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Infants’ facial input from 6 to 17 months
rarely includes hypothesized expressive
emotion prototypes

Check for updates

Katie Hoemann 1 , Jeffrey M. Girard 1, Marissa Ogren2, Lauren Leotti2, Lisa Feldman Barrett 3,4,5,
Lisa M. Oakes6,7 & Vanessa LoBue2

The facial configurations that infants encounter in typical interactions with caregivers and family
members form abasis for their understanding of emotion. Studies to date have described or quantified
these natural exposures to facial information, but descriptions of the emotional content of that input
are still needed. We accomplished this by leveraging an existing, longitudinal corpus of video-
recordings of 6- to 17-month-old infants’ interactions with close others. We found that infants were
generally exposed to far more partial than full faces, and that exposure to full faces, while low,
increased over the time periods observed. Exposure to facial configurations hypothesized to serve as
expressive prototypes for categories of emotion (e.g., HAPPINESS, ANGER) was extremely rare. When
hypothesized expressive prototypes did occur, it was often in unexpected contexts, suggesting that
they did not necessarily serve as a cue to the presumed emotional meaning. Lastly, descriptive
analysesof the facialmovement data revealed that infants’ facial inputwasdominatedbya few,mostly
simple facial configurations that did not correspond fully or uniquely to hypothesized category
prototypes. These results extend evidence that emotions are expressed heterogeneously in daily life,
such that infantsmust learnmuchmore than one-to-onemappings between facial configurations and
context/behavior to acquire expressive vocabularies for emotion.

How do infants acquire an understanding of emotions and the ability to
infer them in others? For decades, researchers have attempted to answer this
question by presenting infants with static images of adults making facial
configurations thought to have one-to-one relations with particular cate-
gories of emotion, such as scowling faces as expressions of anger. This work
led to the conclusion that discrimination, categorization, and identification
of emotional facial expressions begins in infancy, and proceeds at least
through early childhood (for a review, see ref. 1). Importantly, a series of
meta-analyses has shown that such one-to-one relations do not exist in the
real world2,3 (for discussion, see refs. 4,5). Research with both adults3 and
children2,6,7 suggests instead that we express emotions with considerably
more variability than the typical posed configurations represent4. For
example,meta-analytic evidence indicates that adults only scowl about 35%
of the time when angry, meaning that 65% of the time they express anger in
other ways3. Moreover, only half the scowls that people make are

expressions of anger8. People furrow their brows andpurse their lips at times
when they are not angry, such as when they are confused, concentrating, or
looking toward the sun. This suggests that infantsmay not be exposed to the
types of diagnostic information from which we have long assumed they
learn emotions. However, there are only a handful of studies to date doc-
umenting the actual facial input infants receive from their everyday envir-
onments, and these studies have not captured the emotional content of that
input. The goal of the current investigation is to characterize the facial
configurations that infants encounter in their daily lives, which serve as the
curriculum for their developing emotion understanding.

Most work on infants’ acquisition of emotion understanding has been
based on the assumption that categories of emotion—like ANGER, FEAR,
SADNESS, and HAPPINESS—have exemplars that share a representative set of
features9–11 (as discussed in refs. 4,12). These proposed features include
configurations of facial movements that are considered to be reliable and
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specific cues for the presence of a given emotion inmost circumstances. For
example, scowls are thought to indicate anger with sufficient consistency,
and not to indicate sadness, confusion, etc. This prototype view of emotion
has led to the design of studies in which certain posed, often exaggerated
facial configurations are taken as the standards for specific emotion
categories13–24. Although this literature provides an important baseline for
the developmental trajectory of early emotion understanding, the results of
these studies are only meaningful in representing how infants acquire real-
world emotion knowledge if these facial configurations align with the dis-
tribution of input infants naturally and routinely encounter.

It is possible that adults interacting with infants make prototypical
facial configurations and use them to mark instances of presumably cor-
responding emotions (e.g., scowling for ANGER). Adults in many cultures
indeed use exaggerated, simplified speech, or child-directed speech (i.e.,
‘motherese’),when talking to infants25,26 and adults frommiddle-classNorth
American families use exaggerated, simplified motions (i.e., ‘motionese’)
when demonstrating actions to infants27. Thesemodifications of speech and
actionmay facilitate infants’ learningof that input. Thus, adultsmay alsouse
more exaggerated, stereotypical facial configurations when interacting with
infants to intentionally grab infants’ attention or tag associations with
actions and words. For example, caregivers may pair dramatic expressive
facial movements with particular contexts or behaviors to signal (un)
desirable outcomes (e.g., intense scowling after the infant throws their food
on the floor) or with specific labels to teach emotion categories (e.g.,
“happy!” paired with an expansive smile).

As reviewed above, however, growing empirical evidence suggests that
the input for infants’ learning of emotions consists of much more variable
exemplars2,3,6–8,28. The facial configurations used to express an emotion also
vary as a function of context (see Ref. 4 and references therein), such that
those hypothesized as category prototypes might not be the most common
type of information infants receive about emotions in the real world. Thus,
instead of the one-to-one relation between facial configurations and parti-
cular categories of emotion often assumed in past research, there may be
many-to-manymappings between facialmovements and behaviors/labels29

(for discussion, see refs. 4,5,30,31). Caregivers might frown at thrown food
because they are confused or make beleaguered smiles when trying to cheer
a crying infant even as they are annoyed, and these facial configurations
might be accompanied by seemingly incongruous labels (e.g., “why are you
angry?”, “don’t be sad”) or no emotion labels at all. This diverse array of
situated behaviors paints a very different picture of the learning problem
that infants face in developing emotion understanding.

Yet research that directly documents the variation in facial config-
urations infants actually see in their everyday interactions with other people
is still needed. To fully comprehend their learning problem, we must first
characterize the distribution of input that infants use to build expectations
about social interactions, including inferring the emotions of others, and
planning their behavior adaptively. The value of input for gaining insight
into developmental processes is increasingly recognized, as input can
change over the course of development32 and these changes can create new
contexts for learning33. Although some research has examined infants’
everyday exposure to human faces, and how that exposure changes across
development34,35, the kinds of facial configurations infants experience in
typical adult-infant interactions is virtually unknown. Here, we took a step
toward meeting this need by analyzing a corpus of naturalistic interactions
between infants and close social others. The Study of Environmental Effects
on Developing Linguistic Skills (SEEDLingS36) is an existing corpus of 44
infants, including hour-long video recordings taken in their homes once a
month from 6 to 17 months of age. Infants wore a hat with two cameras—
one camera oriented slightly up and the other slightly down, to best capture
the infant’sfield of view—giving us access to their visual emotional input. By
sampling each infant at four ages (6–8 months, 9–11 months,
12–14 months, and 15–17 months), we were also able to track changes in
exposure to facial input over time.

We began by assessing infants’ exposure to faces and facial config-
urations. Building on prior studies34,35,37, we first quantified how often faces

were available in infants’ field of view. Videos were annotated for the pre-
sence of a full or partial face. Full faces were further annotated for facial
muscle movements by an expert coder trained in the Facial Action Coding
System (FACS38). We assessed the percentage of time each infant was
exposed to partial and/or full faces andhow this varied over the course of the
study. We then examined whether the observed facial movements mapped
onto a large set of expressions that have been hypothesized as prototypes for
individual emotion categories11,39–42. Finally, we catalogued the actual con-
figurations presented to infants to characterize their facial input. Together,
these analyses provide an initial description of the facial information
available to infants in this age range.

Methods
Data Set
In the current project, we applied new coding and analytical procedures to
an existing video data set—The Study of Environmental Effects on Devel-
oping Linguistic Skills (SEEDLingS36). Original collection of the SEEDLingS
dataset was approved through the University of Rochester Subjects Review
Board under RSRB No. 51231 and was performed in accordance with the
Declaration of Helsinki. As detailed below, informed consent was obtained
from all adult participants included in the study. Secondary data analysis
was approved by the Rutgers University Institutional Review Board (IRB)
under Pro2020000399 and reviewed (and deemed exempt) by the Uni-
versity of Kansas IRB under STUDY00151856. SEEDLingS data are avail-
able via Databrary; video data were accessed between January 2021 and
February 2023. Our coding and analyses were not preregistered.

The data set contains hour-long videos of 44 infants (n = 21 female
infants, n = 23 male infants; n = 42 white, n = 1 Black, n = 1 multiracial)
engaging in natural interactionswith people in their home environment.All
participating families lived within a one-hour drive of Rochester, NY. The
sample population was highly homogenous, with 83% of participants
identifying as non-Hispanic and white, and 75% ofmothers holding at least
a bachelor’s degree. All families were two-parent households. There was no
requirement that any specific familymember was or was not present for the
recordings, and so family composition varied from visit to visit43. For more
information about infants’ exposure to unique faces in the home sessions,
see Supplementary information A.

Parentswere initially consented for the entire yearlong study through a
process overseen by the original university IRB. Additionally, for each
recording, they consented to a level of sharing that they felt comfortable
with; only recordings that parents gave explicit permission for sharing with
researchers on platforms were shared with Databrary, where the present
authors accessed them. The sharing occurred after recordings were scrub-
bedof personal information (in the audio stream, video stream, or both, e.g.,
full names, addresses, etc.); faces were not blurred. Participants were com-
pensated $340 for the yearlong study. See ref. 44 for further details.

Video data included views from one tripod (located centrally in the
room where the infant was physically located during the session) and two
cameras affixed to a hat or headband placed on the infant’s head. These
head-mounted cameras provided information about what was within the
infant’s field of view: one was oriented slightly up and the other slightly
down, with visual field capture verified via Bluetooth connection during
setup. Both head-mounted cameras were used for subsequent video coding,
as faces could be available in either. At later time points (largely corre-
spondingwith the 12- and 15-month age windows described next), primary
caregivers also wore a head-mounted camera attached to a hat.

For SEEDLingS, the same infants were repeatedly filmed once per
month from 6 months to 17 months (a maximum of 12 total time points).
However, to maintain a manageable coding burden for the current project,
we assessed video data in four windows, with each infant providing video
data a maximum of one time per window (6–8, 9–11, 12–14, and
15–17 months). If there was usable video data (defined as head-mounted
video camera data available for at least 45min out of the hour-long session)
for a given infant at the youngest time point in each age window (e.g.,
6 months), then the video from that age was used. If not, then the next age
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was assessed (e.g., 7months). If therewas no usable data for a given infant at
either of the youngest two ages in a given window, the oldest age was used
(e.g., 8 months). If no usable video data was provided for an entire window
(e.g., 6–8 months), then this time point was considered missing for that
infant. The number of videos included in the final data set at each age are as
follows: 6 months, n = 36; 7 months, n = 7; 8 months, n = 1; 9 months,
n = 30; 10 months, n = 7; 11 months, n = 4; 12 months, n = 16; 13 months,
n = 5; 14 months, n = 5; 15 months, n = 16; 16 months, n = 9; 17 months,
n = 0. By window, this is: 6–8 months, n = 44; 9–11 months, n = 41;
12–14 months, n = 26; 15–17 months, n = 25. In total, 136 h-long videos
were coded and analyzed for the current project. In the final data set, 19
infants provided usable data for all four age windows, 11 infants for three
windows, 13 infants for twowindows, and 1 infant for only one window. At
each time point, multiple aspects of the video data were coded in stages, as
described below.

Face availability coding
Video data were coded continuously by human coders using Datavyu45. To
determine the duration of face availability to infants, the entire duration of
each sessionwas codedas eitherhaving a face available orunavailable.A face
was coded as available when any part of themouth, nose, or eyes (including
eyebrows) was visible in either of the infant head-mounted cameras.
Otherwise, the time was coded as “face unavailable.” Static images of faces
(e.g., photos) or faces on TV were not coded. Videos varied in duration
across participants and time points, but they were all approximately one
hour in length. The entire recorded session was coded, excluding any time
the experimenters were visible or audible at the start or end of a session, and
any time the cameraswere turnedoff or removed.To ensure that codingwas
consistent across the team of research assistants, all videos were coded by a
primary coder, and a second coder performed reliability coding on 20% of
videos. Reliability between coders was high (ICC = 0.94). Data from the
primary coder were used for all analyses.

In addition to looking at the availability of any facial information, we
examined the amount of time that at least one entire face was visible on
camera. Building on the face availability codes described above, a face was
coded as fully visible if all of the following features were visible: both com-
plete eyebrows and eyes (including the lower eyelid), the forehead, the nose
(including the bridge), lips, chin, and both nasolabial furrows (lines in the
face that run roughly from thenose to theouter corner of the lips). To ensure
that fully visible faces were close enough to the camera for potential Facial
Action Coding System (FACS) coding, if eyes were open, sclera (whites of
the eyes) had to also be visible. If eyes were closed, the top eyelid had to be
fully visible. If these criteria were not met, the face was coded as partially
visible.

Facial configuration coding
The Facial Action Coding System (FACS38) was used to determine the
objective facial configurations that were within infants’ field of view of
infants based on observable facial movement. A trained, FACS-certified
coder (authorM.O.) completed all FACS coding inDatavyu on a frame-by-
frame basis for all segments when a face had been identified as fully visible.
FACS codes were used to indicate which facial muscles were moving on the
visible face within the specified time window. Oftentimes, multiple distinct
FACS codes were documented within a single segment, as the individual’s
facial configuration changed while still fully visible to the infant. All clearly
visible faces were FACS coded unless a substantive portion was unclear due
to lighting or motion or otherwise occluded. For instance, the head-
mounted (‘hat’) camera worn by caregivers at later time points covered the
forehead, limiting visibility of corresponding facial muscle movements.

Action units (AUs) 1-39 were used in the current project, describing
common muscle movements in the upper and lower face. Codes for blinks
(AU 45) were omitted, although squinting was still coded as AU 6 and/or 7
as relevant. Further, codes for speech (AU 50), lips parted (AU 25), and jaw
dropped (AU 26) were not coded in isolation. These FACS codes were only
coded if they occurred in conjunctionwith another facialmusclemovement

(e.g., smiling while talking would be coded as 12+ 50). This decision was
made to substantially reduce the coding burden, as these particular FACS
codes were deemed to carry limited emotional information in isolation.
Further, head and eye positions were not coded; neither were hand move-
ments or body posture. Laterality and intensity of movements were coded
for all applicable movements but were omitted from the present analyses. If
no observable facial muscle movements occurred within a given segment
(i.e., a truly neutral face was present), AU 0 was documented. Subsequent
analyses only included full faces thatwere not occluded (i.e., thatwere coded
with any AU, including AU 0).

We examined the proportion of video frames with full faces that could
be FACS coded per age window, grouping these frames into those coded
with AU 0 (neutral) versus any other AU, or occluded due to the caregiver
hat camera versus another source (e.g., shadow). We found that 62% and
70% of full-face frames could not be coded in the 12- and 15-month win-
dows, respectively, due to the caregiver-worn camera (compared to 0% and
3% in the 6- and 9-month windows; see Fig. S5 in Supplementary Infor-
mation B). Many of the coded movements in these windows came from a
secondary source (e.g., another child), compromising the comparability of
these later windows with the earlier time points.

Hypothesized expressive prototypes
We consulted both recent and core inventories in the science of emotion to
compile a comprehensive set of the facial muscle movements that are
hypothesized to serve as expressive prototypes11,39–42. These hypothesized
expressive prototypes can refer explicitly to configurations—that is, sets of
simultaneous facial movements (e.g., ref. 42)—or to probabilistic combi-
nations—that is, movements that are more likely to occur in tandem (e.g.,
ref. 40). We excluded prototypes that are thought to be compounds of
multiple emotion categories (e.g., “happily surprised”41) and prototypes
consisting solely of FACS codes that were not coded in the current project
(e.g., BOREDOM as AU 43, INTEREST as AU 8540). The remaining prototypes
were included regardless of whether they contained additional, non-AU
movements (e.g., EMBARRASSMENT includes a face touch11, which was not
coded). From ref. 40, we used the international core patterns (ICPs), dis-
covered as AUs occurring at above-chance frequency for a given emotion
category across cultural contexts. All possible variantswere considered (e.g.,
HAPPINESS could be indicated by the combination of AUs 12+ 25, as well as
6+ 12+ 2541). Hypothesized expressive prototypes were categorized as
indicated by the original authors, with the exceptions of “joy” and
“happiness”42, which were considered synonyms, and “desire food” and
“desire sex”40, whichweremerged into a single “desire” category. The above
decisions resulted in a total of 264 unique and assessable expressive pro-
totypes from 21 emotion categories: AMUSEMENT, ANGER, AWE, CONFUSION,
CONTEMPT, CONTENTMENT, COYNESS, DESIRE, DISGUST, EMBARRASSMENT, FEAR, HAP-
PINESS, INTEREST, PAIN, PRIDE, RELIEF, SADNESS, SHAME, SURPRISE, SYMPATHY, and
TRIUMPH. Note that, in several instances, the same facial configuration was
hypothesized to be an expressive prototype of multiple, distinct emotion
categories (e.g., AU 4+ 7 as ANGER and CONFUSION).

Exploratory examination of context
In addition to identifying a comprehensive set of hypothesized expressive
prototypes and their corresponding emotion categories, we performed an
exploratory examination of the context in which a subset of prototypes
occurred for 5 of the 6 emotion categories hypothesized to be “basic” and
universal: ANGER, DISGUST, FEAR, HAPPINESS, and SADNESS. This subset consisted
of the 59 prototypes for these emotion categories as stipulated in the FACS
Investigator’sGuide39. Prototypes for SURPRISE were not examined because of
its ambiguous valence.

First, a FACS-certified coder (author M.O.) identified full faces con-
taining combinations of FACS codes that were exact matches for these
hypothesized expressive prototypes (i.e., no missing or additional AUs).
Next, trained research assistants reviewed the 10-s window of video
recording surrounding each exact match (i.e., 5 s before and after) and
determined the general context of the interaction (e.g., playing with toys
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together, mealtime, and diaper/clothing changes), as well as whether the
context was positive or negative in valence, based on whether the infant (or
sibling present) was fussing/crying or experiencing a potential threat (e.g.,
showing signs of illness, choking, or risk of injury). For each window, the
research assistant identified whether the context matched the valence of the
hypothesized emotion category (i.e., positive or negative). In other words,
hypothesized expressions of HAPPINESS in positive contexts were coded as
matches, as were hypothesized expressions of ANGER, DISGUST, FEAR, and
SADNESS in negative contexts. For example, if a child was crying and the
parent demonstrated a combination of FACS codes consistent with a SAD-

NESS prototype, the expression-context pairing was coded as a match.
However, if a parent displayed FACS codes consistent with a FEAR prototype
but the child was playing and there was no obvious threat, the expression-
context pairing was coded as a mismatch.

Data pre-processing
Datavyu files for facial availability and facial configuration (FACS codes)
were combined across all time points and infants in long format, with
separate variables capturing infants’ age at the video (e.g., 7 months) and
corresponding age window (e.g., 6–8 months). The facial availability and
facial configuration data were originally coded in terms of onset and offset
timestamps. We used these timestamps to calculate duration (in seconds),
percentages of video frames (i.e., session time) containing faces or config-
urations, and percentages of full-face frames containing configurations, as
specified below.

Data analysis
Facial presence. Hierarchical Bayesian models (HBMs46) were used to
analyze the percentage of each video’s frames that contained partial and
full faces. The HBM framework combines generalized linear mixed
modeling with Bayesian estimation and offers many theoretical and
practical advantages over frequentist approaches47. Thesemodels allowed
us toflexibly account for several challenges of the data and ensure that the
model assumptions matched the data. First, the fact that multiple videos
were nested within each infant was accounted for using random inter-
cepts and slopes per infant (as is typical in a mixed-effects model). Sec-
ond, the fact that the outcome variable was a percentage (and therefore
had non-normal residuals) was accounted for using the beta distribu-
tional family48. Third, the fact that some observations were missing was
accounted for using imputation during model fitting49. Fourth, the
relatively small size of the dataset was accounted for using regularizing
priors, enabling the inclusion of the recommended maximal random
effects structure50. Bayesian diagnostic plots were used to confirm that
data assumptions of the models were met.

We fit the same two types of HBM to the partial and full face presence
variables, resulting in four total models. The first model for each was an
unconditional or “null” model that included no predictors (see Supple-
mentary information C.i); these were used to calculate the Bayesian
equivalent of intraclass correlation coefficients (see Supplementary infor-
mation C.ii), which indicate how much of the variance in the outcome
variable was between (as opposed to within) infants. The second model for
each was a conditional model that included the age window of each video
(coded numerically as 0 = 6–8 months, 1 = 9–11 months, 2 = 12–14 months,
or 3 = 15–17 months) as a linear predictor with random slopes per infant
(see Supplementary information C.iii); these growth curves were used to test
whether face availability increased over time within the average infant. As a
sensitivity analysis, we also fit models that relaxed the assumption of linear
growth by using monotonic effects51 for the age window predictor; the same
pattern of significant results was found for these models, increasing our
confidence in their accuracy (see Supplementary information C.iv). Full
details of the analyses, including R code (version 4.5.1) and all output, are
provided via our OSF repository. In summary, all models were fit using the
brms R package52, normal priors centered on zero for slope parameters,
default weakly informative priors for all other parameters, and four Markov
chains (each with 9000 warmup iterations and 1000 inference iterations).

Hypothesized expressive prototypes. We examined whether the
configurations of facial movements that occurred in full faces mapped
onto one of the hypothesized expressive prototypes. We calculated the
total duration of exposure to each of the 269 assessable prototypes and
divided it by the total valid session time and the total valid full-face time,
pooled across infants within each set of age windows (Fig. 2). For a coded
(i.e., observed) facial configuration to be classified as a hypothesized
expressive prototype, it had to exactly match one of the configurations
listed in our source documents (i.e., all hypothesized AUs had to be
present and no additional AUs could be present). The only exceptions to
this rule were when a hypothesized expressive prototype included action
descriptions (ADs) that are either not included in FACS (e.g., “fist in air”
for TRIUMPH or “face touch” for EMBARRASSMENT) or AUs not included in
our coding scheme (i.e., the set of codes that our FACS coder annotated).
The relevant codes that were omitted from our scheme include: eye
closure (AU 43), head positions (ADs 51–58), and eye positions (ADs
61–66). In a total of 46 cases (25 of which were for SADNESS), we removed
the uncoded actions from the hypothesized expressive prototype before
assessing its match with the coded configuration. These removals make it
more likely for matches to occur and thus may slightly inflate the
observed prevalence of the affected hypothesized expressive prototypes.
Facial configurations could match more than one hypothesized expres-
sive prototype; emotion counts were not additive. If multiple faces were
visible at the same time, their exposure durations were summed and then
weighted by the total session (or full-face) time per infant.

Considering the reduced comparability of data in the later time points,
we analyzed 6- and 9-month windows separately from 12- and 15-month
windows. For this same reason, we were unable to test whether infants’
exposure to hypothesized prototypes changed with across the age range
sampled by SEEDLingS.

Observed facial configurations. We used a data-driven approach to
characterize the facial configurations infants were exposed to. This
analysis included only data from the 6- and 9-month age windows due to
data missingness at 12- and 15-months created by the caregiver-worn
cameras. We treated each coded FACS event as one momentary con-
figuration of a single face; because recordings often contained more than
one fully visible face, coded separately by identity, configurations from
co-visible faces were treated as distinct and simultaneous rather than
merged. A configuration was defined as the exact set of coded AUs
present during an event (excluding AU 50), such that configurations
differing by a single AU were treated as distinct. After removing events
with missing identity or zero duration, 11,077 configuration occurrences
remained. Each distinct configuration was quantified by its number of
events, the number of distinct infants and distinct individuals in whose
input it appeared, its total visible duration, and the percentage of session
and full-face time it occupied.

Additionally, we compared each observed configuration against the
hypothesized expressive prototypes described above, reduced to our coded
AU set as before. Following prior work8,40, we calculated a Dice coefficient
for every configuration-prototype combination and selected the bestmatch.
We interpreted the resulting distribution of match scores based on
previously-established correspondence thresholds8,53: none <0.2; weak 0.2-
0.4;moderate 0.4–0.7; strong≥0.7. Hypothesized expressive prototypes that
contained no codedAUswere unassessable and excluded from scoring (5 or
1.8% of prototypes; see Table S3 in Supplementary information D); those
missing some AUs were partially assessable and flagged separately for this
reason.

Results
Facial presence
The first set of models revealed that the percentage of each video’s duration
that contained a partial face ranged from 3% to 65% (M = 32%, SD = 13%;
see Table 1 for statistics per age window). An unconditional model found
that 38%of the variance in partial face presencewas between infants and the
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remaining 62%was within infants (i.e., between videos for the same infant).
A conditional model—including the age window of each video as a linear
predictor—found that each successive age window was associated with a
0.05 increase in the log-odds of a partial face (95% CI: [–0.03, 0.13];
OR = 1.05 [0.97, 1.14]), with 89.1% of the posterior mass above zero. The
estimate points toa slight increase inpartial-face presenceacross age, but the
credible interval is consistent with no change (Fig. 1; Table S4, Supple-
mentary information D). The second set of models revealed that the per-
centage of each video that contained a full face was much lower, ranging
from 0.1% to 17% (M = 4%, SD = 3%; Table 1). An unconditional model
found that 21% of the variance in full face presence was between infants,
with the remaining 79%within infants. A conditional model found that full
face presence increased modestly across age windows: b = 0.11 (95% CI:
[0.01, 0.22]; OR= 1.12 [1.01, 1.25]), with 98.2% of the posterior mass above
zero. The estimate points to a modest increase in full-face presence across
age (Fig. 1; see also Table S5 in Supplementary information D).

Taken together, these analyses showed that full faces were rare in
infants’ view, that infants differed from one another in their exposure to
faces, and that infants were increasingly exposed to full faces between 6 and
17 months of age.

Hypothesized expressive prototypes
We next examined infants’ exposure to hypothesized expressive prototypes
per emotion category. As depicted in Fig. 2, exposure to hypothesized
expressive prototypes was quite rare overall. The total duration of any
hypothesized expressive prototype across the 6- and 9-month age windows
was under half an hour (27.9min), which is only 0.6% of the total video
frames and 17.6% of the video frames where a full face was present and
codable. In other words, hypothesized expressive prototypes did not occur
during the vast majority (over 82%) of full-face exposures. Even the most
frequent category of hypothesized expressive prototypes, HAPPINESS, occur-
red in fewer than 0.5% of the total video frames and around 12% of the
codable full face video frames (i.e., less than 20min of the 83.9 h of video
from these time points).

Across the 12- and 15-month age windows, from which primary
caregivers were largely excluded due to the presence of head-mounted
cameras, exposure to hypothesized expressive prototypes was even rarer.
The total duration of any hypothesized prototype was less than 6min, 0.2%
of total video frames or 13.0% of full-face frames. Hypothesized prototypes
for HAPPINESS occurred in about 0.1% of total video frames and 7.6% of full-
face frames, lasting less than 4min altogether.

In both earlier and later age windows, what exposure there was to
hypothesized expressive prototypes was concentrated in a few emotion
categories. The six emotion categories with the highest exposure were
HAPPINESS, CONTENTMENT, SADNESS, SURPRISE, FEAR, and DISGUST, and the nine
emotion categories with no exposure were AMUSEMENT, AWE, COYNESS,
EMBARRASSMENT, INTEREST, PAIN, PRIDE, SHAME, AND TRIUMPH.

Exploratory examination of context
To follow up on the above observations, we conducted an exploratory
examination of the context in which a subset of prototypes for ANGER, DIS-
GUST, FEAR, HAPPINESS, and SADNESS occurred (FACS Investigator’s Guide39).

Namely, we coded the 10-second window of video recording surrounding
eachoccurrenceof aprototype for the general context of the interaction (e.g.,
playing with toys together, baby crying during mealtime), whether this was
positive or negative in valence, and whether this valence matched the
normative valence for the associated emotion category (e.g., playing with
toys is positive, as are hypothesized expressions of HAPPINESS, but not
hypothesized expressions of FEAR). Using this broad coding scheme, we
found that HAPPINESS was the only emotion category with hypothesized
expressive prototypes that occurred inmostlymatching contexts (seeFig. 3).
Hypothesized prototypes for ANGER, DISGUST, FEAR, and SADNESS rarely
occurred in contexts where negative emotions would be expected and, in
fact, mostly occurred during playtime. Additional descriptive statistics for
the coded contexts and valences are available in Supplementary
information E.

Observed facial configurations
Given the infrequency of hypothesized expressive prototypes for specific
emotion categories, we sought to characterize the facial input infants did
receive in terms of raw facial configurations. Across the 6- and 9-month age
windows, faces were often still, with only 61.5% of full-face time (1.9%
session time) containing any coded AU activity. When faces were moving,
infants were exposed to 891 distinct facial configurations. This input was
strongly concentrated: the 11 configurations that each accounted for at least
1% of full-face time (Table 2) together comprised roughly half of all
occurrences (49.0%), while the remaining 880 configurations were indivi-
dually rare and formed a long tail. The most frequent configurations were
dominated by smiles (AU 12 alone and combined withmouth opening AU
25, AU 26 and cheek raising AU 6) and brow raises (AU 1+AU 2; for
visualizations, see Fig. 4).

Configurations differedmarkedly in howbroadly theywere distributed
across infants. Overall, 473 configurations (53.1%) occurred in only a single
infant’s environment, and the median configuration was seen in just one
infant. In contrast, each of the11most frequent configurationswas observed
across a large majority of the 44 infants (range 36–44; Table 2) and was
producedbymanydistinct individuals. Infants’ facial input thus combined a
small set of near-ubiquitous, high-frequency configurations with a large,
highly idiosyncratic tail.

Finally, we examined how these observed configurations related to the
hypothesized expressive prototypes. Overlap was common but neither
complete nor exclusive. Observed configurations mapped onto hypothe-
sized prototypes with moderate or strong correspondence during 61.3% of
full-face time (1.9% session time;Table 3).However, facialmovements often
did not correspond perfectly with any emotion category or corresponded
with more than one emotion category. Out of the 11 most common facial
configurations, six (55%) hadmatch scores below 1 and six (55%) matched
to multiple categories—including categories differing on key affective
dimensions such as valence (e.g., AU 1+AU 2 matched 0.80 with FEAR,
INTEREST, and SURPRISE). Further, observed facial configurations with
moderate-strong correspondence were most often simple, comprised of
only one or two AUs (Fig. 5; see also Supplementary information F). Ela-
borate configurations were near-absent, with configurations of 5+ AUs
accounting for only 6.6% of moving face time.

Discussion
The facial configurations that infants encounter in typical interactions with
caregivers and family members form a basis for their understanding of
emotion. To fully understand how infants learn about emotion, the facial
information they receive must be quantified and described. Here, we
examined infants’ natural exposure to facial configurations by leveraging an
existing, longitudinal corpus of video-recordings of 6- to 17-month-old
infants’ interactionswith closeothers. Inourfirst analysis,we examinedhow
often faceswere available in infants’fieldof view.We found that infantswere
generally exposed to farmore partial than full faces, and that exposure to full
faces was quite low but increased over the time periods observed. In our
second analysis, we examined whether full faces contained facial

Table 1 | Descriptive statistics (median and median absolute
deviation [MAD]) for percentage of video frames containing
partial and full faces across age windows

Partial Face Occurrence Full Face Occurrence

Age Window n Median MAD n Median MAD

6–8 months 43 28% 16% 44 2% 2%

9–11 months 41 30% 16% 41 3% 2%

12–14 months 26 33% 11% 26 5% 3%

15–17 months 25 32% 8% 25 3% 3%
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movements matching any expression that has been hypothesized as a
prototype for 21 emotion categories.We found that exposurewas extremely
rare—even HAPPINESS, the most-encountered category of hypothesized
expressive prototype, occurred in fewer than 0.5% of all video frames.
Moreover, when categories of hypothesized expressive prototypes were
encountered, they often occurred in unexpected contexts, suggesting that
they did not necessarily serve as a cue to the presumed emotional meaning.
Descriptive analyses of the facial movement data further revealed that
infants’ facial input was dominated by a few, mostly simple facial config-
urations that did not correspond fully or uniquely to hypothesized category
prototypes. These results build on evidence that emotions are expressed
heterogeneously in daily life2,3,28, such that infants must learn much more
than one-to-one mappings between facial configurations and context/
behavior to acquire expressive vocabularies for emotion.

Results suggest that infants at between 6 and 17months are exposed to
more partial faces (around 32%of the time, range 3% to 65%) than full faces
(around 4% of the time, range 0.1% to 17%), which is broadly consistent
with extant literature34,35. Unlike prior work, however, we observed that
exposure to full faces increased between 6 and 17 months of age; in those
other studies, exposure to faces decreased from 1 to 3months35 or from 1 to
24months34. Several differences betweenourwork andprevious studiesmay
account for this difference in findings. For example, it is possible that the
change in face exposure varies with infant age, and our observed increase
was a function of the developmental time points sampled. Alternatively, the
difference in proportion of faces may reflect differences in the length or
context of recording.Whereas Fausey and colleagues34 collected video of up
to 6 h (average 4.22) of unconstrained daily activities (i.e., the camera was
embedded in a cap that the child wore), the parents and infants in

Fig. 1 | Presence of partial and full faces in infants’
field of view across age windows. Error bands are
95% credible intervals. Sample size by window: 6-8
months, n = 44; 9-11months, n = 41; 12–14months,
n = 26; 15–17 months, n = 25.

Fig. 2 | Infants’ exposure to hypothesized expres-
sive prototypes across age windows. The percen-
tage of frames containing a facial configuration
matching a hypothesized expressive prototype, for
6- and 9-month age windows (turquoise, left) and
for 12- and 15-month age windows (orange, right).
The double x-axis shows both the % of valid session
frames (top) and the % of valid full-face frames
(bottom).
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SEEDLingS were observed during 1-hour sessions with experimenters and
additional recording equipment present. In Fausey’s data34, infant-adult (or
-other) interactions may have been a relatively smaller proportion of the
longer recording sessions from each child compared to the proportion of
interactions in our shorter recording sessions. In addition, the study by
Fausey34 was cross-sectional, whereas the dataset for the present study was
longitudinal; thus, with our modeling approach, we were able to demon-
strate that exposure increased in the same infants across development. It
could be that apparent differences in exposure trajectory are artifacts of the
method, and Fausey’s cross-sectional results reflect, at least in part, differ-
ences in parental attention to the recording devices at different ages, while
parents in our longitudinal sample may have become more comfortable
with the recording devices over time.

What can explain the observed variation in face exposure across
infants, and change across infancy? The large between-participants range in
face views is likely due to the activities each infant experienced. There were

no set instructions for SEEDLingS’ naturalistic interactions, and so infants
who were very active, or in bouncy chairs for instance, had a different
perspective on their caregivers than infantswhowere less active or sitting on
the floor. Additionally, the number of people interacting with infants varied
by family and from visit to visit. Changes in face exposure over timemay be
driven in part by infants’ developing motor abilities. During the uncon-
strained everyday activities that unfold over the 4-to-6-hour period recor-
ded in prior work, face exposure may vary as infants develop increased
motor control over their visual input33,34. In our shorter sessions, the focus
may have beenmore on parent-child interaction, and the face may become
more central over time, as infants begin to participatemore actively in social
interactions.

Our primary finding is that infants are exposed to a wide variety of
facial configurations that do not only include hypothesized expressive
prototypes for emotions. Several results support this conclusion. First, the
specific combinations of facial movements hypothesized to serve as
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Fig. 3 | Proportion of occurrences of a subset of hypothesized expressive prototypes matching the valence of the surrounding context. Panels provide proportions for
each age window, organized into 6- and 9-month windows (turquoise) versus 12- and 15-month windows (orange).

Table 2 | Observed configurations in infants’ facial input in 6- and 9-month age windows

Configuration AUs Events Infants Individuals Duration (s) % Full-
Face Time

%
Session
Time

Best
Match
Score

Hypothesized
Prototype(s)

12 1 1236 44 93 861.16 9.06% 0.28% 1.00 CONTENTMENT, HAPPINESS

12+ 25+ 26 3 553 43 81 313.32 3.30% 0.10% 0.86 DESIRE, RELIEF

4 1 506 42 69 300.18 3.16% 0.10% 1.00 SADNESS

12+ 25 2 524 42 84 285.92 3.01% 0.09% 1.00 HAPPINESS

1+ 2 2 427 41 72 249.19 2.62% 0.08% 0.80 FEAR, INTEREST, SURPRISE

6+ 12 2 226 38 57 202.88 2.14% 0.07% 1.00 HAPPINESS

1+ 2+ 12 3 275 39 62 183.86 1.94% 0.06% 1.00 INTEREST

6+ 12+ 25+ 26 4 197 36 54 153.03 1.61% 0.05% 0.89 AMUSEMENT, COYNESS,
HAPPINESS, TRIUMPH

17 1 274 38 65 116.76 1.23% 0.04% 0.67 DISGUST, SADNESS, SHAME

14 1 232 37 62 102.74 1.08% 0.03% 0.67 CONTEMPT

24 1 241 38 64 95.04 1.00% 0.03% 0.50 ANGER, SYMPATHY

Remaining 880 configurations
(each <1%)

— 6386 — — 2,979.71 31.36% 0.99% —

Configurations occupying ≥1% of full-face time. Duration is person-time; co-visible faces contribute independently. Individuals is distinct infant-by-identity combinations.Hypothesized Prototype(s) lists
every emotion category achieving the best match score (highest Dice coefficient); a configuration matching several reflects overlap among the hypothesized sets and these are not additive.
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expressive prototypes formany categories of emotion—including HAPPINESS,
SADNESS, and SURPRISE—are relatively rare in infants’ visual environments.
Thisfinding is somewhat surprising given infants’ early emerging abilities to
discriminate between and categorize such hypothesized expressive
prototypes19,20. Researchers typically use such configurationswhen assessing
infants’ emotion perception, presumably based on an assumption that these
hypothesized prototypes will be common. However, there is little evidence
to support this assumption4, even in studies of adults. In the meta-analysis
mentioned earlier, for example, adults were found to only scowl about 35%
with ANGER elicitors and to smile about 20% of the time with HAPPINESS

elicitors3. Other observational evidence suggests a lower prevalence of
hypothesized prototypes: McDuff and colleagues54 estimated the average
base rate of smiles to be 5.62% and brow furrows just 2.84% in the spon-
taneous facialmovement of adults watching online videos. The frequency of
hypothesized expressive prototypes has yet to be assessed in adult-adult
interactions—work that could be accomplished by leveraging recent con-
versational datasets55.

Second, exploratory analyses revealed that hypothesized expressive
prototypes for purportedly ‘basic’ emotions of ANGER, DISGUST, FEAR, and
SADNESS routinely occurred in positively-valenced situations, such as play-
time, rather than alongside more congruent behaviors. In one example, a
mother made a wide-eyed gasping (‘scared’) face before telling the infant

excitedly that her brother was entering the room. Thus, even when infants
were exposed to hypothesized expressive prototypes, they occurred in
contexts thatmaynotbe consistentwith theoretical expectations.Combined
with the relative rarity of hypothesized expressive prototypes, this finding
suggests that caregivers’ facial configurations may not be intended to
communicate a particular emotion, but rather may serve a different,
attention-grabbing function56.

Third, our infants were frequently exposed to combinations of facial
movements that did not overlap fully or uniquely with hypothesized
expressive prototypes. The findings from our observed facial configuration
analysis revealed that infants’ collective input was dominated by a few
common movements and combinations thereof. The multi-movement
configurations typically depicted in the emotion literature11,39,40,42 were very
rare, and most observed configurations occurred for only a single infant.
Stronger correspondence with hypothesized expressive prototypes was
concentratedamong the simplest configurations, such as smiling (AU12) or
brow raises (AU 1+AU 2). Even though individual observed facial con-
figurations typically had moderate to strong correspondence with hypo-
thesized prototypes in general, these prototypes often spanned multiple
emotion categories. Equally critically,we cannot know fromthepresent data
whether these facial configurations were true reflections of internal feelings

12 12+25+26 4

1+2+12 6+12+25+26 17

12+25 1+2 6+12

14 24

Fig. 4 | Visualization of observed facial configurations that accounted for at least
1% of full-face time in 6- and 9-month age windows. Configurations were visua-
lized in FaceGenModeler (version 3.34; Singular Inversions, Inc., Toronto, Ontario,

Canada). All intensities were set to 100%, unless this yielded visible distortions (e.g.,
for AUs 1 and 2).

Table 3 | Distribution of match scores of observed facial configurations against hypothesized expressive prototypes

Match Score Band Configurations Events Duration (s) % Configurations (Unweighted) % Full-Face Time % Session Time

none (<0.2) 8 18 7.5 0.9% 0.1% 0.0%

weak (0.2–0.4) 3 15 7.5 0.3% 0.1% 0.0%

moderate (0.4–0.7) 285 2839 1247.9 32.0% 13.1% 0.4%

strong (≥0.7) 595 8205 4580.8 66.8% 48.2% 1.5%

no configuration coded — — 3657.2 — 38.5% 1.2%

Best-match Dice coefficient per observed configuration, organized by interpretative bands from ref. 53. Session percentages do not sum to 100%; the remainder is time with no fully visible face.
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or rather as communicative signals in the absence of the hypothesized
emotion57.

Taken together, the fact that hypothesized expressive prototypes for
specific emotion categories were relatively infrequent and that infants
instead saw an idiosyncratic assortment of simple configurations that
overlapped with hypothesized prototypes frommultiple categories suggests
that the distribution of facial input infants receive is highly variable andmay
not be directly related to emotion. Infants do form prototypes based on this
distribution of input, but those prototypes are probabilistic and idiographic,
based on personal experience, rather than universal58. The combinations of
facial movements that we identified in the SEEDLingS corpus did bear a
family resemblance to each other59 and somay forma basis for these infants’
social and emotional learning. This is not to say that infants are using facial

configurations solely for the purpose of inferring others’ emotions. Facial
movements are not inherently ‘emotional’ and often do not have an emo-
tionalmeaning (e.g., when a furrowed brow comes from looking toward the
sun)57,60. What infants are doing, first and foremost, is learning to segment
and integrate across facial movements for the purpose of predicting what
comes next in their social and physical environment—regardless of these
predictions’ correspondence to categories for emotion4. Future work can
probe the complexity of infants’ developing models of facial behavior by
examining the dynamics of specific facial movements (whether defined
using action units41,61 or other types of landmarks/features62,63). With that
said, the low overall exposure to full faces (the basis for assessing hypo-
thesized expressive prototype occurrence and describing observed facial
configurations) suggests that infants are not getting a lot of emotion-related

Fig. 5 | Match scores of observed facial configurations against all hypothesized
expressive prototypes, broken down by match assessability and
configuration size. Panels provide distributions of match scores between observed
facial configurations and hypothesized expressive prototypes. Distributions are
plotted separately for each configuration size (1–5+ AUs; rows) and assessibility

level (fully vs partially assessable; columns). Heights are shares of infants’ total facial
exposure across all ten panels, such that columns do not each sum to 100%. Vertical
bands (orange dash) reflect thresholds for no (≤0.2), weak (0.2-0.4), moderate (0.4-
0.7), and strong correspondence (≥0.7).
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information from the face in general. Futurework is needed to analyze these
kinds of naturalistic interactionsmultimodally, to assess the contribution of
voice, bodilymovement, etc. to infants’ emotional learning, and the extent to
which each makes unique or redundant contributions.

Alongside an exploration ofmultimodal patterns in infants’ emotional
input, the specific role of language should also be assessed. Theoretical
advances suggest that emotion labels play a critical role in the development
of emotion understanding, enabling infants to learn which signals serve as
information for which emotion categories30,64–66. These proposals have
received support from recent experimental work67–69, yet little is known
about howoften parents and caregivers use emotion labels in thepresenceof
their infants, and what kinds of words these are (for initial evidence, see
ref. 70). Using data sets such as SEEDLingS, it would be possible to examine
the relative frequency of emotion labels in naturalistic interactions across a
key period in infant development. Critically, as the strongest opportunities
for learning emotion categories may come from instances where facial
configurations and emotion labels are presented concordantly71, it would
also be possible to assess the probabilistic intersection between these two
channels of input. These and other analyses await future work.

Limitations
The present findings should be interpreted in light of several limitations. As
mentioned above, the specific context of the interactions (i.e., recording
sessions) and the age period sampled inherently temper the conclusions we
can draw about infants’ emotional facial input more broadly and how our
observationswould extend todifferentperiods indevelopment. Futurework
is needed to assess longer trends72, as well as the ecologies of other cultural
and communicative environments73. Additionally, caregiver-worn cameras
occluded a substantial portion of full faces at later time points, such that
these age windows could not be meaningfully included in longitudinal
analyses surrounding exposure to hypothesized expressive prototypes or
observed facial configurations. These analyses would be a particularly
valuable contribution of future research; for example, it is possible that
caregivers initially use more exaggerated, stereotypical facial configurations
(as in ‘motionese’27 or ‘motherese’25) and that more variable facial config-
urations emerge as infants’ communication skills grow more sophisticated
and the interactional context grows richer. Finally, our behavioral coding
didnot include all facial andbodilymovements that have beenhypothesized
to be relevant to emotion (e.g., hand movements).

Conclusion
Despite these considerations, the present study takes a substantive, long-
itudinal, and ecological approach to understanding the types of emotional
input infants receive during naturalistic interactions and therefore has
methodological and theoretical implications for our knowledge of emo-
tional development in infancy. By investigating how hypothesized expres-
sive prototypes stack up against real life, we have shown that the
combinations of facial movements assumed to be at the core of emotion are
neither common nor fixed to certain types of behavioral contexts. Instead,
we find other facial vocabularies are used to communicate with infants. If
this is the input infants most commonly receive, how are infants acquiring
emotion categories? This work suggests next steps for developmental and
emotion psychology that have the potential to fundamentally reframe our
understanding of infants’ learning problem.

Data availability
SEEDLingS data are available via Databrary. Further information about the
data set, including access instructions, is available here: https://doi.org/10.
21415/T5PK6D.

Code availability
Analytic code and supportingmaterials are available via a repository hosted
by the Center for Open Science (OSF) at https://osf.io/jmqck/.
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