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This study explored the development of mood variability in 474 Dutch adolescents (56.8% male, 90.1% med-
ium to high socioeconomic status) from a community sample, followed from ages 13 to 18 years. Three times
per year, adolescents reported on daily happiness, anger, sadness, and anxiety for 5 days using Internet dia-
ries (15 assessment weeks; from 2006 to 2010). Mood variability scores were calculated as means of absolute
differences between consecutive days. Results showed that happiness, anger, and sadness variability continu-
ously declined across adolescence, while anxiety variability increased initially, then decreased, and then
increased toward late adolescence. Despite females experiencing higher happiness and sadness variability, the
rate of change across adolescence was similar for both sexes. Implications for normative emotional develop-
ment and future studies are discussed.

Mood variability is characterized by frequent and
intense changes in mood (Larsen, 1987) and repre-
sents an important outcome of emotion regulation
(Cole & Hall, 2008; Hoeksma, Oosterlaan, &
Schipper, 2004). Emotion regulation refers to pro-
cesses that modify emotional reactions (i.e., their
intensity and temporal features) with the intention
to accomplish one’s goals (Thompson, 1994). For
instance, individuals may downregulate their anger
in order to maintain a close relationship. Individu-
als that have problems with emotion regulation
likely have more problems keeping their emotions
between appropriate boundaries and therefore
show higher levels of mood variability (Hoeksma
et al., 2004). Heightened mood variability can

disturb well-being, because it might create instabil-
ity in one’s ability to function (Gruber, Kogan,
Quoidbach, & Mauss, 2013). Indeed, studies have
shown that high levels of mood variability are asso-
ciated with more internalizing and externalizing
problems (Gruber et al., 2013; Maciejewski et al.,
2014; Neumann, van Lier, Frijns, Meeus, & Koot,
2011; Silk, Steinberg, & Morris, 2003).

Adolescence is an important period for the
development of emotion regulation, in general, and
mood variability, in particular. This is because ado-
lescents are confronted with multiple developmen-
tal changes when entering adolescence, which
coincide with still developing emotion regulation
capacities. Therefore, they are likely to react with
higher levels of mood variability (i.e., more fluctu-
ating moods) in the beginning of adolescence. How-
ever, after this period of temporary turmoil in
which new equilibriums are reached in biological
and social domains, and after which adolescents
have developed more advanced emotion regulation
strategies, mood variability should decrease again
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so that youths leave adolescence with more stable
moods (Rosenblum & Lewis, 2003).

However, although there is no doubt about the
changes that occur during adolescence, which may
challenge the adolescents’ capacity to keep their
mood stable, there is surprisingly little empirical
evidence on how mood variability actually devel-
ops during adolescence. Describing the normative
development of adolescent mood variability is cru-
cial, because it provides a baseline against which
maladaptive trajectories can be identified. There-
fore, the first aim of the present longitudinal study
was to examine the normative development of
mood variability across adolescence (i.e., in adoles-
cents who were followed from ages 13 to 18 years).
Moreover, our second aim was to explore sex dif-
ferences in the developmental trajectories of mood
variability.

Mood Variability Across Adolescence—Developmental
Trends and Sex Differences

Adolescence is characterized by a number of
important changes that are thought to influence the
emotional experiences of many adolescents. For
instance, it has been suggested that adjustment to
hormonal and brain changes might lead to higher
emotional reactivity and more unstable moods in
early adolescence (for reviews, see Buchanan,
Eccles, & Becker, 1992; Casey, Jones, & Hare, 2008;
Somerville, Jones, & Casey, 2010; Steinberg, 2005).
Similarly, early adolescence is characterized by
important changes in the adolescent’s social-rela-
tional environment and experiences of stressful
events. For instance, adolescents face more potential
negative life events (Ge, Lorenz, Conger, Elder, &
Simons, 1994; Larson & Ham, 1993), have temporar-
ily more conflicts with their parents (De Goede,
Branje, & Meeus, 2009), or experience first romantic
relationships (Carver, Joyner, & Udry, 2003). This
might all tax the emotional lives of adolescents and
lead to more frequent changes in positive and nega-
tive moods (Flook, 2011; Larson, Clore, & Wood,
1999). Moreover, these changes also coincide with
still developing emotion regulation strategies,
which may make adolescents even more vulnerable
to experience increased mood variability (Rosen-
blum & Lewis, 2003). Indeed, a recent study that
examined age differences in emotion regulation
strategies from early adolescence to middle adult-
hood found that compared to the other ages, indi-
viduals had the smallest emotion regulation
repertoire during middle adolescence, suggesting
that especially during that time, adolescents restruc-

ture their emotion regulation strategy use (Zimmer-
mann & Iwanski, 2014).

As adolescents grow older, mood variability
likely decreases again. There are several reasons for
this. First, new equilibriums are reached in biologi-
cal and social domains. Empirical evidence suggests
that toward late adolescence, the brain structures
relevant for emotional control mature (Somerville
et al., 2010), levels of experienced stressful life
events may stabilize or decrease again (Ge et al.,
1994), and relationships with parents may reach a
new equilibrium (De Goede et al., 2009). Second,
adolescents are also thought to increase in their
emotion regulation capacities and therefore may
have also learned to deal with the developmental
changes and their associated moods (Rosenblum &
Lewis, 2003). For instance, it has been shown that
the use of adaptive emotion regulation strategies
increases continuously from middle adolescence to
young adulthood (Zimmermann & Iwanski, 2014).
Together, these findings suggest that mood variabil-
ity may follow a curvilinear course across adoles-
cence; that is, increasing mood variability during
early to middle adolescence and decreasing mood
variability from middle to late adolescence.

Despite these theoretical explanations for an
expected curvilinear development of adolescent
mood variability, there is only one cross-sequential
study that has examined age differences in mood
variability (Larson, Moneta, Richards, & Wilson,
2002). In that study, 220 adolescents, who were 10
and 14 years old and who were reassessed 4 years
later, provided reports on their moods for several
times per day for 1 week on three bipolar scales
(i.e., scales that balance two opposite qualities, e.g.,
ranging from friendly to angry). However, contrary
to what would be expected based on the reviewed
literature, results indicated that mood variability, as
measured by the within-person standard deviation,
was higher at the reassessment than at baseline,
albeit only for females (Larson et al., 2002). The
authors concluded that mood variability actually
increased with age in adolescent females. However,
although standard deviations are widely used as an
index of mood variability or instability (e.g., Silk
et al., 2003), they do not cover temporal depen-
dency of changes (i.e., sequence of changes in time),
which are one central feature of the definition of
mood variability (see Method for further explana-
tion; see Ebner-Priemer, Eid, Kleindienst, Stabenow,
& Trull, 2009; Ebner-Priemer et al., 2007, for further
discussion). Moreover, by using bipolar items, the
authors did not examine developmental differences
in specific moods. For that reason, it is not clear
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whether the variabilities of different moods (e.g.,
happiness or sadness) might have different devel-
opmental courses in adolescence.

When studying the developmental trajectories of
mood variability across adolescence, it is important
to consider possible sex differences in their develop-
ment (i.e., their initial level and their rate of
change). This is because males and females seem to
differ in general on emotional reactivity and regula-
tion. For instance, studies indicate that early-adoles-
cent females show a higher physiological reactivity
to laboratory stressors (Gunnar, Wewerka, Frenn,
Long, & Griggs, 2009), are more emotionally reac-
tive to interpersonal events than males (Flook,
2011), and use more rumination compared to males
(Broderick, 1998; Silk et al., 2003), which have been
linked to more mood variability (Selby, Franklin,
Carson-Wong, & Rizvi, 2013; Silk et al., 2003). Stud-
ies that have directly compared adolescent males
and females on mood variability are sparse and
moreover predominantly cross-sectional, thereby
prohibiting testing for developmental differences.
These studies did, however, show the expected
higher levels of mood variability in females com-
pared to males (Silk et al., 2003; Stringaris & Good-
man, 2009; Weinstein, Mermelstein, Shiffman, &
Flay, 2008). The only longitudinal study on mood
variability development, as mentioned, found that
only females increased in mood variability, whereas
males stayed stable (Larson et al., 2002). Given the
limited empirical evidence, the goals of the present
study were to examine the developmental trajecto-
ries of variabilities of four basic moods, namely,
happiness, anger, sadness, and anxiety, in adoles-
cents from ages 13 to 18 years, while taking into
account possible sex differences in the level and
rate of change of these trajectories.

The Present Study

The present study addressed the development of
the variability of happiness, anger, sadness, and
anxiety in 474 adolescents followed from ages 13 to
18 years. On the basis of the reviewed literature,
we hypothesized that the variability of all moods
would show a curvilinear course across adoles-
cence, with an increase in early to middle adoles-
cence and a decrease in middle to late adolescence.
We also hypothesized sex differences, in that
females would experience generally higher levels of
mood variability across the studied period. Given
the limited empirical evidence, we did not form
specific hypotheses on whether this would be dif-
ferent for different moods.

Method

Participants

The sample for the present study was drawn
from the Research on Adolescent Development and
Relationships–young cohort study (RADAR–y). The
participants in this study were included by a two-
step inclusion phase. In Grade 6, 230 schools in the
Western and central parts of the Netherlands were
approached, specifically in the province of Utrecht,
and the cities of Amsterdam, Rotterdam, The
Hague, and Almere. Given that the RADAR study
has a focus on delinquency development, the first
inclusion phase aimed at oversampling adolescents
at risk for externalizing behavior. For that purpose,
teachers rated the adolescents’ externalizing behav-
ior using the externalizing scale of the Teacher’s
Report Form (TRF; Achenbach, 1991; Verhulst, van
der Ende, & Koot, 1997). Adolescents were labeled
as being at risk for externalizing problems, if they
received a T-score ≥ 60. Teachers’ ratings were
available on 5,150 children. Because the intensive
data collection required a good command of the
Dutch language, only adolescents of Dutch origin
were selected (N = 3,237). In the second phase of
the study, the families of the adolescents were
approached. Additional requirements for being in
the study were having both parents available and
presence of a sibling ≥ 10 years. Of this sample, 497
families could be approached, met the mentioned
inclusion criteria, agreed to participate, and pro-
vided written consent. This sample consisted of 291
target adolescents at average risk (165 males and
126 females) and 206 adolescents at high risk for
externalizing behavior (118 males and 88 females).

For the present study, adolescents were only
included if they had valid mood variability scores
for at least 1 week (see Procedure and Measures)
and valid data on the covariates (mood level,
socioeconomic status [SES], and risk status; see
Measures). The final sample of the present study
consisted of 474 (56.8% male) adolescents with a
mean age of 13.31 years (SD = 0.45) at the first
assessment. The majority of the sample had a med-
ium or high SES (90.1%) and 40.3% were at high
risk for externalizing behavior. Male and female
adolescents did not differ on age, t(472) = 1.33,
p = .19; SES, v2(1) = 3.10, p = .08; or risk status,
v2(1) = 0.09, p = .76.

Procedure

The medical ethical committee of the University
Medical Center Utrecht (Netherlands) approved the
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study. For the present study, the data were
collected over a period of 5 years using Internet
diaries. The data collection took place in the months
of June, September, and December in the years
2006 until 2010. Each year, adolescents were
approached for three Internet assessment weeks,
which were separated by approximately 3 months,
making a total of 15 Internet assessment weeks. On
5 consecutive days (i.e., Monday–Friday), adoles-
cents were asked to rate the intensity of their emo-
tions for that particular day for happiness, sadness,
anger, and anxiety. Adolescents were sent e-mail
invitations each day at 5:30 p.m. to remind them to
participate. For the data collection, adolescents had
to log on to the RADAR home page. In case adoles-
cents had not filled out the questionnaire, reminder
e-mails were sent 1.5 hr after the first e-mail invita-
tion. After an additional 1.5 hr, text messages were
sent and if adolescents did not respond, a member
of the research team tried to reach them by
phone. Adolescents received 10 euros (equivalent to
US $11) for each Internet assessment week.

Measures

Adolescent Mood Variability

On each day of the Internet assessment weeks,
adolescents were asked to complete the Daily Mood
Device, an Internet version of the Electronic Mood
Device (Hoeksma et al., 2000). Adolescents were
asked to rate the intensity of happiness, anger, sad-
ness, and anxiety for that particular Internet assess-
ment day. Each of these four mood states was
measured with three items. Happiness was mea-
sured using “glad,” “happy,” and “cheerful”; anger
was measured using “angry,” “cross,” and “short-
tempered”; sadness was measured using “sad,”
“down,” and “dreary”; and anxiety was measured
using “afraid,” “anxious,” and “worried.” The inten-
sity of these moods was rated on a 9-point Likert
scale (1 = not glad, sad, anxious . . . to 9 = glad, sad,
anxious . . .). For each mood, the three correspond-
ing items were summed, resulting in a total mood
score for the four emotions. Cronbach’s as ranged
from .86 to .96 for happiness, from .92 to .98 for sad-
ness, from .88 to .96 for anger, and from .73 to .94
for anxiety across the 5 years of assessment.

Given the extensive longitudinal data collection
and to ensure that our analyses would not be
biased by changes in response tendencies between
males and females or across time, we checked
whether our daily mood data were measurement
invariant across sex, days within weeks, and the

5-year period. There are four stages of measurement
invariance: configural invariance (equal factor struc-
ture), metric invariance (additional equal factor
loadings; similarity in unit of measurement), scalar
invariance (additional equal intercepts; common
starting point), and strict invariance (additional
equal residual variances). At least scalar invariance
needs to be established to justify comparisons of
scores across sex or time (Chen, Sousa, & West,
2005). The invariance testing was conducted sepa-
rately across (a) sex for each day, (b) days within
weeks (i.e., Monday–Friday), and (c) weeks across
years. Results showed that configural, metric, and
scalar invariance were established for sex across
days, while strict invariance was additionally estab-
lished for days within weeks and weeks across
years. Therefore, mean comparisons between males
and females are justified, daily scores within 1 week
can be aggregated to calculate mood variability and
level (see paragraph below), and differences
between different years can be reliably tested
(Maciejewski, Van Lier, Branje, Meeus, & Koot, 2015).

Using the daily mood measures, we calculated
mood variability scores. This was done separately
for each Internet assessment week and separately
for each of the four moods. For mood variability,
which represents the day-to-day fluctuation in ado-
lescent mood, we calculated the mean absolute suc-
cessive difference (Ebner-Priemer et al., 2007). This
index covers the amplitude (how intense changes
are), the frequency (how often changes occur), and
the temporal dependency of changes (sequence of
changes in time), which are central to the definition
of mood variability and which are, for instance, not
covered by other prominent measures (e.g., stan-
dard deviation; Ebner-Priemer et al., 2007). To illus-
trate, imagine participants had to rate their
happiness on a scale from 1 to 9 for 5 days a week.
One participant may rate his or her happiness 2, 3,
4, 6, 7 for the 5 days, whereas another person may
rate his or her happiness 2, 6, 3, 7, 4. Based on the
definition of mood variability (Larsen, 1987), the
second participant would be rated as someone with
higher mood variability, because the changes are
more frequent and extreme. However, using stan-
dard deviations, both participants would receive
the same score, whereas using mean absolute suc-
cessive differences, the second participant would
receive a higher score. Therefore, we calculated
mean absolute successive differences as an index of
mood variability.

For that purpose, we took the absolute differ-
ences of daily mood assessments between consecu-
tive days across the week. These differences were
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summed and then divided by the valid number of
difference scores per week (to control for missing
data). Therefore, we had 15 weekly mood variabil-
ity scores for each of the four moods with higher
values indicating higher variability (range = 0–24).
Mood variability scores were only calculated if
there were at least 4 assessment days within a week
or 3 assessment days in a row. For the analyses, we
used the mean of the 3 Internet assessment weeks
per year, so that there were five yearly mood vari-
ability scores, respectively, per adolescent mood
(i.e., happiness, anger, sadness, and anxiety vari-
ability scores for each of the 5 years).

Control Variables

Adolescent Mood Level

On the basis of the daily mood ratings, we also
calculated adolescent mood level (i.e., the average
emotional tone) by taking the mean of the daily
mood scores across the week. This is because
mood level and variability are highly correlated
(concurrent correlations ranging from �.39 to �.55
for happiness and from .41 to .64 for negative
moods, all ps < .001) and we wanted to eliminate
the possibility that sex differences in mood vari-
ability were confounded by differences in mood
level. Therefore, we included mood level as a
covariate for mood variability, which is a recom-
mended practice when testing for individual differ-
ences in mood variability (Ebner-Priemer et al.,
2009). Similar to mood variability, we used the
mean of the three Internet assessment weeks per
year for the analyses.

Risk Status

Given that the RADAR–y study oversampled
adolescents that were at risk for early externalizing
problems, we included risk status as a covariate in
our analysis. Adolescents were labeled as being at
risk for externalizing problems if they received a T
score ≥ 60 scoring on the TRF (Achenbach, 1991;
Verhulst et al., 1997) in Grade 6 (see Participants
for more information). Risk status was coded as a
binary variable (0 = not at risk, 1 = at risk).

Socioeconomic Status

Family SES was determined by the level of paren-
tal employment. Parents that were both unemployed
or held a low-skilled job (e.g., construction worker,
janitor, truck driver) were classified as having a low

SES. Families in which at least one of the parents’
occupations were classified as medium-skilled job
(e.g., police officer, physician’s assistant) or high-
skilled job (e.g., doctor, scientist, high school teach-
er) were classified as having a medium to high SES.
SES was coded as a binary variables (0 = low SES,
1 = medium to high SES).

Missing Data

Missing data in this study were inevitable
because of the relatively strict criterion of a mini-
mum of 4 days or 3 days in a row per week to be
able to construct mood level and variability scores.
In total, 5,398 valid mood variability scores were
provided by 474 adolescents, meaning that 24.1% of
mood variability scores were missing across all ado-
lescents and assessment weeks. The mean of valid
Internet assessment weeks (i.e., weeks that had suf-
ficient data to calculate variability scores) was 11.39
(SD = 4.08, range = 1–15) per adolescent. The
majority of adolescents (70.9%) had at least one
valid weekly mood variability score for each of the
5 years. Adolescents that had valid data on 4 or
fewer years available were significantly more likely
to belong to the high-risk group, v2(1) = 12.85,
p < .001, and to have a low SES, v2(1) = 9.93,
p < .01, compared to adolescents that had valid
data for all 5 years. However, both groups did not
differ from each other regarding sex, v2(1) = 1.86,
p = .17, and mood variability and level scores in
Year 1 for all of the four emotions (all ps > .40).

Statistical Analyses

In order to answer our research questions con-
cerning the development of adolescent mood vari-
ability across ages 13–18, we fitted latent growth
models (LGM) using Mplus version 6.0 (Muth�en &
Muth�en, 1998–2012). In LGM, the developmental
trajectories are captured by latent growth factors:
the intercept, which refers to the mean initial level
of mood variability, and by linear and possibly
quadratic and cubic slope factors, which refer to the
(curvilinear) change in mood variability over time.
We used maximum likelihood estimation with
robust standard errors to account for non-normal
distributions and missing data. Fit of the models to
the data was evaluated by multiple fit indices: the
comparative fit index (CFI), the Tucker–Lewis fit
index (TLI), the root mean square error of approxi-
mation (RMSEA), and the standardized root mean
square residual (SRMR). Hu and Bentler (1999) rec-
ommend cutoff values of a value > .95 for CFI and
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TLI, < 0.06 for RMSEA, and < 0.08 for SRMR to
indicate a good fitting model. However, others
have warned against overgeneralizing these rules
(Cheung & Rensvold, 2002; Marsh, Hau, & Wen,
2004). Generally, values > 0.90 for CFI and TLI and
values of < 0.10 for RMSEA and SRMR are deemed
acceptable (e.g., Bollen & Curran, 2006).

Based on our research questions, analyses were
performed according to the following plan. First,
we determined the growth curve that best
described the developmental trajectories for each of
the four mood variability measures (i.e., variability
of happiness, anger, sadness, and anxiety). Addi-
tional slope growth factors were included when
their means and/or variances were significant (i.e.,
when there was evidence that including an addi-
tional slope factor would lead to a better descrip-
tion of the developmental trajectory), resulting in a
better fitting model. Second, after having deter-
mined the growth models that best described the
developmental trajectories, we regressed the growth
factors (i.e., intercept and slopes) on adolescent sex
to test for mean differences in growth parameters
between males and females. In this model, we con-
trolled for average affect by including the associ-
ated mood level as a time-varying covariate for
mood variability (e.g., happiness level for happiness
variability). Moreover, we controlled for SES and
risk status by regressing the intercepts and slopes
on them.

Results

Descriptive Statistics

Means and standard deviations of the mood vari-
ability outcome measures can be found in Table 1.
Compared to males, females showed more happi-
ness and anxiety variability on most occasions and
more sadness variability on all occasions. In con-
trast, females and males did not differ in anger vari-
ability at any assessment. Correlations between the
mood variability measures can be found in Table 2,
indicating that all measures were significantly asso-
ciated with each other. Moreover, the stability coeffi-
cients, which are the correlations of the same
measure between two adjacent time points and
which refer to the extent to which individuals keep
their relative place across time compared to others,
indicated moderate stability, ranging from .34 to .56,
all ps < .001. When comparing the stability coeffi-
cients over time (Cohen & Cohen, 1983; Preacher,
2002), results indicated that the stability for happi-
ness, anger, and sadness variability was significantly T
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greater in later than in earlier adolescence, whereas
it was significantly lower for anxiety variability in
later than earlier adolescence (see Table 3).

Developmental Trajectories of Adolescent Mood
Variability

The model selection process revealed that anger
and sadness variability were best described by a
linear curve, happiness variability by a quadratic
curve, and anxiety variability by a cubic curve.
Table 4 shows the model fit indices as well as the
means and variances of the growth parameters of

the final unconditional models (i.e., the models
without covariates). We had to constrain the highly
insignificant variance of the cubic slope to zero
(p = .98) in the final anxiety variability model to
allow the model to run due to problems with the
latent variable covariance (PSI) matrix. Although
the value of the TLI is just below acceptable limits
(i.e., TLI = 0.89), all other fit indices point toward
an acceptable fit.

The developmental courses of mood variability
for happiness, anger, sadness, and anxiety are
depicted in Figure 1. As can be seen from the
figure, happiness, anger, and sadness variability
declined linearly across adolescence. Although a
quadratic model fitted best for the happiness vari-
ability data, the mean of the quadratic slope was
not significant in the happiness variability model;
only the variance was. This indicates that ‘overall’
adolescents showed a linear decline in happiness
variability. However, the significant variance esti-
mate of the quadratic growth term suggests indi-
vidual differences in the deceleration or acceleration
of the decline of happiness variability. Anxiety vari-
ability showed an initial increase in early adoles-
cence, then a decrease in middle adolescence,
followed by a slight increase toward the end of
adolescence, almost returning to the score adoles-
cents had when entering adolescence.

Table 2
Correlations Among Mood Variability Measures for Happiness, Anger, Sadness, and Anxiety

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

1. Happiness variability Y1
2. Happiness variability Y2 .39
3. Happiness variability Y3 .35 .53
4. Happiness variability Y4 .28 .48 .55
5. Happiness variability Y5 .22 .34 .39 .56
6. Anger variability Y1 .54 .30 .31 .25 .17**
7. Anger variability Y2 .27 .58 .28 .29 .19 .34
8. Anger variability Y3 .19 .38 .56 .34 .28 .35 .45
9. Anger variability Y4 .18 .33 .40 .56 .26 .31 .38 .49

10. Anger variability Y5 .16** .29 .24 .31 .46 .30 .28 .43 .48
11. Sadness variability Y1 .67 .26 .26 .25 .22 .59 .29 .22 .24 .28
12. Sadness variability Y2 .38 .62 .42 .42 .29 .36 .66 .39 .48 .35 .46
13. Sadness variability Y3 .18 .34 .49 .28 .28 .24 .32 .60 .39 .32 .28 .45
14. Sadness variability Y4 .24 .35 .34 .52 .33 .28 .33 .36 .63 .41 .36 .53 .43
15. Sadness variability Y5 .18 .34 .27 .38 .54 .25 .28 .34 .40 .69 .26 .39 .40 .55
16. Anxiety variability Y1 .56 .22 .17 .14** .13* .55 .31 .19 .20 .25 .75 .39 .25 .29 .25
17. Anxiety variability Y2 .38 .54 .35 .37 .29 .38 .68 .43 .45 .35 .48 .80 .47 .50 .38 .50
18. Anxiety variability Y3 .27 .37 .46 .29 .27 .26 .34 .57 .41 .29 .32 .42 .72 .46 .34 .28 .55
19. Anxiety variability Y4 .26 .35 .35 .43 .31 .28 .36 .40 .61 .33 .38 .51 .47 .75 .39 .35 .54 .53
20. Anxiety variability Y5 .23 .35 .24 .25 .48 .19 .26 .31 .35 .62 .26 .39 .35 .44 .74 .26 .41 .42 .43

Note. Y = year. All correlations are significant at p ≤ .001, except the ones marked with an asterisk.
*p < .05. **p < .01.

Table 3
Rank-Order Stability for Happiness, Anger, Sadness, and Anxiety

Y1–Y2 Y2–Y3 Y3–Y4 T4–Y5

Happiness variability 0.39a 0.53b 0.55b 0.56b
Anger variability 0.34a 0.45 0.49b 0.48b
Sadness variability 0.46 0.45 0.43a 0.55b
Anxiety variability 0.50 0.55a 0.53 0.43b

Note. All correlations are significant at p < .001. Correlations with
different subscripts within rows indicate that rank-order stabili-
ties are significantly different from each other at p < .05. Com-
parisons are based on the difference test for independent
correlation coefficients (Cohen & Cohen, 1983; Preacher, 2002).
Y = year.
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Table 4
Results of Unconditional Latent Growth Curve Analyses of Study Variables

Model fit indices Intercept Linear slope Quadratic slope Cubic slope

v2 df CFI TLI RMSEA SRMR M Variance M Variance M Variance M Variance

Happiness
variability

2.98 6 1.00 1.00 0.00 0.02 2.93*** 1.67*** �0.20* 1.02 0.01 0.07*

Anger
variability

10.96 10 1.00 1.00 0.01 0.04 2.66*** 1.95*** �0.19*** 0.09*

Sadness
variability

25.49 10 0.93 0.93 0.06 0.07 2.11*** 2.64*** �0.10** 0.15**

Anxiety
variability

20.89 5 0.94 0.89 0.08 0.05 1.90*** 2.32*** 0.37* 1.18* �0.28** 0.04 0.05** 0a

Note. Table displays unstandardized coefficients. CFI = comparative fit index; TLI = Tucker–Lewis fit index; RMSEA = root mean
square error of approximation; SRMR = standardized root mean square residual.
aThe highly insignificant variance of the cubic slope (p = .98) was constrained to zero, because of problems with the latent variable
covariance (PSI) matrix.
*p < .05. **p < .01. ***p < .001.

Figure 1. Developmental trajectories of mood variability across adolescence (possible range of mood variability scores = 0–24).
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Sex Differences in Developmental Trajectories

To test for sex differences in the developmental
trajectories of mood variability, the growth parame-
ters were regressed on adolescent sex while control-
ling for effects of mood level, SES, and risk status.
The results of these conditional models can be
found in Table 5. Specifically, the table shows the
influence of the time-varying covariate mood level

on mood variability at each time point as well as
the effects of the time-invariant covariates (i.e., SES
and risk status) and sex on the growth parameters
(i.e., intercepts and slopes). Analyses showed that
mood level was significantly associated with mood
variability for all moods and all time points,
whereas risk and SES did not have a significant
influence on any growth parameter (all ps > .05).
Analyses of the influence of sex on the growth

Table 5
Model Fit Indices of Conditional Growth Models As Well As Effects of Time-Varying Covariates (i.e., Mood Level) on Mood Variability and Time-
Invariant Covariates (i.e., SES and Risk Status) and Adolescent Sex on Growth Parameters

Model fit indices

v2 df CFI TLI RMSEA SRMR

Happiness variability 40.69 32 0.99 0.98 0.02 0.03
Anger variability 62.71 39 0.96 0.94 0.04 0.03
Sadness variability 49.48 39 0.98 0.98 0.02 0.03
Anxiety variability 37.51 28 0.98 0.97 0.03 0.03

Time-varying covariates

Happiness variability Anger variability Sadness variability Anxiety variability

B SE B SE B SE B SE

Mood level
ML1 ? MV1 �0.29*** 0.02 0.36*** 0.04 0.43*** 0.05 0.33*** 0.03
ML2 ? MV2 �0.26*** 0.02 0.33*** 0.03 0.36*** 0.03 0.28*** 0.03
ML3 ? MV3 �0.23*** 0.02 0.28*** 0.03 0.29*** 0.03 0.22*** 0.02
ML4 ? MV4 �0.20*** 0.02 0.27*** 0.03 0.27*** 0.03 0.20*** 0.02
ML5 ? MV5 �0.18*** 0.02 0.23*** 0.03 0.24*** 0.03 0.18*** 0.03

Time-invariant covariates

Intercept Linear slope Quadratic slope Cubic slope

B SE B SE B SE B SE

SES
Happiness variability 0.18 0.28 �0.01 0.29 �0.00 0.07
Anger variability 0.26 0.27 0.03 0.09
Sadness variability 0.40 0.26 �0.07 0.12
Anxiety variability 0.53 0.28 �0.17 0.58 �0.02 0.38 0.01 0.06

Risk status
Happiness variability 0.16 0.16 0.20 0.19 �0.05 0.04
Anger variability 0.30 0.16 �0.06 0.06
Sadness variability 0.08 0.15 0.04 0.06
Anxiety variability 0.19 0.13 0.16 0.30 �0.17 0.19 0.03 0.03

Sex
Happiness variability 0.42** 0.16 �0.05 0.17 0.00 0.04
Anger variability 0.08 0.14 �0.02 0.05
Sadness variability 0.45** 0.15 �0.02 0.06
Anxiety variability 0.21 0.13 0.12 0.29 �0.08 0.18 0.01 0.03

Note. Table displays unstandardized coefficients. Mood variability was always regressed on its associated mood level score (e.g., happi-
ness variability Year 1 was regressed on happiness level Year 1). SES was coded 0 = medium to high, 1 = low; risk was coded 0 = average,
1 = high; and sex was coded 0 = male, 1 = female. CFI = comparative fit index; TLI = Tucker–Lewis fit index; RMSEA = root mean
square error of approximation; SRMR = standardized root mean square residual; ML = mood level; MV = mood variability; SES =
socioeconomic status.
**p < .01. ***p < .001.

1916 Maciejewski, van Lier, Branje, Meeus, and Koot



parameters indicated no differences between males
and females concerning anger and anxiety variabil-
ity. However, females had a higher intercept in
happiness and sadness variability. Males and
females did not differ on slopes of any of the vari-
ability parameters, implying that the sex differences
in mood variability stayed stable across adoles-
cence.

Discussion

The present study examined the developmental tra-
jectories of variabilities of happiness, anger, sad-
ness, and anxiety in 474 adolescents that rated their
daily moods using Internet diaries from ages 13 to
18 years. Overall, happiness, anger, and anxiety
variability decreased linearly across adolescence,
whereas anxiety variability showed a waxing and
waning course. Moreover, results showed that
males and females experienced similar changes
with regard to mood variability across adolescence,
while females generally showed higher happiness
and sadness variability.

Developmental Trajectories of Mood Variability

The results on the developmental trajectories of
mood variability were in part contrasting our
hypotheses, in which we predicted initial increases
toward middle adolescence, followed by decreases
toward late adolescence. In particular, we found a
linear decline for happiness, sadness, and anger
variability—the fluctuations in these moods were
most pronounced in early adolescence, but became
gradually less intense toward late adolescence—
suggesting that mood became more stable overall.
It might be that an increase in mood variability
took place before age 13 for these moods (i.e.,
before our study started), for instance, when
adolescents entered puberty. The results on anxiety
variability are more consistent with our hypothesis.
Specifically, anxiety variability was best character-
ized by a waxing and waning—an initial increase,
then decrease, and then increase again by the end
of adolescence. Although the slight increase toward
late adolescence is in contrast to our hypothesis, it
might be explained by the transition toward adult-
hood. This includes that individuals have to
become financially independent, make their own
decisions, and accept responsibility for themselves
(Arnett, 2000). This might involve stress or
uncertainty, therefore leading to increases in anxiety
variability.

The results on mood variability contrast with the
—to the best of our knowledge—only study that
has examined the development of mood variability
(Larson et al., 2002) and that found that females
experienced more mood variability with increasing
age, whereas males did not change. However, there
are several differences between the present study
and the study by Larson et al. (2002) that might
account for the different results. First, Larson et al.
merged positive and negative affect by using
bipolar items (e.g., using items with response
options friendly—angry), whereas we examined
different emotions separately. Second, the opera-
tionalization of mood variability was different.
Specifically, while Larson et al. used standard devi-
ations to calculate mood variability, we used mean
absolute successive differences. Third, Larson et al.
examined within-day mood variability, whereas our
study examined within-week variability. All these
factors might contribute to the different results.

The present study adds to the current literature,
because it was the first study that examined the
longitudinal development of mood variability of
different moods across a prolonged developmental
span. Importantly, measurement invariance across
time was established for the daily mood data, cor-
roborating that the results are true developmental
changes and not, for instance, changes in response
tendencies. It is important to note that there was
considerable interindividual variability in the
intraindividual variability (i.e., the changes in mood
variability across time), which can be seen by both
the significant variances of the growth parameters
and the only moderate rank-order stability. This
indicates that the development is not necessarily
universal for all adolescents. The significant vari-
ances of the intercepts and slopes in the growth
curves (i.e., the deviations of the individual curves
from the overall curve) suggest that not all adoles-
cents start at the same mood variability initial level
and some adolescents decline more steeply, whereas
others decline less steeply compared to other adoles-
cents. Similarly, the rank-order stability (i.e., the cor-
relations between two adjacent time points) was
only moderate and only increased slightly for happi-
ness, anger, and sadness. This indicates that the
relative position of an adolescent compared to others
can still change over time (e.g., an adolescent with
high mood variability at one time point does not
necessarily also experience high mood variability at
another time point compared to others). It might be
that interindividual differences become more stable
in adulthood, as is, for instance, the case with
personality variables (Roberts & DelVecchio, 2000).
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The development of mood variability, as indi-
cated by the growth of the trajectories, seemed to
be fairly similar for both sexes. Although the rate of
change did not differ between males and females,
there were sex differences in initial levels of mood
variability. Specifically, females showed higher hap-
piness and sadness variability, which persisted
across the whole period of adolescence. These
results are, for instance, consistent with a study that
examined the relation between interpersonal family
and friend events and mood in adolescents. It was
found that adolescent females did not only show
higher negative and lower positive moods in
response to negative events, but also higher posi-
tive and lower negative moods in response to posi-
tive events than males (Flook, 2011). Importantly,
we controlled for adolescent mood level in our
analyses (Ebner-Priemer et al., 2009), implying that
the sex differences in happiness and sadness vari-
ability were not explained by differences in individ-
ual mean scores.

Interestingly, we did not find that risk for exter-
nalizing behavior was related to mood variability,
despite the fact that emotional dysregulation is a
central factor in externalizing problems (Beau-
chaine, Gatzke-Kopp, & Mead, 2007; Mullin &
Hinshaw, 2007) and studies have found that higher
mood variability is associated with more externaliz-
ing problems (Silk et al., 2003; Stringaris & Good-
man, 2009). However, in the present study we
controlled for individual differences in mood level
and a study using the present sample has shown
that when simultaneously testing for mood level
and variability, only mood level, but not variability
was associated with aggressive behavior (Neumann
et al., 2011). Therefore, externalizing problems seem
to be related to consistently high levels of negative
moods rather than highly unstable moods.

Limitations

The results of this study need to be seen in light
of several limitations, some of which were already
mentioned (e.g., that data collection might have
started too late). Moreover, our sample consisted of
mostly middle- to high-class, Dutch adolescents
and adolescents that were at risk for externalizing
behavior problems at age 12 were oversampled.
Therefore, caution should be exerted when general-
izing the results. However, it should be noted that
we controlled for SES and risk status in our analy-
ses and that they did not have a significant influ-
ence on the growth parameters of mood variability.
Moreover, please note that although we tested for

sex differences in intercepts and slopes, due to
power issues we did not run the models for males
and females separately in order to investigate
whether the shape itself differed (e.g., whether
males followed a quadratic shape, whereas females
followed a linear trajectory).

Finally, adolescent mood was only sampled once
per day and not multiple times per day. It has been
argued that recall biases may even occur at a very
short time frame and that it may be difficult for
study participants to summarize their moods for
1 day, especially because moods are very dynamic
(Shiffman, Stone, & Hufford, 2008). However, a
recent study compared the relation between happi-
ness variability and well-being for variability scores
measured at different time scales (Gruber et al.,
2013). The authors compared reports that were
made multiple times per day using a day recon-
struction method (microlevel variability) with
reports that were made once per day across 2 weeks
(macrolevel variability). Results showed that for
both micro- and macrolevel variability, heightened
happiness variability was related to worse well-being,
suggesting that associations were consistent across
the two different time frames. Nevertheless, present
results should be replicated with more fine-grained
measures of mood variability.

Implications and Conclusions

The present study suggests that adolescents
experience significant normative changes in mood
variability across adolescence. Specifically, tempo-
rary unstable moods seem to be part of early ado-
lescence. However, over the course of adolescence,
intense and frequent mood swings decline. Only
anxiety seems to become more unstable again
toward late adolescence, possibly due to responsi-
bilities that are associated with young adulthood
(Arnett, 2000). Importantly, the development of
mood variability seems to be more or less similar
for males and females.

Our results have directions for future research.
Specifically, there was a lot of variation in the
developmental trajectories. Therefore, studying
factors that explain these individual differences or
distinguish subpopulations with specific mood
variability trajectories seems warranted. For
instance, it might be that some adolescents do not
show a decline in mood variability, a pattern that is
likely linked to more psychopathology (Gruber
et al., 2013; Larson, Raffaelli, Richards, Ham, &
Jewell, 1990; Maciejewski et al., 2014; Neumann
et al., 2011; Silk et al., 2003, 2011; Stringaris &
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Goodman, 2009). Moreover, data from the present
study cannot explain why adolescent mood variabil-
ity changed. Specifically, it is unclear whether
mood variability declined because new equilibriums
were reached in biological and environmental
domains or because adolescents learned to adapt to
the biological and environmental changes by
increasing their emotion regulation capacities or
both. Future research might therefore study which
factors affect the development of mood variability.

The present study was only the beginning in the
study of adolescent mood variability development.
Although there are many stereotypes about how
adolescents’ subjective emotional experiences
develop during adolescence (Arnett, 1999; Hall,
1904), this was the first longitudinal study that has
actually examined the development of adolescent
mood variability for different moods. Hopefully this
study will stimulate more research, because
although the current study was based on strong
data, our results need replication. Moreover, subjec-
tive experiences of mood are only one facet of emo-
tional development. Therefore, future research
should study adolescent mood variability in concert
with environmental, biological, and psychophysio-
logical measures in order to receive a clear and inte-
grated picture on how adolescents develop and
manage to deal with the transition from childhood
to adulthood.
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