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Abstract

People differ in how specifically they separate affective experiences into different emotion types—a skill called
emotion differentiation or emotional granularity. Although increased emotion differentiation has been associated with
positive mental health outcomes, little is known about its development. Participants (N = 143) between the ages of
5 and 25 years completed a laboratory measure of negative emotion differentiation in which they rated how much
a series of aversive images made them feel angry, disgusted, sad, scared, and upset. Emotion-differentiation scores
were computed using intraclass correlations. Emotion differentiation followed a nonlinear developmental trajectory:
It fell from childhood to adolescence and rose from adolescence to adulthood. Mediation analyses suggested that an
increased tendency to report feeling emotions one at a time explained elevated emotion differentiation in childhood.
Importantly, two other mediators (intensity of emotional experiences and scale use) did not explain this developmental
trend. Hence, low emotion differentiation in adolescence may arise because adolescents have little experience

conceptualizing co-occurring emotions.
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People differ in how specifically they experience emo-
tions, a phenomenon known as emotion differentiation
or emotion granularity (Barrett, Gross, Christensen, &
Benvenuto, 2001; Kashdan, Barrett, & McKnight, 2015).
Some people naturally differentiate their emotions into
specific types and know when they are feeling, for exam-
ple, angry but not sad. Other people struggle to differ-
entiate their emotions so specifically. Strong emotion
differentiation—especially of negative emotions—is
important to psychological well-being. High negative
emotion differentiation is associated with increased use
of adaptive emotion regulation strategies, reduced use
of alcohol to cope, and reduced aggression (Barrett
et al., 2001; Kashdan, Ferssizidis, Collins, & Muraven,
2010; Pond et al., 2012). Low negative emotion differen-
tiation has been documented in adolescents and adults
with depression, social anxiety disorder, borderline per-
sonality disorder, and autism spectrum disorder (Demiralp
et al., 2012; Erbas, Ceulemans, Boonen, Noens, & Kuppens,

2013; Kashdan & Farmer, 2014; Lennarz, Lichtwarck-Aschoft,
Timmerman, & Granic, 2018; Starr, Hershenberg, Li, & Shaw,
2017; Suvak et al., 2011).

Although stronger emotion differentiation has been
associated with better mental health for adolescents and
adults, the development of this affective skill remains
unknown. Understanding the trajectory through which
adults arrive at their level of emotion differentiation—
and the mechanisms that explain that trajectory—would
grant insight into the nature of emotional experience
across development and potentially clarify factors that
predispose people to mental illness. Extant research
could support two different developmental trajectories
for emotion differentiation: a linear increase from
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childhood to adulthood and a nonlinear trajectory in
which emotion differentiation is low in adolescence.

One possibility is that emotion differentiation
increases monotonically from childhood to adulthood.
Converging evidence indicates that children represent
their own and others’ emotions within a broad positive
versus negative dichotomy and thus may struggle to
make fine-grained distinctions between emotions within
each valence. Research on the development of emotion
perception (i.e., how people label others’ emotions)
demonstrates that young children around age 3.5 cat-
egorize facial expressions into two groups (“positive”
and “negative”) and learn to provide more specific emo-
tion labels over the following years (Widen, 2013).
Young children’s emotion experiences (i.e., how they
label their own emotions) may be similarly dichoto-
mized. Children tend to report feeling either positive
or negative emotions at any given time and only report
mixes of positive and negative emotions around age 8
(Larsen, To, & Fireman, 2007). In fact, children’s emo-
tion concepts (i.e., the internal semantic representations
that they use to categorize their own and others’ emo-
tions; Barrett, 2006) are strongly focused on valence,
and this focus shifts to other dimensions (i.e., arousal)
through adolescence and into adulthood (Nook, Sasse,
Lambert, McLaughlin, & Somerville, 2017). This increas-
ing complexity in emotion representation might con-
tribute to greater emotion differentiation with age.
These findings motivate the hypothesis that emotion
differentiation may increase from childhood to adult-
hood as emotion representations shift from a broad
valence dichotomy to more specific emotion concepts
that are differentiated from each other.

A competing hypothesis is that emotion differentia-
tion follows a quadratic trajectory such that it reaches
a nadir in adolescence. This hypothesis is based on the
finding that children not only report an absence of
mixed emotions, they also struggle to understand that
any emotions can co-occur (Harter & Buddin, 1987;
Wintre & Vallance, 1994). For example, children expect
people to feel either angry or sad, not both angry and
sad. Interestingly, reporting only one emotion at a time
is one route to high emotion differentiation, as it
involves specifically identifying one individual emotion.
For example, children would experience sadness and
anger as discrete and differentiated experiences, pre-
cisely because they do not co-occur. Hence, childhood
may be a period of high emotion differentiation.

As a result, emotion differentiation may decrease
from childhood to adolescence as children shift away
from experiencing emotions as mutually exclusive. Ado-
lescence would be a period of low emotion differentia-
tion in which emotions co-occur at greater frequency
(Harter & Buddin, 1987; Wintre & Vallance, 1994).

However, because emotion concepts continue to
become more refined from adolescence to adulthood
(Nook et al., 2017), emotion differentiation may rise
within this period as young adults learn to separate
coexperienced emotions using increasingly defined
emotion concepts. Hence, adults may also have high
emotion differentiation but through a different route
than children (i.e., because they can specifically iden-
tify emotions, even those that occur simultaneously).
These two developmental processes (i.e., reduced sin-
gle emotion experience from childhood to adolescence
and increased familiarity parsing coexperienced emo-
tions from adolescence to adulthood) would ultimately
result in a quadratic relationship between age and emo-
tion differentiation.

Other mechanisms beyond single emotion experiences
could also produce a nonlinear relationship between
age and emotion differentiation. We investigated two
inspired by prior work: emotional intensity and extreme
scale use. Daily reports of experienced negative affect
increase from age 10 to 18 (Larson, Moneta, Richards,
& Wilson, 2002), and adolescents seek higher levels of
negative affect in daily life compared with children and
adults (Riediger, Schmiedek, Wagner, & Lindenberger,
2009). Given that emotional intensity and emotion dif-
ferentiation have correlated negatively in prior work
(Erbas, Ceulemans, Lee Pe, Koval, & Kuppens, 2014),
increased emotional intensity in adolescence could pro-
duce a quadratic developmental trajectory. In addition,
children’s ratings are more likely to be at the extreme
ends of the scales compared with those of older par-
ticipants (Chambers & Johnston, 2002), so extreme scale
use could also affect emotion differentiation.

This study investigated the development of negative
emotion differentiation using a standardized emotion-
differentiation laboratory task in a sample of individuals
between the ages of 5 and 25. In addition to adjudicat-
ing between the linear and nonlinear trajectories out-
lined above, we assessed three potential mechanisms
that could explain age-related changes in emotion dif-
ferentiation: single emotion experience, average emo-
tional intensity, and extreme scale use. Insight into the
development of this critical affective skill elucidates the
nature of emotional experiences across development.

Method

Participants

Data for this research were drawn from a larger study
of emotional development. One hundred ninety-nine
participants between the ages of 4 and 25 years com-
pleted all tasks related to the present study. Thirty par-
ticipants (primarily young children) were unusable
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because they did not pass a screening process (i.e., an
emotion vocabulary test) that ensured they understood
the terms used in the negative-emotion-differentiation
task. An additional 26 participants were excluded
because they did not understand or comply with task
instructions (n = 13), because their scores on any of
the four dependent variables were statistical outliers
(> 2.5 SD from the sample mean; 7 = 8), or because
they reported feeling no emotion for at least half of the
trials (7 = 5). Even though doing so did not affect the
significance of any results, we excluded participants
who did not report feeling any emotion on at least half
of the trials to ensure the measure of negative emotion
differentiation included situations in which participants
actually experienced negative affect. Statistical outliers
were also excluded to normalize distributions and opti-
mize statistical estimates, but doing so did not affect
the significance of results.

Hence, primary analyses included data from 143 par-
ticipants (age range = 5.78-25.91 years, M = 15.55, SD =
5.11; 54.55% female; 60.14% Caucasian, 3 did not dis-
close race). Note that although we recruited a sample
between the ages of 4 and 25, our final usable set of
participants included participants between the ages of
5 and 25. Because no prior work has investigated the
development of emotion differentiation, an a priori
power analysis was not possible. However, post hoc
power simulations (e.g., Green & MacLeod, 2016) con-
firmed that we had sufficient power to detect small to
medium effect sizes and larger (power > 87% for Bs >
0.23) with 143 participants (see the Supplemental Mate-
rial available online for details of power simulations).
All participants were native English speakers who were
compensated for their time and recruited from com-
munities surrounding Harvard University and the Uni-
versity of Washington. Participants provided informed
written consent, and minor participants received written
permission for their participation from a parent or legal
guardian. The Committee on the Use of Human Subjects
at Harvard University and the University of Washington
Institutional Review Board approved all research pro-
cedures. Data and analysis code for this study can be
accessed at https://osf.io/8yufm/.

Emotion vocabulary assessment

We adapted previous methods (Baron-Cohen, Golan,
Wheelwright, Granader, & Hill, 2010) to assess partici-
pants’ understanding of 27 emotion terms, 5 of which
were later used in the negative emotion differentiation
task (i.e., angry, disgusted, sad, scared, and upset).
Thus, this test screened participants to ensure they
understood words used in that task. The experimenter
said each emotion word aloud, showed the participant

a card with that emotion word written on it, and asked
the participant to define the word. Responses were
audio-recorded. Similar to a Wechsler vocabulary test
(Wechsler, 1999), trained experimenters assigned each
definition a score of 0 (no understanding), 1 (some
understanding), or 2 (full understanding). Full details
of this task and scoring system are described in the
Supplemental Material and in Nook et al. (2017).

For primary analyses, we excluded participants who
did not fully understand one or more of the five emo-
tion words used in the negative-emotion-differentiation
task (i.e., they did not receive perfect scores of 2 for
the emotions angry, disgusted, sad, scared, and upset).
We present analyses that relax this criterion and include
an additional 21 participants who demonstrated partial
comprehension of these emotion words (i.e., they
received at least 1 point for each emotion term) in the
Supplemental Material.

Negative-emotion-differentiation task

We adapted laboratory-based assessments (Erbas et al.,
2014) to quantify how specifically participants parse
their own emotions (see Figs. 1 and 2). Participants
viewed a set of 20 negative images drawn from the
International Affective Picture System (Lang, Bradley,
& Cuthbert, 2008) and online websites. Images were
selected to depict a wide variety of negative scenes that
would be tolerable even to young children. On each
trial, participants viewed a fixation cross for 2 s and
then an image for 6 s. A series of five emotion ratings—
angry, disgusted, scared, sad, and upset—then appeared
sequentially under the image. Participants moved a slid-
ing bar along the scale using the mouse to indicate how
much they felt each emotion while looking at the image
(0 = not femotion adjectivel at all, 100 = very [emotion
adjective]). Ratings were self-paced and quantified as a
percentage of the scale (i.e., distance between the left-
most point and their rating/total length of the scale).
Both image and emotion order were randomized.

For each participant, we tabulated ratings of each
emotion experienced in response to each image. Fol-
lowing prior work (Kashdan et al., 2010; Pond et al.,
2012; Tugade, Fredrickson, & Barrett, 2004), we com-
puted the intraclass correlation (ICC) with absolute
agreement for each participant’s emotion ratings across
all trials. A high ICC would indicate that ratings for dif-
ferent emotion types were strongly correlated. This
would suggest that participants experienced all of the
emotions in similar ways across trials and did not make
fine-grained distinctions between emotion types (i.e.,
low emotion differentiation). By contrast, a low ICC
would indicate that participants’ emotion ratings were
not strongly correlated with each other. This would
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Fixation
(2)

Image

How scared do you feel?

Five Emotion Ratings sy

(Self-Paced)

How sad do you feel?

Not at all Extremely

Fig. 1. Design of the negative-emotion-differentiation task. Follow-
ing a 2-s intertrial interval with a fixation cross, participants viewed a
negative image for 6 s. Participants then rated how angry, disgusted,
sad, scared, and upset they felt while viewing the image (only two
of the five emotion ratings are displayed in the figure). Emotion
scales were presented in random order, and ratings were self-paced.

suggest that they experienced each emotion as a unique
type across trials and thus were able to make fine-
grained distinctions between emotions (i.e., high emo-
tion differentiation). Hence, we computed each
participant’s negative emotion-differentiation score by
reverse-scoring their ICC value (i.e., 1 — ICC) so that a
larger value corresponded to greater differentiation.

Potential mediators

We investigated three potential mediating variables that
could explain age-related changes in emotion differen-
tiation (Fig. 2). First, we assessed participants’ tendency
to feel only one emotion at a time, a quality that prior
work suggests is elevated in childhood (Harter &
Buddin, 1987; Wintre & Vallance, 1994). We produced
a measure of single emotion experience for each par-
ticipant by computing the average distance between
the highest rated emotion on each trial and the other

four emotion ratings. For each trial, we identified the
highest rated emotion, subtracted the rating for the
other four emotions from the rating for this emotion,
and found the average of these four distances. We then
averaged these values across all 20 trials within each
participant. Higher values on this measure indicated
that participants were more likely to give a high rating
for one emotion and low ratings for other emotions.
Second, we produced a measure of each participant’s
average emotion intensity by computing the average
rating they provided for how strongly they experienced
all emotions across all trials, following prior work
(Demiralp et al., 2012; Erbas et al., 2014; Starr et al.,
2017). Third, given prior evidence that children use the
ends of scales more than adults (Chambers & Johnston,
2002), we produced a measure of extreme scale use by
computing the average distance of participants’ ratings
from the midpoint of the scale. To generate this score,
we computed the absolute value of the difference
between every emotion rating and the scale’s midpoint
(50) and averaged these distances for all emotions across
all trials within each participant.

Clarifying statistical and
conceptual relations between single
emotion experience and emotion
differentiation

As described above, emotion differentiation was con-
ceptualized as the ability to specifically identify what
emotion (or emotions) one is feeling, and it was quanti-
fied by reverse-scoring the ICC between emotion rat-
ings across trials (Fig. 2a). Elevated single emotion
experience (i.e., the tendency to feel only one emotion
at a time; Fig. 2b) is one route to high emotion differ-
entiation. At the conceptual level, labeling one’s emo-
tions as only a single emotion type demonstrates
understanding that emotion types differ from each other
and is thus one way of specifically identify one’s emo-
tions. At the statistical level, singling out one’s emotions
on each trial (provided different emotions are selected
across trials) would also reduce the ICC between
emotion ratings and therefore increase emotion-
differentiation scores.

However, single emotion experience is not the only
route to high emotion differentiation. At the conceptual
level, people can demonstrate that they have a specific
understanding of emotions (even if they are coexperi-
enced) by demonstrating that different situations make
them feel each emotion to different degrees. In other
words, high emotion differentiation involves demon-
strating that one understands how each emotion type
is unique and thus does not consistently covary with
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a b
Negative Emotion Differentiation Single Emotion Experience
Low | Trial 1 High Low High
| Trial 2
0 ———— 100 Angry 0 —F—— 100 0 ——— 100 Angry 0 ———} 100
0 —}—=—— 100 Disgusted 0 4=——4—— 100 0 ——}— 100 Disgusted 0 4—— 100
0 —}—=—— 100 Sad 0 —}—=14 100 0 ——}— 100 Sad 0 4——— 100
0 ——=—— 100 Scared 0 4=—}—— 100 0 ———}— 100 Scared 0 49— 100
0 ——}+—— 100 Upset 0 ——>= 100 00—} 100 Upset 0 4————— 100
C d
Average Emotion Intensity Extreme Scale Use
Low High Low High
0 49— 100 Angry 0 ———} 100 0 ——— 100 Angry 0 ——4 100
0 4—— 100 Disgusted 0 —————— 100 0 ——}—— 100 Disgusted 0 ——— } 100
0 4——— 100 Sad 0 ——— 100 0 ——— 100 Sad 0 4——— 100
0 4—— 100 Scared 0 ——— — 100 0 ———— 100 Scared 0 4———— 100
0 49— 100 Upset 0 ——} 100 0 —F—— 100 Upset 0 ——} 100

Fig. 2. Visual representations of trials that would produce low and high scores for the study’s four dependent variables. Negative emotion
differentiation (a) was computed by reverse-scoring the intraclass correlation of emotion ratings across trials. Two trials are displayed to
clarify that this measure depended on intercorrelations between emotion ratings across trials. Single emotion experience (b) was defined as
the average distance between the highest-rated emotion and all other emotions, averaged across trials. Average emotion intensity (¢) was
defined as the average rating for all emotion ratings across all trials. Extreme scale use (d) was defined as the average distance from the

midpoint of the scale for all emotion ratings across all trials.

other emotion types (Fig. 2a). For example, an indi-
vidual can have a specific understanding of how anger
and sadness differ from each other, even if these emo-
tions sometimes co-occur. However, if these emotions
always co-occur, then the individual appears to not
differentiate these emotions. This is captured statisti-
cally using the ICC, which quantifies not how much
emotion ratings co-occur but instead how they covary.

Consider one individual who consistently provides
a rating of 100 for one emotion and ratings of 0 for all
other emotions across all trials, but the specific emotion
that is given a high rating changes across trials (i.e.,
some images make this person scared and others make
him or her sad; Fig. 2b). Contrast this with an individual
who provides a rating of 0 for one emotion and ratings
of 100 for all other emotions, and again the specific
emotion that receives a low rating changes across trials
(i.e., some images make this person feel everything
except fear, and others make this person feel everything
except sadness). Both of these individuals have identi-
cally high emotion-differentiation scores. At the con-
ceptual level, this is warranted as they both have
specific conceptualizations of each emotion type and

can differentiate when they are feeling (or not feeling)
each emotion. However, these individuals differ mark-
edly in their tendency to experience emotions one
at a time, with the first individual having a very high
single emotion experience. We describe these extreme
examples here to illustrate two routes to emotion
differentiation.

Analyses

Data visualization suggested a U-shaped relationship
between emotion differentiation and age (see Fig. 3a).
We tested this relationship by (a) conducting a robust
linear regression between emotion differentiation and
age, (b) conducting a robust quadratic regression on
emotion differentiation that included both linear and
quadratic age regressors, and (¢) comparing these mod-
els using the Bayesian information criterion (BIC). To
construct the quadratic age regressor, we subtracted the
sample’s mean age from each age value and squared the
resulting values. In this sample, there was not a signifi-
cant correlation between the linear and quadratic age
regressors, 1(141) = .02, 95% confidence interval (CD =



Development of Emotion Differentiation

1351

d

~ <] -
1 1 1

o
(&)
1

Emotion-Differentiation Score

Age (years)

Child-to-Adolescent Age Window

Single Emotion
Experience

a B =-0.50, p<.001,
95% Cl = [-0.69,

-0.31]
c¢: B =-0.50, p<.001,
95% Cl = [-0.71,-0.29] Emotion
Age = e —— =2 > . -
¢ B =-0.18, p= 074, Differentiation

95% Cl = [-0.41, 0.006]

b:p=0.62, p<.001,
95% Cl = [0.45, 0.78]

Indirect Effect: B = -0.31, 95% Cl = [-0.48, -0.18],
35.58% Mediated

Fig. 3. Negative emotion-differentiation score across age and results of the mediation analysis.
Negative emotion differentiation (a) exhibited a significant quadratic (curved solid line) relationship
with age. The two-lines analysis (diagonal dashed lines) revealed a significant reduction in emo-
tion differentiation from childhood to adolescence (break point = age 15.77, vertical dashed line)
and an increase from adolescence to adulthood that was trending according to a null-hypothesis
test and significant according to a nonparametric bootstrapping test. The gray band represents the
95% confidence interval of the robust quadratic relationship. The mediation analysis (b) within
the child-to-adolescent age window revealed that single emotion experience significantly medi-
ated the relationship between age and negative emotion differentiation. The results on the ¢ path
show the total effect, and the results on the ¢’ path show the direct effect after controlling for the
mediator. The dashed line indicates that the relationship between age and emotion differentia-
tion was mediated by the indirect effect via single emotion experience. CI = confidence interval.

[-.24, .27], p = .794, which justified including them in
the same regression model. We also conducted the more
stringent, recently developed “two-lines” analysis
(Simonsohn, 2017) to assess whether there was both a
significant decrease in emotion differentiation from child-
hood to adolescence and a significant increase in emotion

differentiation from adolescence to adulthood. Not only is
this piecewise two-lines analysis useful in validating a true
U-shaped relationship, it also identifies a data-driven
change point for the U-shaped relationship.

We utilized bootstrapping simulations to conduct
nonparametric tests of significance for all analyses in
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addition to traditional null-hypothesis tests of signifi-
cance. Bootstrapped analyses involved simulating
10,000 samples with replacement from our final sample,
computing statistics of interest for all analyses within
all samples, and computing the 95% Cls of each statistic.
All CIs noted in the manuscript were obtained using
bootstrapping methods, and bootstrapped Cls that did
not include 0 were deemed significant at 95% confi-
dence. Some researchers consider nonparametric tests
superior to traditional null-hypothesis tests because
they require fewer assumptions about the distributions
underlying a test’s variables.

We then conducted mediation analyses to explore
potential explanations for the U-shaped relationship
between emotion differentiation and age. We tested
whether the three potential mediators defined above
(i.e., single emotion experience, average emotion
intensity, and extreme scale use; Figs. 2b-2d) mediated
age-related changes in emotion differentiation from
childhood to adolescence or from adolescence to
adulthood. Analyses described above revealed that
negative emotion differentiation decreased from child-
hood to adolescence and increased from adolescence
to adulthood (see the Results). These mediation analy-
ses evaluated each of these linear changes separately
to identify whether common or distinct mediators
explained these downward and upward trajectories.

Table 1. Relations Between Age and Dependent Variables

We split the data set according to the data-driven
change point identified by the two-lines analysis and
conducted robust mediation analyses within each age
window. We then assessed the suitability of conduct-
ing mediation analyses. Within each age window, we
used robust regressions to test (a) whether each medi-
ator changed significantly across age and (b) whether
each mediator was significantly related to emotion
differentiation. If a mediator met both criterion a and
criterion b, we then conducted robust mediation anal-
yses to test whether that mediator explained age-
related changes in emotion differentiation within each
age window. A parallel mediation analysis that com-
bined these potential mediators into a single analysis
(Nook et al., 2017) was not appropriate because of
the strength of correlations between potential media-
tors (Table 1).

All regressions (including those used in the two-lines
analysis and the mediation analyses) were robust using
the 7/m function in R’s Modern Applied Statistics With
S (MASS) package (Venables & Ripley, 2002) to reduce
undue influence from single points. Mediations were
implemented with 10,000 bootstrapped resamples using
the boot package (Davison & Hinkley, 1997). Significant
mediation at an o of .05 was defined as 95% bias-
corrected and accelerated (BC,) CIs of indirect effects
that did not include 0.

Sample and variable 1

Full sample
1. Age (5.78-25.91 years) —
2. Negative emotion 4
differentiation
3. Single emotion experience
4. Average emotion intensity
5. Extreme scale use
Child-to-adolescent window
1. Age (5.78-15.56 years) —
2. Negative emotion 4
differentiation
3. Single emotion experience
4. Average emotion intensity
5. Extreme scale use
Adolescent-to-adult window
1. Age (15.77-25.91 years) —
2. Negative emotion
differentiation
3. Single emotion experience
4. Average emotion intensity
5. Extreme scale use

-0.19* [-0.38, -0.01]
~0.14 [-0.28, 0.01]
-0.35% [-0.50, -0.17]

-0.50%** [-0.64, —0.25]
~0.15 [-0.34, 0.13]
-0.47* [-0.62, —0.24]

0.15 [-0.01, 0.40]
-0.07 [-0.28, 0.26]
~0.14 [-0.45, 0.19]

-0.23 [-0.50, 0.09]

0.63*** [0.46, 0.79] —
0.07 [-0.12, 0.25]
0.14 [-0.05, 0.33]

—0.04 [-0.23, 0.19] -
-0.27** [-0.42, -0.12] 0.58*** [0.40, 0.74]

0.71** [0.55, 0.81] —

-0.10 [-0.39, 0.16] -0.12 [-0.49, 0.15] —
0.37*[0.11, 0.55]  —0.20 [-0.40, 0.03] 0.67*** [0.41, 0.80]
0.55** [0.35, 0.75] —

0.227 [-0.04, 0.43] 0.08 [-0.17, 0.40] —

-0.42% [-0.62, -0.24] 0.37** [0.09, 0.64]

Note: Values outside brackets are standardized coefficients from robust regression analyses assessing linear relationships between variables; values
inside brackets are 95% confidence intervals (CIs) from bootstrapped simulations. Significant results are boldfaced.

See the text for linear, quadratic, and two-lines analyses.
ip <.10. #p < .05. *p < .01. **p < .001.
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Split-sample replication

A split-sample replication tests whether results hold
when the overall sample size (V) is treated as two sepa-
rate samples of size N/2. Conducting a split-sample
replication allows one to test whether results are (a)
stable enough to replicate across separate samples and
(b) strong enough to be detected within much smaller
sample sizes. We carried out this test by randomly
assigning participants to two subsamples (72, = 72 and
n, = 71) and conducting primary analyses within both
subsamples. Primary analyses we sought to replicate
included (a) the regression of quadratic-transformed
age on emotion differentiation, (b) the Simonsohn two-
lines analyses, and (¢) the mediation analysis testing
whether decreased single emotion experience explains
decreased emotion differentiation from adolescence to
adulthood. Results of these analyses are shown in Table
S2 in the Supplemental Material.

Results

Development of negative emotion
differentiation

Data visualization suggested a U-shaped relationship
between age and negative emotion differentiation (Fig.
3a). Although a robust linear regression revealed a sig-
nificant linear decrease in negative emotion differentia-
tion across age, B = —-0.22, 95% CI = [-0.38, —=0.05], p =
.016, BIC = 413.01, a robust quadratic regression pro-
vided a better fit to the data and revealed both signifi-
cant linear, B = —-0.22, 95% CI = [-0.38, —0.00], p = .008,
and quadratic, B = 0.32, 95% CI = [0.18, 0.47], p < .001,
BIC = 402.66, effects of age. This indicates that the
quadratic effect is to be interpreted (Rodman, Powers,
& Somerville, 2017; Somerville et al., 2013). Addition-
ally, the recently developed two-lines analysis
(Simonsohn, 2017) suggested a significant decrease in
negative emotion differentiation from childhood to ado-
lescence, #(139) = —4.23, 95% CI = [-5.83, —-2.18],
p < .001, change point = 15.72 years, 95% CI = [13.78,
17.38], and an increase in differentiation from adoles-
cence to adulthood that was significant according to
bootstrapping methods but trended toward significance
according to traditional null-hypothesis tests, #(139) =
1.79, 95% CI = [0.31, 4.27], p = .075. Split-sample
techniques replicated (a) the quadratic effect of age
on emotion differentiation, (b) evidence that the qua-
dratic age model provides a better fit to the data than
the linear age model, and (¢) the linear decrease in
emotion differentiation from childhood to adoles-
cence using Simonsohn’s (2017) two-lines analysis
(Table S2).

Child-to-adolescent mediation analyses

Results of robust regressions assessing whether each
mediator was significantly related to (a) age and (b)
negative emotion differentiation within the child-to-
adolescent age window (i.e., within the 72 participants
between the ages of 5.78 and 15.56) are presented in
Table 1. Single emotion experience decreased signifi-
cantly from childhood to adolescence, and it exhibited
a significant positive association with emotion differ-
entiation (Table 1). Thus from childhood to adoles-
cence, individuals decreased their tendency to report
feeling one emotion at a time, and a greater tendency
to report feeling one emotion at a time was significantly
related to higher emotion-differentiation scores. Fur-
thermore, a robust mediation analysis with 10,000
resamples revealed that single emotion experience sig-
nificantly mediated decreased emotion differentiation
from childhood to adolescence (Fig. 3b). Hence, chil-
dren evinced higher emotion differentiation than ado-
lescents, in part because of a greater tendency to report
feeling one emotion at a time. The result of this media-
tion was significant in both subsamples of the split-
sample replication (Table S2).

By contrast, average emotion intensity did not
change significantly within this age window, and it was
not significantly associated with negative emotion dif-
ferentiation. Because these relations did not emerge,
average emotion intensity was not further investigated
as a potential mediator.

Extreme scale use decreased significantly from child-
hood to adolescence, and it was significantly associated
with negative emotion differentiation (Table 1). Hence,
from childhood to adolescence, individuals decreased
their tendency to use the ends of the scales, and greater
use of the ends of the scales was significantly related
to higher emotion-differentiation scores. However, a
robust mediation analysis revealed that extreme scale
use did not significantly mediate decreased emotion
differentiation within this age window, indirect effect
B = -0.10, 95% CI = [-0.24, 0.006], 16.45% mediated.
Hence, decreased emotion differentiation from child-
hood to adulthood was not explained by children’s
tendency to use extreme ends of the scales.

Adolescent-to-adult mediation analyses

Slightly different results emerged within the 71 partici-
pants between the ages of 15.77 and 25.91 in the
adolescent-to-adult age window. Single emotion experi-
ence was not significantly related to age in this window,
whereas it increased in the childhood-to-adolescence
age window. However, single emotion experience con-
tinued to show a significant and strongly positive
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relationship with negative emotion differentiation
(Table 1). Thus, adolescents and adults who showed a
greater tendency to experience only one emotion at a
time had higher emotion-differentiation scores. Because
single emotion experience was not significantly related
to age within this age window, it was not further inves-
tigated as a mediator of the relationship between age
and emotion differentiation.

Average emotion intensity was not significantly asso-
ciated with age in this age window. Null-hypothesis
testing suggested that average emotion intensity exhib-
ited a trend-level relationship with negative emotion
differentiation (Table 1): Individuals with higher emo-
tion differentiation also reported more intense emo-
tional reactions to the images, p = .062. However,
bootstrapping simulations suggested that this relation-
ship was not significant. Average emotion intensity was
not further investigated as a mediator because neither
of these relationships reached conventional levels of
significance.

Extreme scale use did not vary across age within this
window. Null-hypothesis testing suggested that it exhib-
ited a trending relationship with negative emotion dif-
ferentiation that was in the opposite direction as the
child-to-adolescent window (Table 1): More extreme
scale use was associated with lower emotion differen-
tiation in this age window, p = .070, whereas the reverse
was true for the child-to-adolescent window. However,
bootstrapping simulations again suggested that this
relationship was not significant. Extreme scale use was
not further investigated as a mediator within this age
window because neither of these relationships reached
conventional levels of significance.

Discussion

This study investigated the developmental trajectory of
negative emotion differentiation from childhood to
adulthood. Emotion differentiation exhibited a qua-
dratic relationship with age: It decreased from child-
hood to adolescence and increased from adolescence
to adulthood. Reduced reports of feeling one emotion
at a time explained decreased emotion differentiation
from childhood to adolescence. However, this mediator
did not explain increased emotion differentiation from
adolescence to adulthood. Neither extreme scale use
nor average emotion intensity mediated age-related
changes in emotion differentiation.

Contrary to the hypothesis that emotion differentia-
tion increases across development, emotion differentia-
tion is high in early childhood. Even though children
tend to place excess emphasis on whether emotions
are merely positive or negative (e.g., Nook et al., 2017,

Pons, Harris, & de Rosnay, 2004; Widen, 2013), their
tendency to report experiencing emotions in isolation
(i.e., in a mutually exclusive fashion; Wintre & Vallance,
1994) ultimately yields differentiated emotional experi-
ences. However, experiencing emotions one at a time
represents a different route to high emotion differentia-
tion than the ability to differentiate several emotions
that occur simultaneously. Hence, our results not only
demonstrate that emotion differentiation has a nonlinear
developmental trajectory, but they also reveal that the
predominant route to emotion differentiation varies
depending on one’s developmental period (i.e., children
have high emotion differentiation because they experi-
ence emotions one at a time, whereas adults have high
emotion differentiation potentially because of increased
ability to specifically identify coexperienced emotions).

One important question is why children tend to
report experiencing one emotion at a time. Drawing on
the constructionist theory of emotion (Barrett, 2006)—
which posits that emotions arise via the application of
emotion concepts to parse core affective experiences
into specific types—this may occur either because chil-
dren’s core affective experiences are naturally parceled
into discrete types or because children apply only a
single emotion label to categorize core affect. The first
explanation seems unlikely because robust evidence
suggests that core affect—one’s internal somatic and
physiological sensations—does not share a one-to-one
mapping with specific emotion types (Cacioppo, Berntson,
Larsen, Poehlmann, & Ito, 2000; Lindquist & Barrett, 2008).
Instead, children may believe emotions can occur only in
a singular fashion (leading them to apply only a single
emotion concept at a time) or they lack the ability to
represent their core affect as fitting multiple emotion con-
cepts simultaneously (Hoemann, Gendron, & Barrett,
2017). Interestingly, prior work suggests that the medial
prefrontal cortex may play a role in the application of
emotion concepts to parse affect (Satpute et al., 2016),
and this region also undergoes significant developmental
changes from childhood to adolescence (Somerville et al.,
2013). Hence, one possibility is that children are still
developing the psychological and neural foundations for
representing multiple co-occurring emotions. Future work
should investigate this hypothesis.

Interestingly, single emotion experience explained
changes in emotion differentiation for only one devel-
opmental window. Although parsimony would encour-
age scientists to search for a single mechanism that can
explain age-related changes in psychological phenom-
ena across long developmental periods, our data indi-
cate that different mechanisms may operate within
different developmental windows. The current study
did not reveal a mediating mechanism for increased
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emotion differentiation from adolescence to adulthood,
but prior work suggests that emotion concept develop-
ment (and potentially familiarity with applying these
concepts to co-occurring emotions; Nook et al., 2017)
might explain this increase.

Our results suggest that adolescence is a period in
which emotions co-occur with greater frequency, but
these emotions are poorly differentiated. This finding
contributes to basic understanding of the social and
emotional changes that arise during adolescence
(Somerville & McLaughlin, 2018). The novel experience
of simultaneous emotions could produce meta-emotions
such as confusion or potentially interfere with effective
emotion regulation as adolescents struggle to select
optimal strategies for regulating simultaneously expe-
rienced emotions (Kashdan et al., 2015). Although
speculative, our results suggest that low emotion dif-
ferentiation—which has previously been associated
with psychopathology (Kashdan et al., 2015)—may be
one factor that contributes to the increased onset of
mental illness in adolescence (Kessler et al., 2005;
Somerville & McLaughlin, 2018). Difficulty applying
emotion concepts to parse ambiguous affect (Nook,
Lindquist, & Zaki, 2015) may contribute to the spike in
psychopathology that occurs in adolescence. Indeed,
prior work demonstrates that a high incidence of co-
occurring emotions is associated with nonsuicidal self-
injury in adolescents (Andrewes, Hulbert, Cotton, Betts,
& Chanen, 2017), whereas high emotion differentiation
protects people with borderline personality disorder
from self-injuring (Zaki, Coifman, Rafaeli, Berenson, &
Downey, 2013). However, future research is needed to
empirically evaluate whether low emotion differentia-
tion in adolescence does indeed contribute to
increased mental illness in this developmental period.
Additionally, if emotion differentiation in childhood
reflects a different psychological process (i.e., singular
emotion experiences) than in adulthood, it is possible
that high emotion differentiation may not be adaptive
in this period of development. Hence, research should
establish whether or not emotion differentiation is
related to mental health outcomes in childhood before
assuming that increased differentiation is beneficial to
children.

Future research should address two limitations of the
current study. First, although we demonstrated that
single emotion experience has some specificity in
explaining reduced emotion differentiation from child-
hood to adolescence (i.e., neither emotional intensity
nor scale use explained this change), these methods
are inherently correlational and merit further validation.
Longitudinal designs would allow for more causal con-
clusions. Second, because methods of assessing emo-
tion differentiation require participants to provide
ratings of emotional experiences, these studies can
include only individuals who understand emotion terms

used in these tasks. However, very young children may
not know all of these terms, producing a lower age
boundary for which emotion differentiation can be
assessed. Hence, new methods of assessing emotion
differentiation should be developed to study this con-
struct in young children.

In sum, this study reveals a nonlinear developmental
trajectory for emotion differentiation. Shifts away from
experiencing emotions as single, mutually exclusive
states from childhood to adolescence produce a nadir
in emotion differentiation in adolescence. These results
extend affective and developmental theories and
prompt new directions for future research.
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