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Prior studies have suggested, but not fully established, that language ability is important for regulating
attention and behavior. Language ability may have implications for understanding attention-deficit hyperac-
tivity disorder (ADHD) and conduct disorders, as well as subclinical problems. This article reports findings
from two longitudinal studies to test (a) whether language ability has an independent effect on behavior
problems, and (b) the direction of effect between language ability and behavior problems. In Study 1 (N �
585), language ability was measured annually from ages 7 to 13 years by language subtests of standardized
academic achievement tests administered at the children’s schools. Inattentive-hyperactive (I-H) and exter-
nalizing (EXT) problems were reported annually by teachers and mothers. In Study 2 (N � 11,506), language
ability (receptive vocabulary) and mother-rated I-H and EXT problems were measured biannually from ages
4 to 12 years. Analyses in both studies showed that language ability predicted within-individual variability in
the development of I-H and EXT problems over and above the effects of sex, ethnicity, socioeconomic status
(SES), and performance in other academic and intellectual domains (e.g., math, reading comprehension,
reading recognition, and short-term memory [STM]). Even after controls for prior levels of behavior problems,
language ability predicted later behavior problems more strongly than behavior problems predicted later
language ability, suggesting that the direction of effect may be from language ability to behavior problems.
The findings suggest that language ability may be a useful target for the prevention or even treatment of
attention deficits and EXT problems in children.
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As children’s behavioral regulatory skills develop, they allow
prosocial behavior (Rueda, Posner, & Rothbart, 2005). Deficits in
attentional and behavioral regulation in children are commonly
found to be associated with behavior problems, such as inattentive-
hyperactive (I-H) and externalizing (EXT) problems. For example,
attention-deficit hyperactivity disorder (ADHD) is a childhood
disorder characterized by inattention, hyperactivity, and impulsiv-
ity. In 2000, ADHD was estimated to cost 31.6 billion dollars in
the United States (Birnbaum et al., 2005), which probably only
hints at the many costs to children, families, and society related to
attention and behavior regulation problems. It is therefore impor-
tant to identify the factors that lead to the development of attention
and behavioral regulatory problems.

Associations Between Language and Behavior
Problems

Language ability—defined here as language-related skills such
as language mechanics, expression, and vocabulary—has consis-
tently been found to be associated with behavior problems in
children and adolescents. It may play a key role in the development
of behavior problems. A meta-analysis found that language deficits
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are associated with ADHD and EXT problems (Yew &
O’Kearney, in press). Deficits in language ability have been asso-
ciated with later behavior problems (Beitchman et al., 2001; Silva,
Williams, & McGee, 1987) and delinquency (Brownlie et al.,
2004; Lynam, Moffitt, & Stouthamer-Loeber, 1993). Moreover,
longitudinal studies of children with speech and language difficul-
ties have demonstrated associations between language ability and
later behavior problems, controlling for prior levels (Lindsay,
Dockrell, & Strand, 2007; St Clair, Pickles, Durkin, & Conti-
Ramsden, 2011).

Research on variations in first exposure to language among
children with cochlear implants has shown that length of use of the
implant, presumably marking language exposure, has been asso-
ciated with the ability to regulate and delay behavioral responses
(Horn, Davis, Pisoni, & Miyamoto, 2005). Moreover, differences
in language abilities account for the difference in the amount of
behavior problems between hearing children and children with
hearing loss (Stevenson, McCann, Watkin, Worsfold, & Kennedy,
2010).

Co-Occurrence Between Language Impairments and
Attention Deficits

There is substantial comorbidity between language and atten-
tional disorders (Baker & Cantwell, 1992). Nearly half of children
with ADHD have language problems (Tirosh & Cohen, 1998; but
see Westby & Watson, 2004), with deficits in both language
comprehension (Bruce, Thernlund, & Nettelbladt, 2006; Wassen-
berg et al., 2010) and expression (Humphries, Koltun, Malone, &
Roberts, 1994). Moreover, Werry, Elkind, and Reeves (1987)
found that many cognitive and behavioral differences between
children with ADHD/conduct disorder and normal controls were
eliminated when controlling for language ability (in addition to age
and sex). From the complementary perspective, attention deficits
are common in those with diagnosed language impairments. For
example, children with specific language impairments have been
shown to have deficits in selective and sustained attention, partic-
ularly to auditory stimuli (Noterdaeme, Amorosa, Mildenberger,
Sitter, & Minow, 2001; Spaulding, Plante, & Vance, 2008). In
summary, previous studies have established that language deficits
are associated with attention and behavior problems. However,
studies have not established the developmental processes linking
language to attention and behavior.

Possible Mechanisms Linking Language to Attention
and Behavior Problems

Several possible mechanisms could explain why language may
promote positive behavioral adjustment. One possible mechanism
is that the use of language in the form of private (self-directed)
speech may help guide behavior to facilitate problem solving
(Luria, 1961; Vygotsky, 1962). In support of language as a regu-
lator, studies have shown that private speech is associated with
performance on problem-solving tasks (Berk, 1999). In addition,
interventions that increase the use of private speech result in
improved behavioral regulation (Barnett et al., 2008; Diamond,
Barnett, Thomas, & Munro, 2007; Harris, 1986; Meichenbaum &
Goodman, 1971; Winsler, Manfra, & Diaz, 2007; although the
clinical utility of private speech interventions has been questioned;

Hobbs, Moguin, Tyroler, & Lahey, 1980). Language ability has
been associated with self-regulation (Vallotton & Ayoub, 2011),
attentional regulation and delay of gratification among impulsive
children (Rodriguez, Mischel, & Shoda, 1989), and with behav-
ioral regulation among deaf children (Horn et al., 2005). Barkley
(1997) has argued that the deficits in attention and self-regulation
found in ADHD may, in part, arise from children’s impairment in
the ability to internalize language in the form of private speech that
serves to guide behavior. Thus, language may be important for
regulating attention and behavior.

Language ability could play a role in attentional and behavioral
regulation for several biological reasons. First, motor and language
systems are closely coupled in brain activation patterns and their
development—processing action-related language activates motor
and premotor cortices (van Elk, van Schie, Zwaan, & Bekkering,
2010), and research suggests that spoken language processing may
influence the development of fine motor skills (Horn, Pisoni, &
Miyamoto, 2006). As a result, language ability may be related to
one’s ability to regulate movements. Second, language processes
are associated with neural circuits in the frontal lobe involving
aspects of self-regulation (Pisoni et al., 2008). Third, children with
specific language impairment have been shown to have neural
deficits in early attention processing relating to selective attention
(Stevens, Sanders, & Neville, 2006), and an intervention targeting
language ability improved the neural deficits in selective attention
associated with language impairments (Stevens, Fanning, Coch,
Sanders, & Neuille, 2008). Language development, therefore, may
directly influence attentional processing.

Language deficits may also influence behavior problems
through mechanisms other than self-regulation. Keenan and Shaw
(1997, 2003) proposed that language skills may influence the
development of behavior problems because poor language and
communication skills may interfere with socialization. Language
skills may reduce children’s frustration by effectively communi-
cating their needs, and in response to misbehavior, parents might
use more reasoning with children who have better language skills
and more punishment with children with language difficulties.
This mechanism might also partially account for some of the sex
differences in the development of behavior problems, because
boys are slower in language development than girls (Keenan &
Shaw, 1997, 2003; Lahey & Waldman, 1999, 2005). Alternatively,
language deficits may lead to the development of behavior prob-
lems as a consequence of peer rejection (Menting, van Lier, &
Koot, 2011). The present study examined two questions about the
role of language ability as a possible mechanism in the develop-
ment of behavior problems.

Q1: Does Language Ability Have an Independent
Effect on Behavior Problems?

It is important to consider alternative mechanisms linking lan-
guage and behavioral adjustment as well. Researchers have pro-
posed several plausible confounds that could account for the
correlation of ADHD and language problems, including prior
levels of working memory (Martinussen & Tannock, 2006), exec-
utive functioning (Oram, Fine, Okamoto, & Tannock, 1999), and
subcomponents of general intelligence, including processing speed
(Wassenberg et al., 2010) and capacity (Bruce et al., 2006). At-
tention deficits and behavioral dysregulation could be due to
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general intellectual delays and may not be specific to language
impairments, which could mark general intelligence or neurode-
velopmental deficits (Beitchman, Hood, & Inglis, 1990). To rule
out such third-variable interpretations, studies are needed that
examine whether language ability is associated with behavior
problems over and above the effects of other intellectual domains.
Despite the similarity of language ability to reading ability, lan-
guage and reading ability were found to compose different dimen-
sions of impairment in ADHD (Bruce et al., 2006). Moreover,
verbal intelligence was found to be more strongly associated with
delinquency than was general intelligence (Lynam et al., 1993).
Thus, consistent with theory (Barkley, 1997; Keenan & Shaw,
1997; Vygotsky, 1962), language ability may have a contribution
to attention and behavior problems that is independent of other
intellectual domains. However, few studies have tested whether
the effect of language ability on behavior exists above the effects
of other intellectual domains.

It is also important to consider whether the association between
language and attention or behavior problems owes to demographic
characteristics, because ADHD, EXT problems, and language def-
icits are more common among children from families of lower
socioeconomic status (SES; Keiley, Bates, Dodge, & Pettit, 2000;
Scahill et al., 1999; Stanton-Chapman, Chapman, Bainbridge, &
Scott, 2002) and among males compared with females (Costello,
Mustillo, Erkanli, Keeler, & Angold, 2003; Keiley et al., 2000;
Tomblin et al., 1997). Findings suggest that language ability may
have an effect on behavior problems, controlling for SES (Stattin
& Klackenberg-Larsson, 1993), but more studies are needed that
control for SES, demographics, and other intellectual abilities.
Further, if language ability does turn out to have a unique associ-
ation with behavior problems, it would also be necessary to learn
whether language ability is more likely the cause or the effect of
behavior problems.

Q2: What Is the Direction of Effect Between Language
Ability and Behavior Problems?

Cross-sectional studies have shown that language ability is
associated with attentional and behavioral regulation and behavior
problems (e.g., Rodriguez et al., 1989; Stevenson et al., 2010). A
few studies have even shown prospective associations between
language and later behavior problems (e.g., Brownlie et al., 2004;
Lindsay et al., 2007). However, few studies have examined
whether language ability predicts within-individual changes in
behavior problems (Yew & O’Kearney, in press). Researchers
have called for more longitudinal examinations of the association
between language deficits and behavior problems to specify the
developmental process (Conti-Ramsden, in press). It is important
to examine within-individual changes over time to test underlying
mechanisms and causal inferences. By examining within-
individual differences, we can use the individual as his or her own
control to provide a stronger test of causal inferences by minimiz-
ing the possibility that the association owes to the opposite direc-
tion of effect.

Moreover, we have not seen any studies examining the direction
of effect by testing whether language deficits predict the develop-
ment of behavior problems more strongly than behavior problems
predict language deficits. Because attentional processes are con-
sidered important for processing language (Scofield & Behrend,

2011; Toro, Sinnett, & Soto-Faraco, 2005), it is important not only
to test whether language ability predicts subsequent changes in
behavior problems but also the reverse. Perhaps deficits of atten-
tional and behavioral regulation hinder the acquisition of language.
For example, children with attention or behavioral regulatory
deficits may have fewer opportunities to advance in language
ability via social processes of joint attention. These considerations
led us to examine the longitudinal association between language
ability and behavior problems in ways that could elucidate the
direction of effect. Determining the direction of effect between
language ability and behavior problems would be an advance in
the description of developmental processes.

Sex as a Possible Moderator of the Effect of Language
Ability on Behavior Problems

Because the prevalence of ADHD, EXT disorders, and language
impairments differ between males and females, it would also be
important to examine sex differences in the association between
language and behavior problems. Previous studies have suggested
that the effect of language impairment on self-regulation and
behavior problems is stronger for boys than for girls (Brownlie et
al., 2004; Vallotton & Ayoub, 2011).

The Present Studies

We examined two questions: (a) Does language ability have an
independent effect on behavior problems when controlling for
demographic characteristics, SES, and performance in other intel-
lectual domains? and (b) What is the direction of effect between
language ability and behavior problems? A secondary, exploratory
analysis examined whether the effect of language ability on be-
havior problems differed between males and females. We con-
ducted two studies to address these questions, and focused on two
types of behavior problems: I-H and general EXT problems.

Study 1 examined the trajectories of teacher- and mother-
reported I-H and EXT problems and language subtests of stan-
dardized academic achievement tests from ages 7 to 13 years.
Based on the arguments of Vygotsky (1962) and others (Barkley,
1997; Keenan & Shaw, 1997), we hypothesized that fluctuations in
language ability would predict within-individual variability in be-
havior problems over and above the effects of demographic char-
acteristics (sex and ethnicity), SES, and performance in other
intellectual domains (math and reading). Moreover, we hypothe-
sized that language ability would predict later changes in behavior
problems and that it would be stronger than the reverse direction of
effect (behavior problems predicting later language ability). Study
2 attempted to cross-validate the findings from Study 1 in an
independent sample of children followed from ages 4 to 12 years.
The measures included vocabulary tests for language ability along
with maternal ratings of I-H and EXT problems.

Study 1

Study 1 examined the association between language ability and
I-H and EXT problems among children followed annually from
ages 7 to 13 years as part of the Child Development Project (CDP;
Dodge, Bates, & Pettit, 1990).
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Method

Participants. Children (N � 585) in the CDP were recruited
in 1987 and 1988 in Nashville and Knoxville, Tennessee, and
Bloomington, Indiana. Children’s parents were approached at ran-
dom during kindergarten preregistration, on the first day of class,
and by phone or mail. About 75% of parents approached agreed to
participate. The schools and the composite sample reflected a
broad range of socioeconomic status groups that were representa-
tive of the populations at the respective sites. The Hollingshead
index of SES ranged from 8 to 66 for the original sample, reflect-
ing a broad range. Of the 585 children recruited, 487 (83%) had
scores for language ability and behavior problems. See Table 1 for
demographic characteristics of the full community-based sample.

Data were missing at various follow-ups for some participants,
in the common pattern for longitudinal studies. Children from
lower SES families were more likely than higher SES children to
be missing teacher-reported behavior problems, t(1412.13) �
�3.28, p � .001, mother-reported behavior problems,
t(1685.83) � �4.52, p � .001, and language ability scores,
t(2478.16) � �5.52, p � .001. Males were more likely than
females to be missing scores for teacher-reported behavior prob-
lems, �2(1) � 9.89, p � .001, mother-reported behavior problems,
�2(1) � 9.67, p � .001, and language ability, �2(1) � 30.32, p �
.001. African Americans were less likely than European Ameri-
cans to have language ability scores, �2(2) � 11.52, p � .003.
Moreover, individuals of “other” ethnicity were less likely than
European Americans and African Americans to have scores for
teacher-reported behavior problems, �2(2) � 6.68, p � .035,
mother-reported behavior problems, �2(2) � 11.75, p � .003, and
language ability, �2(2) � 11.52, p � .003. The pattern of missing
data would most likely reduce the range of language and behavior
problems, working against our hypotheses, if the analyses did not
address the concern. See Appendix 1 of the online supplemental
material for rates of missingness in Study 1.

Measures.
Behavior problems. Attention Problems and Externalizing

subscales were reported by teachers on the Teacher Report Form
(TRF; Achenbach, 1991b) and by mothers on the Child Behavior

Checklist (CBCL; Achenbach, 1991a). Teacher reports were usu-
ally collected in winter to spring of the school year, whereas
mother reports were usually collected in the preceding summer to
fall. Teachers and mothers rated whether a behavior was not true
(0) somewhat or sometimes true (1) or very or often true (2). We
refer to the Attention Problems subscale as measuring I-H prob-
lems. Although the Attention Problems subscale is not a diagnostic
checklist of ADHD symptoms, it has been interpreted by other
researchers as a measure of ADHD symptoms because it includes
items assessing the three dimensions of ADHD symptoms: inat-
tention, hyperactivity, and impulsivity (Lifford, Harold, & Thapar,
2008). It is associated with other measures of ADHD, including
the Conners rating scale (Conners, 1973) and Diagnostic and
Statistical Manual of Mental Disorders (4th ed.; text rev.; DSM–
IV–TR; American Psychiatric Association, 2000) symptoms of
ADHD (also see Derks et al., 2008). Derks and colleagues have
argued that the CBCL Attention Problems subscale measures
ADHD as well as the Conners scale does. Moreover, it is an
effective screening tool for ADHD, with strong sensitivity and
specificity (Chen, Faraone, Biederman, & Tsuang, 1994). Means
and standard deviations of measures are presented in Appendix 2
of the online supplemental materials.

The Attention Problems subscale of the teacher-reported TRF
includes 20 summed items, including “inattentive,” “fails to fin-
ish,” and “fidgets,” with a total possible score of 40. The Attention
Problems subscale of the mother-reported CBCL includes 11
items, including “can’t concentrate,” “can’t sit still,” and “impul-
sive,” with a total possible score of 22. Cronbach’s alpha ranged
from .94 to .95 for the teacher-reported I-H problems and from .79
to .84 for the mother-reported I-H problems, depending on the year
measured.

The Externalizing subscale is a second-order factor composed of
two first-order factors, the Aggression and Delinquency subscales.
Example items include “lacks guilt,” “steals outside home,” “de-
stroys others’ things,” “threatens,” and “attacks people.” The Ex-
ternalizing subscale of the TRF includes 34 items, for a total
possible score of 68. The Externalizing subscale of the CBCL
includes 33 items for a total possible score of 66. Cronbach’s alpha

Table 1
Studies 1 and 2: Demographic Information for the Participants

Study 1 Study 2

Variable n % Variable n %

Sample CDP Sample CNLSY
N 585 N 11506
Males 304 52 Males 5,869 51
Females 281 48 Females 5,613 49
European Americans 477 82 Non-Hispanic Whites 6,091 51
African Americans 97 17 African Americans 3,184 28
“Other” ethnicity 11 2 Hispanics 2,208 19

M SD M SD

SES 39.53 14.01 Mother’s highest grade 13.78 2.75
Mother’s IQ 35.61 27.29
Mother’s age at childbearing 25.20 5.91
Total family income (log) 9.86 0.99

Note. CDP � Child Development Project; CNLSY � Children of the National Longitudinal Survey of Youth.
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ranged from .95 to .96 for the teacher-reported EXT problems and
from .88 to .90 for the mother-reported EXT problems, depending
on the year measured. The within-time correlation between I-H
and EXT problems ranged from .59 to .74 for teacher reports and
.65 to .70 for mother reports (p � .001), depending on the year.

Language ability and other intellectual domains. Language
ability was measured as the child’s percentile score on the com-
posite language sections of a nationally normed standardized ac-
ademic achievement test, which was collected annually via official
school records. The composite language ability score reflected the
average of two types of subtests: language mechanics and lan-
guage expression. Language mechanics assessed children’s use of
Standard English through correct grammar and conventions, usage
of words and phrases, and sentence structure. Language expression
assessed children’s ability to communicate effectively through
rules of writing. A school records form with achievement test
scores for the participants was completed by a school administra-
tor. The school records were collected at the end of the school year
in the summer, but the standardized tests were administered during
the school year. School records from ages 7 to 10 years were
collected when the children were 10 years old, and school records
from ages 11 to 13 years were collected in the summer after each
school year. The correlations between language mechanics and
language expression scores ranged from .59 to .71 (p � .001),
depending on the year of data collection. Because the sample
reflected students in different schools, school districts, and states,
the actual standardized test administered differed between partic-
ipants, but all students’ scores were scaled according to national
norms for their test. For a list of the tests and the percentage of
times administered, see Appendix 3 of the online supplemental
materials.

Other intellectual domains assessed were math and reading
ability, as measured by the percentiles of their respective subtests
on standardized tests. The composite math score percentile in-
cluded subtests for mathematical computation and mathematical
conceptual understanding and applications (� � .73 to .86). The
composite reading score percentile reflected subtests including
word analogies, vocabulary, and reading comprehension (� � .82
to .88). Possible scores ranged from 1 to 99. Although we refer to
children’s test performance as abilities, we recognize that scores
are influenced by other, nonability sources of variance as well.

SES. SES was measured by the Hollingshead four-factor in-
dex (Hollingshead, 1975) when children were 5 years old. The
index includes items related to parents’ education and occupational
status.

Statistical analysis. Models were initially built on teacher-
reported behavior problems because prior research suggests that
language ability has a stronger association with teachers’ than with
parents’ ratings of behavior problems (Lindsay et al., 2007). After
selecting the models with the teacher-reported behavior problems,
we tested the models with mother-reported behavior problems
separately to attempt to replicate findings across raters. Two sets of
models were fit to answer two questions.

Q1: Does language ability have an independent effect on
behavior problems? Individual growth models (IGMs) tested
Question 1, whether language ability has an independent effect on
behavior problems. IGMs included a model of concurrent predic-
tors and outcomes examining whether language ability at each
time point was associated with behavior problems controlling for

individuals’ linear trajectories of behavior problems, demographic
characteristics, SES, and performance in other intellectual do-
mains. The analyses examined whether language ability, a time-
varying predictor, independently explained within-individual vari-
ability in behavior problems (Singer & Willett, 2003), which is a
stronger test of a causal influence than models predicting only
between-individual variability. IGMs included time-varying cova-
riates representing other intellectual domains (math and reading
ability) and time-invariant covariates for demographic information
(sex and ethnicity) and SES. The time-invariant covariates were
allowed to predict the intercepts and slopes. The time-varying
predictors (language, math, and reading ability) were allowed to
predict concurrent levels of behavior problems.

IGMs in hierarchical linear modeling (HLM) were fit using the
lme function of the nlme package (Pinheiro, Bates, DebRoy,
Sarkar, & the R Core Team, 2009) in R (R Development Core
Team, 2009). Models used maximum likelihood estimation, except
when testing whether effects should be fixed or random, in which
case, restricted maximum likelihood was used, as suggested by
Singer and Willett (2003). IGMs fit random intercepts and slopes,
allowing children to have different starting values and slopes.
Model fit was examined with pseudo-R2, which was calculated by
examining the squared correlation between the model’s fitted and
observed values (Singer & Willett, 2003). To determine the
amount of within-individual variance in behavior problems ex-
plained independently by language ability, we calculated the pro-
portional reduction in residual variance (similar to �R2) between a
model without language ability and a model with language ability
as a predictor (Peugh, 2010).

To avoid systematic bias in model parameter estimates and
inferences, we used multiple imputation, which is preferable in
developmental studies when there is missingness (Jeličić, Phelps,
& Lerner, 2009). For multiple imputation, we used Amelia II
version 1.6.3 (Honaker, King, & Blackwell, 2011) in R 2.15 (R
Development Core Team, 2009), which uses an expectation max-
imization with bootstrapping algorithm and is accurate for longi-
tudinal data (Honaker & King, 2010). We included only the model
variables in the imputation. We used a conservative tolerance level
for convergence of the algorithm to ensure reliable estimates of
missingness. We imputed 50 data sets to be used for the model
analyses to provide adequate power (i.e., power falloff of about 1%
with respect to full-information maximum likelihood estimates)
for the rates of missingness in the present studies (Graham,
Olchowski, & Gilreath, 2007). The conditional multilevel models
were run on each imputed data set separately, and the results were
combined using the mitools (Lumley, 2010) and mix (Schafer,
1997) packages in R, which use Rubin’s (1987) rules for combin-
ing results of analyses on multiply imputed data sets. See Appen-
dix 4 of the online supplemental materials for model equations. All
of the descriptive statistics (means and standard deviations, Ap-
pendix 2 of the online supplemental materials; Pearson correla-
tions, Appendix 5 of the online supplemental materials) and un-
conditional models are from the raw, nonimputed data set.

Q2: What is the direction of effect between language ability
and behavior problems? An autoregressive latent trajectory
(ALT) model (Bollen & Curran, 2004; Curran & Bollen, 2001)
tested Question 2, the direction of effect between language ability
and behavior problems. ALT models provide rigorous estimates of
the direction of effect between language ability and behavior
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problems because the models simultaneously take into account
individual-specific random effects and time-specific lagged effects
to specify accurately the developmental process. ALT models (see
Figure 1) examined whether language ability predicted later
changes in behavior problems 1 year later, controlling for individ-
uals’ trajectories and prior levels of behavior problems. It also
examined the reverse direction of effect (i.e., whether behavior
problems predicted later changes in language ability controlling
for individuals’ trajectories and prior levels of language ability).
ALT models tested which direction of effect was stronger and did
not include additional covariates.

ALT models were fit using structural equation modeling (SEM)
in Mplus 6.12 (Muthén & Muthén, 2011). Mplus implements full
information maximum likelihood (FIML) estimation, which is a
robust estimation method when data are missing at random or
completely at random. ALT models used maximum likelihood

estimation with robust standard errors to account for the non-
normally distributed data. To test the direction of effect, we
successively added paths corresponding to each direction of effect.
We first tested a baseline ALT model without cross-lagged paths
for either direction of effect. In a stepwise fashion, we added
cross-lagged paths to the baseline model corresponding to direc-
tion (A) language ability to behavior problems, and (B) behavior
problems to language ability. Then, we successively added paths to
the baseline model in the reverse order (B then A). We then
compared the nested models using chi-square change tests from
Satorra-Bentler scaled chi-square statistics for non-normal out-
comes (Satorra & Bentler, 1994) to determine which direction(s)
of effect were necessary to account for the data. Because we had
no hypotheses of developmental changes in the direction or mag-
nitude of cross-lagged associations, we constrained cross-lagged
paths within the same direction to be equal across time. We report

BP8 BP9 BP10 BP11 BP12 BP13 BP7 

INT 
BP 

SLP
BP 

Lang8 Lang9 Lang10 Lang11 Lang12 Lang13 Lang7 

SLP
Lang

1 

INT 
Lang 

1 1 1 1 1 1

1 2 3 4 5 6 7 

1 2 3 4 5
6 7 

1 1 1 1 1 1 1

A A A A A A 

B B B B B B 

Figure 1. Full autoregressive latent trajectory model in Study 1 (Q2: What is the direction of effect between
language ability and behavior problems?). Successive addition of cross-lagged paths (A or B) tested the direction
of effect between language ability and behavior problems. Path “A” tested the effect of language ability on later
behavior problems (Direction A). Path “B” tested the effect of behavior problems on later language ability
(Direction B). Paths of the same letter were constrained to be equal. See Table 4 for parameter estimates of the
cross-lagged paths. Model parameters are in Appendix 7 (teacher report) and 8 (mother report) of the online
supplemental materials. BP � behavior problems (I-H or EXT problems); INT � intercept; Lang � language
ability; SLP � slope.

547LANGUAGE ABILITY AND BEHAVIOR PROBLEMS



parameter estimates of the full model, which fit the cross-lagged
paths in both directions, to provide unbiased estimates of the
magnitude of the relations.

Results

Unconditional means models showed similar levels of standard-
ized within-individual variance for language ability (�e

2 � 0.27,
SD � 0.52), teacher- (�e

2 � 0.45, SD � 0.67) and mother-reported
(�e

2 � 0.30, SD � 0.55) I-H problems and teacher- (�e
2 � 0.47,

SD � 0.68) and mother-reported (�e
2 � 0.32, SD � 0.57) EXT

problems, suggesting that we could compare each direction of
effect. Models that allowed the slopes of teacher-reported I-H and
EXT problems to have a quadratic form did not fit significantly
better than linear models (I-H: �2[1] � 0.89, p � .344; EXT:
�2[1] � 2.51, p � .113), so subsequent models examined linear
change. Unconditional growth models found that I-H problems
showed a nonsignificant increase over time for both teacher- (B �
0.08, p � .190) and mother- (B � 0.03, p � .210) reported
problems. EXT problems increased over time for teacher reports
(B � 0.20, p � .007) and showed trend-level decreases over time
for mother reports (B � �0.09, p � .063).

Q1: Does language ability have an independent effect on
behavior problems? We examined whether language ability
predicted I-H and EXT problems using concurrent predictors and
outcomes. The models with a random effect of language ability fit
significantly better than models with a fixed effect of language
ability, (I-H: �2[3] � 20.43, p � .001; EXT: �2[3] � 52.14, p �
.001), suggesting that the effect of language ability on behavior
problems differs between children, so the models included a ran-
dom effect of language ability.

Inattentive-hyperactive (I-H) problems. Our prime interest
was in the parameter estimates for teacher-reported child I-H
problems. These are presented in Table 2. The findings for mother-
reported problems, regarded as confirmatory, are summarized in
the text, and tabled in Appendix 6 of the online supplemental
materials. There was a significant negative association between

language ability and teacher-reported I-H problems (� � �0.18),
and this held when controlling for covariates. Children with greater
language ability were reported to exhibit fewer I-H problems.
Nonetheless, greater math ability was also associated with fewer
teacher-reported I-H problems. In addition, boys had higher initial
values of teacher-reported I-H problems than did girls at age 7.
Moreover, children from lower SES families showed higher initial
values of I-H problems at age 7 compared with children from
higher SES families. None of the person-level demographic cova-
riates was significant, however, in predicting the change in I-H
problems over time.

In the model of mother-reported I-H problems (see Appendix 6
of the online supplemental materials), language ability was signif-
icant in predicting I-H problems (� � �0.10, p � .002), over and
above the effects of covariates. Similar to the findings in the
teacher-reported model, boys had higher intercepts of I-H prob-
lems than did girls at age 7 (� � �0.13, p � .001). Math ability
was also a significant predictor of mother-reported I-H problems
(� � �0.09, p � .002), as children with greater math ability
showed fewer I-H problems.

The pseudo-R2 was .60 for teacher- and .65 for mother-reported
I-H problems, suggesting that the models fit the data well. Lan-
guage ability independently explained 3% of within-individual
variability in teacher- and mother-reported I-H problems over
time. Examination of the correlations suggested that language
ability appeared to have stronger concurrent associations with
teacher-reported (rs ranging from �.40 to �.55) than with mother-
reported (r’s � �.11 to �.34) I-H problems. We tested this
possibility using the Fisher r-to-z transformation, and found that
language ability had a stronger association with teacher-reported
than with mother-reported I-H problems at each age (z � �2.28 to
�4.26, p � .05 to .001).

EXT problems. Predicting teacher-reported EXT problems
(see Table 2), language ability was marginally significant after
controlling for other covariates (� � �0.06). Language ability was
significant in predicting mother-reported EXT problems (� �

Table 2
Study 1: Language Ability Predicting the Development of Teacher-Reported Inattentive-Hyperactive and Externalizing Problems (Q1:
Does Language Ability Have an Independent Effect on Behavior Problems?)

Variable

Inattentive-hyperactive problems Externalizing problems

B � SE df p B � SE df p

Intercept 19.43 �0.01 1.11 709.42 <.001 17.05 �0.01 1.33 2123.81 <.001
Time 0.28 0.01 0.23 543.78 .223 0.04 0.02 0.28 953.63 .893
Female �3.65 �0.23 0.54 2527.22 <.001 �3.62 �0.16 0.65 9565.42 <.001
SES �0.05 �0.10 0.02 765.45 .030 �0.10 �0.13 0.03 2467.35 <.001
African American �0.80 �0.03 0.84 1474.24 .341 1.00 0.08 1.05 1825.96 .340
Other ethnicity �1.29 �0.01 2.07 1245.26 .534 0.42 �0.01 2.59 1605.59 .872
Female 	 Time �0.08 �0.01 0.12 1738.29 .487 0.08 0.01 0.15 2164.92 .614
SES 	 Time �0.01 �0.02 0.01 665.21 .284 0.00 0.00 0.01 1078.17 .958
African American 	 Time 0.02 0.00 0.18 858.03 .910 0.43 0.03 0.23 752.14 .061
Other Ethnicity 	 Time 0.14 0.00 0.49 457.58 .768 �0.32 �0.01 0.59 644.55 .592
Reading �0.01 �0.03 0.01 122.20 .436 �0.02 �0.04 0.01 229.32 .166
Math �0.06 �0.20 0.01 159.09 <.001 �0.04 �0.11 0.01 305.10 <.001
Language ability �0.06 �0.18 0.01 187.56 <.001 �0.02 �0.06 0.01 462.94 .062
Pseudo-R2 .60 .58

Note. Time represents age in years centered on age 7. Interactions with time represent associations with the slopes of behavior problems. Parameters where
p � .05 in bold, p � .10 in italics.
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�0.07, p � .050; see Appendix 6 of the online supplemental
materials).

Q2: What is the direction of effect between language ability
and behavior problems? We fit a series of ALT models (see
Figure 1) testing Directions A (language ability predicting later
behavior problems) and B (behavior problems predicting later
language). The results of the chi-square change tests are in Table
3. The model fit statistics and cross-lagged parameter estimates
from the full ALT models estimating both directions of effect are
in Table 4. The full model parameter estimates are in Appendix 7
(teacher report) and Appendix 8 (mother report) of the online
supplemental materials. Because the models fit better with autore-
gressive paths than without (teacher I-H: �2[12] � 32.41, p �
.001), we present results for models that included autoregressive
paths.

Inattentive-hyperactive problems. For teacher-reported I-H
problems, adding Direction A to the baseline model in the first step
resulted in a significant improvement in model fit. In the second
step, adding Direction B also resulted in a significant improve-
ment. In the reverse order, adding Direction B first to the baseline
model improved model fit to a trend level, and adding Direction A
second significantly improved model fit. Cross-lagged parameter
estimates from the full model showed that language ability was
significantly associated with later teacher-reported I-H problems
(� � �0.06), and teacher-reported I-H problems also predicted
later language ability (� � �0.04), suggesting a bidirectional
effect.

For mother-reported I-H problems, adding Direction A first to
the baseline model improved model fit, whereas adding Direction
B second did not. In the reverse order, adding Direction B first to
the baseline model did not improve model fit, whereas adding
Direction A second significantly improved model fit. Thus, the
direction of effect was stronger from language ability to I-H
problems than vice versa. Parameter estimates from the full model
indicated that language ability predicted later mother-reported I-H
problems (� � �0.07), but mother-reported I-H problems did not
predict later language ability (� � �0.01).

EXT problems. For teacher-reported EXT problems, adding
Direction A first to the baseline model improved model fit,
whereas adding Direction B second did not. In the reverse order,

adding Direction B first to the baseline model did not improve
model fit, whereas adding Direction A second significantly im-
proved model fit. Again, the parameter estimates indicated that
language ability predicted later EXT problems (� � �0.04), but
EXT problems did not predict later language ability (� � �0.01).
Findings were similar for mother-reported EXT problems, suggest-
ing that the direction of effect was stronger from language ability
to EXT problems (� � �0.07) than from EXT problems to
language ability (� � �0.03).

Secondary analyses. We fit autoregressive trajectory models
in HLM, and the results were commensurate with the ALT models
in SEM.1 We also examined whether the effect of language ability
on behavior problems differed by sex, testing Language Ability 	
Sex interaction effects in IGMs. It did not differ for either outcome
or rater, with one exception. The effect of language ability on
teacher-reported EXT problems tended to be stronger for boys than
for girls (B � .03, p � .055).

Discussion

Study 1 tested (a) whether language ability has an independent
association with behavior problems (I-H and EXT problems), and
(b) the direction of effect between language ability and behavior
problems. We found that language ability had an independent
effect on I-H and EXT problems controlling for sex, ethnicity,
SES, and math and reading ability. Children with poorer language
ability were reported to show more I-H problems relative to peers
with better language ability. In addition, although there was some
evidence of a bidirectional association, the direction of effect was
generally stronger from language ability to behavior problems than
from behavior problems to language ability.

Study 2

Study 2 involved the Children of the National Longitudinal
Survey of Youth study (CNLSY; Chase-Lansdale, Mott, Brooks-
Gunn, & Phillips, 1991), in which children were followed every 2

1 Results of the autoregressive trajectory models in HLM are available
upon request.

Table 3
Study 1: Nested Model Comparisons of Autoregressive Latent Trajectory Model Successively Adding Each Direction of Effect
Between Language Ability and Behavior Problems (Q2: What Is the Direction of Effect Between Language Ability and
Behavior Problems?)

Inattentive-Hyperactive Externalizing

Teacher Mother Teacher Mother

Step ��2 p ��2 p ��2 p ��2 p

Testing language ability ¡ Behavior problems

1. Adding Lang ¡ BP 10.92 .001 37.89 <.001 7.87 .005 15.96 <.001
2. Adding BP ¡ Lang 4.52 .034 0.18 .667 0.53 .465 2.11 .147

Testing behavior problems ¡ Language ability

1. Adding BP ¡ Lang 1.26 .096 1.10 .723 0.14 .710 1.24 .358
2. Adding Lang ¡ BP 12.96 <.001 37.44 <.001 9.36 .002 17.58 <.001

Note. All chi-square tests had 1 df. Parameters where p � .05 in bold, p � .10 in italics. Teacher and mother refer to teacher and mother-reported behavior
problems, respectively. BP � behavior problems; Lang � language ability.
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years from ages 4 to 12 years. Study 2 attempted to cross-validate
the findings from Study 1 by reexamining the association between
language ability and behavior problems in an independent sample
and with alternative measures.

Method

Participants. Participants included all biological children
of the women in the National Longitudinal Survey of Youth
(NLSY79), which was funded by the Bureau of Labor Statistics
as a nationally representative sample, with a supplemental
oversample of African American and Hispanic youth. The pres-
ent study examined the children from the 2008 report (N �
11,506). Of the 6,283 women in the NLSY79, 4,925 (78%) had
given birth to at least one child by the 2008 report. Of the
11,506 children recruited, 8,756 (76%) had scores for language
ability and behavior problems. Most children were assessed
every 2 years beginning in 1986 with newly born children in the
following years added to the sample. A subsample was assessed
on an annual basis. For those who had two assessments in a
2-year wave, their scores were averaged within wave. Partici-
pants’ trajectories of behavior problems were analyzed from
ages 4 to 12 years (the ages in which both language ability and
behavior problems were measured). Because the 2008 report
spans a wide age range of childbearing, the sample of children
does not disproportionately represent children born to younger
mothers (D’Onofrio et al., 2008). See Table 1 for demographic
characteristics of the sample.

Measures.
Behavior problems. Behavior problems included I-H and

EXT problems, and were assessed at each wave by mothers’
reports of the Behavior Problems Index (BPI). The BPI was
developed by selecting items with the strongest correlations
with CBCL (Achenbach & Edelbrock, 1981) factor scores, in
addition to reliability and utility in the context of interviews
(Peterson & Zill, 1986). The items were rated on a 3-point
scale, where 1 � not true, 2 � sometimes true, and 3 � often
true, and then were recoded to be on the same 0-to-2 scale as
items on the CBCL. Items in the I-H problems scale included
three items as determined by confirmatory factor analysis
(D’Onofrio et al., 2008): (1) has difficulty concentrating, (2)
impulsive or acts without thinking, and (3) restless or overly
active, cannot sit still. Cronbach’s alpha for the I-H problem

composites ranged from .66 to .73, depending on the year. I-H
problem composites were computed by averaging the items
within-year, and multiplying them by a constant (3) to maintain
the same possible range as the sum score (0 to 6). See Appendix
9 of the online supplemental materials for rates of missingness
in Study 2.

EXT problems included two first-order factors from the BPI:
antisocial conduct problems and oppositional problems (for sup-
port of first-order factor structure, see D’Onofrio et al., 2008).2

The antisocial conduct problems subscale includes seven items
(e.g., “cheats or lies,” “does not feel sorry after misbehaving”), and
oppositional problems include three items (e.g., “is stubborn, sul-
len, or irritable”). The items within each first-order factor were
averaged, and then multiplied by a constant to retain the same
possible range as the sum score. The correlation between antisocial
conduct problems and oppositional problems ranged from .57 to
.63 (p � .001), depending on the year. EXT problems were
calculated as the sum of the two first-order factors. Cronbach’s
alpha for the EXT problem items ranged from .77 to .84 depending
on the year.

Language ability. Language ability was measured by the age-
normed composite score on the Peabody Picture Vocabulary Test–
Revised (PPVT-R; Dunn & Dunn, 1981), a measure of receptive
language and vocabulary. The test involves the examiner saying
the name of an object, and the child picking the picture (out of four
possible) that best matches the verbal description. There are 175
possible vocabulary items. The age-normed scores were computed
according to a normed sample with a mean of 100 and standard
deviation of 15, with higher values representing better language
ability.

Other intellectual domains. Mathematics, reading compre-
hension, and reading recognition ability were measured by the
Peabody Individual Achievement Test (PIAT; Dunn, Mark-
wardt, & American Guidance Service, 1970) from ages 5 to 12.
The mathematics subtest includes 84 multiple choice questions
measuring attainment in early skills (number recognition) and
more advanced concepts (geometry and trigonometry). The

2 Previous studies have referred to the first-order factors for I-H prob-
lems, antisocial conduct problems, and oppositional problems as attention-
deficit/hyperactivity problems, conduct problems, and oppositional defiant
problems, respectively (e.g., D’Onofrio et al., 2008).

Table 4
Studies 1 and 2: Full Autoregressive Latent Trajectory Model Fit Statistics and Standardized Cross-Lagged Parameter Estimates (Q2:
What Is the Direction of Effect Between Language Ability and Behavior Problems?)

BP Rater Study

Model fit Lang ¡ BP BP ¡ Lang

RMSEA CFI �2 df � SE p � SE p

I-H Teacher 1 .025 0.992 94.77 70 �0.06 0.02 <.001 �0.04 0.02 .030
I-H Mother 1 .021 0.996 87.13 70 �0.07 0.01 <.001 �0.01 0.02 .671
I-H Mother 2 .013 0.995 71.71 26 �0.03 0.01 <.001 0.00 0.01 .771
EXT Teacher 1 .017 0.996 80.60 70 �0.04 0.01 .005 �0.01 0.02 .456
EXT Mother 1 .008 0.999 72.52 70 �0.07 0.02 <.001 �0.03 0.02 .138
EXT Mother 2 .013 0.996 67.85 26 �0.03 0.01 <.001 0.00 0.01 .966

Note. Parameters where p � .05 in bold. BP � behavior problems; CFI � comparative fit index; EXT � externalizing problems; I-H � inattentive-
hyperactive problems; Lang � language ability; RMSEA � root mean square error of approximation.
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reading comprehension subtest includes 66 items, in which the
child reads a sentence and selects one of four pictures that best
corresponds to the meaning of the sentence. The reading rec-
ognition subtest includes 84 items measuring word recognition
and pronunciation ability. All three subtests of the PIAT were
age-normed to a normed sample (M � 100, SD � 15), with
higher values representing better scores.

Short-term memory (STM) was measured by digit span, which
was assessed from age-normed scores on the Wechsler Intelligence
Scale for Children-Revised (WISC–R; Wechsler, 1974) Digit Span
subtest at ages 7 to 12. The Digit Span subtest asks children to
listen to a sequence of 14 numbers and to repeat them back to the
interviewer. Then, the child listens to a different series of 14
numbers and is instructed to repeat the numbers in reverse order.
Scores were age-normed (M � 10, SD � 3), with higher values
representing better STM. Because the other intellectual domains
were not measured at each of the ages of the present study (4 to 12
years), average scores of each intellectual domain (except lan-
guage ability) across age were computed to be used as time-
invariant covariates.

Other risk factors. SES and other risk factors were measured
by four indices: (a) the mother’s highest grade completed in school
(0 � none, 1 � prekindergarten, 2 � kindergarten, 3 � first grade
. . . 20 � eighth year of college), (b) the mother’s age at child-
bearing for the target child, (c) the mother’s IQ, and (d) the total
family income. Mothers’ IQ scores were measured in 1980 (when
mothers were 15 to 23 years old) as part of the Armed Forces
Qualifications Test, which includes four subtests of the Armed
Services Vocational Aptitude Battery, including Arithmetic Rea-
soning, Word Knowledge, Paragraph Comprehension, and Numer-
ical Qualifications. Total family income was defined as the total
income received by the mother’s household when she was 30 years
old (in inflation-adjusted 1986 dollars), including government
support and food stamps. Because of skewness, total family in-
come was log-transformed.

Statistical analysis. Two model sets, IGMs and ALT models,
were fit similar to Study 1 with fewer time points (n � 5). IGMs
included covariates for demographics (sex and ethnicity), SES, and
other intellectual domains (math, reading comprehension, reading
recognition, and STM). IGM variables were multiply imputed with
the same procedure as in Study 1. Because of the oversampling of
Hispanics and African Americans, we included sample weights as
a covariate in the conditional IGMs and as a weight variable in the
ALT models to help calculate unbiased parameter estimates that
would be more representative of the general population of children
in the United States. The sampling weights were proportional to
the inverse of selection probability and were rescaled to have a
mean of 1 to reflect the average weight or contribution of children
relative to nationally representative children. Because multiple
children (and mothers) were assessed in the same households, we
fit three-level IGMs and ALT models with household as a cluster
variable to account for the dependency of children within house-
holds. See Appendix 4 of the online supplemental materials for
model equations.

Results

Unconditional means models showed similar levels of standard-
ized within-individual variance for language ability (�e

2 � 0.36,

SD � 0.60), and I-H (�e
2 � 0.44, SD � 0.66) and EXT (�e

2 � 0.46,
SD � 0.68) problems, suggesting that we could compare each
direction of effect. (Note that only mother-reported problems were
measured in Study 2.) An unconditional growth model found that
I-H problems (B � �0.09, p � .001) and EXT problems (B �
�0.05, p � .001) showed significant decreases with age. Models
with random intercepts and slopes were fit to I-H problems and
EXT problems. Language ability was modeled as a time-varying
predictor with a fixed effect because it did not have sufficient
variance in its association with I-H and EXT problems across
individuals for model convergence (suggesting that the effect of
language ability on behavior problems was similar across chil-
dren). A correlation matrix of the variables, along with means and
standard deviations is presented in Appendix 10 of the online
supplemental materials.

Q1: Does language ability have an independent effect on
behavior problems?

Inattentive-hyperactive problems. Parameter and pseudo-R2

estimates are presented in Table 5. Controlling for covariates,
language ability was significantly negatively associated with I-H
problems. Children with poorer language ability showed more I-H
problems (� � �0.02). Findings also suggested that girls had
lower starting values of I-H problems than did boys at age 4.
Moreover, Hispanics and African Americans had lower intercepts
of I-H problems compared with non-Hispanic Whites. All of the
SES and other risk factors except mother’s IQ (mother’s highest
grade completed, mother’s age at childbearing, total family in-
come) were negatively associated with the intercepts of I-H prob-
lems. Mother’s age at childbearing also predicted the slopes of I-H
problems. Children of mothers who gave birth at an earlier age
decreased more rapidly in I-H problems over time (although they
started with higher intercepts). All of the intellectual domain
covariates (math ability, reading comprehension, reading recogni-
tion, and STM) were negatively associated with the intercepts (not
slopes) of I-H problems.

EXT problems. In the model of EXT problems (see Table 5),
language ability was negatively associated with EXT problems
controlling for covariates (� � �0.02). The following groups/
predictors were associated with higher intercepts of EXT prob-
lems: males, non-Hispanic Whites (compared with African Amer-
icans and Hispanics), children of mothers with fewer grades
completed, higher IQ, lower family income, and of younger age at
childbearing, and children with poorer math and reading compre-
hension scores. Mothers’ highest grade completed and age at
childbearing were the only predictors of the slopes (children of
mothers with less education and an earlier age at childbearing
declined more rapidly in EXT problems, although they started with
higher intercepts).

Q2: What is the direction of effect between language ability
and behavior problems? ALT models were fit similar to Study
1, with 2-year lags testing Directions A (language ability predict-
ing later behavior problems) and B (behavior problems predicting
later language). The results of the chi-square change tests are in
Table 6. The model fit statistics and cross-lagged parameter esti-
mates from the full ALT models estimating both directions of
effect are in Table 4. The full model parameter estimates are in
Appendix 11 of the online supplemental materials.

Inattentive-hyperactive problems. For I-H problems, adding
Direction A first to the baseline model improved model fit,
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whereas adding Direction B second did not. In the reverse order,
adding Direction B first to the baseline model did not improve
model fit, whereas adding Direction A second significantly im-
proved model fit. Parameter estimates from the full model indi-
cated that language ability predicted later I-H problems (� �

�0.03), but I-H problems did not predict later language ability
(� � 0.00). The findings suggested that the direction of effect was
stronger from language ability to I-H problems than vice versa.

EXT problems. Findings for EXT problems were similar to
findings for I-H problems, suggesting that the direction of effect
was stronger from language ability to EXT problems (� � �0.03)
than from EXT problems to language ability (� � 0.00).

Secondary analyses. We fit autoregressive trajectory models
in HLM, and the results were commensurate with the ALT models
in SEM (see Footnote 1). We also tested whether the effect of
language ability on I-H problems differed by sex with Language
Ability 	 Sex interaction effects in IGMs, and it did not. The
effect of language ability on EXT problems tended to be stronger
for boys than girls (B � .003, p � .084).

Discussion

Study 2 attempted to replicate the findings from Study 1. Find-
ings from Study 2 suggested that language ability had an indepen-
dent effect on behavior problems controlling for sex, ethnicity,
SES, and math, reading comprehension, reading recognition, and
STM scores. Moreover, the effect of language ability on later
behavior problems was stronger than the effect of behavior prob-
lems on later language ability, suggesting that the direction of
effect is from language ability to behavior problems.

Table 5
Study 2: Language Ability Predicting the Development of Inattentive-Hyperactive and Externalizing Problems (Q1: Does Language
Ability Have an Independent Effect on Behavior Problems?)

Variable

Inattentive-hyperactive problems Externalizing problems

B � SE df p B � SE df p

Intercept 6.594 0.01 0.212 144.91 <.001 13.795 0.00 0.494 104.68 <.001
Time �0.238 �0.04 0.066 215.36 <.001 �0.432 �0.01 0.184 71.24 .021
Female �0.419 �0.15 0.026 392.78 <.001 �0.619 �0.09 0.057 566.60 <.001
African American �0.196 �0.07 0.040 531.45 <.001 �0.531 �0.06 0.101 191.59 <.001
Hispanic �0.285 �0.09 0.043 497.95 <.001 �0.605 �0.07 0.104 355.86 <.001
Mother highest grade �0.018 �0.03 0.006 707.85 .001 �0.046 �0.02 0.014 287.20 .001
Mother IQ 0.001 0.04 0.001 127.44 .096 0.004 0.03 0.002 130.36 .016
Mother age at birth �0.035 �0.08 0.002 362.74 <.001 �0.070 �0.11 0.006 155.74 <.001
Family income �0.071 �0.05 0.016 173.77 <.001 �0.291 �0.09 0.041 91.13 <.001
Sample weight �0.139 �0.08 0.018 401.74 <.001 �0.218 �0.05 0.044 194.37 <.001
Math �0.010 �0.09 0.002 384.42 <.001 �0.011 �0.03 0.004 191.68 .006
Reading comprehension �0.007 �0.06 0.002 329.41 <.001 �0.012 �0.05 0.005 205.77 .008
Reading recognition �0.004 �0.05 0.002 305.59 .030 �0.008 �0.03 0.005 111.22 .094
Short-term memory �0.016 �0.03 0.005 329.05 .003 �0.007 �0.01 0.015 68.13 .671
Female 	 Time �0.003 0.00 0.010 188.14 .753 0.004 0.00 0.023 148.17 .861
African American 	 Time �0.018 �0.01 0.011 1179.56 .087 0.042 0.01 0.031 133.43 .169
Hispanic 	 Time �0.014 �0.01 0.012 531.49 .248 0.024 0.01 0.033 121.85 .477
Mother Highest Grade 	 Time 0.003 0.01 0.002 339.07 .140 0.011 0.01 0.005 150.14 .022
Mother IQ 	 Time 0.000 0.01 0.000 122.32 .286 0.000 0.00 0.001 75.94 .856
Mother Age At Birth 	 Time 0.007 0.04 0.001 401.27 <.001 0.004 0.01 0.002 192.46 .029
Family Income 	 Time 0.000 0.00 0.006 150.58 .952 �0.002 0.00 0.015 66.96 .870
Math 	 Time 0.000 0.00 0.001 385.48 .869 0.001 0.01 0.001 160.75 .340
Reading Comprehension 	 Time 0.000 0.01 0.001 381.85 .643 0.000 0.00 0.002 143.01 .834
Reading Recognition 	 Time 0.000 �0.01 0.001 338.71 .503 0.000 0.01 0.002 120.21 .785
Short-Term Memory 	 Time 0.000 0.00 0.002 310.83 .949 �0.005 �0.01 0.005 165.11 .262
Language ability �0.002 �0.02 0.001 82.01 .008 �0.004 �0.02 0.001 46.61 .009
Pseudo-R2 .23 .22

Note. Time represents age in years centered on age 4. Interactions with time represent associations with the slopes of behavior problems. Parameters where
p � .05 in bold, p � .10 in italics.

Table 6
Study 2: Nested Model Comparisons of Autoregressive Latent
Trajectory Model Successively Adding Each Direction of Effect
Between Language Ability and Behavior Problems (Q2: What Is
the Direction of Effect Between Language Ability and
Behavior Problems?)

I-H EXT

Step ��2 p ��2 p

Testing language ability ¡ Behavior problems

1. Adding Lang ¡ BP 31.61 <.001 46.62 <.001
2. Adding BP ¡ Lang 0.10 .750 0.00 .967

Testing behavior problems ¡ Language ability

1. Adding BP ¡ Lang 0.96 .327 0.99 .320
2. Adding Lang ¡ BP 31.30 <.001 40.87 <.001

Note. All chi-square tests had 1 df. Parameters where p � .05 in bold.
BP � behavior problems; EXT � externalizing problems; I-H �
inattentive-hyperactive problems; Lang � language ability.
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General Discussion

The present studies tested two questions: (a) Does language
ability have an independent effect on behavior problems? and (b)
What is the direction of effect between language ability and
behavior problems? We hypothesized that language ability would
have an independent effect on the development of behavior prob-
lems and that the direction of effect would be stronger from
language ability to behavior problems than vice versa. Study 1
tested whether language ability, measured by language mechanics
and expression, predicted the development of I-H and EXT prob-
lems in children from ages 7 to 13 years, and Study 2 tested the
association between language ability, indexed by vocabulary, and
behavior problems from ages 4 to 12 years. The longitudinal
studies allowed using the child as his or her own control to test
whether language ability predicts within-person changes in behav-
ior problems. Findings from both studies supported the hypotheses
that (a) language ability has an independent effect on the devel-
opment of I-H and EXT problems, consistent with a meta-analysis
(Yew & O’Kearney, in press), and that (b) the direction of effect
is stronger from language ability to behavior problems than vice
versa.

For I-H problems, both studies found that the association be-
tween language ability and I-H problems held, even after control-
ling for demographic characteristics (sex and ethnicity), SES, and
performance in other intellectual domains (math, reading, and in
Study 2, STM). In Study 1, this pattern also held across ratings by
teachers and mothers. Moreover, children’s language ability inde-
pendently accounted for 3% of within-individual variability in I-H
problems. These findings suggest that language ability has a
unique effect on behavior problems. In addition, both studies
found that language ability predicted later changes in I-H prob-
lems. Although teacher-reported I-H problems in Study 1 also
predicted the development of later language ability, both studies
found that the direction of effect was stronger from language
ability to I-H problems than from I-H problems to language ability.
Thus, although there is evidence of a bidirectional effect, the
evidence is stronger in favor of the influence of language ability on
I-H problems than the reverse. As for EXT problems, both studies
found that language ability predicted the development of EXT
problems controlling for demographic characteristics and perfor-
mance in other intellectual domains. Moreover, both studies found
that language ability predicted later changes in EXT problems
more strongly than the reverse. The results are consistent with the
causal hypothesis that language ability influences attentional and
behavioral regulation.

The finding that poor language ability may lead to the develop-
ment of attentional and EXT problems is consistent with prior
findings showing that language ability is associated with atten-
tional and behavioral regulation (Rodriguez et al., 1989). Children
with better language ability may be more effective at using private
speech as a self-guiding tool and may show earlier internalization
of private speech and regulatory mechanisms, resulting in better
self-regulation and adjustment. Language ability may be important
for the development of attention regulation and for regulating
behavior (Barkley, 1997). Alternatively, language ability may be
important to the extent that it (a) allows children to communicate
their needs and to elicit inductive parenting (Keenan & Shaw,
1997), or (b) facilitates social skills and prevents peer rejection

(Menting et al., 2011). Although language ability has been hypoth-
esized to account partially for gender differences in the develop-
ment of behavior problems (Lahey & Waldman, 1999), our find-
ings show that language ability appears to play an important role
in the development of behavior problems even when controlling
for gender differences.

Future studies should examine mechanisms by which language
ability may influence behavior problems. A first step might be to
identify what specific aspects of language (e.g., private speech,
receptive language, expressive language) are important for the
development of attentional and behavioral regulation. Studies
should also examine whether poorer language skills elicit more
parental punishment or whether language abilities are associated
with individual differences in private speech and self-regulation. It
may also be important for future studies to consider language
ability in the context of dialects and second languages, because
bilingual children may have better self-regulation than monolin-
gual children (Bialystok & Viswanathan, 2009). Future studies
should also consider how language ability contributes to behavior
problems in adulthood.

In addition to language ability, there were other predictors of
behavior problems as well. Boys had higher initial values of
behavior problems than girls, which is unsurprising given the
higher rates of ADHD and EXT problems among males than
females (e.g., Costello et al., 2003). Moreover, children from lower
SES families had higher initial values of behavior problems than
did children from higher SES families, consistent with previous
research (e.g., Scahill et al., 1999). Additionally, math ability
predicted the development of I-H problems in Study 1, and math
ability, reading ability, and STM were associated with I-H prob-
lems in Study 2. Finally, we tested whether the effect of language
ability on the development of behavior problems differed by sex,
and the effect mostly did not differ between boys and girls. For
teacher-reported I-H problems in Study 1 and mother-reported
EXT problems in Study 2, the effect of language tended to be
stronger for boys than girls. To resolve the inconclusive
Language 	 Sex effects, future studies are needed.

The effect of language ability did differ, however, based on the
source of the ratings of I-H problems. Specifically, language
ability had a stronger effect on teacher-reported compared with
mother-reported I-H problems, which is consistent with prior find-
ings (Lindsay et al., 2007). Although language ability predicted the
development of both teacher- and mother-reported I-H problems in
Study 1, the effect was stronger for teacher- than for mother-
reported problems. There are several possibilities for the stronger
effect of language ability on teacher-reported I-H problems. One
possibility is that language deficits may impair attentional regula-
tion, particularly in the academic domain, during which difficult
academic tasks may require greater language ability to focus and
regulate behavior through self-directed speech or thought. Alter-
natively, children with poor language ability may not understand
teachers’ instructions in the classroom, or may take longer to
process the instructions, which may lead them to lose interest,
fidget, and show attention deficits. Thus, attention deficits may
have different meanings in different contexts, and future studies
should extend our findings with more direct measures of attention.
Another possibility is that the teacher’s knowledge of the child’s
academic performance may have influenced the ratings of I-H
problems. Future studies should examine the effects of language
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ability on behavior problems in different contexts to determine the
situations in which the functional impairment is greatest.

The present studies had several limitations. In Study 1, the rates
of missingness in school records of language ability may have
reflected nonrandom missingness, as suggested by the difference
between the participants and nonparticipants in terms of sex, SES,
and ethnicity. Nonrandom missingness and participation bias may
have led to the high mean percentile score for language ability in
the sample relative to the general population. Although one would
expect a mean percentile around 50 for a random sample of a
normal population, the mean percentile of language scores was
higher (65), despite the fact that the percentiles were derived from
nationally normed tests. Nevertheless, multiple imputation and
FIML may have improved the generalizability of the findings. An
alternative interpretation of the high average scores is that the
norms for the standardized tests may have been out of date, similar
to the general increase in a population’s scores on intelligence tests
over time (the Flynn effect, e.g., Neisser, 1997). In any case, the
limitation in Study 1 was counterbalanced by below-average lan-
guage scores in Study 2 (although within 1 SD of the mean for a
normal population). Study 2 had considerable rates of attrition, yet
this was counterbalanced by lower rates of missingness in Study 1.
We also used multiple imputation and FIML to inform missingness
and sample weights to make the findings in Study 2 more gener-
alizable to the population.

A limitation in both studies was that the language ability scores
were age-normed (Study 1: age-normed percentiles; Study 2: age-
normed standardized scores). As a result, we could only examine
age-normed differences rather than performance in the raw metric.
Changes in a child’s percentile and standardized score over time
reflected changes relative to one’s peers (similar to rank-order
change), but did not reflect whether children were improving in
their overall ability. Thus, we were unable to examine absolute,
mean-level change in the test scores and whether mean-level
changes corresponded to changes in behavior problems. In addi-
tion, because a difference in reliability between language ability
and behavior problems could limit interpretation of the ALT
models, we had to ask whether both variables had similar amounts
of within-individual variability. The comparisons suggested that
we could examine the direction of effect in the ALT models.
Ultimately, multiple designs, including experiments, will be nec-
essary to determine the precise causal role of language ability in
the development of behavior problems.

Despite stronger evidence of the effect of language ability on
later behavior problems than vice versa, the actual process of
development between language ability and behavior problems may
be bidirectional. Real development does not occur in a vacuum and
could operate at different scales and in a transactional way. Res-
olution at this level of detail of the relation between language and
behavior problems would require assessments on finer-grained
time scales. The present study merely sheds light on one possible
mechanism by which behavior problems develop. Future studies
should examine other mechanisms for how language relates to
attentional and behavioral regulation.

The present studies had several notable strengths. First, both
studies examined multiple behavior problems to provide converg-
ing evidence of the effect of language ability on behavioral ad-
justment. Second, Study 1 measured behavior problems with mul-
tiple informants. This provided converging evidence of the effects

of language ability on behavior problems from multiple perspec-
tives and across different contexts. Third, the studies were longi-
tudinal, which allowed us to predict the development of within-
individual differences in behavior problems over time. Fourth, we
tested whether language ability predicts later changes in behavior
problems and tested the opposite direction of effect. Fifth, we
found similar results across two analytical approaches, HLM and
SEM. Finally, the findings were validated across independent
samples. Although each study had its own limitations, the two
studies used different measures, different methodologies, and in-
corporated different limitations that were in some cases addressed
in the other study. For example, Study 1 incorporated stronger
measurement of behavior problems, and Study 2 had more precise
measurement of language ability. The replication of findings
across both studies provides further confidence in the results.

Although not conclusive of a causal or directional effect, the
ALT model provides a stronger test of the direction of effect from
language ability to behavior problems than other cross-sectional
and longitudinal correlational analyses, even though it does not
eliminate the possibility that the association could owe to unmea-
sured variables. Nevertheless, the finding that language ability
predicts later changes in I-H problems and EXT problems provides
support for language ability as a plausible target of intervention for
improving I-H or EXT problems. Because of the comorbidity of
language problems with ADHD, researchers have already called
for interventions that target language problems in children with
ADHD (Wassenberg et al., 2010). The present results support that
call in addition to a call for both finer-grained longitudinal and
experimental tests of whether language ability would be a reason-
able target of intervention for treating or preventing attention
deficits and behavior problems in children.
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S1. Study 1: Rates of missingness in percentages. 

Age 
Variable Across time 7 8 9 10 11 12 13 
behavior problems (teacher) 21.8 11.6 14.9 20.0 23.4 24.1 27.2 31.1 
behavior problems (mother) 24.5 20.9 19.1 28.0 32.3 22.9 21.5 26.8 
language ability 31.7 29.7 26.5 27.2 28.7 31.3 33.8 45.0 
math ability 31.5 29.7 26.5 27.2 28.9 31.6 33.7 42.6 
reading ability 31.7 29.7 26.8 27.9 28.7 31.5 33.8 43.8 

Variable Time-invariant 
female 0.0 
SES 2.6 
ethnicity 0.0 

 Sample Retention % of Children with Number of Time Points 
Variable 0 1 2 3 4 5 6 7 
behavior problems (teacher) 5.6 2.7 4.1 5.3 5.8 10.6 16.1 49.7 
behavior problems (mother) 8.4 3.6 3.1 5.1 6.0 7.4 22.9 43.6 
language ability 16.6 3.4 3.1 5.1 6.0 7.7 16.4 41.7 
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S2. Study 1: Means (with standard deviations in parentheses) of the time-varying measures. 

    Age 
Variable Across  time 7 8 9 10 11 12 13 
I-H problems (teacher) 7.50 (8.48) 7.53 (8.36) 7.85 (8.69) 7.19 (8.22) 7.76 (9.01) 7.17 (8.45) 7.37 (8.23) 7.63 (8.36) 
I-H problems (mother) 3.62 (3.31) 3.24 (3.08) 3.21 (3.32) 3.21 (3.22) 3.24 (3.52) 3.09 (3.27) 3.48 (3.40) 3.35 (3.34) 
EXT problems (teacher) 6.99 (10.37) 7.02 (10.42) 6.63 (10.09) 6.59 (10.08) 7.21 (10.11) 7.11 (10.56) 6.68 (9.81) 7.80 (11.60) 
EXT problems (mother) 9.17 (7.20) 9.60 (6.80) 9.33 (7.46) 9.27 (7.41) 8.73 (7.28) 8.74 (7.12) 9.24 (7.14) 9.19 (7.18) 
language ability 64.55 (25.07) 64.81 (25.28) 63.20 (25.75) 63.70 (24.02) 64.41 (25.20) 65.37 (25.11) 64.70 (25.46) 66.11 (24.65) 
math ability 65.62 (27.78) 67.96 (26.80) 63.49 (27.71) 65.66 (27.15) 63.35 (28.33) 66.28 (28.95) 65.89 (28.02) 67.18 (27.28) 
reading ability 65.20 (27.68) 66.87 (26.58) 64.08 (28.23) 65.45 (26.59) 65.56 (28.50) 63.61 (29.05) 64.01 (28.28) 67.16 (26.17) 

 

Note. I-H = inattentive-hyperactive, EXT = externalizing
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S3.  Study 1: Achievement tests and percentage of times administered. 
Test Percent 

Comprehensive Tests of Basic Skills, 4th edition (the normed 
portion of the Tennessee Comprehensive Assessment Program) 

74.56 

Indiana Statewide Testing for Educational Progress-Plus 16.16 
California Achievement Test 6.45 
Stanford Achievement Test 1.00 
California Test of Basic Skills 0.61 
Iowa Tests of Basic Skills 0.44 
Science Research Associates Test 0.30 
Stanford Early School Achievement Test 0.09 
Metropolitan Achievement Tests, 7th Edition 0.04 
Illinois Goal Assessment Program 0.04 
Other 0.31 
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S4. Studies 1 and 2: Equations for the individual growth models. 
 

 
 
Study 1 
 
Nesting: 
Level 1: t = time (measurement occasion) 
Level 2: i = individual 
 
Unconditional means model: 

I-H/EXTti = β0i + eti  
β0i = γ00 + r0i 

 
Unconditional growth model: 

I-H/EXTti = β0i + β1i(timeti) + eti  
β0i = γ00 + r0i 
β1i = γ10 + r1i 

 
Q1: Does language ability have an independent effect on behavior problems?: 

I-H/EXTti = β0i + β1i(timeti) + β2i(languageti) + β3i(mathti) + β4i(readingti) + eti 
β0i = γ00 + γ01(femalei) + γ02(SESi) + γ03(ethnicityAfrAmi) + γ04(ethnicityOtheri) + r0i 
β1i = γ10 + γ11(femalei) + γ12(SESi) + γ13(ethnicityAfrAmi) + γ14(ethnicityOtheri) + r1i 
β2i = γ20 + r2i 
β3i = γ30 
β4i = γ40 

 
Does the effect of language ability on behavior problems differ by sex? 

I-H/EXTti = β0i + β1i(timeti) + β2i(languageti) + eti  
β0i = γ00 + γ01(femalei) + γ02(SESi) + r0i  
β1i = γ10 + r1i  
β2i = γ20 + γ21(femalei) + r2i  

 
Study 2 
 
Nesting: 
Level 1: t = time (measurement occasion) 
Level 2: i = individual 
Level 3: h = household 
 
Unconditional means model: 

I-H/EXTtih = π0ih + etih 
π0ih = β00h + r0ih 
β00h = γ000 + u00h 
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S4 – (Continued) 

Unconditional growth model: 
I-H/EXTtih = π0ih + π1ih(timetih) + etih 
π0ih = β00h + r0ih 
π1ih = β10h + r1ih 
β00h = γ000 + u00h 
β10h = γ100 
 

Q1: Does language ability have an independent effect on behavior problems?: 
I-H/EXTtih = π0ih + π1ih(timetih) + π2ih(languagetih) + etih 
π0ih = β000h + β001h(femaleih) + β002h(ethnicityAfrAmih) + β003h(ethnicityHispih)                       
+ β004h(momGradeih)  + β005h(momIQih) + β006h(momAgeAtBirthih) + β007h(incomeih)            
+ β008h(weightih) + β009h(mathih) + β010h(readingCompih) + β011h(readingRecogih)                     
+ β012h(shortTermMemoryih) + r0ih 
π1ih = β100h + β101h(femaleih) + β102h(ethnicityAfrAmih) + β103h(ethnicityHispih)                       
+ β104h(momGradeih)  + β105h(momIQih) + β106h(momAgeAtBirthih) + β107h(incomeih)            
+ β108h(weightih) + β109h(mathih) + β110h(readingCompih) + β111h(readingRecogih)                    
+ β112h(shortTermMemoryih) + r1ih 
π2ih = β200h 
β000h = γ000 + u00h 
β001h = γ001 
β002h = γ002 
β003h = γ003 
β004h = γ004 
β005h = γ005 
β006h = γ006 
β007h = γ007 
β008h = γ008 
β009h = γ009 
β010h = γ010 
β011h = γ011 
β012h = γ012 
β100h = γ100 

β101h = γ101 
β102h = γ102 
β103h = γ103 
β104h = γ104 
β105h = γ105 
β106h = γ106 
β107h = γ107 
β108h = γ108 
β109h = γ109 
β110h = γ110 
β111h = γ111 
β112h = γ112 
β200h = γ200 

 
Does the effect of language ability on behavior problems differ by sex? 

I-H/EXTtih = π0ih + π1ih(timetih) + π2ih(languagetih) + etih 
π0ih = β00h + β01h(femaleih) + β02h(ethnicityAfrAmih) + β03h(ethnicityHispih) + r0ih 
π1ih = β10h + r1ih 
π2ih = β20h + β21h(femaleih) 
β00h = γ00 + u00h 
β10h = γ10 
β20h = γ20 
β21h = γ21 

 
 
Note. I-H = inattentive-hyperactive problems, EXT = externalizing problems, ethnicityAfrAm = 
African American, ethnicityHisp = Hispanic
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S5. Study 1: Pearson correlation and point biserial correlation matrix of the model variables. 

Variable   1 2 3 4   5   6. EXT teacher   7. EXT mother 

 Age           7 8 9 10 11 12 13   7 8 9 10 11 12 13   7 8 9 10 11 12 13 

1. Female  1             -.15 -.20 -.23 -.24 -.16 -.13 -.15  -.09 -.08† -.06 -.11 -.15 -.02 -.04 
2. AfrAm  .03 1            .18 .20 .15 .19 .35 .36 .23  .02 .06 .05 .06 .02  .08†  .09† 
3. OthrEth  -.03 -.06 1           .03 -.01 -.01 .07 -.06 .01 -.05  -.05 -.01 -.05 -.03 -.05 .01 -.04 
4. SES  -.05 -.40 -.01 1          -.28 -.29 -.28 -.24 -.33 -.33 -.34  -.22 -.25 -.23 -.28 -.21 -.25 -.23 

5. Lang 

7 .13 -.27 -.04 .42  1        -.26 -.28 -.28 -.23 -.25 -.28 -.27  -.16 -.19 -.21 -.23 -.18 -.23 -.18 
8 .17 -.26 -.01 .44  .71 1       -.26 -.30 -.33 -.25 -.23 -.31 -.27  -.24 -.24 -.29 -.34 -.22 -.25 -.19 
9 .17 -.32 -.01 .47  .67 .71 1      -.25 -.26 -.35 -.30 -.27 -.32 -.33  -.19 -.19 -.20 -.28 -.16 -.22 -.16 

10 .14 -.32 .05 .52  .63 .73 .77 1     -.28 -.32 -.35 -.40 -.30 -.32 -.33  -.27 -.24 -.25 -.37 -.23 -.27 -.20 
11 .18 -.37 -.02 .49  .68 .68 .75 .80 1    -.24 -.32 -.31 -.31 -.31 -.35 -.36  -.26 -.24 -.26 -.29 -.22 -.28 -.22 
12 .18 -.35 .01 .47  .65 .66 .75 .79 .80 1   -.26 -.32 -.37 -.37 -.32 -.39 -.36  -.20 -.14 -.15 -.26 -.19 -.24 -.19 
13 .18 -.35 .03 .44   .62 .62 .71 .73 .73 .85 1   -.25 -.24 -.32 -.38 -.29 -.30 -.32   -.17 -.14 -.15 -.18 -.17 -.19 -.15 

6. I-H 
teacher 

7 -.22  .08† .02 -.24  -.40 -.41 -.35 -.39 -.36 -.33 -.25  – .61 .58 .57 .45 .40 .49  .33 .45 .33 .40 .37 .38 .33 
8 -.29 .16 .02 -.45  -.44 -.45 -.38 -.49 -.45 -.43 -.34  .60 – .63 .55 .49 .53 .50  .24 .36 .36 .29 .36 .33 .35 
9 -.27 .11 -.02 -.26  -.38 -.48 -.44 -.47 -.43 -.39 -.36  .50 .64 – .62 .50 .51 .55  .26 .39 .34 .41 .42 .47 .43 

10 -.28  .09† .01 -.23  -.30 -.42 -.41 -.55 -.43 -.46 -.41  .53 .58 .61 – .53 .59 .45  .28 .35 .31 .40 .45 .40 .29 
11 -.28 .24 -.04 -.33  -.33 -.41 -.39 -.47 -.45 -.45 -.40  .45 .51 .54 .59 – .52 .46  .19 .25 .24 .28 .24 .34 .21 
12 -.26 .23 .03 -.31  -.37 -.45 -.39 -.44 -.48 -.51 -.43  .54 .55 .56 .60 .60 – .53  .21 .27 .29 .31 .30 .36 .36 
13 -.28 .13 -.01 -.34   -.29 -.38 -.42 -.44 -.43 -.46 -.43   .45 .43 .46 .48 .53 .63 –   .25 .37 .31 .35 .26 .36 .42 

7. I-H 
mother 

7 -.14 .00 -.04 -.15  -.20 -.26 -.21 -.28 -.28 -.24 -.21  .39 .40 .34 .42 .33 .32 .30  – .72 .69 .70 .58 .61 .54 
8 -.11 .02 .04 -.19  -.23 -.31 -.18 -.28 -.25 -.20 -.15  .50 .40 .39 .43 .34 .34 .29  .75 – .74 .70 .68 .69 .64 
9 -.16 .00 -.05 -.10  -.23 -.32 -.19 -.26 -.21 -.16 -.17  .48 .42 .42 .45 .37 .41 .37  .70 .75 – .76 .68 .69 .65 

10 -.16 .04 .03 -.18  -.25 -.36 -.26 -.34 -.29 -.19 -.13  .45 .41 .43 .49 .40 .38 .31  .69 .74 .75 – .70 .74 .65 
11 -.23 -.09† .00 -.06  -.18 -.28 -.20 -.26 -.22 -.20 -.15  .37 .41 .45 .51 .34 .37 .30  .66 .68 .73 .78 – .75 .67 
12 -.11 .05 .02 -.17  -.24 -.31 -.22 -.30 -.30 -.28 -.20  .45 .39 .49 .50 .47 .45 .38  .60 .68 .67 .74 .75 – .77 
13 -.13 -.07 .01 -.07  -.16 -.19 -.13 -.19 -.21 -.19 -.11†  .40 .39 .42 .45 .33 .44 .38  .61 .67 .69 .68 .73 .75 – 
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S5 – (Continued) 

Note. Variables 6 and 7 above the diagonal refer to teacher- and mother-reported externalizing problems, respectively, whereas they refer to teacher- 

and mother-reported I-H problems below the diagonal.  I-H = inattentive-hyperactive problems, EXT = externalizing problems. 

Bold values represent correlations where p < .05., † p < .1 
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S6. Study 1: Individual growth models of mother-reported problems. 

  Inattentive-Hyperactive Problems   Externalizing Problems 
Variable B β SE df p 

 
B β SE df p 

intercept 6.22 -0.01 0.50 413.32 < .001 
 

17.12 0.00 0.99 1224.05 < .001 
time -0.02 0.02 0.10 335.98 .860 

 
-0.16 -0.01 0.20 526.93 .423 

female -0.85 -0.13 0.24 2827.55 < .001 
 

-1.34 -0.08 0.53 1522.90 .012 
SES -0.03 -0.10 0.01 813.00 .004 

 
-0.12 -0.22 0.02 749.01 < .001 

African American -0.82 -0.11 0.37 1233.55 .026 
 

-2.06 -0.10 0.79 1205.75 .010 
other ethnicity -0.63 -0.01 0.87 2762.31 .468 

 
-2.15 -0.04 1.96 1515.03 .272 

female × time -0.01 0.00 0.05 788.35 .892 
 

0.08 0.01 0.10 862.98 .445 
SES × time 0.00 0.01 0.00 495.45 .473 

 
0.00 0.01 0.00 668.13 .727 

African American × time -0.06 -0.01 0.07 684.20 .449 
 

0.07 0.01 0.17 276.86 .668 
other ethnicity × time 0.12 0.01 0.19 431.21 .549 

 
0.01 0.00 0.42 328.58 .978 

reading 0.00 0.02 0.00 260.54 .496 
 

0.00 0.01 0.00 162.86 .649 
math -0.01 -0.09 0.00 145.97 < .001 

 
-0.02 -0.07 0.01 85.66 .022 

language ability -0.01 -0.10 0.00 235.73 .002 
 

-0.02 -0.07 0.01 144.05 .050 
pseudo-R2  .65           .64         

 

Note. Time represents age in years centered on age 7.  Interactions with time represent 

associations with the slopes of behavior problems.  Parameters where p < .05 in bold, p < .10 in 

italics.
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S7. Study 1: Parameter estimates from full autoregressive latent trajectory models of inattentive-

hyperactive problems. 

  Teacher-Report   Mother-Report 
Parameter B β SE p   B β SE p 
Cross-lagged effects 

     
   

 Lang → I-H -0.02 -0.06 0.01 < .001 
 

-0.01 -0.07 0.00 < .001 
I-H → Lang -0.14 -0.04 0.06 .030 

 
-0.08 -0.01 0.18 .671 

          Means 
         Lang intercept 63.59 2.93 1.18 < .001 

 
63.95 2.91 1.20 < .001 

Lang slope -2.05 -1.09 0.87 .018 
 

-2.06 -1.06 0.94 .028 
I-H intercept 7.65 1.31 0.36 .000 

 
3.30 1.30 0.14 < .001 

I-H slope 0.07 0.13 0.14 .615 
 

0.04 0.17 0.05 .441 

          Variances 
         Lang intercept 471.05 1.00 35.07 < .001 

 
484.31 1.00 35.46 < .001 

Lang slope 3.55 1.00 1.05 .001 
 

3.78 1.00 1.09 .001 
I-H intercept 34.31 1.00 4.52 < .001 

 
6.39 1.00 0.94 < .001 

I-H slope 0.30 1.00 0.17 .070 
 

0.06 1.00 0.02 .004 

          Autoregressive effects 
         Lang7 → Lang8 0.03 0.03 0.02 .172 

 
0.02 0.02 0.02 .336 

Lang8 → Lang9 0.05 0.05 0.03 .064 
 

0.04 0.05 0.03 .120 
Lang9 → Lang10 0.10 0.10 0.04 .013 

 
0.10 0.09 0.04 .029 

Lang10 → Lang11 0.14 0.13 0.05 .010 
 

0.13 0.13 0.06 .021 
Lang11 → Lang12 0.16 0.16 0.07 .015 

 
0.15 0.15 0.07 .029 

Lang12 → Lang13 0.20 0.19 0.08 .015 
 

0.19 0.19 0.09 .027 

          I-H7 → I-H8 0.13 0.13 0.04 .002 
 

0.13 0.12 0.04 .001 
I-H8 → I-H9 0.10 0.11 0.04 .015 

 
0.09 0.09 0.04 .030 

I-H9 → I-H10 0.16 0.15 0.05 .001 
 

0.15 0.14 0.04 .001 
I-H10 → I-H11 0.11 0.11 0.06 .070 

 
0.08 0.09 0.05 .104 

I-H11 → I-H12 0.14 0.15 0.07 .029 
 

0.16 0.15 0.07 .025 
I-H12 → I-H13 0.15 0.14 0.09 .087 

 
0.11 0.12 0.08 .161 
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S7 – (Continued) 
           Teacher-Report   Mother-Report 

Parameter B β SE p   B β SE p 
Concurrent covariances 

         Lang7 ↔ I-H7 -13.19 -0.15 7.38 .074 
 

-0.70 -0.03 2.03 .729 
Lang8 ↔ I-H8 0.19 0.00 5.65 .973 

 
-2.64 -0.11 1.59 .097 

Lang9 ↔ I-H9 -2.65 -0.04 4.83 .584 
 

-0.29 -0.01 1.66 .862 
Lang10 ↔ I-H10 -20.61 -0.29 5.46 .000 

 
-3.29 -0.15 1.60 .040 

Lang11 ↔ I-H11 -2.70 -0.04 5.03 .591 
 

1.64 0.08 1.55 .288 
Lang12 ↔ I-H12 -5.21 -0.09 4.12 .206 

 
-3.08 -0.15 1.68 .066 

Lang13 ↔ I-H13 -5.51 -0.10 5.76 .338 
 

-0.24 -0.01 1.78 .892 

          Growth parameter covariances 
         Lang intercept ↔ I-H intercept -81.17 -0.64 10.55 < .001 

 
-17.19 -0.31 4.16 < .001 

Lang intercept ↔ Lang slope -17.87 -0.44 6.66 .007 
 

-18.16 -0.42 6.92 .009 
Lang intercept ↔ I-H slope 2.82 0.24 2.02 .161 

 
0.81 0.16 0.65 .207 

I-H intercept ↔ Lang slope 3.06 0.28 1.85 .099 
 

0.22 0.05 0.61 .718 
I-H intercept ↔ I-H slope -1.47 -0.46 0.77 .055 

 
-0.18 -0.30 0.11 .109 

Lang slope ↔ I-H slope -0.67 -0.64 0.26 .010 
 

0.04 0.08 0.09 .685 
 

Note. Parameters where p < .05 in bold, p < .10 in italics.  Lang = language ability, I-H = 

inattentive-hyperactive problems.
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S8. Study 1: Parameter estimates from full autoregressive latent trajectory models of 

externalizing problems. 

  Teacher-Report   Mother-Report 
Parameter B β SE p   B β SE p 
Cross-lagged effects 

     
   

 Lang → EXT -0.02 -0.04 0.01 .005 
 

-0.02 -0.07 0.01 < .001 
EXT → Lang -0.04 -0.01 0.05 .456 

 
-0.12 -0.03 0.08 .138 

          Means 
         Lang intercept 63.91 2.91 1.18 < .001 

 
64.15 2.97 0.19 < .001 

Lang slope -2.20 -1.14 0.91 .016 
 

-1.98 -1.05 0.89 .025 
EXT intercept 7.06 0.91 0.45 < .001 

 
9.73 1.65 0.31 < .001 

EXT slope 0.20 0.32 0.16 .200 
 

-0.17 -0.27 0.15 .259 

          Variances 
         Lang intercept 482.27 1.00 34.52 < .001 

 
465.15 1.00 34.57 < .001 

Lang slope 3.69 1.00 1.10 .001 
 

3.58 1.00 1.09 .001 
EXT intercept 59.65 1.00 9.52 < .001 

 
35.01 1.00 3.72 < .001 

EXT slope 0.39 1.00 0.33 .238 
 

0.40 1.00 0.12 .001 

          Autoregressive effects 
         Lang7 → Lang8 0.02 0.02 0.02 .352 

 
0.03 0.03 0.02 .158 

Lang8 → Lang9 0.05 0.05 0.03 .116 
 

0.05 0.06 0.03 .063 
Lang9 → Lang10 0.10 0.10 0.04 .023 

 
0.10 0.10 0.04 .018 

Lang10 → Lang11 0.13 0.13 0.06 .016 
 

0.13 0.13 0.05 .014 
Lang11 → Lang12 0.16 0.16 0.07 .022 

 
0.16 0.16 0.07 .020 

Lang12 → Lang13 0.19 0.19 0.09 .022 
 

0.19 0.19 0.08 .020 

          EXT7 → EXT8 0.04 0.05 0.05 .364 
 

0.10 0.09 0.03 .004 
EXT8 → EXT9 0.04 0.04 0.06 .448 

 
0.10 0.10 0.05 .025 

EXT9 → EXT10 0.07 0.07 0.06 .193 
 

0.10 0.11 0.04 .022 
EXT10 → EXT11 0.08 0.07 0.08 .318 

 
0.08 0.08 0.07 .210 

EXT11 → EXT12 0.05 0.05 0.08 .574 
 

0.18 0.19 0.08 .018 
EXT12 → EXT13 0.13 0.11 0.12 .270 

 
0.17 0.17 0.09 .047 
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S8 – (Continued) 
           Teacher-Report   Mother-Report 

Parameter B β SE p   B β SE p 
Concurrent covariances 

         Lang7 ↔ EXT7 -8.26 -0.08 -1.04 .300 
 

-0.31 -0.01 4.25 .941 
Lang8 ↔ EXT8 -3.62 -0.04 6.57 .582 

 
-0.97 -0.02 4.15 .816 

Lang9 ↔ EXT9 -5.65 -0.07 6.20 .362 
 

-0.27 -0.01 3.71 .943 
Lang10 ↔ EXT10 -16.65 -0.21 5.81 .004 

 
-8.16 -0.18 3.40 .017 

Lang11 ↔ EXT11 -4.49 -0.05 6.12 .463 
 

3.95 0.08 3.79 .298 
Lang12 ↔ EXT12 -6.94 -0.09 4.79 .148 

 
-1.22 -0.03 3.02 .687 

Lang13 ↔ EXT13 -0.48 -0.01 9.04 .958 
 

-3.31 -0.09 4.20 .430 

          Growth parameter covariances 
         Lang intercept ↔ EXT intercept -61.65 -0.36 11.93 < .001 

 
-26.40 -0.21 8.53 .002 

Lang intercept ↔ Lang slope -16.68 -0.40 6.94 .016 
 

-16.50 -0.40 6.54 .012 
Lang intercept ↔ EXT slope -1.60 -0.12 2.35 .495 

 
1.05 0.08 1.41 .455 

EXT intercept ↔ Lang slope -2.12 -0.14 2.27 .351 
 

0.58 0.05 1.29 .651 
EXT intercept ↔ EXT slope -1.96 -0.41 1.41 .163 

 
-2.00 -0.53 0.65 .002 

Lang slope ↔ EXT slope -0.09 -0.08 0.36 .801 
 

-0.15 -0.13 0.18 .409 
 

Note. Parameters where p < .05 in bold, p < .10 in italics.  Lang = language ability, EXT = 

externalizing problems.
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S9. Study 2: Rates of missingness in percentages. 

    Age 
Variable Across time 4–5 6–7 8–9 10–11 12 
behavior problems 43.7 39.0 36.0 36.0 38.1 70.0 
language ability 70.1 55.0 77.0 81.0 52.0 86.0 

       Variable Time-invariant 
     female 0.0 
 

    
ethnicity 0.0 

 
    

mother's highest grade 0.0 
     

mother's IQ 6.0 
 

    
mother's age at childbearing 0.0 

 
    

total family income 18.0 
 

    
math ability 22.0 

     reading comprehension 22.0 
     reading recognition 25.0 
     short-term memory 29.0 
     

       Sample Retention % of Children with Number of Time Points 
Variable 0 1 2 3 4 5 
behavior problems 16.1 8.9 12.9 16.4 30.8 14.9 
language ability 21.6 26.5 34.1 16.6 1.2 0.0 
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S10. Study 2: Pearson correlation and point biserial correlation matrix of the model variables. 
Variable   1 2 3 4 5 6 7   8   9   10   11 12 13 14 

 Age                 4–5 6–7 8–9 10–11 12   4–5 6–7 8–9 10–11 12   4–5 6–7 8–9 10–11 12           
1. Female  1 

                             2. AfrAm  .00 1 
                            3. Hisp  -.01 -.30 1 

                           4. Grade  -.02 -.03 -.18 1 
                          5. Mom IQ  -.01 -.36 -.21 .42 1 

                         6. Mom Age  -.01 -.11 .02 .27 .28 1 
                        7. Income  .01 -.26 -.05 .27 .45 .23 1     

                     

8. Lang 

4–5 .04 -.34 -.20 .26 .49 .13 .30 
 

1 
                     6–7 .02 -.29 -.18 .26 .48 .14 .29 

 
.67 1 

                    8–9 -.04 -.32 -.15 .26 .50 .16 .31 
 

.66 .57 1 
                   10–11 -.01 -.32 -.13 .27 .52 .19 .31 

 
.62 .70 .77 1 

                  12 -.01 -.36 -.09 .29 .54 .20 .31   .60 .68 .74 .80 1 
                 

9. I-H 

4–5 -.13 .07 .01 -.14 -.16 -.20 -.16 
 

-.17 -.20 -.18 -.19 -.19 
 

1 
               6–7 -.16 .06 .00 -.11 -.15 -.19 -.16 

 
-.17 -.17 -.19 -.19 -.24 

 
.54 1 

              8–9 -.20 .06 -.01 -.09 -.12 -.15 -.13 
 

-.15 -.16 -.19 -.17 -.21 
 

.49 .60 1 
             10–11 -.19 .06 .00 -.07 -.12 -.13 -.15 

 
-.15 -.16 -.18 -.17 -.19 

 
.45 .55 .63 1 

            12 -.18 .05 -.02 -.06 -.09 -.13 -.13   -.14 -.15 -.13 -.17 -.13   .43 .46 .55 .60 1   
          

10. EXT 

4–5 -.08 .01 .01 -.10 -.09 -.13 -.14 
 

-.11 -.16 -.14 -.13 -.16 
 

.59 .39 .38 .35 .34 
 

1 
         6–7 -.12 .03 -.01 -.10 -.11 -.15 -.16 

 
-.12 -.16 -.15 -.15 -.21 

 
.42 .61 .45 .42 .37 

 
.55 1 

        8–9 -.14 .05 -.01 -.08 -.10 -.16 -.15 
 

-.11 -.14 -.13 -.13 -.20 
 

.38 .43 .62 .47 .41 
 

.51 .62 1 
       10–11 -.14 .06 .00 -.07 -.11 -.18 -.17 

 
-.10 -.15 -.11 -.15 -.16 

 
.37 .42 .46 .62 .45 

 
.48 .57 .65 1 

      12 -.09 .06 .00 -.07 -.12 -.18 -.18   -.09 -.14  -.06† -.13  -.12†   .34 .34 .38 .42 .63   .43 .50 .57 .61 1 
     11. Math  -.01 -.27 -.10 .28 .50 .26 .33 

 
.55 .58 .62 .66 .69 

 
-.23 -.24 -.24 -.24 -.22 

 
-.15 -.17 -.17 -.17 -.16 

 
1 

   12. Recog  .10 -.20 -.06 .24 .44 .23 .30 
 

.48 .51 .55 .62 .65 
 

-.22 -.26 -.26 -.26 -.26 
 

-.17 -.19 -.19 -.19 -.19 
 

.71 1 
  13. Read  .07 -.24 -.08 .23 .46 .20 .29 

 
.52 .54 .61 .68 .71 

 
-.22 -.24 -.25 -.26 -.25 

 
-.15 -.19 -.18 -.19 -.18 

 
.70 .84 1 

 14. ST Memory  
.07 -.07 -.09 .17 .28 .10 .16   .34 .37 .38 .42 .41   -.18 -.17 -.20 -.19 -.18   -.11 -.12 -.14 -.14 -.13   .53 .54 .50 1 

Mean  
0.49 0.28 0.19 13.78 35.61 25.20 9.86  86.90 90.86 89.71 92.51 92.37  1.67 1.68 1.61 1.49 1.39  4.04 3.78 3.87 3.83 3.98  100.03 103.74 100.76 9.74 

SD  
0.50 0.45 1.39 2.75 27.29 5.91 0.99  21.97 19.61 19.67 20.17 19.18  1.47 1.53 1.56 1.52 1.46  3.26 3.22 3.39 3.46 3.59  12.25 13.28 12.42 2.85 
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S10 – (Continued) 

Note. Grade = mother’s highest grade completed in school, Mom age = mother’s age at childbearing, AfrAm = African American, Hisp = Hispanic, Read = 

reading comprehension, Recog = reading recognition, ST Memory = short-term memory, I-H = inattentive-hyperactive problems, EXT = externalizing 

problems. 

Bold values represent correlations where p < .05, † p < .1
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S11. Study 2: Full autoregressive latent trajectory model parameter estimates. 

Inattentive-Hyperactive Problems   Externalizing Problems 
Parameter B β SE p   B β SE p 
Cross-lagged effects 

     
   

 Lang → BP -0.002 -0.03 0.00 < .001 
 

-0.006 -0.03 0.00 < .001 
BP → Lang 0.050 0.00 0.17 .771 

 
-0.004 0.00 0.09 .966 

          Means 
         Lang intercept 92.362 5.91 0.39 < .001 

 
92.397 5.94 0.39 < .001 

Lang slope 2.449 0.94 4.04 .544 
 

2.161 0.86 4.10 .598 
BP intercept 1.609 1.56 0.03 < .001 

 
3.996 1.72 0.05 < .001 

BP slope -0.057 -0.34 0.02 .010 
 

-0.080 -0.22 0.06 .183 

          Variances 
         Lang intercept 244.513 1.00 16.92 < .001 

 
241.949 1.00 16.92 < .001 

Lang slope 6.854 1.00 3.53 .052 
 

6.384 1.00 3.51 .069 
BP intercept 1.058 1.00 0.06 < .001 

 
5.401 1.00 0.30 < .001 

BP slope 0.029 1.00 0.01 < .001 
 

0.138 1.00 0.04 < .001 

          Autoregressive effects 
         Lang4/5 → Lang6/7 0.013 0.01 0.04 .766 

 
0.017 0.02 0.05 .709 

Lang6/7 → Lang8/9 -0.014 -0.02 0.08 .868 
 

-0.007 -0.01 0.09 .937 
Lang8/9 → Lang10/11 -0.019 -0.02 0.13 .879 

 
-0.010 -0.01 0.13 .941 

Lang10/11 → Lang12 -0.036 -0.04 0.17 .828 
 

-0.023 -0.02 0.17 .891 

          BP4/5 → BP6/7 0.141 0.13 0.02 < .001 
 

0.076 0.08 0.02 < .001 
BP6/7 → BP8/9 0.151 0.15 0.02 < .001 

 
0.122 0.12 0.02 < .001 

BP8/9 → BP10/11 0.118 0.12 0.03 .001 
 

0.131 0.13 0.04 < .001 
BP10/11 → BP12 0.072 0.07 0.05 .167 

 
0.150 0.14 0.05 .005 

          Concurrent covariances 
         Lang4/5 ↔ BP4/5 -0.619 -0.05 0.42 .145 

 
-1.641 -0.06 0.90 .067 

Lang6/7 ↔ BP6/7 0.062 0.01 0.38 .870 
 

-0.597 -0.03 0.80 .455 
Lang8/9 ↔ BP8/9 -0.523 -0.06 0.33 .108 

 
-0.291 -0.02 0.77 .707 

Lang10/11 ↔ BP10/11 0.144 0.02 0.26 .580 
 

-0.417 -0.02 0.61 .493 
Lang12 ↔ BP12 -0.558 -0.09 0.92 .545 

 
-3.234 -0.22 2.41 .179 
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S11 – (Continued) 
         Inattentive-Hyperactive Problems   Externalizing Problems 

Parameter B β SE p   B β SE p 
Growth parameter covariances 

         Lang intercept ↔ BP intercept -4.322 -0.27 0.52 < .001 
 

-5.904 -0.16 1.17 < .001 
Lang intercept ↔ Lang slope -2.455 -0.06 8.74 .779 

 
-2.502 -0.06 8.89 .778 

Lang intercept ↔ BP slope 0.281 0.11 0.16 .085 
 

0.517 0.09 0.35 .137 
BP intercept ↔ Lang slope -0.230 -0.09 0.25 .354 

 
-0.480 -0.08 0.42 .258 

BP intercept ↔ BP slope -0.044 -0.25 0.02 .015 
 

-0.219 -0.26 0.09 .017 
Lang slope ↔ BP slope -0.019 -0.04 0.05 .718 

 
-0.010 -0.01 0.11 .928 

 

Note. Parameters where p < .05 in bold, p < .10 in italics.  Lang = language ability, BP = 

behavior problems. 
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