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Abstract

Emotion understanding develops rapidly in early childhood. Firstborn chil-
dren (N = 231, 55% girls/45% boys, 86% White, 5% Black, 3% Asian, 4% Latinx,
M, = 29.92 months) were recruited into a longitudinal study from 2004 to 2008
in the United States and administered a series of tasks assessing eight components
of young children's emotion understanding from ages 1 to 5. Cohort sequential
analysis across three cohorts (1-, 2-, and 3-year-olds) demonstrated a progression
of children's emotion understanding from basic emotion identification to an un-
derstanding of false-belief emotions, even after controlling for children's verbal
ability. Emotion understanding scores were related to children's theory of mind

and parent reports of empathy, but not emotional reactivity, providing evidence of

Emotion understanding (EU) refers to the ability to “un-
derstand the nature, causes, and consequences of the
emotional experience” (Pons & Harris, 2019, p. 432). EU
develops rapidly in early childhood and allows children
to become sophisticated connoisseurs of emotional ex-
perience (Brown & Dunn, 1996; Pons & Harris, 2019).
Children's EU is related to fewer internalizing and exter-
nalizing behavior problems (Trentacosta & Fine, 2010),
better sibling relationships (Volling et al., 2002), and
higher social competence with peers (Klein et al., 2018).
Thus, understanding the developmental progression of
children's EU across the early years will provide further
insights into children's social and emotional competence.

Children acquire multiple EU skills along a devel-
opmental timeframe, mastering more basic EU skills
such as emotion identification before obtaining more
advanced EU skills, such as understanding mixed

Abbreviations: EU, emotion understanding; EUEC, Emotion Understanding in
Early Childhood; LMM, linear mixed model; TEC, Test of Emotion
Comprehension; ToM, theory of mind; WPPSI-III, Wechsler Preschool and
Primary Scale of Intelligence—Third Edition.

both convergent and discriminant validity.

emotions. Yet, most studies on children's EU are cross-
sectional and only assess a limited number of EU skills
at one age (Castro et al., 2016) rather than addressing the
growth of EU over early childhood. This limitation is
no doubt due to the time needed to conduct longitudi-
nal studies to track EU over time, but also to the lack
of a clear understanding of the progression of EU skills
over the critical years of early childhood. One exception
is the cross-sectional study of Pons et al. (2004) in which
100 children in the United Kingdom between ages 3—11
were administered the Test of Emotion Comprehension
that assessed nine EU components. They found age dif-
ferences suggesting that children developed EU in an
ordered progression starting with emotion recognition
and advancing to an understanding of moral emotions.
Denham (1986) also developed a series of tasks to assess
four components of EU (e.g., emotion identification) in a
sample of 27 two- to three-year-olds in the United States,
finding that children as young as 2 started to understand
basic EU components. The primary goal of the current
investigation was to examine the development of EU in
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very young children starting already at 1 year of age, and
through cohort-sequential modeling, examine growth in
EU until age 5. We took advantage of a unique longitudi-
nal design that utilized different age cohorts of firstborn
children that had been administered a series of EU tasks
at three times across the year following the birth of an
infant sibling. This cohort-sequential design provided
a robust examination of the progression of EU in early
childhood and actual growth in EU over a period of ap-
proximately 1 year, in contrast to cross-sectional studies
examining age differences.

Components of EU across early childhood

Prior research has identified several key components
of EU in early childhood, such as emotion identifica-
tion, emotion labeling, and understanding mixed emo-
tions (Pons & Harris, 2019). The current study adapted
methods from extant EU assessments to select eight EU
components (Denham, 1986; Gordis et al., 1989; Jones
etal., 1998; Vinden, 1999; Wellman & Woolley, 1990) that
we believed best described the progression of EU across
early childhood, with the ultimate goal of creating an or-
dinal scale of EU, in which children needed to master one
EU skill before advancing to the next. These tasks were
then administered to firstborn children as part of a lon-
gitudinal investigation examining children's adjustment
after the birth of an infant sibling, also known as the
transition to siblinghood. EU was targeted because chil-
dren's EU was related to more cooperative and friendly
sibling relationships in prior research (e.g., Brown &
Dunn, 1996; Youngblade & Dunn, 1995), suggesting that
children's EU might predict the firstborn's acceptance
of their infant sibling. Because firstborn children varied
considerably in age (10—67 months) when the sibling was
born, a single age-based assessment of EU would not
adequately assess the full range of EU skills, whereas a
battery of tasks capturing growth in EU might. Because
such a battery did not exist for 1- to 5-year-olds at the
time the study was designed, the first and primary aim of
this exploratory investigation was to compose a battery
of EU tasks to assess very young children's EU and to
determine the ordinal sequence of the EU components.

The developmental progression of children's EU
in early childhood

The most basic understanding of emotion is the ability
to identify (point to a facial expression when given an
emotion label; Component 1) and label facial expressions
(verbally label a facial expression; Component IT) of hap-
piness, sadness, anger, and fear (Denham, 1986). We fo-
cused on these four basic emotions because children start
to understand these emotions at an early age before sec-
ondary or self-conscious emotions (see Widen, 2013 for a

review) and because they have been used most frequently
in other EU assessments. With the development of lan-
guage and emotion knowledge, 2- to 3-year-olds in a U.S.
sample started to identify and label emotions (Denham,
1986), and more than 50% of 3-year-olds from lower to
middle-class families in the United Kingdom were able
to identify and label these emotions (Pons et al., 2004).
Although some have theorized that children start identi-
fying facial expressions as early as 1-2 years of age (Pons
& Harris, 2019), no study has actually assessed 1-year-olds
by asking them to point to or label emotions. In the cur-
rent study, firstborns ranged in age from 10 to 67 months
at the first measurement before the birth of their sibling,
and were administered the same tasks again at two ad-
ditional time points, when their infant sibling was 4 and
12 months, allowing us to assess EU in children of vary-
ing ages and track growth in EU longitudinally.

Starting between 2-3 years, children can make ac-
curate emotion inferences in stereotypical situations
(Component III; Denham, 1986) where most people
would feel the same emotion. For example, when chil-
dren are told a person is alone in the dark, they can infer
that this person will feel scared. In a sample of chil-
dren from lower to middle-class families in the United
Kingdom, 30% of the 20 three-year-olds and 65% of the
20 five-year-olds made correct inferences about emo-
tions in stereotypical situations (Pons et al., 2004). More
than 80% of the 60 five-year-old Chinese children made
correct inferences about emotions in stereotypical situa-
tions (Tang et al., 2018).

Also, around 2-3 years, children begin to under-
stand desire-based emotions (Component I'V; Wellman &
Woolley, 1990). From a functional perspective, whether
an individual achieves a goal or not is a core source of
emotional experiences (Barrett & Campos, 1987). For
instance, sadness is experienced when one feels the goal
is unattainable, and happiness is felt when the goal is
achieved. When asked to make correct emotion judg-
ments based on whether desires are met or not, 13 of 16
two-year-olds in a predominantly White, middle-class
U.S. sample made correct judgments, understanding
that getting what one wanted made one happy and fail-
ure to achieve one's desires made one sad (Wellman &
Woolley, 1990).

As children mature and become more sophisticated in
their EU, they begin to make correct emotion inferences
in non-stereotypical situations (Component V; Denham,
1986) around 4 years of age (Pons & Harris, 2019). Here,
children begin to understand that others may experience
a different emotion from their own in a given situation.
For example, children understand that other people may
feel scared when encountering a large dog, even though
they themselves may feel happy in the same situation. At
around 42 months, children in a predominately White
U.S. sample passed half of the emotion inferences in
non-stereotypical situations tasks (Eggum et al., 2011).
Similarly, 4- to 6-year-olds in a primarily European
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American sample were able to correctly answer 80% of
the non-stereotypical emotion inferences tasks (Dunsmore
& Karn, 2004).

Between the ages of 4 and 6, children start to make
correct inferences about emotions based on false be-
liefs (Component VI; Vinden, 1999), in which children
develop an understanding that people's emotions are
based on their beliefs about a situation even when those
beliefs are mistaken. For example, someone who needs
crayons would feel happy to find a crayon box without
knowing the box is empty. About half of the 75 primar-
ily European American 3- to 5-year-olds made accu-
rate judgments of emotions based on a mistaken belief
(Wellman & Liu, 2004). When administered false-belief
and emotion prediction tasks together, 6-year-olds from
Australia, North America, and Europe performed sig-
nificantly above chance on the false belief and emotion
prediction questions, whereas the 4- and 5-year-olds did
not (Vinden, 1999). Discrepancies in findings may be due
to the variation in the difficulty of the tasks across stud-
ies or cultural variations in when this EU component is
mastered by children. For instance, Vinden (1999) found
that children from Mofu did not pass these false belief
and emotion prediction tasks above chance until 7 or
8 years of age.

Beginningatage 5, children start to understand emo-
tion display rules (Component VII; Jones et al., 1998)
that guide socially appropriate displays of emotion
that may differ from their internal feelings. Children
must learn rules about expressing emotions to meet
social expectations and demands (Zeman & Garber,
1996) so when given an undesirable gift, for instance,
5-year-old children may feel huge disappointment, but
know that the socially appropriate reactions to the re-
ceipt of a gift are to express one's happiness and then
extend a gracious “thank you” to show appreciation.
Jones et al. (1998), in a sample of 121 primarily White
middle-class U.S. children, showed that third graders
scored significantly higher in all the display rules tasks
than did kindergarteners.

One of the more advanced means of understanding
emotions is the ability to understand mixed emotions
(Component VIII; Gordis et al., 1989). Three-year-olds
believe that people can only experience one emotion in
any given situation, but starting around 5-6 years of
age, children begin to understand that people may ex-
perience multiple emotions at the same time (Brown &
Dunn, 1996; Pons et al., 2004). In a sample of 105 ra-
cially diverse U.S. children, 56% of the 5- to 6-year-olds
reported the character in a story had sequential mixed
emotions, but only 3% reported the character had simul-
taneously mixed emotions. For older ages, 36% of the 8-
to 9-year-olds and 63% of the 11- to 12-year-olds reported
simultaneously mixed emotions (Larsen et al., 2007).

Using firstborn children from 10 to 67 months old
when first assessed, the current study focused on the
growth in EU across early childhood based on tasks

chosen and adapted from prior studies to assess each of
these eight EU components. Based on the research just
reviewed, we hypothesized that EU would progress in an
ordered sequence, starting with emotion identification (I)
and emotion labeling (11), then emotion inferences in ste-
reotypical emotion situations (111), desire-based emotions
(IV), emotion inferences in non-stereotypical situations
(V), emotions based on false beliefs (V1), emotion display
rules (VII), and ending with mixed emotions (VIIT). Once
we were successful in determining age differences in chil-
dren's performance on the EU tasks and had a poten-
tial ordering, our next task was to create an individual
EU score for each child based on the number of compo-
nents each child passed to be used in cohort-sequential
modeling.

It should be noted that most research on young chil-
dren's EU has been derived from studies of predomi-
nantly Western, educated samples of White middle-class
children, and it remains to be determined whether any
sequence of EU is culturally universal. In research exam-
ining the ordinal sequence of children's theory of mind
(ToM) understanding, 3- to 5-year-old Chinese children
acquired ToM understanding in a different sequence
from U.S. and Australian children (Wellman et al., 2006)
and we suspect the same may be true for children's EU.
Thus, the current research should be viewed only as a
preliminary exploration of one possible developmental
sequence of EU for very young children in a sample of
predominantly White U.S. children undergoing the tran-
sition to siblinghood. Any sequence uncovered here will
require further investigation with children from different
sociocultural backgrounds.

Understanding children's EU using cohort-
sequential modeling

The second goal was to examine growth in EU using co-
hort sequential modeling (Nesselroade & Baltes, 1979),
which produces a developmental function that reveals
whether there is a consistent pattern of growth across
age. Cohort sequential modeling divides participants
into independent age cohorts and then links adjacent
segments of short-term longitudinal change from these
different age cohorts to approximate a longer term de-
velopmental curve (see Prinzie & Onghena, 2005 for a
more detailed description). To do so, we selected first-
born children between 1-3 years whose EU was assessed
at the first measurement point (T1) before the infant sib-
ling's birth, and then divided them into three age cohorts
(1, 2, and 3 years). Children were then administered the
same battery of EU tasks when their infant siblings were
4 (T2) and 12 months (T3) of age as part of the longitudi-
nal investigation. These three scores were used in cohort-
sequential modeling to create a developmental trajectory
of EU. Because children's verbal ability is directly associ-
ated with performance on EU tasks (e.g., Denham et al.,
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1994; Gal-Szabo et al., 2019), we controlled for children's
verbal ability in our cohort-sequential modeling.

Testing the convergent and discriminant
validity of the EU scaling

As a final goal, we examined both the convergent and
discriminant validity of children's EU scores with other
indicators of children's social cognition and emotional
functioning. Children's social cognition includes under-
standing beliefs and emotions (Cutting & Dunn, 1999),
and children develop a more advanced understand-
ing of both EU and ToM with age, which may account
for the robust association found between EU and ToM
(e.g., Cutting & Dunn, 1999; O'Brien et al., 2011). Thus,
we used a validated measure of ToM (Wellman & Liu,
2004) to investigate the associations between EU scores
and ToM as a test of convergent validity. Given prior re-
search showing that EU predicts individual differences
in children's empathy (Ensor & Hughes, 2005), which is
the ability to feel and understand another's emotional
state, we also expected children's EU scores to be as-
sociated with parents’ reports of empathy, as another
means of demonstrating convergent validity. Finally,
we examined associations between children's EU scores
and negative emotional reactivity (i.e., anger/frustration)
to examine divergent validity of our EU scores. The re-
active component of temperament, which refers to the
biologically rooted individual differences in children's
emotional reactions (Rothbart & Derryberry, 1981), was
chosen because children's EU scores should reflect their
cognitive understanding of emotions and not necessarily
emotional reactivity, which has been the case in previous
studies showing no relation between emotional reactiv-
ity, especially anger, and EU (Klein et al., 2018; Verron
& Teglasi, 2018).

The current study

The current investigation examined the development
of EU in very young children starting at | year of age
using data from a longitudinal study designed to follow
firstborn children from before to 1 year after the birth
of an infant sibling. The sample in this case consisted
of two-parent, mother—father families in the United
States, the majority of which were middle-class and
European American. The longitudinal design and a
wide age range of children from 1 to 5 years allowed a
robust examination of a developmental growth trajec-
tory of EU in early childhood using cohort-sequential
modeling. The research reported is exploratory by de-
sign because no prior study has attempted to order EU
components with children this young. There were three

specific aims to the current study: (1) to determine the
ordinal sequence for an EU scale for young children;
(2) to confirm the developmental progression and tra-
jectory of EU over early childhood using cohort se-
quential modeling; and finally, (3) to demonstrate the
convergent and discriminant validity of children's EU
scores. We will refer to the resulting ordinal scale from
these analyses as the Emotion Understanding in Early
Childhood (EUEC) scale.

METHODS
Participants

Participants were firstborn children from a longitudinal
study of changes in the family after the birth of a second
child conducted with two-parent mother—father fami-
lies in the Midwestern United States (see Volling et al.,
2017). We refer to the firstborns as children throughout
the remainder of this paper. Participants included 241
families recruited from 2004 to 2008 through advertise-
ments, local obstetric clinics, childbirth classes, and hos-
pitals with the initial prenatal contact occurring during
the last trimester of the mother's second pregnancy and
subsequent time points at 1, 4, 8, and 12 months after the
infant's birth. A recruitment sample size of 240 was cho-
sen to allow for 15% attrition and a final sample of 200
at 12 months which would allow adequate power (.80)
for conducting multilevel modeling with moderate effect
sizes (Snijders & Bosker, 2012). The study was approved
by the Institutional Review Board of the University of
Michigan Medical School. At the prenatal time point,
children were, on average, 29.92 months old, SD = 10.16
(range = 10—-67 months). Mothers, 85.9%, and fathers,
86.3%, were primarily European American/White, fol-
lowed by African American/Black, 5.4% mothers and
5.0% fathers, Asian American, 2.9% mothers and 3.7%
fathers, Hispanic, 3.7% mothers and 2.9% fathers, and
Other, 2.1% mothers and 1.7% fathers. Most parents,
83.9% mothers and 79.2% fathers, had a bachelor's de-
gree or higher, and the median annual family income was
$60,000-%99,999. Of the 241 families recruited, 217 and
203 families remained in the study at 4 and 12 months,
respectively, the two latter time points at which the
EUEC was administered. The 203 families remaining at
12 months did not differ significantly from the families
that dropped from the study on years of marriage, par-
ents’ age and race/ethnicity, children's age and gender,
and children's EUEC scores at the initial pre-birth as-
sessment (T1). Families who remained had higher an-
nual family incomes, Fisher's exact = 10.75, p = .01; and
both mothers, ;(2(2, N =241)=17.90, p = .02, and fathers,
Fisher's exact = 9.37, p = .02, had higher educations than
those who dropped.
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Research design and procedures

EUEC assessments were conducted with children at
three times: prenatal (T1), and when infant siblings were
4 (T2), and 12 months (T3). At T1, 228 children com-
pleted the EUEC assessments; 214 and 196 children were
assessed at T2 and T3, respectively. Missing data were
due mainly to the inability to schedule a visit within the
time frame (£2 weeks) for each point of data collection
or because families had moved. Six children at T1, 3 at
T2, and 1 at T3 had missing data because children were
too young to understand the task, did not assent to par-
ticipate, or refused to continue participation during the
assessment. Thus, a total of 231 children had completed
the EUEC assessment at least once across the three time
points and were maintained in the analyses.

For present purposes, we relied on existing EU tasks
that had documented reliability and validity for specific
age groups (see Supporting Information). All tasks fo-
cused on the four basic emotions (happy, sad, scared, and
angry) because they are the most commonly used emotion
responses in previously developed tasks. Furthermore,
children understand these four basic emotion categories
at an early age before secondary or self-conscious emo-
tions such as guilt, pride, or embarrassment that older
children may understand (Widen, 2013). This choice also
meant that the emotion response options were the same
across all eight EUEC components and we were not in-
troducing additional confounds when assessing EU.

EUEC assessments were administered by a trained re-
search assistant during home visits conducted at T1, T2,
and T3, usually in the child's bedroom, which was quiet
and free of distractions, while parents were completing
an interview administered by a second research assistant
in another part of the home. All tasks were administered
in the same order to all children based on the hypoth-
esized sequence. Although children's performance on
emotion identification (Component I) is significantly bet-
ter than for emotion labeling (Component II; Markham
& Adams, 1992), we administered labeling before iden-
tification so as not to expose children to the emotion la-
bels during the identification tasks beforehand and then
increase performance on the labeling tasks; a practice
consistent with that of others (e.g., Denham, 1986).

Given the very young age of some of the children, a
stop rule had to be established as younger children were
less likely to understand the more advanced EU com-
ponents and unlikely to finish the entire series without
inducing fatigue, stress, and resistance that could affect
performance. The stop rule was applied when a child
completed none or only one task in a component across
two consecutive components. Similar stop rules have
been used in other age-based assessments such as the
Wechsler Preschool and Primary Scale of Intelligence—
Third Edition (WPPSI-III; Wechsler, 2002) and the
Peabody Picture Vocabulary Test—third edition (Dunn
& Dunn, 1997).

Measures
Emotion understanding in early childhood

Emotion understanding was assessed using tasks
adapted from prior studies and ordered a priori based
on extant research at the time the study started in 2004.
For each EUEC component, there were three to four
tasks, with each task including one to four questions,
which allowed children multiple attempts to demon-
strate their understanding rather than relying on only
one task per component. When three tasks were used to
assess an EU component, children needed to correctly
complete at least two of three (66%) to pass, and when
four tasks were used, they need to correctly complete
three of four (75%). Each child was then given a passing
score (1 = pass, 0 = fail) for each of the eight components.
When the stop rule was imposed children were given a
score of 0 for the remaining higher ordered components.
An EUEC score was computed at each of the three time
points for each child to reflect the number of compo-
nents each child was able to pass. The EUEC tasks can
be found in Supporting Information.

Emotion labeling (Component I1)

To assess children's ability to label emotions, we used
tasks from Denham (1986) in which children were asked
to verbally label four basic facial expressions of hap-
piness, sadness, anger, and fear. Experimenters intro-
duced a puppet that was the same sex as the child and
placed four faces with happy, sad, angry, and scared
expressions of emotion in random order in front of the
child. Experimenters then pointed to each face and
asked, “how does s/he feel when s/he wears this face?”
Experimenters rearranged the faces for each of the four
trials. Children passed the component if they labeled at
least three of four emotion faces correctly. Labeling was
administered before identification to prevent children's
prior exposure to the emotion labels when asked to iden-
tify an emotional expression.

Emotion identification (Component I)

We also used the emotion identification task from
Denham (1986) in which children were asked to identify
the four facial expressions of happiness, sadness, anger,
and fear by pointing to the correct facial expression of
each emotion when asked (e.g., “Show me a face where
s/he feels happy/sad/mad/scared”). Experimenters re-
arranged the faces for each of the four trials. Children
passed the component when correctly identifying three
of the four emotion faces.

Emotion inferences in stereotypical emotion situations
(Component 111)

Four tasks from Denham (1986) were also used to as-
sess children's understanding of emotions in situations
where most people would feel the same emotion (e.g.,
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happy when given ice cream). Experimenters used a pup-
pet to enact four vignettes using obvious facial and emo-
tional cues, and children were asked to find the face that
showed the puppet's feeling in the situation and affix it to
the face of the puppet. Four faces with happy, sad, angry,
and scared expressions were rearranged in front of chil-
dren for each vignette. Children passed this component
if they chose the emotion faces correctly at least three of
the four times.

Desire-based emotions (Component IV)

The three desire-based emotion tasks, taken from
Wellman and Woolley (1990), assessed children's under-
standing of emotions based on whether people's desires
were met. Children were introduced to cardboard cut-
outs of three characters with no facial expressions and
were shown three sets of pictures depicting two locations
(e.g., green or red barn; see Supporting Information).
Children were told three stories in which the characters
really wanted to find the desired object (e.g., Betsy really
wants to find her horse to take her horse to the pond. Her
horse might be in the red or the green barn). Then the
characters looked for the object in one of the locations
(e.g., Betsy is looking for her horse in the green barn. She
does not find her horse). Children were shown a happy
and a sad face and were asked “Does she/he feel happy
or does she feel sad?” Children answered correctly if they
answered happy when the character found what they de-
sired and sad when they did not, and passed this com-
ponent if they answered at least two of the three tasks
correctly.

Emotion inferences in non-stereotypical situations
(Component V)

Four tasks from Denham (1986) measured children's
understanding of emotional reactions in a particular
situation, but the emotion was the opposite of what
the children themselves would feel in that situation.
Beforehand, mothers completed a sheet describing four
different situations (e.g., is your child happy or scared to
see a big dog?) and circled the emotion they believed their
children would most likely express. Experimenters then
used a same-sex puppet to enact, using obvious facial
and emotional cues, the four situations but expressing
emotions opposite from what mothers identified as their
children's most likely emotional reaction. Four faces
with happy, sad, angry, and scared expressions were re-
arranged in front of children for each vignette. Children
were asked to find the face that showed how the pup-
pet was feeling and put it on the puppet's face. Children
passed the component if they identified at least three of
the four emotions enacted by the puppet correctly.

Emotions based on false beliefs (Component VI)

Three tasks, taken from Vinden (1999), measured chil-
dren's ability to predict other people's emotions when
their belief about the situation is mistaken (false belief).

Children were given three scenarios depicting false be-
liefs where a picture character (e.g., Pam) was looking
for crayons or Band-Aids. In each scenario, children
were shown two boxes, a box in which the objects inside
were the same as the image on the box (e.g., crayons in
a crayon box) and an empty unmarked box (e.g., with
no crayons). Experimenters then removed the desired
objects from one box and placed them in the other (e.g.,
putting crayons from the crayon box into the empty box).
Experimenters pulled out a cardboard picture charac-
ter and placed it in front of children and said “Pam is
looking for her crayons, but did not see what we did.”
Children were asked two questions to test false belief un-
derstanding: (a) where will the character (e.g., Pam) look
for the desired objects (e.g., crayons), and (b) will the
character find them? To test children's ability to predict
emotions based on false beliefs, children were asked two
additional questions about how the character would feel,
happy or sad, before and after the character looked for
the desired objects. For example, “before Pam looks for
the crayons, how will she feel, happy or sad?” and then
once the box revealed no crayons “after Pam looks for
the crayons, how will she feel, happy or sad?” Children
successfully completed a task if they answered all four
questions correctly. Children passed the component if
they completed at least two of the three false belief tasks
correctly.

Emotion display rules (Component VII)

Three tasks measuring children's capability to under-
stand the socially appropriate rules for displaying emo-
tions were taken from Jones et al. (1998). Beforehand,
experimenters trained children to use two sets of face
cards to represent emotions, one set represented the
character's feelings on their face on the outside, and a
second set of internal feeling cards showed the image of
a child without facial features but with a facial expres-
sion drawn on its chest to represent internal feelings (see
images in Supporting Information). The outside face
cards and internal feeling cards illustrated expressions
of happy, sad, angry, and neutral. The character was
gender-matched to children. Experimenters told chil-
dren three stories (e.g., Jimmy/Nancy receiving an ugly
sweater as a present from grandmother) and asked them
to use an internal feeling card to match the character's
feeling on the inside (e.g., sad) and then a face card to
match the character's emotion display on the outside
(e.g., happy). Children passed the emotion display rules
component if they answered both the internal feeling and
the emotion display on the outside correctly for at least
two of the three tasks.

Mixed emotions (Component VIII)

The three mixed emotions tasks from Gordis et al. (1989)
assessed children's understanding of the presence of
two opposite-valenced emotions in one situation. Using
characters, the same sex as the children, children were
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told three stories in which the characters felt both posi-
tive and negative emotions, such as happy and sad, mad
or scared (e.g., Jane/Jack felt both happy and sad about
going to the zoo without daddy who was sick). For each
story, children were asked to explain why the characters
felt both positive and negative emotions, and their re-
sponses were recorded. Children's explanation for each
emotion was later coded by trained research assistants
using 0 = the emotion was not explained or | = a plausi-
ble explanation provided for the emotion. For reliability,
children's explanations for emotions were double-coded
at the first time point, and the kappa reliability ranged
from .87 to .98. For each story, children needed to pro-
vide plausible explanations for both the positive and
negative emotions to answer the task correctly. Children
passed the mixed emotions component if they gave rea-
sonable explanations for both emotions for at least two
of the three tasks.

Theory of mind

To assess convergent validity of EUEC scores, we
also administered the six tasks from the ToM scale by
Wellman and Liu (2004) at the same three time points,
which included (a) a not-own desire task where children
judged whether two persons could have different desires
about the same object; (b) a not-own belief task where
children judged whether two persons could have differ-
ent beliefs about the same object when they did not know
if the beliefs were true; (c) a knowledge access task where
children saw the object in a box and judged whether an-
other person, who did not know what was in the box,
would know the contents of the box; (d) an explicit false-
belief task where children judged where another person
would look for an object based on a mistaken belief;
(e) a contents false-belief task where children judged
whether another person would have a true or false belief
about an object in a distinctive container when children
knew it was an unexpected object in that container; and
(f) a real-apparent emotion task where children judged
whether another person could feel one emotion but dis-
play another emotion instead (see detailed description
of each task in Wellman & Liu, 2004). This standard
test battery of ToM has been widely used across several
different countries (Wellman et al., 2006). A composite
score was created by summing children's pass/fail in each
task at each of the three time points, so scores ranged
from 0 to 6.

Empathy

Both mothers and fathers completed the 13-item empa-
thy scale from the My Child questionnaire (Kochanska
etal., 1994) at T1, T2, and T3 using a 7-point scale (1 = ex-
tremely untrue to 7 = extremely true; for example “child

will try to comfort or reassure another in distress,”
a = .77-.82). Items were averaged and a composite score
was created by averaging across mothers and fathers
scores, r = .42—.67, all ps < .001, to reduce single-reporter
bias and to create a more robust composite.

Temperament

Mothers and fathers completed five scales of the
Children's Behavior Questionnaire (Rothbart et al.,
2001) at T1 to assess children's temperament, including
anger/frustration (13 items, e.g., “Becomes easily frus-
trated when tired”; a = .73-.77) using a 7-point scale
(I = extremely untrue to 7 = extremely true). Items were
averaged for the anger/frustration scale and composite
scores were created by averaging scores across mother
and father reports, r = .53, p < .001. Children's tempera-
ment was measured only at T1 as part of the longitudinal
investigation as a pre-birth predictor of children's adjust-
ment after the sibling's birth. Individual differences in
children's temperament are moderately to highly stable
over a l-year-period (e.g., Casalin et al., 2012), which ap-
proximates the first year after the birth in the current
study.

Verbal ability

The 38-item receptive vocabulary subtest of the WPPSI-
IIT (Wechsler, 2002) was used to assess children's verbal
ability at T1, T2, and T3. A set of four pictures were
placed in front of children, and experimenters then
asked children to point to the one that experimenters
named aloud (e.g., “Show me the foot.”). Children were
given 1 point if they pointed to the correct picture; oth-
erwise, children received 0 points. Experimenters used
a stop rule and stopped the test if children received five
consecutive scores of 0. Total scores were summed across
items.

Data analysis plan

To address the first aim to develop a sequence of EU com-
ponents from the most basic (passed by most children)
to the most advanced (passed only by older children),
we conducted two sets of analyses. First, we conducted
frequency statistics by noting the number of children
who passed each component, and then ordered the com-
ponents based on how many children passed from the
most to fewest children. Next, to examine whether older
children passed more components than younger chil-
dren, we divided children into seven l-year age groups
at all three times (<12 months, 1 year (13-24 months),
2 years (25-36 months), 3 years (37-48 months), 4 years
(49-60 months), 5 years (61-72 months), and 6 years
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(73-84 months)) and examined the mean number of
components each group passed, expecting older groups
to pass more components.

Once we settled on an ordered sequence from the de-
scriptive analyses, we computed an EUEC score for each
child at each time and then used cohort-sequential mod-
eling (Nesselroade & Baltes, 1979; Twenge et al., 2017) to
create a single developmental trajectory of EU that mod-
els the growth in EU across the three times of measure-
ment. In the cohort-sequential modeling, we restricted
the sample to children whose ages were between 1-3 at
T1 (N =220) because there were too few children outside
this age range to be included in the modeling as an inde-
pendent age cohort (n=2 for <I year; n="7 for 4-year-olds;
and n = 2 for 5-year-olds). Children were then divided
into three age cohorts: cohort 1 (I-year-olds) included
children aged 13-24 months at T1 (n = 8], Mage =20.12,
SD = 2.76); cohort 2 (2-year-olds) included children aged
25-36 months (n = 88, Mage =29.80, SD = 3.42); and co-
hort 3 (3-year-olds) included children aged 37-48 months
(n=>51, M,,.=40.75, SD = 3.08). The data from each co-
hort providged information for a portion of an overall de-
velopmental curve showing growth in EU (see Figure 1)
from 14 to 62 months or 1 to 5 years. In the current inves-
tigation, cohort sequential models were estimated using
linear mixed models (LMMs) with restricted maximum
likelihood estimation using R 3.6.1. First, a baseline
model was estimated to model an overall age-related
trend in children's EU:

EU,; = (Bog + tp;) + P1o X Age + By X Cohort2 + 3, X Cohort3 + ¢,;.

Age was centered at 20 months (the mean age in co-
hort 1) so that the intercept f, represented children's
estimated EU when they were 20 months old. A ran-
dom effect u,, represented individual variability in the

8
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intercept. g, represented the linear slope coefficient for
the overall age trend. Cohort was dummy coded, so f,,
and f,, represented cohort effects for cohorts 2 and 3 and
can be interpreted as cohort-specific intercept terms. g,
represented the error variance. To test whether the linear
slopes were the same or not for each of the three cohorts,
we estimated a second model in which the interaction be-
tween age and cohort was added to the baseline model.
We then performed a third model, adding children's
verbal ability to the second model, to test whether the
age and cohort effects would remain the same after con-
trolling for the main effect of children's verbal ability.
Children's verbal ability was centered at 4.87 (the mean
score in cohort 1). To address the third aim demon-
strating the convergent and discriminant validity of our
EUEC scale, we conducted correlations with children's
ToM, empathy, and anger/frustration temperament, as
well as partial correlations controlling for children's age
and verbal ability.

RESULTS
Developmental sequence of EU components

To address the first aim, we rank ordered each EU com-
ponent according to the actual number of children who
passed each component. Table 1 shows the sequence of
the components based on this ranking and the number
of children passing each component across each of the
three time points. The same developmental progression
across the eight EU components was found at all three
time points: (1) emotion identification, (2) desire-based
emotions, (3) emotion labeling, (4) emotion inferences in
stereotypical emotion situations, (5) emotion inferences
in non-stereotypical situations, (6) emotion display rules,

20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54

Child Age in Month

—e— Cohortl —#— Cohort2 —&— Cohort3 :-@- Cohort1 Estimated --GF- Cohort2 Estimated --#-- Cohort 3 Estimated

FIGURE 1

Developmental trajectory of children's emotion understanding. Solid lines are drawn from observed data, and dashed lines

are based on estimated data from the cohort sequential modeling. Child age in the figure was the median age for each cohort at the three
measurement time points. For cohort 1, child age ranged from 14 to 24 months at T1; from 20 to 30 months at T2; and from 28 to 39 months
at T3. Cohort 2 were children who were 25 to 36 months old at T1, 30 to 43 months old at T2, and 38 to 51 months old at T3. For cohort 3,
children's age ranged from 37 to 47 months at T1, 42 to 53 months at T2, and 49 to 62 months at T3
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T1 T2 T3
Total N 222 211 195
Age range in months 10-67 16-73 24-81
Mean age in months (SD) 29.77 (10.21) 35.26 (10.12) 43.43 (10.32)
Ordered sequence of EU
components Administered order N (%) of children passing
1. Emotion identification 11 101 (45.50%) 131 (62.09%) 168 (86.15%)
2. Desire based emotions v 74 (33.33%) 108 (51.18%) 160 (82.05%)
3. Emotion labeling 1 55 (24.77%) 96 (45.50%) 135 (69.23%)
4. Emotions in stereotypical 111 46 (20.72%) 68 (32.23%) 101 (51.79%)
situation
5. Emotions in nonstereotypical \ 33 (14.85%) 64 (30.33%) 98 (50.26%)
situation
6. Emotion display rules VII 15 (6.76%) 26 (12.32%) 46 (23.59%)
7. Mixed emotions VIII 9 (4.05%) 11 (5.21%) 32 (16.41%)
8. False belief emotions VI 2 (0.90%) 4 (1.90%) 12 (6.15%)

Note: The emotion understanding (EU) components are ordered based on the number of children who passed each component to reflect the developmental
progression of children's EU. The resulting ranking differed from the order of administration that had been based on an initial review of the literature. We
administered emotion labeling before emotion identification so as not to expose children to the emotion labels during the identification tasks beforehand and then

increase performance on the labeling tasks.

(7) mixed emotions, and (8) emotions based on false
beliefs. This sequence is different from the initially hy-
pothesized order and administration of the tasks based
on a review of the literature. To confirm this sequence
further, we examined whether older children were pass-
ing more components than younger children. As can be
seen in Table 2, older children, on average, passed more
components than younger children, indicating that EU
increased with age consistent with the sequence found
above.

Developmental growth in EU

To confirm the growth in children's EU followed a de-
velopmental function, we conducted cohort sequential
analyses to approximate an overall developmental curve
using the data from the 1-, 2-, and 3-year-old cohorts.
An LMM indicated that there was no significant child
sex nor sex by time interaction predicting EU, so child
sex was not included in further analyses. As shown in
Figure 1, there was a steady growth in children's EU
across early childhood. Results from Model 1 showed
that children who were 20 months old, on average, did
not pass any EU component, B = —.10 (see Table 3), al-
though children could, on average, complete .18 more
EU components every month, B = .18, which is about
two additional EU components every year, demonstrat-
ing an overall upward developmental trend in EU. The
significant interaction between age and cohort in Model
2 (see Table 3) shows that the rate of increase in EU was
different across the three cohorts. The slopes were not

significantly different for cohorts 1 and 3, B = .00, 95%
CI [-.03, .04], but were significantly different for cohorts
1 and 2, B = .06, 95% CI [.03, .09], and cohorts 2 and 3,
B =-.05, 95% CI [-.09, —.02], indicating that 2-year-olds
had a slightly faster growth rate in EU compared to
l-year-olds and 3-year-olds. The results from Model 3
(see Table 3) demonstrated that higher verbal ability was
significantly associated with higher EU, but even after
controlling for verbal ability, the general developmental
trend in EU did not change.

Convergent and discriminant validity

To assess the convergent and discriminant validity of
children's EUEC scores, we correlated each child's EUEC
scores with ToM scores, and parents’ reports of empathy
and anger reactivity (temperament) within each time of
measurement, while controlling for children's age and
verbal ability. As shown in Table 4, EUEC and ToM were
significantly correlated with each other and continued
to be significantly related even after controlling for chil-
dren's age and verbal ability, providing convergent va-
lidity for children's EUEC scores with another indicator
of children's social cognition. Children's EUEC scores
were also correlated with parents’ reports of children's
empathy at each time, although correlations between
EUEC and empathy became non-significant once age
and verbal ability were controlled. Finally, children's EU
scores were not significantly correlated with children's
temperamental anger reactivity, after controlling for age
and verbal ability, demonstrating discriminant validity.
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TABLE 2 Descriptives of the number of emotion understanding components passed by age groups
Number of components passed

Age group M, g (SD) n M Median Min Max

T1
<l year 11.00 (1.41) 2 0 0 0 0
1 year 20.00 (2.74) 78 0.13 0 0 2
2 years 29.86 (3.46) 83 1.31 1 0 6
3 years 40.78 (3.10) 50 3.28 3 0 7
4 years 53.86 (2.73) 7 5.57 6 4 7
5 years 66.50 (0.71) 2 6.50 6.50 6 7
6 years — 0 — — — —

T2
<] year — 0 — — — —
1 year 22.28 (1.85) 29 0.17 0 0 2
2 years 30.36 (3.51) 97 1.43 1 0 5
3 years 42.11 (3.28) 65 4.03 4 0 7
4 years 52.62 (4.06) 16 4.56 5 0 7
S years 65.33 (4.93) 3 7.00 7 6 8
6 years 73.00 (—) 1 7.00 7 7 7

T3
<l year — 0 — — —
1 year 24.00 (—) 1 1 1 1 1
2 years 32.96 (2.19) 55 1.98 2 0 7
3 years 41.74 (3.41) 80 3.85 4 0 7
4 years 53.45(3.37) 49 5.53 5 2 8
5 years 67.00 (3.55) 8 6.00 6.50 4 8
6 years 80.00 (1.41) 2 7.50 7.50 7 8

Note: <l year = 10-12 months; 1 year = 13-24 months; 2 years = 25-36 months; 3 years = 37-48 months; 4 years = 49-60 months; 5 years = 61-72 months;

6 years = 73—-81 months.

DISCUSSION

The overarching goal of the current investigation was to
advance research on children's EU by examining eight
abilities that describe very young children's EU and then
determine the developmental progression of EU across
early childhood. Our results showed that within this
sample of mostly White, middle-class U.S. families with
firstborn children undergoing the transition to sibling-
hood, there was indeed a developmental sequence to chil-
dren's EU that unfolded with age. The order based on 231
children's responses to EUEC tasks at all three times was
slightly different than the initial hypothesized sequence
based on our review of the literature when the study was
started. Emotion identification was passed by most chil-
dren in our sample before emotion labeling, which sur-
prisingly, was passed by fewer children than desire-based
emotions. Desire-based emotions, which we anticipated
would be more advanced beyond emotion identification
and labeling was actually ranked as the second compo-
nent in our data-based investigation. As expected, the
remaining components followed a progression from

emotion inferences in stereotypical emotion situations,
emotion inferences in non-stereotypical emotion situations,
emotion display rules, and mixed emotions. Unexpectedly,
emotions based on false beliefs, which we administered as
the sixth of the eight components, appeared to be the
most advanced EU skill as it was only passed by a few
of the oldest children in the sample. Further support for
this developmental sequence was found by looking at
how individual children progressed across the three time
points, with more children passing each of the successive
components as they got older. We proceed to discuss the
sequence of EU uncovered here and attempt to explain
what may account for the findings and why they may
have differed from the original hypothesized ordering
that determined the sequence administered to children.

Uncovering the developmental progression of EU
in early childhood

One of the strengths of this research was demonstrating
how EU developed across a wide age range of children
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TABLE 3 Linear mixed models predicting EUEC scores using cohort-sequential modeling
Model 1 Model 2 Model 3
B SE 95% CI B SE 95% CI B SE 95% CI
Intercept -18 12 [—.42, .06] -.03 13 [-.29, .23] -.09 13 [-.35, .16]
Verbal ability 06 .01 [.05, .08]
Age 18" .01 [17,.19] 16" .01 [13, .18] 107 .01 [.07, .13]
Cohort 2 -.03 17 [~.36, .30] -70" 24 [-1.18, —.22] -1.02" 24 [-1.50,
—.54]
Cohort 3 -.26 23 [-71,.19] 14 44 [-.72, 1.01] 01 45 [-.87, .88]
Age x Cohort 2 06 02 [.03, .09] 08 .02 [.04, .11]
Age x Cohort 3 .00 02 [-.03, .04] 02 .02 [-.02, .06]
Random effects
Intercept .62 .60 .34
Residual 1.06 1.04 1.10
Note: Unstandardized coefficients are presented. EUEC = the number of EU components passed.
*kp < 01,
TABLE 4 Test of validity: correlations with ToM, empathy, and temperament
ToM ToM ToM Empathy Empathy Empathy Anger
(T1) (T2) (T3) (T1) (T2) (T3) (T1)
EUEC (T1) 75" 70" 65" 40" 297 197 12
EUEC (T2) 64 63" 66 427 25" .09 15
EUEC (T3) 65" 58" 66" 38" 327 23" 16"
Controlling for age and verbal ability
EUEC (T1) 317 23" 25" 15 07 14 -.03
EUEC (T2) 02 16" 26" 19" 10 .05 .09
EUEC (T3) 18% 14 317 .09 19% 11 10

Note: Concurrent correlations are bolded. EUEC = the number of EU components passed.
Abbreviations: EUEC, emotion understanding in early childhood; ToM, theory of mind.

*p <.05.; **p <.01.

from 1 to 5 years using age cohorts of firstborn children
from a longitudinal investigation examining the birth of
an infant sibling. Further research is clearly needed to try
and replicate these results to determine if the sequence
uncovered here does indeed reflect young children's de-
veloping understanding of emotions across other diverse
cultures and for families from different socioeconomic
and racial/ethnic backgrounds. But, until that time, we
discuss the findings as they reflect children's EU for the
current age cohorts of predominantly White, middle-
class firstborn children from two-parent, mother-father
families participating in a longitudinal study around
the birth of the second child in the Midwestern United
States.

Children acquired emotion identification before an
understanding of desire-based emotions, which pre-
ceded emotion labeling. This developmental sequence
of EU was unexpected because previous research
suggested identification and labeling were the most
rudimentary EU skills that children begin to acquire
around 1-2 years (Denham, 1986; Pons & Harris, 2019),

whereas it is not until 2-3 years that children begin to
understand the impact of desires on emotions (Wellman
& Woolley, 1990). Emotion identification and labeling
may at first glance look quite similar, but they required
different abilities from children. Emotion identification
required children to comprehend the emotion term
(e.g., “show me the happy face”) and then match that
emotion by pointing to the correct facial expression,
whereas emotion labeling required children to retrieve
the information from the emotional expression, code
the information into an emotion term, and verbalize
the word. These abilities to identify and then label
emotions are similar to receptive versus expressive
language abilities in which comprehending language
requires limited processing of the linguistic input but
producing words requires coding information and pro-
viding linguistic output (Cromer & Ault, 1979). The
ordering of the two EU components, emotion identi-
fication before labeling, was consistent with previous
research suggesting that matching a basic emotion
expression with a given emotion term was easier for
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young children than verbally labeling an emotion ex-
pression using emotion vocabulary (Harrigan, 1984;
Markham & Adams, 1992).

Not surprisingly, children differentiated basic emo-
tion expressions before they became aware that an
individual's emotional state was dependent, in part,
on whether their desires were met or not. What was
surprising was to uncover that children understood
desire-based emotions before they were able to label
basic emotion expressions. In the desire-based emotions
tasks, children were provided two emotion categories,
happiness and sadness, to choose from; that is to say,
children only needed to understand that fulfilled de-
sires led to positive emotions, such as happiness, and
unfilled desires resulted in negative emotions, such
as sadness, to pass the tasks. In the emotion labeling
tasks, however, children needed to produce at least
three different emotion terms that correctly matched
the emotion expressions to pass the tasks, which might
be more difficult for young children because children
understand emotions as two broad positive or negative
valence-based categories first and then gradually dif-
ferentiate different discrete emotion categories (Widen,
2013). When provided with only two emotion options
to choose from in the desire-based emotions tasks ver-
sus four options in the /abeling tasks, children had a
higher chance of picking the answers correctly in the
desired-based emotions tasks. This difference in chance
performance might account, in part, for the current
order, so further research is needed to replicate these
findings.

Once children mastered emotion labeling, children
were then passing tasks that were other-focused such as
understanding others’ emotions based on situational
cues and knowledge of what people would typically
feel in those situations (stereotypical emotion situa-
tions) before they could infer a person's felt emotions
in non-stereotypical situations in which the person's felt
emotion was different from what the children them-
selves would feel in these same situations (see Denham,
1986). Making inferences about another's emotional
state required children to differentiate self as distinct
from others and to take the other person's perspective.
Making a correct prediction about another's emo-
tions when that emotion is the same as children's own
emotion is easier than when the emotion is different
from what children themselves may feel, because the
former does not require children to suppress the self-
perspective (Ruby & Decety, 2004).

The current results also revealed that children un-
derstood emotion display rules before mixed emotions.
Though both EU components involved understanding
two emotions, understanding emotion display rules re-
quired an understanding that an individual actually
felt only one emotion, but chose to display a different
emotion to others that matched cultural expectations of
proper conduct, whereas understanding mixed emotions

required that children grasp that a single event could
result in two felt emotions simultaneously. To pass the
emotion display rules tasks, not only did children need
to understand the appearance-reality distinction and
know the rules guiding appropriate displays of emo-
tions in social contexts (Banerjee, 1997), but they also
needed to use their affective perspective-taking skills to
infer another's feelings in a given situation. In the current
study, children were asked to verbally provide plausible
explanations for the two emotions felt in the mixed emo-
tions tasks instead of merely naming the two emotions.
Having to provide causal explanations for the two felt
emotions added another level of difficulty to the mixed
emotions tasks, which could be a reason for the resulting
rank ordering.

Unexpectedly, an understanding of display rules and
mixed emotions preceded a higher order understanding
of false belief emotions, which we found to be the most
advanced EU component with only the oldest children
around 5 years of age passing it. To pass this component
children needed to understand that a person's emotional
experience can be based on a mistaken belief, so that
what the person feels is not based on reality but what that
person believes to be the case. To understand emotions
based on false beliefs, children needed to incorporate the
roles of both beliefs and desires when making emotion
inferences. That is, children needed to demonstrate their
understanding of false beliefs first and then to make two
correct emotion inferences, once when a person held a
false belief and once after the person found out the be-
lief was false. Previous research, however, has used only
one task that required children to make one correct in-
ference based on a false belief (e.g., Pons et al., 2004),
and thus found children passed this component before
mixed emotions. It is clear the false belief emotions task
used here required children to attend to the integration
of belief-desire reasoning, which might be why emotions
based on false beliefs was the most difficult EU compo-
nent to pass.

Developmental growth in EU across age cohorts

Similar to the work of others (Denham, 1986; Pons et al.,
2004), we were able to demonstrate that there is a diverse
set of EU components that can be ordered into a devel-
opmental sequence even at very young ages from 1 to
5 years. Using a sample of 3- to 11-year-olds, Pons et al.
(2004) developed a set of EU tasks and also found that
EU advanced along a developmental progression start-
ing with a recognition of basic emotion expressions and
ending with an understanding of moral emotions in a
cross-sectional study. Our EUEC assessment specifically
targeted very young children and is the first investigation
to use a cohort-sequential design using longitudinal data
to examine the rate of growth in EU across these early
years of childhood.
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The cohort sequential analysis showed convincingly
that children acquired around two additional EU com-
ponents every year starting at age 2. Differences in
the slopes across cohorts showed that 2-year-olds had
slightly faster growth in EU compared to the 1- and
3-year-old cohorts. Children, on average, acquired the
first EU component (emotion identification) around the
beginning of age 2. Most children being unable to pass
any EU component before the age of 2 may be the rea-
son why the 1-year-olds had a slower increase in EU.
Yet, EU appeared to develop rapidly in the year that
followed. The booming growth in basic EU skills for
the 2-year-olds is consistent with children's growing
ability to speak about mental states and their develop-
ment in social cognition around this age. For instance,
children start to use mental state (e.g., emotion and
cognition) words at around 20 months and their use of
these words burgeons at around 28 months (Bretherton
& Beeghly, 1982). Similarly, children start to comfort
and tease others at age 1, but their repertoire of com-
forting and teaching behaviors expands around age 2
(Harris, 2006). Collectively, children's social cognition,
including EU, appears to grow more rapidly starting at
age 2. After a rapid acquisition of the basic EU skills
from 2 to 3 years of age, children's rate of acquiring
more advanced EU skills seemed to slow, which may
suggest that children need time to master some of these
more advanced EU skills, starting at 3—4 years of age.
The higher task demands of the later EUEC tasks ad-
ministered to older children in this study may have
also contributed to our findings of slower growth in
EU for the 3-year-old cohort.

Validity of the EUEC assessment

As hypothesized, children's EUEC scores were positively
correlated with their ToM scores at all three time points,
showing that children's EU and ToM, which theoretically
should be correlated because they are both indicators of
children's social cognition (Cutting & Dunn, 1999), were,
in fact, related. Thus, the EUEC assessment demon-
strated good convergent validity with an established and
widely-used measure of ToM (Wellman & Liu, 2004).
EUEC scores were also correlated with children's empa-
thy, as reported by parents, although the correlations be-
came non-significant after controlling for children's age
and verbal ability.

We were further able to demonstrate the EUEC as-
sessment's divergent validity with children's negative
emotional reactivity. Children's EU ability should reflect
their cognitive understanding of emotional experiences
and not necessarily their biologically rooted emotional
reactivity. The results that children's EUEC scores were
not correlated with children's anger/frustration tempera-
ment provided evidence that the EUEC scores did not re-
flect the reactive component of children's temperament.

Limitations and future directions

Although this is the first study to demonstrate growth
in EU for very young children using a cohort-sequential
design, the findings must be interpreted in light of the
limitations of this research. First, all children were first-
borns participating in a study examining the transition
to siblinghood. These children resided in two-parent,
mother-father families in the United States, the majority
of which were middle-class, European American fami-
lies. Even though the current sample enabled us to take
advantage of the naturally occurring age cohorts of first-
borns upon the birth of a sibling and then apply cohort
sequential modeling to reveal a longer term developmen-
tal function, we must acknowledge that the current work
was exploratory and must be replicated with children
from different cultural and social backgrounds. Because
family dynamics have an impact on children's EU
(Halberstadt & Eaton, 2003) and the interactions with
a newborn sibling create a natural context for children
to learn about emotions (Dunn & Kendrick, 1982), the
results may be limited in their generalizability to other
cohorts of young children not undergoing the transition
to siblinghood. Additionally, our findings may not re-
flect the development of EU in all cultures. Molina et al.
(2014) found that more Italian preschoolers understood
the differences between expressed and internal feelings
than did German preschoolers. Work on the ToM scale
has also suggested that children in collectivist societies,
such as China, appeared to follow a different sequence
of ToM than children in individualistic societies, such as
the United States, because different cultural values may
direct children's attention to one mental state concept
before others (Shahacian et al., 2011). The same cultural
differences may be true with the ordered development of
EUEC scores uncovered here, so we encourage research-
ers to continue conducting research to replicate and ex-
tend knowledge on the development of EU for children
from different cultures.

Second, this is the first study to examine longitudinal
EU development in children less than 24 months of age
using a battery of EUEC tasks. For this reason, a stop
rule had to be applied during the administration of the
tasks because young children were unable to complete
the full series of tasks. This stop rule, however, may have
affected the results found here, specifically some of the
later tasks, because the order in which tasks were ini-
tially administered meant that some of the more difficult
tasks (false belief emotions) were administered before
others we believed would emerge later (mixed emotions).
In addition, because our choice of tasks was intended to
correspond with children's increasing EU, the task de-
mands for each component varied, with more advanced
components requiring higher language and attention
abilities, and thus, requiring more time to administer.
However, four of the early EU components relied on tasks
taken directly from the widely used assessment of EU
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developed by Denham (1986), so this issue is clearly not
unique to the work reported here. Nonetheless, we must
acknowledge that the differing task demands across EU
components may have influenced the sequence found in
the current study.

Third, the EUEC scale was based on tasks with al-
ready demonstrated reliability and validity from previ-
ous studies, so we felt confident in including these tasks
as part of a series to be used across a wider age range
of children. However, there were also disadvantages of
using existing tasks given that the number of tasks pre-
sented to children in each component differed, as well
as the task demands and time needed to administer the
tasks for each component. Given the different number
of tasks administered, the questions asked, and the re-
sponse options across the various components, the
chance levels of passing components also differed. These
differences may also have played a role in the observed
developmental progression. Thus, our results need to be
interpreted with caution until future research can rep-
licate these findings based on the developmental pro-
gression found here to confirm, if indeed, the sequence
remains.

Forth, because we studied very young children's
understanding of emotions, we focused on four basic
emotions (happy, sad, scared, and angry), which are
understood by children at an early age (Widen, 2013).
Further research needs to consider these limitations and
studies on older children's EU may require inclusion of
more complex emotions, such as self-conscious emotions
(e.g., guilt, shame, pride, and embarrassment) to assess
more advanced understanding of emotional displays and
the contexts and social relationships in which individu-
als use and modify emotional expressions.

The EUEC scale in the current study assessed a di-
verse set of eight EU skills that developed in an ordinal
sequence. Although the vast majority of the children in
the 1-year-old cohort (13-24 months) could not pass the
most basic emotion identification component, a small
number of the older children did complete at least 1 and
sometimes two components, suggesting future stud-
ies might consider using identification tasks to assess
the beginnings of EU in very young children. Because
children acquired two additional EU skills every year,
investigators may extract tasks that correspond to the
age of the children under study so that possibly only the
first four components are administered for children be-
tween 1 and 3. Because most parents decide to have a
second child when the first is between 1-3 years of age,
few families with 5- and 6-year-old children could be re-
cruited. Although older children acquired six to eight of
the EU components, future research is needed to extend
the use of the EUEC up to and perhaps beyond the age
of 5 years.

In conclusion, the current study examined the devel-
opment of firstborn children's EU across three times
of measurement using a cohort-sequential design to

demonstrate an ordered sequence of EU from basic emo-
tion identification to an understanding of false-belief
emotions across ages 1-5. Researchers now have a pre-
liminary tool to continue investigations into the progres-
sion of children's EU in different populations and across
a wider age range to advance an appreciation for indi-
vidual and cultural variation in the development of EU.
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