of combined maladaptive cognitive ER
strategies, as well as self-blame, rumination, and catastrophizing more specifically, were associ-
ated with lower levels of overall accuracy and higher rates of false positives in the overall face-
matching task. Within each face-matching task, there were inconsistent correlations with self-
blame and rumination, but catastrophizing was positively correlated with false positives. The
positive correlations between catastrophizing and false positives were strong in magnitude
(with mean r = .49) and robust across all of the four face-matching tasks (see Table 7).

General discussion

Across 3 experiments, the current research examined for the first time associations between
individual differences in a range of adaptive versus maladaptive ER strategies and face recogni-
tion. Using an immediate face-memory paradigm, in which observers had to identify a self-
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https://doi.org/10.1371/journal.pone.0243209.9005

paced learned unfamiliar face from a 10-face target-present/ target-absent line-up, Experiment

1 reported that higher levels of expressive suppression, but not cognitive reappraisal, were asso-

ciated with a lower level of overall face-memory accuracy and higher rates of misidentifications

Table 8. Correlations among the four face-matching tasks in Experiment 3.

Egyptian/ Same Time Egyptian/ Different Times UK/Same Time
Overall Accuracy
Egyptian/ Different Times .50%*
UK/ Same Time 67 43
UK/ Different Times 51 31* 36"
Hits
Egyptian/ Different Times 617
UK/ Same Time .66"* 617
UK/ Different Times 327 .37* 44
False Positives
Egyptian/ Different Times .53%*
UK/ Same Time .60** 48
UK/ Different Times .50 36" 49+
Note
*=p <005
** = p< 0.01.
https://doi.org/10.1371/journal.pone.0243209.1008
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and false positives. Experiment 2 replicated these findings using a range of face-matching tasks,
where observers were asked to match pairs of same-race or different-race face images taken on
the same day or during different times. Higher levels of expressive suppression were associated
with a lower level of overall face-matching performance and higher rates of false positives, but
cognitive reappraisal did not correlate with any face-matching measure. Experiment 3 revealed
that the higher use of maladaptive cognitive ER strategies, especially catastrophizing, was associ-
ated with lower levels of overall face-matching performances and higher rates of false positives.
Therefore, the higher use of maladaptive ER strategies in general, and expressive suppression
and catastrophizing more specifically, has detrimental effects on face memory and face
perception.

Expressive suppression refers to is a form of response modulation that involves inhibiting
ongoing emotion-expressive behavior [74], whereas Catastrophizing refers to recurring
thoughts about how terrible the event has been and about what one has gone through being
the worst thing to happen to a person [80]. Expression suppression is associated with a range
of negative social (e.g., disrupted communication) [76] and cognitive (worsened memory) [62]
consequences. In addition, evidence indicates social anxiety disorder is associated with an
overreliance on expressive suppression [81]. Importantly, results of the current research dem-
onstrated that relatively higher levels of expression suppression have a detrimental effect on
face recognition, a social cognitive ability. Catastrophizing is one of most related ER strategies
to anxiety disorders generally [82] and social anxiety disorder specifically as socially anxious
adults tend to interpret ambiguous events in a negative way and appraise mildly negative
events catastrophically [83, 84]. Taken together, given that trait anxiety [48-51] and social anx-
iety [53] are associated negatively with face recognition, expressive suppression and catastro-
phizing serve as mediators in the negative relationship between anxiety disorders and face
recognition.

As this study is exploratory, the mechanisms by which expressive suppression and catastro-
phizing affect face recognition are not clear. Notably, these two maladaptive ER strategies were
associated with higher false positives but they did not correlate with hits. Intuitively, these find-
ings suggest that the influences of expressive suppression and catastrophizing might be related
to processing new faces, rather than old faces. In line with this suggestion, Experiment 1 found
that higher rates of misidentifications in an immediate face-memory paradigm were also asso-
ciated with higher expressive suppression (see Table 2). Nevertheless, future studies are
encouraged to explore these possibilities.

It is well-known that emotions interact with many aspects of cognitive processing [85]. For
example, Blair et al (2007) found that emotional distractors disrupted goal-directed processing
and goal-directed processing disrupted the neurophysiological responses to emotional photo-
graphs [86]. Previous studies reported that higher levels of expressive suppression, but not cog-
nitive reappraisal, are associated with lower levels of general memory performance [62]. These
findings resulted in a conclusion that “keeping a still face and stiff upper lip decreases one’s
memory for the details of the unfolding emotion-eliciting situation, whereas cognitively trans-
forming the situation by changing one’s thinking does not appear to exact such a cognitive
cost” [62, p. 423]. Our results are consistent with these conclusions, in that we found expressive
suppression and catastrophizing to be associated with mistaken face identification, especially
in target-absent trials. These results have potentially important applications. Indeed, whereas
most previous studies that have aimed to improve face recognition have focused on the cogni-
tive representations of faces [17, 78, 87, 88], our findings suggest that improving face recogni-
tion ability likely requires a more thorough training program that likely includes a focus on
cognitive processing of faces as well as strategies for coping with emotions.

PLOS ONE | https://doi.org/10.1371/journal.pone.0243209 December 10, 2020 20/26


https://doi.org/10.1371/journal.pone.0243209

PLOS ONE

Emotion regulation and face recognition

A large body of laboratory studies reported that matching face identities using photographs
is highly error-prone, suggesting challenges to real-life security settings (such as airports) in
where persons’ identities are verified by matching their faces to photo-IDs [9, 72]. Importantly,
however, there is a critical mismatch between face matching in those laboratory studies and
realistic security settings. Specifically, the vast majority of studies have used face-matching
images that were taken on the same day, while the general appearance of faces does change,
even day to day, in realistic settings. Further, people can use their passports as long as they are
valid, often for many years. Therefore, in one notable study, Megreya et al (2013) simulated
face matching procedures in realistic settings by asking participants to match images of unfa-
miliar faces that were taken on the same day or several months apart [77]. When face images
were taken on the same day, Megreya et al. (2013) reported hit rates of 79% and 90% using the
1-in-10 and 1-in-1 face-matching tasks (respectively) [77]. However, hit rates dropped to 58%
and 70% on these tasks when face images were taken several months apart. Consistently, the
results of Experiments 2 and 3 showed that hit rates were dropped from 91.2% to only 76.7%
when face images were taken on the same day or several months apart.

Nevertheless, these face-matching conditions, matching two images taken in different times
that depict a face belonging to the same race, still do not typically match realistic security set-
tings, which involve both own-race and different-race faces. It has been known for many years
that matching and recognizing other-race faces are more difficult than matching and recogniz-
ing own-race faces [15-18]. Therefore, there are three main challenges for matching faces to
photo-IDs in realistic settings. These are (i) matching faces using photographs that is a highly-
error prone task [9, 72, 77]; (ii) matching face images that were taken on different times
[Experiments, 2 & 3, 77]; and (iii) matching faces that belong to other races [5-18]. The pres-
ent study compared for the first time between the accuracy of matching other-race faces that
were taken on the same day or during different times. Specifically, the results of Experiment 2
and 3 reported that hit rates were dropped from 85.6% to only 73.1% when the face images of
other-race faces were taken on the same day or during different times. Therefore, along with
our previous study [77], the present results suggests that previous laboratory studies on face
matching underestimate its difficulty in real-world situations. Photographs of unfamiliar faces
seem to be unreliable proofs of identity, especially if the ID documents do not use very recent
images of the holders and if the faces to be matched belong to a different race.

Limitations and conclusions

The current research is not without limitations. For example, the results showed that a behav-
ioral (expressive suppression) and a cognitive (catastrophizing) emotion regulation strategy-
as measured by the ERQ and CERQ (respectively)—correlated negatively with the accuracy of
unfamiliar face recognition. Although the ERQ and CERQ are widely-used measures of emo-
tion regulation, these findings need replication using, for example, a behavior measure of
expressive suppression [62] and other report-based scales that focus explicitly on behavioral
strategies [89]. In addition, as both expressive suppression and catastrophizing are considered
maladaptive emotion regulation strategies, it is also important to investigate emotion regula-
tion difficulties [90] influence face recognition. An additional limitation is related to the dis-
crepancy with the way in which the face-matching tasks were set up in this study (where 50%
of trails were mismatches) and the identity verification in real-life security settings (where mis-
matches are far less frequent). In addition, only male faces were used. Finally, it is important to
note that the UK different-day face-matching task included ambient images depicting Western
celebrities who were definitely unknown to the participants. These images, therefore, likely
have different characteristics as compared to the images used in the other face-matching tasks.
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However, our main interest in this study was not to examine this peculiar effect on the other-
race effect.

Limitations notwithstanding, the current research reports for the first time that certain
emotion regulation strategies (expressive suppression and catastrophizing) negatively affect
the accuracy of face recognition. Although additional research with larger samples is needed to
confirm the replicability of these findings, the current research provides new evidence for the
association between emotion and cognition [85]. In addition, this study provides a more realis-
tic face-matching procedure suggesting that previous laboratory studies may have underesti-
mated the difficulty of unfamiliar face matching in real-world situations.
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