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Abstract

A core component of metacognition is cognitive awareness, insight into how one’s cognitive
abilities compare to others. Previous studies of cognitive awareness have focused on basic aspects
of perception, memory, and learning. Further, studies of the awareness of one’s social cognitive
abilities have been limited to examining awareness of others’thinking (i.e., theory of mind). The
current study characterizes awareness of one’s own social cognitive abilities, specifically face
recognition awareness, and examines its change across the lifespan. We used a large, web-based
sample (N=4,143) with a broad age range (ages 10-70), administering well-validated measures

of objective (Cambridge Face Memory Test 3) and self-reported (Cambridge Face Memory
Questionnaire) face recognition. We found a robust overall association between objective and
self-reported face recognition (r=0.42 in females, r=.36 in males). While we found that face
recognition ability peaked in the early-to-mid 30s, face recognition awareness peaked in the early-
to-mid 20s, was relatively stable throughout the 20s-40s, and declined in the 50s-60s. Relative
subjective vs. objective face recognition bias measures demonstrated that 10-18- and 51-70-year-
olds overestimated their self-reported face recognition abilities in comparison to 19-50-year-olds.
Finally, compared to males, females had greater face recognition awareness and a bias to relatively
underestimate their face recognition abilities.
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Metacognition is the capacity to understand one’s own thinking (Palmer et al., 2014; Frith,
2012) and one core component is the awareness of how one’s cognitive abilities compare
to others—cognitive awareness (also referred to as metacognitive knowledge or cognitive
insight, for a review, see Norman et al., 2019; and for a metasynthesis, see Zell and Krisan,
2014). Cognitive awareness predicts success in school, from primary education through
college (Zhao et al., 2014). In adults, poorer cognitive awareness has been associated

with psychiatric disorders (e.g., David et al., 2012; Medalia & Thysen, 2008) and impacts
real-world, performance-based tasks such as driving (Ross et al., 2012). Further, previous
studies have shown that many domains of cognitive awareness decline with age (e.g., Weil
et al, 2013; Palmer et al., 2014) and poor awareness of cognitive decline may be an early
indicator of the Alzheimer’s Disease (Cacciamani et al., 2017). Previous studies of cognitive
awareness have mainly focused on examining basic aspects of perception, memory, and
learning (e.g., Palmer et al., 2014; Soto & Silvanto, 2014). However, another aspect of
cognitive awareness that is critical in daily life is awareness of one’s social cognitive
abilities, since social relationships are a key contributor to happiness and life satisfaction
(Diener & Seligman, 2002; Taylor et al., 2001). Prior studies of social cognitive awareness
have been limited to examining awareness of others’feelings, thoughts, and intentions,
i.e., theory of mind (for a review, see Moran, 2013). The goal of the current study was

to characterize awareness of one’s own social cognitive abilities and to examine how this
awareness changes across the lifespan.

One particularly remarkable social cognitive ability is our proficiency in recognizing a
large number of people by their face, with the average person being able to readily

identify approximately 5,000 faces (Jenkins et al., 2018). Deficient face recognition ability
(e.g., prosopagnosia) can lead to pronounced person-recognition difficulties with significant
consequences for daily life functioning, such as increased social anxiety and more limited
employment opportunities (Yardley et al., 2008). Having accurate awareness of one’s face
recognition abilities can help mitigate issues associated with poor face recognition, such
as using compensatory mechanisms or setting up situations where you do not need to rely
solely on face recognition. Importantly, it can also lead to more accurate attributions of
social behavior and improve social functioning. For example, if one is aware that they have
excellent face recognition, they could be less likely to interpret another’s failed recognition
of them as a personal slight. Further, prosopagnosics that become aware of the extent of
their face recognition deficits through research participation typically report considerable
relief and often more accurately reinterpret previous life experiences (e.g., they realize that
growing up they were not inattentive or uncaring about others but rather had severe face
recognition deficits, Dingfelder, 2019).

Some studies have found that awareness of one’s face recognition ability is rather limited,
reporting small to non-significant associations (e.g., Bowles et al., 2009; see review by
Palermo et al., 2017). However, more recent studies have reported robust associations
between validated measures of objective face recognition (e.g., Cambridge Face Memory
Test-CFMT) and self-report measures (e.g., Cambridge Face Memory Questionnaire-CFMQ
vs. CFMT, r=.44, Arizpe et al., 2019; Prosopagnosia Index 20-PI-20 vs. CFMT, r=—.39,
Gray et al., 2017; Portuguese P1-20 vs. CFMT, r=-.40, Ventura et al., 2018). This

suggests that individuals have substantial insight into their face recognition abilities,
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despite infrequently receiving specific feedback on their face recognition performance
compared to skills with more frequent, explicit feedback, e.g., mathematics or sports
performance. Fewer studies have examined individual differences or age-related changes

in face recognition awareness. Murray et al. (2018) reported that the majority of their
developmental prosopagnosics (21 out of 33) did not gain insight into their face recognition
deficits until after age 19, suggesting children and adolescents may have reduced awareness
of face recognition deficits. With regards to age effects, Bowles et al. (2009) found

that whereas adults 18-32 years old showed some modest degree of face recognition
awareness (objective/subjective r=.22, p<.05), older adults 55-88 years old showed little-to-
no association between subjective and objective face recognition (r=-.05). Interestingly,
younger and older adults in Bowles et al. reported very similar levels of subjective

face recognition abilities despite younger adults’ better objective face recognition abilities
compared to older adults. A recent paper by Murray and Bate (2019) also found that males
with developmental prosopagnosia reported significantly fewer subjective face recognition
deficits than females with the same level of objective face recognition impairments, perhaps
indicating a bias for males to minimize their subjective face recognition deficits.

Despite this handful of studies examining age and gender differences in face recognition
awareness, the lifespan trajectory of this metacognitive ability and of cognitive awareness
in general remains incompletely characterized. One important question is whether the
awareness of an ability develops, peaks, and declines concurrently with the ability itself

or rather if they have different lifespan trajectories. The prediction of ability and awareness
having similar trajectories comes from a series of studies which have demonstrated that
decreased ability is often accompanied by decreased cognitive awareness as well (e.g.,
Kruger & Dunning, 1999; Ehrlinger et al., 2008). Consistent with these results, studies
have found that during a visual contrast-sensitivity task where participants made a judgment
followed immediately by a confidence rating, perceptual awareness increased from early

to late adolescence (11-18 years old, Weil et al., 2013) and subsequently declined in

middle and older age (Palmer et al., 2014), a very similar trajectory to raw contrast
sensitivity ability (McKendrick et al., 2013). Weil et al. (2013) also reported that females
had greater overall perceptual awareness than males. One drawback to these studies is

that they investigated cognitive abilities that peak around the same time when general
metacognitive processes have shown to peak (e.g., in the early 20s, Weil et al., 2013).

Face recognition ability is unusual—compared to more basic perception abilities, short-term
memory, and executive functions that peak in the late-teens and early 20s (Hartshorne

& Germine, 2015), the lifetime peak of face recognition is considerably later, in the early-
to-mid 30s (Germine et al., 2011). Thus, face recognition ability is a good test case to
determine whether cognitive ability and awareness necessarily coincide or rather if face
recognition awareness is similar to other meta-cognitive functions that peak in the early 20s
(e.g., Reese et al., 2011). Further, previous studies examining lifespan changes in cognitive
awareness have used trial-by-trial judgments of awareness (e.g., Weil et al., 2013). These
paradigms provide an indication of whether an individual was aware of their performance
on a particular trial (i.e., local metacognition, see Soew et al., 2021) and have shown to
correlate with metacognitive abilities in general (e.g., Mazancieux et al., 2020). However,
examining the relationship between self-report questionnaires about one’s general ability
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vs. objective ability (i.e., global metacognition, Soew et al., 2021) may capture additional
daily life cognitive awareness information, complementing trial-by-trial paradigms. Finally,
task-specific self-report measures may be subject to biases (e.g., in easy tasks people are
more likely to rate themselves as above average compared to difficult tasks), which can
influence how individuals report their abilities in comparison to others (Kruger, 1999) and
global metacognition measures may be less susceptible to these effects.

To further characterize the lifespan changes in face recognition awareness, we examined a
large, web-based sample (N=4,143) with a broad age range (ages 10-70) on well-validated
measures of objective (CFMT3) and self-reported face recognition (CFMQ, Arizpe et al.,
2019). Our measure of interest was the strength of association between self-reported and
objective face recognition ability, similar to other investigations of cognitive awareness
(e.g., Ackerman & Wolman, 2007; Serra-Blasco et al., 2019; Vardy et al., 2006), and how
this association differs with age. We also examined age-related changes in subjective vs.
objective biases as well as slopes of the best fit objective-predicting-subjective regression
line for each age group, i.e., how many units of self-reported ability are traded off for a
unit of objective ability. To examine these measures, we divided our sample into seven
bins: Ages 10-18, 19-22, 23-26, 27-31, 32-38, 39-50, and 51-70. Each bin had at least

200 participants per gender to ensure that correlations could be reliably calculated for each
age bin and across genders (Guadagnoli & Velicer, 1988). Finally, we sought to compare
face recognition awareness across genders, considering that females have previously shown
greater cognitive awareness on perceptual tasks (e.g., Weil et al., 2013) and males may
minimize their face recognition deficits compared to females (Murray & Bate, 2019).

Participants performed the study on www. TestMyBrain.org, a cognitive testing website
accessed through search engines, social media and news sites, where participants receive
feedback on their cognitive performance compared to population norms (Fortenbaugh et al.,
2015; Germine et al., 2011; Germine et al., 2012; and Riley et al., 2016). The participants

in this study were 4,143 (2,610 female) unpaid volunteers who visited TestMyBrain.org
between January 2015 and March 2015. All participants gave informed consent in
accordance with guidelines set forth by the Committee on the Use of Human Subjects at
Harvard University (protocol # F15795-122) and the Wellesley College Institutional Review
Board. Additionally, participants completed a voluntary demographic survey which included
questions related to age, gender, location, native language, education, and ethnicity. All
participants received feedback on their performance relative to others at the end of the tasks.
Notably, data from www.TestMyBrain.org has been shown to be of comparable high quality
and reliability when compared with data gathered in a laboratory setting (Germine et al.,
2012) and has been extensively used to study population dynamics across various cognitive,
perceptual, and neuropsychological tests and experiments (Arizpe et al., 2019; Fortenbaugh
etal., 2015; Riley et al., 2016; Rothlein et al., 2018), including face recognition (Germine et
al. 2011; Susilo et al., 2013).
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Tasks and Procedure

Each participant performed the following tasks in a fixed order: (1) the Cambridge Face
Memory Questionnaire, (2) the Cambridge Face Memory Test version 3, and (3) a Famous
Faces Memory Test.

The Cambridge Face Memory Questionnaire (CFMQ) is a valid and reliable 18-item self-
report questionnaire designed to measure one’s daily face recognition abilities (see Arizpe
et al., 2019 and Supplemental Table S1). The CFMQ includes questions assessing the
frequency of both positive and negative face recognition occurrences in everyday life and
includes one question assessing one’s face recognition skills compared to others. For all

but one question, the following five frequency options were given: 1) Never or Almost
Never, 2) Not Usually, 3) Sometimes, 4) Frequently, 5) Always or Almost Always. It should
be noted that questions 3, 4, 5, 6, 9, 13, 14, 15, 16, and 18 were reverse scored. The

first question “Compared to my peers, | think my face recognition skills are...” gave the
following options: 1) Far Below Average, 2) Somewhat Below Average, 3) Average, 4)
Somewhat Above Average, and 5) Far Above Average. The minimum score on the CFMQ is
18, indicating worse self-reported face recognition, and the maximum is 90.

The Cambridge Face Memory Test (CFMT; Duchaine & Nakayama, 2006) is a widely used
test of unfamiliar face recognition in which participants are required to learn and recognize
six target faces in conditions of varying difficulty. We used the internet-based version of

this test, CFMT3 (Germine et al., 2012). Faces were bald and presented in grayscale with

no distinguishing non-facial features. The first part of the test introduced six target faces

to participants. Each target face was presented at three different angles for 3 s each. Next,
participants performed a 3-alternative forced-choice task with the learned target face and
two non-target distractors presented in the same angle and lighting. After the learning phase,
all six target faces were shown simultaneously for 20 s and participants were instructed to
memorize these faces. Next, participants were then tested on 30 forced-choice trials, where
each trial included one of the six target faces and two non-target faces shown in novel views
and lighting conditions. After another 20 s study period with the same six target faces, in the
last 24 trials visual noise was added to stimuli to make the tasks more difficult.

The CFMT3 is identical to the original version of the CFMT developed by Duchaine and
Nakayama (2006), except that instead of photographs of faces, the CFMT3 uses novel
artificial faces that were generated with FaceGen software (Singular Inversions, Toronto,
ON). As our experiment was widely and publicly available online, we refrained from using
the original CFMT in our study to maintain the integrity of the original CFMT for clinical
or in-lab use, for example, as part of a diagnosis of prosopagnosia. In terms of the validity
of using artificial faces in the CFMT3, there is an ongoing debate and some studies have
found that artificial faces are more difficult to remember than real faces (Balas et al.,
2015). However, others have found similar overall recognition performance and robust face
inversion effects (e.g., Katsyri, 2018), suggesting very similar processing to real faces.
Notably, Wilmer et al. (2010) employed very similar FaceGen facial stimuli in the CFMT
format and found a strong correlation with the original CFMT using real faces (r = .76).
This is close to internal consistency values reported for the original CFMT (ranging from .75
to .90), suggesting a high correspondence. Further, we previously found a high correlation
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between the CFMT3 and Famous Face Memory Test (FFMT) scores, r(1516) = 0.47, p<
.001 (Arizpe et al, 2019), suggesting that the FaceGen faces in the CFMT3 provide a valid
measure of individual differences in face recognition ability.

After the CFMT3, participants also completed one of three versions of a Famous Face
Memory Test (FFMT, see Mishra et al., 2019 for an in-depth description). We chose to focus
our analyses on the CFMT rather than the FFMT because 1) CFMT is a more widely used
measure of individual differences in face recognition ability than the FFMT, and 2) FFMT
performance may depend more on one’s previous experience with the famous faces (e.qg.,
degree of interest in and exposure to American media).

Our analyses focused on continuous measures of objective (CFMT3) and subjective
(CFMQ) face recognition ability as well as metacognitive measures—correlation, slope,
and subjective/objective bias, measured for each of the seven age bins: 10-18, 19-22, 23-26,
27-31, 32-38, 39-50, and 51-70. We also analyzed the entire sample and each age bin
separately for male and female participants.

To determine the age associated with best performance on the CFMT3, we used a peak
analysis method adapted from Germine et al. (2011). The data was fitted to a quadratic
function with score plotted linearly and age plotted logarithmically, as this more closely fit
a quadratic function as compared to age plotted linearly (see Supplemental Figure 3A). A
bootstrap resampling procedure with 1000 samples was used to generate an estimate of the
mean of the peak, as well as a standard error and confidence interval, from the maximums
of the best-fit quadratic functions of the samples (Efron & Tibshirani, 1993). The standard
deviation of these values was used as the estimate of standard error (DiCiccio & Efron,
1996; Germine et al., 2011). A 95% confidence interval was generated using the percentile
method (Efron & Tibshirani, 1993).

To measure the strength of the relationship between subjective and objective face
recognition ability, i.e., group metacognitive sensitivity, we calculated the Pearson
correlation coefficients between CFMT3 and CFMQ for each bin. For converging evidence,
within each bin we also calculated the slope and intercept of the best-fit regression line of
CFMT3 predicting CFMQ. Although correlations and slopes are often highly associated,
correlations represent a scaleless indicator of the linear association between two measures
(subjective vs. objective ability) whereas slopes indicate how many units of one measure are
traded off for a unit of another, providing some advantages when comparing slopes between
groups. As a final measure, we calculated a measure of subjective vs. objective performance
bias. To do this, we first z-transformed each participant’s CFMQ and CFMT3 score based
on the total sample M and SD, and then calculated a z-score difference of CFMQ minus
CFMT3. One drawback to collapsing across all participants on the CFMQ is that one CFMQ
item reads, “Compared to my peers, | think my face recognition skills are...”. However, the
rest of the items are not relative to one’s peer group and the results were very similar when
removing this item.
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To compare correlation coefficients in different age bins and across gender, we used the
Fisher r-to-z transformation to normalize the sampling distributions of the correlations
(Fisher, 1915). We performed a test of equality on the Fisher z transformations and evaluated
the results using Chi-square tests, while z-tests were used to compare chronological pairs

of age bins (Howell, 2011). Regression slopes in chronologically adjacent age bins were
compared using a t-test for testing the difference between two independent regression
coefficients, as described in Cohen et al., 2003. False Discovery Rate (FDR) corrected
p-values were used to correct for multiple comparisons (Benjamini et al., 1995).

As a robustness check of the data and to ensure our binning method did not influence the
findings, we also plotted the results as a continuous moving window of 600 participants,
approximately the average bin size of our categorical analyses (see Supplementary Figure
S4). We also performed an exploratory multiple regression analysis predicting CFMQ from
CFMT3, age, age?, CFMT3 x age, and CFMT3 x age? (see Supplementary Tables S2).

Sample Size Justification

Our sample size was calculated to examine at least seven age bins across the lifespan. Our
main measure of interest was metacognitive accuracy, the correlation between subjective and
objective face recognition. To ensure that differences in correlations of .1 or greater between
age bins could be reliably detected, we sought to obtain at least 400 participants per age bin
(minimum of 200 males and 200 females).

Transparency and Openness

Materials and analysis code for this study are available by emailing the corresponding
author. We report how we determined our sample size. This study was not pre-registered.

Results

Participants

There were 4,143 participants with ages ranging from 10 to 70 years! (M = 32.41, SD =
15.06). As shown in Table 1, there were significantly more female participants than males in
the sample (overall female: 63%, overall male: 37%; X2(6, N=4143) = 36.687, p < 0.001),
similar to other studies from www.TestMyBrain.org (Germine et al., 2011). With regards

to education, 2.4% of the participants attended middle school, 17.2% went to high school/
secondary school, 24.6% attended some college/university, 23.3% held a bachelor’s degree,
24.7% received a graduate degree, and 3.1% did not indicate their level of education. For the
analyses, the participants’ data were divided into the following seven age bins where every
bin included at least 200 individuals from each gender: Age 10-18, Age 19-22, Age 23-26,
Age 27-31, Age 32-38, Age 39-50, and Age 51-70. Including at least 200 male and female
participants in each age bin ensured that correlations could be reliably calculated for each
age bin and across genders (Guadagnoli & Velicer, 1988).

L}t should be noted that no personal data was collected from minors (participants < 18 years old) and the protocol was in adherence
with the Children’s Online Privacy and Protection Act.
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Objective and Subjective Face Recognition Performance Across the Lifespan

The goal of the current study was to characterize the change in face recognition awareness
across the lifespan. Before quantifying face recognition awareness, we first sought to
examine its constituent measures: lifespan changes in objective and subjective (i.e., self-
reported) face recognition ability.

Cambridge Face Memory Test

We examined the CFMT3 to characterize lifespan changes in learning and recognizing novel
faces. We generally replicated previous CFMT findings (Germine et al., 2011) showing a
rapid increase in childhood, peak in the early to mid 30s (M= 33.374, SE = 1.025, 95%

Cl [31.862, 35.111]) and slow decline in later adulthood (see Figure 1A and Supplemental
Figure S1). A two-way ANOVA of gender (male/female) and age (7 age bins) on CFMT
scores revealed a main effect of age (A6, 4142) = 1.665, p < 0.001), but no significant effect
of gender nor age x gender interaction (all p’s > .13).

Comparing chronological age bins (i.e., Age bins 10-18 vs 19-22; Age 19-22 vs Age 23-26;
Age 23-26 vs Age 27-31; Age 27-31 vs Age 32-38; Age 32-38 vs Age 39-50; and Age
39-50 vs Age 51-70) revealed a significant increase in performance between ages 10-18 and
19-22 (t (1375) = —3.94; p < 0.001; False Discovery Rate (FDR) corrected probability: q

= 0.000369) as well as significant decrease in performance between ages 39-50 and 51-70
(t(1238) = 3.85; p < 0.001; FDR corrected probability: g = 0.00036).

Cambridge Face Memory Questionnaire

We next examined self-reported face recognition performance across the lifespan using

the CFMQ, which revealed a markedly different pattern (see Figure 1B). Scores were
relatively flat across the lifespan and increased in later adulthood, indicating higher ratings
of self-reported face recognition with age. Further, we found that males rated themselves

as better at face recognition than females (see Supplemental Figure S2), even though there
were no differences between males and females in objective face recognition performance.
Change across the lifespan was confirmed by a two-way ANOVA with gender and age (7
age bins) on CFMQ score, showing a main effect of age (A6, 4142) =5.176, p < 0.001)

and gender (A6, 4142) = 12.436, p < 0.001), but no significant age x gender interaction.
Comparing chronological pairs of age bins across gender only revealed a significant increase
in self-reported recognition between the bins ranges of Age 39-50 and Age 51-70 (41238) =
-4.54, p < 0.001; FDR corrected probability: g = 0.00003). For all other adjacent age pairs,
the differences were not significant (all p’s>.30).

Measuring Face Recognition Awareness Across the Lifespan

The main objective of this study was to characterize age-related changes in individuals’
awareness of their face recognition ability. We first examined our primary measure of face
recognition awareness, the correlation between objective and subjective face recognition
performance (i.e., group metacognitive sensitivity). As secondary measures, we examined
the best-fit regression line of objective measures predicting subjective measures and the
subjective minus objective performance bias score.

J Exp Psychol Hum Percept Perform. Author manuscript; available in PMC 2024 January 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

DeGutis et al. Page 9

When examining the associations between objective measures and subjective measures of
face recognition for each age group, we found that the associations increased rapidly from
10-18 to 19-22 years old, peaked in the mid 20s, were relatively stable until the mid 40s, and
declined in later adulthood (51-70 years). We next evaluated whether this peak matched the
peak of objective face recognition ability on the CFMT3. The mid 20s peak of metacognitive
accuracy (objective-subjective associations) did not fall within the peak of CFMT3 accuracy,
95 % CI [31.862, 35.111], suggesting that peak objective and subjective awareness do not
temporally coincide.

To test whether these lifespan changes were significant, we performed a test of equality on
the Fisher z transformations of the 7 age bin correlations and evaluated the results using the
Chi-square test (see Methods). We clearly found that the null hypothesis, that all correlation
coefficients are equal, should be rejected (c?-statistic = 41.60, p < 0.001). We then tested

for differences in adjacent chronological pairs of Pearson correlation coefficients. We found
significant correlation differences between 10-18 vs. 19-22 age bins (Z = —3.46; p < 0.001,;
FDR corrected probability: q =0.003) and 39-50 vs. 51-70 age bins (Z = 2.53, p = 0.011;
FDR corrected probability: q = 0.03), while the others were not significant (all p’s > 0.3; see
Figure 2).

To further characterize the nature of these age-related differences, we next examined the
change in the best-fit regression lines of objective measures predicting subjective face
recognition performance across the age bins. These slope measures, compared to the
correlation coefficients above which are scaleless indicators of the subjective vs. objective
ability relationship, indicate how many units of subjective ability are traded off for a unit
of objective ability. That said, it should be noted that as the subjective/objective correlation
comes closer to zero, so does the regression slope. As can be seen in Supplemental Figure
S3, for CFMT predicting CFMQ, we found that 10-18 year-olds and 51-70 year-olds

had shallower slopes than individuals in the mid-years of life. In particular, this was
driven by 10-18 and 51-70 year-olds with worse objective face recognition tending to rate
themselves as having betterface recognition abilities. We confirmed these differences by
comparing regression slopes in chronologically adjacent age bins. The results indicated
that the slope of the regression lines for CFMT predicting CFMQ significantly differed
between 10-18 and 19-22 year-olds ({1373) = 4.10, p < 0.001; FDR corrected probability:
g = 0.0003) as well as between 39-50 vs. 51-70 year-olds (£1236) = 3.432, p < 0.001;
FDR corrected probability: 0.0018), but not for any other adjacent age bins (all p’s >

.05). An examination of the y-intercepts showed a very similar pattern to the slopes (see
Supplementary Materials).

Lastly, we investigated age-related differences in individuals’ awareness of their face
recognition abilities using the subjective minus objective bias scores. We calculated z-
score differences between subjective ratings and objective ratings. Positive bias indicates
higher self-report ratings compared to objective scores (i.e., over-confidence relative to the
population mean) whereas negative bias implies higher objective scores than self-report
ratings (i.e., under-confidence relative to the population mean). As can be seen in Figure
1C, we found that 10-18 and 51-70 year-olds had the highest positive bias scores across all
age bins, meaning higher subjective than objective ratings (i.e., over-confidence relative to
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the mean), consistent with the regression slope analysis. In contrast, 19-50 year-olds had
slightly negative bias scores, suggesting higher objective than subjective ratings (i.e., under-
confidence). These bias differences between age groups were confirmed to be significant by
one-way ANOVA (A6, 4142) = 20.655, p < 0.001). Comparing bias scores for chronological
pairs of age bins via unpaired t-tests revealed similar findings to the CFMT vs. CFMQ
correlations. For the subjective-objective bias scores, there were significant bias differences
between Age 10-18 and Age 19-22 (#1375) = 4.37, p < 0.001; FDR corrected probability:

g = 0.000039) as well as between Age 39-50 and Age 51-70 (#1238) = -7.58, p < 0.001;
FDR corrected probability: g = 0.0000000000004). These results demonstrate that reduced
face recognition awareness earlier (Age 10-18) and later (Age 51-70) is also accompanied by
overconfidence in one’s face recognition abilities.

Gender Differences in Awareness of Face Recognition Ability—Because studies
have shown a female advantage in several aspects of social cognition (e.g., Reading the
Mind in the Eyes, see Vellante et al., 2013; face recognition, Herlitz & Loven, 2013;
McKelvie et al., 1993; though see Bowles et al., 2009), we next sought to compare face
recognition awareness between males and females. We found a relatively similar lifespan
pattern in both males and females (see Figure 3A), but interestingly, compared to males,
female participants showed a significantly greater overall association between CFMT and
CFMQ (females: r=0.419 vs. males: r=0.358, Z = 3.46, p = 0.0257). We then tested

for correlation differences in pairwise comparisons for each age bin across gender (e.qg.,
correlation for Female Age 10-18 vs. Male Age 10-18) for CFMT vs. CFMQ. None of the
pairwise comparisons were significantly different (all p’s > 0.1).

We next compared the regression slopes of objective predicting subjective performance
between males and females (see Supplemental Figure 3B). Again, we found an overall
difference between male and female regression slopes for CFMT predicting CFMQ
(females: 0.637 vs. males: 0.482, {4139) = 3.70, p < 0.001). In addition, a series of FDR-
corrected pairwise comparisons for each age bin revealed significant gender differences for
CFMT predicting CFMQ (Age 10-18 (4773) = 2.987, p = 0.003; FDR corrected probability:
q=0.02), Age 23-26 (#£533) = 2.698, p = 0.007; FDR corrected probability: g = 0.025), and
Age 32-38 (4481) = 2.681, p = 0.008; FDR corrected probability: g = 0.018). Y-intercepts
showed a similar pattern (see Supplementary Materials).

Finally, we ran a series of unpaired t-tests to compare subjective minus objective bias scores
between males and females. As demonstrated by Figure 3B, the results showed that males
had more of a bias than females to report higher self-reported vs. objective face recognition
(4(4141) = 3.804, p < 0.001). In fact, the average bias scores for males across all age bins
were either positive or near zero. For females, on the other hand, most bias scores were
negative except for Age 10-18 and Age 51-70. Pairwise comparisons of age bins revealed
several trends that failed to reach significance after correcting for multiple comparisons: Age
10-18 ({775) = -2.3, p = 0.0217; FDR corrected probability: g = 0.0506), Age 32-38 (4483)
=-1.896, p = 0.0586; FDR corrected probability: g = 0.08204), Age 39-50 (£571) = -2.121,
p = 0.0343; FDR corrected probability: g = 0. 0.060025), and Age 51-70 (4665) = -2.324, p
= 0.0204; FDR corrected probability: g = 0.0714).
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Do the Results Observed Depend on Binning the Data?—The purpose of using
age bins in the current study was to obtain several stable estimates of correlations, our
primary measure of cognitive awareness. To ensure that the results observed did not depend
on the particular participant bins that were selected, we similarly examined correlations
and slopes using a continuous sliding window approach of 600 participants, approximately
the average bin size used in the main analyses in the manuscript. Importantly, these
visualizations show highly similar results to the main analyses (see Supplementary Figure
S4). Additionally, we performed multiple regressions predicting subjective face recognition
from CFMTS3, age, age?, CFMT3 x age, and CFMT x age2. Importantly, we found that
both CFMT3 x age and CFMT3 x age? uniquely predicted CFMQ, suggesting that the
CFMT/CFMQ relationship varies with age when age is used as a continuous measure (see
Supplementary Table S2).

Discussion

The current study is the first to characterize how face recognition awareness changes
across the lifespan. We found a robust overall association between objective performance
on the CFMT3 and subjective report (r=0.42 in females, r=.36 in males). Notably, the
lifespan pattern of face recognition awareness had a different pattern from that of objective
and subjective face recognition ability. In particular, face recognition awareness increased
between ages 10-18 and the mid-20s (peaking at r=.48), plateaued until around age 50,

and decreased in 51-70-year-olds. These findings were complemented by bias measures

of subjective vs. objective face recognition, demonstrating that 10-18- and 51-70-year-
olds tended to overestimate their self-reported face recognition abilities, particularly those
with the lowest face recognition abilities, in comparison to individuals in the mid-years

of life. Finally, we found a small but consistent effect of gender on face recognition

ability awareness, with females having overall greater face recognition awareness compared
to males while at the same time showing a bias to relatively underestimate their face
recognition abilities compared to males. Together, this suggests that face recognition
awareness may be a distinct process from face recognition ability. We discuss how face
recognition awareness may both depend on the amount of feedback that one receives about
their face recognition ability in everyday life as well as issues related to self-report, such as
forgetting face recognition mistakes.

The current findings provide important insights into social cognition. Studies of social
cognitive awareness have primarily focused on the individual’s awareness of others’
feelings, thoughts, and intentions (i.e., theory of mind, Moran, 2013), and its importance
for social competence (Hoglund et al., 2008). By using the association between subjective
and objective face recognition to measure face recognition awareness, the current study
was able to characterize awareness of one’s own social cognitive abilities. Interestingly, our
observed peak of face recognition awareness in the mid-20s is earlier than the mid-40s peak
performance for a popular theory of mind task, Reading the Mind in the Eyes (Hartshorne
& Germine, 2015). Though it would be beneficial for future studies to directly compare
these tasks, this provides preliminary support that face recognition self-awareness and social
awareness of others may be at least partially separable processes (e.g., see Nichols & Stich,
2003). For example, self-monitoring mechanisms that provide self-knowledge may develop
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independently, or before, mechanisms that provide awareness of others’ mental states
(Nichols & Stich, 2003; though see Goldman, 2006). Though the everyday life implications
of greater face recognition awareness remain to be characterized, one likely possibility is
that it helps the individual to determine how to behave appropriately or better interpret
social situations (e.g., avoiding faux pas) and could provide greater social confidence. For
example, if one is aware of their below-average face recognition abilities, when greeted at

a social gathering by a potentially familiar person, one could compensate by smiling and
saying “good to see you” while asking vague questions to try and determine who the person
is without offending them. Poor awareness of one’s face recognition abilities, on the other
hand, could have significant negative social consequences such as being seen as uncaring by
others or rather erroneously perceiving that others do not care about you.

To our knowledge, this is the first study to use a large sample of participants to

characterize finer-grained age-related changes in global metacognition, allowing for a
better understanding of cognitive awareness across the lifespan. Other studies have either
examined age-related or group differences in local (i.e., within participant) metacognitive
abilities (e.g., between adolescents and adults, Weil et al., 2013; between younger and older
adults, Palmer et al., 2014). One strength of the current study’s examination of global
metacognition is that participants reported about their general ability rather than specifically
how well they think they would perform on a particular task or how confident they are in
their performance on a single trial. Though local, task-specific metacognitive performance
has been shown to correlate with metacognitive abilities in general (Mazancieux et al.,
2020), global metacognition may provide important complementary information and likely
better generalizes to metacognition in daily life. Additionally, task-specific self-reports,
compared to self-reported general ability, typically show greater correlations with the
objective task performance (e.g., Hertzog et al., 2000). Thus, our demonstration of strong
associations between general self-reported face recognition ability and task performance

as well as changes with age suggest these findings are robust and may be even more
pronounced when examining task-specific self-report paradigms.

It is notable that the highest level of face recognition awareness, both in terms of strongest
subjective/objective relationship and least amount of bias, was reached in the early to mid
20s, preceding the highest levels of objective face recognition ability by approximately

10 years. One explanation for this earlier development of face recognition awareness is
increased social feedback. In particular, studies suggest that the size of one’s global social
network size is at its greatest level in the early to mid 20s and is followed by a plateau
between late 20s and early 30s (Wrzus et al., 2013). This increased social network size
during the early to mid 20s is likely related to increased emotional and behavioral autonomy
(Hofer & Pikowski, 2002; Kreppner, 1993) as well as entering new school or work
environments, exposing individuals in this age range to a much larger number of relevant
individuals/to-be-remembered faces. This larger social network could give individuals many
more opportunities to try and learn and remember faces as well as feedback on their
performance, increasing their self-knowledge. Another factor that could account for the peak
of face recognition awareness in the mid 20s is that this is the time when episodic memory
is most accurate (Shing et al., 2010). It could be that individuals in their mid 20s are better
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able to remember their daily face recognition successes and failures than younger and older
adults, increasing the accuracy of their self-report.

Similar mechanisms may explain the decline of face recognition awareness amongst 51-70
year-olds. Our finding of poorer face recognition awareness in older adults is consistent with
Bowles et al. (2009), who showed that while adults 18-32 years old had a modest degree

of face recognition awareness, older adults 55-88 years old showed little-to-no association
between subjective and objective face recognition (r=-.05). One possibility is that, compared
to younger adults, older adults receive less feedback about their face recognition abilities.
Older adults tend to have smaller, more stable social circles than younger adults (Carstensen,
1992; Wrzus et al., 2013). Older adults’ social circles are often composed of individuals
whom they have known for extended periods of time such as their spouse, children,
relatives, and a decreasing group of close friends (van Tilburg, 1998). These more intimate
social circles could result in relatively fewer situations where older adults receive feedback
(or fewer situations where they receive negative feedback) on their ability to learn and
remember faces, providing them with less insight into their face recognition abilities. An
alternative explanation is that as people get older, they forget or underreport their everyday
face recognition failures and, thus, rate their subjective face recognition to be better than

it is. This phenomenon is consistent with studies that demonstrate fewer self-reported
cognitive failures in older adults while they are experiencing objective cognitive decline (for
a review, see De Winter, Dodou, & Hancock, 2015). Older adults’ increase in self-reported
face recognition ability while at the same time their objective face recognition is declining
is consistent with this more general effect. An additional factor could be the age-related
positivity effect, in which older adults are motivated to be biased towards positive over
negative stimuli and memories as an emotional regulation strategy (Mather & Carstensen,
2005). This positivity effect can result in more emotionally gratifying memory distortions in
older adults (Mather & Carstensen, 2005), and thus could also lead to greater forgetting of
experiences that reflect negatively on their face recognition ability.

In addition to these lifespan changes, the current study also revealed significant gender
differences in face recognition awareness. Compared to males, females had better face
recognition awareness overall and were less biased to positively rate their subjective face
recognition abilities. This female advantage was not observed on the CFMT, consistent with
a recent report using both male and female-face versions of the CFMT (Elbich et al., 2017,
though see other studies showing a female advantage in recognition of new faces, Herlitz

& Loven, 2013; Mishra et al., 2019). This suggests that the female advantage may be more
pronounced for social cognitive awareness and goes along with other studies showing better
social cognitive awareness in females (e.g., theory of mind, Kirkland et al., 2013). One
explanation is that females tend to have larger and more diverse social networks than males
(Antonucci & Akiyama, 1987; Antonucci et al., 1998; Ross & Mirowsky, 1989; Turner

& Marino, 1994), which could provide additional interactions and feedback, enhancing
their face recognition awareness. This enhanced insight may be specific to social cognitive
abilities, as meta-analyses have failed to find consistent gender differences in other domains
of self-insight (e.g., Freund & Kasten, 2012). In terms of females’ less positive bias in

their subjective report than males, this is consistent with a recent report finding that, in
comparison to females, male developmental prosopagnosics reported fewer everyday face
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recognition failures despite having similar objective face recognition abilities (Murray &
Bate, 2019). This difference could be due to females’ better recollection of their daily life
face recognition failures, consistent with reports of superior autobiographical memory in
women (Davis, 1999; Fuentes & Desrocher, 2013; Pillemer et al., 2003). Alternatively, these
biases could reflect the general effect that males are more likely to have more positive
self-reports than females (Barber & Odean, 2001; Deaux & Farris, 1977; Lundeberg et al.,
1994).

Another important implication of the current findings is in diagnosing developmental
prosopagnosics and super face recognizers, those with extraordinary face recognition
abilities (Russell et al., 2009). First, the current results demonstrate a generally robust
relationship between self-reported and objective face recognition abilities, supporting the
diagnostic utility of self-report face recognition questionnaires (e.g., P1-20, Gray et al.,
2017; Ventura et al., 2018). Also consistent with prior findings (Arizpe et al., 2019), the
current results highlight some of the limits of self-report, such as its susceptibility to

bias, and suggest that self-report alone is inadequate to diagnose prosopagnosics and super
recognizers. The current findings extend previous work by demonstrating that self-reported
face recognition in 10-18 year olds and 51-70 year olds are generally the least accurate
and are biased towards overconfidence in their face recognition abilities. In contrast, self-
reported face recognition of individuals in their early-to-mid-20s and females in general
are the most accurate. Taking into account these age- and gender-related differences in
group metacognitive sensitivity and bias when using self-report questionnaires to diagnose
prosopagnosia (and potentially super recognizers) would be an important future endeavor.

Though the current study provides insights into social cognitive awareness across the
lifespan, it is limited by the cross-sectional nature of the study. Cohort effects, such

as younger generations being more adept with social media where they may receive
exposure to many faces and new acquaintances, could partially account for the findings.

A longitudinal study would allow a better characterization of lifespan changes and help
determine if greater face recognition awareness leads to greater objective face recognition
ability. Further, the current study does not address whether the effects are specific to face
recognition awareness or reflect metacognition/cognitive awareness more generally. Future
studies comparing the current paradigm with other facets of social cognitive awareness (e.g.,
theory of mind), and metacognition/cognitive awareness (e.g., memory) would be useful to
better tease this question apart. Another limitation of the current study is that our objective
face recognition measure was composed of artificial FaceGen faces. Though studies have
found that artificial faces generally behave similar to real faces (e.g., face-inversion effects,
Kaétsyri, 2018), it would be good to replicate these results using real faces. Finally, though
the current study examines global metacognition, it does not speak to local metacognitive
efficiency, the ability to distinguish between one’s own correct and incorrect responses
given a specific level of task performance (Fleming & Lau, 2014). Future studies would be
useful to measure lifespan changes in face recognition metacognitive efficiency and how this
corresponds with the current findings.

In sum, the present study provides novel insights into how one aspect of social cognitive
awareness, face recognition awareness, changes across the lifespan. Our results demonstrate
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that face recognition awareness peaks in the early-to-mid 20s, is relatively stable throughout
the 20s-40s, and declines in the 50s-60s. They also show that females have consistently
greater face recognition awareness than males. Future studies will be useful to better
characterize the real-world consequences of poor vs. good face recognition awareness

and the benefits of feedback ‘training.” Finally, it would be useful to determine if these
results generalize to awareness of other aspects of social cognition such as facial emotion
recognition ability.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Public Significance Statement:

This study suggests that people generally have insight into their face recognition ability,
particularly from the mid-20s to 40s. We found that both those under 20 and over 50

tend to overestimate their face recognition ability, and that compared to females, males
displayed a tendency to overestimate their face recognition ability. We also found that
face recognition ability peaks about ten years later than awareness of this ability, which is
temporally aligned with the lifetime peak of other more general metacognitive processes.
This suggests that, at least in the case of face recognition, ability and metacognitive
awareness of that ability do not share a developmental trajectory.
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Figure 1. Self-reported (CFMQ) and objective face recognition (CFMT3) and bias (CFMQ -
CFMT3) across the lifespan.

Note. CFMQ (Cambridge Face Memory Questionnaire), CFMT3 (Cambridge Face Memory
Test version 3), and Bias (CFMQ — CFMT3). Note that the dots represent the average

of consecutive 2-year age bins and the blue area represents the 95% confidence interval
around the best-fit quadratic function. Positive bias scores indicate better self-report rating
compared to objective face recognition ability in comparison to the entire population (over-
confidence) whereas negative bias scores indicate lower self-report compared to objective
face recognition ability (under-confidence).
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Figure 2. Group Metacognitive Sensitivity (CFMT3 x CFMQ correlations) across the lifespan.
Note. Each age bin data point represents the Pearson correlation between CFMT3

(Cambridge Face Memory Test version 3) and CFMQ (Cambridge Face Memory
Questionnaire) for participants in that bin, with error bars indicating 95% confidence
intervals. To illustrate the lifespan changes in the association between CFMT3 and CFMQ,
individual subject data are shown for 10-18, 23-26, and 51-70 year old age bins.
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Figure 3. Group Metacognitive Sensitivity (CFMT x CFMQ correlations) and Bias (CFMQ —
CFMT) across the Lifespan Separated by Gender

Note. A) Each age bin data point represents the Pearson correlation between CFMT3
(Cambridge Face Memory Test version 3) and CFMQ (Cambridge Face Memory
Questionnaire) for participants in that bin, with error bars indicating 95% confidence
intervals. For bias scores (B), positive values indicate better self-report rating compared

to objective face recognition ability in comparison to the entire population (over-confidence)
whereas negative bias scores indicate lower self-report compared to objective face
recognition ability (under-confidence). Error bars indicate 95% confidence intervals.
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Table 1
Participant Demographics (N = 4,313)
Group Age Range Average Age n Males Females
1 10-18 16.0 i 238 539
2 19-22 20.4 600 219 381
3 23-26 24.4 537 208 329
4 27-31 28.9 504 219 285
5 32-38 34.8 485 214 271
6 39-50 44.4 573 209 364
7 51-70 59.5 667 226 441
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