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Abstract
The ability to produce and interpret facial expressions enables humans to communicate
vital information in reciprocal social exchanges. In the first years of life, human infants begin to
develop the ability to perceive and categorize basic emotional expressions (e.g. happy, sad,
angry); however, these abilities continue to improve throughout childhood and into adolescence.
Interestingly, very little is known about the developmental trajectory of sensitivity to more
socially complex emotional expressions such as resentment, envy, or contempt. Importantly, the
research that does exist has been conducted almost exclusively in atypical populations. In this
project, we hypothesized that adolescence would be a key period for the emergence of sensitivity
to socially complex expressions, largely because a subset of these expressions tend to provide
signals about the status of more intimate relationships (i.e., with sexual and romantic partners
and/or competitors) that adolescents are only beginning to form with their peers. We also
hypothesized that sensitivity to these complex expressions would be fundamentally related to
pubertal maturation, which likely influences the motivation to form more intimate, romantic, and
sexual relationships in adolescence. To evaluate these hypotheses, we conducted two
experiments to measure developmental changes in perceptual sensitivity to detect both basic
(e.g., happy) and complex emotional expressions in four groups: pre-pubescent children (ages 68), adolescents in early versus later stages of pubertal development (ages 11-14), and sexually
mature adults (ages 20-25). We report several age-related changes from childhood to adulthood
as well as puberty-related changes in the absence of age-related changes from early pubertal
development to late pubertal development.
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Introduction
The ability to produce and interpret facial expressions enables humans to communicate
vital information in reciprocal social exchanges. For example, adults can make rapid social
judgments (e.g., competency, trustworthiness, attractiveness) and attributions about basic
emotional states (e.g., happy, sad, angry) by looking at a person’s face for as little as 30
milliseconds (Todorov, 2008). In particular, accurate expression detection and identification are
fundamentally crucial for adaptive social interaction (Ekman, 1992). Developmentally, facial
recognition skills are essential for emerging patterns of typical social and emotional behavior
beginning in infancy and continuing throughout the lifespan, and facilitate the adjustment of
appropriate behaviors in childhood social interactions (Philippot & Feldman, 1990) and
adolescent social functioning (Blair & Coles, 2000). Thus, it is clear that the fundamental ability
to detect facial expressions is a critical developmental skill that plays an important role in
mediating social communication.
Perceptual sensitivity for facial expressions is highly varied across populations depending
on factors such as experience (Leopold, O'Toole, Vetter, & Blanz, 2001; Pollak et al. 2000), and
biological influences (Macrae, Alnwick, Milne, and Schloerscheidt, 2002). Further, humans
typically experience consistent improvements in acuity through developments such as perceptual
tuning and selective attention (Lewkowicz, 2012) that promote the functions that help tune,
maintain, and facilitate the perception of stimuli in the immediate environment. For example,
abused children were able to accurately identify angry faces based on less perceptual information
than typically developing children (Pollak and Sinha, 2002). Further, evidence suggests that
perceptual sensitivity to masculinized males increases in females during specific stages of the
menstrual cycle (Macrae et al. 2002). Importantly, humans begin developing the ability to
perceive comprehensible, unified multimodal objects and events through different sensory
modalities in the first months of life (Lewkowicz & Lickliter, 1994; Lewkowicz, 2000; Lickliter
& Bahrick, 2000), including faces and facial expressions (REF). Perceptual sensitivity, then, is
malleable and highly dependent on experience as well as biological influences – particularly for
stimuli such as facial expressions.
Current evidence of developmental changes in emotion expression abilities
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There is evidence to suggest the continuous development of face processing abilities from
early childhood and into adolescence, including basic expression recognition, (for review see
McClure, 2000; Germine et al., 2011; Herba & Phillips, 2004; Herba et al., 2006; McGivern et
al., 2002; Pine et al., 2004; Thomas, 2007), identity recognition (Carey & Diamond, 1977; Carey
et al., 1980; Diamond et al., 1983; Ellis et al., 1973; Flin, 1985; Golarai et al., 2010; Lawrence et
al., 2008; Maurer et al., 2004; Mondloch et al., 2002; O’Hearn et al., 2010); and facial
preferences (Boothroyd, 2014; Kissler & Bäuml, 2000; Saxton et al., 2006, 2009). In particular,
there is an enormous literature characterizing the developmental trajectory of sensitivity to basic
facial expressions, which provide signals about a small set of universal emotions (e.g., fear,
sadness, happiness, Ekman & Friesen, 1976). Work in this area reveals that infants can
discriminate basic emotion expressions (Oster, 1981; Klinnert, Campos, Sorce, Emde, & Svejda,
1983; Nelson, 1985, 1987; Walker-Andrews, 1988; Serrano, Iglesias, & Loeches, 1992), and that
young children are proficient in identifying, categorizing, and labeling basic emotions (Camras,
1980; Bullock & Russell, 1984). At the same time, many studies have reported continued
developmental improvements in basic expression recognition from early childhood to early
adolescence (Odom & Lemond, 1972; Camras, 1980; Harrigan, 1984; Camras & Allison, 1985;
Tremblay, Kirouac & Dore, 2001).
In contrast, much less is known about developmental changes in the ability to detect and
recognize non-basic, or complex, facial expressions, which provide signals about emotions
related to more nuanced social behavior (e.g., embarrassment, shame; Baron-Cohen,
Wheelwright, Jolliffe, 1997) and provide signals about more intimate (i.e. romantic and sexual)
relationships (e.g. flirtatious, desire; Baron-Cohen et al. 2001). Recently, investigators have
begun to ask whether sensitivity to these complex expressions changes during adolescence,
especially given the increasing evidence that this may be a time of heightened sensitivity to
social signals, which may be modulated by pubertal hormones (Scherf, Behrmann, & Dahl,
2012; Mills & Blakemore, 2014).
Critically, almost nothing is known about the full developmental trajectory of sensitivity
to complex expressions. Much of the work examining the development of sensitivity to complex
emotions overwhelmingly focuses on exploring Theory of Mind, or the ability to infer the
thoughts and mental states of others (e.g. Sebastian, Fontaine, Bird, Blakemore, De Brito,
McCrory, & Viding, 2012). This work has employed a variety of different tasks, including a
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labeling task using only static images of the eye region (Reading the Mind in the Eyes, RMET;
Baron-Cohen et al. 2001; Moor, Macks, Guroglu, Rombouts, Van der Molen, & Crone, 2012),
situational vignettes for making inferences about emotional states (Goddings, Burnett Heyes,
Bird, Viner, & Blakemore, 2012), or more recently, a labeling task using dynamic videos of
facial expressions. Critically, each of these tasks requires individuals to not only visually
perceive the stimuli, but also to categorize and label the facial expression (or emotional scenario)
they perceive. While it is true that the development of competent emotion understanding requires
a variety of component skills including understanding cues such as prosody, body language, and
theory of mind, the most basic component of emotion understanding – the ability to visually
perceive different emotion expressions – remains largely unexplored. Further, of the existing
work on expression abilities in adolescence, much of the focus has been on differences in
expression abilities in atypically developing populations such as those with mood and anxiety
disorders (McClure, Pope, Hoberman, Pine, & Leibenluft, 2003; Jarros, Salum, Belem, Toazza,
Costa, Salles, & Manfro, 2012), depression (Schepman, Collishaw, & Fombonne, 2012), and
autism spectrum disorders (Baron-Cohen, et al. 2001; Hobson, Ouston & Lee, 1988). As such,
the work on expression abilities in typically developing adolescents remains sparse.
New model of adolescent-specific changes in face processing abilities
Adolescence is a developmental period that coincides with the emergence of secondary
sexual characteristics that accompany the onset of puberty and sexual maturation. Peer relations
become increasingly salient and interest in romantic and sexual relationships is amplified
(Brown, 2004; Collins, Welsh, & Furman, 2009). Further, the transition into more adult-like
social roles (Spear, 2000; Steinberg & Morris, 2001) involving higher expectations about
independence and emotion regulation amplifies the need for a social re-orientation away from
parents and toward peers, further enhancing the primacy of peer interactions. With this dramatic
social reorientation, an unprecedented drive for social acceptance by peers may increase the need
for emerging social competency.
The current study builds on a hypothesis proposed by Scherf and colleagues (2012),
suggesting that new developmental tasks in adolescence may instigate the emergence of new
components of face processing, such as perceptual sensitivity to expressions signaling more
intimate and romantic relationships. Developmental tasks are salient criteria by which
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adaptation to life can be judged (Havighurst, 1972), are specific to an ontogenetic period, and are
contextualized by sociocultural and historical expectations. Importantly, success in mastering
developmental tasks in one developmental period is probabilistically associated with mastery on
subsequent developmental tasks (Roisman et al., 2004; Seiffgke REF??). For example, the social
developmental tasks of childhood include learning societal propriety and expectations, obeying
rules and laws (e.g., stealing is prohibited), and beginning to understand social consequences for
violating moral rules (Havighurst, 1972).
With the onset of puberty (and thus, the surge of gonadal hormones), new social
developmental tasks (such as forming confiding friendships with peers, acquiring increased
autonomy from guardians, and forming age-appropriate romantic relationships) may influence
the kind of information that adolescents acquire from faces (Scherf et al., 2012; Scherf & Scott,
2012). We elaborate on this theory and propose a specific hypothesis about the role of pubertal
maturation on the ability to process complex expressions. This hypothesis is focused on
understanding the influence of pubertal maturation on the development of face processing
behavior specifically. We hypothesize that pubertal development shapes sensitivity to and biases
in how social information is processed in the service of accomplishing developmental tasks that
are influenced by pubertal development.
In the present study, we systematically evaluated sensitivity to basic and complex facial
expressions in individuals ages 6-8, 11-14, and 18-25. To do so, we conducted two
investigations. In the first, we employed a perceptual sensitivity paradigm to measure the justnoticeable differences in perceptual thresholds for four facial expressions (two basic and two
complex) in children ages 6-8 and adults 20-25 years. Second, we employed this same paradigm
in adolescents in early pubertal development and late pubertal development (as measured by two
pubertal development questionnaires) in a cross-sectional design to examine the full
developmental trajectories of specific basic and complex expressions.
We tested the hypothesis that puberty would play a crucial role in emerging faceprocessing abilities, inducing adolescents to be socially and affectively motivated to encode
novel information from facial cues that is related to developmental tasks, such as the
attractiveness, trustworthiness, competence, and social status of a face (particularly peer faces).
The focus of these studies was to investigate differences in the developmental trajectory of
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sensitivity to basic and complex expressions from childhood to mid-adolescence, and into
adulthood.
Method
General Methodology
Participants.
Child and adolescent participants were primarily recruited through the Families Interested
in Research Studies (FIRSt) database at Penn State University. This database was developed by
the institution to assist researchers with recruitment by providing a central list of local families
with children in the appropriate age bracket. Some participants were recruited through an
outreach initiative. Adult participants (18-24 years old) were recruited largely via print
advertisements and the PSU Psychology Department undergraduate subject pool. Participants
and their parents (in the case of minors) provided informed consent prior to participating in the
experiment. All participants were healthy with normal or corrected vision and free of
neurological or psychiatric disorders in themselves and their first-degree relatives. All the
experimental procedures complied with the standards of the internal review boards at Penn State
University. Table 1 shows the frequency distribution of participants by age and pubertal
category.
General Stimuli and Procedure.
The stimuli were created specifically for this experiment, and included static grayscale
images of a single young adult female expressing multiple facial expressions. Having the facial
expressions produced by a single person enabled us to measure responses to changes in
expressions in the absence of changes in facial identity. In addition, selecting a female model for
our stimuli was essential. We were interested in understanding exactly when individuals begin to
be able to detect sexual interest – a facial expression most often expressed by females in
nonverbal courtship interactions (the female's behavior, particularly her facial expressions,
moderates the behavior of the male in courtship interactions; Kendon, 1975). As such, a female
model would most reliably be able to convey a facial expression of sexual interest.
A professional actress was photographed while making a neutral expression as well as
two unambiguous basic (happy, angry) and two complex (contempt, sexual interest) expressions.
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All face images included direct gaze and were aligned horizontally and vertically based on the
pupils, nose, and mouth. The images were cropped using an oval aperture to remove the hair,
neck, shoulders, and background. Each image was approximately 300 x 400 pixels in size. The
images were normalized for luminance and displayed on a black background (see Figure 1).
Each emotional expression image was rated by an independent group of 90 adults to confirm the
unambiguous status of each expression. Raters were required to view the emotional expression
and select the appropriate affective label from a group of four. Across all adult raters, the correct
emotional term was selected on 87.2% of trials: 77.78% participants correctly labeled the facial
stimulus for “anger”, 81.11% of participants correctly labeled the facial stimulus for “happy”,
82.2% of participants correctly labeled the facial stimulus for “sexual interest”, and 43.33% of
participants correctly labeled the facial stimulus for “contempt”. For contempt, the label next
selected most frequently was “frustration” (32.22%), which is also a label for a complex
expression. Refer to Table 2 for the full list of alternative labels.
Intermediate levels of each expression were created using the Face Mixer in Abrosoft
Fantamorph 5 Deluxe (Version 5.4.0, www.fantamorph.com). First, each of the 4 unambiguous
emotional expressions was separately morphed with the neutral expression to generate a unique
set of 14 morphs per expression. To do so, each image was marked with key identification points
(nodes) that identify key features of each facial expression (e.g. 28 nodes for the face outline, 16
nodes for the nose, 20 for the lips, 11 for each eye, and 8 for each face eyebrow.) The neutral and
100% unambiguous expression were morphed together, with each morph step representing a 1%
difference away from the neutral face and toward the expressive face, such that the 0% face
represents the neutral face and the 100% face represents the full expressive face. From each set
of expression morphs, the following morphs were selected to be used in the staircase procedure:
1%, 2%, 3%, 4%, 6%, 8%, 11%, 16%, 27%, 32%, 45%, 64%, 91%, and 100%. Figure 2 shows
the full set of morphs for the sexual interest expression.
Experimental paradigm.
The experimental paradigm was conducted on a MacBook Pro computer (12-inch
monitor, OS X 10.7.4) using MATLAB (version 7.10.0 R2010A) and Psychophysics Toolbox
(Brainard, 1997; Pelli, 1997; Kleiner et al, 2007). Perceptual sensitivity to detect differences in
emotional expression (i.e., just noticeable difference from a neutral expression) was measured
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using a forced-choice task in which participants identified which of two faces showed “more
expression”. Participants completed four practice trials, which featured a neutral face paired with
an unambiguous expressive face (e.g. 100% happy face) and responded to the question “Which
face shows more expression?” by pressing either the top arrow (to indicate the image on the top
of the computer screen) or the bottom arrow (to indicate the image on the bottom).
Due to the valence-specific laterality bias in which subjects tend to perform better when
the emotional facial information is presented to the right visual hemifield (Jansari et al. 2000),
we presented participants with the images in a vertical fashion. The stimuli were presented
centrally on the computer screen in pairs, including the neutral image (0%) with one of the
morphs. The position of the neutral and morphed expressions were counterbalanced across trials
for each expression, such that the neutral expression is positioned on the top and bottom an equal
number of times. For the practice trials, auditory feedback was presented to indicate whether the
behavioral response is correct. Feedback consisted of applause for correct responses, and a
verbal “Oops!” announcement for incorrect responses. Participants were required to respond to
each of the four practice trials correctly in order to proceed with the experimental trials.
After the practice trials, perceptual sensitivity for detecting each of the four expressions
was tested in separate, counterbalanced blocks for each participant. Each block began with an
image depicting the unambiguous (100%) version of the specific expression being tested in that
block with the instructions "Now you will see this expression." A staircase algorithm was used to
assess and calculate perceptual sensitivity. Perceptual sensitivity and visual acuity often follow
an exponential, as opposed to a linear, function (Stiles, 1959; Kelly, 1961; Leopold et al. 2001;
Pollak, Messner, Kistler, & Cohn, 2009). For this reason, we used logarithmic steps for
threshold sensitivity analysis, and as such, the staircase function was adjusted accordingly based
on a logarithmic function of 2. In a traditional staircase method utilizing stimulus detection
methods, the stimulus was initially presented above threshold and then lowered in steps until the
subject failed to detect it (Cornsweet, 1962).
The first trial of the block was uniform for all participants and presented the neutral face
with the 64% expression, which was above the perceptual threshold for detection for all
participants. Upon completion of a correct response (i.e., identifying the 64% expression face as
having more expression), the following trial paired the 32% expression face with the neutral
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face. This represents a single step down the logarithmic function (log base 2) in difficulty. If,
however, a participant responded incorrectly on the first trial, the subsequent trial presented the
neutral expression with the 100% expression face, which represents two steps up the logarithmic
function in decreasing difficulty. Participants continued stepping through the trials in this
fashion such that successful detection response led to increasingly difficult trials (down 1 step)
and that inaccurate detection responses led to increasingly easy trials (up 2 steps). This sequence
of ascending and descending runs continued, with the stimulus level thus oscillating closely
around the threshold. Participants continued progression through the staircase procedure until
they produce a total five failed trials (not necessarily consecutive). The final perceptual
sensitivity threshold is an average of the thresholds computed between recently failed trials and
the immediately previous successful trial.
Pubertal measures and scoring.
Pubertal development was measured using Tanner staging (Tanner, 1962) and the
Pubertal Development Scale (PDS; Petersen, Crockett, Richards, & Boxer, 1988). The Tanner
stages questionnaire ranges from 1 (no development) to 5 (adult development), and captures
visible secondary sexual characteristics such as breast/genital development and pubic hair
growth by asking adolescents to select the line drawing that closest matches their own
development. Thus, the Tanner stages do not represent qualitative changes but a characterization
of quantitative change. Typically, stage 1 is considered pre-pubertal and stage 5 is considered
post-pubertal.
To complement the Tanner staging, we incorporated the PDS, which asks adolescents to
answer less invasive questions about puberty. In addition to evaluating secondary sex
characteristics, the PDS allows researchers to measure how participants perceive their pubertal
development in comparison to their peers (e.g. Do you think your development is any earlier or
later than most other boys/girls your age?) and also accounts for uniquely distinctive features of
adrenal and gonadal development, which the Tanner staging measure does not. In specific, the
PDS asks questions about skin and voice changes, growth spurt, body hair, breast development,
and menstruation – all of which are important features of pubertal development that are not
necessarily captured with the Tanner staging.
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Parents of both children and adolescents provided reports on both questionnaires. Parents
completed the Tanner staging and PDS forms for the younger participants (i.e. 6-8-year-olds) as
confirmation that the youngest group was uniformly pre-pubescent. Any child data with a Tanner
or PDS questionnaire that reported any level of development higher than 1 (no development)
were excluded (N=6). Adolescent participants also provided self-reports of pubertal status by
completing both measures. The Tanner staging and PDS have been used successfully in recent
developmental studies to assess pubertal status (e.g. Bond, Clements, Bertalli, Evans-Whipp,
McMorris, Patton, Toumbourou, Catalano, 2006) and are reportedly highly correlated with
physical exams by clinicians (Shirtcliff REF).
Studies that have exclusively employed the Tanner Scale as a measure of pubertal
development often average across the measures of breast/genital development, pubic hair
development, and testicular development (as in the case of the male Tanner scale). However, this
method presents several issues. First, although interrelated, puberty is not a single event.
Progress in one event of puberty (for example breast development) could normally be out of step
with another, such as growth of pubic hair. Further, the Tanner Scale measures only one
dimension of development – external signs of physical development. Factors such as voice
deepening are not measured. For this reason, we did not use the Tanner Scale as a stand-alone
measure, but in tandem with the PDS.
The Pubertal Development Scale is typically graded on the basis of points scored on each
item. For items 1 through 4 on the female version and items 1 through 5 on the female version,
response options include: not yet started (1 point), barely started (2 points), definitely started (3
points), and seems complete (4 points). Yes on the menstruation item = 4 points, no = 1 point.
Point values are averaged for all items to give a final pubertal score. The final score on the PDS
(which ranges from 3 to 12 for males and 3 to 8 for females), however, does not precisely map
on to the 5-point score on the Tanner Scale. To gain a more precise measure of pubertal
development, we have used a conservative cross-validation procedure across observers and
measures for confirming pubertal development, thereby increasing validity and reliability of our
classifications.
Data analyses.
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Mean threshold and reaction time (RT) were evaluated for age group and sex differences
were evaluated as between-subjects factors in repeated-measures ANOVAs with valence
(negative, positive) and expression type (basic, complex) as within-subject experimental factors.
Interactions were investigated by examining the lower order interactions within each group.
Effect sizes are reported as Partial Eta2. Only correct trials were analyzed for reaction time
differences across the experimental conditions, and are reported in milliseconds (ms). Prior to
analyses, the groups were investigated for equivalence of variance. Mauchly’s test statistic was
non-significant, indicating that the variances of differences were equal. We evaluated the data
within each age group for outlier data points. Any scores that exceeded 2 standard deviations
(SD) beyond the mean for the respective age group on the respective expression were replaced
with the mean plus 2 SD for that expression.
Experiment 1: Investigating Age and Sex Differences in Processing Basic and Complex
Expressions in Pre-pubescent Children and Sexually Mature Adults
In this first experiment, our goal was to establish whether there are age- and sex-related
changes in face processing between pre-pubescent children and sexually mature adults, the two
developmental periods that encapsulate adolescence and pubertal development. We begin
evaluating whether expression-processing behavior is changing from childhood to adulthood in a
fundamental way, while also considering the possibility of emerging and/or enhanced sex
differences in development. We employed an extreme subjects design with age groups that
encapsulate adolescence: pre-pubescent children ages 6-8 and sexually mature adults ages 20-25.
These age groups would provide the best opportunity to capture the changes occurring from
childhood to adulthood, and whether they might vary as a function of sex.
Participants.
The participants in Study 1 were volunteers and included children and young adults. All
participants were healthy individuals with normal or corrected vision and free of neurological or
psychiatric disorders in themselves or first-degree relatives. The original sample included 55 prepubescent children (age range: 6 - 8 years; M = 7.29 years, SD = .683; 30 males), and 60 adults
(age range 19 - 25 years; M = 19.66 years, SD = 1.692; 30 males). We excluded six children
(five males and one female) that reported pubertal development higher than Tanner stage 1 (no
development) and six additional children (five males and one female) due to experimenter error.
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The final sample for experiment 1 included 43 children (age range 6-8 years; M = 7.37 years, SD
= .655, 20 males) and a gender-matched group of 43 randomly selected adults (age range 18 - 25
years; M = 19.58 years, SD = 1.484, 20 males). Table X shows the mean ages for males and
females in all age groups.
Child and adolescent participants were primarily recruited through the Families Interested
in Research Studies (FIRSt) database at Penn State University. This database was developed by
the institution to assist researchers with recruitment by providing a central list of local families
with children in the appropriate age bracket. Some participants were recruited through an
outreach initiative. Adult participants (18-25 years old) were recruited largely via print
advertisements and the PSU Psychology Department undergraduate subject pool. Participants
and their parents (in the case of minors) provided informed consent prior to participating in the
study. All the experimental procedures complied with the standards of the internal review boards
at Penn State University.
Design and Procedure.
Children completed the task under direct supervision of the graduate researchers.
Children were first asked “Do you know what an expression is?” to ascertain understanding of
the task.
Study 2: Understanding the Full Developmental Trajectory of Sensitivity to Expressions
In study 1, we report a developmental change in perceptual threshold and reaction time
for facial expression detection. Based on these findings, we can conclude that the expression
discrimination paradigm is a developmentally sensitive task. In study 1, we found sex differences
in reaction time in adults, but not in children. Sexual dimorphism of various physical
characteristics emerges around the onset of puberty (e.g. voice deepening or rising in pitch), and
so the sex differences in adulthood may be expected to emerge in early adolescence.
We were interested in understanding how pubertal development may influence emerging
facial expression processing abilities to better understand the full developmental trajectory of
sensitivity to complex expressions. As discussed by Saxton et al. (2010), there are considerable
individual differences in the age at which children go through the stages of puberty, meaning that
one cannot rely merely on age as an index of pubertal development. Thus, we explored the
relative influences of age and pubertal development independently using a unique experimental
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design. Expected to see a disruption in performance in adolescence due to hypothesis about
puberty (Scherf et al 2012) Main effect of pubertal status in adolescence – discuss.
Participants.
The participants in study 2 were volunteers and included the same children and young
adults as study 1. In study 2, we employed the same expression discrimination paradigm with a
group of 40 adolescents: 20 early developing and 20 late developing, as well as a subset of 20
children and 20 adults from study 1. As such, study 2 was conducted as a cross-sectional
investigation. All participants were healthy individuals with normal or corrected vision and free
of neurological or psychiatric disorders in themselves or first-degree relatives. In total, we
collected 180 participants across all groups. However, to balance the sample size in each group
so as not to overpower one group or another, we sex-matched a subset of 20 children and 20
adults from study 1, and added 40 adolescents (20 early and 20 late). The original sample
consisted of 66 adolescents who vary in pubertal status (age range 11 - 14 years; M = 12.47
years, SD = 1.16; 27 males; 20 early, 46 late). The final sample for study 2 included 20 early
developing adolescents (age range 11 -13 years; M = 11.60, SD = .681) and an age-matched
group of 20 late developing adolescents.
Design and Procedure.
Present criteria for pubertal stages.
For adolescents, we used strict benchmarks for determining pubertal categories. As in
previous work (Bramen et al., 2011) we categorized individuals in stages 1-2 into the early
puberty group and those in stages 3-5 into the late puberty group. Scores were required to be
consistent across all four physical development measures: (1) parent Tanner, (2) parent PDS, (3)
self-report Tanner, and (4) self-report PDS. If there were discrepancies between self-reports and
parent reports (e.g. parent score of 1 and self report score of 2), the adolescent was still
considered "early". If the adolescent report was in a pubertal category different from the parent
report (e.g. parent report 2 and self report 3), then the adolescent self-report was used. Using
cross-validation procedures across multiple observers and measures provides increased validity
and reliability of pubertal classification.
In order to convert the PDS responses to a 5-point scale to parallel the 5-point Tanner
Scale, we used a coding system from (Shirtcliff et al. 2009, 2011). This coding system
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differentially captures gonadal and adrenal hormonal signals of physical development. In girls,
growth spurt, breast development, and menarche are associated with gonadal hormonal signals.
In boys, growth spurt, deepening of voice, and facial hair growth are associated with gonadal
hormones. For both sexes, pubic ⁄ body hair and skin changes are associated with adrenal
hormones. The PDS gonadal score was reliable with Tanner breast/genital stage (α=0.857), and
the PDS adrenal score was reliable with Tanner pubic hair stage (α=0.857). Therefore, these
scores were averaged, respectively. Finally, the two axes (gonadal and adrenal) were averaged to
form a single puberty measure.
We found that the composite pubertal scores (comprising both PDS and Tanner staging)
acquired using self-reports were more highly correlated with the self-report PDS scores than the
adult-reports were. Further, self-reports by adolescents have been shown to be highly reliable
and comparable to clinical physician examinations (Shirtcliff et al. 2009). Therefore, we used the
adolescent self-reports as the measures of pubertal stage and the parent reports when the selfreports were unavailable. Importantly, the adolescents in these two groups did not differ in age,
t(38) = 0.83, p = 0.41.
Results
Experiment 1 Results
Threshold.
The full set of results from the 2 (valence) x 2 (expression) x 2 (age group) x 2 (sex)
repeated-measures ANOVA on perceptual threshold scores are reported in Table 3. Only the
significant findings will be discussed here. There was a main effect of valence, F(1,82) = 250.68,
p = <.001, η2= 0.75. Across both age groups, participants exhibited lower perceptual thresholds
(i.e. required less perceptual information) to detect positive (M = 18.93, SD = 11.29) than
negative (M = 37.24, SD = 16.99) facial expressions. There was also a main effect of expression,
F(1,82) = 35.87, p < .001, η2 = 0.30, such that participants required less perceptual information to
detect basic expressions (M = 24.31, SD=12.03) than complex expressions (M = 31.86, SD =
16.53). There was a main effect of age group, F(1,82) = 135.13, p < .001, η2 = .062. Children
exhibited higher perceptual thresholds (i.e. required more facial cues) for both basic (M = 32.32,
SD = 11.06) and complex expressions (M = 44.14, SD = 13.52) than adults did (basic: M =
16.30, SD = 6.29; complex: M = 19.58, SD = 7.83). However, these main effects of valence,
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expression, and age group were qualified by interactions among these variables, which are
described below.
Figure 3 shows the perceptual thresholds for detecting basic and complex expressions in
both children and adults. Consistent with the hypothesis, there was an expression type (basic,
complex) x age group (child, adult) interaction, F(1,82) = 11.29, p = .001, η2=0.12. To examine
this interaction, we analyzed expression type separately for children and adults. There was a
main effect of expression type in children F(1,42)=27.13, p=.000, η2=0.39, and in adults, F(1,42)
= 8.24, p = .006, η2=.16, in which complex expressions were harder to detect than basic
expressions for both groups. Critically, however, the effect size is much smaller in the adult
group than in the child group.
There were also significant valence x age group, F(1,82) = 21.75, p < .001, η2=0.75, and
valence x sex F(1,82) = 2.79, p < .001, η2=0.21, interactions, but they were qualified by a
significant three-way interaction between valence, age group, and sex, F(1,82) = 5.76, p = .019,
η2=0.07. To examine this 3-way interaction, we evaluated the lower order valence x sex
interaction separately in children and in adults. In children, there was an interaction of valence x
sex F(1, 41) = 5.12, p=.029, η2=.11, that was not present in adults F(1, 41) = 0.70, p = .41,
η2=.02 (Figure 4a and 4b). To further understand the valence x sex interaction among the
children, separate independent samples t-tests were run to investigate sex differences in response
to the positive and negative valence expressions. Within children, males exhibited higher
thresholds for negative expressions (M = 54.80, SD = 11.41) than females (M = 45.83, SD =
10.80), t(41) = -2.31, p = 0.026, but both males and females were comparable on positive
expressions t(41) = 0.15, p = .878 (males: M = 26.18, SD = 10.80; females: M = 26.704, SD =
11.33).
Reaction Time (RT).
The full set of findings from the 2 (valence) x 2 (expression) x 2 (age group) x 2 (sex)
repeated-measures ANOVA on reaction time scores are reported in Table 4. However, only the
significant findings will be discussed below. There was a main effect of valence, F(1,82) =
10.30, p < .001, η2 = 0.11. Across both age groups, participants were faster to detect positive (M
= 1349.53, SD = 242.05) than negative (M = 1420.23, SD = 274.60) facial expressions. There
was also a main effect of age group, F(1,82) = 32.77, p<.001, η2=0.29. Overall, children were
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slower to detect both basic (M = 1500.93, SD = 208.28) and complex expressions (M = 1519.77,
SD = 270.08) than adults (basic: M = 1239.30, SD = 212.71; complex: M = 1277.21, SD =
210.253).
There was an interaction between valence x expression x sex, F(1,82) = 4.90, p = .03,
η2=0.06. To interpret this interaction, we evaluated the lower order valence x expression
interaction separately for males and females. There was a valence x expression interaction in
males, F(1,39) = 3.95, p = 0.05, η2 = 0.09, but not in females, F(1,45) = 0.95, p = 0.334, η2=0.02.
A paired samples t-test comparing expression types within valence among the males revealed
that within the positively valenced expressions, males were faster to detect happy than sexual
interest t(39) = -2.29, p = .027, but there was no difference in reaction time between the two
negatively-valenced expressions of anger and contempt t(39) = .68, p = .504. These results are
illustrated in Figure 5.
Finally, there was an age group x sex interaction, F(1,82) = 5.55, p = 0.021, η2 = 0.06.
We evaluated the main effect of sex in both age groups and found an effect of sex in adults,
F(1,41) = 7.20, p = 0.01, η2 = 0.15, but not in children, F(1,41) = .61, p = .438, η2 = .02. Figure 6
illustrates the simple main effect of sex in adults, in which females were faster (M = 1188.35, SD
= 164.84) than males (M = 1339.51, SD = 204.14) to accurately detect all four expressions.
Experiment 2 Results
Puberty-related Differences
Threshold.
In order to evaluate the influence of pubertal development on perceptual sensitivity for
detecting facial expressions, ANOVAs were conducted for participants aged 11-13 with puberty
stage (early, late) as a between subjects factor instead of age group. Recall, the two adolescent
pubertal groups did not differ in age, and age and pubertal stage were not correlated among the
adolescents (r = .13, p = ns). Therefore, it is not necessary to consider age as a covariate when
analyzing pubertal differences. The full set of findings from the 2 (valence) x 2 (expression) x 4
(pubertal group) x 2 (sex) repeated-measures ANOVA on threshold scores are reported in Table
5. However, only the significant findings will be discussed below.
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There was a main effect of valence, F(1,72) = 209.54, p < .001, η2 = 0.74. Across all age
groups, participants exhibited lower perceptual thresholds (i.e. required less visual cues to detect
facial expressions) to detect positive (M = 17.26, SD = 9.87) than negative (M = 36.17, SD =
16.19) facial expressions. There was also a main effect of expression, F(1,72) = 29.40, p < .001,
η2 = 0.29, such that basic expressions (M = 23.39, SD = 11.10) required less perceptual
information to detect than did complex expressions (M = 30.04, SD = 14.50).
There was also a main effect of pubertal group, F(3,72) = 40.02, p < .001, η2 = 0.62. Posthoc Bonferroni-corrected multiple comparisons revealed that the pre-pubescent group exhibited
the highest perceptual thresholds across all four groups (M = 40.45, SD = 8.91). Sexually mature
adults exhibited the lowest perceptual thresholds (i.e. required the least visual cues to detect
facial expressions) (M = 14.98, SD = 3.17). Adolescents in early pubertal development (M =
27.09, SD = 6.08) and adolescents in late pubertal development (M = 24.33, SD = 9.74) did not
differ from one another.
There was a nearly significant four-way interaction between valence, expression, pubertal
group, and sex, F(3,72) = 2.55, p = 0.06, η2 = 0.10 (Figure 8). To better understand the
differences in threshold for basic and complex expressions, we examined the interaction
expression x pubertal group within positive and negative valence across groups. Happy and
sexual interest threshold scores were submitted to repeated-measures ANOVA with pubertal
group as the between-subjects factor. Within (positive) valence, there was an interaction of
expression x pubertal group, F(3,76) = 7.612. p < .001, η2 = .231. To explore this further, we
computed difference scores for positive complex – positive basic (sexual interest – happy) and
submitted them to a one-way ANOVA with pubertal group as the between subjects factor.
Bonferroni corrected post-hoc analyses revealed that children (M = 15.48, SD = 2.33) did not
differ from early puberty adolescents (M = 9.61, SD = 9.94, p = .343), but did differ from late
puberty adolescents (M = 5.68, SD = 13.46, p = .014) and adults (M = .95, SD = 5.38).
Following this investigation, anger and contempt threshold scores were also submitted to
repeated-measures ANOVA with pubertal group as the between-subjects factor. Within negative
expressions, there was no interaction of expression x pubertal group, F(3,76) = .137, p = .938, η2
= .005.
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There was also a valence x pubertal group interaction, F(3,72) = 10.48, p < .001, η2 =
0.30. To evaluate this interaction, mean difference scores for threshold (negative - positive
threshold) for each pubertal group were submitted to a one-way ANOVA with difference scores
as the dependent variable, and pubertal group as the independent factor. There was a significant
main effect of group F(3,72) = 9.66, p < .001. Post-hoc Bonferonni-corrected multiple
comparisons revealed that children’s difference scores were not significantly different from early
adolescents (p = 1.00), but they were significantly different from late adolescents (p = .004).
Critically, as predicted, early adolescents had significantly higher difference scores across
valence than late adolescents (p = .030) and adults (p = .001) despite being age-matched with the
late adolescents. Late adolescents and adults did not differ (p = 1.00). As predicted, children and
adults were significantly different (p = .000). Figure 7 illustrates the developmental change in the
early- and late-developing pubertal groups.
Reaction Time.
The full set of findings from the 2 (valence) x 2 (expression) x 4 (pubertal group) x 2
(sex) repeated-measures ANOVA on reaction time scores are reported in Table 6. However, only
the significant findings will be discussed below. There was a main effect of valence, F(1,72) =
16.62, p < .001, η2 = 0.17. Across all 4 groups, individuals were faster to detect positive
expressions (M = 1327.87, SD = 250.99) than negative expressions (M = 1415.87, SD = 267.93).
There was also a main effect of expression type, F(1,72) = 10.79, p = .002, η2 = .13. Reaction
time for basic expressions (M = 1342.50, SD = 251.977) was significantly faster than for
complex expressions (M = 1401.62, SD = 262.61). There was also a main effect of pubertal
group, F(3,72) = .22, p = .003, η2 = 0.17. Post-hoc Bonferroni-corrected pairwise comparisons
revealed that pre-pubescent children did not differ from early adolescents (p = .344), but were
significantly slower than late adolescents (p = .007), and adults (p = .016). There were no
significant interactions.
Age-related Differences.
Threshold.
The full set of results from the 2 (valence) x 2 (expression) x 4 (age groups) x 2 (sex)
repeated-measures ANOVA on threshold scores are reported in Table 7. Only the significant
findings will be discussed here. As in the previous analysis, there was a main effect of valence,
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F(1,72) = 194.63, p < .001, η2= 0.73 and expression, F(1,72) = 30.93, p < .001, η2 = 0.301. There
was also a main effect of age group, F(3,72) = 38.92, p < .001, η2 = .62. Post-hoc Bonferronicorrected multiple comparisons revealed that children exhibited the highest perceptual thresholds
(i.e. required the most visual cues to detect facial expressions) and were significantly different
from all four groups (M = 40.45, SD = 8.91, p < .001). Adults exhibited the lowest perceptual
thresholds and were significantly different from all four groups (M = 14.98, SD = 3.17, p <
.001). 11 - 12 yr old adolescents (M=26.08, SD=9.44) and 12-13 yr old (M = 25.34, SD = 6.81)
did not differ from one another. The main effects of valence and age group were qualified by
interactions among these variables, and are described below.
There was a significant valence x age group interaction, F(3,72) = 6.05, p < .001,
η2=0.20. To evaluate this interaction, mean difference scores for threshold valence (negative
threshold - positive threshold) were computed for each participant and submitted to a one-way
ANOVA with age group as the independent factor. There was a significant main effect of group,
F(3,72) = 6.23, p < .005. Post-hoc Bonferonni-corrected multiple comparisons revealed that
children’s difference scores (M = 26.7082, SD = 14.38) were significantly different from adults
(M = 16.21, SD = 5.23, (p < .001), but not different from 11 – 12 yr old adolescents (M = 18.69,
SD = 14.59, p = .219) or 12 – 13 yr old adolescents (M = 19.736, SD = 10.93, p = .408). 11 – 12
yr old adolescents did not differ from 12 – 13 yr old adolescents. These findings are illustrated in
Figure 9.
Reaction Time.
The full set of findings from the 2 (valence) x 2 (expression) x 4 (age group) x 2 (sex)
repeated-measures ANOVA on reaction time scores are reported in Table 8. However, only the
significant findings will be discussed below. There was a main effect of valence, F(1,72) =
15.49, p < .001, η2 = 0.77. Participants were faster to detect positive (M = 1327.87, SD = 250.99)
than negative (M = 1415.87, SD = 267.93) facial expressions. There was also a main effect of
expression, F(1,72) = 11.06, p = 0.001, η2 = 0.13. Participants were faster to detect basic (M =
1342.5, SD = 251.97) than complex (M = 1401.62, SD = 262.61) expressions. There was also a
main effect of age group, F(3,72) = 4.68, p = 0.005, η2 = 0.16. Children (M = 1522, SD =
232.07) were significantly slower than 12 – 13 yr old adolescents (M = 1277.00, SD = 240.09, p
= .006) and adults (M = 1300, SD = .19, p = .016) but not slower than 11 – 12 yr old adolescents
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(M = 1388.50, SD = 232.07, p = .372). The adolescent groups did not differ from each other (p =
.76) or from adults (p = 1.00).
General Discussion
For the first time, the present study investigated the relative influences of age and puberty
on the ability to detect basic and complex facial expressions in pre-pubescent children, early- and
late-puberty adolescents, and sexually mature adults. The goal of these experiments was to
explore developmental changes in emerging sensitivity to these expressions as a function of age
and pubertal development. We also investigated the relation of possible sex differences in this
ability in children and adults. Recent work has placed an increased emphasis on changes during
adolescence (particularly adolescent social cognition) given the increasing evidence of
heightened sensitivity to social signals during this time, which may be modulated by pubertal
hormones (Scherf, Behrmann, & Dahl, 2012; Blakemore & Mills, 2014). Our results suggest that
pubertal development plays a key role in the fine-tuning of some aspects of face processing from
childhood to early adulthood.
As in previous studies (e.g. Camras & Allison, 1985; Widen & Russell, 2003; Gao &
Maurer, 2010) we found different developmental trajectories for sensitivity to different facial
expressions. Consistent with our hypothesis that sensitivity to complex expressions becomes
fine-tuned as a function of development, all participants were able to detect complex facial
expressions, but required significantly more perceptual cues to be able to accurately detect them
compared to basic expressions. Importantly, this disparity in thresholds for complex compared to
basic expressions was strikingly larger in children than in any other group. While developmental
changes in children’s sensitivity to basic facial expressions have been previously reported in the
literature (e.g. Gao and Maurer, 2010), the current findings extend previous work by also
showing developmental changes in sensitivity to complex facial expressions.
Further, we also found that within expression type, positive expressions were easier to
detect than negative expressions. This is consistent with recognition speed studies reporting
significantly lower recognition thresholds for happy facial expressions than for angry and neutral
facial expressions (e.g. Esteves & Ohman, 1993). With respect to reaction time, all individuals
were also faster to accurately respond to positive expressions than to negative expressions. The
literature in this area, however, has produced mixed findings. For instance, visual search studies
employing affective face stimuli report faster and more accurate responses to detect
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angry/threatening expressions than positive expressions (e.g. angry, Ohman, Lundqvist, Esteves,
2001). Other studies employing recognition, however, have shown faster choice-reaction times to
happy than to negative facial expressions such as anger (e.g. Billings, Harrison, & Alden, 1993).
A critical methodological difference between visual search and recognition studies, however, is
the presence of multiple faces (“face in the crowd” effect) versus a small number of faces (e.g. 2
or 3) in a categorization task, respectively.
Across both experiments, pre-pubescent children consistently required the most
perceptual cues to detect facial expressions. This finding has been replicated in the literature, as
facial emotion processing improves throughout childhood and into early adolescence (Batty and
Taylor, 2006). Interestingly, we also found a sex effect in children for perceptual threshold, but
not in adults: male children required more perceptual cues than female children, particularly to
detect negative expressions. These sex differences in children may be due to early organizational
effects of hormones prior to the onset of puberty. The absence of sex differences in adult
thresholds, however, may be qualified by the presence of sex differences in adult reaction time.
Consistent with the literature reporting female superiority in different face-processing
tasks, we report a main effect of sex in adults – females were faster than males across all four
expressions. Importantly, this effect has been previously reported in studies examining females
looking at female face stimuli (Lewin and Herlitz, 2002), much like the stimuli used in these
experiments. We also report a sex difference in reaction time when males and females were
collapsed across age – males were faster to detect happy than sexual interest. This finding is
particularly interesting, as the nearly significant four-way interaction in the pubertal analysis
shows that complex expressions are significantly more difficult than basic expressions – but only
for “sexual interest”. One interpretation for this finding is that the positive expression “sexual
interest” is a social sexual expression indicative of cues related to sexual relationships. By
contrast, the complex negative expression (contempt) is not a social-sexual expression. As a
result, male participants in early adrenarche (6-8 yr old) and sexually mature adult males may be
cluing into this expression more than females.
The RT advantage for happy over sexual interest may also simply result from low-level
physical differences in the stimuli that make happy expressions visually more distinctive, and
thus, more recognizable than other facial expressions. However, this would not explain why
females do not exhibit a similar happy face advantage over sexual interest. We hypothesize that
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the male participants are particularly interested in viewing the facial stimuli of “sexual interest”,
which is contributing to slower reaction times for this expression in particular. These findings
merit further investigative research.
We also evaluated the hypothesis that puberty induces the ability to detect complex
emotion expressions (e.g. contempt, and sexual interest) that provide essential signals about the
status of adult-like relationships that adolescents are beginning to learn to navigate. Of particular
interest for our hypothesis regarding the role of puberty, we found no age-related changes in
adolescence – 11-12 yr old adolescents and 12 - 13 yr old adolescents did not differ from each
other in perceptual threshold or reaction time. We did, however, find puberty-related changes in
threshold scores for the two adolescent groups when they were matched on age. This may
suggest a unique influence of pubertal development on face processing in adolescence,
independent of age. Further, pre-pubescent children and early adolescents did not differ with
respect to reaction time across all expressions. Critically, late adolescents did differ from early
adolescents, and responded at a rate more like that of the sexually mature adults. This finding
was not present in the age-related analysis. These results are the first that garner support that
sensitivity to complex expressions emerges later, and as a function of pubertal development.
In the present study, we did not include an object- or non-face-related stimuli
discrimination task as a control. Due to this, one may argue that the effects regarding faster
reaction times for positive expressions could be due to (1) faster cognitive processing of positive
stimuli (i.e., processes leading up to, and including, response selection), or (2) faster motor
execution of the selected response. However, the results from experiment two suggest that the
developmental changes we report are not necessarily simply a function of improved
visuoperceptual skills. The pubertal groups, though matched on age, exhibited significantly
different performance on both threshold and reaction time. Another limitation may also be the
use of one sex and identity for the stimuli set. To be truly ecologically valid, a full stimuli set
may be employed in the future. For the purposes of the current study, however, we were
interested in minimizing the variance in the stimuli to avoid confounding identity differences
with facial expression differences. Future work may employ various identities and sexes and
examine how expression abilities change as a function of stimuli identity and sex.
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Table 1. Frequency Distribution of Participants by Age and Pubertal Category
Group
Experiment 1
Pre-pubescent Children
Sexually mature Adults
Experiment 2
*Age-related Analysis
Children
11-12 yrs
12-13 yrs
Adults
*Puberty-related Analysis
Pre-pubescent
Early
Late
Sexually Mature

Males

Females

M age (SD)

Range

20
20

23
23

7.37 (.66)
19.58 (1.48)

6 – 8 yrs
18 – 24 yrs

10
8
8
10

10
12
12
10

7.15 (.75)
11.05 (.22) **
12.35 (.49) **
19.05 (.99)

6 – 8 yrs
11 – 12 yrs
12 – 13 yrs
18 – 22 yrs

10
10
6
10

10
10
14
10

7.15 (.75)
11.60 (.68)
11.80 (.83)
19.05 (.99)

6 – 8 yrs
11 – 13 yrs
11 – 13 yrs
18 – 22 yrs

* Both analyses in experiment 2 contain the same participants, but are grouped according to a
different between-subjects factor.
** Ages were significantly different (p < .001)

Table 2. Targets and Distractors for the Rating Task
Target
Anger
Contempt
Happy
Sexual Interest

Alternate Targets
Contempt
Anger
Desire
Curious

Disappointment
Frustration
Eager
Flirtatious*

Fear
Hurt
Excited
Happy

Note: Approximately 50% of participants labeled “sexual interest” as “flirtatious”. Because of
the similarity in context and facial definition, “flirtatious” was also considered a correct
response.
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Table 3. A full list of threshold effects for Study 1 from the four-way repeated measures
ANOVA. Variables included valence (negative, positive), expression (basic, complex), age
group (child, adult), and sex (male, female). Significant effects are in bold. Effect sizes are
reported as Partial Eta2 (η2).
Main Effects
Valence
Expression
Age Group
Sex

dF
1, 82
1, 82
1, 82
1, 82

Interactions
Expression x Age Group
Valence x Age Group x Sex
Valence x Age Group
Valence x Sex
Expression x Sex
Expression x Age Group x Sex
Valence x Expression
Valence x Expression x Age Group
Valence x Expression x Sex
Valence x Expression x Age Group x Sex

dF
1, 82
1, 82
1, 82
1, 82
1, 82
1, 82
1, 82
1, 82
1, 82
1, 82

F
250.68
35.87
135.13
1.21
F
11.292
5.767
21.746
2.792
1.339
0.059
0.662
2.989
1.282
0.275

p

η2

<.001
<.001
<.001
0.270

0.754
0.304
0.622
0.010

p

η2

0.001
0.019
<.001
<.001
0.251
0.809
0.418
0.088
0.261
0.601

0.121
0.066
0.754
0.210
0.016
0.001
0.008
0.035
0.015
0.003

Table 4. A full list of reaction time effects for Study 1 from the four-way repeated measures
ANOVA. Variables included valence (negative, positive), expression (basic, complex), age
group (child, adult), and sex (male, female). Significant effects are in bold. Effect sizes are
reported as Partial Eta2 (η2).
Main Effects
Valence
Expression
Age Group
Sex

dF
1, 82
1, 82
1, 82
1, 82

Interactions
Valence x Expression x Sex
Age Group x Sex
Valence x Age Group
Valence x Sex
Valence x Age Group x Sex
Expression x Age Group
Expression x Sex
Expression x Age Group x Sex
Valence x Expression
Valence x Expression x Age Group
Valence x Expression x Age Group x Sex

dF
1, 82
1, 82
1, 82
1, 82
1, 82
1, 82
1, 82
1, 82
1, 82
1, 82
1, 82

F
10.297
1.745
32.769
1.400
F
4.895
5.546
3.548
1.305
0.19
0.145
0.278
0.507
1.110
1.304
0.013

p

η2

<.001
0.190
<.001
0.240

0.112
0.021
0.286
0.010

p

η2

0.030
0.021
0.063
0.257
0.664
0.704
0.599
0.478
0.295
0.257
0.911

0.056
0.063
0.041
0.016
0.002
0.002
0.003
0.006
0.013
0.016
0.000
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Table 4: Results from Analyses of Reaction Time Data in Experiment 1
Main Effects
Valence
Expression
Age Group
Sex

dF
1, 82
1, 82
1, 82
1, 82

Interactions
Valence x Expression x Sex
Age Group x Sex
Valence x Age Group
Valence x Sex
Valence x Age Group x Sex
Expression x Age Group
Expression x Sex
Expression x Age Group x Sex
Valence x Expression
Valence x Expression x Age Group
Valence x Expression x Age Group x Sex

dF
1, 82
1, 82
1, 82
1, 82
1, 82
1, 82
1, 82
1, 82
1, 82
1, 82
1, 82

F
10.297
1.745
32.769
1.400
F
4.895
5.546
3.548
1.305
0.19
0.145
0.278
0.507
1.110
1.304
0.013

p

η2

<.001
0.190
<.001
0.240

0.112
0.021
0.286
0.010

p

η2

0.030
0.021
0.063
0.257
0.664
0.704
0.599
0.478
0.295
0.257
0.911

0.056
0.063
0.041
0.016
0.002
0.002
0.003
0.006
0.013
0.016
0.000

Note: These results were generated from the four-way repeated measures ANOVA in experiment
1 with reaction time as the primary variable of interest. Variables included valence (negative,
positive), expression (basic, complex), age group (child, adult), and sex (male, female).
Significant effects are in highlighted in bold.
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Table 5. Results from the Puberty-related Analyses of Perceptual Threshold in Experiment 2
Main Effects
Valence
Expression
Pubertal Group
Sex
Interactions
Valence x Sex
Valence x Pubertal Group
Valence x Sex x Pubertal Group
Expression x Sex
Expression x Pubertal Group
Expression x Sex x Pubertal Group
Valence x Expression
Valence x Expression x Sex
Valence x Expression x Pubertal Group
Valence x Expression x Sex x Pub Group
Pubertal Group x Sex

dF

F

p

η2

1, 72
1, 72
3, 72
1, 72

209.538
29.399
40.024
0.687

<.001
<.001
<.001
0.410

0.744
0.290
0.625
0.008

dF

F

p

η2

0.587
<.001
0.162
0.227
0.152
0.750
0.075
0.571
0.135
0.063
0.359

0.004
0.304
0.068
0.020
0.070
0.017
0.043
0.004
0.074
0.096
0.043

1,72
3,72
3,72
1,72
3,72
3,72
1,72
1,72
3,72
3,72
3,72

0.298
10.488
1.765
1.487
1.816
0.405
3.266
0.325
1.915
2.546
1.089

Note: These results were generated from the four-way repeated measures ANOVA for
experiment 2 with perceptual threshold and pubertal group as the primary variables of interest.
Variables included valence (negative, positive), expression (basic, complex), age group (prepubescent, early adolescent, late adolescent, sexually mature), and sex (male, female).
Significant effects are in highlighted in bold. Effect sizes are reported as Partial Eta2 (η2).
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Table 6. Results from the Puberty-related Analyses of Reaction Time in Experiment 2
Main Effects
Valence
Expression
Pubertal Group
Sex

dF
1, 72
1, 72
3, 72
1, 72

Interactions
Valence x Sex
Valence x Pubertal Group
Valence x Sex x Pubertal Group
Expression x Sex
Expression x Pubertal Group
Expression x Sex x Pubertal Group
Valence x Expression
Valence x Expression x Sex
Valence x Expression x Pubertal Group
Valence x Expression x Sex x Pub Group
Pubertal Group x Sex

F
14.624
10.787
5.068
0.219

dF

F

1,72
3,72
3,72
1,72
3,72
3,72
1,72
1,72
3,72
3,72
3,72

0.347
0.519
0.157
0.829
1.428
1.217
0.606
0.171
0.481
0.645
2.196

p

η2

<.001
.002
.003
0.641

0.169
0.130
0.174
0.003

p

η2

0.558
0.671
0.925
0.366
0.242
0.310
0.439
0.681
0.697
0.588
0.096

0.005
0.021
0.006
0.011
0.056
0.048
0.008
0.002
0.020
0.026
0.084

Note: These results were generated from the four-way repeated measures ANOVA for
experiment 2 with reaction time and pubertal group as the primary variables of interest.
Variables included valence (negative, positive), expression (basic, complex), age group (prepubescent, early adolescent, late adolescent, sexually mature), and sex (male, female).
Significant effects are in highlighted in bold. Effect sizes are reported as Partial Eta2 (η2).
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Table 7: Results from Age-related Analyses of Perceptual Threshold Data in Experiment 2
Main Effects
Valence
Expression
Age Group
Sex

dF
1, 72
1, 72
3, 72
1, 74

Interactions
Valence x Sex
Valence x Age Group
Valence x Sex x Age Group
Expression x Sex
Expression x Age Group
Expression x Sex x Age Group
Valence x Expression
Valence x Expression x Sex
Valence x Expression x Age Group
Valence x Expression x Sex x Age Group
Age Group x Sex

dF
1, 72
3, 72
3, 72
1, 72
3, 72
3, 72
1, 72
1, 72
3, 72
3, 72
3, 72

F
194.626
30.934
38.921
1.041
F
1.052
6.051
0.257
1.745
2.234
0.536
2.095
0.230
1.985
1.134
0.989

p

η2

<.001
<.001
<.001
0.311

0.730
0.301
0.619
0.014

p

η2

0.309
0.001
0.856
0.191
0.082
0.659
0.152
0.633
0.124
0.124
0.403

0.014
0.201
0.011
0.024
0.088
0.022
0.028
0.003
0.076
0.076
0.404

Note: These results were generated from the four-way repeated measures ANOVA in experiment
2 with perceptual threshold and age group as the primary variables of interest. Variables included
valence (negative, positive), expression (basic, complex), age group (child, young adolescent,
older adolescent, adult), and sex (male, female). Significant effects are in highlighted in bold.
Effect sizes are reported as Partial Eta2 (η2).
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Table 8. Results from the Age-related Analyses of Reaction Time in Experiment 2
Main Effects
Valence
Expression
Age Group
Sex

dF
1, 72
1, 72
3, 72
1, 72

Interactions
Valence x Sex
Valence x Age Group
Valence x Sex x Age Group
Expression x Sex
Expression x Age Group
Expression x Sex x Age Group
Valence x Expression
Valence x Expression x Sex
Valence x Expression x Age Group
Valence x Expression x Sex x Age Group
Age Group x Sex

F
15.492
11.055
4.6750
0.577

dF

F

1,72
3,72
3,72
1,72
3,72
3,72
1,72
1,72
3,72
3,72
3,72

0.195
0.221
0.208
1.108
1.137
1.382
0.493
0.108
0.937
0.766
2.039

p

η2

<.001
<.001
0.005
0.450

0.177
0.133
0.163
0.008

p

η2

0.660
0.881
0.891
0.296
0.340
0.255
0.485
0.744
0.427
0.517
0.116

0.003
0.009
0.009
0.015
0.045
0.054
0.007
0.001
0.038
0.031
0.078

Note: These results were generated from the four-way repeated measures ANOVA for
experiment 2 with reaction time and age group as the primary variables of interest. Variables
included valence (negative, positive), expression (basic, complex), age group (child, young
adolescent, older adolescent, adult), and sex (male, female). Significant effects are in highlighted
in bold. Effect sizes are reported as Partial Eta2 (η2).
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Figure 1. Example of the stimuli for the facial expression happy

Figure 2. Full set of morphs for sexual interest
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Figure 3. Both age groups require more perceptual cues to detect complex expressions than basic
expressions. This graph also illustrates the main effect of age group, in which children require
more perceptual cues to detect the stimulus.
Threshold Changes: Basic versus Complex
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Figure 4a-b – Mean threshold for positive and negative expressions (collapsed across expression
type) in male and female pre-pubescent children (4a) and sexually mature adults (4b). The main
effect of valence shows that positive expressions were easier to detect across both age groups.
The valence by sex interaction in children shows that males had higher thresholds for negative
expressions, but were comparable to females on positive expressions. There were no sex
differences in threshold in the adults (4b).
Figure 4a.
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Figure 5. Reaction time differences to positively valenced expressions plotted as a function of
participant sex and age group. Males were slower to respond to sexual interest than to happy.
All participants collapsed across age
(Expression x Sex)
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Figure 6. Mean reaction time for both children and adults plotted as a function of sex. The age
group x sex interaction shows that in adults, females were faster than males to respond accurately
across all four expressions.
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Figure 7. Mean threshold scores for positive and negative expressions, separated by type (basic,
complex) and plotted as a function of sex and age group.
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Figure 8. Mean threshold difference scores for negative expressions – positive expressions for
each pubertal group. The valence x pubertal group shows that pre-pubescent children and early
adolescents are performing similarly, while late adolescents perform similar to adults.
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Figure 9. Mean threshold difference scores for negative expressions - positive
expressions for each age group. The valence x age group interaction shows that prepubescent children do not differ from either adolescent age group, but they do differ from
adults. The adolescents do not differ from each other.
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