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language skills were predictive of low self-control both cross-sectionally
and longitudinally. Second, the covariation between language and self-
control was linked to both genetic and environmental factors. Third,
after controlling for genetic influences on self-control, language skills
were predictive of variation in individual levels of self-control. The the-
oretical implications of these findings are discussed.

An emerging body of research has examined the factors that are impli-
cated in the development of self-control. Much of this work has tested
Gottfredson and Hirschi’s (1990) parental socialization thesis. According
to this explanation, three interwoven parenting techniques determine
levels of self-control in children. To inculcate self-control effectively, par-
ents must supervise/monitor their children, recognize their child’s misbe-
havior, and consistently punish their child for misbehaving. Parents who
engage in these three parenting practices and who are attached to their
children will, on average, produce children with high levels of self-control.
In contrast, parents who fail to follow these three parenting techniques
will, in general, raise children with lower levels of self-control.

Empirical research has found some support in favor of Gottfredson and
Hirschi’s (1990) parental socialization thesis (Cullen, et al., 2008; Gibbs,
Giever, and Higgins, 2003; Gibbs, Giever, and Martin, 1998; Unnever, Cul-
len, and Pratt, 2003). It is important to point out, however, that parenting
measures typically account for only a very small percentage of explained
variance, much less than what Gottfredson and Hirschi’s theory predicts
(Wright and Beaver, 2005). These findings indicate that other factors that
extend beyond the family are also implicated in the development of self-
control. Although research has identified some of these extrafamilial fac-
tors (e.g., schools and neighborhoods) (Pratt, Turner, and Piquero, 2004;
Turner, Piquero, and Pratt, 2005), a paucity of criminological studies
examine whether individual-level characteristics may also be important in
structuring levels of self-control.

One individual-level characteristic that may be particularly important to
the emergence of self-control is language skills. Diminished language skills
and verbal abilities have been linked to a range of antisocial phenotypes
(Moffitt, 1990, 1993; Wilson and Herrnstein, 1985), and some scholars
have theorized that reduced language skills may actually impede the
development of self-control (Luria, 1961; Luria and Hamskaya, 1964). To
our knowledge, however, no studies have examined the mutual unfolding
of language and self-control. Whether the acquisition of language covaries
with the development of self-control thus remains an open-empirical ques-
tion, one that we address in the current study. In addition, we also test
several competing hypotheses, each of which specifies slightly different
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causal mechanisms that relate language skills to self-control. Before pro-
ceeding, we begin with an overview of the literature that ties language
acquisition to behavioral development, followed by a discussion of the dif-
ferent explanations that have been advanced to account for the close
nexus between language and self-control.

LANGUAGE ACQUISITION, BEHAVIORAL
REGULATION, AND SELF-CONTROL

One hallmark of childhood is the acquisition of language. Although chil-
dren are exposed to hundreds of thousands of words within their first year
of life, most children do not speak their first words until around the ages
of 12 to 15 months, after which their vocabulary grows at an exponential
rate (Hart and Risley, 1995). By age 3, for example, children can have
more than 1,000 words in their vocabulary (Hart and Risley, 1995), which
allows them to communicate verbally with others. With newly acquired
language skills, children can easily articulate their wants, needs, and feel-
ings to others. Vocabulary development also facilitates other functions,
especially behavioral regulation.

Children who fail to acquire language at a normal rate, or who are defi-
cient verbally, are at risk for a range of maladaptive outcomes (Dionne,
2005). Language deficiencies often co-occur with a clinical diagnosis of
Attention-Deficit/Hyperactivity Disorder (ADHD), (Cohen et al., 1998;
Willcutt, Pennington, and DeFries, 2000), reading disabilities (Tomblin et
al., 2000), problems decoding emotions accurately, and difficulties in social
problem-solving skills (Cohen et al., 1998). Deficits in language abilities
also are strongly associated with serious problem behavior phenotypes,
which include early-life externalizing behaviors (Gallagher, 1999), physical
aggression (Dionne et al., 2003), and adolescent delinquency (Davis,
Sanger, and Morris-Friehe, 1991). These findings have been reinforced
with clinically based samples in which research has shown that more than
50 percent of youthful psychiatric patients (Giddan, Milling, and Camp-
bell, 1996) and about 80 percent of antisocial boys have language impair-
ments (Warr-Leeper, Wright, and Mack, 1994).

Collectively, the results that flow from these studies indicate a high
degree of comorbidity between language deficits and behavioral problems.
Still, the question remains whether impaired language skills predict later
life problems. It could simply be the case that all children—even those
with early language problems—eventually develop the requisite language
skills and are no longer at risk for displaying maladaptive outcomes in the
future. Yet a line of research findings has converged to show that the long-
term prognosis of children with language deficits is not promising. Lan-
guage-impaired children are at risk for having reading and writing
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problems later in life (Stevenson, 1996), and they are also at risk for school
failure (Dworkin, 1989; Lloyd, 1978). Importantly, children with dimin-
ished language abilities are also prone to engaging in criminal behaviors as
adults (Brownlie et al., 2004). Stattin and Klackenberg-Larsson (1993), for
example, found that language assessments at ages 6, 18, and 24 months of
age were significantly predictive of the number of arrests accrued in
adulthood.

That an association exists between language/verbal skills and adverse
behavioral outcomes is undeniable. What explains the linkages between
the two, however, remains a matter of debate (Dionne, 2005). Based on
the existing empirical and theoretical research, it seems that language
skills do not cause misconduct directly, but instead some mediating factor
or factors are involved. Precisely what the mediators are remains unclear,
but some research suggests that language fosters emotional control,
impulse regulation, and cognitive skills more generally. All of these tasks
overlap considerably with the definition of self-control proffered by Gottf-
redson and Hirschi (1990). Moreover, the outcomes associated with
impaired language skills (e.g., delinquency, school failure, and physical
aggression) are many of the same outcomes associated with low levels of
self-control. Therefore, the association between low language abilities and
behavioral problems may be mediated, at least in part, by low self-control.
This explanation is reinforced by research indicating that the development
of language promotes the development of self-control and that deficien-
cies in language skills may actually stunt the emergence of self-control.
Gallagher (1999: 5) underscored this viewpoint when she stated that:

One of the most important functions of language is intrapersonal
emotional and behavioral regulation. Children’s language compre-
hension and expression skills are critical to their understanding,
encoding, organization, and retrieval of rules that enable them to
effect appropriate levels of self-control and emotional regulation.
Language skills facilitate executive control and meta-cognitive
processing by providing a means for self reflection, verbal mediation,
response inhibition, and behavioral direction.

Similar conclusions have been reached by other researchers who explored
the link between language skills and antisocial behaviors (Moffitt, 1993).
Fujiki, Brinton, and Clarke (2002: 104), for example, argued that:

[C]hildren develop the ability to regulate emotion within a context of
external support from caregivers. Language plays an important role in
these interactions . . . It seems clear that language ability is important
to the development of emotion regulation . . . Given the relationship
between emotion regulation and language ability, it might be
expected that children who have difficulty with language would be at
a disadvantage in developing appropriate emotion regulation skills.
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EXPLANATIONS FOR THE COVARIATION
BETWEEN LANGUAGE DEFICITS AND

LOW SELF-CONTROL

The available evidence seems to point to the likelihood that the onset of
language coincides with the ability to exercise self-control and to regulate
behavior. Although important, these findings do not identify the precise
causal mechanisms that link variations in language skills to variations in
levels of self-control. A close reading of the literature that examines the
language-antisocial behaviors link reveals two general perspectives that
can be applied to, and potentially explain, the relationship between lan-
guage and self-control. The two general perspectives described below are
referred to as the shared etiology explanation and the causal effect explana-
tion (Dionne, 2005). Embedded within each of these two general perspec-
tives are different theoretical variants (Stevenson, 1996); however, we
focus only on those that are most applicable to the language–self-control
connection.

SHARED ETIOLOGY EXPLANATIONS

The first perspective that can account for the covariation between lan-
guage skills and self-control is the shared etiology explanation. According
to this explanation, the development of language and the development of
self-control are both caused by the same factors. The contributors to lan-
guage are precisely the same contributors to self-control. Exactly what
those antecedent causal factors are is not completely evident, but drawing
from the self-control literature, it is possible to identify two broad groups
of shared etiological factors: environmental factors and genetic factors.

The shared environmental etiology explanation is completely compati-
ble with Gottfredson and Hirschi’s (1990) parental management thesis. If,
as Gottfredson and Hirschi claim, parents are the main cause of self-con-
trol, and if, as some research suggests, parents also influence the develop-
ment of language (Hart and Risley, 1995; Lyytinen, Laasko, and Poikkeus,
1998; Storch and Whitehurst, 2001), then parents could be the source of
the covariation between language and self-control. The shared environ-
mental etiology explanation does not have to focus exclusively on parental
effects. Nonfamilial environmental effects, such as the socialization
processes that occur within peer groups, at schools, or in neighborhoods,
could also potentially account for the covariation between language and
self-control. The link between language and self-control could also be
explained by multiple shared environmental influences, which include par-
ents and peers and neighborhoods and schools. The important point to
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bear in mind, however, is that according to the shared environmental etiol-
ogy explanation, only environmental sources account for the covariation
between language and self-control.

The shared genetic etiology explanation stands in stark contrast to the
shared environmental etiology explanation. According to this explanation,
the same genetic factors that explain variation in language also explain
variation in self-control (Stevenson, 1996). Although Gottfredson and Hir-
schi (1990) argue that low self-control is not influenced by genetic factors,
a small but growing pool of research suggests that this proposition may
need to be revised (Beaver, Wright, and DeLisi, 2007; Wikström and
Treiber, 2007; Wright and Beaver, 2005). Findings culled from these stud-
ies have produced empirical evidence to indicate that levels of self-control
are determined in part by genetic and neuropsychological factors. At the
same time, some scholars have argued that language is an innate instinct
(Pinker, 1994), and a considerable amount of research has indicated that
genetic and neurological factors are a source of variation in language skills
(Bishop, 2003; Gopnik, 1997). The results showing that both language and
self-control are genetically influenced leave open the possibility that
shared genetic factors may explain the covariation between language and
self-control.

The shared environmental etiology explanation and the shared genetic
etiology explanation are somewhat exaggerated, and neither probably
exists in its “pure” form. A wealth of behavioral genetic research has
revealed, for example, that most behaviors and personality traits are
caused by a complex arrangement of environmental and genetic interplay
(Moffitt, 2005; Rutter, 2006; Walsh, 2002). In addition, research has also
demonstrated that genetic factors often only have an effect when paired
with high-risk environmental stimuli (Caspi et al., 2002). Against this
backdrop, if the shared etiology explanation has merit, then it is probably
due to a combination of environmental factors and genetic factors.

CAUSAL EFFECT EXPLANATIONS

The shared etiology explanation posits that language and self-control
covary simply because the causes of each overlap considerably. The main
drawback to this explanation is that it ignores the potential causal effects
that language has on self-control and that self-control has on language.
This oversight is addressed by the second perspective, which is called the
causal effect explanation. Three main variants of the causal effect explana-
tion exist. The first variant suggests that low levels of self-control cause
language impairments. According to this model, children with low self-
control may be less interested in learning, reading, and listening to their
parents. This type of explanation is in line with Gottfredson and Hirschi’s
(1990) theory. After all, they argue that one of the six dimensions of self-
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control is the preference for physical activities over mental ones, and they
also maintain that a host of maladaptive outcomes, which include learning
problems, would be more common among people with low levels of self-
control.

The second variant to the causal effects explanation is that language
skills have a causal effect on the development of self-control. This perspec-
tive is advocated by researchers who argue that language equips children
with the “necessary skills” needed to evince self-control and to resist situa-
tional temptations (Wilson and Herrnstein, 1985). Necessary skills may
take on a variety of different forms. For example, Gottfredson and Hirschi
(1990) maintain that for self-control to develop in children, parents must
correct their offspring’s misbehavior. Presumably, parents explain to their
child what they did wrong, why they should not do it again in the future,
and the consequences of their actions. The effectiveness of these parental
management techniques hinges on the child’s capacity to understand their
parents, which almost always requires the acquisition of language-process-
ing skills (Moffitt, 1996).

But not all of these “necessary skills” need to be social. Luria (1961;
Luria and Hamskaya, 1964) presented a theory that attempted to explain
the close relationship between language and self-control in which he
argued that for neuronal pathways in the frontal lobes to develop prop-
erly, children must learn to abide by verbal instructions and commands.
Such tasks involve a complex chain of events that begin by decoding lan-
guage, processing the verbiage embedded within the statements, and act-
ing on the commands, all of which are contingent on a minimum level of
language skills. Luria’s theory is congruent with research indicating that
self-control is an executive function housed in the prefrontal cortex of the
brain (Beaver, Wright, and DeLisi, 2007; Wikström and Treiber, 2007).

The third and final variant of the causal effect explanation is a recipro-
cal effects model, in which variations in language cause variations in self-
control, and variations in self-control cause variations in language. Recip-
rocal effects models necessarily escape the “chicken-or-the-egg” question
because it does not have to provide an answer of whether language pre-
dates self-control or whether self-control predates language. With that
said, the existing literature tentatively suggests that language is antecedent
to antisocial phenotypes, such as self-control (Dionne, 2005).

THE CURRENT STUDY

The purpose of the current study is threefold. First, we examine whether
language and self-control covary. Drawing from the language-antisocial
behavior literature, we hypothesize that a moderate correlation will exist.
Second, we examine the shared etiological explanations by decomposing
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the covariation into an environmental component and a genetic compo-
nent. We hypothesize that the covariation is caused by both the environ-
mental and the genetic factors. Third, we examine the causal connections
between language skills and self-control, controlling for shared genetic and
shared environmental factors. We do so by examining whether the
covariation between language skills and self-control is observed cross-sec-
tionally and longitudinally. Using a longitudinal research design helps to
establish temporal ordering. Even so, it is difficult to determine with any
degree of certainty whether language should have causal effects on self-
control or whether self-control should have causal effects on language. We
follow the lead of the language-antisocial behavior research and assume
that language predates self-control.

METHODS

DATA

This study uses data from the Early Childhood Longitudinal Survey,
Kindergarten Class of 1998–1999 (ECLS-K). The ECLS-K is a nationally
representative and longitudinal sample of children. Six waves of data have
been collected thus far. The first wave of data was collected in the fall of
1998 at the beginning of the kindergarten year. The second round of inter-
views was conducted in the spring of 1999 when the children were
approaching the end of their first year of formal education. The third and
fourth waves of data were collected in the fall of first grade and the spring
of first grade, respectively. However, only a small subsample of respon-
dents was reinterviewed at wave 3. The last two interviews were com-
pleted in 3rd grade and in 5th grade. Response rates were over 90 percent
for teacher interviews, parent interviews, and child assessments. Overall,
more than 20,000 children participated in the ECLS-K, which makes it the
largest prospective and nationally representative sample of children.

The ECLS-K also oversampled twins. If respondents indicated that they
were part of a twin pair, then their co-twin was added to the sample. Over-
all, N = 310 twins (N = 155 twin pairs; n = 190 dizygotic [DZ] twins; n =
110 monozygotic [MZ] twins; n = 10 twins of unknown zygosity) were
identified and selected for inclusion in the ECLS-K. Information about
each child was collected from the respondent’s parent (typically the
mother) and the respondent’s teacher. In addition, a series of standardized
tests were administered to the children. The inclusion of twins and the use
of a multirater measurement strategy make the ECLS-K a very rich and
appealing data set to examine the development of self-control early in life.
The full ECLS-K sample and the sample of twins have been used by previ-
ous researchers to explore the correlates of low self-control (Beaver and
Wright, 2005; Beaver, Wright, and DeLisi, 2007; Wright and Beaver,
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2005). For reasons to be discussed momentarily, we restricted our final
analytical sample to the subsample of twins. Additionally, and in line with
previous researchers, we only used data collected at wave 1 and at wave 4
(Beaver and Wright, 2005) because after wave 4, the low self-control mea-
sures were altered. To maintain consistency in measurement across waves,
we opted not to extend the analyses using the newer self-control measures
(Beaver, Wright, and DeLisi, 2007).

MEASURES

LOW SELF-CONTROL

An adapted version of Gresham and Elliott’s (1990) Social Skills Rating
Scale (SSRS) was included in the ECLS-K. The SSRS is a multirater, stan-
dardized assessment tool. Parents and teachers were asked a series of
questions that pertained to multiple domains of the child’s personality,
development, and functioning. Of these items, eight different variables
tapped the child’s level of self-control.1 For example, at wave 1, parents
were asked about their child’s impulsivity, self-control, whether their child
had difficulty concentrating, and whether their child had difficulty inter-
acting with peers. Similarly, teachers were asked about the child’s ability
to be attentive, self-control, externalizing problem behaviors, and ability
to forge friendships. The responses to the items were then summed
together to form the wave 1 self-control scale (a = .66). The exact same
items were available to construct the wave 4 low self-control scale (a =
.60). Prior researchers who analyzed the ECLS-K have used identical mea-
sures, and research has found the SSRS to be a valid and reliable way
to measure self-control in children (Beaver and Wright, 2005; Beaver,
Wright, and DeLisi, 2007; Benes, 1995; Gresham, 2001; Wright and Bea-
ver, 2005). Higher scores on both of these scales indicated lower levels of
self-control. Table 1 includes descriptive statistics about all of the scales
used in the analyses.2

1. The eight items were actually eight preconstructed scales that were composed of
multiple items. However, because of contractual agreements with the distributors
of the SSRS, the individual items that composed each of the eight scales were not
available for analysis. If they were available, then the number of items that com-
posed both of the low self-control scales would be much higher. As a result, we
would also expect the alpha values to be higher. More detailed information about
the individual items that composed the preconstructed scales is available from
the National Center for Education Statistics (NCES, 2001), and an assessment of
the psychometric properties of these scales has also been published by the
National Center for Education of Statistics (NCES, 2002).

2. We should note that the self-control scales contain a significant amount of miss-
ing data (15 percent at wave 1 and 20 percent at wave 4). We examined whether
the data were missing at random or whether the data were missing systematically.
To do so, we calculated binary logistic regression models, where 0 = no missing
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Table 1. Descriptive Statistics for the ECLS-K Sample
Variables (N = 310 Twins)

Minimum− Percentage
Variable Mean SD Maximum Missing

Language skills scale 1.03 .85 0−2.98 9
Letter recognition .63 .41 0−1.00 9
Beginning sounds .27 .31 0−1.00 9
Ending sounds .13 .22 0−.98 9
Low self-control at wave 1 16.39 3.09 10.27−26.56 15
Low self-control at wave 4 15.75 2.80 10.08−24.53 20
Parental involvement 24.72 4.60 13−36 2
Gender (1 = male) .41 .49 0−1 0
Race (1 = nonwhite) .36 .48 0−1 0

LANGUAGE SKILLS

During wave 1 interviews, the child completed a direct cognitive assess-
ment that measured their language skills. Specifically, each child was
assessed along three different dimensions of language development.3 The
first dimension—letter recognition—evaluated the child’s ability to recog-
nize uppercase and lowercase letters. The second dimension—beginning
sounds—assessed the child’s ability to recognize the appropriate sound
that a series of letters at the beginning of a word should make. The third
and final dimension—ending sounds—assessed the child’s ability to recog-
nize the appropriate sound that a series of letters at the end of a word
should make. Each of the three dimensions will be examined separately.
In addition, and to gain a more global measure of language development,
a composite language skills scale was also created by summing together

data on the low self-control scales and 1 = missing data on the low self-control
scales. All other measures (i.e., the language skills scales, parental involvement,
gender, and race) were entered into the equations as covariates. The results of
these analyses revealed that none of the covariates were statistically significant
predictors of whether the respondent had missing data on the low self-control
scales. As a result, it seems that the data are not missing systematically, and thus,
our results should not be biased by missing data for the low self-control scales.

3. The children were also assessed on two other items: sight words (i.e., the ability
to recognize words by sight) and comprehension of words in context (i.e., read-
ing). However, given that the wave 1 interviews were conducted in the fall of
kindergarten, relatively few respondents received a score of above 0 on these
items. For example, over 80 percent of all children received a proficiency
probability score of “0” on the comprehension of words in context test. As a
result, we excluded these two items from the analysis.
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the scores for these three scales (a = .63). Higher scores on all variables/
scales indicated increased language skills.

The ECLS-K provided five different scoring schemes for the language
skills variables: 1) number right scores, 2) item-response theory (IRT)
scores, 3) standardized scores (t-scores), 4) proficiency level scores
(dichotomous), and 5) proficiency probability scores (continuous). We
chose to use the proficiency probability scores for two main reasons. First,
the cognitive assessment followed a two-stage design, in which children
first completed a routing section. This routing section was the same for all
children, but their performance on the routing section determined the dif-
ficulty of questions asked in the second-stage form. Thus, using “number-
right scores” would be unadvisable because one student may have cor-
rectly answered 10 items for the low difficulty second-stage form, whereas
another student may have correctly answered 9 items for the high diffi-
culty second-stage form. A different scoring scheme, one that takes into
account the dual-stage routing design, is needed to provide accurate
appraisals of each child’s language skills.

Second, the proficiency probability scores provided very detailed infor-
mation about each child’s language skills. The direct cognitive assessment
of language skills contained clusters of questions that were of similar diffi-
culty. The clusters were arranged in a standard Guttman fashion, where
correctly answering a cluster of questions at one particular skill level indi-
cated that the student was proficient at all of the lower skill levels. Con-
versely, failing a particular skill level indicated that they were not
proficient at any of the higher skill levels. The proficiency level scoring
system was available in two alternative forms in the ECLS-K: a dichoto-
mous proficiency level score and a proficiency probability score. The
dichotomous proficiency scale was coded such that if a respondent
answered correctly at least two of four items in a cluster, then they
received a score of “1”; otherwise, they were assigned a value of “0.” The
proficiency probability score, however, contained much more specific
information about language skills. Proficiency probability scores were
based on IRT analysis and were constructed from the child’s overall test
performance taking on any value from 0 to 1. Proficiency probability
scores were estimated from an IRT model, and the specific value reflected
the probability that the respondent had mastered that particular language
skill. This more detailed approach could make much finer distinctions in
language skills across all of the children in the sample. It is important to
point out that the different scoring schemes available in the ECLS-K were
all highly intercorrelated (r ~ .90), which suggests that they were all accu-
rately measuring variation in language skills.
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CONTROL VARIABLES

Three control variables were also included in the analyses to take into
account extraneous influences. First, theoretical and empirical research
suggests that parental socialization is important to the development of
self-control and to the acquisition of language (Gottfredson and Hirschi,
1990; Hart and Risley, 1995). To take into account the effect that parents
have on language and on self-control, we created a measure of parental
involvement.4 During wave 1 interviews, the mother was asked how often
they had engaged in nine different activities with their child. For example,
the parental involvement scale taps how often the parent reads to their
child, tells their child stories, plays games with their child, and sings songs
with their child, among others. Responses to the items were summed
together to form the parental involvement scale (a = .74). Higher scores
reflected a greater degree of parental involvement.

The last two control variables—gender and race—were included in the
statistical models as dichotomous variables. Gender was coded 0 = female
and 1 = male; race was coded 0 = white and 1 = nonwhite.

PLAN OF ANALYSIS

The analysis for this article proceeded in three different stages. First,
ordinary least-squares (OLS) regression models were calculated to
examine the effects that the language skills measures had on the wave 1
and wave 4 low self-control scales. We included both a wave 1 self-control
scale and a wave 4 self-control scale to examine the robustness of our mea-
sures over time and to examine the mutual unfolding of language skills
and self-control during child development. In addition, according to Gottf-
redson and Hirschi (1990), levels of self-control do not become stable until
around age 8. Thus, given that self-control was assessed during a time
period when self-control might be variable, it was important to examine
the models over time. The OLS equations were first calculated using the

4. Of course, we recognize that including only one parental socialization variable
does not constitute a definitive test of Gottfredson and Hirschi’s (1990) theory on
the development of self-control. Unfortunately, the parental involvement scale
was the only parental socialization variable available in the wave 1 data.
Although other parenting variables were available at later waves, we opted not
to include them for three reasons. First, they were not temporally ordered. Sec-
ond, prior research that analyzed the ECLS-K has found that once genetic effects
were held constant, the parenting measures were not significantly related to
levels of low self-control (Wright and Beaver, 2005). And third, in some of our
analyses, we used DF analysis, which held shared environmental effects (e.g.,
parental influences) constant. Model misspecification, therefore, does not seem
to be problematic in the current analysis.
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composite language skills measure as an independent variable. In subse-
quent models, the individual constituent variables (i.e., letter recognition,
beginning sounds, and ending sounds) were entered into the equations
separately. Using this process allowed us to determine whether each
dimension of the language skills scale contributed equally to the OLS
models. To ensure that the observations were independent of each other,
one twin from each twin pair was randomly selected for inclusion in the
analysis; the other twin was deleted.

Second, after establishing a statistically significant association between
the language skills scale and the low self-control scales, we estimated
bivariate Cholesky decomposition models (Neale and Cardon, 1992).
These models provide detailed information about whether the correlation
between language and self-control was caused by genetic factors, environ-
mental factors, or both. Both twins from each twin pair were included in
these analyses, and the models were estimated using the statistical
software package, Mx (Neale et al., 2002). More detail about this modeling
strategy is provided below.

Finally, we employed DeFries-Fulker (DF) analysis (DeFries and
Fulker, 1985) to examine the potential causal connections between lan-
guage skills and self-control. For these models, genetic and shared envi-
ronmental effects were held constant, and the effect of language skills on
self-control was estimated. In the DF equations, the language skills vari-
ables/scales were modeled as nonshared (unique) environmental differ-
ences. This test is very conservative, and it helps to establish an empirical
linkage between language acquisition and levels of self-control. More
information about DF analysis is provided below. All the OLS and DF
models were calculated with AMOS, which makes use of a full-informa-
tion maximum likelihood imputation algorithm to estimate missing values.
As a result, these analyses were based on a sample of N = 310 twins.

RESULTS

The analysis began by estimating a series of OLS regression equations
where the wave 1 low self-control scale was the dependent variable and
the language skills measures were independent variables. Control vari-
ables for parental involvement, gender, and race also were included in the
models. Table 2 contains the results. As can be observed in model 1, the
composite language skills scale had a statistically significant and negative
effect on the low self-control scale, which means that greater language
skills were associated with more self-control. In addition, the parental
involvement scale was inversely related to the low self-control scale, in
which higher parental involvement corresponded to greater levels of self-
control in children.
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Table 2. OLS Regression Equations Predicting Low
Self-Control at Wave 1 (n = 155 Twins)

Model 1 Model 2 Model 3 Model 4
b SE b SE b SE b SE

Language Development
Language skills −.43* .29
Letter recognition −.39* .59
Beginning sounds −.38* .82
Ending sounds −.35* .95

Control Variables
Parental involvement −.30* .06 −.31* .06 −.29* .06 −.28* .06
Gender (1 = male) −.08 .48 −.08 .49 −.10 .49 −.10 .50
Race (1 = nonwhite) .04 .49 .04 .50 .06 .51 .06 .51

NOTES: Standardized coefficients presented.
*p < .05, two-tailed tests.

Models 2 through 4 are duplicates of model 1 except that the individual
language skills items were entered into the equations in place of the com-
posite measure. As revealed in table 2, all individual language skills vari-
ables (i.e., letter recognition, beginning sounds, and ending sounds) had
statistically significant effects on low self-control. In line with expectations,
children with more language skills also had more self-control. The parental
involvement scale retained statistical significance in all models.

The next set of OLS regression models employed the wave 4 low self-
control scale as the dependent variable. These models thus estimated
whether language skills (measured at wave 1) predicted levels of low self-
control 1.5 years into the future. As shown in table 3, and strikingly similar
to the results presented in table 2, the composite language skills scale, let-
ter recognition variable, beginning sounds variable, and ending sounds
variable were all statistically significant predictors of self-control. The
parental involvement scale, however, failed to reach statistical significance
in any of the four models presented in table 3.

The results thus far suggest that a strong and consistent association
exists between language skills and low self-control. The question that
remains, however, is what factor or factors are responsible for driving the
covariation between language and self-control? Recall that one explana-
tion for the language-self-control nexus is that they are both the result of
shared etiological causes. These common causes could include environ-
mental forces, genetic forces, or some combination of the two. To shed
light on this issue, we next calculated univariate variance components twin
models to estimate the environmental and genetic effects on the language
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Table 3. OLS Regression Equations Predicting Low
Self-Control at Wave 4 (n = 155 Twins)

Model 1 Model 2 Model 3 Model 4
b SE b SE b SE b SE

Language Development
Language skills −.35* .28
Letter recognition −.41* .55
Beginning sounds −.27* .78
Ending sounds −.20* 1.12

Control Variables
Parental involvement −.08 .05 −.09 .05 −.08 .06 −.08 .06
Gender (1 = male) −.14 .47 −.13 .46 −.15 .48 −.16 .49
Race (1 = nonwhite) .18* .48 .17* .47 .19* .49 .20* .50

NOTES: Standardized coefficients presented.
*p < .05, two-tailed tests.

skills scale and on the two low self-control scales. Univariate twin models
are widely used in behavioral genetic research, and they compare the
resemblance of MZ twins with DZ twins on a particular measure. MZ
twins share 100 percent of their DNA, whereas DZ twins share 50 percent
of their genetic material; the environments, however, are the same
between MZ twins and DZ twins. Thus, the only reason that MZ twins
should be more similar to each other than DZ twins is because they share
more genetic material. Specific estimates of genetic influences can be cal-
culated by calculating a cross-twin correlation for MZ twins and a cross-
twin correlation for DZ twins. Then, the DZ cross-twin correlation is sub-
tracted from the MZ twin correlation and the difference is doubled (to
take into account that MZ twins share twice as much genetic material as
DZ twins). This value indexes the proportion of variance accounted for by
genetic factors—that is, heritability. The heritability estimate is then sub-
tracted from 1.0 to arrive at an estimate of environmental influences.
These ways of estimating heritability and environmental influences,
although useful, are somewhat antiquated with the development of statisti-
cal software programs. These statistical programs provide even more relia-
ble and more valid estimates than those described above.

The most widely used statistical package in the calculation of twin mod-
els is Mx. Mx is a structural equation modeling program that was designed
specifically to be used for behavior genetic research (Neale et al., 2002).
Appendix A shows the basic univariate twin model that was estimated in
Mx. The traditional twin model decomposes the variance in a measure into
three different components: a shared environmental component (C), a
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nonshared environmental component (E), and a heritability component
(A). For the purposes of this article, however, we pool together the shared
environmental effects with the nonshared environmental effects. All mod-
els were fit to variance-covariance matrices that had been estimated using
AMOS.

After calculating the univariate twin models, we then proceeded to esti-
mate the proportion of the correlation (between language and self-con-
trol) that is linked to environmental factors and the proportion that is
linked to genetic factors (see Carey, 2003; Neale and Cardon, 1992). It is
not possible to calculate these estimates using the traditional univariate
twin model. Instead, we needed to estimate a bivariate twin model that
can estimate the covariation between the two measures and simultane-
ously can estimate the proportion of the covariation linked to genetic and
environmental influences. One such model that has been used relatively
frequently in the behavior genetic literature is the bivariate Cholesky
decomposition model (Neale and Cardon, 1992). Appendix B presents the
bivariate Cholesky decomposition model that was estimated in the current
study. Again, Mx was used to calculate these models.

Table 4. Results of the Univariate Twin Models and the
Bivariate Cholesky Decomposition Models
(N = 155 Twin Pairs)

Model Genetic Effects Environmental Effects

Univariate Results
Language skills .41 .59

(.26−.66) (.34−.74)
Low self-control at .72 .28
wave 1

(.58−.86) (.14−.42)
Low self-control at .46 .54
wave 4

(.20−.73) (.27−.80)
Bivariate Results
Cross-sectional model .61 .39
Longitudinal model .76 .24

NOTES: 90 percent confidence intervals included in parentheses.

Table 4 presents the results of the univariate and bivariate Cholesky
models. For the univariate models, 90 percent confidence intervals were
also included because heritability estimates can become somewhat unsta-
ble with small sample sizes. As observed in the top row, genetic effects
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accounted for 41 percent of the variance in the language skills scale,
whereas the remaining 59 percent was attributable to environmental
effects. For the wave 1 low self-control scale, genetic factors accounted for
72 percent of the variance, whereas the environment accounted for the
remaining 28 percent. Last, 46 percent of the variance in the wave 4 low
self-control scale was linked to genetic factors and 54 percent was linked
to environmental effects. Of particular interest, however, are the results
from the bivariate Cholesky models. For the cross-sectional models that
examined the association between the wave 1 language skills scale and the
wave 1 low self-control scale, 61 percent of the covariation between these
two measures was linked to genetic factors, whereas 39 percent of the
covariation was linked to environmental factors. In the longitudinal model
that examined the association between the wave 1 language skills scale
and the wave 4 low self-control scale, 76 percent of the covariation
between these two measures was linked to genetic factors, and 24 percent
of the covariation was linked to environmental effects.

Analysis of the ECLS-K data has revealed two broad findings. First,
language skills are strongly associated with self-control. Second, the
covariation between language skills and self-control is linked to genetic
factors and, to a lesser extent, environmental factors. In the last set of
analyses, we hold genetic effects and shared environmental effects con-
stant and estimate whether differences in the acquisition of the language
skills (between siblings from the same twin dyad) can explain differences
in levels of self-control (between siblings from the same twin dyad). We
used DF analysis to explore these issues.

DF analysis is a regression-based statistical technique that can be used
with samples of twins to estimate genetic and environmental effects on a
phenotypic measure (DeFries and Fulker, 1985). The baseline DF equa-
tion is

K1 = b0 + b1K2 +b2R + b3(R × K2) + e (1)

where K1 is the phenotypic score for one twin, K2 is the co-twin’s pheno-
typic score, R measures genetic relatedness (R = 1.0 for MZ twins and R =
.5 for DZ twins), and R × K2 is a multiplicative interaction between R and
K2. In the DF equation, b0 = the constant, b1 = the proportion of variance
in K1 that is attributable to shared environmental factors, b2 is not usually
interpreted in DF analysis, b3 = the proportion of variance in K1 that is
attributable to genetic factors, and e = nonshared environmental effects
plus measurement error.

Recently, Rodgers and Kohler (2005) reformulated and simplified the
baseline DF model presented in equation 1. The new DF equation is

K1 = b0 + b1(K2 – Km) + b2(R * (K2 – Km)) + e (2)
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where K1 remains the phenotypic score for one twin, K2 remains the co-
twin’s phenotypic score, and R remains the measure of genetic relatedness.
In comparison with equation 1, equation 2 includes a new term, Km. Km is
equal to the mean of the phenotypic measure for K2. So now, K2 is being
centered around the mean, whereas in equation 1, K2 was left untrans-
formed. Additionally, the main effect of R has also been removed from the
equation. The interpretation and substantive meaning of the slopes
remains the same: b1 is equal to the proportion of variance in K1 accounted
for by shared environmental effects, and b2 is equal to the proportion of
variance in K1 accounted for by genetic effects.

The DF model presented in equation 2 thus estimates genetic and envi-
ronmental effects on a particular phenotype. However, Rodgers, Rowe,
and Li (1994) have expanded equation 1 to include nonshared environ-
mental effects. This newly amended DF equation can be used in conjunc-
tion with equation 2 to arrive at the following equation:

K1 = b0 + b1(K2 – Km) + b2(R * (K2 – Km)) + b4(ENVDIF) + e (3)

The only difference between this equation and equation 2 is the introduc-
tion of one additional term, ENVDIF. ENVDIF captures the difference
between one twin and their co-twin on a particular measure. For example,
one twin’s score on the language skills scale can be subtracted from their
co-twin’s scores on the language skills scale. The resulting value would
index the difference between the two twins in their language development.
This difference score can then be introduced as ENVDIF into equation 3,
which provides an estimate of whether differences in language develop-
ment (i.e., a nonshared environmental effect) may begin to explain differ-
ences in low self-control. We used equation 3 to estimate a series of DF
equations.

Table 5 presents the results of the DF models that predict wave 1 low
self-control. For ease of presentation, in table 5, b1 and b3 have been
labeled as “shared environment” and “heritability,” respectively. Model 1
estimated the heritability of low self-control and shared environmental
effects on low self-control. In addition, the composite language skills scale
was included in the equation as a difference score, and parental involve-
ment was also included in the equation as a difference score. Remember
that these difference scores are tapping the nonshared environment and
are estimated only after the effects of genes and the shared environment
are held constant. Three findings emerged from model 1. First, the wave 1
low self-control scale was under substantial genetic influence; 78 percent
of the variance in low self-control was linked to genetic factors. Second,
the shared environment had no effect on the development of self-control.
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The remaining 22 percent of variance was thus attributable to the non-
shared environment and to measurement error. Third, differences in lan-
guage skills between twins had a negative and statistically significant effect
on low self-control, which means that the twin with fewer language skills
had lower levels of self-control. The parental involvement difference score
was not related to low self-control.

Table 5. DF Analysis of Low Self-Control at Wave 1
(N = 155 Twin Pairs)

Model 1 Model 2 Model 3 Model 4
b SE b SE b SE b SE

DF Analysis Components
Heritability .78* .07 .79* .07 .77* .07 .78* .07
Shared environment −.01 .06 −.01 .06 −.02 .06 −.02 .06

Developmental Differences
Language skills −.64* .27
Letter recognition −1.42* .54
Beginning sounds −1.38* .66
Ending sounds −1.45 .95

Control Variables
Parental involvement −.09 .06 −.09 .07 −.09 .07 −.10 .07
Gender (1 = male) −.43 .33 −.44 .33 −.42 .33 −.43 .34
Race (1 = nonwhite) −.58 .34 .57 .34 .56 .34 .57 .34

NOTES: Unstandardized coefficients presented.
*p < .05, two-tailed tests.

Models 2 through 4 introduced the difference scores for each individual
item that comprised the language skills composite measure. In model 2,
the difference in letter recognition was inversely associated with the wave
1 low self-control scale; in model 3, the difference in beginning sounds was
negatively related with the wave 1 low self-control scale. As shown in
model 4, the difference in ending sounds was not a statistically significant
predictor of low self-control. Across all of these models, however, the heri-
tability estimate for low self-control was around .78, whereas the shared
environmental estimate was 0.

The DF equations presented in table 5 revealed that differences in lan-
guage skills were associated with the development of self-control, net of
genetic and shared environmental effects. The equations, however, were
based on cross-sectional data. We next turn our attention to the DF mod-
els that were estimated with longitudinal data, whereby the wave 1 lan-
guage skills were used to predict the wave 4 low self-control scale. The
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results of these models are presented in table 6. Across all four models,
three findings are strikingly obvious. First, the heritability estimates for
the wave 4 low self-control scale hovered around .50 and were statistically
significant in all equations. In substantive terms, this finding means that
about 50 percent of the variance in the wave 4 low self-control scale was
accounted for by genetic factors. Second, shared environmental effects
accounted for about 20 percent of the variance in self-control. Third, dif-
ferences in language skills, which include the composite measure and the
individual items, were all statistically significant predictors of self-control.
Consistent with expectations, the twin with more language skills had
greater levels of self-control.

Table 6. DF Analysis of Low Self-Control at Wave 4
(N = 155 Twin Pairs)

Model 1 Model 2 Model 3 Model 4
b SE b SE b SE b SE

DF Analysis Components
Heritability .50* .09 .52* .09 .49* .09 .51* .09
Shared environment .20* .06 .18* .06 .19* .06 .20* .06

Developmental Differences
Language skills −.71* .25
Letter recognition −1.13* .50
Beginning sounds −1.28* .61
Ending sounds −1.89* .88

Control Variables
Parental involvement .04 .06 .04 .07 .04 .07 .03 .07
Gender (1 = male) −.56 .31 −.56 .32 −.56 .32 −.57 .32
Race (1 = nonwhite) .66* .32 .69* .32 .68* .32 .67* .32

NOTES: Unstandardized coefficients presented.
*p < .05, two-tailed tests.

DISCUSSION

Prior research has established a link between language deficits and
involvement in antisocial behaviors (Dionne, 2005), but to our knowledge,
no study has ever empirically examined the extent to which language and
self-control are intertwined. We addressed this gap in the literature, and
analysis of twins from the ECLS-K revealed a moderately strong and
robust relationship between language skills and levels of self-control. This
covariation was observed when analyzing the data both cross-sectionally
and longitudinally. Specifically, children who scored low on language
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assessments during wave 1 interviews were more likely to have low levels
of self-control at wave 1 and at wave 4. These findings add to research that
underscores the deleterious effects that flow from language impairments
(Dionne, 2005; Gallagher, 1999).

The underlying causal mechanisms that related language skills to self-
control were also explored. Based on the extant research, we investigated
two different perspectives: a shared etiology explanation and a causal
effect explanation. The results revealed support in favor of both perspec-
tives. In regard to the shared etiology explanation, we found that 61 per-
cent of the covariation between language assessments at wave 1 and the
wave 1 low self-control scale was accounted for by genetic factors, and 39
percent was the result of environmental factors. In longitudinal analyses,
in which the wave 1 language scores were used to predict the wave 4 low
self-control scores, 76 percent of the covariation was linked to genetic fac-
tors, and the remaining 24 percent was attributable to environmental fac-
tors. The findings reported here reinforce those from prior research
showing that genetic factors and environmental factors explain some
covariation between maladaptive phenotypes (Silberg et al., 1996; Steven-
son et al., 1993).

It would be a mistake, however, to argue that genetic factors are more
important than environmental factors in the explanation of the covariation
between language and self-control. Now a solid knowledge base exists to
show that genetic factors and environmental factors work interactively,
not independently (Caspi et al., 2002). It is likely that gene–environment
interactions also play an important role in the language–self-control nexus.
Although we could not test this possibility directly, we should note that
the heritability estimates garnered from the twin models absorb the effects
of some gene–environment interactions. This finding could begin to
explain why genetic factors had relatively stronger effects than environ-
mental factors. Future research should explore the gene–environment
basis to self-control, language, and the covariation between the two.

The causal effect explanation was also supported in the DF models. By
using DF analysis, we could explore the effects that differences in lan-
guage skills (between twins from the same dyad) had on differences in
their levels of self-control. DF analysis of the ECLS-K data revealed that
once genetic effects and shared environmental effects were held constant,
wave 1 language skills were a statistically significant predictor of self-con-
trol at wave 1 and at wave 4. These findings are especially noteworthy
because they revealed that the twin who had higher language skills also
had higher levels of self-control, which underscores the mutual unfolding
of language acquisition and self-control. We should note, however, that
although the statistical models were constructed such that language pre-
dated self-control, it is possible that the direction of the effect is reversed
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and that self-control actually predates language. This possibility needs to
be explored more fully in the future with samples that include multiple
waves of data collected early in childhood.

In light of these findings and those reported in other studies (Beaver,
Wright, and DeLisi, 2007; Wikström and Treiber, 2007; Wright and Bea-
ver, 2005), Gottfredson and Hirschi’s (1990) theory on the development of
self-control needs to be revised in at least two ways. First, to pretend that
biological and genetic factors have absolutely no effect on self-control is at
odds with a rich line of behavioral genetic research that shows otherwise.
This statement is not to say that biogenetic factors are the only cause of
self-control, but they are important causes that need to be addressed. Sec-
ond, Gottfredson and Hirschi’s (1990) theory needs to emphasize the
important role that the brain—especially the prefrontal cortex—plays in
structuring levels of self-control. A range of different disciplines recog-
nizes that behavioral regulation, emotional control, the ability to delay
gratification, and impulsivity—which are collectively known as the execu-
tive functions—are all controlled by the prefrontal cortex of the brain
(Moffitt, 1990). To keep pace with these disciplines, self-control theory
also needs to explicate the ways in which levels of self-control are tied to
brain structure and brain functioning. As our findings revealed, some of
the same genetic factors that are responsible for language acquisition are
the same genetic factors that are responsible for the development of self-
control. And given that language centers are housed in specific areas of
the brain, particularly Broca’s area and Wernicke’s area, it is likely that
some of the same genetic factors that are responsible for these regions of
the brain are also responsible for self-control. Broca’s area, moreover, is
found in the frontal lobes of the brain, which is the general region of the
brain that controls the “executive functions.” This factor is particularly
important because language can be thought of a liaison that connects the
social world to the biological workings of the brain. When this liaison (i.e.,
language) does not develop properly, or is impaired in some way, the link
between the social world and the biological world becomes muddied.
Cues, directions, commands, and statements that flow from the social
world may not be processed or may be processed inaccurately by the brain
(Moffitt, 1996). When this occurs, parents and other social institutions may
not be able to instill self-control in their children because the mental hard-
ware needed to process these social cues is not functioning at full capacity.

Overlooking the potentially powerful effect that language deficits have
on low self-control is particularly problematic because unrecognized lan-
guage impairments cannot be targeted by intervention programs. When
language-impaired children do not receive assistance for these deficits,
their behaviors become even worse. For example, in a study of psychiatri-
cally disturbed children, over one third had unrecognized language
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problems (Cohen et al., 1993). In comparison with children who had been
diagnosed with a language deficit, the undiagnosed children evinced more
serious externalizing problem behaviors. What this finding may mean is
that children with unrecognized language problems will be less likely to
develop self-control effectively. On a positive note, however, levels of self-
control may be increased in children with language deficits as long as they
are receiving assistance for their verbal impairments.

Before concluding, we should note that our study had at least two differ-
ent limitations that should be addressed in future research. First, we
employed a sample of twins, which necessarily raises the question that the
findings may not be generalizable to nontwins. Unfortunately, the only
way to test the hypotheses that link language to self-control is to use sam-
ples of genetically related siblings (e.g., twins) or to use adoption-based
research designs. We addressed the question of whether the covariation
between language skills and self-control was observed in nontwins from
the ECLS-K. To do this, we calculated OLS regression models predicting
low self-control with the language skills scales/variables. The pattern of
results was identical, which lends credence to the likelihood that the find-
ings may be generalizable to the larger population of nontwin children.

The second limitation that might be pointed out is that perhaps the mea-
sures of low self-control and the measures of language were indicators of
one factor. If this was the case, then we would be setting up the analyses to
find evidence to support the shared etiological explanation; this result
could begin to explain why genetic factors explain much covariation
between the two. We examined this possibility by factor analyzing all of
the language skills items and all of the low self-control items. The results
of the analysis revealed the presence of two factors, in which all the low
self-control variables loaded on one factor and all the language skills vari-
ables loaded on another factor. These findings are in alignment with other
research revealing that attention deficits and reading/learning disabilities
are separate entities (Felton and Wood, 1989; Silver, 1990).

The association between language skills and levels of self-control under-
scores the complex and dynamic contributors to individual differences in
self-control. Most research that examines the antecedents to self-control
has taken a monolithic approach that has exclusively focused on the
effects of social/environmental factors. But more and more evidence is
accumulating, which shows that self-control is a multifactorial trait that is
constructed from environmental, genetic, and biological factors work-
ing independently and interactively (Beaver, 2008; Wikström and Treiber,
2007). The current results support this view by indicating that language is
just one of many different biosocial variables that ultimately influence var-
iations in self-control.
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Appendix A. Basic Univariate Variance Components
Models for the Language Skills Scale and
for the Low Self-Control Scales

E AC

Twin 1

e c a

A EC

Twin 2

a ec

r = 1.00

r = 1.00; .50

NOTES: r = 1.00 for MZ twins and r = .50 for DZ twins.
ABBREVIATIONS: A = genetic factors, C = shared environmental fac-
tors, and E = nonshared environmental factors.
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