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Abstract

Self-regulation is an essential ability of children to cope with various developmental challenges. This study examines the developmental
interplay between emotional and behavioral self-regulation during childhood and the relationship with academic achievement using data
from the longitudinal Millennium Cohort Study (UK). Using cross-lagged panel analyses, we found that emotional and behavioral self-
regulation were separate and stable constructs. In addition, both emotional and behavioral self-regulation had positive cross-lagged effects
from ages 3 to 7. At an early developmental stage (ages 3 to 5), emotional regulation affected behavioral regulation more strongly than later
developmental stages. However, the difference between the reciprocal effects was small from ages 5 to 7. Moreover, behavioral regulation
during the third year of primary education (age 7) had a substantial and positive effect on teachers’ evaluations of educational achievement
during the last year of primary school (age I1). In contrast, emotional self-regulation only had a small indirect and positive effect via
behavioral self-regulation. The current study suggests the structure of self-regulation was multidimensional and its facets are mutually
dependent in the child’s development. In order to gain a complete picture of the development of self-regulation and its effect on

educational achievement, the facets emotional and behavioral regulation should both be studied in concert.
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Self-regulation is the ability of individuals to adjust their cognition,
emotion, and behavior in order to meet both intrinsic and extrinsic
demands (McClelland, Ponitz, Messersmith, & Tominey, 2010). The
acquisition of these regulatory skills is an important developmental
construct over the lifespan, especially with regard to early childhood
(Blair & Diamond, 2008) and academic achievement (Blair, 2002;
Gestsdottir et al., 2014; Valiente, Lemery-Chalfant, & Swanson,
2010). A plethora of factors influence self-regulation, including neu-
rophysiological maturation, parenting, and peer socialization.
Accordingly, numerous studies examining the development of beha-
vioral and emotional self-regulation during childhood have focused on
external social aspects, most prominently parenting styles (Eisenberg,
Chang, Ma, & Huang, 2009). Although external social variables are
important to the development of self-regulation, children can have
their own agency in the sense that the development of one facet of
self-regulation might enhance the development of other facets
(Cicchetti & Tucker, 1994; Demetriou, 2000). However, little is known
about the internal structure of self-regulation and its development
over time. The present study investigated the relationship between
emotional and behavioral self-regulation across childhood as well
as quantified the effect of these constructs on academic achievement
using data from the Millennium Cohort Study (MCS, UK).

Emotional and Behavioral Self-regulation

Researchers conceptualize self-regulation and its facets differently.
The operationalization of emotional regulation in the present study
is in line with Thomson’s (1994, p. 27) definition of “monitoring,

evaluating, and modifying emotional reactions, especially their
intensive and temporal features, to accomplish one’s goal.” Roth-
bart and Bates (2006) further differentiated between the activation
(emotionality) and the regulation component of emotion (emotional
regulation). However, Cole, Martin, and Dennis (2004, p. 319)
argued that it is difficult to distinguish between emotionality and
emotional regulation because emotion is “inherently regulatory.”
Behavioral regulation is understood as the ability to monitor atten-
tion and inhibit behavior in favor of goal achievement (Blair, 2002;
McClelland et al., 2010). This conceptualization of behavioral reg-
ulation, which we used in the present context, is closely related to
effortful control, which is defined as “the efficiency of executive
attention, including the ability to inhibit a dominant response and/or
to activate a subdominant response, to plan, and to detect errors”
(Rothbart & Bates, 2006, p. 129). Self-regulation researchers who
focus on cognitive development frequently use the term executive
function as a set of cognitive skills to deliberately manage thought
and action (Blair, 2002; Jacob & Parkinson, 2015; McClelland
et al., 2007). In connection with the cognitive aspect of executive
function, a third component of self-regulation can be defined:
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Table I. Testing for Longitudinal Measurement Invariance with Continuous
and Categorical Data.

Continuous Factor Residual Factor
variables Loadings  Intercepts Variances  Means
Configural invariance * * * Fixed at 0
Weak invariance Fixed * * Fixed at 0
Strong invariance Fixed Fixed * Fixed at O/*
Strict invariance Fixed Fixed Fixed Fixed at O/*
Categorical variables Factor Thresholds Residual Factor
loadings variances means
Configural invariance  (* *) Fixedat |  Fixed at 0
Strong invariance (Fixed Fixed) Fixed at |/* Fixed at 0/*
Strict invariance (Fixed Fixed) Fixed at |  Fixed at 0/*

Note. The asterisk (¥) indicates that the parameter is freely estimated. Fixed =
the parameter is fixed to equity over time points; Fixed at | = the residual
variances are fixed to | at all time points; Fixed at 0 = factor means are fixed
at 0 at all time points. Fixed at 0/* = factor means are fixed at 0 at the first time
point and freely estimated at the other time points. Fixed at |/* = the residual
variances are fixed to | at the first time point and freely estimated at the other
time points. Parameters in parentheses need to be varied in tandem.

metacognition, which reflects the knowledge about cognition and
its regulation (Flavell, 1979).

Structure of Self-regulation

In the self-regulation literature, two major competing theories con-
cern the structure of self-regulation (Cicchetti & Tucker, 1994;
Muraven & Baumeister, 2000). The first theory assumes that self-
regulation is a domain-general ability without clear differentiation
between components such as emotional and behavioral self-
regulation (Berkman, Graham, & Fisher, 2012; Kopp, 1982;
Muraven & Baumeister, 2000). From this perspective, ““similar
processes are common across all domains of self-regulation”
(Heatherton, 2011, p. 379), and self-regulation is considered as a
limited resource shared across the behavioral, emotional, and cog-
nitive domains (Berkman, Graham, & Fisher, 2012; Muraven &
Baumeister, 2000). A longitudinal study conducted among 646
children from age 4 to 12 by Raffaelli, Crockett, and Shen (2005)
has supported this argument empirically, leading to the conclusion
that a single factor is parsimonious and sufficient. However, the
reported model fits (see Table 1, p. 65) essentially suggested multi-
dimensionality except for the first time point (age 4 or 5). Their
notion of uni-dimensionality is based on the high factor correlations
between emotional, behavioral, and self-regulation, but the direct
model comparisons clearly advocate for multidimensionality. In the
second more prominent theory, self-regulation is conceptualized as
a multidimensional construct that is composed of emotional, beha-
vioral, and cognitive self-regulation with specific developmental
trajectories (Cicchetti & Tucker, 1994; McClelland et al., 2010;
Schields, Cicchetti, & Ryan, 1994). More precisely, “emotional
and behavioral regulatory processes, although interrelated, may
be expressions of developmentally distinct systems” (Schields
et al., 1994, p. 61). Related to this view, Hammer, Melhuish, and
Howard (2015) tested whether the cognitive, emotional, and beha-
vioral facets of self-regulation are developmentally unified or sepa-
rated constructs across two cohorts (from birth: » = 5,107; from
kindergarten: n = 4,981). Their results supported the perspective
that facets are related but distinct self-regulatory systems.

Similarly, cross-sectional studies have replicated the multidimen-
sional structure of self-regulation (Kalpidou, Power, Cherry, &
Gottfried, 2004; Schields et al., 1994). The notion that the structure
of self-regulation may vary with age also exists. In line with the
functional specialization of the neural system and the adaptation of
the child to a changing environment, self-regulation might become
more differentiated throughout development (Johnson, 2011).
Research on self-regulation focusing on executive functioning con-
sistently finds support for age-related differentiation processes
(Zelazo & Carlson, 2012).

Developmental Interplay between
Emotional and Behavioral Regulation

Assuming that self-regulation is a multidimensional construct,
developmental theories have hypothesized that a developmental
interplay exists between emotional and behavioral regulation
within the child (Campos, Frankel, & Camras, 2004; Cicchetti &
Tucker, 1994). From a neurobiological perspective (Blair, 2002;
Blair & Diamond, 2008), a reciprocal effect is created based on the
neural interconnectivity between the different brain areas associ-
ated with emotional (the amygdala in the limbic system) and beha-
vioral (prefrontal cortex) regulation. Given the high neural
plasticity that exists during early childhood, experience also shapes
this neural connection (Blair, 2002; Cicchetti & Toth, 1998).
Children who are more able to regulate their behavioral repertoire
should also be more able to regulate their emotions more flexibly
and efficiently (Campos et al., 2004; Carver & Scheier, 2012;
Eisenberg & Spinrad, 2004). With respect to the strength and the
direction of effects between the components of the self-regulatory
system, Blair (2002) indicated that the development of emotional
regulation might have a stronger effect on behavioral regulation
than the effect behavioral regulation has on emotional regulation.
Although Blair (2002, p. 114) has not specified the causal relation-
ship between emotional and behavioral self-regulation (i.e., the
regulation of attention and behavioral inhibition) in detail,
he emphasized that “the developmental maturational primacy of
the limbic structures associated with emotion” (p. 114) is crucial
for behavioral self-regulation. To our knowledge, no sound empiri-
cal evidence exists regarding the direction of the effects between
emotional and behavioral regulation. As a consequence, it seems
promising to study emotional and behavioral self-regulation pro-
cesses in concert in order to examine the structural stability and
reciprocal effects over time (Schields et al., 1994) as well as the
directionality of their relationship.

Stability of Emotional and Behavioral Regulation

Although self-regulation is a relatively stable construct, children’s
self-regulatory skills develop from infantile self-soothing behaviors
to toddlerhood reorienting and compliance. In later years, these
behaviors include preschoolers’ increments in the delay of gratifi-
cation and the continued advancement of these skills and abilities
(Kopp, 1982). Empirical evidence indicates that individual differ-
ences in self-regulation become fairly stable after the first year of
life (Eisenberg, Spinrad, & Eggum, 2010). For instance, Murphy,
Eisenberg, Fabes, Shepard, and Guthrie (1999) followed children
from ages 4 to 12 to examine the stability of their individual dif-
ferences in self-regulation. They found correlations ranging from
.54 to .78 for parental reports of negative emotionality and from
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.69 to .71 for positive emotionality at a manifest level at different
time points. Similarly, Raffaelli et al. (2005) showed that parental
reports of their children’s emotional and behavioral regulation were
fairly stable from early childhood to early adolescence. In sum-
mary, although different operationalizations of self-regulation and
disparate methodological approaches have been used, the high sta-
bility of the facets of self-regulation is well established. Neverthe-
less, a growing body of literature has addressed the malleability (to
some degree) of self-regulatory skills depending on the personal
characteristics such as a critical period that can individually vary,
the initial self-regulatory ability, or the family background of the
child (Blair, 2016; Schmitt, McClelland, Tominey, & Acock,
2015). From a theoretical perspective, the change can be epigen-
etically attributed to the neural connectivity plasticity in response to
experience (Blair, 2002; Blair & Diamond, 2008).

Emotional and Behavioral Self-regulation
and Academic Achievement

Self-regulation is positively associated with academic achievement
because it helps children to focus, monitor, and control their learn-
ing activities, follow classroom instructions, and solve academic
problems (Blair, 2002; McClelland et al., 2007; Valiente et al.,
2010). The association between the early development of beha-
vioral regulation and later academic achievement has been demon-
strated several times, even for different educational systems
(Gestsdottir et al., 2014; McClelland et al., 2007). In addition,
emotional regulation is positively associated with academic
achievement in the sense that it promotes maintaining an optimal
emotional arousal level that is needed for learning (Blair, 2002; Ng,
Tamis-LeMonda, Yoshikawa, & Sze, 2015). Furthermore, the
development of emotional regulation can also affect academic
achievement through behavioral regulation. For instance, Howse,
Calkins, Anastopoulos, Keane, and Shelton (2003) examined how
behavioral regulation mediates the relationship between emo-
tional regulation and academic achievement in a longitudinal
study and found that children with efficacious emotional regula-
tion abilities had higher achievement scores. However, this rela-
tionship was mediated by behavioral regulation ability among
children in kindergarten. In addition, a body of literature suggests
that other mediators such as student—child relationship, class par-
ticipation, and school liking exist (Diaz et al., 2015; Valiente,
Lemery-Chalfant, & Castro, 2007; Valiente, Lemery-Chalfant,
Swanson, & Reiser, 2008).

Despite the substantive body of literature linking self-regulation
to academic achievement, this does not imply any causal relation-
ship. In their meta-analysis, Jacob and Parkinson (2015, p. 530)
concluded that there is ““no compelling evidence that these associa-
tions are causal,” because only a few studies have controlled for the
child’s family background or general cognitive ability. They also
argue that intervention studies often include activities that improve
both self-regulation and academic achievement; thus, the associa-
tions between self-regulation and academic achievement are not
necessarily causal. This criticism is amplified by the fact that socio-
economic status (SES) is also positively associated with self-
regulation (Lengua et al., 2015; Raver, Blair, Willoughby, &
Family Life Project Key Investigators, 2013) and academic
achievement (Lengua et al., 2015). SES affects child development,
particularly self-regulation and academic achievement, through the
material and psychosocial context of the family. Thus, SES affects

the quality of stimulation, care, and academic support given to
children. In families with low SES, the poverty might induce stres-
sors and hamper stable social relationships (e.g., frequent moves),
which finally could affect the neural connectivity in the child’s
brain (Blair & Raver, 2012). As a consequence, Valiente and col-
leagues (2008) have suggested the importance of including SES in
studies focusing on the relationship between self-regulatory ability
and academic achievement.

The Present Study

Conflicting theories and mixed empirical results exist regarding the
structure of self-regulation. Although the majority of studies have
advocated a multidimensional perspective (McClelland et al., 2010;
Schields et al., 1994), the uni- vs. multidimensional perspectives
have not been thoroughly tested within the context of a longitudinal
study. Therefore, we first examined the internal structure of self-
regulation (i.e., a uni- vs. two-dimensional model). Because the
latter model best describes the data, we investigated a) the stability
within the facets (i.e., behavioral regulation and emotional regula-
tion) and b) the development of effects across the facets throughout
childhood via a cross-lagged panel analyses. Finally, we predicted
academic achievement at the end of primary education (as mea-
sured via teacher evaluations) using emotional and behavioral reg-
ulation in childhood. We assumed that behavioral regulation
enhances academic achievement because monitoring attention and
engagement is crucial for knowledge and skill acquisition, whereas
emotional regulation only indirectly fosters academic achievement
through behavioral regulation.

Within the framework of structural equation modeling (SEM), a
cross-lagged panel analysis was specified using three measurement
time points (ages 3, 5, and 7). Cross-lagged model analysis is espe-
cially useful when investigating the developmental interplay
between constructs (Selig & Little, 2012). Prior to examining the
stability and cross-facet effects, we checked for the measurement
invariance of emotional and behavioral self-regulation using a long-
itudinal confirmatory factor analysis, this procedure is important
for making valid statements across time points. Only strong mea-
surement invariance enables us to attribute potential changes to
theoretical constructs and not methodological artifacts (Little,
Preacher, Selig, & Card, 2007; Selig & Little, 2012). In addition,
academic achievement at the end of primary education (age 11) was
predicted using emotional and behavioral self-regulation (age 7).
Moreover, the mediation of behavioral regulation at age 7 was
analyzed. All analyses were conducted twice: with and without
controlling for SES.

Method
Participants and Procedure

The Millennium Cohort Study is a longitudinal birth cohort study
that follows the lives of children (51% boys) born in 2000 and 2001
in the United Kingdom (Hansen, 2014). Cluster (electoral wards)
sampling with disproportionate stratification was used to ade-
quately represent ethnic minorities (Plewis, 2007). In terms of eth-
nic proportion, 82% were White, 4.8% were Pakistani, 2.5% were
Indian, 2% were Bangladeshi, 2% were Black African, 1.3% were
Black Caribbean, and 3% of the cohort members were of mixed
race. Based on the National Statistics Socioeconomic Classification
(NS-SEC), the highest occupational status within a family was
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Table 2. Descriptive Statistics of the Self-Regulation Items at age 3, 5, and 7, and Academic Achievement at age | I.
Age 3 Age 5 Age 7 Age 11

Items n M SD n M SD n SD n M SD
Emotional regulation Academic achievement

Item | 14,532 2.07 075 13,191 239 0.72 12,180 240 0.72  Maths 6,735 343 1.0l

Item 2 14,585 1.88 0.72 13,254 2.02 0.73 12,235 2.07 0.74  English 6,751 3.36 1.0l

Item 3 14,472 2.04 0.73 13,199 221 071 12,203 220 0.72  Science 6,730 3.39 0.86

Item 4 14,019 2.08 0.72 13,017 231 0.69 12,101 232 0.70 Information and communication technology 6,733 3.39 0.73
Behavioral regulation

Item | 14,101 224 0.62 13,014 225 0.61 12,079 224 063

Item 2 14,506 2.62 0.54 13,268 2.71 048 12,276 2.71 0.48

Item 3 14,170  2.13 0.62 13,138 230 0.63 12,155 229 0.66

Item 4 13,534 2.03 0.61 12,929 2.11 057 12,100 2.15 0.59

Note. Both emotional and behavioral regulation ranges from | (not true) to 3 (certainly true). The ranges of academic achievement were from | (well below average) to

4 (well above average).

coded as managerial and professional (44.2%), intermediate occu-
pation (14.3%), small employers (8.2%), lower supervisory and
technical occupation (9%), or semi-routine and routine occupations
(24.4%). Approximately 36% of the mothers held a first degree or
higher, and 46% held a General Certificate of Secondary Education
to A level. However, 13% of the mothers had no education qualifi-
cations. The family income quantiles (based on a modified version
of the Organization for Economic Cooperation and Development
equivalence scale) were 1st (21.7%), 2nd (22%), 3rd (19%), 4th
(18.9%), and 5th (17.8%) from lowest to highest level.

Children’s ages across the different sweeps (Hansen, 2014) were
9 months (n;= 18,552), 3 years (n, = 15,590), 5 years (n3 =
15,246), 7 years (ny = 13,857), and 11 years (ns = 13,287). The
development of self-regulation was investigated from the second
sweep (3 years) when the assessment of self-regulation began to the
third sweep (7 years). The second sweep (5 years) denotes the
period when children start their primary school education. Aca-
demic achievement was assessed during the last sweep (age 11)
at the end of primary school. In the case of twins and multiple births
in a family, we analyzed the data of the first child to avoid clustered
data structures. Approximately 97% of the participants who rated
children’s self-regulation were their natural mothers.

Measures

Emotional Regulation (ER). Emotional regulation was measured at
ages 3, 5, and 7 using the Emotional Dysregulation (ED) scale of
the Child Social Behavior Questionnaire (CSBQ), which is based
on the Adaptive Social Behavior Inventory (Hogan, Scott, & Bauer,
1992). The CSBQ was validated in England (Sammons et al., 2004)
and Northern Ireland (Melhuish et al., 2004). Parents were asked to
give their answers based on their child’s behavior over the last six
months with regard to the following five items: “The child shows
mood swings” (ER1, see the descriptive statistics in Table 2), “gets
over excited” (ER2), “gets easily frustrated” (ER3), “acts impul-
sively”” (ER4) and “gets over being upset quickly” (ER5). The
response categories were “Not True” (1), “True” (2), and “Cer-
tainly True” (3). The last item was discarded because it consistently
showed a low factor loading at the three time points. The items were
worded similarly over the three time points.

Behavioral Regulation (BR). Behavioral regulation was measured
at ages 3, 5, and 7 using four items. The two items, “The child

persists in the face of difficult tasks” (BR1, see the descriptive
statistics in Table 2) and “moves to a new activity after finishing
a task” (BR2) were originally taken from the Independence and
Self-Regulation (ISR) scale, a sub-domain of the CSBQ (Hogan
et al., 1992). The remaining two items “‘sees tasks through to the
end” (BR3) and “can stop and think before acting”(BR4) were
adopted from the Strength and Difficulties Questionnaire (SDQ,
Goodman & Goodman, 2009), which was developed and validated
in the UK. The SDQ is a behavioral screening questionnaire, and it
has been used frequently to assess behavioral regulation (e.g.,
Vernon-Feagans, Willoughby, Garrett-Peters, & The Family Life
Project Key Investigators, 2016). Similar to emotional regulation,
parents rated their children’s behavioral regulation on a three-
point scale.

Academic Achievement (AA). The academic achievement of the
children was assessed at age 11 (sweep 5) with teachers’ evalua-
tions of their performance in the following domains: (a) English
language; (b) mathematics; (c) science; (d) information and com-
munication technology. We chose these key subjects out of the total
seven, excluding arts and design, music, and physical education.
Teacher evaluations were provided on a five-point scale (well
below average, below average, average, above average, well above
average), with higher values indicating better performance.
Children in the sample were distributed in 7,430 classes.

Socioeconomic status (SES). The SES of the family was included as
a control variable. SES was assessed using three indicators; the
highest occupation status of the parents measured by the National
Statistics Socioeconomic Classification (NS-SEC), a primary social
classification in the UK based on the Goldthorpe schema of five
categories ranging from managerial and professional to semi-
routine and routine workers (Rose, Pevalin, & O’Reilly, 2005), the
highest educational status of the parents, and household income.

Statistical Analyses

All analyses were conducted using R (R Development Core Team,
2011) and the R package /avaan (Rosseel et al., 2012). The
weighted least squares mean and variance-adjusted (WLSMV)
estimator was used for all models including the cross-lagged panel
analysis. In a simulation study, Beauducel and Herzberg (2006; see
also Rhemtulla, Brosseau-Liard, & Savalei, 2012) showed the



196

International Journal of Behavioral Development 42(2)

=
—

S)ER IID ID !DP EIDI:J lsm paa

Apodan dan Ma

a’ ;
&

@

"N 2\
e

s, ,_, ; SERVES

i:) @:u ia Ea -a fisb 1] -3 M na B2 nvan
ST rF

-

oI

Zk

Age 5 Age7
Figure |. Longitudinal measurement invariance testing.
Note. ER = emotional regulation, BR = behavioral regulation.

superiority of the WLSMYV estimator for categorical data compared
with the maximum likelihood estimator in terms of both the model
rejection rates and the appropriate estimation of factor loadings.
This notion holds true especially with fewer than five response
categories such as the current case of only three categories. The
following comparative fit index (CFI) and the root mean square
error of approximation (RMSEA) values were used to indicate an
acceptable model fit: CFI > .95, RMSEA < .08 (Hu & Bentler,
1999).

Measurement Invariance. A longitudinal CFA (see Figure 1) was
applied to examine the comparability of the measurement instru-
ments for emotional and behavioral regulation across the three time
points (ages 3, 5, and 7). Specifically, a longitudinal measurement
invariance approach (Little et al., 2007), which is superior to the
cross-sectional approach of multi-group confirmatory analysis, was
used. Thus, all measurement points were included in one model in
which the residuals of similarly worded items were allowed to
covary across time points (Little et al., 2007).

Because all emotional and behavioral self-regulation items were
answered using a three-point scale, the data must be considered as
categorical. Compared with continuous data, the steps of longitu-
dinal measurement invariance testing differ with categorical data
because the factor loadings and thresholds must be varied in tandem
(Muthén & Asparouhov, 2002). Thus, the measurement invariance
testing with categorical data in a longitudinal setting has the same
parameter restrictions as a cross-sectional multi-group CFA except
the residual correlations across time points (Schroeders & Wilhelm,
2011). Table 1 summarizes the necessary parameter restrictions in
the longitudinal measurement invariance testing procedure (for
another approach see Liu et al., 2016). A difference in the CFI of
>.01 between two consecutive models in invariance testing (e.g.,
configural and strong measurement invariance models) was consid-
ered as a serious deterioration in model fit (Cheung & Rensvold,
2002). Strong measurement invariance is important to compare the
means of latent variables in addition to the correlation and regres-
sion coefficients.

Cross-lagged Panel Analysis. A cross-lagged panel analysis with
latent variables (Selig & Little, 2012) was used to estimate the
autoregressive effects within and the cross-lagged effects berween

emotional and behavioral self-regulation. The cross-lagged panel
analysis correlated emotional and behavioral regulation at the same
time points to test that the cross-lagged effects between emotional
and behavioral regulation did not occur because the two variables
were related at previous time points (Cole & Maxwell, 2003).
Furthermore, we imposed the most restrictive and appropriate step
of measurement invariance that was established in the measurement
invariance testing for all cross-lagged models.

Results
Descriptive Statistics

The descriptive statistics of the emotional and behavioral regulation
items across the three time points are presented in Table 2. The
skewness and kurtosis of all items did not indicate problematic item
distributions. Using McDonald’s w (1999), the reliability of the two
latent factors of self-regulation, emotional regulation (age 3:
w =.76; age 5: w = .81; age 7: w = .83) and behavioral regulation
(age 3: w=.66; age 5: w = .76; age 7: w = .78) were estimated, and
both were deemed satisfactory for all time points. Separate mea-
surement models of self-regulation at the three time points were
also acceptable: CFlIs and TLIs > .96 and RMSEAs < .07.

One vs. Two-factor Model of Self-regulation

In order to investigate whether a one- or two-factor model of self-
regulation best fits the data, the fit of both longitudinal CFA mod-
els, in which the residuals of similar worded items were allowed to
correlate across time points, was compared. The result of the uni-
dimensional model did not provide a good fit (x> = 19,533,
df =225, p <.001, CFI = .891, TLI = .866, RMSEA = .075), in
contrast to the two-factor model (x> = 5,683, df =213, p <.001,
CFI = .969, TLI = .96, RMSEA = .040). Therefore, the two-
dimensional model was used in all subsequent analyses.

Measurement Invariance Testing

The longitudinal invariance testing consisted of a sequence of mod-
els with increasingly restrictive model constraints. We examined
the model deterioration using CFI and RMSEA because x? statistics
are overly sensitive when the sample size is large (Steenkamp &
Baumgartner, 1998). In the first step of configural invariance, all of
the factor loadings and thresholds were freely estimated; only the
residual variances were fixed for identification purpose. The con-
figural model provided an acceptable fit (x> = 5,683.32, df = 213,
p <.000; CFI = .969; RMSEA = .041) showing a similar factor
structure over time. In the second step, the factor loadings and
thresholds were constrained to be equal across the three time points,
and the residual variances of the indicators were freely estimated.
This strong measurement invariance did not show a meaningful
deterioration in model fit (n = 13,593, x2 = 6,400, df = 237,
p <.001; ACFI = .004, ARMSEA = .000). In the last step, strict
measurement invariance, the factor loadings, thresholds, and resi-
dual variances were constrained to equality over time. Even the test
for strict measurement invariance showed no differences in the
model fit indices (n = 13,593, X2 = 6,314, df = 253, p < .001;
ACFI =-.001, ARMSEA = —.002). Therefore, the instrument was
assumed to be strictly measurement invariant across the three time
points. Accordingly, all subsequent analysis used a model with (a)
residual covariances between identically worded items at different
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Figure 2. Latent cross-lagged model with and without socio-economic status.

Note. ER = emotional regulation, BR = behavioral regulation, AA = academic achievement, numbers in variable labels (3, 5, 7, | 1) indicate age of the children
in years. All parameters are standardized. The parameters on the left side of the slash are without controlling for SES, on the right controlled for SES. The fit
indices of the models without socioeconomic status (n = 15,436, x> = 6,476, df = 351, p < .001; CFl = .982, TLI = .981, RMSEA = .034) and with SES
(n= 15,584, x> = 8,727, df = 613, p < .001; CFl = .97, TLI = .968, RMSEA = .029). Identical items over the three time points were allowed to covary. Strict
measurement invariance constraints (equal factor loadings, thresholds, and residual variance) were imposed.

time points and (b) the restrictions necessary for the level of strict
measurement invariance: fixed factor loadings, thresholds,
and residuals.

Stability and Cross-facets Effects of Emotional
and Behavioral Self-regulation

To examine the stability and cross-facets effects of individual dif-
ferences in emotional and behavioral regulation from ages 3 to 5-7,
cross-lagged models with latent variables were used. The analysis
was conducted with and without controlling for the highest SES of
the parents at a given time point. A one-factor SES was modeled at
a latent level from the three indicators (parent’s highest occupation,
education, and household income). Overall, the model fit was good
for both models: CFI = .982, TLI = .981, and RMSEA = .034 (see
also the notes of Figure 2). The robustness of the results was
double-checked with 15 multiple imputed datasets using additional
variables such as highest educational level, occupational status, and
income within a household. However, the results did not differ from
the analyses with pairwise present data.

The stability of emotional and behavioral regulation is
expressed in the auto-regressive effects of two consecutive time
points within a certain facet of self-regulation (e.g., BR_3 —
BR_5). Individual differences showed moderate stability from ages
3 to 5 for emotional regulation (ff = .65) and behavioral regulation
(f = .57), but stability increased from ages 5 to 7 in both facets
(emotional regulation: f = .78; behavioral regulation: f = .74).
This finding was confirmed with a y>-difference test (Satorra,
2000) that evaluated the model fit difference between a restricted
(i.e., where the earlier and later stability coefficients are equal) and
an unrestricted model, both for emotional (Ax*(1, N = 15,436) =
37.67, p < .001) and behavioral regulation (Ax*(1, N = 15,436) =
14.82, p < .001). Taking into account the different measures of
family background did not affect the results.

The cross-lagged effects between the constructs provided infor-
mation about the developmental interplay between emotional and
behavioral regulation. Emotional regulation at age 3 significantly
predicted individual difference in behavioral regulation at age 5
(B = .21, see Figure 2 and Table 3), although this cross-lagged
effect was less pronounced from age 5 to 7. A x*-difference test
(AY?(1, N = 15,436) = 21.28, p < .001) revealed a difference
between the effect of emotional and behavioral regulation (emo-
tional regulation at age 3 — behavioral regulation at age 5 and
emotional regulation at age 5 — behavioral regulation at age 7).
Similarly, behavioral regulation showed consistent positive cross-
lagged effects on emotional regulation, although they were consid-
erably smaller. Behavioral regulation at age 3 predicted emotional
regulation at age 5 (ff = .14); this effect was even smaller from age
5to 7 (f =.09). The significance of the difference between the two
cross-lagged effects from behavioral to emotional regulation was
confirmed by a y*-difference test (Ax*(1, N = 15,436) = 12.14,
p <.001). Taking into account the SES of the family at each time
point did not substantially change these results. In summary, both
emotional and behavioral self-regulation showed consistent cross-
lagged effects, whereas the regression weights seemed to be more
pronounced for the emotional to behavioral link than behavioral to
emotional regulation. In order to test whether the differences were
significant, equality constraints on the regression weights (emo-
tional regulation — behavioral regulation and behavioral regulation
— emotional regulation) were imposed at each time point. In terms
of the *-difference-test between the unconstrained and constrained
models, the difference was significant from both ages 3 to 5 and 5 to
7; this finding held true for modeling with and without controlling
for SES.

Effects of Self-regulation on Academic Achievement

One of the major objectives of this study was to quantify the long-
term effect of the two facets of self-regulation over the course of
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Table 3. Stability and Cross-Lagged Effects of Emotional and Behavioral
Regulation, and Predictions on Academic Achievement.

Without With
socioeconomic  socioeconomic
status status
p [95% ClI p [95% ClI]
Stability
Emotional regulation (age 3) — .65 [.63,.67] .61 [.59,.63]
Emotional regulation (age 5)
Emotional regulation (age 5) — .78 [.76, .80] 75 [72,.78]
Emotional regulation (age 7)
Behavioral regulation (age 3) — .58 [.55, .61] .56 [.53,.59]
Behavioral regulation (age 5)
Behavioral regulation (age 5) — 74 [71,.77] 74 [71,.77]
Behavioral regulation (age 7)
Cross-lagged effects
Emotional regulation (age 3) — 21 [.18,.24] A9 [16,.22]
Behavioral regulation (age 5)
Emotional regulation (age 5) — 10 [.07,.13] 10 .06, .14]
Behavioral regulation (age 7)
Behavioral regulation (age 3) — A4 [0, .07] A3 [10,.15]
Emotional regulation (age 5)
Behavioral regulation (age 5) — .08 [.05,.11] .07  [.04,.10]
Emotional regulation (age 7)
Effects on academic achievement
Emotional regulation (age 7) — 09 [04,.14 -07 [-12,02]
Academic achievement (age | 1)
Behavioral regulation (age 7) — 40 [.35, .45] Al [36, 46]
Academic achievement (age | 1)
Indirect effects
Emotional regulation (age 5) — .04 [.03,0.05] .04 [.02,.06]

Academic achievement (age | 1)

Note. Strict measurement invariance was imposed. Without socioeconomic sta-
tus (n = 15,436, x> = 6,476, df = 351, p <.001; CFl = .982, TLI = .981, RMSEA =
.034) and with socioeconomic status (n = 15,584, x> = 8,727, df = 613, p < .001;
CFl = .97, TLI = .968, RMSEA = .029).

early childhood on academic achievement at the end of primary
school. Therefore, we predicted teacher evaluations of academic
achievement across four subjects at age 11 (when most students
are in their final year of primary school) using emotional and
behavioral self-regulation at age 7 (when students are largely
enrolled in the second grade). On the one hand, the behavioral
regulation of the participants at age 7 substantially predicted
academic achievement at age 11 (f = .40), and this effect
remained significant after controlling for SES. On the other
hand, only a small direct effect was found for emotional self-
regulation (f = .09), which became negligible when accounting
for SES (also see Table 1 in the online supplement). The indi-
rect effect of emotional regulation at age 5, which was calcu-
lated as suggested by Baron and Kenny (1986), on academic
achievement via behavioral regulation at age 7 was very small
(f = .04) after controlling for SES.

Discussion

In the literature on the development of self-regulation, no consensus
exists regarding whether self-regulation is a uni- or a multidimen-
sional construct. Some researchers argue that self-regulation is a
domain-general construct without clear differentiation among its

different facets. In contrast to Raffaelli et al. (2005) who claimed
empirical support for the unidimensional perspective via a long-
itudinal analysis at three time points (4-5, 8-9, and 1213 years),
the present study suggested that self-regulation is a multifaceted
construct and that emotional and behavioral self-regulation show
unique developmental patterns. Notably, although Raftaelli et al.
(2005) interpreted their results as evidence for a uni-dimensional
structure of self-regulation, the results are much in line with the
present study, except for early childhood. The present study also
replicated previous cross-sectional (e.g., Kalpidou et al., 2004;
Schields et al., 1994) and longitudinal studies (e.g., Hammer,
Melhuish, & Howard, 2015).

From a methodological perspective, we used longitudinal mea-
surement invariance testing to show that the two-dimensional mea-
surement model of self-regulation had strict measurement
invariance; thus, the same construct was assessed using precisely
the same measurement at all three time points (Little et al., 2007,
Selig & Little, 2012). This study is also one of the first applications
of longitudinal measurement invariance testing using categorical
data (see also Liu et al., 2016). Compared with multi-group CFA,
which treats different time points as different groups, longitudinal
measurement invariance testing was deemed to be more appropriate
because it allows for correlations between identical items across
time points. Given the growing availability of large-scale longitu-
dinal education datasets, these findings hopefully provide some
guidance regarding how to study trajectories while establishing the
comparability of the scales over time. Testing for measurement
invariance is essential in order to establish that the differences can
be attributed to changes in the underlining construct rather than to
changes in the measurement.

The present study showed that emotional and behavioral self-
regulation mutually affect each other during early childhood. This
finding is in line with previous theoretical considerations (Blair,
2002; Cicchetti & Toth, 1998); however, this relationship has not
been thoroughly investigated empirically. From a neurobiological
perspective, this mutual interdependence can be attributed to the
development of the neural interconnectivity between the different
brain areas associated with emotional (the amygdala in the limbic
system) and behavioral (the prefrontal cortex) regulation. Blair
(2002) stated that a change in one system of self-regulation can
shape the development of the other (also see Cicchetti & Tucker,
1994; Schields et al., 1994). This condition implies that when chil-
dren learn how to regulate their emotional state, they can more
easily regulate their behavior; similarly, the development of beha-
vioral self-regulation should foster the ability to regulate emotions
more flexibly and efficiently (Campos et al., 2004; Carver & Sche-
ier, 2012; Eisenberg & Spinrad, 2004). Furthermore, the results of
the present study indicated that the effect of emotional self-
regulation on behavioral self-regulation was stronger than that in
the opposite direction, especially from ages 3 to 5. Theoretically,
this effect might be because of the “developmental maturational
primacy” of the brain areas that control emotional regulation
(Blair, 2002). However, the comparison of cross-facet effects at
a later time point (i.e., between ER_5—BR_7 and BR_5—ER_7)
did not yield a significant difference, which might be because of
an incremental change in the stability of both emotional and beha-
vioral regulation from ages 5 to 7.

We found that emotional and behavioral regulation were fairly
stable constructs, supporting previous findings (Eisenberg et al.,
2010; Murphy et al., 1999; Raffaelli et al., 2005). From a develop-
mental perspective, the increasing stability in self-regulation
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observed in the present dataset matches previous research on a
related construct: executive function (Zelazo & Carlson, 2012).
This stage is key for the improvement of children’s self-
regulatory skills through observation and experience in the transi-
tion from home to a formal preschool environment (Bandura,
1991). Importantly, however, stability (i.e., the variance-
covariance structure) does not mean that self-regulation (i.e., mean
structure) does not improve. A growing body of literature has
shown the malleability of self-regulation during childhood, using
more restrictive methods such as randomized control trials
(Blair, 2016; Blair & Raver, 2015; Schmitt et al., 2015).

The effect of the early development of self-regulation on the
later academic achievement of children is well documented
(Gestsdottir et al., 2014; McClelland et al., 2007). The present
study adds evidence showing that the development of self-
regulation during childhood positively contributes to the aca-
demic achievement of children at the end of primary school to
a considerable degree. In particular, behavioral self-regulation
displayed a substantial effect (f = .40). The relationship did not
change even after controlling for SES (see Table 3), even though
we expected the reduction reported in a recent meta-analysis
(Jacob & Parkinson, 2015) because SES affects academic
achievement (Lengua et al., 2015; Raikes, Robinson, Bradley,
Raikes, & Ayoub, 2007) and self-regulation (Lengua et al.,
2015). Given that the gap between the two time points (ages 7
and 11), the different raters (parents and teachers) and the fact
that the predictor and criterion are distinct constructs, this effect
is surprisingly large. One interpretation is that children who are
more capable of regulating their behavior can also focus and
control their learning process more efficiently (Blair, 2002; Blair
& Raver, 2015; McClelland et al., 2007). Additional evidence can
be found in recent longitudinal studies that have reported similar
results (e.g., Gestsdottir et al., 2014; Ng et al., 2015). One alter-
native explanation is that because academic achievement was
measured via teacher judgments (and not a standardized achieve-
ment test), behaviorally well-regulated or well-adapted children
also tended to receive higher teacher ratings. In other words,
teacher evaluations are at least partially based on conduct within
the classroom (Bennett, Gottesman, Rock, & Cerullo, 1993). In
fact, both performance and conduct are important in grading and
are difficult to disentangle because behavioral regulation and
adaption to social standards is also part of the school system.
Furthermore, directly observable behavior provides easily asses-
sable and relevant cues for teachers’ evaluations of children’s
performances (Funder, 1995). Emotional regulation had a small
direct effect on academic achievement (ff = .10) that became
negligible after controlling for SES. This finding might simply
be because emotional self-regulation was correlated more
strongly with SES than behavioral self-regulation (see Table
OS-1 in the online supplement). In addition, behavioral regulation
might play a moderating role in this relationship (Valiente et al.,
2010). However, emotional regulation had an indirect effect on
academic achievement through behavioral self-regulation as pre-
dicted previously (Howse et al., 2003; Trentacosta & Izard,
2007). In other words, optimal emotional arousal seems to pro-
mote attention, problem solving, and behavioral regulation (Blair,
2002; Ng et al., 2015). The mediating role that behavioral self-
regulation plays in the relationship between it and emotional
regulation found in the present study adds to the existing debate
regarding how the facets of self-regulation and academic achieve-
ment are associated.

Limitations and Implications for Future Directions

Although the study supported the neurobiological approach, in the
present study longitudinal questionnaire data is analyzed rather than
the neurobiology of children, thus, definite statements in this
respect cannot be made. The maturational aspect of neurobiology
might be an important subject of future research. In addition, par-
ental judgment can be biased when rating the emotional and beha-
vioral regulation of their own children; however, several studies
have supported the accuracy of their judgments (e.g., McClelland,
Acock, Piccinin, Rhea, & Stallings, 2013). Similarly, teacher eva-
luations were used to measure academic achievement rather than
standardized test scores. Therefore, teacher evaluations of aca-
demic achievement might be biased by different factors (e.g., the
perceived similarity in the personalities of students and teachers;
Rausch, Karing, Dérfler, & Artelt, 2015). However, studies have
also failed to find significant differences between teacher ratings
and direct assessments (Allan, Hume, Allan, Farrington, &
Lonigan, 2014). Finally, previous achievement and 1Q were not
controlled; these variables are potential confounds in the associa-
tion between self-regulation and academic achievement (Jacob &
Parkinson, 2015).

The findings of the present study have theoretical and practical
implications. From a theoretical perspective, the results empha-
size the neurobiological assumption regarding the importance of
the child’s characteristics, beyond the traditional maturational
view, in shaping their self-regulatory skills, which is also essential
for academic achievement. In practical terms, because the facets
of self-regulation are mutually dependent, intervention programs
that aim to improve the academic achievement of children through
self-regulation should incorporate activities that promote both
emotional and behavioral regulation in the classroom and the
home environment instead of focusing on a single facet. Corre-
spondingly, future studies on the association between self-
regulation and academic achievement should study different
facets of self-regulation in concert. In this sense, including meta-
cognition as an important third facet of self-regulation is a logical
extension in order to gain a more comprehensive picture on the
mutual development of self-regulation. Finally, we encourage the
use of longitudinal study designs (or restrictive designs such as
randomized control trials) and the employment of psychometri-
cally sound measurements.
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