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1   |   INTRODUCTION

Adolescence is a time of dramatic social re-orientation 
(Nelson et al., 2005). During this period, proximity to and 
reliance on parents wanes (Larson & Richards,  1991), 

and youths’ interactions and relationships with peers be-
come more frequent, intimate, and influential (Brechwald 
& Prinstein, 2011; Brown, 2004; Lam et al., 2014; Rice & 
Mulkeen, 1995; van Hoorn et al., 2016). This shift embeds 
youth in an increasingly complex social context in which 
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Abstract
Peer relationships become increasingly important during adolescence. The 
success of these relationships may rely on the ability to attend to and decode 
subtle or ambiguous emotional expressions that are common in social interac-
tions. However, most studies examining youths’ processing and labeling of facial 
emotion have employed adult faces and faces that depict emotional extremes as 
stimuli. In this study, 40 adolescents and 40 young adults viewed blends of angry-
neutral, fearful-neutral, and happy-neutral faces (e.g., 100% angry, 66% angry, 
33% angry, neutral) portrayed by adolescent and adult actors as electroencepha-
logram (EEG) was recorded. Participants also labeled these faces according to 
the emotion expressed (i.e., angry, fearful, happy, or neutral). The Late Positive 
Potential (LPP), an event-related potential (ERP) component that reflects sus-
tained attention to motivationally salient information, was scored from the EEG 
following face presentation. Among adolescents, as peer-age faces moved from 
ambiguous (33%) to unambiguous (100%) emotional expression, the LPP simi-
larly increased. These effects were not found when adolescents viewed emotional 
face blends portrayed by adult actors. Additionally, while both adolescents and 
young adults showed greater emotion labeling accuracy as faces increased in 
emotional intensity from ambiguous to unambiguous emotional expression, ado-
lescent participants did not show greater accuracy when labeling peer-compared 
to adult-age faces. Together, these data suggest that adolescents attend more to 
subtle differences in peer-age emotional faces, but they do not label these emo-
tional expressions more accurately than adults.
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they must develop and practice new interpersonal and 
emotional skills (Parker et al., 2006). Rapid and accurate 
perception and decoding of other youth’s socioemotional 
signals are key for successful navigation of this social tran-
sition (Collin et al., 2013; Izard et al., 2001; Trentacosta & 
Fine, 2010).

In particular, facial expressions of emotion contain 
critical information in social interactions. The process of 
interpreting these expressions is complex and involves 
multiple steps: from allocating attentional resources to—
and discriminating between—emotional displays, to re-
trieving representations of these displays from memory, 
to recognizing and accurately identifying the emotions 
expressed, to placing these emotions in the appropriate 
context (Frith & Frith,  2008, 2010). We focus here on 
early indices of attention to and identification of facial 
emotional expressions and their neural and behavioral 
correlates. Early attentional processes allow for rapid de-
tection and encoding of emotional information from oth-
er’s faces (Brosch et al., 2010; Leppänen & Nelson, 2009), 
and these processes initiate (or inhibit) subsequent steps 
involved in socioemotional processing. Accurate iden-
tification of others’ emotional displays allows for the 
selection of appropriate behaviors in social situations 
(Adolphs, 2002a, 2002b; Crick & Dodge, 1994; Lemerise & 
Arsenio, 2000). Thus, simultaneous investigation of both 
processes may improve our understanding of how youth 
navigate this time of social transition.

A large body of work has sought to chart the norma-
tive developmental trajectory of socioemotional process-
ing. Within the first year of life, infants can detect and 
discriminate between emotional expressions (Haviland 
& Lelwica, 1987; Leppänen & Nelson, 2009; Montague & 
Walker-Andrews, 2001), and gradual refinements in these 
abilities occur across childhood and adolescence and 
into early adulthood (Flannery et al.,  2017; MacNamara 
et al., 2016; Monk et al., 2003; Posner et al., 2014). However, 
emerging work suggests that neural responses to facial 
affect associated with attention may not follow a linear 
trajectory across development (Somerville et al.,  2011). 
In particular, adolescents’ social re-orientation toward 
peers coincides with a period of substantial neural growth 
and plasticity in brain regions that support attention to 
socioemotional information (Casey et al.,  2008; Pfeifer 
& Blakemore,  2012; Somerville et al.,  2011), and activ-
ity in these regions appears to peak in response to facial 
affect during this period of life (Guyer et al., 2008; Hare 
et al.,  2008; Ladouceur,  2012; Monk et al.,  2003; Nelson 
et al., 2005; Somerville, 2013).

In contrast, studies of emotion recognition or label-
ing abilities support a linear and protracted develop-
mental trajectory. For instance, the capacity to identify 
emotional content in facial expressions is evident in 

early childhood, and gradual improvements in speed 
and accuracy occur throughout and beyond child-
hood and adolescence (Camras & Allison,  1985; Gao 
& Maurer,  2010; Gross & Ballif,  1991; Harrigan,  1984; 
Herba & Phillips,  2004; Kolb et al.,  1992; Morningstar 
et al., 2020; Odom & Lemond, 1972; Thomas et al., 2007; 
Tremblay et al., 1987).

However, the majority of neural and behavioral stud-
ies examining youths’ attention to and accuracy in iden-
tifying facial emotion have relied on adult emotion face 
stimuli (Guyer et al., 2008; Herba et al., 2006; Kestenbaum 
& Nelson,  1992; Kujawa et al.,  2012; Monk et al.,  2003; 
Rodger et al.,  2015; Somerville et al.,  2011; Thomas 
et al.,  2007; Yurgelun-Todd & Killgore,  2006), making it 
unclear whether facial expressions of same-age peers and 
adults recruit similar neural resources and are identified 
with equal accuracy during this developmental period. 
Because peers become increasingly relevant social interac-
tion partners during adolescence (Brown & Larson, 2009), 
their facial displays of emotion may be particularly salient 
during this period. Consistent with this, the few studies 
that have used both peer- and adult-age faces as stimuli 
find that adolescents display heightened activation in 
socio-affective brain regions when viewing peer-compared 
to adult-age emotional faces (Marusak et al., 2013; Saxbe 
et al., 2015), suggesting that adolescents devote more at-
tentional resources toward processing emotional faces 
portrayed by same-age peers than by adults. However, it is 
not clear whether this is a developmental effect. Instead, 
youth may devote more attentional resources toward 
processing emotional faces posed by same-age peers be-
cause these faces could be more difficult to decipher (e.g., 
Morningstar et al., 2018), suggesting an effect of stimulus 
or actor. It will therefore be important to investigate these 
potential effects in adolescent and adult samples, using 
faces of both adolescent and adult actors.

In addition, previous studies examining the neural and 
behavioral correlates of youths’ attention to and labeling 
of emotional facial expressions have typically used faces 
that depict emotional extremes as stimuli (e.g., Guyer 
et al., 2008; Hare et al., 2008; Kujawa et al., 2012; Lawrence 
et al.,  2015; Monk et al.,  2003). However, emotional ex-
pressions in real-world social situations are often subtle 
and ambiguous (Calvo et al., 2014; Dols & Russell, 2017; 
Fridlund,  1994; Hassin et al.,  2013), and the ability to 
track ambiguous peer expressions is likely important 
in guiding more flexible social interactions (van Hoorn 
et al., 2018). For instance, detecting and identifying sub-
tle signs of anger in a peer’s facial expression may allow 
youth to quickly execute behaviors that de-escalate con-
flict or rejection, as well as aggression and potential harm 
(e.g., Bublatzky et al., 2020; Kavcıoğlu et al., 2021; Pozzoli 
et al., 2017).
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One method to investigate responses to more ecologically 
valid emotional expressions is to morph prototypical emo-
tional faces with neutral faces, creating stimuli that depict 
varying degrees of facial affect (e.g., angry-to-neutral, happy-
to-neutral; Duval et al.,  2013; Gibb et al.,  2009; Kavcıoğlu 
et al., 2021; Sandre et al., 2018; Thomas et al., 2007). Prior 
behavioral work that has used this method to compare ad-
olescents’ and adults’ ability to accurately recognize adult 
emotional facial expressions, however, has shown mixed 
results. For instance, while some studies indicate that youth 
and adults perform comparably (Wiggins et al., 2016), other 
studies suggest that youth perform worse when identi-
fying more ambiguous adult emotional expressions (Lee 
et al., 2019; Thomas et al., 2007).

Additionally, the few studies that have simultaneously 
examined adolescents’ neural and behavioral responses 
when viewing ambiguous adult emotional faces suggest 
that youths’ neural responses to ambiguous emotional 
expressions may not be reflected in their ability to iden-
tify these emotions accurately (Lee et al.,  2019; Wiggins 
et al., 2016). For instance, some work suggests that ado-
lescents show increased activity in neural regions associ-
ated with attention, but not improved emotion labeling 
accuracy, when viewing ambiguous adult emotional ex-
pressions (Wiggins et al.,  2016). In order to understand 
whether a social reorientation toward peers in adolescence 
is accompanied by enhanced processing and recognition 
of ambiguous emotional expressions by peers, the pres-
ent study compared youths’ and adults’ neural responses 
and emotion labeling accuracy when viewing ambiguous 
and unambiguous faces portrayed by adolescent and adult 
actors.

The neural measures we used were event-related brain 
potentials (ERP), which are well-suited to investigations 
of very early attentional allocation and provide an ideal 
complement to behavioral measures due to their excellent 
temporal resolution. In this study, we relied upon the late 
positive potential (LPP), a positive slow-wave ERP com-
ponent that indexes sustained attention toward motiva-
tionally salient information (Cuthbert et al., 2000; Schupp 
et al.,  2000; Weinberg & Hajcak,  2011). The LPP can be 
reliably measured across development (Hua et al.,  2014; 
Kujawa et al., 2013; Moran et al., 2013), and tends to be 
maximal at central-parietal recording sites, beginning 
approximately 300 ms post-stimulus onset (Cuthbert 
et al., 2000). The component is also larger for emotional 
(appetitive or aversive) compared to neutral stimuli 
(Cuthbert et al., 2000; Foti et al., 2009; Hajcak et al., 2010; 
Pastor et al.,  2008; Schupp et al.,  2004; Weinberg & 
Hajcak, 2010), and this modulation continues for the full 
duration of stimulus presentation, and even following 
picture offset (Codispoti et al., 2007; Foti & Hajcak, 2008; 
Hajcak & Olvet, 2008).

Studies in youth and adults suggest that the magni-
tude of the LPP is related to activity in neural circuits that 
support attention to emotional content (e.g., visual corti-
ces, amygdala, medial prefrontal cortex, and orbitofrontal 
cortex; Bunford et al.,  2018; Liu et al.,  2012; Sabatinelli 
et al.,  2013). Importantly, the LPP is sensitive to subtle 
variation in emotional content, such that the component’s 
amplitude varies as a function of the level of emotion ex-
pressed (Duval et al., 2013; Sandre et al., 2018). Together, 
these data suggest that the LPP may be useful in studies 
investigating the ways in which youth attend to subtle dif-
ferences in peer-age emotional facial expression.

The goals of the present study, therefore, were to ex-
amine adolescents’ attention to and recognition of am-
biguous and unambiguous emotional peer- and adult-age 
faces. To that end, we collected adolescents’ LPPs in re-
sponse to ambiguous and unambiguous emotional faces 
posed by adolescent and adult actors. We also examined 
adolescents’ ability to accurately label the emotions ex-
pressed by these faces. To determine whether adolescents 
are uniquely sensitive to subtle variation in peer-relative to 
adult-age faces, we compared adolescents’ neural and be-
havioral responses to a sample of young adults who com-
pleted the same task. We had the following hypotheses:

1.	 The magnitude of the LPP in adolescent participants 
would track subtle differences in facial affect portrayed 
by adolescents more strongly than in adult actors, 
such that as adolescent faces increased from ambigu-
ous (i.e., 33%) to unambiguous (i.e., 100%) emotional 
expression, the magnitude of the LPP in adolescent 
participants would similarly increase (Marusak et 
al.,  2013; Morningstar et al.,  2019; Saxbe et al.,  2015);

2.	 This effect would be stronger for adolescent partici-
pants than for adult participants.

3.	 Adolescent participants’ enhanced tracking of subtle 
differences in facial affect portrayed by adolescent ac-
tors would be accompanied by greater accuracy in labe-
ling the emotions portrayed by adolescents compared 
to adult actor faces, consistent with theoretical models 
of socioemotional processing (Halberstadt et al., 2001; 
Lemerise & Arsenio, 2000).

2   |   METHOD

2.1  |  Participants

Forty-nine adolescent participants were recruited from 
a high school in Montreal and forty-two young adult 
participants were recruited from the McGill University 
psychology human participant pool. After reviewing the 
study protocol, written informed parental consent and 
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assent was obtained for adolescent participants, and writ-
ten informed consent was obtained for the young adult 
participants. As compensation for their participation in 
the study, adolescents received a $50 gift card and young 
adults received course credit. All procedures were ap-
proved by the Research Ethics Board at McGill University.

Among the adolescent participants, electroencepha-
logram (EEG) data from two participants was excluded 
due to poor-quality recordings (i.e., fewer than 4 artifact-
free trials in at least one condition). Behavioral data from 
these two participants were retained in subsequent anal-
yses. EEG and behavioral data from an additional seven 
adolescent participants were excluded due to either a 
technical error during recording (N = 1) or because their 
performance on the identification task was poor (i.e., less 
than 14% accuracy; N = 6). Among the young adult par-
ticipants, EEG data from one participant were excluded 
due to poor-quality recordings (i.e., fewer than 4 artifact-
free trials in at least one condition). Behavioral data from 
this participant were included in subsequent analyses. 
EEG and behavioral data from one young adult partici-
pant were also excluded because they terminated the task 
early. Therefore, 42 adolescents and 41 young adults were 
included in our behavioral analyses.

The final sample included in EEG analyses consisted 
of forty adolescents (25 females; age M  =  12.73 years, 
SD  =  0.45 years, range  =  12–13 years) and forty young 
adult participants (36 females; age M  =  19.78 years, 
SD = 1.23 years, range = 18–23 years). Of the adolescent 
participants, 90% were White, 5% were Caribbean, 3% were 
Hispanic, and 3% declined to answer. Of the young adult 
participants, 55% were White, 20% were Chinese, 8% were 
Arab/West Asian, 5% were Korean, 3% were Japanese, 
and 10% indicated they were another ethnicity/national-
ity. The adolescent and young adult samples significantly 
differed from each other in terms of gender, χ2(1) = 8.35, 
p < .01, and ethnicity, χ2(8) = 25.38, p < .01, such that the 
young adult sample included more female participants 
and fewer White participants than the adolescent sample.

2.2  |  Visual stimuli

Sixty-four photographs of sixteen adolescent actors (eight 
male and eight female; age range: 10–16 years) were se-
lected from the NIMH Child Emotional Faces Picture Set 
(NIMH-ChEFS; Egger et al., 2011), and sixty-four photo-
graphs of sixteen adult actors (eight males and eight females; 
age range: 20–30 years) were selected from the Directed 
Emotional Faces database (KDEF; Lundqvist et al., 1998). 
These two data sets contain color and high-definition im-
ages of actors of the appropriate ages. Prototypical angry, 
fearful, happy, and neutral expressions, with a direct gaze, 

were selected for each actor. Within each actor, two pro-
totypical images (either neutral and angry, neutral and 
fearful, or neutral and happy) were combined in different 
proportions (e.g., 100% angry/0% neutral, 66% angry/33% 
neutral, 33% angry/66% neutral, and 0% angry/100% neu-
tral) using Fantamorph software (Abrosoft; http://www.
abros​oft.com/). To do this, control points on the proto-
typical emotional face (i.e., either angry, fearful, or happy) 
and prototypical neutral face were identified (e.g., cor-
ners of the eyes, pupils, eyebrows, nostrils, outline of the 
mouth, circumference of the face). Each morphed image 
represents the distance between the identified points in 
the two images proportional to the percentage of emotion 
expressed (e.g., in a 66% angry photograph, the points are 
located 66% closer to the points on the prototypical angry 
face than on the neutral face); pixel intensity values are 
also blended according to the proportion of the emotion 
represented. Faces were then cropped so only facial ex-
pressions were visible and were presented against a black 
background. Specific images used in the study are listed in 
the Appendix. The use of these facial blends allowed us to 
examine participants’ modulation of attention to varying 
degrees of emotional expression, ranging from ambiguous 
(low levels of emotional intensity, e.g., 33% and 66% emo-
tion) to unambiguous expression (high levels of emotional 
intensity, e.g., 100% emotion) in faces posed by adolescent 
and adult actors.

All stimuli were presented on an Intel Core i7 computer 
using Presentation software (Neurobehavioral Systems, 
Inc.). Participants were seated approximately 70 cm from 
the screen.

2.3  |  Procedure

Participants were seated, and EEG sensors were attached. 
All participants were instructed to view different faces of 
varying emotional quality and to identify the emotion of 
each face. Following these instructions, participants per-
formed six practice trials, which consisted of prototypical 
facial expressions modeled by three adolescent and three 
adult actors not included in the actual task. The actual 
task consisted of 320 trials (160 adult faces and 160 ado-
lescent faces), each presented once in a randomized order. 
Due to a coding error in the task, one trial, at random, was 
not recorded from the adolescent sample. Therefore, in 
this sample, a total of 319 trials per participant were avail-
able for subsequent EEG and behavioral analyses. Each 
trial consisted of a fixation point (random interval from 
2000 to 3000 ms), followed by a centrally presented face 
(300 ms), followed by a fixation cross (1000 ms), followed 
by a screen that required the participant to indicate the 
emotion of the preceding face. Participants were asked to 

http://www.abrosoft.com/
http://www.abrosoft.com/
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use the keyboard to indicate whether the face was happy 
(press 1), scared (press 2), angry (press 3), or neutral (press 
4). After indicating the emotion, the next trial began. See 
Figure  1 for examples of adolescent and adult neutral-
emotional face blend stimuli, as well as an example of a 
trial in the faces task.

All participants completed multiple computer tasks 
during the experiment. Other tasks completed by the 
adolescent participants included a social feedback task 
(Panier et al.,  2022), a monetary reward task (described 
in Freeman et al., 2020), and a risk-taking task (also de-
scribed in Freeman et al.,  2020). Other tasks completed 
by the adult participants included a threat-generalization 
task (described in Bauer et al.,  2020) and an emotional 
learning task. The order of the tasks was counterbalanced 
across participants, with the exception of the risk-taking 
task in the adolescent sample which was completed first. 
The results from other tasks administered during the 
same experimental session are presented elsewhere (e.g., 

Freeman et al., 2020). The magnitude of the LPP to ado-
lescent and adult faces did not significantly differ based 
on the order of the faces task (i.e., second, third, or fourth; 
ps > .05) in the adolescent sample, nor did it significantly 
differ based on the order of the faces task (i.e., first, sec-
ond, or third) in the young adult sample (ps > .05).

2.4  |  Electroencephalographic 
recording and data processing

Continuous EEG was recorded using a 32-electrode cap 
and a BrainVision actiCHamp system (Brain Products, 
Munich, Germany) based on the standard 10/20 layout, 
with active Ag/AgCl sensors and a ground electrode at 
Fpz. Facial electrodes were placed approximately 1  cm 
above and below the left or right eye (VEO) and 1 cm out-
side the outer canthi of both eyes (HEO) to generate the 
electrooculogram (EOG). All electrode impedances were 

F I G U R E  1   (a) Examples of adolescent and adult neutral-angry face blend (i.e., 0%, 33%, 66%, 100%) stimuli. (b) Example of a trial in the 
faces task. Adolescent actor face stimuli were selected from the NIMH Child Emotional Faces Picture Set (NIMH-ChEFS; Egger et al., 2011), 
and adult actor face stimuli were selected from Karolinska Directed Emotional Faces database (KDEF; Lundqvist et al., 1998)
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kept below 10 kΩ, and data were recorded with a sam-
pling rate of 1000 Hz. No online filter was used.

BrainVision Analyzer software (Brain Products, 
Munich, Germany) was used for offline analysis of EEG 
data. Continuous (non-segmented) data were band-pass 
filtered with low and high cut-offs of 0.01 and 30 Hz 
(24 dB/octave), respectively. Data were then referenced to 
an average of the left and right mastoids (TP9 and TP10), 
and eyeblink and ocular corrections were conducted per 
a modification of the algorithm published in Miller et al. 
(1988). The EEG was segmented into 1200 ms windows 
separately for each face type; these segments began 200 ms 
before stimulus onset and continued for 1000 ms.

A semi-automatic procedure was employed to detect 
and reject artifacts. The criteria applied were a voltage 
step of more than 50.0 μV between sample points, a volt-
age difference of 175 μV within a trial, and a minimum 
voltage difference of less than 0.50 μV within 100 ms in-
tervals. These intervals were rejected from individual 
channels in each trial. Additional artifacts were identified 
and removed based on visual inspection. ERPs were con-
structed by separately averaging each of the ten stimulus 
types (i.e., 100% angry, 100% fearful, 100% happy, 66% 
angry, 66% fearful, 66% happy, 33% angry, 33% fearful, 33% 
happy, neutral) for adolescent and adult faces. The mean 
activity in a 200 ms window from −200 to 0 ms prior to 
picture onset served as the baseline and was subtracted 
from each data point.

Visual inspection of grand averages within the ad-
olescent and adult samples confirmed that the LPP was 
maximal at site Pz, consistent with previous research in 
adolescent (Horndasch et al.,  2018; Kujawa et al.,  2012) 
and young adult samples (Bluntschli et al., 2015; Sandre 
et al.,  2018). Therefore, the LPP was scored as the aver-
age activity at Pz between 400–1000 ms after picture onset. 
Independent sample t tests indicated that, at electrode Pz, 
the average percentage of data identified as artefactual 
did not significantly differ between the adolescent (adult 
faces: 2.60%; adolescent faces: 2.92%) and adult samples 
(adult faces: 1.56%; adolescent faces: 1.77%) for faces por-
trayed by adolescent (t[78] = 0.81, p = .42) and adult actors 
(t[78] = 0.93, p = .36). See Table S1 in the Supplemental 
Results for descriptive statistics of the number of artifact-
free trials for each face type at electrode Pz within the ado-
lescent and young adult samples. As indicated in Table S1, 
adolescent participants had an average of 15.03, 15.13, 
and 15.12 artifact-free trials across angry-neutral, fearful-
neutral, and happy-neutral face blends portrayed by ad-
olescent actors, respectively. Adolescent participants also 
had an average of 14.99, 15.09, and 14.94 artifact-free trials 
across angry-neutral, fearful-neutral, and happy-neutral 
face blends portrayed by adult actors, respectively. Adult 
participants had an average of 15.24, 15.41, and 15.47 

artifact-free trials across angry-neutral, fearful-neutral, 
and happy-neutral face blends portrayed by adolescent ac-
tors, respectively. Additionally, adult participants had an 
average of 15.28, 15.51, and 15.33 artifact-free trials across 
angry-neutral, fearful-neutral, and happy-neutral face 
blends portrayed by adult actors, respectively. Paired sam-
ple t tests indicated that for adolescent participants, the 
number of artifact-free trials did not significantly differ 
between angry-neutral, fearful-neutral, and happy-neutral 
faces blends portrayed by adolescent and adult actors 
(ps > .05). In the adult sample, the number of artifact-free 
trials did not significantly differ between angry-neutral, 
fearful-neutral, and happy-neutral face blends portrayed 
by adolescent and adult actors (ps > .05). Additionally, 
independent t tests revealed that angry-neutral, fearful-
neutral, and happy-neutral faces blends portrayed by ad-
olescent and adult actors did not significantly differ in 
the number of artifact-free trials between adolescent and 
adult participants (ps > .05).

To examine the internal consistency (split-half reliabil-
ity) of the LPP, we calculated the correlation between av-
erages based on odd- and even-numbered trials for each 
face type within each participant age group. These esti-
mates were corrected using the Spearman-Brown proph-
ecy formula (Nunnally & Bernstein,  1994). Consistent 
with previous research on the psychometric properties 
of ERPs (Meyer et al., 2014; Moran et al., 2013; Pontifex 
et al.,  2010), internal consistencies of the LPP in ado-
lescents ranged from moderate to high for angry (100%, 
r = .68; 66%, r = .53; 33%, r = .73), fearful (100%, r = .67; 
66%, r  =  .50; 33%, r  =  .52), happy (100%, r  =  .64; 66%, 
r  =  .52; 33%, r  =  .56), and neutral (r  =  .57) faces por-
trayed by adult actors, and from moderate to high for 
angry (100%, r = .66; 66%, r = .55; 33%, r = .77), fearful 
(100%, r = .69; 66%, r = .59; 33%, r = .56), happy (100%, 
r = .75; 66%, r = .63; 33%, r = .59), and neutral (r = .74) 
faces portrayed by adolescent actors. Internal consisten-
cies of the LPP in adults ranged from moderate to high for 
angry (100%, r = .60; 66%, r = .63; 33%, r = .57), fearful 
(100%, r = .70; 66%, r = .50; 33%, r = .62), happy (100%, 
r = .62; 66%, r = .58; 33%, r = .56), and neutral (r = .55) 
faces portrayed by adult actors, and from moderate to high 
for angry (100%, r = .51; 66%, r = .62; 33%, r = .55), fearful 
(100%, r = .67; 66%, r = .55; 33%, r = .66), happy (100%, 
r = .62; 66%, r = .65; 33%, r = .61), and neutral (r = .56) 
faces portrayed by adolescent actors.

2.5  |  Emotion recognition data

To examine adolescents’ and adult’s emotion recognition 
accuracy, we computed the proportion of times a partici-
pant selected each of the four possible responses (angry, 
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fearful, happy, neutral) for each type of face participants 
saw in the task (e.g., adolescent 100% happy faces, ado-
lescent 66% happy faces, etc.), by dividing the number of 
responses made for that label by the number of stimuli 
seen within each category. Values range from 0 to 1. Thus, 
a participant who identified 4 of the 16 adolescent 100% 
fearful faces as “angry” and 10 of the same faces as “fear-
ful” would obtain a value of 0.25 for the “response type” 
of angry and a value of 0.625 for the “response type” of 
fearful. In other words, that participant answered “fear-
ful” 62.5% of the time, and “angry” 25% of the time, when 
shown adolescent 100% fearful faces. This approach al-
lowed us to examine both accurate responses (i.e., iden-
tifying a fearful face as conveying fear) and inaccurate 
responses (i.e., identifying it as angry) simultaneously.

2.6  |  Data analytic approach

All statistical analyses were conducted using SPSS General 
Linear Model Software (Version 23).

To identify effects of face type on modulation of the 
LPP, a mixed-model repeated-measures analysis of vari-
ance (ANOVA) was conducted with the factors of partic-
ipant age (between-subjects variable, 2 levels: adolescent 
participant, adult participant), actor age (within-subjects 
variable, 2 levels: adolescent face, adult face), emotion 
(within-subjects variable, 3 levels: angry, fearful, happy), 
and intensity (within-subjects variable, 3 levels: 33%, 66%, 
100%).

To understand factors associated with the selection of 
each response type for each type of stimuli, a mixed-model 
repeated-measures ANOVA was conducted to examine 
the effect of participant age (between-subjects variable, 2 
levels: adolescent participant, adult participant), actor age 
(within-subjects variable, 2 levels: adolescent face, adult 
face), emotion (within-subjects variable, 3 levels: angry, 
fearful, happy), and intensity (within-subjects variable, 
3 levels: 33%, 66%, 100%), on the proportion of responses 
for each response type (within-subjects variable, 4 levels: 
angry, fearful, happy, neutral). Importantly, including “re-
sponse type” as a factor allows us to compare the different 
accurate and inaccurate responses made to each stimulus 
category within one model, rather than computing sep-
arate ANOVAs for each type of response. However, this 
then removes all variance for main effects of factors re-
lated to stimulus characteristics (actor age, emotion, in-
tensity) and the main effect of participant age: the overall 
proportion of responses made did not differ by actor age, 
for instance, as an equal number of responses are given to 
adolescent versus adult faces in the task. Instead, effects 
of interest pertain to how these factors may interact with 
response type—or, in other words, whether the proportion 

of times you select “angry” is associated with particular 
characteristics of the stimuli (such as its emotional inten-
sity, or whether the actor is an adult or not) or your age 
group. As such, F-statistics were generated for the main 
effect of response type, as well as interactions of response 
type with all other factors.

Because neutral faces do not vary in intensity as the 
other expressions do, neutral was not included in the 
analyses above. Effects of participant age and actor age on 
modulation of the LPP and emotion recognition accuracy 
to neutral faces are reported in the Supplemental Results.

For both emotion recognition and LPP analyses, when 
assumptions of sphericity were violated (Mauchly, 1940), 
the Greenhouse–Geisser statistic was used to adjust the 
degrees of freedom (using estimated epsilon, ε). Effect 
sizes are reported as partial eta-squared (�2p; SSeffect/
[SSeffect + SSerror]). In the Results section below, we focus 
on reporting interactions between face type and partici-
pant age and their associations with the LPP and emotion 
recognition responses. Results for main effects and inter-
actions not discussed in the manuscript are presented in 
the Supplemental Results.

3   |   RESULTS

3.1  |  Effects of actor age, emotion, 
intensity, and participant age on the LPP

Table 1 displays means and standard deviations of the LPP 
to each face type and participant group. Figure 2 displays 
grand-average stimulus-locked ERPs in response to angry, 
fearful, and happy blends (i.e., 100%, 66%, 33%) portrayed 
by adolescent actors for each participant age group, and 
Figure  3 displays grand-average stimulus-locked ERPs 
in response to angry, fearful, and happy face blends (i.e., 
100%, 66%, 33%) portrayed by adult actors for each par-
ticipant age group. Topographic maps depicting voltage 
across the scalp for angry, fearful, and happy face blends 
(i.e., 100%, 66%, 33%) portrayed by adolescent and adult 
actors for each participant age group are presented in 
Figure 4.

Table  2 depicts the full model results from the 
mixed-model repeated-measures ANOVA examining 
the effects of participant age and face type on modu-
lation of the LPP. As indicated in Table 2, we observed 
a significant three-way interaction of actor age x in-
tensity x participant age on modulation of the LPP. 
To understand the actor age x intensity x participant 
age interaction, within each participant age sam-
ple, we conducted an actor age (within-subjects vari-
able, 2 levels: adolescent face, adult face) by intensity 
(within-subjects variable, 3 levels: 33%, 66%, 100%) 
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repeated-measures ANOVA, collapsing across emotion 
types (e.g., across 66% happy, fearful, and angry faces, 
for one 66% variable). Within the adolescent partici-
pant sample, we observed significant main effects of 
actor age, F(1, 39) = 6.83, p < .05, �2p = .15, and inten-
sity, F(2, 78)  =  7.27, p  =  .001, �2p  =  .16, as well as a 
significant interaction between actor age and intensity, 
F(2, 78) = 11.53, p < .001, �2p =  .23. To decompose the 
interaction between actor age and intensity, we con-
ducted two three-level (intensity: 100%, 66%, 33%) 
repeated-measures ANOVAs, one using faces portrayed 
by adolescents and one using faces portrayed by adults. 
When adolescent participants viewed adolescent faces, 
we observed a significant main effect of intensity, F(2, 
78)  =  17.05, p < .001, �2p  =  .30. A significant linear 
trend was found for the effect of intensity for adoles-
cent faces, such that, as faces portrayed by adolescents 
increased in intensity from ambiguous (i.e., 33%) to 
unambiguous emotional expression (i.e., 100%), the 
LPP in adolescent participants similarly increased, 
Flin(1, 39) = 38.36, p < .001, �2p = .50. In contrast, when 
adolescent participants viewed adult faces, we did 
not observe a significant main effect of intensity, F(2, 
78) = .12, p = .89, �2p = .003. These effects are depicted 

in Figure  5, which shows the mean amplitude of the 
LPP in response to emotional face blends portrayed by 
adolescents and adults within the adolescent sample.

We subsequently examined the effects of actor age 
and intensity on the LPP collected from the adult par-
ticipant sample. We again observed a significant main 
effect of actor age, F(1, 39) = 91.17, p < .001, �2p = .70, 
on the magnitude of the LPP, such that adolescent 
faces (M = 11.42, SE = 0.53) elicited a larger LPP com-
pared to adult faces (M = 7.02, SE = 0.43; t(39) = 9.55, 
p < .001, 95% CI [3.47, 5.34]). There was also a signifi-
cant main effect of intensity, F(2, 78) = 7.68, p < .001, 
�
2
p  =  .16, on the magnitude of the LPP, such that 

faces at 100% intensity (M = 9.77, SE = 0.46) elicited 
a larger LPP than faces at 33% intensity (M  =  8.56, 
SE = 0.47; t(39) = 3.37, p = .002, 95% CI [0.48, 1.92]), 
and faces at 66% intensity (M = 9.33, SE = 0.43) elic-
ited a larger LPP than faces at 33% intensity among 
adult participants (t(39) = 2.59, p = .01, 95% CI [0.17, 
1.36]; the LPP to faces at 100% and 66% intensity did 
not significantly differ, (t(39) = 1.60, p =  .12, 95% CI 
[−0.12, 1.00]). A significant linear trend was found for 
the effect of intensity for adolescent and adult faces, 
such that, as the faces increased in intensity from 

Actor age Emotion Intensity

Adolescent 
participants

Adult 
participants

M (SD) M (SD)

Adult faces Happy 33% 13.36 (5.83) 6.15 (3.20)

66% 13.54 (5.70) 6.50 (3.78)

100% 12.82 (6.37) 6.43 (3.84)

Fearful 33% 13.05 (5.73) 7.56 (4.83)

66% 12.70 (6.54) 7.17 (4.71)

100% 13.59 (7.23) 8.03 (4.71)

Angry 33% 13.52 (7.14) 6.49 (5.04)

66% 14.48 (5.64) 7.54 (3.92)

100% 13.37 (7.43) 7.29 (4.96)

Neutral 0% 13.21 (7.65) 8.23 (3.90)

Adolescent 
faces

Happy 33% 8.67 (7.65) 7.35 (4.42)

66% 14.98 (6.06) 10.12 (5.05)

100% 15.40 (8.26) 11.42 (4.24)

Fearful 33% 14.68 (7.58) 11.47 (4.80)

66% 15.08 (6.70) 11.87 (5.10)

100% 17.32 (7.85) 12.10 (4.87)

Angry 33% 15.69 (6.94) 12.36 (4.47)

66% 16.90 (7.83) 12.77 (3.90)

100% 18.92 (9.08) 13.34 (4.88)

Neutral 0% 14.77 (8.83) 13.29 (4.55)

Abbreviations: M, mean; SD, standard deviation.

T A B L E  1   Means and standard 
deviations of adolescents’ and adults’ late 
positive potentials (μV) to angry, fearful, 
and happy face blends (i.e., neutral, 33%, 
66%, 100%) portrayed by adolescent and 
adult actors
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ambiguous to unambiguous emotional expression, the 
LPP in adult participants similarly increased, Flin(1, 
39) = 11.39, p = .002, �2p = .23. However, in the adult 
participants, we did not observe a significant interac-
tion between actor age and intensity on the magnitude 
of the LPP, F(2, 78)  =  1.90, p  =  .16, �2p  =  .05. These 

effects are depicted in Figure 5, which shows the mean 
amplitude of the LPP in response to emotional face 
blends portrayed by adolescents and adults within the 
adult participant sample. For further discussion of the 
LPP results presented in Table 2, see the Supplemental 
Results.

F I G U R E  2   Stimulus-locked event-related potential (ERP) waveforms at electrode site Pz in response to angry, fearful, and happy face 
blends (i.e., 33%, 66%, 100%) portrayed by adolescent actors for the adolescent (left) and adult (right) samples. Face stimulus offset occurred 
at 300 ms. The late positive potential was scored from 400 to 1000 ms. Per ERP convention, negative is plotted up. Shading around waveforms 
represents standard error of the mean across participants at each timepoint
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3.2  |  Effects of actor age, emotion, intensity,  
and participant age on emotional recognition

Table 3 displays means and standard deviations of adoles-
cents’ and adults’ emotion recognition responses to each 
face type.

Table 2 depicts the full model results from the mixed-
model repeated-measures ANOVA examining the effects 
of participant age and face type on emotion recognition 
responses. As indicated in Table 2, we observed a signif-
icant four-way interaction of actor age × emotion × re-
sponse type × participant age on emotion recognition 

F I G U R E  3   Stimulus-locked event-related potential (ERP) waveforms at electrode site Pz in response to angry, fearful, and happy face 
blends (i.e., 33%, 66%, 100%) portrayed by adult actors for the adolescent (left) and adult (right) samples. Face stimulus offset occurred at 
300 ms. The late positive potential was scored from 400 to 1000 ms. Per ERP convention, negative is plotted up. Shading around waveforms 
represents standard error of the mean across participants at each timepoint
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responses. When seeing happy adult faces, adolescent 
participants were less likely to select the correct response 
of “happy” (M = 0.85, SE = 0.01; t(81) = 4.00, p < .001, 
95% CI [−0.11, −0.04]) and more likely to select “fearful” 
(M = 0.03, SE = 0.01; t(81) = 2.45, p = .02, 95% CI [0.003, 
0.03]) or “neutral” (M  =  0.09, SE  =  0.01; t(81)  =  3.12, 
p < .01, 95% CI [0.02, 0.07]) as a response than were 
adult participants (happy, M  =  0.92, SE  =  0.01; fear-
ful, M = 0.02, SE = .004; neutral, M = 0.05, SE = 0.01). 
When seeing angry adult faces, adolescent participants 
were less likely to select the correct response of “angry” 
(M = 0.66, SE = 0.02; t(81) = 2.88, p = .01, 95% CI [−0.13, 
−0.02]) and more likely to choose “fearful” (M  =  0.12, 

SE = 0.01; t(81) = 2.29, p = .02, 95% CI [0.01, 0.07]) as a 
response than were adult participants (angry, M = 0.74, 
SE = 0.02; fearful, M = 0.09, SE = 0.01). Lastly, adoles-
cent participants were more likely to erroneously identify 
adolescent angry faces as “fearful” (M = 0.05, SE = 0.01; 
t(81) = 2.08, p = .04, 95% CI [0.001, 0.04]) than were adult 
participants (fearful, M = 0.03, SE = 0.00). For all other 
types of faces, adolescents and adults did not differ sig-
nificantly in their responses (ps > .09). These effects are 
depicted in Figure 6, which shows emotion recognition 
responses for angry, happy, and fearful faces portrayed 
by adolescent and adult actors within the adolescent and 
adult samples.

F I G U R E  4   Topographic maps depicting voltage across the scalp for angry, fearful, and happy face blends (i.e., 33%, 66%, 100%) 
portrayed by adolescent (panel a) and adult actors (panel b) for the adolescent and adult samples
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For further discussion of the emotion recognition re-
sults presented in Table 2, see the Supplemental Results.

4   |   DISCUSSION

The present study examined adolescents’ and young 
adults’ neural responses to and labeling of ambiguous 
and unambiguous facial affect posed by youth and adult 
actors. We found that adolescents allocated more neu-
ral resources to subtle differences in peer-age relative to 
adult-age facial affect, such that as the intensity of peer-
age faces increased from ambiguous (i.e., 33%) to unam-
biguous (i.e., 100%) emotional expression, the magnitude 
of the LPP in adolescents similarly increased. In contrast, 
the magnitude of the LPP in adults increased as emotional 
expressions became less ambiguous across both adolescent 
and adult faces, but this pattern did not significantly differ 
between youth and adult displays of facial affect. These 
results are consistent with evidence that adolescence may 
be characterized by enhanced attention to subtle changes 
in peer emotional faces—an effect that likely reflects the 
shift in importance of peer socioemotional cues during 
this social transition period (Nelson et al., 2005).

These data highlight that peer-age facial displays of 
emotion are salient and socially significant cues during 
adolescence (Morningstar et al., 2019; Nelson et al., 2005; 
Saxbe et al.,  2015), a period during which the relevance 
of peers as interaction partners increases dramatically and 
when establishing oneself within peer networks becomes 

increasingly important (Steinberg & Morris,  2001). 
Increased attention to subtle or more ambiguous emo-
tional displays of peers may support youths’ ability to 
flexibly adjust behavior in ways that promote and main-
tain positive social exchanges and relationships, as well 
as prevent harmful interactions with peers (Crone & 
Dahl, 2012; Nelson & Guyer, 2011; Pfeifer & Allen, 2012; 
van Hoorn et al., 2018). Future work is necessary to deter-
mine whether neural correlates of attention to ambiguous 
and unambiguous peer-age emotional expression in ado-
lescents are associated with behaviors that support social 
success across different peer contexts (e.g., initiating a 
friendship, peer provocation and rejection). Additionally, 
because we focused on ambiguous and unambiguous 
angry, fearful, and happy faces portrayed by adolescent 
and adult actors, it will be important to replicate the pres-
ent study’s results using a broader range of emotional ex-
pressions (e.g., sadness, disgust, surprise).

Interestingly, adolescents’ increased neural responses 
to peer-age emotional expressions, as measured by the 
LPP, was not reflected in their ability to label these faces 
more accurately than adults. Prior research suggests that 
by about 10 years of age, children show adult-like perfor-
mance when labeling subtly varying happy, angry, and fear-
ful faces portrayed by adult actors (Gao & Maurer, 2009, 
2010). In our study, while youth demonstrated compa-
rable accuracy as adults when labeling some adolescent 
face types (i.e., fearful and happy adolescent faces), they 
showed worse accuracy for others (i.e., angry adolescent 
faces). However, angry adolescent faces were also the 

F I G U R E  5   Mean amplitude of the late positive potential (LPP; in μV) to emotional face blends (i.e., 33%, 66%, 100%) portrayed by 
adolescents and adults within the adolescent (left) and adult (right) samples from 400–1000 ms. Error bars indicate standard error of the 
mean
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T A B L E  3   Means and standard deviations of adolescents’ and adults’ emotional recognition responses to angry, fearful, and happy face 
blends (i.e., neutral, 33%, 66%, 100%) portrayed by adolescent and adult actors

Emotion Intensity Response type

Adult faces Adolescent faces

Adolescent 
participants

Adult 
participants

Adolescent 
participants

Adult 
participants

M (SD) M (SD) M (SD) M (SD)

Happy 33% Happy .67 (.21) .80 (.20) .34 (.16) .36 (.16)

Fearful .06 (.07) .04 (.05) .08 (.11) .07 (.06)

Angry .04 (.08) .03 (.06) .09 (.09) .07 (.09)

Neutral .23 (.19) .13 (.15) .49 (.21) .50 (.19)

66% Happy .93 (.07) .98 (.04) .95 (.08) .97 (.05)

Fearful .03 (.05) .01 (.03) .01 (.03) .01 (.02)

Angry .01 (.02) .00 (.01) .01 (.03) .00 (.01)

Neutral .03 (.04) .01 (.03) .03 (.07) .02 (.05)

100% Happy .96 (.06) .99 (.03) .97 (.05) .99 (.04)

Fearful .01 (.04) .00 (.00) .01 (.03) .00 (.02)

Angry .01 (.03) .00 (.01) .00 (.01) .00 (.01)

Neutral .02 (.04) .01 (.02) .02 (.04) .01 (.03)

Fearful 33% Happy .03 (.06) .03 (.05) .03 (.07) .03 (.07)

Fearful .48 (.17) .44 (.15) .38 (.18) .38 (.16)

Angry .06 (.07) .07 (.08) .06 (.06) .07 (.07)

Neutral .43 (.17) .46 (.15) .53 (.17) .52 (.18)

66% Happy .01 (.03) .01 (.03) .02 (.05) .02 (.05)

Fearful .87 (.11) .89 (.08) .80 (.11) .81 (.12)

Angry .05 (.06) .06 (.07) .08 (.07) .09 (.08)

Neutral .07 (.07) .04 (.05) .10 (.07) .08 (.08)

100% Happy .01 (.03) .02 (.03) .04 (.08) .02 (.04)

Fearful .90 (.09) .91 (.09) .85 (.14) .87 (.09)

Angry .06 (.07) .06 (.07) .09 (.09) .09 (.08)

Neutral .03 (.04) .01 (.03) .02 (.04) .02 (.03)

Angry 33% Happy .03 (.06) .02 (.03) .02 (.05) .02 (.03)

Fearful .13 (.12) .10 (.08) .05 (.07) .02 (.04)

Angry .37 (.18) .45 (.20) .34 (.18) .35 (.20)

Neutral .47 (.20) .43 (.20) .59 (.20) .61 (.21)

66% Happy .02 (.04) .02 (.03) .02 (.04) .01 (.04)

Fearful .12 (.10) .08 (.07) .05 (.08) .04 (.06)

Angry .79 (.15) .86 (.10) .75 (.14) .77 (.15)

Neutral .07 (.09) .04 (.06) .18 (.11) .18 (.12)

100% Happy .01 (.06) .01 (.02) .01 (.04) .01 (.02)

Fearful .12 (.10) .07 (.09) .05 (.07) .02 (.05)

Angry .82 (.14) .91 (.11) .86 (.12) .91 (.10)

Neutral .05 (.07) .01 (.03) .08 (.08) .06 (.07)

Neutral 0% Happy .03 (.05) .03 (.05) .02 (.04) .02 (.03)

Fearful .10 (.10) .05 (.07) .07 (.09) .02 (.04)

Angry .12 (.12) .11 (.12) .11 (.11) .10 (.10)

Neutral .75 (.19) .81 (.15) .80 (.17) .86 (.12)

Notes: Values represent the proportion of times a particular response was selected for each face type in the task, expressed as (number of times this response 
was selected)/(number of times this face type was seen).
Abbreviations: M, mean; SD, standard deviation.
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faces that elicited the largest neural response in the ado-
lescent participants. These results are surprising and raise 
questions about what the function of youths’ increased 
attention to peer-age faces might be, given that that these 
faces are not more easily understood. It is possible that in-
creased neural correlates of attention to peer-age faces may 
be an early-emerging ability in adolescents’ social transi-
tion that sets the stage for the later specialization of down-
stream socioemotional processes, such as labeling (e.g., 
Marusak et al., 2013). Additionally, the processes between 
attending to a face and the behavioral response elicited 
by the face are numerous, complex, and may follow dif-
ferent developmental trajectories (Somerville et al., 2011; 
Thomas et al., 2007). As such, patterns of attention to and 
labeling of facial affect may not align at different points in 
development. Future longitudinal research with a broader 

age range of adolescents and young adults will be needed 
to substantiate these hypotheses.

These findings also suggest that peer-age facial affect 
may modulate youths’ attention and emotional labeling 
in distinct ways, underscoring the fact that attention and 
emotion labeling reflect independent aspects of socioemo-
tional processing and should not necessarily be expected 
to converge. Consistent with this, inconsistencies between 
neural indices of attention and behavioral correlates of 
emotion recognition are common in both adolescent 
and adult samples (Fölster & Werheid,  2016; Frühholz 
et al., 2011; Lee et al., 2019; Marusak et al., 2013; Wiggins 
et al., 2016). Future research will be necessary to under-
stand why these differences in attention and emotion la-
beling exist in youth, and how these processes relate to 
real-world social behavior in peer and adult interactions.

F I G U R E  6   Emotion recognition responses by participant age, actor age, and emotion. The y-axis is the proportion of times a specific 
response (happy, fearful, angry, or neutral) was selected in response to the different types of stimuli, computed as (number of times the 
response was selected)/(number of times the stimulus type was seen). Error bars represent the standard error of the mean
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Our results may have important implications for 
understanding youths’ socioemotional functioning in 
peer contexts. In particular, attending more to the emo-
tional facial expressions of peers without the attendant 
ability to identify the emotions expressed by these faces 
accurately likely poses challenges, and may contribute 
to some of the social and emotional difficulties that 
are common during adolescence (Kessler et al.,  2007; 
Klomek et al., 2007; Laird et al., 2001; Roberts et al., 1998; 
Rudolph,  2002). Future research with larger samples 
will be needed to replicate these effects, and to deter-
mine whether both increased attention to and difficul-
ties labeling peer-age facial affect may have meaningful 
effects on adolescents’ social and emotional functioning 
in peer contexts.

We would also note here that our results do not suggest 
that youth allocated more attentional resources toward 
processing emotional faces posed by same-age peers be-
cause these faces were more difficult to decipher. In fact, 
adolescent participants showed comparable accuracy 
to adults when labeling most emotional faces portrayed 
by adolescent actors (i.e., ambiguous and unambiguous 
happy and fearful adolescent faces). This suggests that 
faces portrayed by adolescent actors were not more diffi-
cult for adolescent participants to label, and that the LPP 
in adolescent participants was not influenced by emotion 
labeling difficulty. To our knowledge, few studies have ex-
amined whether emotional faces portrayed by youth are 
more difficult to identify than emotional faces portrayed 
by adults. Nonetheless, there is some evidence that diffi-
culties discriminating between target stimuli in auditory 
and visual oddball tasks, as well as difficulties discrimi-
nating the valence of emotional words, may influence 
the magnitude of the LPP (Delaney-Busch et al.,  2016; 
Twomey et al., 2015). Thus, an important direction for fu-
ture research is to examine whether emotional faces por-
trayed by youth actors are more difficult for adolescents 
and adults to label (e.g., by using a wider variety of actors 
of each age group, and measuring reaction time alongside 
accuracy), and whether this difficultly influences the mag-
nitude of the LPP to faces portrayed by adolescent actors.

There are several limitations to the current study 
that lend themselves directly to suggestions for future 
research. First, there were fewer female participants in 
our adolescent sample compared to our adult sample. 
Females have been found to show increased emotion rec-
ognition accuracy compared to males across development 
(McClure,  2000). Because our sample was insufficiently 
powered to examine potential gender differences, it will be 
important to replicate the present results in a larger sam-
ple of youth and young adults and to examine potential 
influences of gender in attending and labeling peer- and 
adult-age facial affect.

Second, our faces task required participants to label the 
emotion expressed by adolescent and adult faces, and not 
the emotional intensity of these faces. Instead, we chose to 
use a relatively simple task where discrete emotion label 
choices were displayed on each trial in order to reduce 
task length and participant fatigue. However, it remains 
unclear whether adolescents and adults show comparable 
accuracy when more fine-grained emotional labels are 
available, such as those capturing the emotional inten-
sity of faces (e.g., Sandre et al., 2018). Although the use of 
discrete emotion labels are common in research focused 
on understanding the development of attention to and la-
beling of emotional expressions (Lee et al., 2019; Thomas 
et al., 2007; Wiggins et al., 2016), it will be important for 
future studies to compare youths’ and adults’ labeling of 
adolescent and adult emotion expressions using both dis-
crete emotion and emotion intensity labels, and with dif-
ferent tasks (e.g., Vicari et al., 2000).

Third, the number of trials included in each face type 
condition was low (16 trials in each condition); our con-
dition averages of the LPP were therefore based on a 
small number of artifact-free trials (i.e., an average of 15 
artifact-free trials in each condition for adolescent and 
adult participants). This may have reduced signal-to-noise 
ratios and consequently impacted the internal consistency 
reliability of the LPP, as well as the strength of the with-
in- and between-subjects effects we observed (Klawohn 
et al., 2020; Sandre et al., 2020). Prior work suggests that 
at least eight trials are needed to obtain a reliable LPP 
(Moran et al., 2013). In our study, most adolescent partic-
ipants (95%) and all adult participants had eight or more 
trials across all conditions. Internal consistency (split-
half) estimates of the LPP fell within moderate to high 
thresholds (i.e., rs ranged between .50 to .77), consistent 
with prior work on the LPP in adolescent and adult sam-
ples (i.e., rs range between .43 to .81; Auerbach et al., 2016; 
MacNamara et al.,  2019; Moran et al.,  2013; Mulligan 
et al., 2020). We would also note here that we designed our 
task to include faces of different ages, faces expressing a 
range of emotions, as well as faces that varied across levels 
of ambiguity. On the one hand, this allowed us to compare 
adolescents’ and adults’ neural responses to more devel-
opmentally relevant and ecologically valid stimuli. On the 
other hand, this resulted in a total of 20 different condi-
tions and subsequently increased the length of the task. To 
decrease participant fatigue and minimize the potential 
for data loss, which is an especially important consider-
ation in developmental samples (DeBoer et al., 2005), we 
designed our faces task to include fewer trials in each con-
dition. Nonetheless, there is a need for future research to 
design tasks that use more ecologically valid face stimuli 
and that are scalable across development to better under-
stand trajectories of socioemotional processing.
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Fourth, while the present data are cross-sectional and 
therefore cannot speak directly to developmental trajec-
tories of socioemotional processing, they do indicate that 
adolescents allocate their attention differently depending 
on whether the social target is a peer or an adult. In partic-
ular, when using stimuli that may be more socially salient 
(peer-age faces) and ecologically valid (morphed emo-
tional faces), developmental trends in attention to facial 
affect may vary from commonly assumed linear trajecto-
ries (e.g., Burnett et al., 2011; Monk et al., 2003; Somerville 
et al., 2011). As such, our results highlight the importance 
of considering developmentally relevant stimuli when ex-
amining socioemotional processing in adolescent samples 
(Del Piero et al., 2016). Future longitudinal work will be 
needed to clarify typical trajectories of socioemotional 
processing using both peer- and adult-age faces.

The current study’s results may also inform future work 
focused on understanding the development and mainte-
nance of psychopathology in youth. Adolescence is a pe-
riod of peak vulnerability for psychopathology (Kessler 
et al., 2007), and abnormalities in attention to and recog-
nition of both prototypical and morphed facial displays 
of emotion portrayed by adults have been demonstrated 
in youth with and at risk for internalizing and externaliz-
ing disorders (Bunford et al., 2017; Cservenka et al., 2014; 
Dan & Raz, 2018; Hankin et al., 2010; Jacobs et al., 2011; 
Ladouceur et al.,  2006; Lopez-Duran et al.,  2013; Roy 
et al., 2008; Schepman et al., 2012). Thus, there is a critical 
need to characterize developmental trajectories of socio-
emotional processing in clinical samples using peer- and 
adult-age facial affect, and to establish whether abnormal-
ities in attending and labeling adult portrayals of emotion 
generalize to those displayed by same-age peers.

In sum, the present study indicates developmental vari-
ation in attention to and labeling of peer- and adult-age 
emotional expressions which may inform our understand-
ing of how socioemotional processing unfolds in adoles-
cence. Our results suggest that adolescence is uniquely 
associated with increased attention to subtle differences 
in peer-age emotional expression, an effect that may re-
flect the social relevance of these faces during this devel-
opmental period (Steinberg & Morris,  2001). Moreover, 
youths’ enhanced attention to peer-age facial affect did not 
coincide with greater accuracy in labeling the emotion of 
these faces relative to young adults, highlighting that con-
tinued work is needed to understand how discrete stages 
of socioemotional processing may contribute to variation 
in adolescents’ social functioning. Accurate characteriza-
tion of normative trajectories of socioemotional process-
ing will likely involve the use of developmentally relevant 
stimuli, multi-method measures of attention and labeling, 
and consideration of whether these measures are modu-
lated by peer and parental experiences.
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APPENDIX A
Adolescent faces used in the study:

F38AS_9388, F38FS_9375, F38HS_9328, F38NS_9318, 
F36AS_8598, F36FS_8556, F36HS_8502, F36NS_8495, 
F5AS_3827, F5FS_3793, F5HS_3759, F5NS_3749, 
F18AS_6263, F18FS_6229, F18HS_6186, F18NS_6177, 
F12AS_5068, F12FS_5036, F12HS_5000, F12NS_4986, 
F32AS_8075, F32FS_8041, F32HS_7996, F32NS_7990, 
F15AS_5771, F15FS_5750, F15HS_5694, F15NS_5687, 
F22AS_6722, F22FS_6701, F22HS_6659, F22NS_6649, 
M16AS_8698, M16FS_8676, M16HS_8633, M16NS_8625, 
M4AS_4958, M4FS_4935, M4HS_4862, M4NS_4853, 
M7AS_5550, M7FS_5530, M7HS_5497, M7NS_5485, 
M8AS_5893, M8FS_5869, M8HS_5817, M8NS_5807, 
M9AS_6138, M9FS_6104, M9HS_6054, M9NS_6041, 
M17AS_8816, M17FS_8783, M17HS_8732, M17NS_8725, 
M3AS_4811, M3FS_4775, M3HS_4695, M3NS_4688, 
M5AS_5223, M5FS_5188, M5HS_5134, M5NS_5126.

Adult faces used in the study:
AF01ANS, AF01AFS, AF01HAS, AF01NES, AF09ANS, 

AF09AFS, AF09HAS, AF09NES, AF11ANS, AF11AFS, 
AF11HAS, AF11NES, AF14ANS, AF14AFS, AF14HAS, 
AF14NES, AF22ANS, AF22AFS, AF22HAS, AF22NES, 
AF26ANS, AF26AFS, AF26HAS, AF26NES, AF27ANS, 
AF27AFS, AF27HAS, AF27NES, AF29ANS, AF29AFS, 
AF29HAS, AF29NES, AM01ANS, AM01AFS, AM01HAS, 
AM01NES, AM09ANS, AM09AFS, AM09HAS, AM09NES, 
AM14ANS, AM14AFS, AM14HAS, AM14NES, AM21ANS, 
AM21AFS, AM21HAS, AM21NES, AM23ANS, AM23AFS, 
AM23HAS, AM23NES, AM31ANS, AM31AFS, AM31HAS, 
AM31NES, AM34ANS, AM34AFS, AM34HAS, AM34NES, 
AM35ANS, AM35AFS, AM35HAS, AM35NES.
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