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Abstract

Emotion learning, the process through which humans understand their own and others’
affective states, allows infants to communicate and bond with others. Infants use facial
expressions as external indicators of these internal states during the learning process. The present
study seeks to investigate previous findings, which found that 14-month-olds could not form
word-emotional expression links when presented with video stimuli of human faces making
happy and sad expressions, yet these infants could form these associations when presented with
video of cartoon faces. Did these infants need different cues to make label-expression
combinations in the human face condition? In the current study, we tested the hypothesis that
these infants need facial stimuli to say or emit the word in order for them to recruit skills for
word-learning, versus a voiceover label in previous studies. Fourteen-month-old infants (N = 32)
were habituated to label-expression combinations and then tested with one combination from the
habituation phase and one with changed relations or a “switch” event. Average looking times (in
seconds) for the two conditions, Emitted label stimuli and voiceover label stimuli (Non-emitted),
were compared. The results show that infants looked significantly longer at the novel “switch”
combination relative to the "same" trial (p = .02) in the Emitted condition, while the difference
for the Non-emitted condition was not significant (p =.60). Infants in the Emitted condition
successfully recognized novel expression-label associations, and thus labels emitted from a face
facilitated word learning. For emotion-word learning, these unique naturalistic cues may be

necessary.
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What’s in a Face?: Facial Cues Facilitate
Emotion-Word Learning in 14-month-old Infants

Anis Mansour, a prolific Egyptian writer, wrote that “what is more important than
reading books; is reading people’s faces” (Mansour, 2012). It is no secret that facial expressions
are strongly linked to the human understanding of emotions as well as the words we use to
describe our feelings. But how do humans learn the words for emotions, like “happy” or “sad”?
When does this understanding begin and how does it develop?
Word Learning Fundamentals

Exploring how young children learn language is important given how crucial language is
for fulfilling human needs. Some argue that our sophisticated communication system is what
defines us as uniquely human (Wallwork, 1969). This importance is demonstrated in how
quickly infants acquire spoken language from being completely nonverbal, usually saying their
first word around their first birthday. After learning to recognize sounds as words, between 6 and
12 months, infants learn to associate a word with its referent (e.g., when a mother points to a
stuffed animal and says, “cat”) (Swingley, 2010). Although there is some consensus that infants
are able to understand the meaning of common words by around 12 months of age (Thomas,
Campos, Shucard, Ramsay, & Shucard, 1981), more recent research has shown that infants can
learn the meaning of common nouns between 6 and 9 months of life (Bergelson & Swingley,
2012).

How exactly, then, do infants learn words so quickly? A breadth of research highlights
infants’ sensitivities to the co-occurence of a word label and its referent and ability to rapidly
word-referent associations at the most basic level (Schafer & Plunkett, 1998; Werker, Cohen,

Lloyd, Casasola, & Stager, 1998). This associative word learning skills helps infants learn about
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what they see in the physical world. Even with limited exposure, infants begin to readily make
these links (Cassola & Wilbourn, 2004). Infants begin to use these precursory associative
learning skills from a young age. More specifically, Gogate and Bahrick (1998) found that when
given facilitating cues, such as temporal synchrony, infants as young as 7 months are able to
form associative links between vocalizations and objects.

Emotion-Word Learning

When learning words for nouns, for example, infants can use cues from the physical
world, or see the referent of the word they are learning (i.e., a cat). However, infants must also
learn words to describe the unobservable world, such as emotion words like “happy” or “sad.”

Emotion learning (i.e., the process through which humans understand their own and
others’ affective states) is often considered by scholars to be a universal human skill (Ekman,
1992). We know that infants are able to distinguish between and use emotional expressions to
make decisions by about age 9 months (Bretherton, et al. 1986). For example, infants are able to
use their caregivers’ emotional expressions to make decisions about whether or not food is safe
to eat (Hertenstein & Campos, 2004; Hornik, Risenhoover, & Gunnar, 1987; Klinnert,1984;
Mumme, Fernald, & Herrera, 1996).

Most infants produce their first word around 12 months, but do not produce “emotion
words” like happy or sad until closer to (or during) their second year of life (Bretherton, et al.,
1986), possibly because learning about emotions is more complex than learning about objects.
In order to be able to understand the meaning of these words, infants must gain information
about their own invisible mental states, which is more difficult than learning about the external
world (Ruba, Johnson, Harris, & Wilbourn, 2017). For example, when an infant smiles, a mother

might say “happy”, but the infant cannot see him/herself smile. In addition, the smile itself is not
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the true meaning of the word “happy.” Thus, in order to understand this emotion, infants must
associate the word to their own invisible internal state as opposed to a visible object like “dog”
or “cat”. In other words, when infants learn emotion words they have no physical object to
connect the word to (e.g., “happy” is not an observable object), making emotion-word learning
relatively complex. Many theorists argue that there are completely different systems and
trajectories for affective and nonaffective learning and processing (lzard, 1989; LeDoux, 1987;
Zajonc, Murphy, & Inglehart, 1989).
Facial Expressions

Although infants cannot see emotional states like “happy,” infants do have facial
expressions as external proxies for these internal states (Kotsoni, De Haan, & Johnson, 2001).
Although a smile does not itself mean the emotion “happy,” it does serve as an observable
indicator of the underlying meaning of the emotion. Facial expressions are key to emotional
expression and emotion-word learning. Thus, infants must have familiarity with faces as a
necessary precursor for emotion-word learning. Specifically, in order for infants to understand
emotion, they must acquire two perceptual skills with regards to faces: emotional discrimination
(differentiating perceptual cues between expressions on a face) and categorization (recognizing
the same emotion being expressed by different people/on different faces) (de Haan & Nelson,
1998). The abilities to discriminate between and categorize facial expressions allows infants to
distinguish between emotions and do this on more than one face. These skills together become a
powerful social skill, allowing infants to learn about internal mental states through external
expressions.

Once infants are able to discriminate between two emotional facial expressions, likely

around 3 months after birth, and categorize these expressions, at around 7 months, they have the
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basic tools to allow them to start making word-expression associations (Grossman, 2010;
Kestenbaum & Nelson, 1990). Since this emotion learning then involves analyzing faces, many
researchers believe that physical associations (i.e., looking at and learning labels for objects) and
social learning (which includes emotion learning) are two separate pathways in development.
Indeed, any process that involves analyzing human faces actually involves the neural
specialization in the brain dedicated to deciphering faces (Simion & Giorgio, 2015).

So, are faces really all that special? There is no question that facial expressions are
extremely important to emotion-word learning. In fact, children who are visually debilitated have
significantly higher emotional difficulties, and thus their social development is significantly
impaired (Alimovic, 2013). However, there is an ongoing debate in emotion literature as to
whether or not facial expressions do in fact “encode” certain basic emotions, a theory known as
the basic emotion view (Lindquist et al., 2013). In other words, are specific facial movements
universal and specifically tied to individual emotions? In fact, electromyograph research calls
this basic emotion view into question, showing that people do not always display the same
prototypical and characteristic facial muscle movements to distinguish between emotions like
anger and sadness (Cacioppo et al., 2000).

The opposing constructionist view, on the other hand, insists that emotional perception is
subjective and created in the mind, and that this construction requires the language to interpret
facial expressions (Lindquist et al., 2013). One example to support this theory is a 1993 study in
which providing incorrect emotion labels for a facial expression caused participants to be unable
to identify facial expressions correctly (Russell, 1993). In short, the construction theory asserts
that language itself has great influence on facial expressions and their recognition, rather than the

other way around. Either way, this debate highlights the lack of understanding of how facial
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perceptual features involved with facial expressions of emotion affect how infants associate
labels with concepts. The debate does not diminish, however, the idea that facial expressions are
not only key to emotional learning and development, but also a powerful research tool that
allows us to test what infants know about emotions. This paper will operate under the assumption
that certain perceptual features (e.g., smiling) can be generally classified as indicative of certain
emotions (e.g., happy).
Relevant Prior Work & Hypotheses

A study by Ruba, Johnson, Harris and Wilbourn (in prep) highlights that there is
something unique about the way infants learn to associate words when labels are paired with
faces. In this habituation study, 14-month-old infants were successful in making word-expression
associations when labels were presented with cartoon human faces making happy and sad
expressions, but not when the same words were paired with real human faces. This unexpected
finding supports the idea that infants have a unique pathway for analyzing authentic human
faces. Even when the cartoons and real faces were making the same expressions, infants were not
viewing these cartoons as representations of faces, suggesting that real faces are unique and
special, entirely different from objects or drawings. Again, this is supported by neuroscience; a
brain region known as the fusiform face area is well established as an area specifically selective
to faces as opposed to objects or even scrambled faces (Kanwisher, McDermott, & Chun, 1997,
Kanwisher, Stanley, & Harris, 1999). However, even if we assume that infants processed the
human and cartoon faces differently, why, if human facial expressions are so important for
emotion learning, why were infants better able to form word-label associations when looking at

cartoon faces versus human ones, and not the other way around?
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It is this surprising finding that forms the basis for the exploration in the current
experiment. The present study seeks to investigate what it is about human faces that caused 14-
month-olds to be hindered in emotion-word learning as seen in Ruba et. al (in prep), as compared

to with cartoon faces displaying human emotional expressions. More specifically, it seeks to
answer this question by exploring the idea that the difference between social (e.g., emotion
words) and nonsocial (e.g., labels for objects) learning lies in perceptual cues (like observable
facial movements) from facial expressions. This idea is consistent with studies that show that
perceptual cues are key to emotion learning (Barrett, 2006; Vygotsky, 1962).

Word Learning and Interaction Types

What, then, could be the key perceptual cues playing a role in emotion-word learning
when looking at a face versus a cartoon? Besides the importance of facial expressions in
emotion-word learning specifically, it is also important to note that the types of social
interactions infants have differ depending on what they are learning about.

In 1975, Scaife and Bruner famously presented the idea of joint attention, whereby
children were able to follow eye gaze. Joint attention is a triadic interaction whereby two
individuals (e.g., a mother and child, for example) both are attending focus to the same object,
providing a foundation for language acquisition and social cognition through shared experience
(Tomasello, 1995). If a caregiver sees a cat, he or she might look at or point to the cat so that the
baby also directs his or her attention to it, and then say the word “cat.” Over time, the infant can
then learn to associate the label with the physical object, using low level word-learning skills.
For the purpose of speculating about the results of Ruba and colleagues (in prep), it is important

to note that, in this triadic interaction, both the caregiver and infant are looking at the referent
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(the cat), and that the label for this object (“cat”) is not said/emitted from the object itself.
Instead, the caregiver emits this label, while both he/she and the infant look at the referent.

On the other hand, learning emotion words often involves dyadic interactions rather than
triadic ones. For example, an infant might smile and the caregiver might say “happy!” or
“You’re so happy.” Whereas before both infant and caregiver employed joint attention to a
referent, in this case, both caregiver and baby are looking at each other, and the caregiver
him/herself is emitting the label (happy) for the facial expression (happy/smiling face). The
infant, then, must learn to associate either his or her own smile with the label “happy” or, more
likely, associate a reciprocal smiling expression on the caregiver’s face as linked to the label. As
with triadic interactions, it is important to note where the labels are coming from in this dyadic
interaction. Here, the label “happy” is emitted from the face itself that the infant is looking at
(i.e., the mother says the word), not from an outside source other than the referent, as in joint
attention.

This discussion of interaction types is crucial in hypothesizing what might be causing the
difference between learning words with cartoon faces versus human faces in Ruba and
colleagues (in prep). In this study, words were presented as a voiceover paired with either
cartoon faces expressing an emotion and human faces expressing an emotion. Thus, the label
came from an outside source than the referent itself, just like in a triadic interaction. Perhaps,
then, in the real world, when infants look at faces for information, they expect to see faces
emitting words (i.e., seeing a mouth move and a person saying a word), just like in a dyadic
interaction.

As a result, we hypothesize that when infants look at faces and hear a label, they expect

the face itself to say the word, rather than hear a disembodied label to associate with a referent.
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When the label is not emitted from the face, it is possible that infants struggle to make
associative links between label and expression because of this lack of naturalistic facial cues. In
the same vein, infants looking at cartoon faces then, are successful in making word-expression
links (Ruba et al., in prep) perhaps because the disembodied voice-over label mimics a triadic
interaction, in which the label does not come from the referent itself anyway.

More broadly, infants expect different information from the cartoon faces than human
faces and thus apply differently skills to each case. The ability for infants to look at cartoon and
human faces differently is supported by Rakison and colleagues (2008), who argue that the
ability to distinguish between animate (like human faces) and inanimate objects (like cartoon
faces) is one of the crowning feats of development.

Current Study

Following these speculations, the present study proposes that if we showed infants a
video of a face actively saying or emitting a word, infants may be able to learn emotion words
paired with these faces. Perhaps infants need synchrony of specific facial cues and auditory
labels in order to form associative links at this age (Gogate & Bahrick, 1998).

The unique way infants uniquely process faces, as compared to objects, is still an
understudied topic. The trajectory of how infants gain significant skills in emotional language
between the first and second year of life is still not well understood. The connection between
human faces and emotion learning necessitates research exploring how infants use information
from faces in order to make basic associations. Then, we can not only better understand social
development, but also understand what it is about interacting with a human face that can either

facilitate or hinder word learning for emotion words and why infants react to them differently
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than they do to non-human stimuli. Understanding how infants form and solidify these categories
is crucial to understanding the sophistication of human emotion.

Hypotheses & Research Questions

Previous findings have led to the following three questions and hypotheses:

1. Do infants recruit unique skills for making word-emotional expression associations?
Hypothesis: Yes; learning emotion labels is a more complex skill, and thus infants
need additional cues.

2. Do naturalistic cues (e.g., labels emitted from a face) help infants learn emotion labels?
Hypothesis: Since infants look at novel referents longer than they look at familiar
referents, we expect to see that infants, on average, look longer at novel referents
and thus are better able to learn emotion labels in the Emitted condition because
facial cues enhanced learning.

Materials and Methods

Participants

Participants included 32 infants (Male = 15), ranging from 13 to 15 months of age (M =
13.99 months), participated in the study. Participants were 43% white, and 100% had at least one
parent who had received education at the college-level or above. An additional 10 infants also
participated in the study, but their data were unable to be used because they were premature (i.e.,
< 37 weeks gestational age), were too fussy during the experiment, did not habituate, or did not
meet habituation criteria (see Oakes, 2010). Participant information was collected via public
birth records from central North Carolina hospitals. Participants were sent a letter containing

information about research studies and called when they were between 13 and 15 months of age.
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All participants received a small token of appreciation (e.g., baby t-shirt, book, coffee mug, etc)
for their participation.

Fourteen-month-olds were chosen based on Ruba and colleagues (in prep) and because
they are particularly adept at forming sound-referent links after short exposures (Casasola &
Wilbourn, 2004; Werker, Cohen, Lloyd, Casasola, & Stager, 1998; Woodward, Markman, &
Fitzsimmons, 1994). By this age, 14-month-olds have been sufficiently exposed to emotional
expressions and are able to use them to modify their own behavior (Vaish et al., 2010). For
example, a study by Hornik and colleagues (1987) found that infants are able to associate
maternal affective communications with toys and respond accordingly by age 12 months. In
short, 14 months of age is a crucial time in which infants are developing precursory tools for
word-learning that lead to the subsequent explosion in vocabulary.

Stimuli

Video stimuli were created using iMovie and contained two types of stimuli conditions,
which will be called Emitted and Non-emitted. In each video, a green expanding circle
corresponding with a synchronous dinging sound was used as an “attention getter” at the
beginning of the experiment and between trials. After the attention getter, a young girl showed a
neutral expression for 1.5 seconds, followed by a video of the same girl’s face forming an
emotional expression (sad or happy) for 7 seconds, and then a black screen (See Figure 1). This
sequence was repeated five times in order to create a 1.2 sec trial. In the Emitted stimuli, videos
were recorded of a young girl’s face showing happy, sad, and neutral faces, followed by videos
of the girl saying ambiguous words, such as “toma,” “blicket,” or “auk.” These facial
expressions were rated by research assistants in the lab to ensure that the videos did in fact

display the correct emotions. In the Non-Emitted stimuli, videos were recorded of the same



FACIAL CUES FACILITATE EMOTION-WORD LEARNING 13
young girl’s face showing happy, sad, and neutral faces, but these videos had a voiceover of the
word “toma,” “blicket,” or “auk” played during a static image of the corresponding facial
expression (happy or sad). Both of the Emitted and Non-emitted videos were used for the
Habituation Phase and the Test Phase of the study.

Apparatus/Materials

Participants were tested in a 3x3 m testing room. Infants sat on their parent’s lap facing a
TV screen on which the stimuli was shown as well as a camera below the monitor that recorded
participants’ audio and video during the experiment. In a separate room, an experimenter coded
the infant’s looking time live via a live video stream from the camera in the testing room. Habit3
(Habit3 program courtesy of Infant Cognition Lab, UC Davis) computer software was used to
calculate looking times for each trial.

Procedures

First, parents completed consent forms for the study. Then, participants were taken into
the testing room (see Apparatus above) and seated on their parent’s lap. Parent were asked to try
and keep their child on their lap, and to remain as neutral as possible during the study. After the
experimenter left the room, testing using the Habit 3 program commenced via live-coding by the
experimenter, who was able to see the infant via the audio and video recordings.

The experiment consisted of a habituation task with a “switch design,” as outlined in
Werker and colleagues (1998). Fourteen-month-old infants were habituated to label-expression
combinations and then tested with one combination from the habituation phase (same test trial)
and one with changed relations or a “switch” event (switch test trial). The attention getter played
at the beginning of each trial or when the infant looked away. To measure looking times at the

stimuli, the study was conducted using an infant-directed habituation procedure. The
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experimenter initiated the pre-test trial when the infant was looking at the screen and via
computer keys indicated whether or not the infant was looking at or away from the video screen
showing the stimuli. The program moved onto the next trial when the infant either 1) looked for
2 full seconds (a “complete look™) and then looked away for more than 1.2 seconds, or 2) if they
looked for the maximum stimulus time of 62 seconds. The Habituation Phase ended when
infant’s average looking time for 3 consecutive trials decreased by 50% in the next 3 consecutive
habituation trials, or after exhausting all 20 trials without habituation. After habituation began
the Testing Phase (Oakes, 2010). Videos of happy and sad expressions paired with the words
“toma” or “blicket” were used for the habituation and test trials and a surprised expression paired
with the word “auk” was used for a pre-test trial to acclimate the infant to the experiment as well
as for a post-test. In the habituation trial, infants saw the two random selections of the following
word-expression combination: a happy face paired with the word “blicket”, a happy face paired
with the word “toma”, a sad face paired with the word “blicket”, or a sad face paired with the
word “toma”.

Habituation stimuli were presented in a quasi-random order, making sure that no two
combinations were one after another, and that all combinations were presented in the first six
trials so that infants who habituated in six trials would see all each word-expression combination
an equal number of times. In addition, each word-expression combination was represented
equally in the 20 trials.

After infants habituated, the test phase included 1) one Same trial, which showed the
same emotion-word combinations as was shown during the habituation phase, and 2) one Switch
trial, which either changed relations of the facial expression and the word. For example, infants

who saw “happy-toma” or “sad-blicket” combinations were shown a “happy-blicket” trial or a
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“sad-toma” trial in the test phase. After one Same and one Switch test trial, infants were all
shown the Posttest trial, which was the same surprise-auk emotion-word combination as was
shown in the Pre-test trial. This post-test allowed us to see if infants continued to pay attention
and noticed a pair of completely novel word and expression (i.e., we expect that they looked
longer at the post test than either of the other test trials), or if they simply were too bored to
continue paying attention to the video screen.
Coding

Participants were live-coded by undergraduate research assistants who were blind to
condition (Emitted vs. Non-emitted) and who underwent reliability training to match the main
experimenter/live coder’s looking time recordings within 2 seconds for 3 separate experiments.
Analytical Strategy

We hypothesized that the time infants spent looking at novel stimuli vs. familiar stimuli
would be different in the Non-emitted and Emitted conditions. Specifically, we expect the
Emitted condition to have a larger difference in looking times between novel and familiar
stimuli, with novel looking times being significantly higher than familiar. In addition, we were
interested to see if males and females were equally successful in linking emotion labels to facial
expressions in all trials.

If the results show that infants, on average, look longer at the “switch” combination, this
will indicate that infants in the Emitted condition can successfully make expression-label
associations, and that labels Emitted from a face facilitate word learning. This would suggest that
infants are able to learn best only when they are able to recruit the right skills, and when given
the right cues to do so. For emotion-word learning, these cues may be naturalistic, whether or not

labels are Emitted from a face. Because emotion-word learning is more complex than object-
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word learning, infants may require additional cues to successfully make word-expression
associations.
Results

As recommended in Oakes (2010), all inferential statistics were performed using log10
transformed data and will be reported as such. However, all descriptive statistics will be reported
in seconds for ease of interpretation.
Test of Habituation

Participants took an average of 10.07 trials (SD = 3.05) to habituate (range = 5-16 trials).
To confirm that all babies did not habituate by chance, average looking times for the longest four
consecutive trials in the habituation period were compared to the familiar trial (i.e., Same trial) in
the test phase. A 2 (Sex: male vs. female) x 2 (Condition: emitted vs. non-emitted) x 2 (Trials:
average looking time of the first three habituation trials vs. familiar test trial looking time)
mixed-model analysis of variance (ANOVA) was conducted. The results showed a main effect
for Trials, F(1, 28) = 19.520, p <.001, n? = .411, confirming that that average looking times
significantly decreased during the during the test trials as compared to habituation trials,
confirming that the participants did successfully habituate during the habituation phase. No other
main effects or interactions emerged as significant, all ps > .10.
Test of Fatigue

Next, we tested to see whether or not infants were simply fatigued by the end of the test
trials, which could explain their behavior. To do this, we compared looking times between the
familiar test trial and the post-test [i.e., a novel expression (surprise) and novel word (“auk™)] in
the test phase. If infants were not fatigued, then they should look significantly longer at the post-

test stimuli compared to the stimuli they were habituated to. Indeed, a 2 (Sex: male vs. female) x
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2 (Condition: emitted vs. non-emitted) x 2 (Trials: post-test trial looking time vs. familiar test
trial looking time) mixed-model ANOVA revealed a significant main effect for Trials, F(1, 28) =
16.41, p <.001, ny? =.369. This finding revealed that the infants looked significantly longer at
the post-test trial (M = 22.071 s, SD = 8.63 s) than the familiar/Same test trial, confirming that
fatigue was not a factor in their looking behaviors during the test trials. No other main effects or
interactions were present (all ps > .18).
Main Analysis

If babies learned the label-expression associations that they were habituated to in the
habituation phase, they should look significantly longer at the novel (Switch) test trials compared
to familiar (Same) test trials. A 2 (Sex: male vs. female) x 2 (Trials: familiar/same test trial vs.
novel/switch test trial) x 2 (Condition: emitted vs. non-emitted) mixed-model ANOVA vyielded a
significant interaction effect for Trials by Condition, F(1, 28) = 4.77, p = .04, n,2 = .146. No
other main or interaction effects were significant, all ps > .05).

A step-down analysis was performed across conditions (Emitted vs. Non-emitted). The
findings revealed that, as expected, infants in the Emitted condition infants looked significantly
longer at the Switch test trial compared to the Same trial, F(1, 15) = 7.07, p = .02, 7, = .32 (see
Table 1 and Figure 3). However, this was not the case for the Non-emitted condition, F(1,14) =
0.287, p = .60, n,2 = .02 (see Table 2 and Figure 3).

Outliers

To be certain that it was not just certain participants’ looking times skewing data in a
certain direction, we categorized each participant as a Discriminator or Nondiscriminator, with
the criterion that Discriminators looked at the Switch trial longer than the Same trial by at least 2

seconds or more. Then, a Condition by Discrimination Group chi-square analysis confirmed that
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the likelihood of being a Discriminator does in fact vary as a function of condition, y?(1, N = 32)
=12.698, p <.001.
Test of A Priori Vocabulary Skills

Finally, we wanted to make sure that babies did not simply come in with prior knowledge
of vocabulary skills that might influence their performance on the task. To do this, we wanted to
use the MacArthur-Bates Development Word Inventory (“MacArthur”) for our analyses. For the
MacArthur short inventory, parents check one of two columns to assess children’s vocabulary
knowledge: one column if the child understands the word listed (the “U” column), or a second
column if the child both understands and says the word (“the U+S” column). The MacArthur
thus yields both a U and a U+S score by adding up the number of boxes checked for each
column for each participant. A 2 (Sex: male vs. female) x 2 (Condition: Emitted vs. Non-
emitted) x 2 (MacArthur U+S score) between-subjects ANOVA revealed a significant main
effect for gender, F(1, 27) = 5.00, p = .03, 7,>=.16). The same test for the Macarthur U score, a
2 (Sex: male vs. female) X 2 (Condition: Emitted vs. Non-emitted) by between-subjects
(MacArthur U score) univariate ANOVA also showed a significant main effect for gender, F(1,
27) = 4.79, p = .04, n,2=.15). These tests suggest that female participants did come into the task
with significantly higher vocabulary knowledge as assessed by the MacArthur inventory.
However, this is not concerning as there were no other significant main effects or interactions
with condition. Additionally, neither MacArthur U nor U+S scores were significantly correlated
(all p’s > .05) with the degree to which participants successfully discriminated between the
familiar and novel stimuli in the test phase of the experiment. Further, we ran analyses with and

without controlling for MacArthur scores, and the results did not change in a meaningful way.
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Thus, we can conclude that this gender difference does not affect the interpretation of results
from the test trial in a way that warrants further investigation.

Discussion

The goal of the present study was to determine what cues help infants learn words for
emotional expressions between the first and second year of life. More specifically, it sought to
determine 1) what facial cues 14-month-olds use when looking at emotional expressions in order
to create associative links between expressions and labels and 2) whether having a mouth move
and “emit” a word is a key naturalistic cue that allows infants to form these links at 14 months of
age. Both of our hypotheses were confirmed: that 14-month-old infants need specific facial cues
for emotion-word associations, and that these specific cues are emitted labels.

These hypotheses sought to better understand results found by Ruba and Wilbourn (in
prep). This study, using the “switch design”, showed that 14-month-old infants were able to form
word-expression associative links when presented with cartoon stimuli that did not emit the
label for the emotion they were expressing (e.g., smiling happy face cartoon). However, they did
not recruit the same skills to make these links when presented with human faces that did not emit
the label (e.g., human girl smiling). In the current study, we attempted to mimic the Non-emitted
human condition from the previous study with a new face for our switch design study. However,
this time we compared the Non-emitted human face condition to an Emitted condition, in which
infants were shown video stimuli of a girl’s face making happy and sad expressions and then
saying the word “blicket” or “toma.” Importantly, for this new Emitted condition, the girl’s
mouth moves in temporal synchrony with these labels.

Our results showed that infants in the Non-emitted condition, whose stimuli did not say

the word, did not provide evidence of discriminating between the familiar/same pairing and
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novel/switch word-expression pairing, indicating that they did not form associative links between
the word-expression combinations. On the other hand, those in the Emitted condition did form
these links; they successfully discriminated between the Same and Switch stimuli. The results of
the experiment confirmed our hypothesis that naturalistic facial cues allow infants to make
associative links when looking at human faces, and thus they are key to lower level word
learning skills.

These naturalistic cues, specifically a mouth saying a label, can be classified as
perceptual cues. Perceptual cues are crucial for infants to learn emotion words (Barrett, 2006;
Vygotsky, 1962). Thus, if infants are not provided with the correct cues, they are unable to
utilize their word-association skills, especially when these skills are tenuous at 14 months of age
(Bergelson & Swingley, 2012). Thus, because 14-month-olds were only able to form the
associative links in the Emitted condition, we conclude that the moving mouth in the Emitted
condition provides additional cues that allow or signal for infants to make associative links.

Why, though, might this cue be so important? These results are consistent with the idea
that infants may process social and nonsocial stimuli in different ways (lzard, 1989; LeDoux,
1987; Zajonc, Murphy, & Inglehart, 1989). We hypothesize, then, that when presented with the
Non-emitted cartoon in Ruba and colleagues (in prep), infants may process the cartoon stimuli as
more “object-like”, and thus did not need naturalistic facial stimuli to make word-object
associations. However, when infants look at human or real faces, “emitting” of a word is a
necessary component to making associative links. Because infants see human faces emitting
words when they engage in dyadic interactions with their caregivers, the Emitted condition
mimics the dyadic interactions that infants have with faces in real life and allows 14-month-old

infants to then employ word association skills. Alternatively, seeing a human face paired with a
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disembodied label coming from an unknown source may be unnatural, even if the label is
presented with temporal synchrony. Thus, these infants, although they may possess associative
learning skills, may not be able to employ these skills without the expected cues.

In addition, our analyses show that the participants were not cognitively fatigued by the
end of the experiment, and that fatigue did not vary by condition (Emitted or Non-emitted) or by
gender. Thus, we can rule out that the Non-emitted condition was simply less interesting or more
taxing to watch due to less dynamic (e.g., moving) facial stimuli. In addition, the ability to
discriminate did not vary depending on test order, which was counterbalanced. Infants who saw
the “switch” versus the “same” condition, then, were not more or less likely to discriminate than
those who saw the conditions in the opposite order.

Limitations and Future Directions
Limitations

Our results show that infants are able to make links between made up words and
emotional expressions, but it is important to acknowledge that the skills assessed here are lower-
level and precursory word learning skills. Further, learning to associate a word and a facial
expression is not the same as symbolic word learning, or learning the meaning of a label. These
skills assessed at 14 months of age are the foundations of emotion-word learning; infants can
build upon the associative links they formed in this task to eventually attribute symbolic meaning
to emotion labels (Grossman, 2010). However, we cannot make claims from these results about
how these skills directly relate to true word-learning skills or future vocabulary size. A future
study might assess how the abilities assessed here with regard to emotion words translate to

emotional vocabulary or even socio-emotional skills later in development.
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Secondly, our study is limited in that we saw a 23.8% attrition rate, potentially
introducing bias if excluded participants differed significantly than those whose data were
included in the final calculations. According to Oakes (2010), this could be because of
habituation criteria that was too stringent (and thus these infants were excluded but may have
habituated). However, during the course of data collection, we experienced multiple technical
difficulties with our computer and camera system; 40% of excluded participants were due to
technical failures. In addition, 2 out of 10 excluded infants were too fussy to continue. Fussiness
IS not surprising given the young age of participants used for this study. Thus, we can conclude
that our habituation criteria was likely not unreasonable for our experiment.

Thirdly, the faces used for video stimuli were not from a standardized database, such as
the Radboud Faces Database (Langner et al., 2010), which was used for facial stimuli in Ruba
and colleagues (in prep). Instead, the stimuli used in this experiment were video recordings of a
14-year old racially-ambiguous girl, created just for the purposes of this experiment. However,
because this experiment was unique in that the human face had to be shown with the mouth
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vocalizing words (“blicket,” “toma,” or “auk”), using a static image from a database was simply
not possible. In addition, we used an online survey of 12 college-aged individuals to confirm that
the facial expressions displayed in the videos were in fact indicators of the corresponding
emotions, and found that participants voted all of the expressions to be correctly represented by
at least 80% or more.

Finally, we acknowledge that our sample is not representative of the population; the
majority of the infants tested are from families that are Western, educated, industrialized, rich

and democratic, otherwise known in the field as “WEIRD.” Consistently, research in the last 10

years has begun to shed light on how even basic cognitive skills and processes may drastically
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differ for the WEIRD population as compared to other populations in the world or even just in
the United States (Henrich, Heine, & Norenzayan, 2010). As previously mentioned, our
participants were 59.4% white and had at least one parent with a college-level education. Thus,
our sample cannot be said to be representative, and it is unclear how much our findings are
generalizable to a greater infant population.
Future Directions

In the present study, we presented the facial cues that allow 14-month-old infants to
successfully make word-expression associations that they could not previously do with human
faces in Ruba et al. (in prep). However, because these cues were not needed to make these links
with cartoon faces, we present the idea that perhaps infants use unique skills when looking at a
human face. But what is considered a human face? Would infants be able to make associative
links with a more realistic or humanlike cartoon than that used in Ruba et al. (in prep), or would
they need naturalistic facial cues like those seen on a real human face? A subsequent study might
use computer-generated faces to investigate infants’ looking time patterns, perhaps to even see
exactly how realistic cartoons need to be for infants to look at them, in terms of looking times
and discrimination, as such.

Conclusion

Infants do an incredible amount of learning in their first few years of life, but all learning
is not created equal. This study is important evidence that even if they possess the ability itself to
make associative links in some contexts, 14-month-old infants need specific perceptual cues in
order to actually use these tenuous learning skills. Specifically, the cues needed depend on the
context of the referent that they are learning about; if a referent is a human facial expression,

infants need faces to emit the label in order for them to make an association between the label
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and the word. This may be because in the real world, when infants see faces, these faces are
usually emitting labels when referring to facial expressions. Thus, if infants expect faces to emit
labels when learning words for emotional expressions, they cannot make these associations given
a disembodied or Non-emitted label. The results fill an important gap in emotion literature about
the specific mechanisms infants use when learning about emotions, giving a clearer idea about
the trajectory of development between the first and second year of life. And, they suggest in a
broader sense that there is something quite unique about the human face, so much so that even
infants recognize this difference and apply different skills to faces they see as human
accordingly. When presented with such a face, only when infants are given the correct tools and
cues to use them can they actually apply them for learning. We cannot truly understand infants’
learning abilities until we understand which tools are necessary for different contexts, and thus,
in order to be better caretakers, teachers, and scientists, it is important to continue to seek better

understanding of mechanisms of learning.
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Tables
Table 1
Average looking times (s) for Emitted Condition
Same/Familiar Switch/Novel Switch/Same Post
Difference
M 14.90 23.18 8.28* 20.44
SD 9.15 8.33 10.74 9.38

*p<.05
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Table 2

Average looking times (s) for Non-Emitted Condition

Same/Familiar Switch/Novel Switch/Same Post
Difference
M 15.587 16.37 0.78 23.70
SD 8.42 15.28 18.45 777
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Figures
Stimuli
Stimuli Name Atisntion Getter Surprise Eacid Neutral F?Cia[ Happy Fa}cial Sad Fac.ial
Expression Expression Expression Expression
Experimental Phase All Phases Pre & Post-test Habituation and Test Trials

Figure 1. The stimuli above were presented during the habituation experiment.

33



FACIAL CUES FACILITATE EMOTION-WORD LEARNING

Habituation Trials Test Trials

Event 1 Event 2 Same Event Switch Event Post Event

“Blicket” “Toma” “Blicket” “Blicket” “Auk”

Figure 2. The stimuli above represent the “switch design.” Participants were habituated to word-expression
combinations and then shown a novel combination during the Switch trial and then a novel word and

expression in the Post trial.
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Figure 3. Average looking times during Test Trials for Emitted and Non-emitted conditions. *p<.05



