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The Privileged Status of Peer Faces: Subordinate-level
Neural Representations of Faces in Emerging Adults

Jungiang Dai'

Abstract

[l Faces can be represented at a variety of different subordinate
levels (e.g., race) that can become “privileged” for visual recog-
nition in perceivers and is reflected as patterns of biases (e.g.,
own-race bias). The mechanisms encoding privileged status are
likely varied, making it difficult to predict how neural systems
represent subordinate-level biases in face processing. Here, we
investigate the neural basis of subordinate-level representations
of human faces in the ventral visual pathway, by leveraging
recent behavioral findings indicating the privileged nature of
peer faces in identity recognition for adolescents and emerging
adults (i.e., ages 18-25 years). We tested 166 emerging adults ina
face recognition paradigm and a subset of 31 of these partici-
pants in two fMRI task paradigms. We showed that emerging
adults exhibit a peer bias in face recognition behavior, which

INTRODUCTION

Researchers have proposed that visual object recognition
occurs at multiple levels of abstraction that are organized
hierarchically (Rosch, 1978). The basic level is “privileged”
in recognition for several reasons: The category members
share a generalized shape (e.g., all faces have a canonical
shape) that is easily identifiable by perceivers; labels for
basic-level categories are among the first words learned
by infants (e.g., dog, cup); and adults categorize and verify
labels for objects fastest at the basic level (Rosch, Mervis,
Gray, Johnson, & Boyes-Braem, 1976). Interestingly, most
of the work investigating the topographic organization of
visual object recognition in the brain also indicates that
the basic level is privileged at the neural level. Using a
variety of behavioral paradigms during neuroimaging,
researchers have consistently observed that faces, com-
mon objects, and places elicit different patches of activa-
tion throughout the ventral visual cortex, particularly in
adult brains (Grill-Spector, Golarai, & Gabrieli, 2008;
Grill-Spector, Knouf, & Kanwisher, 2004).

However, visual objects can be recognized at increasingly
subordinate-level categories (e.g., adult face, child face),
which is especially important for objects of expertise, like
faces (Tanaka, 2001; Tanaka & Taylor, 1991). With increasing
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indicates a privileged status for a subordinate-level category of
faces that is not predicted based on experience alone. This pri-
vileged status of peer faces is supported by multiple neural
mechanisms within the ventral visual pathway, including
enhanced neural magnitude and neural size in the neural size
in the fusiform area (FFA1), which is a critical part of the face-
processing network that fundamentally supports the representa-
tions of subordinate-level categories of faces. These findings
demonstrate organizational principles that the human ventral
visual pathway uses to privilege relevant social information in
face representations, which is essential for navigating human
social interactions. It will be important to understand whether
similar mechanisms support representations of other subordinate-
level categories like race and gender. [l

visuoperceptual expertise, the subordinate-level category
can become the most psychologically fundamental or “privi-
leged” level (Tanaka & Taylor, 1991). Behavioral training
studies with novel objects reveal that early in the process
of learning to individuate novel objects, the basic level is pri-
vileged; however, with increased training, expertise in rec-
ognizing individual novel objects improves and recognition
at the subordinate level becomes as fast and accurate as at
the basic level (Gauthier, Williams, Tarr, & Tanaka, 1998).
This shift reveals how the visual information that the per-
ceiver attends to for the purpose of recognition changes
as a function of experience individuating objects within a cat-
egory. Despite the wealth of behavioral studies investigating
this “subordinate-level shift” in visuoperceputal expertise
(Pascalis et al., 2005; Tanaka, Kiefer, & Bukach, 2004;
Meissner & Brigham, 2001; Pascalis & Bachevalier, 1998),
there is little work assessing how subordinate-level represen-
tations are manifested in the brain. The central goal of this
study was to evaluate how subordinate-level representations
of human faces are organized in the ventral visual pathway.

Psychological Relevance of Subordinate-level
Categories of Human Faces

In adults, the psychological relevance of subordinate-level
categories of human faces, including race and gender, is
reflected in patterns of bias in recognition abilities. For
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example, adults often exhibit superior abilities to recog-
nize faces of individuals from within their own compared
with within another race (i.e., the “own race effect”;
Hugenberg, Young, Bernstein, & Sacco, 2010; Tanaka
et al., 2004; Meissner & Brigham, 2001; Levin, 1996), and
to a lesser extent, within their own compared with another
gender (i.e., “own-gender bias”; Wright, Boyd, & Tredoux,
2003; Lewin & Herlitz, 2002). There is also evidence that
the general age of a face may organize subordinate-level
representations of faces, although the patterns of bias in
recognition abilities are quite complex. There are exam-
ples of an “own-age bias” in recognition abilities of adults
(e.g., Wright & Stroud, 2002), but also superior processing
of faces from other age groups, including maternity-ward
nurses recognizing newborn faces (e.g., Cassia, Picozzi,
Kuefner, & Casati, 2008) and young children recognizing
adult faces (i.e., “caregiver bias”; Picci & Scherf, 2016).
These biases reflect that faces can be represented at a vari-
ety of different subordinate levels, which can become “pri-
vileged” for visual recognition in perceivers.

The mechanisms influencing the privileged status of
subordinate-level representations of faces are likely var-
ied, reflecting visuoperceptual experience (Tanaka,
2001; Diamond & Carey, 1986; Brigham & Malpass,
1985), social motivation (Hugenberg et al., 2010),
and/or the primacy of social developmental tasks (Picci
& Scherf, 2016; Scherf & Scott, 2012), and may change
as a function of development (Scherf & Scott, 2012). As
a result, it has been difficult to make strong predictions
about how neural systems represent these subordinate-
level biases in face processing.

Neural Representation of Subordinate-level
Categories of Human Faces

There is a large literature investigating the neural represen-
tation of faces at both the basic (face vs. object) and even
individual (Marilyn vs. Maggie) levels. When defined at the
basic level (e.g., faces vs. common objects), faces activate a
broad network of regions that extend throughout the ven-
tral temporal pathway including the occipital face area
(OFA), posterior fusiform gyrus, the fusiform face area
(FFA), and the anterior temporal pole, but also include
the amygdala, ventromedial prefrontal cortex, posterior
parietal cortex, and posterior superior temporal cortex in
both hemispheres (Haxby, Hoffman, & Gobbini, 2002;
Haxby et al., 2000). At the exemplar, or individual, level,
the topography of activation does not vary as much as
the patterns of activation within specific regions of the
face-processing network. For example, using a multivariate
analytic approach, researchers determined that regions in
the bilateral fusiform gyri and anterior middle temporal
gyri represent face identity (Nestor, Plaut, & Behrmann,
2011). Critically, the regions in the fusiform gyrus that were
identified in this multivariate approach were not face-
selective regions, meaning that they were not identified
in a basic-level contrast (i.e., faces vs. objects). This finding
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may indicate that representations for faces at the basic and
exemplar levels are differentiated, in part, by the locus of
activation within the fusiform gyrus.

Compared with these basic- and individual-level studies
of neural representation, there is a relative dearth of studies
evaluating how the brain represents subordinate-level cate-
gories of faces. Most studies investigating the neural basis of
subordinate-level face representations have focused on
understanding how the brain represents own- versus
other-race faces or the gender of faces. Many of these stud-
ies have reported differences in the magnitude and/or pat-
tern of activation between the different subcategories of
faces within regions of the face network (for a review, see
Kubota, Banaji, & Phelps, 2012). One study reported that
the right and left FFAs encode difference race faces as a
function of differential patterns of activation (Contreras,
Banaji, & Mitchell, 2013). The same authors reported that
the bilateral FFA also encodes gender via differential pat-
terns of activation (Contreras et al., 2013). Other studies
of face gender have reported a similar finding of differential
patterns of activation throughout multiple regions in the
face-processing network (e.g., Kaul, Rees, & Ishai, 2011).

There are far fewer studies investigating age as a subor-
dinate level for organizing face representations in the
brain. In one study, young adults (~23 years old) catego-
rized unfamiliar peer-aged (~22 years old) and older-aged
(~75 years old) faces by age and gender while being scanned
(Wiese, Kloth, Giillmar, Reichenbach, & Schweinberger,
2012). Although participants were faster to categorize older
faces than peer faces, there were no differences in the mag-
nitude of activation (i.e., percentage signal change) related
to the age of the face stimuli in any of the regions within the
face-processing network that they investigated (bilateral FFA
and OFA). In another study, children (ages 7-10 years) and
adults (ages 1840 years) performed a simple recognition
memory task separately for adult and child faces (Golarai,
Liberman, & Grill-Spector, 2017). There were no differ-
ences in the recognition accuracy for either face age or
as a function of either age group. However, the adults
exhibited reliably different patterns of activation through-
out the ventrotemporal cortex during recognition of the
adult and child faces, whereas the children did not. Alto-
gether, the work investigating the neural basis of race, gen-
der, and age as relevant dimensions of subordinate-level
representations of faces provides inconsistent information
regarding the mechanism for encoding faces at this level.

Current Study

To investigate the neural basis of subordinate-level repre-
sentations of human faces in the ventral visual pathway,
we leveraged recent behavioral findings indicating the pri-
vileged nature of peer faces in identity recognition for ado-
lescents and emerging adults (EAs; Picci & Scherf, 2016). In
this work, peer faces are defined not just by age, but also by
social developmental tasks (e.g., finding a mate, creating a
family, raising a family) that are related to, but not yoked to,
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age. Adolescence, roughly the second decade of life, and
emerging adulthood (~18-25 years; Arnett, 2000) repre-
sent developmental periods of increasing autonomy from
the familial unit and in which affiliative relationships
become reorganized to focus on peers (Havighurst,
1972). Previously, we proposed that these social develop-
mental tasks (e.g., autonomy from familial unit, developing
peer relationships) fundamentally shape the computational
goals of the perceptual system, which are ultimately
reflected in face-processing biases (Scherf & Scott, 2012;
Scherf, Behrmann, & Dahl, 2012). We reported that a peer
bias (i.e., superior recognition for peer compared with
other faces) emerges in adolescence and becomes promi-
nent in the face recognition behavior of EAs (Picci & Scherf,
2016). Specifically, EAs exhibit superior recognition of EA
faces compared with the other kinds of faces, whereas ado-
lescents exhibit superior recognition of adolescent faces
compared with the other groups of faces. Given the strength
of these behavioral findings, we used a similar par-
adigm to investigate the neural basis of the peer bias in
the face recognition behavior of EAs (age 18-22 years)
who are expected to exhibit a prominent behavioral peer
bias in their face recognition abilities.'

Specifically, we evaluated the presence of a potential
peer bias in face identity recognition behavior among 166
EAs in the context of recognizing child, early puberty ado-
lescent, late puberty adolescent, EA (i.e., peer), and faces of
individuals that would be approximately the age of the par-
ents of the EA participants (i.e., parent-aged [PA] faces). To
assess the neural basis of subordinate-level representations
of all these face categories and determine whether any of
them is privileged in the brains of EAs, we scanned a subset
of these participants using fMRI in two paradigms. In the
first paradigm, we employed a visual stimulation task to
map the topography of neural responses to each of these
subordinate-level faces in the ventral visual pathway (i.e.,
child, early adolescent, late adolescent, EA, and PA faces).
We hypothesized that the locus, size of regions activated,
and/or magnitude of activation within the regions may dif-
ferentiate the subcategories of faces, and particularly peer
faces. In a second task, participants engaged in a 1-back rec-
ognition memory task for faces from each subordinate-level
category. This task was used to specifically measure BOLD
activation during the process of face identity recognition.
Given the previously observed peer bias in face recognition
behavior, we predicted that the magnitude of responses
would differentiate the peer compared with the other
aged faces among regions in the face-processing network.

METHODS
Participants

Typically developing EAs (n = 166, M,z = 19.7 years,
SD = 1.9 years; 57% female; see Table 1) were tested in
the behavioral portion of the experiment. Participants
were healthy with no history of neurological or psychiatric

disorders in themselves or their first-degree relatives.
They were screened for behavioral symptoms indicative
of undiagnosed psychopathology. A total of 35 participants
were excluded because of experimenter error or because
their average total performance was below chance (i.e.,
accuracy is below 50%; n = 12). As a result, the final
sample included 131 participants (M,ge = 19.5, SD =
1.7 years; 60% female; see Table 1). A subset of 31 EAs
(Mage = 19.3 years, SD = 1.3 years; 52% female; see
Table 1) was scanned in the fMRI study. These individuals
were selected into the fMRI study because of their interest
in participating and their ability to pass the MRI safety
screening procedures, without regard for their behavioral
performance. This included no history of head injuries or
concussions, normal or corrected vision, and they were all
right-handed. The sample size for the behavioral study
was based on our recent behavioral study that at least
28 individuals were required to give us 80% power to
detect a moderate sized effect (i.e., 0.5) at a significance
level of 0.05 (Picci & Scherf, 2016). The sample size for
the neuroimaging studies was based on previous studies
in which experimental effects were observed in face-
processing network using a similar blocked design
(Scherf, Elbich, & Motta-Mena, 2017; Scherf, Elbich,
Minshew, & Behrmann, 2015).

Written informed consent was obtained using proce-
dures approved by the institutional review board of The
Pennsylvania State University. Participants were recruited
through the Psychology Department undergraduate sub-
ject pool and via fliers on campus.

Measures
Peer Bias Bebavioral Task

To investigate the peer bias in face recognition memory in
EAs, we adapted the old/new face-memory task that we
developed previously (Picci & Scherf, 2016). We included
all four of the original face category stimuli (i.e., 6- to 8-year-
old children, 11- to 14-year-old early-puberty (EP) adoles-
cents, 11- to 14-year-old late-puberty (LP) adolescents,
and sexually mature 18- to 20-year-old EAs) from our pre-
vious paradigm (Picci & Scherf, 2016). In addition, we
added a fifth block of faces that represented the current
age of parent faces to the EA participants, that is, individ-
uals who are between the ages of 40-50 years of age. We
call this developmental group “PA” faces because of their
relative developmental relation to the EA participants,
not because we confirmed that the individuals did indeed
have children of their own.

Table 1. Participant Demographics

Sample n Age, years (SD) % Female
Behavioral testing 166 19.7 (1.9) 57
fMRI testing 31 193 (1.3) 52
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The stimuli consisted of 150 grayscale photographs of
faces with neutral and happy expressions (see Figure 1A).
There were 30 images from each of five face subcate-
gories that corresponded to each developmental group:
(6- to 8-year-old children, 11- to 14-year-old EP adoles-
cents, 11- to 14-year-old LP adolescents, sexually mature
18- to 20-year-old EAs, and sexually mature 40- to 50-year-
olds). We collected perceived pubertal status of the adoles-
cent faces from an independent group of EA participants
and verified that the status ratings were significantly different
across all categories (e.g., child < all others; early puberty
adolescent < late puberty adolescent < EA). The
racial/ethnic composition of the faces in the stimuli reflected
the racial/ethnic distribution of the town where we recruited
participants. For each face category, there were an even
number of male and female target and distractor identities.
There were two separate images of each target identity, one
presented at encoding and the other at test (see Figure 1A).

Photographs were obtained from multiple face data-
bases: NimStim (Tottenham et al., 2009), Karolinska
(Lundgyvist, Flykt, & Ohman, 1998), National Institute of
Mental Health (NIMH) Child Emotional Faces Picture Set
(Egger et al,, 2011), JimStim (Tanaka & Pierce, 2009), and
the Radboud Face Database (Langner, Dotsch, Bijlstra,
Wigboldus, Hawk, & van Knippenberg, 2010). In addition,
approximately 50% of the images of LP adolescents and
50% of images of parents were taken in the Laboratory
of Developmental Neuroscience at The Pennsylvania State
University. Extreme blemishes or scars were masked to
eliminate artificial cues to recognition. Hair and clothing
were not cropped out of the images. All images were pre-
sented on a black background and were standardized for
luminance and image size.

Face-recognition abilities were measured using a com-
puterized game. After studying 10 target faces, participants
identified whether each face in a set of 20 faces (10 targets,
10 distractors) was in the study group (“old”) or not
(“new”). The task was presented in blocked design with
each block containing face stimuli for one of the five face
categories. The order of the blocks was counterbalanced
across participants. Participants first completed a practice
session, which consisted of an abbreviated version of each
phase of the task. At the end of the practice, participants
were instructed to remember the person and not the pic-
ture to encourage them to create an invariant representa-
tion of the face identity. This task has good external validity
with other tests of unfamiliar face identity recognition,
including both the Male and Female Cambridge Face
Memory Long Form Tests (see Arrington, Elbich, Dai,
Duchaine, & Scherf, 2022).

Each task block was divided into three sections, encod-
ing, delay, and recognition. During the encoding phase,
participants were presented with the target faces and told
that these were the faces of people who were going into a
movie; each face had a neutral expression. Participants had
2000 msec to encode each face. In the delay period, all par-
ticipants watched a movie trailer (~90 sec). During the test
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phase, participants were presented with the 10 target
faces, except now each target face exhibited a smiling
expression. These target faces were shown together with
10 distractor faces, which were also smiling. By presenting
perceptually transformed images of the target faces during
the test phase, we were able to assess participants’ invari-
ant representation of face identity rather than image-
specific memory. Each face was presented for 3000 msec.
Participants responded “yes” (“I recognize this face™) or
“no” (“I do not recognize this face”) by pressing a key. Par-
ticipants were instructed to perform as quickly and accu-
rately as possible.

MRI Acquisition

Before scanning, all participants were placed in a mock
MRI scanner for approximately 20 min and practiced lying
still. This procedure is highly effective at acclimating par-
ticipants to the scanner environment and minimizing
motion artifact and anxiety (Scherf, Thomas, Doyle, &
Behrmann, 2014). Participants were scanned using a Sie-
mens 3 T Trio MRI scanner with a 12-channel phase array
head coil at the Social, Life, and Engineering Imaging
Center at The Pennsylvania State University. During the
scanning section, the stimuli were displayed on a rear-
projection screen located inside the MR scanner.

Functional EPI images were acquired in 34, 3-mm-thick
slices that were aligned approximately 30° perpendicular
to the hippocampus, which is effective for maximizing signal
in the medial temporal lobes (Whalen et al., 2008). This
scanning protocol allowed for complete coverage of the
medial and lateral temporal lobes, frontal, and occipital
lobes. For individuals with larger head size, some of the
superior parietal lobe was not scanned. The scan parameters
were as follows: 3-mm isotropic voxels; repetition time =
2000; echo time = 25 msec; field of view = 210 X 210;
matrix 70 X 70; flip angle = 80°. High-resolution anatomi-
cal images were also collected using a 3-D magnetization
prepared rapid gradient echo with 176 Imm?, T1-weighted,
straight sagittal slices (repetition time = 1700; echo time =
1.78; flip angle = 9°; field of view = 256).

Visual stimulation task. A visual stimulation task was
created to activate face-selective regions in individual par-
ticipants. Tasks with dynamic stimulation are better at eli-
citing face-related activation throughout multiple nodes of
the distributed face-processing network (Pitcher, Walsh, &
Duchaine, 2011; Fox, laria, & Barton, 2009). Given that our
goal was to investigate the possibility that subordinate-
level category information is represented in multiple
nodes of the face-processing network, we employed a
dynamic task that would provide a better chance of iden-
tifying activation throughout this distributed network.
This task contained two runs and included blocks of
silent, fluid concatenations of short movie clips down-
loaded from the Internet. The short (3-5 sec) video clips
in the stimulus blocks were taken from YouTube and
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Figure 1. Face recognition behavioral task and performance. (A). Example of face identity recognition behavioral task from the emerging adult faces
block. Each task block was divided into three sections, encoding, delay, and recognition. During the encoding phase, participants were presented
with 10 target faces for 2000 msec each and asked to remember them. In the delay period, all participants watched a trailer for a movie (~90 sec).
During the recognize phrase, participants were presented with 10 target and 10 distractor faces, all of whom exhibited a smiling expression, and were
asked to determine whether the face was “old” or “new.” Behavioral performance as a function of face subcategory for (B) all participants (z = 166).
(C) Individuals who also participated in the scanning experiment (# = 31). The data figures represent the distribution of &' scores for each face
condition across participants. The plot shows the means (bars) = 1 standard error (SE). Peer = emerging adult faces condition. “All Other 4 Faces”
represents the average performance across the child, early pubertal adolescent, late pubertal adolescent, and parent-aged face conditions. “All Other
3 Faces” represents the average performance across the child, early pubertal adolescent, and late pubertal adolescent face conditions; we include
these results to replicate our previous behavioral findings (Picci & Scherf, 2016).
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edited together using iMovie. Movies of objects included
moving mechanical toys and devices (e.g., dominos falling)
and were used in our previous work (Elbich, Molenaar, &
Scherf, 2019; Elbich & Scherf, 2017). The movie clips of
faces were intensely affective (e.g., a person laughing or
crying) to elicit activation throughout the network of core
and extended face processing regions (Gobbini & Haxby,
2007). Videos from all five face categories were repre-
sented in this task, including children, EP adolescents,
LP adolescents, EAs, and PA individuals. The face movies
included an even number of unfamiliar male and female
actors expressing positive (e.g., happy, joyful, or enthusi-
astic) or negative (e.g., angry, scared, or crying) emotion
(see Figure 2A). The movie clips were rated for emotional
intensity in a separate group of EA participants. The movie
clips were balanced across subcategory for emotional
intensity.

In total, there were eighteen 16-sec stimulus blocks. In
each run, there were three 16-sec blocks for each condition.
(i.e., 6/conditions). Each run lasted 7 min 12 sec, which
began and ended with 12-sec fixation blocks. The order of
the stimulus blocks was randomized for each participant.
Fixation blocks (6 sec) were interleaved between task
blocks. After the first fixation block in each run, there was

a 12-sec block of patterns. The order of the two runs was
counterbalanced across participants.

Participants were instructed to watch the movies and be
still. Therefore, there were no constraints on the kind of
processing that was engaged by participants in response
to the stimuli; it was not focused on identity recognition
or any other process (e.g., emotion categorization, gender
or age evaluation). The task was designed so that large
ROIs could be identified and characterized within individ-
ual participants.

JMRI face recognition task. This task was specifically
designed to engage face identity recognition processes
because the peer bias is manifested in recognition behavior.
When creating this task, we balanced the needs to evince a
peer bias in activation and maximize the signal-to-noise ratio
in a novel paradigm in regions that are susceptible to sinus
artifact (e.g., amygdala, anterior temporal lobe [ATL]). As a
result, we settled on a 1-back memory task for face identity
in a blocked fMRI design using static images. Although the
n-back was originally designed to engage working memory
processes, the 1-back version has been used successfully
to engage face identity recognition processes in which par-
ticipants must invoke a mental representation of face

Peer
(EA)

Child

200 msec

A Examples of Faces from fMRI Visualization Stimulation Task

EP LP PA

B Example Block from fMRI Face Recognition Task

response

Figure 2. Neuroimaging tasks. (A). Examples of face categories in the visual stimulation task. Movie clips for each of five face conditions were
included in the task including peer (i.e., emerging adult), child, early pubertal (EP) adolescent, late pubertal (LP) adolescent, and parent-aged (PA)
adult. The emotional intensity of the movie clips was matched across conditions. (B). Example block of fMRI face recognition task. The 1-back
recognition task was executed in separate blocks for each of the five face subcategories as defined in the visual stimulation task (block orders were
randomized). This is an example of the stimuli from the child face 1-back block.
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identity in the absence of a percept (e.g., Herrington, Riley,
Grupe, & Schultz, 2015; Gauthier et al., 2000; Kanwisher,
Tong, & Nakayama, 1998).

Participants saw images of common objects and faces
from each of the five developmental categories (i.e., child,
EP adolescent, LP adolescent, peer—EA, PA faces). The face
images used in this experiment were selected from several
databases including Child Affective Facial Expression
(LoBue & Thrasher, 2015), JimStim (Tanaka & Pierce,
2009), NIMH Child Emotional Faces Picture Set (Egger
etal,, 2011), Center for Vital Longevity Face (Minear & Park,
2004), NimStim (Tottenham et al., 2009), and Karolinska
(Lundgvist et al., 1998). Common objects (inanimate
objects) were downloaded from the Internet. The size
(300 pixels/in.), color (gray scale), and luminance of the
images were controlled using Photoshop.

The task was a single run block design with six 12-sec
blocks of each visual category, the order of which was ran-
domized for each participant, interleaved with 6-sec fixa-
tion blocks. Within each task block, 12 images were each
presented for 800 msec followed by a 200-msec fixation.
Participants completed a 1-back task while viewing the pic-
tures and responded by button press when they saw a pic-
ture repeat (see Figure 2B). Two images repeated in each
stimulus block, the order of which was counterbalanced
across blocks. Accuracy was collected as a measure of task
performance. The duration of the task was 9 min 36 sec.

Data Analyses
Peer Bias Bebavioral Data

We converted the accuracy data to d scores. We used the
loglinear approach to compute the hit and false alarm rates
as follows (Stanislaw & Todorov, 1999).

Hits + .5
@ Hit Rate (H) = —————
it Rave (H) = s + 1
FA+.
@ False Alarm(FA) = ﬁ
Total FA + 1

®d =z(H) — z(FA)

Before analyses, a process template was designed and
coded for data cleaning and processing at the individual
participant level. The raw data from each participant were
downloaded onto this process template to identify trials
with outlier RTs. We determined the minimum RT thresh-
old by averaging RT on the fastest five accurate trials across
all participants (50 msec). The maximum RT threshold was
2950 msec (i.e., 50 msec under the max trial time). There-
fore, any trials with RT less than 50 msec or greater than
2950 msec were removed from the analysis for each partic-
ipant. The corresponding hit or false alarm rates were
adjusted to accommodate the removal of each trial. Data
from the entire task were removed from the analysis if the
average total accuracy across all conditions was below
chance (i.e., < 50%; n = 12) or whose average d' score
across conditions indicated confusion executing the task
(.e.,d < —1;n = 19). Finally, to address outlier data

points, we Winsorized the d' values separately for each
face condition (e.g., Picci & Scherf, 2016).

Planned comparisons were evaluated using paired-
samples ¢ tests. Specifically, we predicted that recognition
performance for peer faces (i.e., EA faces) would exceed
performance for all other faces (average of other face
categories—see Picci & Scherf, 2016). However, because
we added the PA faces in the paradigm, we computed two
estimates of “other faces” for each participant. First, we
computed the average performance in response to the
child, and both groups of adolescent faces to directly com-
pare these findings with our prior results (Picci & Scherf,
2016). Second, we computed the average performance in
response to all other face categories, including PA faces.

JMRI face recognition task bebavioral data. Because of

the relatively limited number of potential hits (i.e., 2) com-
pared with false alarms (i.e., 8) in each block, we did not
convert the accuracy data from the scanner face recogni-
tion task into &' scores. To compute accuracy for each face
subcategories, we adopted a strategy like signal detection
theory. Specifically, in addition to assessing accuracy on
the target present trials, we also assessed accuracy on
the target absent trails. So, if a participant pressed the
response button for a nontarget trial, it counted as a false
alarm and, thus, an incorrect trial for the analysis.

Neuroimaging Dala

Defining individual face-related ROIs. Imaging data
were analyzed using Brain Voyager QX version 2.3 (Brain
Innovation). Preprocessing of functional data included 3-D
motion correction and filtering out low frequencies (three
cycles). Only those participants who exhibited maximum
motion of less than 2/3 of a voxel in all six directions (i.e.,
no motion greater than 2.0 mm in any of six motion vec-
tors on any image in all runs of both tasks) were included
in the fMRI analyses. No participant was excluded because
of excessive motion.

For each participant and each task, the time-series
images for each brain volume were analyzed separately
for basic and subordinate-level category differences (e.g.,
objects, child faces, EP adolescent faces, LP adolescent
faces, peer faces, and PA faces) in a fixed-factor general
linear model (GLM). The GLM was computed on the
z-normalized raw signal in each voxel. Each stimulus cate-
gory was defined as a separate predictor and modeled with
a box-car function, which was convolved with a canonical
hemodynamic response to accommodate the delay in
BOLD response. The time-series images were then spatially
normalized into Talairach space. The functional images
were not spatially smoothed (Grill-Spector & Weiner, 2014).

Face-related activation was defined separately for each
participant for each subordinate-level face category using
a whole-brain contrast (e.g., child faces — objects; peer
faces — objects) that was corrected for false positive activa-
tion at the whole-brain level using the false discovery rate
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with g < 0.10 (Genovese, Lazar, & Nichols, 2002). This
generated activation maps for each participant including
a child face map, an EP adolescent face map, an LP adoles-
cent face map, a peer face map, and a PA face map. From
each activation map, we defined face-related functional
ROIs in each individual participant that were inspired by
the Gobbini and Haxby (2007) model of face processing.
These ROIs included core (e.g., OFA, FFA1, posterior
superior temporal sulcus [pSTS]) and extended (e.g.,
amygdala, ATL) regions in each hemisphere. The cluster
of contiguous voxels nearest the classically defined fusi-
form area (FFA) in the middle portion of the gyrus was
identified as the pFus-faces/FFA1 (Weiner & Grill-Spector,
2010). We defined the OFA as the set of contiguous voxels
on the lateral surface of the occipital lobe closest to our
previously defined adult group level coordinates (x, y, z
coordinates: 50, —66, —4; Scherf, Behrmann, Humphreys,
& Luna, 2007). The pSTS was defined as the set of contig-
uous voxels within the horizontal posterior segment of the
superior temporal sulcus that did not ascent into the pos-
terior segment of the STS. The most anterior boundary of
the pSTS was where the ascending segment of the intra-
parietal sulcus (IPS) intersected the lateral fissure. The
ATL ROI was defined as the cluster of voxels nearest the
coordinates reported previously in studies of individual
face recognition (Mur, Ruff, Bodurka, Bandettini, &
Kriegeskorte, 2010), which is at the most anterior tip of
the collateral sulcus and fusiform gyrus, between the occi-
pitotemporal sulcus and the parahippocampal gyrus. The
amygdala was defined as the entire cluster of face-selective
voxels within the gray matter structure. Any active voxels
that extended beyond the structure out to the surrounding
white matter, horn of the lateral ventricle, or hippocampus
were excluded.

Defining individual early visual cortex ROIs. We
defined early visual cortex (EVC) in each individual in each
hemisphere separately to evaluate as control regions.
Functional activation in EVC was defined using a whole-
brain contrast (objects—fixation) that was corrected for
false positive activation at the whole-brain level using the
false discovery rate with g < 0.05 (Genovese et al., 2002).
Following Nishimura and colleagues (Nishimura, Scherf,
Zachariou, Tarr, & Behrmann, 2015), EVC was identified
in each hemisphere separately in the most ventral axial
slice of the occipital pole in which the calcarine sulcus
could be visualized. We selected activation posterior to
the calcarine sulcus on the axial slice and included contigu-
ous voxels of activation that extended a maximum of 10 mm
above or below the axial slice in which the calcarine sulcus
was identified. We used the transverse occipital sulcus as
the lateral boundary for activation.

ROlI-based Analyses

Visual stimulation task. Table 2 illustrates the total
number of participants for whom each ROI was definable
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together with the average coordinates of the centroid of
each region. The ROIs were quantified in terms of the total
number of significantly active voxels. A score of 0 was
entered if a participant did not exhibit any significantly
active voxels for a given ROL Only ROIs in which a mini-
mum of 50% of the participants had definable functional
ROIs for all five categories were selected for additional
analyses. This included bilateral FFA1, right OFA, and right
pSTS. There was not enough data to include the bilateral
amygdala, anterior temporal poles, left OFA, or left pSTS in
additional analyses.

The data that were analyzed for the effects of subordinate-
level representation are shown in Table 3. These data were
not normally distributed; therefore, we used a square root
transformation before analyses (Elbich & Scherf, 2017).
Planned contrasts were conducted to compare the size
of ROIs activated by peer faces versus those from the other
face subcategories (i.e., average of child, EP, LP, and PA
face ROIs). We also report the 95% confidence intervals
of the difference scores.

To compute the magnitude of subcategory selectivity
within each region, separate ROI-based GLMs were con-
ducted for each participant in each ROI. This generated
beta weights for each subcategory for each participant
from each map. Participants with no definable voxels in
an ROI were excluded from the statistical analyses for neu-
ral magnitude, given that no beta weights could be
extracted from ROI-based GLM. The goal was to evaluate
whether a functionally defined ROI that was selective for

Table 2. Number of Definable Face-selective ROIs for Each
Subordinate-level Face Category from Visual Stimulation Task

Child EP P EA PA
rFFA1 27 26 28 27 26
IFFA1 27 26 26 25 23
rOFA 16 17 18 22 16
rpSTS 21 24 20 23 22
rAmygdala 5 12 10 7 8
[Amygdala 7 8 11 8 10
rATL 12 18 13 12 10
IATL 13 14 12 12 10
IOFA 12 17 16 21 16
IpSTS 12 21 19 19 22

Each functional ROI in this table was defined as relevant face category
versus object (e.g., child vs. object). EP represents early pubertal ado-
lescent face, LP represents late pubertal adolescent face, EA represents
emerging adult face, and PA means parent-aged face condition. There
are 31 participants in this study. We focused on the core and extended
face neural network and defined these bilateral ROIs. To ensure the
power of analysis, only those ROIs in which more than half of partici-
pants (i.e., > 16) had significant activation were included in final statis-
tical analyses (i.e., rFFA1, IFFA1, rOFA, and rpSTS). r = right; | = left;
FFA = fusiform area; OFA = occipital face area; pSTS = posterior supe-
rior temporal sulcus; ATL = anterior temporal lobe.
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Table 3. Functional ROIs for Each Face Category from Visualization Stimulation Task

x y z
ROIs (Defined Maps) Size of ROI (SE) n Mean (SE) Mean (SE) Mean (SE)
rFFA1
Child 597.42 (211.54) 27 39 (0.58) —51 (1.35) —17 (0.77)
EP 516.19 (207.67) 26 39 (0.77) —50 (1.35) —18 (0.77)
LP 716.82 (227.38) 28 38 (0.58) —50 (1.54) —17 (0.77)
FA 828.35 (148.31) 27 39 (0.77) —51 (1.54) —17 (0.77)
PA 488.74 (153.94) 26 38 (0.77) —52 (1.35) —18 (0.77)
IFFA1
Child 519.42 (191.85) 27 —37 (0.60) —50 (1.60) —18 (0.80)
EP 557.44 (221.41) 26 —39 (0.80) —51 (1.80) —18 (0.60)
LP 600.32 (226.02) 26 —40 (0.60) —48 (1.60) —19 (0.60)
EA 655.16 (163.07) 25 —39 (0.60) =51 (1.80) —18 (0.60)
PA 409.75 (154.33) 23 —40 (0.60) —50 (1.60) —17 (0.60)
rOFA
Child 109.35 (63.39) 16 29 (2.62) —86 (2.14) —4 (2.38)
EP 368.90 (210.92) 17 25 (2.86) —83 (2.38) —4 (2.86)
LP 600.76 (278.59) 18 27 (3.33) —84 (2.38) —7 (1.90)
FA 597.87 (175.51) 22 27 (2.62) —87 (1.67) —10 (1.67)
PA 322.23 (159.74) 16 24 (2.62) —87 (1.67) -9 (2.14)
rpSTS
Child 282.35 (93.25) 21 50 (1.28) —50 (1.92) 8 (1.28)
EP 583.48 (177.06) 24 51 (1.07) —48 (1.92) 9 (1.28)
LP 803.29 (211.04) 20 53 (0.64) —48 (1.71) 8 (0.85)
EA 739.77 (208.94) 23 52 (1.28) —49 (2.13) 7 (1L.07)
PA 449.36 (158.22) 22 51 (1.07) —49 (1.92) 8 (1.28)

Each face-selective ROI was defined using the contrast (face subcategory vs. objects) during the visual stimulation task and was corrected for FWE
using the false discovery rate procedure. The average size and coordinates of the individually defined functional ROIs for each face subcategory. The
size of the average ROIs is reported in number of contiguously active voxels. The average coordinates were based on the centroid of the individually
defined functional ROIs. Original values of activation size of ROIs were reported. EP = early pubertal adolescent face; LP = late pubertal adolescent
face; EA = emerging adult face (peer); PA = parent-aged face condition; FFA = fusiform area; OFA = occipital face area; pSTS = posterior superior

temporal sulcus.

one subcategory of faces (e.g., peer faces) was equally
selective for other subcategories of faces. Importantly,
although the ROI was defined using the core subcategory
(e.g., peer faces — objects), the important and indepen-
dent information is regarding the contrast in magnitude
between core and other subcategories of faces. Because
the other subcategories of faces were not used to define
the ROI, this is an independent analysis. As with the
behavioral data, we computed a measure of “other faces”

by averaging the beta weights from the four other face
subcategories to compare to the core/defining category
of the ROL. Because this was a planned contrast, we used
paired-samples ¢ tests to evaluate the difference in magni-
tude of activation in each ROI and the 95% confidence
intervals of the difference scores. This also reduced the
number of statistical tests we administered per ROI,
which reduced the FWE rate. In the ROIs, we executed
each of these contrasts (e.g., peer—other; child-other)
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separately. As a result, we employed a Bonferroni correc-
tion for the number of contrasts within each ROI (0.05/5,
P = .01) to these analyses.

Face recognition task. Within each participant, an ROI-
based GLM was computed on the time-series data from
the fMRI face recognition task in the individually defined
right and left FFA1 ROIs (for each face subcategory)
obtained from the visual stimulation task. This generated
a set of beta weights for each face subcategory for each
participant (child, EP adolescent, LP adolescent, peer,
and PA faces). As in analyses of the data from the visual
stimulation task, we computed a measure of “other faces”
by averaging the beta weights from the nondefining face
subcategories. We submitted the beta weights from the
defining and “other face” categories to separate paired-
samples ¢ tests for each ROI to evaluate the relative selec-
tivity of each ROI to the defining face category. These
were planned contrasts that reduced the number of statis-
tical tests we administered per ROI, and thus, the FWE
rate. Relations between the neural magnitude and behav-
ioral performance in fMRI face recognition task for each
face subcategory were explored using linear regression
analyses with neural magnitude (i.e., beta weight) as inde-
pendent variable and behavioral performance as the
dependent variable in separate analyses. All the results
were Bonferroni corrected for the number of contrasts
within each ROL.

RESULTS
Behavioral Results
Peer Bias Task

Figure 1B illustrates performance in the peer bias face rec-
ognition task as a function of face subcategory. To evalu-
ate the replicability of our previous findings, peer faces
were initially contrasted with “other faces” as defined by
the average performance (i.e., d’) in response to the child
and adolescent faces (see Picci & Scherf, 2016). The
planned contrast revealed a peer bias, £(130) = 3.20, p <
.005 (1-tailed; 95% Cl of the difference = [0.08, 0.35]), indi-
cating enhanced recognition of peer (M = 0.85, SE = 0.06)
compared with other (M = 0.71, SE = 0.05) faces. Second,
when “other faces” included PA faces as well, the analyses
also revealed a peer bias, #(130) = 2.06, p < .05 (1-tailed;
95% CI of the difference = [0.08, 0.28]), with superior rec-
ognition of peer compared with other (M = 0.63, SE =
0.05) faces. There were no other subcategories of faces that
evinced this privileged status for adults. In other words,
adults performed similarly when comparing each of the
other subcategories of faces to the other groups of faces.
Together, these results indicate that the subcategory of
peer faces is privileged in the face recognition behavior
of EAs, even when including the age-related category of
faces that are likely to be the most overrepresented in their
visual input (i.e., PA faces).
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In addition, we analyzed the data from 19 of the 31 indi-
viduals who also participated in the fMRI study. We only
have partial behavioral data for these individuals who partic-
ipated in our neuroimaging task because of computer error
during data collection. Figure 1C shows scanning partici-
pants’ behavioral performance in the peer bias face recog-
nition task. For these individuals, the planned contrast also
revealed a peer bias in their recognition behavior, #(18) =
1.89, p < .05 (1-tailed; 95% CI of the difference = [—0.04,
0.75]), indicating enhanced recognition of peer (M = 1.14
SE = 0.18) compared with other faces (M = 0.78, SE =
0.15); when “other faces” included PA faces as well, the
analyses also revealed a peer bias, #(18) = 1.87, p < .05
(1-tailed; 95% CI of the difference = [—0.05, 0.85]), with
superior recognition of peer compared with other faces
M = 0.74, SE = 0.15).

JMRI Face Recognition Task

In contrast to the face recognition task outside the scan-
ner, EA participants did not exhibit a peer bias in face rec-
ognition behavior during the 1-back fMRI face recognition
task. They exhibited equal recognition of peer faces (M =
0.98, SE = 0.01) and other-aged faces (M = 0.97, SE =
0.01), 1(29) = 1.88, p = .07 (1-tailed; 95% CI of the differ-
ence = [—0.001, 0.02]), which is not surprising given that
performance for all conditions was at ceiling.

Neuroimaging Results
Visual Stimulation Task

Tables 2-3 illustrate the number of participants for whom
each ROI was functionally definable and the average coor-
dinates of the centroid of each ROI across participants. To
maximize power in our analyses, we only quantified data
from ROIs in which at least 50% of the participants (i.e.,
16 out of 31) exhibited definable activation. Therefore,
we excluded bilateral ATL, amygdala, and left OFA and
left pSTS from subsequent analyses.

Number and location of definable face-related ROIs.
We used the nonparametric Friedman test to evaluate
whether there were differences in the numbers of partic-
ipants who exhibited definable activation for each ROl as a
function of each face subcategory (e.g., FFA1 child faces
vs. adolescent vs. peer vs. PA faces). There were no signif-
icant differences in the numbers of definable ROIs across
face subcategories in any of the ROIs (all p > .05). In other
words, within each face-selective ROI (i.e., rFFA1, IFFA1,
rOFA, rpSTS), if a participant evinced face-selective voxels
for any one face subcategory (e.g., child faces), they likely
had face-selective voxels for each of the other face sub-
categories as well (i.e., adolescent, peer, parent).
Following Scherf, Luna, Minshew, and Behrmann
(2010), we also tested whether there is a difference in
the location of the centroid of the face-subcategory ROIs
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Figure 3. The neural size of peer face FFA1 is larger than that of other subcategory face regions. Within right and left FFA1, separate ROIs were
individually defined for each participant for each face subcategory (e.g., peer faces — objects, child faces vs. objects). The plot represents the mean
number of contiguously activated voxels in the region * 1 SE. Only the peer face ROIs were significantly larger in the right (A) and left (B) FFAL.

*p o< .05 ** p < .01 *** p < .005 (Bonferroni-corrected).

for each part of the network. (i.e., FFA, OFA, STS). We
found that within each region, the subordinate-level
face-selective ROIs were highly overlapping.

Size of definable ROIs. Within each of the individually
defined face-selective ROIs (e.g., rFFA1), we investigated
whether the separate ROIs for each face subcategory dif-
fered in size (i.e., number of significantly active contiguous
voxels). Means and standard errors of ROI size for each
definable ROI are shown in Table 3. We observed a differ-
ence in the size of the functionally defined face regions
bilaterally within left and right FFA1 (see Figure 3). In IFFAI,
peer faces elicited a larger swath of activation than did the
other face categories, £(30) = 2.19, p = 0.06 (1-tailed;
Mpeer = 16.36, SE = 2.83; Momer = 12.09, SE = 2.13; 95%
ClI of the difference = [0.03, 0.74]). Similarly, in rFFA1, peer
faces elicited a larger swath of activation than did the other
face categories, £(30) = 2.92, p < .001 (1-tailed; Mpeer =
21.07, SE = 2.81; Momer = 13.96, SE = 2.32; 95% CI of the
difference = [0.14, 0.89]). Results are Bonferroni corrected
for the number of ROIs (p = .05/4 = 0.0125). Figure 4 illus-
trates the subcategory ROIs (each in a separate color) in
the bilateral FFA1 in a representative brain. Peer faces also
elicited a larger swatch of activation than other face sub-
categories in both the right OFA and pSTS; however, these
results are not statistically significant with correction.

Magnitude of activation within definable ROIs. In these
analyses, the comparison of activation in response to differ-
ent subordinate-level categories of faces was conducted in
each basic-level face-defined ROI (e.g., peer faces vs.
objects). Importantly, because the ROI is defined relative
to objects, the estimation of the neural response to the
“other face” categories is of primary interest. The estimation
of this response is independent of the voxel selection pro-
cess. We discuss the significant results here, but the full set
of results is reported in Table 4.

Other faces elicited significantly weaker activation than
did peer faces in peer-face defined rFFA1, IFFA1, and rpSTS.
Other faces also elicited significantly weaker activation than
child faces in child-face defined 1FFA1. We also found that
other faces elicited a significantly weaker activation than

Peer face

Child face
EP face
M LP face

Figure 4. Representative brain activation to face subcategory within
bilateral FFA1. A transverse view of brain activation within bilateral FFA
from one participant (subject ID: sub_011) is shown. Within the
bilateral FFA1, separate ROIs were defined for each face subcategory
including peer (i.e., emerging adult), child, early pubertal (EP)
adolescent, late pubertal (LP) adolescent, and parent-aged (PA) adult
faces. L = left; R = right.
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Table 4. Summary of Neural Magnitude Results from Visual Stimulation Task (fMRI)

Target Faces Other Faces
Face Contrast ROIs M (SE) M (SE) df t Value 95% Cls
Peer vs. others rFFA1 0.34 (0.04) 0.17 (0.03) 25 3.70%* [.03, .25]
IFFAL 0.37 (0.04) 0.21 (0.03) 23 2.90%* [.05, .27)
rOFA 0.82 (0. 20) 0.77 (0.18) 15 1.06 [—.05, .15]
rpSTS 0.92 (0.29) 0.74 (0.11) 22 3.00% [.05, .29]
Child vs. others rFFA1 0.33 (0.04) 0.22 (0.03) 27 2.35 [.02, .19]
IFFAL 0.32 (0.04) 0.18 (0.02) 26 3.89%%x [.08, .25]
rOFA 0.91 (0.15) 0.95 (0.13) 14 -.59 [—.18, .10]
rpSTS 0.74 (0.12) 0.83 (0.14) 20 ~1.66 [—.21, .02
EP vs. others rFFA1 0.24 (0.03) 0.19 (0.02) 25 -.59 [—.12, .06]
IFFAL 0.31 (0.02) 0.20 (0.03) 24 2.59* [.01, .18]
rOFA 0.84 (0.12) 0.70 (0.16) 15 2.03 [—.01, .29]
rpSTS 0.83 (0.10) 0.73 (0.13) 22 1.82 [—.01, 21]
LP vs. others rFFA1 0.33 (0.04) 0.16 (0.03) 26 4.20%%x [.07, .25]
IFFAL 0.36 (0.08) 0.17 (0.03) 25 4,62%%x [.11, .30]
rOFA 1.06 (0.20) 0.93 (0.17) 16 1.97 [—.01, 28]
rpSTS 0.95 (0.18) 0.69 (0.12) 19 1.81 [—.03, 21]
PA vs. others rFFA1 0.30 (0.04) 0.20 (0.03) 26 2.58% [.07, .25]
IFFA1 0.31 (0.05) 0.20 (0.03) 23 2.97% .02, .13]
rOFA 0.86 (0.18) 0.77 (0.17) 16 1.65 [—.02, .18]
rpSTS 0.63 (0.03) 0.56 (0.02) 21 95 [—.05, .14]

CI represents 95% confidence interval. EP = early pubertal adolescent face condition; LP = late pubertal adolescent face condition; peer = emerging
adult face condition; PA = parent-aged face condition; FFA = fusiform area; OFA = occipital face area; pSTS = posterior superior temporal sulcus.

*p < .05
** p < 0L

**% p < 005 (Bonferroni-corrected).

early pubertal adolescent faces in early pubertal adolescent-
face defined IFFA1. We also observed that other faces
elicited significantly weaker activation than late pubertal
adolescent faces in late pubertal adolescent-face defined
rFFA1 and IFFA1. Finally, other faces also elicited signifi-
cantly weaker activation than PA faces in the PA-face
defined rFFA1 and IFFA1 (see Figure 5).

We did not observe significant differences in the mag-
nitude of activation between other faces and target faces
in the functionally defined rpSTS and rOFA. Furthermore,
there were no significant differences in the magnitude of
activation between subordinate-level categories of faces
in the control regions (i.e., bilateral EVC). These findings
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suggest that there is a high degree of functional specific-
ity in FFA1 for representing subordinate-level categories
of human faces, particularly in terms of developmental
stage.

JMRI Face Recognition Task

Magnitude of activation. We focused these analyses on
bilateral FFA1 regions where we consistently observed the
representations of each face subcategory in the analyses of
the visual stimulation task. We discuss the significant
results here, but the full set of results is reported in
Figure 6 and Table 5.
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Figure 5. Face subcategory selectivity of ROIs within bilateral FFA1. Within right and left FFA1, separate ROIs were individually defined for each

participant for each face subcategory (e.g., peer faces — objects, child faces—objects). To determine the selectivity of these regions, the response to
the “other” nontarget faces was evaluated, which is independent from how the regions were functionally defined. Similar magnitude responses would
indicate a basic level encoding of faces. In both the right (A) and left (B) FFA1, each of the subcategorically defined face ROIs exhibited a stronger
response magnitude to the nontarget faces, indicating a selective response to the target category. Magnitude in the y axis represents the beta weight
of the BOLD response for each face condition. The plot represents the mean magnitude = 1 SE. * p < .05. ** p < .01. *** p < .005 (Bonferroni-

corrected).
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Figure 6. Evaluation of neural response in bilateral FFA1 during face recognition fMRI task. ROI-based GLMs were run on the time-series data from
the fMRI face recognition task within the individual-identified regions from the visual stimulation task, and the beta weights were extracted. This
allowed us to determine what the neural response of the subcategorically defined regions looked like during the process of recognition specifically.
In both the right (A) and left (B) FFA1, the response to peer faces was lower than the response to the other kinds of faces. In all other face
subcategory-defined FFA1, the target faces elicited higher activation than did the nontarget faces. The plot represents the means and standard error
(SE). Magnitude in the y axis stands for beta weight for each face condition. * p < .05. ** p < .01. *** p < 005 (Bonferroni-corrected).
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Table 5. Summary of Neural Magnitude Results from fMRI Face Recognition Task

Target Faces

Other Faces

Face Contrast ROIs M (SE) M (SE) daf t Value 95% Cls

Peer vs. others rFFA1 0.66 (0.09) 0.76 (0.09) 25 —3.42%%x [—.15, —.03]
IFFA1 0.63 (0.09) 0.74 (0.09) 23 —4.00%** [—.17, —.04]

Child vs. others rFFA1 0.94 (0.11) 0.86 (0.11) 24 2.30% [0, .11]
IFFA1 0.88 (0.14) 0.86 (0.13) 25 79 [—.04, .08

EP vs. others rFFA1 0.72 (0.13) 0.74 (0.11) 26 -1.71 [—1.12, 0]
IFFA1 0.45 (0.09) 0.53 (0.09) 25 —2.18 [—.84, —.09]

LP vs. others rFFA1 0.86 (0.11) 0.79 (0.11) 26 1.97 [—.01, .21)
IFFA1 0.67 (0.09) 0.56 (0.09) 25 2.59* [.01, .13]

PA vs. others rFFA1 0.88 (0.12) 0.80 (0.11) 26 2.77* [.02, .13]
IFFA1 0.74 (0.09) 0.68 (0.09) 23 2.94%* [.02, .10]

CI represents 95% confidence interval. EP = early pubertal adolescent face condition; LP = late pubertal adolescent face condition; peer = emerging
adult face condition; PA = parent-aged face condition; FFA = fusiform area; OFA = occipital face area; pSTS = posterior superior temporal sulcus.

*p < .05
** p < 0L

*#% p < .005 (Bonferroni-corrected).

In the peer-defined bilateral FFA1, the response to
other faces was stronger than that to peer faces. In all other
subordinate-level face-defined ROIs, the response to other
faces was weaker than to the target category, including the
child, late puberty adolescent, and parent-defined ROIs.

Bebavioral correlation. Although there were no differ-
ences in recognition behavior for subcategories of faces in
the scanner task, we conducted exploratory analyses to
evaluate potential associations between neural activation
and face recognition performance for each subordinate-
level category of faces. For each subcategory of face, we
computed a separate regression of the difference score
in neural magnitude (e.g., peer vs. other faces) on the dif-
ference score in face recognition behavior (e.g., peer vs.
other faces) for the FFA ROIs. There were no significant
relations between neural magnitude and recognition
behaviors in any ROL.

DISCUSSION

The psychological relevance of subordinate-level catego-
ries of human faces, like race, gender, and developmen-
tal stage, is well established behaviorally, and is important
for understanding the way we process social categories.
Yet, the mechanisms by which the brain represents this

subordinate-level information about faces remains largely
unknown. The patterns of bias in face recognition behav-
ior reflect differential sensitivity to this subordinate-level
information. For example, as children become adoles-
cents, the relatively enhanced ability to recognize adult
faces (i.e., caregiver bias) undergoes a developmental
change so that peer faces of a similar pubertal status
become the privileged subcategory for recognition (i.e.,
peer bias; Picci & Scherf, 2016). The peer bias becomes
even more strongly entrenched in the face recognition
behavior of EAs. Our goal in this study was to evaluate
the neural mechanisms that represent this kind of
subordinate-level information about faces, specifically
the primacy of peer faces for EAs, individuals 18-25 years
of age who are in a distinct developmental stage in which
peers are highly relevant to their social developmental
tasks (Arnett, 2000, 2007, 2014).

First, we tested a large cohort of participants in a behav-
ioral paradigm to replicate and extend previous findings of
a peer bias in the face recognition behavior of EAs. Then,
in a subset of these same participants, we used fMRI to
evaluate multiple potential mechanisms by which
subordinate-level information underlying the peer bias
may be represented within the face-processing neural net-
work. We mapped out the topography of the regions
selectively responsive to the five subcategories of faces
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(child, early puberty adolescent, late puberty adolescent,
EA, and parent faces) in each individual participant using a
visual stimulation task. This allowed us to evaluate
whether the locus, size, or magnitude of activation differ-
entiated each of the subcategories of faces in the face-
processing network. Next, we independently interrogated
the response properties of these regions as participants
engaged in a 1-back face recognition task with all five sub-
categories of faces.

Emerging Adults Are Biased to Recognize
Peer Faces

To replicate and extend our prior work investigating the
influence of developmental stage as a relevant type of
subordinate-level information that biases the face recog-
nition behavior of EAs, we employed an old/new recogni-
tion memory paradigm. In this task, participants encode
and recognize faces from each of five developmental
stages. Three of these subcategories of faces (child, early
puberty adolescent, and late puberty adolescent) all rep-
resent developmental stages that EAs have already lived
through themselves. In our prior work using this task,
we reported a peer bias in EAs, namely, that recognition
behavior was superior in the EA condition compared with
all other conditions (Picci & Scherf, 2016). This prior find-
ing underscores the importance of peer faces during this
developmental period, supporting the notion that the
visuoperceptual system is fine-tuned to subserve social
developmental tasks (e.g., bonding with peers for rela-
tionships; Scherf et al., 2012). Although, the EA face cate-
gory represents the EAs’ current developmental category,
and thus their “peers,” EA faces may also be overrepre-
sented in their accumulated visual experience given the
role that adult caregivers and teachers play in children’s
and adolescents’ lives. In addition, EA faces are sexually
mature and, thus, sexually dimorphic, making them
potentially more distinctive than the child and adolescent
faces. As a result, we extended this prior work here by
including another group of sexually mature adult faces
that would control for these alternative explanations. We
included PA faces (those between the ages of 40-50 years)
because they likely represent the faces that are most over-
represented in EAs’ visual experience and that are also
sexually dimorphic.

Indeed, we observed that EAs exhibit superior recogni-
tion for peer faces compared with all other faces even
when PA faces were included in the task. First, this finding
replicates our previous finding of a peer bias in EAs (Picci
& Scherf, 2016). Importantly, it also extends these earlier
findings by ruling out alternative mechanistic explanation
for the development of this bias (accumulated experi-
ence), suggesting that developmental stage is psycholog-
ically relevant information that organizes and influences
subordinate-level face recognition behavior, which ulti-
mately manifests in the differential sensitivity to peer
faces in EAs.
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It is important to consider potential alternative explana-
tions for this pattern of findings. For example, there may
be something inherently different about the EA faces that
make them more memorable or distinguishable in this
paradigm than are the other faces. If this is the case, we
might predict that a bias for the EA faces would materialize
for all groups of participants who take this task. In fact, this
is not the pattern of result that we observe. In a prior
experiment using these same stimuli (apart from the PA
stimuli), adolescent participants were not biased to
remember the EA faces. They were biased to remember
adolescent faces that matched their own pubertal status.
In fact, they evinced a relative decrement in performance
on the EA faces (Picci & Scherf, 2016). Therefore, given
this pattern of results across studies, it is unlikely that
the findings are related to unique characteristics of the
EA face stimuli.

Importantly, although this behavioral finding is consis-
tent with the notion of “own-age” bias (Anastasi &
Rhodes, 2005), we suggest that when interpreted in the
context of the broader set of findings in the literature, it
is evident that developmental stage, which is correlated
with but not limited to age, is the defining feature for this
privileged subordinate-level category in face recognition
behavior. For instance, our prior findings show that ado-
lescents matched on age exhibit a bias in recognizing
other adolescent faces with whom they share a similar
pubertal status (early vs. late), indicating that pubertal sta-
tus is relevant for defining “peer” faces for adolescents
(Picci & Scherf, 2016). Moreover, peer biases do not influ-
ence the face recognition abilities of children; instead,
they exhibit caregiver biases indicating the primary role
of caregivers in their social developmental tasks (for a
review, see Scherf & Scott, 2012). In addition, our finding
that EAs exhibit a peer bias in their face recognition
behavior even when considering parent, adolescent,
and child faces together suggests that cumulative visual
experience (as represented by parent faces) and lived
experiences (as represented by child and adolescent
faces) are not the only features for organizing subcate-
gories of faces. The social developmental tasks of the indi-
vidual, which influence motivational components of face
processing (Scherf et al., 2012), are critical as well.

Neural Mechanisms Underlying the Peer Bias in
Face Recognition

To investigate the neural mechanisms that subserve the peer
bias in EAs’ face recognition behaviors, we employed two
fMRI tasks. First, we determined whether subordinate-level
face categories are represented as separate patches of
neural real-estate within the core and/or extended regions
of the broader face-processing network. To do so, we
employed a visual stimulation task that included blocks
of dynamic videos of faces from each of the five subcate-
gories that were all matched on emotional valence. The
task also included dynamic videos of common objects.
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For each subordinate-level category of face, we individu-
ally defined patches of face-selective activation in the bilat-
eral core regions (FFA, OFA, and pSTS) and amygdala and
ATL of the extended regions using the contrast (face sub-
category — objects). From this set of regions, we were able
to quantify separate functional ROIs for each of the face sub-
categories from at least 50% of the participants in bilateral
FFA1, right OFA, and right pSTS. Importantly, if a participant
had definable face-selective activation for one of the face cat-
egories (e.g., child) within a region (e.g., right FFA), then
they were very likely to also have face-selective activation
for the other four subordinate-level categories as well. Anal-
yses of the centroid of the location of these subcategory
ROIs within each region (i.e., FFA1, OFA, pSTS) revealed
that they were, on average, largely overlapping. Therefore,
the presence of these subcategory ROIs could mean that the
regions are either insensitive to the subordinate-level cate-
gories of faces (i.e., respond to faces as a basic level
category—anything that has first-order configuration of face
features) or that they were exquisitely sensitive to these sub-
ordinate levels of categories (i.e., overlapping distributed
representations of the developmental stage of human
faces). To sort out these possibilities, it was essential that
we quantify the size and magnitude of activation for each
of the face subordinate-level categories within each region.
If the regions are insensitive to face subordinate-level cate-
gory (i.e., encode faces at the basic level), then the variation
in size and magnitude of response across categories is pre-
dicted to be very small. If, on the other hand, the regions are
differentially sensitive to one subordinate-level category
compared with others (e.g., peer faces), then the size
and/or magnitude of responses is expected to reflect this
sensitivity.

In bilateral FFA1, the size of activation regions for peer
faces were larger (~20%), on average, than were the ROIs
defined for any of the other faces. The pattern was similar
in right OFA and right pSTS, although the findings were
not significant. Notably, we did not spatially smooth the
data and we identified each functional brain region in each
participant based on their own activation patterns and
anatomy. When functional data are not smoothed, the size
of the area provides critical information about extent of
the distributed representation (Golarai, Liberman, Yoon,
& Grill-Spector, 2010; Scherf et al., 2007). These findings
regarding differences in the size of the peer-defined bilat-
eral FFA1 relative to the other face-defined FFA1 regions
are consistent with our previous developmental (e.g.,
Scherf et al., 2007) and individual differences (Elbich &
Scherf, 2017) findings. Specifically, age-related improve-
ments and adult individual differences in face recognition
abilities are related to larger face-selective ROIs within the
broader face-processing regions, particularly in the bilat-
eral FFAl. We have argued previously that enhanced per-
formance may be reflected in the ability to access more
informative or cleaner signal about faces by integrating
local circuits that carry information about distributed rep-
resentations, which presents as a larger single functional

ROI at the resolution of fMRI (Elbich & Scherf, 2017).
Given the privileged status of peer faces in the face recog-
nition behavior of EAs, these larger functional ROIs for
peer faces in bilateral FFA1 might reflect one mechanism
by which the brain privileges these representations as well.

We also evaluated whether the magnitude of activation
distinguished the encoding and representation of
subordinate-level categories of faces. Importantly, only
target faces (e.g., peer faces) were used to functionally
define the face-selective ROIs. Therefore, assessing the
magnitude of response within these ROIs to the nontarget
(i.e., other) faces provided an independent assessment of
the sensitivity to subordinate versus basic level encoding
of faces. A differential response to the nontarget faces
would indicate sensitivity to the subordinate-level
categories; however, a comparable magnitude response
would suggest a more basic level encoding across all the
categories. We found that within the peer-defined bilat-
eral FFA1 and right pSTS, nontarget faces elicited signifi-
cantly weaker activation, indicating sensitivity to the
subordinate-level category of peer faces. Furthermore,
within each of the other subordinate-level face-selective
ROIs of the bilateral FFA1 (child, early puberty adolescent,
late puberty adolescent, parent), the nontarget faces also
elicited weaker activation within the ROIL Importantly,
there were no differences in the profile of activation to
any of the subordinate levels of face category in EVC
(i.e., no sensitivity to subcategory). This helps rule out
concerns that the responses in the FFA1 were driven by
differences in the stimuli at the level of the visual input.
In summary, this converging set of findings suggests that
the bilateral FFA1 encodes each of these subordinate-
level categories of faces via the magnitude of activation
of response.

To further interrogate the patterns of activation to target
and nontarget faces within the bilateral FFA1 specifically
during face recognition, we used these same regions
derived from the visual stimulation task to conduct sepa-
rate ROI-based GLMs on the time-series data from the
fMRI face recognition task. This approach allowed us to
extract beta weights for each subordinate-level face cate-
gory during the fMRI face recognition task. The voxel
selection and estimation of the difference between target
and nontarget faces are completely independent. In con-
trast to the visual stimulation task, during face recognition,
when peer faces were the target face, they elicited weaker
activation in comparison to the nontarget other faces in
bilateral FFA1. This pattern of results was specific to peer
faces. When any of the other subordinate-level categories
of faces were the target face (for defining the ROI), they
elicited stronger activation in comparison to the nontarget
faces in bilateral FFA1. Unfortunately, the exploratory anal-
yses of the brain activation—-behavior correspondences did
not provide any evidence to help interpret these findings.
Perhaps these results reflect the relative ease with which
EAs recognize peer compared with other groups of faces.
In other words, during the task of recognition, especially a
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particularly easy task, EAs may not have to recruit much
activation from the FFA1 when recognizing peer faces.
This interpretation of the findings is consistent with
empirical reports of decreased activation in the ventral
visual pathway, including FFA, to faces of personal exper-
tise such as familiar faces (Beaton et al., 2009), own-age
faces (Golarai et al., 2017), and own-race faces (Herzmann,
Minor, & Adkins, 2017; Herzmann, Willenbockel, Tanaka,
& Curran, 2011; Natu, Raboy, & O'Toole, 2011). Note that
this finding contrasts with the finding that EAs recruit
larger regions and more activation while passively viewing
the dynamic visual stimulation task. This task is uncon-
strained and is likely engaging a multitude of processes
that are influenced by motivational factors and social
developmental tasks (e.g., affect recognition, trait evalua-
tion, identity recognition).

Limitations and Future Direction

In this work, we designed the study specifically to maxi-
mize power for univariate analyses of multiple neural
mechanisms (size, activation). Our approach and strict
analytic criteria resulted in a narrow sampling of regions
within this broadly distributed face-processing network
to only include bilateral FFA1, right OFA, and right pSTS.
Going forward, it will be important to employ techniques
that enable rigorous sampling of more regions in the net-
work, including m-fus/FFA2 (Weiner & Grill-Spector,
2015) to evaluate representational capacity for subcatego-
rical information about faces. Second, although each face-
selective ROI (e.g., FFA1) was independently defined in
our analyses, these subcategorical ROIs are largely over-
lapping. This suggests that the pattern of activation may
help distinguish the representations of face subcategories.
In subsequent studies, it will be helpful to use multivariate
analyses to investigate potential differences in the way
subordinate-level categories of faces are represented (dis-
tributed vs. more sparsely) within each of these function-
ally defined ROIs, particularly within the bilateral FFA1.
Third, we used a 1-back recognition task to study the neu-
ral basis of these subordinate-level category face represen-
tations during recognition. However, participants were at
ceiling in their behavioral performance. It will be essential
for future studies to engage face recognition behavior dur-
ing scanning under more rigorous conditions (e.g., 2-back
task) to elicit the privileged status of peer faces in recog-
nition behavior. This will provide a more naturalistic state
under which to interrogate the neural systems and poten-
tially evaluate brain—behavior associations. Finally, as with
so many fMRI studies, it will be important to replicate
these findings with a larger sample, other developmental
groups (e.g., adolescents), and using newer scan
sequences that optimize signal-to-noise ratios in the parts
of the face processing system that are vulnerable to
artifacts during scanning, like the amygdala and the
ATL. Importantly, we did employ multiple strategies for
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improving statistical power with smaller sample sizes in
neuroimaging studies (see Poldrack et al., 2017).

Conclusions

To summarize, we reported three key findings in the cur-
rent study: (1) EAs exhibit a peer bias in face recognition
behavior, which indicates a privileged status for a
subordinate-level category of faces that is not predicted
on the basis of experience; (2) this privileged status of
peer faces is supported by the multimodal neural
responses within ventral visual pathway (i.e., FFA1) includ-
ing neural magnitude and neural size; (3) the FFA1, which
is a critical region for face processing, fundamentally
underlies the representations of subordinate-level catego-
ries of faces, in terms of developmental stage. These find-
ings demonstrate the organizational principles that human
ventral visual pathway uses to organize social information
at a subordinate level, which is essential for navigating
human social interactions.
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tion balance.

Note

1. Note that this hypothesis is not based on age, like those
hypotheses suggesting the “own-age” bias. This hypothesis is
focused on the relative influence of social developmental tasks.
For example, if an emerging adult becomes a parent, their
social developmental tasks shift to caregiving. We predict that
the biases in face processing will shift as well to reflect the
developmental focus on caregiving. The participants in this
study were all recruited from a residential college campus and
were not likely to be in caregiving positions. This also explains
why the age range of the participants was so narrow.
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