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Abstract

A longer exposure time generally improves individuals’ ability to recognize faces. The cur-

rent research investigates whether this effect varies between genders and whether it is influ-

enced by the gender of the exposed faces. Based on a set of four experimental studies, we

advance our knowledge of face recognition, gender, gender distribution of exposed faces,

and exposure time in three main ways. First, the results reveal that women are more likely

than men to suffer from a decrease in face recognition ability due to a lower exposure time.

Second, the findings show that when exposure time is short (vs. long) women recognize a

larger proportion of same gender faces and also recognize a larger proportion of same gen-

der faces as compared with the proportion of same gender faces recognized by men. Third,

findings reveal that when individuals are only exposed to same gender faces, women recog-

nize more faces than men regardless whether exposure time is short, or long. In short, the

findings of this research suggest that insight into the interplay between gender and exposure

time length is critical to appropriately determine human beings’ ability to recognize faces.

Introduction

The ability to recognize strangers from previous interactions is an important application to

security, service roles, and various business and social scenarios. While prior research suggests

that women are better than men at recognizing faces [1, 2], one intriguing research topic is the

interplay among gender, face recognition, and exposure time. Say, both Tom and Janet have

been exposed to the same number of faces at the same events. Critical questions are then:

whether they have the same ability to recognize faces afterwards; whether they are more capa-

ble of recognizing faces of their own gender; and whether their ability to recognize faces is

influenced by exposure time. The extant literature on face recognition emphasizes that a longer

exposure time generally improves individuals’ ability to recognize faces [3, 4]. In addition, sev-

eral other studies on face recognition demonstrate superior recognition for an individual to

recognize their own gender relative to the other [5, 6].

Faces contain a rich reservoir of information on factors such as gender, age, mood, social

category, traits, and trustworthiness [5, 7, 8], and are arguably the most important social
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stimuli in interactions [9]. While face recognition is essential for many daily and social activi-

ties, it is also known that individuals vary considerably in their ability to recognize faces [10,

11]. Therefore, we believe that a more complete understanding of face recognition should con-

sider both exposure time and gender. While exposure time and gender have been extensively

studied as factors that have an influence on an individual’s ability to recognize faces, the inter-

play between these two factors has received less research attention.

In response to this, our study contributes to the existing literature by examining how the

interaction of exposure time with gender and gender distribution of exposed faces affects an

individual’s face recognition performance. It is relevant to take the exposure time factor into

account as time often is a scarce resource having a huge impact on outcomes. For instance, the

theory of selective attention contends that human beings have limited cognitive capacity and

are selective in their attention [12, 13], which prevents them from attending to all issues that

arise. This especially applies to settings, where time is limited and thus a scarce resource.

Based on face processing theory and gender theory, our study elaborates on this interplay

and demonstrates that an investigation of face recognition should distinguish between the gen-

ders of the persons who are exposed to various faces versus the genders of these faces them-

selves. Four experimental studies, which manipulate exposure time and face images in several

combinations, are conducted to test the hypotheses. Specifically, this study expands the present

body of research in three ways. First, we show that the effect of exposure time is dependent on

both gender and gender distribution of exposed faces. We find that women, in general, show a

decrease in face recognition ability due to a lower exposure time. However, we find that when

exposure time is short (vs. long) women recognize a larger proportion of same gender faces

and recognize a larger proportion of same gender faces as compared with the proportion of

same gender faces recognized by men. Third, when individuals are only exposed to same gen-

der faces, women recognize more faces than men irrespective of exposure time.

These results are of interest to those who rely on confident identification of previous facial

exposures in their day-to-day interactions. Whether it be a safety concern, social, or business

interaction, the correct identification of previous encounters can be beneficial in deciding

which gender to place in certain positions of initial encounters. Gender differences in face rec-

ognition and its interaction with exposure time yields new insights and implies that managers

should use a differentiated approach in guiding male versus female employees to optimize out-

comes. For instance, the results of the present study suggest that females are more likely than

their male counterparts to suffer from a decrease in face recognition ability due to a lower

exposure time.

Gender differences and exposure time

A recent meta-analysis found that women are better than men at recognizing faces (Hedges’ g

= .36), with the advantage seen primarily for female faces [2]. Several background explanations

have been offered for women’s superior face recognition ability, such as greater self-reported

social engagement [14], increased encoding specificity of faces [15], and superior detection of

facial expression [16]. Research has also proposed that individuals may differ according to

whether their general mode of processing information can be described as mainly experiential

[17, 18] versus mainly detailed [19].

While the different modes normally engage in integrated interaction [20], some effort has

been devoted to investigating whether gender differences may influence whether one mode of

processing is more dominant than the other. Prior research [21–23] has found general gender-

related differences in the strategies used to process information, such that women are more

likely than men to show a detailed elaboration of information content, whereas men are more

PLOS ONE Gender, time, and face recognition

PLOS ONE | https://doi.org/10.1371/journal.pone.0257741 October 28, 2021 2 / 16

https://doi.org/10.1371/journal.pone.0257741


likely to show an overall information theme. One face recognition study [20] attributed supe-

rior face recognition in females to higher elaboration during face encoding. Other face recog-

nition research [16] found (a) that women showed longer dwell time to the eyes compared to

males and (b) a positive relationship between number of fixations to the eyes and accuracy of

facial expression recognition. These findings are consistent with research based on social com-

parison theory suggesting that females are more likely to engage in time-consuming compari-

sons of facial characteristics from a young age [24].

While previous research has found that women are better than men at recognizing faces, no

previous research known to us has investigated whether this ability is consistent across expo-

sure time. Parkinson’s Law states that work expands to fill the time available, suggesting that as

the time available to perform a task increases, so would the requirement for information to be

potentially used in the task. This is in line with research suggesting that under time-pressure

individuals tend to show greater selectivity when processing information [25]. In accordance

with this result, one study found that a longer exposure time increased participants’ ability to

discriminate between two inverted whole faces (i.e., a more demanding task compared to dis-

criminating between upright whole faces) [3], indicating that time availability facilitates a

more detailed processing of information.

Therefore, when we are given sufficient time, we should be more likely to process a face

stimulus sequentially; local part by local part, which in turn is likely to increase our ability to

individualize faces and to discriminate among them. This view is supported by recent research

suggesting that misaligning facial composites, a technique widely accepted to inhibit holistic

face processing, can significantly elevate face recognition [26] and is also in line with research

suggesting that when individuals perceive faces some local parts may indeed be more diagnos-

tic than others, such as the region of the eyes [27–29].

On the basis of the above discussion suggesting that (a) females are more likely than males

to show a detailed elaboration of information content and (b) that a detailed elaboration is

more time-consuming, we predict that a long exposure time is relatively more beneficial to

females than to males. Hence, the following hypotheses are proposed:

H1a: Compared to females, males will recognize more faces when exposure time is short (vs.

long).

H1b: Compared with males, females will recognize more faces when exposure time is long (vs.

short).

Own group bias and exposure times

Prior research suggests that an own group bias takes place in face recognition such that indi-

viduals are generally better at recognizing faces of their own age than older or younger faces

[30, 31] and faces of their own race versus another race [6, 32]. Previous research also suggests

that women are better at recognizing female over male faces [33–35]. However, less consistent

results have been found for men.

While some studies suggest that men are better at recognizing male faces than female faces

[35], other studies found that men were more able to recognize female faces versus male faces

[1], and still other studies suggested that men recognized male and female faces equally well

[33, 34]. We believe that these effects may be influenced by time-pressure, since individuals

under time-pressure may be less likely to extend the scope of the task (e.g., accounting for

social interaction implications) and more likely to focus on the task at hand (e.g., focusing

their attentional resources on remembering faces) [36].
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In that respect, the speed-accuracy tradeoff paradigm posits that categorization based on

discriminability (e.g., females vs. males) is a key determinant in lowering processing time [37].

Furthermore past research indicates that when under time-pressure, and when confronted

with discriminating stimuli, selective perception would appear and individuals may tend to

focus on information that are more similar to their perceived self-identity [25, 38]. Based on

this reasoning, we propose that exposure time will influence the presence of own group (i.e.,

own gender) bias in face recognition such that both females and males will show a higher pro-

pensity to recognize same gender faces versus faces of the opposite gender when exposure time

is short (vs. long). Hence, we hypothesize as follows:

H2: Individuals will recognize a larger proportion of same gender faces when exposure time is

short (vs. long).

A meta-analysis of own-gender bias in face recognition [2] found that women are better at

recognizing female faces when respondents are exposed to a mix of female and male faces, but

that women also outperform men when only male faces are shown. The authors suggest that

women’s better performance in face recognition takes place because women may focus more

attentional resources on remembering female faces when presented with a mix of male and

female faces. When only male faces are shown they perform better than men because all atten-

tional resources can then be devoted to male faces. While the meta-analysis [2] did not include

variations in exposure time, we propose that regardless of exposure time (i.e., short vs. long),

women will recognize a larger proportion of same gender faces compared with the proportion

of same gender faces recognized by men.

Our reasoning is based on research suggesting that (a) women and men may encode infor-

mation using different socially-constructed cognitive structures, which influence their percep-

tions and allocations of attentional resources [39, 40]; (b) while women may generally show a

higher interest in other women (as compared with the interest of men in other men) [1] evi-

dence also suggests that women are more attentive and responsive to cues with a perceived

social relevance [40]. Hence, even though both men and women may devote more attentional

resources to same gender faces when exposure time is short (vs. long) this type of resource allo-

cation can be expected to be especially prevalent among women; and (c) when exposure time

is long, substantial research suggests that women may have an advantage over men in recogni-

tion of female faces whereas no general, similar pattern has been detected for men [2]. To con-

clude, we propose that exposure time will influence own gender bias in face recognition as

follows.

H3. Regardless of whether exposure time is short or long, females will recognize a larger pro-

portion of same gender faces compared with the proportion of same gender faces recog-

nized by males.

Methodology and results

Ethics statement

The authors declare that the data were collected in a manner consistent with ethical standards

for the treatment of human subjects according to the principles expressed in the Declaration

of Helsinki. This study was approved by the Copenhagen Business School Ethics Council. The

respondents were asked to state their gender, but not to identify themselves in any other way,

i.e., by name, or anything else. Hence, full anonymity was offered. Also, respondents were

informed that it was not mandatory to participate. All respondents stated their informed
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consent orally before starting the study. The informed consent was witnessed by all other

respondents and further documented by no respondents having any concerns about the study

procedure. Afterwards, the completed forms were collected with no possibility of identifying

non-participating respondents.

Pretests

The face images used in the studies were obtained from the Face-Place Face Database Project

[41]. We followed the procedure used by Suri and Monroe [42] and conducted two pretests in

order to develop the manipulations of exposure time. The purpose of the first pretest was to

determine the average time required to process 30 face images (15 being female images) when

these images are presented together at a computer screen. A total of 58 graduate students par-

ticipated in the first pretest. The participants were instructed to carefully look at the presented

face images and to spend the time needed for them to be able to recognize the images after-

wards. The time needed was computer registered and average reported time was 79.8 seconds.

Consistent with our expectations that women (vs. men) are likely to engage in more time con-

suming face processing, the time needed was higher for females (M = 84.7, SD = 14.5) than

men (M = 74.5, SD = 16.0), t = 2.56, p = .01. Based on the results of pretest 1, five short expo-

sure time conditions (10 seconds, 20 seconds, 30 seconds, 40 seconds, and 50 seconds) and

five long exposure time conditions (90 seconds, 100 seconds, 110 seconds, 120 seconds, and

130 seconds) were selected for further testing in pretest 2.

In pretest 2, participants were exposed to 30 faces (15 being female) with instructions the

same as in pretest 1. Pretest 2 indicated the appropriateness of the time pressure conditions

using the Suri and Monroe [42] subjective time pressure three-item scale. A sample item for

this scale is ‘How would you characterize the time available for completing this task?’

(1 = more than adequate time available; 7 = not adequate time available). Ninety-one graduate

students were distributed relatively equally across the time pressure conditions. Two criteria

guided the selection of the time pressure conditions. First, the high time pressure condition

should preferably be at least one standard deviation (SD = 15.94) below the mean time partici-

pants needed to make their choice in pretest 1 [43, 44]. Second, the high time pressure condi-

tion should be associated with time pressure (i.e., both the mean and the median of the

averaged perceived three-item scale should be above the scale midpoint), while not making it

impossible for respondents to perform the decision task (i.e., all respondents should have com-

pleted their choice within the time limits).

The Cronbach’s alpha value of the three-item subjective time pressure scale was.85, indicat-

ing sufficient scale reliability [45]. Also, a principal component analysis of the three items sug-

gested a one-factor solution (based on the eigenvalue > 1.0 criterion) with consistently high

loadings (ranging from.74 to.80) suggesting that the three items are essentially unidimensional

[45]. Hence, we averaged the subjective time pressure scale by averaging the items together as

an estimate of the construct value. The results led to the selection of 45 seconds (low exposure

time) and 120 seconds (long exposure time). 45 seconds was chosen since subjective time pres-

sure was almost identical for the 40 seconds (M = 4.57) and 50 seconds (M = 4.53) conditions.

Averaged scale means (i.e., ranging from 1 to 7) were M = 5.48 (low exposure time) and

M = 3.32 (long exposure time), t = 9.60, p< .01. Notably, our pre-tests are in line with the

recent study conducted by Palmer, Brewer, and Horry [11], which used five seconds per face

for the purpose of studying face recognition ability, although this study did not include varia-

tions in exposure time. Our research is based on four experimental studies, which manipulate

exposure time and face images in several combinations.
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Study 1

Method. Sixty-eight graduate students were recruited (34 female). A power analysis

revealed that a medium effect of the interaction between gender and exposure time with a

power of 0.80 would require a minimum sample of 68 respondents suggesting a reasonable

sample size for study 1. The number of respondents in studies 2–4 (see below) was 131, 110,

and 124, respectively; indicating sufficient sample sizes for these studies. Based on prior

research [2, 3] partial η2 for the gender-exposure time interaction was set to 0.10 in the power

analysis.

Respondents were exposed to two experimental tasks. In the first task, a total of 30 face

images were shown for 45 s. (i.e., 1.5 s. per image on average). Respondents were instructed to

study the face images intensively so that they would later be able to remember as many images

as possible. After completing this initial requirement, respondents were shown 10 faces (five of

these being new images) for 60 s. with instructions to indicate the five images they believe had

already been displayed. The five already seen images were randomly chosen from the 30

images pool. All the 10 images (5 already seen; 5 new) were shown together using a screen pro-

jector. The respondents were handed out a form where they were instructed to note the recog-

nized faces. Sixty seconds was chosen in the recognition task because our pilot test suggests

that this is a suitable time span, long enough to allow recognition activities to take place but

not so long that participants may lose mental focus. These considerations were confirmed by

interviews with participants after they had completed the required experimental tasks.

In both the five repeated images and the five new images groups, respectively, three of the

images were females with the gender distribution being unrevealed to the participants. In the

second task, respondents were exposed to another 30 face images which were shown for 120 s.

(i.e., four seconds per image on average). The remainder of the second task was identical to the

first task. We selected an unequal gender distribution in the repeated and new images groups

because we wanted to take into account the possibility that participants, when in doubt of the

‘correct’ answer(s), might display an unequal propensity to randomly choose between female

or male face images. This could be the case since previous research suggests that women and

men may show an unequal attraction to same gender faces and to faces of the opposite gender

[1, 2]. For that purpose, study three (see below) repeats study one but with a counter-balanced

gender distribution in both the repeated and new images groups such that two females and

three males (as opposed to three females and two males in the current study one) were

included in each group.

Results and discussion. Hypotheses testing. As expected from previous research, partici-

pants exposed to a long exposure time (LT) were able to remember more faces correctly

(M = 4.28) than participants exposed to a short exposure time (ST), (M = 3.24), F = (1, 135) =

56.03, p< .01, η2 = .30. A two (short vs. long face exposure time) x two (males vs. females)

ANOVA revealed a significant interaction between image exposure time and gender, F (1,

135) = 8.10, p< .01, η2 = .06 (Fig 1).

Supporting H1a, we found that males (M = 3.53) recognized more faces than females

(M = 2.94) in the ST condition, t = 2.95, p = .01, whereas there were no face recognition differ-

ences between genders (Mmales = 4.17, Mfemales = 4.38) in the LT condition, t = 1.05, p = .30,

although the mean difference was in the expected direction. Hence, H1b was not supported in

Study 1.

Two additional 2 (short vs. long exposure time) x 2 (males vs. females) ANOVAs suggested

a significant main effect of gender on the ability to recognize female faces (Mmales = 2.18, Mfe-
males = 2.71), F (1, 135) = 19.76, p< .01, η2 = .13, and on the ability to recognize male faces

(Mmales = 1.69, Mfemales = .99), F (1, 135) = 41.91, p< .01, η2 = .24. Moreover, both female
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and male participants recognized a larger proportion of same gender faces in the ST condition

(female: M = .83; male: M = .55) than in the LT condition (female: M = .72; male: M = .37);

females: t = 2.40, p = .02; males: t = 4.26, p< .01. Hence, H2 was supported. Also supporting

H3, females showed a higher tendency than males to recognize same gender faces in both the

ST condition, t = 5.22, p< .01, and the LT condition, t = 10.63, p< .01.

Reflecting this parallel tendency across exposure time conditions, the interaction between

image exposure time and gender did not influence participants’ propensity to show same gen-

der recognition, F (1, 135) = 1.70, p = .20, η2 = .01. The results of study one support our expec-

tations that males will recognize more faces than females in the ST condition and that both

males and females will recognize a larger proportion of same gender faces in the ST (vs. LT)

condition. We also found that females recognized more same gender faces than males in both

the ST and LT conditions. However, contrary to our expectations, the results did not confirm

that females will recognize more faces than males in the LT condition.

Study 2

Method. Study 2 was identical to study 1 with the important modification of decreasing

exposure time in the first task of the 30 face images for just 10 s. (i.e., approx..33 s. per image

on average). The second task exposed participants to 30 face images for 120 s. as in study one

(i.e., 4.0 s. per image on average). Specifically, we wanted to investigate whether (a) the

decrease in exposure time from 45 s. to 10. s. led to a decrease in face recognition; (b) males

still would be able to recognize more faces than females in the ST condition when processing

Fig 1. Study 1: Interaction between exposure time and gender.

https://doi.org/10.1371/journal.pone.0257741.g001
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time was reduced nearly to a practical minimum; and (c) whether the difference between

females and males face recognition ability would be increased or decreased compared with

study 1 results. The gender distribution in the repeated/new five images groups was similar to

study 1 with three female face images included in each group. One hundred thirty-one gradu-

ate students (70 female) participated in Study 2. Exposure time was manipulated as between

subjects.

Results and discussion. Participants exposed to a long image exposure time (LT) were

able to remember more faces correctly (M = 3.82) than participants exposed to a short image

exposure time (ST), (M = 2.45), F = (1, 130) = 92.86, p< .01, η2 = .42. The results suggested a

significant interaction between exposure time and gender, F (1, 130) = 7.98, p< .01, η2 = .06

(Fig 2).

The interaction between image exposure time and gender significantly influenced partici-

pants’ propensity to show same gender recognition, F (1, 130) = 17.84, p< .01, η2 = .12 (Fig 3).

Consistent with the results found in Study 1, and supporting H1a, males (M = 2.74) recog-

nized more faces than females (M = 2.16) in the ST condition, t = 2.73, p< .01. H1b was not

supported in study two as females did not recognize more faces than males in the LT condition

(Mfemales = 3.90, Mmales = 3.70), t = 1.11, p = .27, although the mean difference was in the

expected direction.

Two additional 2 (short vs. long exposure time) x 2 (men vs. women) ANOVAs suggested a

significant main effect of gender on the ability to recognize female faces (Mmales = 2.11, Mfe-
males = 1.84), F (1, 130) = 3.91, p = .05, η2 = .03, but not on the ability to recognize male faces

(Mmales = 1.39, Mfemales = 1.50), F (1, 130) = .09, p = .77, η2 < .01. Female participants

Fig 2. Study 2: Interaction between exposure time and gender.

https://doi.org/10.1371/journal.pone.0257741.g002
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recognized a larger proportion of same gender faces in the ST condition (M = .92) than in the

LT condition (M = .46), t = 3.89, p< .01, whereas male participants recognized a smaller pro-

portion of male faces in the ST condition (M = .37) than in the LT condition (M = .49),

t = 2.14, p = .04. Hence, H2 was partially supported in study 2. H3 was also partially supported

as females showed a higher tendency than males to recognize same gender faces in the ST con-

dition (females: M = .92, males: M = .37; t = 4.03, p< .01), but not in the LT condition

(females: M = .46, males: M = .49; t = .73, p = .47).

Consistent with our expectations, the decrease in exposure time from 45 s. (study 1) to 10 s.

(study 2) in the ST condition led to a decrease in face recognition (45 s.: M = 3.24, 10 s.:

M = 2.45; t = 5.11, p< .01). Across studies one and two, the interaction between gender and

the variation in the ST condition (F(1, 129) = .01, p< .98, η2 < .01) and between gender and

the variation in the LT condition F(1, 129) = .01, p< .97, η2 < .01) did not influence face rec-

ognition ability suggesting that the difference between female and male face recognition ability

was robust both across variations in exposure time (with respect to the ST condition: 45 s. vs.

10 s.) and across studies (with respect to the LT condition: 120 s. in both studies 1 and 2).

Consistent with previous research [3, 4], the results of study 2 confirms that a decrease in

exposure time (from 45 s. in study 1 to 10 s. in study 2) lead to a decrease in face recognition

ability. We also found that men were still able to recognize more faces than women in the ST

condition when processing time was reduced to a minimum. The results also suggest that the

difference between women’s and men’s face recognition ability was neither increased nor

decreased when compared with study 1.

Fig 3. Study 2: Interaction between exposure time and gender.

https://doi.org/10.1371/journal.pone.0257741.g003
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Study 3

Method. The purpose of study 3 was to replicate study 1 but with a counter-balanced gen-

der distribution in the repeated/new five images groups such that two female face images (as

opposed to three female face images in study 1) were included in each group. One hundred

and ten graduate students (55 being female) participated in study 3.

Results and discussion. The results suggested a significant interaction between image

exposure time and gender, F (1, 109) = 4.18, p = .04, η2 = .04 (Fig 4).

Similar to study 1, participants exposed to a long image exposure time (LT) remembered

more faces correctly (M = 3.81) than participants exposed to a shorter image exposure time

(ST), (M = 3.02), F = (1, 109) = 20.98, p< .01, η2 = .16. Supporting H1a, men (M = 3.27) recog-

nized more faces than women (M = 2.74) in the ST condition, t = 2.24, p = .03. H1b was not

supported in Study 3 as there were no face recognition differences between genders

(Mmale = 3.72, Mfemale = 3.89) in the LT condition, t = .70, p = .49, although the mean differ-

ence was in the expected direction.

Two additional 2 (short vs. long exposure time) x 2 (male, vs. female) ANOVAs showed sig-

nificant main effects of gender both on the ability to recognize female faces (Mmale = 1.15,

Mfemale = 1.65), F (1, 109) = 13.89, p< .01, η2 = .12, and on the ability to recognize male faces

(Mmale = 2.40, Mfemale = 1.76), F (1, 109) = 24.85, p< .01, η2 < .19. While female participants

recognized a larger proportion (t = 2.81, p< .01) of same gender faces in the ST condition (M
= .94) than in the LT condition (M = .71), the proportion of same gender faces recognized by

men was not different (t = .82, p = .42) across conditions (ST condition: M = .82, LT condition:

Fig 4. Study 3: Interaction between exposure time and gender.

https://doi.org/10.1371/journal.pone.0257741.g004
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M = .77), although the mean difference was in the expected direction. Hence, H2 was partially

supported. Women showed a higher tendency than men to recognize same gender faces in the

ST condition, t = 2.09, p = .04, but not in the LT condition, t = .70, p = .43. Hence, H3 was also

partially supported in study 3.

Supporting the robustness of our studies, the results of study 3 were similar to the study 1

results on the majority of the investigated aspects: (1) participants exposed to a long image

exposure time remembered more faces correctly than participants exposed to a shorter image

exposure time; (2) males recognized more faces than females in the ST condition, and (3) no

gender difference in face recognition ability was found in the LT condition.

Moreover, and consistent with the study 1 results, female participants recognized a larger

proportion of same gender faces in the ST condition than in the LT condition and women

showed a higher tendency than men to recognize same gender faces in the ST condition. How-

ever, contrary to the study 1 results, the proportion of same gender faces recognized by men

was not different across conditions (ST vs. LT) and we also did not find that women had a

higher tendency than men to recognize same gender faces in the LT condition.

Study 4

Method. Studies 1–3 produced mixed results regarding the ability to recognize same gen-

der faces. While Study 1 suggested that females showed a higher tendency than males to recog-

nize same gender faces in both the ST and the LT conditions, studies 2 and 3 indicated that

this tendency was more likely to appear in the ST condition. Hence, we wanted to investigate

more thoroughly whether females are more likely than males to recognize same gender faces

across both ST and LT conditions. In Study 4, participants were only exposed to same gender

face images (n = 30); with the repeated (n = 5) and new images (n = 5) groups consisting of

same gender face images. One hundred twenty-four graduate students (58 female) participated

in Study 4. As in studies 1 and 3, exposure times were 45 s. (ST condition) and 120 s. (LT con-

dition) respectively.

Results and discussion. Consistent with the results obtained in studies 1–3, participants

exposed to a long image exposure time (LT) were able to remember more face images correctly

(M = 3.83) than participants exposed to a short image exposure time (ST), (M = 3.25), F = (1,

123) = 4.54, p = .04, η2 = .04. Female participants recognized more face images in both the ST

condition (women: M = 3.57, men: M = 2.96; t = 2.00, p = .05) and the LT condition (females:

M = 4.25, males: M = 3.50; t = 2.01, p = .05). Reflecting this consistency across conditions we

found a significant main effect of gender (F = (1, 123) = 6.42, p = .01, η2 = .05), whereas the

interaction between image exposure time and gender was non-significant (F = (1, 123) = .06, p
= .80, η2 < .01) (Fig 5).

Studies 1–3 all indicated that males recognized more faces than females in the ST condi-

tions, whereas we found no gender difference in face recognition ability in the LT conditions.

However, studies 1–3 all exposed participants to a mix of female and male face images as well

as mixed gender distribution in both the repeated and new image groups. When participants

were only exposed to same gender faces, females clearly recognized more faces than males in

both the ST and the LT conditions.

Discussion and conclusions

The present study reveals that assessing the interplay between gender, gender distribution of

exposed faces, and exposure time is critical to get insight into women’s and men’s ability to

recognize faces. We expand the extant body of research that revealed that women remember

more faces than men by adding important nuances of both the length of exposure time and the
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gender distribution of exposed faces (see [2] for an overview). More specifically, in studies 1–3

we find that men recognize more faces than women when exposure time is short (vs. long).

This result is consistent with our arguments that women tend to engage in a detailed elabora-

tion of information content using more time-consuming face processing, which turns out to

be more effective for longer exposure time. This finding also relates to social comparison the-

ory, which suggests that males and females are likely to develop different sets of values and

motivations, which may lead them to develop different perceptions and behaviors in similar

contexts [46].

Our results clearly indicate that exposure time acts as an important contingency of the

effectiveness of the human face processing. Shorter exposure times associate with higher face

recognition performance of overall face processing, while for longer exposure times, detailed

face processing yields higher face recognition performance rates. This proposition is consistent

with the general contention that the impact of the individual specialized functions of the brain

hemispheres on human performance is contingent on contextual factors, like exposure time

[47]. While we attribute our findings to gender differences in face elaboration, we cannot rule

out that other explanations may further detail the results. Given that no gender difference is

observed in the LT condition, the results could also imply that men are more strategic in the

ST condition. For example men (vs. women) may be more likely to focus on just a few face

characteristics during exposure time and then seek to remember these few characteristics

instead of the whole faces. Future research may wish to investigate such issues by using eye

Fig 5. Study 4: Interaction between exposure time and gender.

https://doi.org/10.1371/journal.pone.0257741.g005
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tracking techniques, which allows for an examination of respondents’ dwell time toward dif-

ferent face characteristic [16].

Contrary to our expectations, our results revealed that if exposed to mixed gender faces

women do not significantly outperform men under long exposure time (vs. short) conditions.

Albeit that women score, on average, higher than men do in all three studies (i.e., studies 1–3).

In contrast, when only exposed to same gender faces, both in the repeated and in the new

faces’ groups, women clearly outperform men regardless the length of the exposure time

(study 4). This result substantiates previous face recognition research by adding nuance sug-

gesting that women are more same gender focused and as such more experienced in perceiving

and encoding same gender faces than men [2, 34].

In short, our findings clearly suggest that it is essential that face recognition research con-

siders both the length of exposure time and gender distribution of exposed faces when study-

ing the relationship between gender and face recognition performance. This enables us to

acquire more insight into the effectiveness females versus males face recognition processing as

being a function of exposure time. It substantiates insight into exposure time as an important

contingency of the effectiveness of gender-specific face recognition processing.

In this study, the test images shown were the same identical images of those people that

were shown at encoding. This is an important distinction as recognizing a previously-seen

image is not the same as recognizing a previously-seen face or person. As argued by Burton

[48], it is always easier to recognize a picture than to recognize a face. A distinction should also

be made between familiar and unfamiliar face images, with the latter used in this study. While

familiar face recognition is likely to be robust to changes in image, unfamiliar face recognition

is bound more closely to the visual properties of the particular image individuals are viewing

[49]. For these reasons, an important question for future research therefore concerns the

extent to which the results obtained in this study are robust to changes in image.

Gender, gender distribution of exposed faces, and exposure time are not the only factors

that may influence face recognition. Evidence suggests that other personal factors such as age

[30]; genetic heritage [50]; prosopagnosia (face blindness) [51, 52]; general motivation for per-

ceiving faces [53]; experience in face recognition [54]; and preferences for processing of differ-

ent face parts (e.g., eyes, nose, and mouth) [9, 55] may also affect individuals’ face recognition

abilities.

The controls imposed by the experimental settings of these studies, though necessary to iso-

late the effects of exposure time, may arise differently in actual face exposure settings. For

example, if face exposures are taking place when the consumer is in a group setting, the poten-

tial influence of other people may distort the influence of exposure time on the ability to recog-

nize faces. In the present research the face images were exposed to participants without

manipulating the emotional appearance of the exposed faces (e.g., do they look happy, do they

look sad, do they look aroused, etc.) and without showing any other parts of the body. Hence,

they are many avenues for future research wishing to examine individuals’ face recognition

ability in additional and/or other settings than the ones used in the current study.

The context of the importance of facial recognition needs to be considered when relying on

prior exposure for insights. Recent developments using Artificial Intelligence (AI) for facial

recognition suggest that low-resolution face images are also very hard to recognize and that

this is one of the main obstacles of face recognition in surveillance systems [56]. So far AI has

not been compared to the accuracy of female versus male human counterparts in various time

exposures. This would be an interesting study of comparison, given that the world is investing

so much in AI and people are worried about losing their jobs to AI.
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Conclusion

This study examined how the interaction of exposure time with gender and with gender distri-

bution of exposed faces affects an individual’s face recognition performance. Based on a set of

four experimental studies several results were obtained. We found that women show a

decrease in face recognition ability due to a lower exposure time. However, we also found that

when exposure time is short (vs. long) women recognize a larger proportion of same gender

faces and also recognize a larger proportion of same gender faces as compared with the pro-

portion of same gender faces recognized by men. Finally, it was shown that when individuals

are only exposed to same gender faces, women recognize more faces than men irrespective of

exposure time.
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