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Abstract

Face recognition is fundamental to successful social interaction. Individuals with deficits in face
recognition are likely to have social functioning impairments that may lead to heightened risk for
social anxiety. A critical component of social interaction is how quickly a face is learned during
initial exposure to a new individual. Here, we used a novel Repeated Faces task to assess how
quickly memory for faces is established. Face recognition was measured over multiple exposures
in 52 young adults ranging from low to high in social inhibition, a core dimension of social
anxiety. High social inhibition was associated with a smaller slope of change in recognition
memory over repeated face exposure, indicating participants with higher social inhibition showed
smaller improvements in recognition memory after seeing faces multiple times. We propose that
impaired face learning is an important mechanism underlying social inhibition and may contribute
to, or maintain, social anxiety.
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1. Introduction

Humans are highly social beings. We are dependent on social groups to provide a sense of
belonging (Hagerty et al., 1996), provide feelings of security (Sherman, 1977), and aid in
partner selection and parenting (Hamilton, 1964). Thus, the ability to form and maintain
strong social relationships is both rewarding and evolutionarily advantageous (Hamilton,
1964; Alexander, 1974). Individuals who are able to form large social circles are better
protected against harm and adversity, while those who have difficulty developing new
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relationships experience fewer social benefits and are more susceptible to negative life
events. For example, social anxiety is associated with myriad negative consequences,
including reduced educational attainment (Schneier et al., 1994), occupational status
(Schneier et al., 1994), and quality of life (Wittchen and Fehm, 2003).

Social anxiety may be associated with impairments in face recognition. The basic abilities to
detect and process facial information form the basis of successful social interactions. Faces
convey a wealth of information about an individual, and the ability to quickly recognize
faces is a vital skill necessary to build and maintain social relationships. Accurate and rapid
recognition of a face is critical for social functioning because it allows one to gauge
behavior, intent, and appropriate social response, based on previous experiences. The
importance of face recognition is evidenced by three distinct features: 1) humans have a
preference at birth for processing and recognizing faces (Pascalis and Slater, 2003) and
already show processing patterns during infancy similar to adults (Farzin et al., 2012); 2)
face recognition is highly specific and dissociable from both general intelligence and from
other types of recognition memory, like object recognition (Wilmer et al., 2010; Zhu et al.,
2010); and 3) face processing relies on a dedicated neural substrate (Tsao et al., 2006;
McKone et al., 2007; Tsao and Livingstone, 2008; Wilmer et al., 2010).

However, the ability to recognize faces is also surprisingly variable. Studies in healthy
individuals reveal a dramatic range of ability on standardized face recognition assessments
(Wilmer et al., 2010; Zhu et al., 2010; Skuse et al., 2014). This suggests that face
recognition may vary along a dimension, with clinical recognition deficits as seen in
prosopagnosia at the extreme end. Interestingly, individuals with prosopagnosia also show
evidence of chronic and severe social anxiety (Yardley et al., 2008). Given the importance
of face recognition in human social interaction, the notion that individual variability in the
ability to recognize faces may affect social functioning is cogent. Face memory deficits have
been observed in children with autism spectrum disorder (Corbett et al., 2014) and in
patients with schizophrenia (Martin et al., 2005), two disorders characterized by social
functioning impairments. However, the association between social functioning and face
recognition ability remains largely untested outside of clinical populations. Given the
importance of face recognition and the variability in face recognition ability across healthy
people, we propose that this ability is coupled with social function at a fundamental level;
that is, we propose that face recognition ability varies dimensionally with social inhibition.
Social inhibition—defined as the tendency to withdrawal from new people and avoidance of
social situations—is strongly related to social functioning (Bohlin et al., 2000; Rothbart et
al., 2000) as it forms the foundation for developing effective social skills. Furthermore,
social inhibition is one of the best established risk factors for the development of social
anxiety disorder (Clauss and Blackford, 2012).

We posit that a critical component of face recognition is how quickly memory for faces is
established. In a normal social environment (e.g., interaction with coworkers, mingling at a
party) face exposures are repeated many times over a prolonged duration, and memory for a
specific face increases with repeated exposures. However, whether there are individual
differences in acquisition of face memory over repeated exposures remains unknown.
Standardized clinical memory assessments, which typically provide a single exposure prior
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to an explicit recognition test, are not well-positioned to capture individual differences in
memory acquisition over time. To address this limitation, we developed a novel task
(Repeated Faces task) to explicitly assess face memory at different degrees of exposure to a
novel face. Because we expect differences in memory acquisition for faces to be associated
with social functioning, we investigated the relationship between face recognition over
repeated exposures and social inhibition.

2. Methods

2.1. Participants

Study participants were 52 young adults (18 - 30 years of age; mean age = 23 years, SD =
2.56) with social inhibition scores ranging from low social inhibition to high social
inhibition. Participants were recruited using recruitment databases, flyers, and mass
distribution email. To ensure adequate sampling at the extreme ends of the social inhibition
spectrum, we used additional advertisements seeking young adults who were “especially shy
or outgoing as children”. Social inhibition was assessed using well-established self-report
measures: the Adult Self-Report of Inhibition (ASRI) and the companion Retrospective Self-
Report of Inhibition (RSRI) (Reznick, Hegeman, Kaufman, Woods, & Jacobs, 1992). The
ASRI and RSRI both use a 1-5 likert scale and show good reliability and validity (Reznick
etal., 1992; Rohrbacher et al., 2008). In this sample, internal consistency was excellent for
both the ASRI (Cronbach's a = 0.92) and RSRI (Cronbach's a = 0.93). The childhood and
adult social inhibition scores were averaged to create a combined social inhibition score for
each participant. Participants ranged across the full continuum, from very low social
inhibition (minimum = 1.32) to very high social inhibition (max = 4.21) with a mean score
of 2.58 (SD = 0.83).

Participants were excluded for past or current psychiatric illness, except anxiety disorders
based on self-report; head injury resulting in loss of consciousness; significant medical
illness; or current use of psychoactive medications (previous six months). Fifty-four
individuals participated in this study; however, two participants had missing data due to
technical issues, resulting in the final analysis sample size of 52 participants. The study
cohort was 65% female (n = 34) and reflected the racial composition of the surrounding
Nashville community (73% Caucasian, 15% African-American, 8% Asian, and 4% other).
There were no associations between social inhibition and age, sex, or race (all ps > 0.13).

This research was conducted in accordance with the Vanderbilt Human Research Protection
Program and all participants provided written informed consent. Participants received
financial compensation.

2.2. Repeated Faces Task

The Repeated Faces task was developed to test memory accuracy for faces with differing
numbers of exposure, also known as depth of encoding. The task was comprised of an initial
exposure phase followed by a testing phase. During the exposure phase, participants viewed
a total of 128 face presentations in pseudo-random order. To provide a range of face
exposures, we presented four sets of eight faces (n = 32 face identities) one, three, five, or
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seven times. Repeated face images were identical in expression and viewing perspective
across presentations. Participants were told “In this study a face will appear in the middle of
the screen. Your job is to stay focused on the screen and look at each face. The faces will
flash quickly”. Faces were presented for 1 s each with a 250 ms fixation cross image
presented between each face presentation. Prior to the testing phase, participants were told
“Now you will see some more faces. Your job is to determine whether you have seen the
face before or not.” During the testing phase, participants were shown each of the 32
previously-seen faces (1, 3, 5 or 7 previous exposures) and 32 novel faces (0 previous
exposures) in random order and asked to indicate by button press whether each face was
new or was previously-seen. Faces were presented until the button press was made, for up to
5 seconds. E-prime software (Version 1.1, Psychology Software Tools, Pittsburgh, PA,
USA) was used to present stimuli and record button press responses. Both accuracy and
reaction time were collected.

Stimuli were black and white images of human faces with neutral expressions, selected from
the Gur (Gur et al., 2002) and Karolinska (Lundqvist, D, Flykt, A, Ohman et al., 1998;
Goeleven et al., 2008) datasets, two standard sets of emotional expression. For each
participant, an equal number of male and female faces were used for each exposure level,
model-code numbers are included in Appendix A. We used neutral faces for several reasons:
relatively mild stimuli, like non-emotional faces, may be ideal for eliciting individual
differences (Lissek et al., 2006); and recent studies demonstrate that patients with social
anxiety respond differently to neutral faces (Cooney et al., 2006; Yoon and Zinbarg, 2008).
All stimuli were edited to ensure uniform face size, eye position and nose position, and all
extraneous features (e.g. shirt collars, hair) were removed.

2.3. Data Analysis

To validate our novel task, we first examined percent accuracy and reaction times by
exposure category (0, 1, 3, 5, 7). We expected percent accuracy to increase and reaction
times to decrease with increased exposure to faces; t-tests compared accuracy and reaction
times for faces previously seen once with faces previously seen seven times (1 vs. 7) across
participants. To test our primary outcome measure, rate of change in memory acquisition,
we computed slope of change (b) in face recognition. For each participant, percent accuracy
values were natural log-transformed and b/ was calculated using linear regression (Appendix
B; Montagu, 1963; Plichta et al., 2014). Because slope of change over repeated faces is
highly dependent on initial accuracy to faces seen once, slopes were normalized to
recognition of faces with for one exposure (Appendix B) (Montagu, 1963; Plichta et al.,
2014). To test our primary hypothesis, correlations between social inhibition and slope of
change (b') in face recognition (1 to 7 previous exposures) were performed. Significant
differences were followed by post-hoc analyses of change in memory acquisition for
adjacent levels (1 to 3 exposures, 3 to 5 exposures, 5 to 7 exposures). Slope analyses were
performed in SAS (SAS Institute Inc., Cary, NC, USA) with a = .05.
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3.1. Task Validation

We first examined percent accuracy across participants. As expected, participants were more
accurate in recognizing faces that had been seen seven times relative to faces seen once
(Table 1). Percent accuracy was lowest for faces with one previous exposure, at 45%, but
improved to 86% for faces with seven previous exposures. Novel face discrimination
accuracy (73%) was similar to other face recognition tasks (Pérez-L6pez and Woody, 2001).
Participants were also faster at identifying faces seen seven times relative to faces seen once
(Table 1).

3.2. Social Inhibition

We investigated the association between social inhibition and the ability to benefit from
repeated exposure to a face by examining change in face recognition accuracy over repeated
exposures using slope (b’) analysis. Social inhibition scores were negatively correlated with
face recognition slope across the experiment (change from 1 to 7 previous exposures, r =
-0.29, p = 0.04; Figure 1). The direction of the correlation suggests that higher social
inhibition scores are associated with smaller increases in memory accuracy with repeated
exposures.

As an exploratory post-hoc analysis, we also examined the correlations between social
inhibition and slopes for adjacent exposure levels (i.e., change from 1-3, 3-5, 5-7
exposures). This analysis showed modest to moderate correlations between social inhibition
and slope of memory change for each adjacent level (Figure 1). The strongest correlation
between slope and social inhibition was observed for the early face exposures (change from
1 to 3 exposures, r=—0.30, p=0.03 uncorrected; Fig. 1). The correlations for the other
adjacent levels were: change from 3 to 5 exposures, r = —0.20, p = -0.16; and change from 5
to 7 exposures, r = —0.15, p = 0.28. It should be noted that the strength of correlations across
adjacent windows were not significantly different from one another using a formal statistical
test comparing the difference between correlations. Social inhibition was not correlated with
false alarm rate to novel faces (p = 0.61) or reaction times (all ps > 0.50).

4. Discussion

The major finding from the current study is that social inhibition is associated with
impairments in face recognition memory. The ability to recognize previously-seen faces is a
critical component of social interaction; in a typical social situation exposure to a face builds
over time, with increasing exposure promoting better subsequent recognition of an
individual. Here, we used a unique Repeated Faces task to build tiered levels of exposure to
individual faces and test subsequent recognition ability. Overall, face recognition improved
across all subjects with repeated exposures. However, subjects with higher social inhibition
scores had smaller slopes, indicating smaller increases in recognition memory improvement
with repeated face exposures. These findings demonstrate that people with higher social
inhibition show less benefit from repeated face exposures and suggest a difference in face
learning. Because social inhibition confers substantial risk for the development of social
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anxiety disorder, differences in face learning may be a cognitive mechanism contributing to
vulnerability to social anxiety.

Although the relationship between face memory and social inhibition is largely
understudied, there are several previous findings of interest. Davis and colleagues (2011)
examined the association between a clinical measure of face recognition—where three
different perspectives of a single face identity were shown once prior to testing—and a
dimensional measure of social anxiety in an unselected sample. In that study, higher levels
of social anxiety correlated with worse face recognition, although the effect sizes were
relatively small (R? = 0.02-0.04)—potentially due to a restricted range of anxiety scores.
Studies of people with social anxiety disorder may also be relevant. To date, the majority of
studies in social anxiety disorder have examined recognition memory for threatening
compared to accepting faces. Two studies have shown enhanced recognition for faces that
had previously been rated as critical, but not for faces rated as accepting (Lundh and Ost,
1996; Coles and Heimberg, 2005). However, another study showed that under conditions of
stress, patients with social anxiety had lower recognition memory for both threatening and
reassuring faces (Pérez-Ldpez and Woody, 2001). Because recognition memory may be
modulated by emotional expressions in people with high levels of social anxiety (Button et
al., 2013); future research should investigate the time course of memory acquisition for
emotional faces.

Face recognition impairments may result from differences in the processing or interpretation
of facial information by socially inhibited individuals. Studies have shown that shy children
spend a longer time viewing the eyes of novel neutral faces (Brunet et al., 2009) and show
reduced sensitivity to variations in the spacing of facial features (Brunet et al., 2010),
suggesting they may not use global face viewing strategies when processing novel faces—in
healthy adults, a global face viewing strategy, relative to a feature-based strategy, is
associated with better recognition memory (Richler et al., 2011). Also, people with higher
levels of social anxiety interpret neutral faces as more negative or threatening (Yoon and
Zinbarg, 2008; Perlman et al., 2009; Jun et al., 2013) and patients with social anxiety
disorder avoid looking at the eye regions of angry faces (Horley et al., 2004). These findings
suggest that sub-optimal face viewing strategies may be associated with differences in
learning in socially inhibited individuals, although this should be tested in future studies.

One important question is whether differences in face learning contribute to, or result from,
social inhibition. Although our study is correlational, and therefore cannot be used to
determine directionality, several other studies have attempted to address this question. One
hypothesis is that early developmental differences in face viewing contribute to long-term
developmental differences in face memory ability—in other words, that high social
inhibition results in avoidance of viewing faces, which leads to lack of expertise in face
processing (Brunet et al., 2010). However, the existing literature currently does not support
the lack of expertise hypothesis; instead, a recent review suggests that face processing
abilities are present very early in life and are not the result of lack of expertise (McKone et
al., 2007). These findings support a domain-specific impairment in face recognition,
suggesting that early face recognition differences drive the later development of social
function and possibly contribute to development of social inhibition. Future longitudinal
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studies will be necessary to tease apart the relationships among face viewing patterns,
recognition memory, and social inhibition.

Of interest, recent studies have shown differences in habituation of neural activity to
repeated exposures to faces in socially inhibited people. Blackford and colleagues (2013)
found that the young adults with high social inhibition fail to show the typical pattern of
habituation to repeated presentations of neutral faces in both the amygdala and
hippocampus, two brain regions implicated in both novelty detection and social behavior.
Schwartz and colleagues (2012) also found a habituation failure to neutral faces in the
amygdala in young adults who were highly reactive infants—a developmental precursor to
inhibited temperament and social inhibition—although the finding was limited to males.
Habituation is one of the most basic learning processes and serves a critical function of
allocating attentional resources (Rankin et al., 2009). Based on the findings of the current
study and previous neuroimaging studies, it is possible that memory impairments are
associated with the habituation failure observed in the amygdala and hippocampus.

Individual variability in face recognition ability may also have important implications for
understanding psychiatric illness more broadly. Social anxiety is a leading cause of
disability in psychiatric disorders. Face recognition impairments have been demonstrated in
disorders associated with social anxiety, including social anxiety disorder (Davis et al.,
2011), autism (Weigelt et al., 2012), and schizophrenia (Martin et al., 2005). Face
recognition is also highly heritable (Wilmer et al., 2010), suggesting that it may represent a
valuable intermediate phenotype, or endophenotype, to explain genetic influence on social
behavior across a spectrum of psychiatric illnesses. This approach is in line with the aims of
the Research Domain Criteria initiative (RDoC) from the National Institute of Mental Health
(Cuthbert and Insel, 2013), which aims to develop a research classification for mental
disorders based on dimensional constructs.

One limitation of the present study is that we tested for memory for social, but not non-
social, stimuli. For example, a previous study (Davis et al., 2011) found that social anxiety
was associated with impairment in face, but not car, recognition. Another limitation is that
we are unable to determine whether recognition memory is deficient or simply delayed in
socially inhibited individuals. Social inhibition was associated with a smaller recognition
memory benefit across repeated face exposures; however, it remains unclear whether
memory accuracy converges across social inhibition with additional presentations (> 7), or
remains deficient. While we expect that socially inhibited individuals will reach a ceiling
level with further repetitions, indicating a delay rather than deficit, future studies are needed.

In summary, social inhibition confers substantial risk for the development of anxiety
disorders and is a contributor to disability within numerous psychiatric illnesses, including
social anxiety disorder, schizophrenia, and autism; however, the mechanisms that underlie
social inhibition remain largely unknown. The current study provides novel evidence that
adults with high social inhibition show impaired memory acquisition for faces. We propose
that the inability to successfully benefit from repeated exposures to a face may contribute to
vulnerability for, or maintenance of, social anxiety.
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Appendix A

Karolinska faces: AF02, AF06, AFO7, AF12, AF16, AF20, AF22, AF28, AF35, AMOG,
AMO7, AM08, AM13, AM15, AM17, AM18, AM23, AM27, AM33, AM34, AM35, BF04,
BF13, BF14, BF15, BF21, BF25, BF27, BF32, BF33, BM01, BM03, BM09, BM21, BM25,
BM32

Gur faces: FN_003, FN_054, FN_057, FN_058, FN_064, FN_065, FN_066, FN_078,
FN_079, FN_083, FN_086, FN_088, FN_089, FN_128, FN_138, FN_141, FN_165,
MN_026, MN_031, MN_041, MN_092, MN_095, MN_098, MN_104, MN_105, MN_108,
MN_112, MN_121, MN_124, MN_145, MN_150, MN_153, MN_155

Appendix B

b’ = b - c(a - mean(a))

where:
b = participant's regression slope
C = mean regression parameter estimate (exposures) of the sample

a = recognition for faces with one exposure
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» We explore face recognition ability across the social inhibition continuum.
» Faces are presented 1, 3, 5, or 7 times to build tiered levels of exposure.
» Repeated exposure improves face recognition across all individuals.

»  Socially inhibited individuals show smaller improvements with repeated
exposure.

»  Face recognition deficits may contribute to social dysfunction and impairment.
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Figure 1. Rate of improvement in face recognition memory correlates with social inhibition
The left panel shows the results of the main analysis. Higher social inhibition scores were

correlated with smaller b’ slope values across the experiment (change from 1 to 7 exposures,
p=0.04), indicating that higher social inhibition was associated with smaller improvement in
recognition memory for faces seen seven times compared to faces seen once. The right panel
shows the results of 1-7 face exposures exploratory post hoc analyses. Significant
correlations are denoted with an asterisk (*). Post-hoc analyses showed a moderate
association between higher social inhibition and smaller memory improvements during early
face exposures (change from 1 to 3 exposures , p=0.03 uncorrected) and modest,
nonsignificant (p>0.05) correlations across later exposure windows; however, the strength of
correlations across adjacent windows were not significantly different, suggesting a similar
overall impairment across discreet repetition windows.
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Table 1

Percent accuracy and reaction time by exposure category

Previous exposures
0 1 3 5 7 T-test (1 vs. 7)

mean (sd) mean (sd) mean(sd) mean(sd) mean (sd) t d p

Percentaccuracy  0.73 (0.15) 0.45(0.23) 067 (0.21) 0.77(0.21) 0.86(0.16) -12.31 -2.07 <0.001

Reaction time (ms) 1317 (342) 1312 (417) 1266 (503) 1161 (344) 1087 (294) 444 062  <0.001

Note: standard deviation (sd); reaction time (ms).
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