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Abstract
This study examined relations between children’s attention span-persistence in preschool and
later school achievement and college completion. Children were drawn from the Colorado
Adoption Project using adopted and non-adopted children (N = 430). Results of structural
equation modeling indicated that children’s age 4 attention span-persistence significantly
predicted math and reading achievement at age 21 after controlling for achievement levels at age
7, adopted status, child vocabulary skills, gender, and maternal education level. Relations
between attention span-persistence and later achievement were not fully mediated by age 7
achievement levels. Logistic regressions also revealed that age 4 attention span-persistence skills
significantly predicted the odds of completing college by age 25. The majority of this
relationship was direct and was not significantly mediated by math or reading skills at age 7 or
age 21. Specifically, children who were rated one standard deviation higher on attention span-
persistence at age 4 had 48.7% greater odds of completing college by age 25. Discussion focuses
on the importance of children’s early attention span-persistence for later school achievement and

educational attainment.
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Relations between Preschool Attention Span-Persistence and Age 25 Educational
Outcomes

A large body of research documents the importance of children’s early skills for charting
later developmental trajectories (Shonkoff & Phillips, 2000). In the search to identify sources of
influence, children’s early executive function and self-regulation have emerged as a salient
predictor of later outcomes (McClelland, Acock, & Morrison, 2006; McClelland, Morrison, &
Holmes, 2000). For example, children who enter formal schooling without the ability to pay
attention, remember instructions, and demonstrate self-control have more difficulty in
elementary school and throughout high school (McClelland, Cameron, Connor, et al., 2007;
NICHD Early Child Care Research Network, 2003). In particular, the attention aspect of self-
regulation has received increasing consideration as a predictor of later achievement (Duncan et
al., 2007). In the present study, we examined the predictive strength of children’s early attention
span-persistence at age four for later academic achievement and educational attainment between
childhood and early adulthood.
Self-Regulation and the Role of Attention Span-Persistence

Children’s attention span-persistence is related to executive function and the broader self-
regulation construct. Self-regulation includes both cognitive and emotional regulation and refers
to aspects of attentional or cognitive flexibility, working memory, inhibitory control, and the
ability to regulate emotions (Baumeister & Vohs, 2004; Calkins, 2007; Eisenberg & Spinrad,
2004; Graziano, Reavis, Keane, & Calkins, 2007; Li-Grining, 2007; Ursache, Blair, & Raver,
2012). In general, self-regulation helps children manage and direct their own actions in a variety
of cognitive, emotional, and social domains (Blair & Diamond, 2008; McClelland, Cameron

Ponitz, Messersmith, & Tominey, 2010). For example, self-regulation helps children inhibit an
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inappropriate behavior (e.g., shouting out an answer in a classroom) and control their emotional
reaction to the situation (e.g., stop from having a tantrum). Related to self-regulation are
concepts such as effortful control, which is the ability to utilize executive attention to inhibit a
dominant response in favor of a subdominant response and is based in the temperament literature
(Liew, 2012; Rothbart & Rueda, 2005). Both effortful control and self-regulation are important
for children’s social (Eisenberg et al., 2005; Eisenberg, Smith, Sadovsky, & Spinrad, 2004),
academic (Blair & Diamond, 2008; Blair & Razza, 2007; McClelland, Cameron, Connor, et al.,
2007; Valiente, Lemery-Chalfant, Swanson, & Reiser, 2008) and moral development
(Kochanska, Murray, & Coy, 1997; Kochanska, Murray, & Harlan, 2000).

Attention span-persistence is an especially relevant aspect of cognitive or behavioral self-
regulation and stems from the executive function processes of attentional or cognitive flexibility,
working memory, inhibitory control (McClelland et al., 2010). Attention span-persistence refers
to selecting and attending to relevant information, such as listening to the teacher, and persisting
on a task (Barkley, 1997; Rothbart & Posner, 2005; Rueda, Rothbart, McCandliss, Saccomanno,
& Posner, 2005; Zelazo & Miiller, 2002). Moreover, a number of researchers have argued that
children’s developing self-regulation is connected to activation patterns in the anterior attentional
network in the brain (Calkins, 2007; Rothbart & Posner, 2005; Rueda, Posner, & Rothbart,
2004). More specifically, the executive attention network, which helps monitor and resolve
conflicting information, may be especially important for regulating emotions and behavior
(Rothbart, Sheese, & Posner, 2007). The executive attention network consists of the anterior
cingulate and lateral prefrontal areas of the brain, which are activated during tasks requiring

cognitive control such as needing to focus and pay attention.
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We focus on the attentional aspects of self-regulation because the ability to focus, deal
with conflicting information, and persist through difficulty is especially relevant for doing well
in school, on academic tasks, and for educational attainment (Andersson & Bergman, 2011;
Duncan et al., 2007). In addition, children’s self-regulation and underlying executive function
abilities experience rapid development during the preschool years and help lay the foundation for
later development (Diamond, 2002).

The present study included a parent-report measure that captured a specific aspect of self-
regulation, attention span-persistence. Although not a comprehensive measure of self-regulation,
data were collected in a large longitudinal study spanning over 30 years and our terminology
reflects what was measured at the time (in the late 1970s). In an era of considerable conceptual
debate about terms and the definitions of constructs (McClelland & Cameron, 2012), it is
important to be specific about what is being measured. Thus, because a comprehensive measure
of self-regulation was not available in the overall longitudinal study, we use the term attention
span-persistence to best capture what was measured, and define it as the ability to focus, attend
to relevant information, and persist on a task. Our decision to use this terminology is also
supported by recent studies which have documented the importance of attention and task
persistence for later achievement and educational outcomes (Andersson & Bergman, 2011;
Deater-Deckard, Petrill, Thompson, & DeThorne, 2005; Duncan et al., 2007).

The Importance of Children’s Attention Span-Persistence for Later Achievement

Aspects of children’s attention span-persistence have been linked to a number of social
and academic outcomes in childhood. For example, a large literature has found that attention
span-persistence and related constructs (e.g., self-regulation, executive function, effortful

control) predict stronger social outcomes such as social competence and maladjustment (Blair,
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2002; Eisenberg, Valiente, & Eggum, 2010), and are an important component of social-
emotional interventions (Riggs, Jahromi, Razza, Dillworth-Bart, & Mueller, 2006). Although
studies have used a variety of definitions and constructs, they all include measures which tap
aspects of children’s ability to focus attention and persist. Thus, we review research that includes
constructs of behavioral regulation, executive function, learning-related skills, and effortful
control because all these studies include aspects of attention span-persistence in the way they
define and operationalize their constructs.

A number of recent studies have documented the importance of attention span-
persistence for short-term achievement outcomes after accounting for initial achievement levels
and important variables such as child IQ. For example, in one study examining behavioral
regulation, the gains children made in early behavioral regulation over the preschool year
significantly predicted the gains they made in reading, math, and vocabulary after controlling for
initial behavioral regulation and achievement levels (McClelland, Cameron, Connor, et al.,
2007). Related research found that children’s behavioral regulation in the fall of kindergarten
predicted end-of-year reading, math, and vocabulary achievement and gains made in math
achievement (Cameron Ponitz, McClelland, Matthews, & Morrison, 2009). Another study
documented that attention span-persistence was positively associated with cognitive and
achievement measures in kindergarten and first grade children (Deater-Deckard et al., 2005).
Other research examining similar constructs (e.g., learning-related skills, which include attention
span-persistence in the definition of the construct) found that children’s learning-related skills at
kindergarten significantly predicted reading and math skills between kindergarten and sixth

grade and gains in reading and math between kindergarten and second grade beyond the
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influence of child IQ, initial achievement levels, and a host of background characteristics
(McClelland et al., 2006; McClelland et al., 2000).

Aspects of attention span-persistence have also predicted long-term achievement and
educational attainment outcomes. For example, attention at ages 5-6 was significantly predictive
of reading and math achievement between kindergarten and early adolescence with average
effect sizes ranging from .08 for reading and .11 for math (Duncan et al., 2007). Although
measured in adolescence, a recent study by Andersson and Bergman (2011) provides additional
evidence of the importance of attention span-persistence (called task persistence) for later
achievement and success. This study found that task persistence in early adolescence (age 13)
predicted grades later in adolescence, and income, occupational level and educational attainment
in middle adulthood for men, with effect sizes ranging from .08 for educational attainment to .34
for occupational level (Andersson & Bergman, 2011). Other relevant research has documented
that early self-control, which included attention span-persistence in the operationalization of the
construct, predicted physical health, substance dependence, income, and criminal offenses in
adulthood (Moffitt et al., 2011). Research has also linked attention deficits to poorer school
attainment and academic outcomes. For example, a recent study found that teacher ratings of
attention problems at age 6 significantly predicted math and reading achievement at age 17 after
controlling for a number of background variables, including child IQ (Breslau et al., 2009).

Together, this research supports the notion that paying attention and persisting on tasks
are foundational skills that are critical early in life and continue to positively predict a variety of
social and academic outcomes throughout childhood and into adulthood. For example, focusing
attention and persisting through difficult tasks is especially important for accomplishing major

life goals such as gaining a college degree. Other research has noted that academic achievement
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and educational attainment is significantly predicted by parental socioeconomic status (SES),
individual cognitive abilities previous academic performance, and occupational and educational
aspirations (Sewell, Halle, & Portes, 1969). Based on this and other research reviewed above, we
predicted that early attention span-persistence would be a substantive and significant predictor of
later achievement and college completion but that variables such as parental SES, early cognitive
abilities and academic achievement, gender, and age may play a role (Sirin, 2005; Strenze,
2007). Thus, the present study examined the importance of attention span-persistence for
predicting reading and math achievement at age 21 and college completion by age 25 controlling
for background variables previously found to predict educational attainment (Sewell et al., 1969;
Sirin, 2005).
Differential Predictability of Attention Span-Persistence for Academic
Outcomes

Although research has found connections between attention span-persistence and both
reading and mathematics achievement, relations between aspects of attention and math have
been especially strong in early and middle childhood compared to reading (Blair & Razza, 2007;
Cameron Ponitz et al., 2009; Duncan et al., 2007). In one study, effect sizes of .56 were found
for behavioral regulation (including attention span-persistence) predicting math levels compared
to effect sizes of .27 for predicting reading. Moreover, this study found that behavioral regulation
predicted math but not reading gains over the kindergarten year (Cameron Ponitz et al., 2009).
Other research has found that children’s early attention predicted more variance in math
achievement (with larger effect sizes) between childhood and adolescence compared to reading

achievement (Duncan et al., 2007). Together, this research suggests that early attention may be
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more strongly related to math skills in childhood and adolescence compared to reading skills, but
it is less clear whether this persists into early adulthood.

Although research is still emerging, a few reasons for the link between attention and math
have been proposed, including having to focus and pay attention to relevant information when
solving math problems, and persisting as problems increase in complexity and difficulty (Blair &
Razza, 2007; Cameron Ponitz et al., 2009). Relations between attention and reading have also
been found especially in early childhood when early literacy and reading skills are heavily
emphasized in classroom settings (McClelland, Cameron, Connor, et al., 2007).

Overall, this research suggests that children with strong attention span-persistence do
well in school because they can focus on relevant information while ignoring distractions,
monitor their progress, and resolve conflicting information in order to complete tasks. These
skills experience rapid development during the preschool years, and are foundational for later
social and academic outcomes including completing college in early adulthood.

Direct and Indirect Pathways between Attention Span-Persistence and Later
Achievement and Educational Attainment

Although the importance of early attention span-persistence for academic achievement
outcomes has been established after controlling for initial achievement levels, it is possible that
these relations may be mediated by early achievement levels, especially in the beginning of a
child’s academic career. This is based on research finding that academic trajectories tend to be
established early in elementary school (Alexander, Entwisle, & Dauber, 1993). For example,
children’s early attention span-persistence at age 4 may be related to math or reading
achievement at age 21 through the influence of attention span-persistence on achievement levels

at age 7 and the subsequent influence of achievement levels at age 7 on math or reading
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achievement at age 21. This hypothesis would suggest that age 4 attention span-persistence helps
children do better on reading or math achievement at age 7, which then predicts stronger reading
or math achievement at age 21. Thus, the relation between early attention and later achievement
would be mostly mediated by early achievement levels at the beginning of school.

A few studies have examined the relative importance of early skills on later academic
outcomes, and the complex pathways between early attention and later achievement. For
example, one study found that early achievement was a stronger predictor of later achievement
than was early attention (Duncan et al., 2007) but did not specify pathways of influence. Another
recent study focused on the direction of these relations and found that early learning-related
behaviors predicted subsequent literacy achievement but that literacy skills did not significantly
predict subsequent learning-related behaviors (Stipek, Newton, & Chudgar, 2010). Finally, one
study found that classroom behavior (Interest-Participation and Attention Span-Restlessness)
was significantly related to children’s math performance in first grade and fourth grade, and that
some of these relations were mediated through early math scores (Alexander et al., 1993).

In addition to the notion that achievement levels early in elementary school mediate
relations between early attention span-persistence and later achievement levels, it is also
plausible that attention span-persistence predicts college completion by age 25 through
achievement levels towards the end of formal schooling (e.g., age 21). This is based on research
finding that college achievement levels significantly predict college completion (Buchmann &
DiPrete, 2006; Ewert, 2010; Velez, 1985). Thus, it is possible that children’s early attention
span-persistence is related to stronger reading and math levels later in an individual’s academic

career (age 21), which would then be related to greater odds of completing college by age 25.
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To our knowledge, no study has examined whether achievement levels in childhood
significantly mediate relations between early attention span-persistence and either achievement
in early adulthood or college completion. The present study sought to add specificity to the
pathways through which early attention may predict later achievement. We examined direct and
indirect pathways between early attention span-persistence on later achievement and educational
attainment (college completion) by testing if age 4 attention span-persistence predicts reading
and math achievement at age 21 and college completion by age 25 directly or if the influence is
fully mediated by age 7 or age 21 achievement levels.

Goals of the Present Study

The present study examined whether children’s attention span-persistence, as rated by
parents at age 4, significantly predict later reading and math skills at age 21, and the odds of
completing college by age 25. We had three hypotheses: First, based on previous research
(Breslau et al., 2009; Duncan et al., 2007), we expected that higher ratings of attention span-
persistence at age 4 would significantly predict stronger reading and especially math skills in
early adulthood (age 21). Second, we predicted that attention span-persistence at age 4 would
predict the odds of completing college by age 25. In other words, we expected that children with
strong attention span-persistence ratings at age 4 would have significantly greater odds of
completing college by age 25. This hypothesis was based on research supporting the importance
of early attention span-persistence for later achievement and educational outcomes (Andersson &
Bergman, 2011).

Third, we examined whether age 7 reading or math achievement significantly mediated
relations between attention span-persistence at age 4, and reading and math achievement at age

21. We predicted that higher achievement at age 7 would significantly predict higher
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achievement at age 21, but that the path between age 4 attention span-persistence and later
achievement would be stronger than the indirect pathway through age 7 achievement levels. In
other words, we expected that the direct path between age 4 attention span-persistence and age
21 achievement levels would not be fully mediated by achievement levels at age 7. We also
examined whether the path between early attention span-persistence and college completion
would be fully mediated by age 7 and age 21 reading and math levels. We predicted that
attention span-persistence at age 4 would predict greater odds of completing college by age 25
and would not be fully mediated by age 7 or age 21 reading or math achievement. This
hypothesis was based on recent research finding that attention span-persistence and self-control
early in life (e.g., childhood and adolescence) significantly predicts later educational attainment,
even after intellectual ability and early achievement were taken into account (Andersson &
Bergman, 2011; Moffitt et al., 2011).
Method

Participants

Data for this study come from the Colorado Adoption Project (CAP), a longitudinal study
initiated in 1975 (Plomin, DeFries, & Fulker, 1988). Initial recruitment occurred over a period of
seven years, when 245 adopted children, their biological parents, and their adoptive families
were recruited through two adoption agencies in Denver, Colorado, at the time of the child’s
birth. All protocols were reviewed and approved by the University of Colorado-Boulder IRB.
Parent consent and child assent/consent were obtained as appropriate. Non-adoptive (N = 245)
and adoptive families (N = 245) were recruited through local hospitals and the non-adoptive
children were matched to the adoptive sample on a number of variables, including father’s age,

education, and occupational status (Plomin et al., 1988). Mother’s education level for adoptive
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mothers (M = 14.69, SD = 1.96) did not differ significantly from the education levels for non-
adoptive mothers (M = 14.96, SD = 2.08). Over 95% of the families were Caucasian. Fifty-three
percent of the overall sample was male. Data were collected yearly in the CAP project, but the
achievement data used in the present analysis were collected when the children were ages 4, 7,
and 21. Although achievement data was collected at other time points (e.g., ages 12 and 16), we
focused on how early achievement levels were related to achievement levels at the end of formal
schooling. Between ages 21 and 25, data were collected as part of the study of Nature and
Nurture in Social Demography (NNSD), with yearly interviews focusing on transitions to
adulthood and substance use. This information was used to determine which of the children had
completed college (i.e., obtained a bachelor’s degree) by age 25 (for further details on the CAP
sample see (Rhea, Bricker, Corley, DeFries, & Wadsworth, 2012).

Children missing age 4 attention span-persistence data and those missing all of either the
math or reading scores were not included in this analysis. Thus, the analyzed sample included
430 children (N = 221 non-adoptive families and N = 209 adoptive families), which was 55.6%
male. For the purposes of this paper, we did not include siblings, which would have complicated
our analyses. Retention was very good, with a 92% response rate at age 7 and 85% at age 21,
compared to participation at age 4. Data on college completion was available from 286
participants and was determined by self-report of having obtained a bachelor’s degree or not by
age 25. We compared those with (N = 286) and without college data (N = 144) on background
variables of gender, age 4 vocabulary skills, maternal education level, and adopted status. There
were no significant differences on any of these variables between the participants with and
without college data. Table 1 provides estimated means, standard deviations, and percentages,

and the N for non-missing values for each variable.
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Because only 286 out of the overall sample of 430 participants had data on college
completion, we examined if people with high attention span-persistence ratings at age 4 were
more likely to provide college completion data as adults. To do this, we examined the rate of
missing data on college completion at age 25 for those with high versus low attention span-
persistence ratings at age 4. Results of a logistic regression indicated that attention span-
persistence ratings were not significantly related to whether the person was missing data at age
25 (odds ratio = .98, p = .568). We also ran a multinomial logistic regression and found that for
each unit increase in attention span-persistence ratings at age 4, the relative risk of a missing
value at age 25 increased by a factor of only 1.02, which was not significant (z = .68, p = .494).
In contrast, the relative risk of completing college increased by a factor of 1.13 (z =2.94, p =
.003). Thus, although there was substantial missing data on college completion by age 25, it does
not appear that missing this data was significantly related to an individual’s attention span-
persistence rating at age 4.

Procedures

When children were 4 years old, parents completed questionnaires rating children’s
attention span-persistence. Information about child gender, age, and mother’s education level
was obtained from questionnaires completed at the beginning of the study. Direct assessments
administered in a laboratory setting were used to measure children’s vocabulary skills at age 4
and math and reading ability at ages 7 and 21. Data on college completion by age 25 were
obtained through telephone interviews.

Measures
Colorado Child Temperament Inventory (CCTI) (Rowe & Plomin, 1977). The

CCTl is a parental rating instrument with six subscales: Emotionality, Activity, Sociability,
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Attention Span-Persistence, Reaction to Food, and Soothability. The median alpha reliability for
all 6 scales is .80 and the median one-week test-retest reliability is .73 for children ages 2-6 years
(Rowe & Plomin, 1977). At age 4, only the mothers’ ratings were collected. The 4 ttention Span-
Persistence subscale was used in the current analysis and contained five items: “Plays with a
single toy for long periods of time”, “Child persists at a task until successful”, “Child goes from
toy to toy quickly” (reversed), “Child gives up easily when difficulties are encountered”
(reversed), and “With a difficult toy, child gives up quite easily” (reversed). Cronbach’s alpha
for the Attention Span-Persistence subcale was .79 in previous research (Rowe & Plomin, 1977)
and .72 in the current sample. Items were rated on a 1 (“not at all like the child”) to 5 (“a lot like
the child”) scale and summed to obtain the subscale and total score (Rowe & Plomin, 1977).

Receptive Vocabulary. Receptive vocabulary skills at age 4 were assessed using the
Peabody Picture Vocabulary Test (PPVT) (Dunn & Dunn, 1981). The PPVT requires that
children identify a word from four pictures and has strong reliability and validity, including split-
half reliabilities ranging from .73 to .84 (Dunn & Markwardt, 1970). In the CAP sample, PPVT
scores had a test-retest correlation of .70 (Rice, Corley, Fulker, & Plomin, 1986).

Reading Achievement. The Peabody Individual Achievement Test (PIAT) Reading
Recognition subtest was used to measure reading skills at ages 7 and 21 (Dunn & Markwardt,
1970). The Reading Recognition subtest contains 100 items assessing children’s recognition of
printed letters and words and the ability to read words aloud. It has established reliability and
validity: standardization sample one-month retest reliabilities reported for grades 1, 8 and 12 are
.89, .87 and .86 and the test-retest reliability across grades K-12 was .89. In the present study, the
correlation between PIAT reading scores nine years apart was .53, which can be considered a

very conservative lower bound on reliability (see Table 2). Previous studies using the PIAT in
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the CAP sample have provided evidence for the reliability and validity in scores (Wadsworth,
Corley, Hewitt, & DeFries, 2001; Wadsworth, DeFries, Fulker, & Plomin, 1995). The raw score
was used in the present study.

Math Achievement at Age 7. Children’s math skills at age 7 were assessed using the
Wechsler Intelligence Scale for Children-Revised (WISC-R) Arithmetic subscale (Wechsler,
1974). This measure presents verbal math problems requiring timed oral responses without paper
or other visual aids and has shown strong reliability and validity. Reported split-half reliabilities
from the standardization sample are .75 at age 7. Previous studies using the Arithmetic subscale
in the CAP sample have provided evidence for the reliability and validity in scores (Wadsworth
et al., 2001; Wadsworth et al., 1995). The age-scaled score was used.

Math Achievement at Age 21. Math skills at age 21 were assessed using the
Wechsler Adult Intelligence Scale-II1 (WAIS-III) Arithmetic subscale (Wechsler, 1981). This
measure contains 20 arithmetic problems administered orally that must be solved without paper
or pencil and has strong psychometric properties. The split-half (odd-even) correlation with the
Spearman-Brown correction is .87. The age-scaled score was used.

The Weschler Intelligence Scale Arithmetic subtest score available in this dataset is an
age-adjusted standard score, called a scaled score, which is based on the normative sample used
in developing the measure. These scores are adjusted so that the mean is 10 and the standard
deviation is 3. This allows a comparison of subtest performance within a given individual and
between individuals relative to the normative sample. It does not, however, permit an evaluation
of growth within individuals, as scores are standardized relative to comparable aged individuals

in the normative sample.
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College completion by age 25. College completion, a binary outcome variable, was
determined by self-report of having obtained a bachelor’s degree by age 25. Of those reporting
this information (N = 286), only 23 participants did not attend some level of college. We
imputed 100 complete datasets then deleted the cases with missing values on college completion.
Although simulation studies have demonstrated the need to include people during the imputation
stage who have a missing value on the outcome variable, college, nothing is gained and there is a
potential small loss in power unless these cases are deleted prior to the analysis stage (Acock, in
press; von Hippel, 2007).

Estimation

We used Stata 12.0 structural equation modeling procedure to obtain estimates for
predicting math and reading performance at age 21. Math and reading scores at ages 7 and 21
were regressed on attention span-persistence at age 4, controlling for the child’ age 4 vocabulary,
adoption status, and child’s gender (boys as reference). In all our models, we controlled for
important variables that have been found to significantly relate to achievement outcomes and
educational attainment including gender (Andersson & Bergman, 2011; Li-Grining, Votruba-
Drzal, Maldonado-Carrefio, & Haas, 2010), maternal education level (Andersson & Bergman,
2011; McClelland, Cameron, Connor, et al., 2007), and receptive vocabulary skills at age 4
(Blair & Razza, 2007; Purpura, Hume, Sims, & Lonigan, in press). Given that the sample
included adopted and non-adopted children, we controlled for adopted status based on previous
research finding that adopted children had significantly increased behavior problems (Stams,
Juffer, Rispens, & Hoksbergen, 2000), and lower academic achievement (Iervolino, 2003; Rhea
& Corley, 1994) compared to non-adopted children, although differences were small. Based on

this research, we also anticipated that adopted children in our study would score significantly
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lower on reading and math at both age 7 and age 21, and would have significantly lower odds of
completing college by age 25. Although we initially controlled for child age at 4 years, this
variable was dropped because the study administered virtually all of the age 4 measures (97.1%)
when the child was either 48 or 49 months old and the standard deviation (SD) was only 0.03.
Thus, there was insufficient variance on age to include it as a control variable.

The usual estimates of standard errors for indirect effects rely on the Sobel method
(Muthén & Muthén, 2010) . This makes the unrealistic assumption that the sampling distribution
for the estimate of the indirect effect is normally distributed. We used a bootstrap estimator with
1,000 resamples. Stata 12.0, like other SEM packages, uses a full information maximum
likelihood estimate of parameters, which utilizes all available information. Although this
approach assumes the missing values are missing at random (MAR), this is a more realistic
assumption than listwise deletion would be since that assumes the data are missing completely at
random (MCAR) (Acock, 2005, in press; Enders, 2001). To estimate the likelihood of a person
completing college by age 25, we utilized Stata 12.0 logistic regression and the multiple
imputation procedure imputing 100 complete datasets for the 286 study participants who had no
missing values on the college completion variable.

Results
Descriptive Statistics

Means and standard deviations for all variables are presented in Table 1. Average reading
scores increased over time between ages 7 and 21 but the mean age-scaled math scores remained
stable (as would be expected since scores are rescaled to the age-normed mean of 10) over time.
Data for math achievement at ages 7 and 21 were normally distributed and were not significantly

skewed. Reading achievement data at age 7 were somewhat positively skewed and data at age 21
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were negatively skewed although skewness and kurtosis values were within normal ranges
(Kline, 2005).

Table 2 displays the correlations among all the variables. A check of the bivariate
scatterplots did not reveal any non-linearity. Correlations between reading scores at ages 7 and
21 were highest, followed by math scores at ages 7 and 21. Attention span-persistence at age 4
was consistently and significantly, though modestly, related to math and reading at ages 7 and 21
and to college completion by age 25. Reading scores at age 21 had the strongest correlations with
college completion. Mother’s education level was significantly related to children’s vocabulary
scores at age 4, reading scores at age 7, and college completion by age 25. Finally, being adopted
was significantly related to lower math scores at ages 7 and 21, reading scores at age 21, and not
completing college by age 25.

Does Early Attention Span-Persistence Predict Later Math and Reading Skills?

Figure 1 presents our model for early attention span-persistence predicting math and
reading skills at age 21. All results controlled for background covariates of vocabulary at age 4,
gender, adoption status, and maternal education level. Panel A in Figure 1 shows that relations
between attention span-persistence at age 4 and math skills at age 21 were mostly direct. The
direct effect of age 4 attention span-persistence on math skills at 21 was small but statistically
significant (§ = 0.12, p = .007), after controlling for the covariates and math skills at age 7. The
indirect effect of attention span-persistence at age 4 was smaller, although still statistically
significant (§ = 0.05, p = .009) after controlling for math skills at age 7. For the covariates,
results of the total effects indicated that children who were adopted had significantly lower math
skills at age 21 (f =-0.15, p = .004), and males had significantly higher math skills at age 21

compared to females (f = 0.21, p <.001). Maternal education level was not significantly related
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to math skills at age 21 (f = -.06 p = .230). Overall, the total effect of attention span-persistence
at age 4 to math achievement at age 21 (§ =0.17, p =.001), was 70.6% direct and was not fully
mediated through age 7 math achievement.

A similar, albeit weaker, pattern of results was found for age 4 attention span-persistence
predicting reading achievement at age 21 (see Panel B of Figure 1). There was a small and
marginally significant direct effect of attention span-persistence at age 4 predicting reading
achievement at age 21 (§ = 0.08, p = .083) beyond the influence of the background covariates.
This effect was statistically significant using a one-tailed test, but because we used a two-tailed
test for all analyses, we present those results. The indirect effect of attention span-persistence at
age 4 on reading at age 21, mediated by reading skills at age 7, was smaller but statistically
significant ( = 0.06, p = .02). The total effect of attention span-persistence at age 4 predicting
reading achievement at age 21 (f = 0.14, p = .009) was 57.1% direct and 42.9% indirect through
reading at age 7. In terms of the covariates, results for the total effects indicated that children
who were adopted had significantly lower reading skills at age 21 (f =-0.17, p = .001), boys
were marginally more likely to have lower reading skills at age 21 (§ =-0.09, p = .059), and
children with higher vocabulary skills at age 4 had significantly higher reading skills at age 21 (8
=0.13, p =.028). Finally, maternal education level was not significantly related to reading skills
at age 21 (f = 0.05, p = .409). Together, these results indicate that attention span-persistence at
age 4 had a significant effect on two key aspects of academic achievement 17 years later and that
most of this effect was direct.

Does Early Attention Span-Persistence Predict College Completion by Age 25?

To evaluate the association of early attention span-persistence on college completion by

age 25, logistic regressions were conducted, with college completion by age 25 as the outcome
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variable and attention span-persistence at age 4 as the predictor. We controlled for age 7 and age
21 reading as well as age 7 and age 21 math skills as potential mediators. Gender, vocabulary
skills at age 4, adoption status, and maternal education level were also included as background
covariates (see Table 3).

Results indicated that attention span-persistence at age 4 had a significant effect on
college completion by age 25 (odds ratio = 1.11, p = .024,), but none of the potential mediators
had a significant effect. Thus, because reading at age 7 (odds ratio = 1.00, p = .787) and 21 (odds
ratio = 1.04, p = .093), and math at age 7 (odds ratio = 1.03, p = .574) and 21 (odds ratio = 1.06,
p = .321) were not significantly related to college completion by age 25, there could not be any
significant indirect effects. Therefore, we re-estimated the model dropping these variables, but
keeping the background covariates (see Table 3). Results indicate that for each single point
higher a child was rated on attention span-persistence at age 4, s(he) was 14% more likely to
graduate from college by age 25 (odds ratio = 1.14, p = .003). To help interpret the practical
significance of this effect, we can estimate how much a one standard deviation increase in a
child’s attention span-persistence at age 4 (3.05) has on the likelihood that s(he) will complete
college by age 25. The resulting odds ratio was e"'*** = 1.487. Thus, the direct effect of a
child being rated one standard deviation higher on attention span-persistence at age 4 increased
the odds of completing college by age 25 by 48.7%. None of the other background covariates
except for adoption status were significantly related to college completion by age 25. Children
who were adopted had 52.2% lower odds of completing college by age 25 (odds ratio =0.42, p =
.001).

Discussion
The present study examined the contribution of children’s early attention span-

persistence to later reading and math achievement, and to college completion by age 25.



PRESCHOOL ATTENTION AND EDUCATION AT AGE 25 22

Children’s parent-rated attention span-persistence at age 4 was an important predictor of later
math and reading skills at age 21 and the odds of completing college by age 25. In addition,
relations between early attention span-persistence and age 21 achievement were mostly direct
and were not fully mediated by early achievement at age 7. Finally, relations between age 4
attention span-persistence and college completion were not significantly mediated by age 7 or

age 21 reading or math achievement.

Direct and Indirect Pathways between Attention Span-Persistence and Later
Achievement and Educational Attainment

The results for early attention span-persistence predicting later achievement add to a

growing body of literature documenting the importance of aspects of children’s attention span-
persistence, self-regulation, and related skills for long-term academic success (Andersson &
Bergman, 2011; Breslau et al., 2009; Duncan et al., 2007; McClelland et al., 2006). Significant
relations were found between early parent-rated attention span-persistence and age 21 reading
and math skills, and college completion by age 25, after controlling for early vocabulary skills,
gender, adoption status, and maternal education level. The odds ratio for early attention span-
persistence predicting college completion provides another benchmark for interpreting these
results and indicates that being rated one standard deviation higher on early attention span-
persistence at age 4 increased the odds by 48.7% of completing college by age 25. In addition,
the standardized coefficients for attention span-persistence predicting achievement outcomes at
age 21 in the present study were comparable or stronger than coefficients reported in previous
studies although effects overall were modest (Andersson & Bergman, 2011; Breslau et al., 2009;
Duncan et al., 2007).

Results from the present study are unique in that they document the contribution of
children’s early attention span-persistence on achievement throughout schooling and into early
adulthood, including college completion by age 25. Although some research has examined direct
relations between early aspects of attention span-persistence or self-regulation and later social

and academic outcomes (Andersson & Bergman, 2011; Duncan et al., 2007; Moffitt et al., 2011),
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few studies have specified the pathways through which early aspects of self-regulation may
influence later outcomes. The present study found that direct relations between early attention
and math and reading achievement at age 21 were stronger than the indirect relations through
reading or math achievement at age 7. This suggests that attention span-persistence was directly
related to age 21 reading and math achievement and was not fully mediated by age 7
achievement levels. Although the direct effects were larger, it is important to note that the
indirect relations did predict a moderate percentage of the overall effects. In particular, the
indirect effects for attention span-persistence predicting age 21 reading through age 7 reading
were stronger than the indirect effects for attention span-persistence predicting later math. These
results suggest that early attention span-persistence was related to later achievement at age 21
through achievement at age 7, but the direct effect between attention span-persistence and later
achievement accounted for more variance in later achievement outcomes.

Results also indicated that relations between age 4 attention span-persistence and college
completion by age 25 were not significantly mediated by either age 7 or age 21 reading or math
achievement levels. In other words, an individual’s attention span-persistence rating by his/her
parents was a stronger predictor of college completion by age 25 than his/her reading or math
score at age 7 or age 21. These results suggest that children’s attention span-persistence early in
life (at age 4) significantly contributes to their reading and math achievement up to 17 years later
and is a significant predictor of educational attainment. The ability to pay attention and persist
through difficult tasks may be especially important for completing college in a timely manner
(by age 25). The finding that age 7 and age 21 reading or math skills were not significant
predictors of college completion in this sample suggests that acquiring a college degree requires
more than performing well on reading and math assessments. This was somewhat surprising

because previous research has found that college grades and achievement significantly predict
college completion (Buchmann & DiPrete, 2006; Ewert, 2010; Velez, 1985). The difference in

results could be due to measurement because other studies finding significant effects of college

grades completion have examined grades and GPA rather than standardized achievement tests
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(Buchmann & DiPrete, 2006; Velez, 1985). It may also be that as children get older,
standardized achievement tests are less predictive of educational attainment than other
characteristics like grades or GPA, which may be more related to self-control or attention span-
persistence (Duckworth, Quinn, & Tsukayama, in press).

These results also parallel research on delay of gratification by Mischel and colleagues

(Mischel, Shoda, & Rodriguez, 1989), which demonstrate that the ability to delay gratification

early in life predicts higher SAT scores and social and cognitive outcomes in adolescence.
Similarly, other research suggests that self-discipline is a stronger predictor of academic

performance in adolescence than IQ (Duckworth & Seligman, 2005; Duckworth, Tsukayama, &

May, 2010). Although delay of gratification taps emotional aspects of self-regulation, also
known as “hot” executive function (Hongwanishkul, Happaney, Lee, & Zelazo, 2005), and
attention span-persistence taps cognitive aspects self-regulation or “cool” executive function,
they are clearly related (McClelland et al., 2010). Thus, evidence supports the notion that
attention and persistence early in life tap cognitive and emotional aspects of self-regulation (or

executive function), which are important predictors of later educational outcomes.

These findings also support the view that children’s academic trajectories begin early in
life (Masten et al., 2005; McClelland et al., 2006; McClelland et al., 2010). For example, recent
research suggests that a negative trajectory can begin early in life for children with self-
regulation difficulties (including attention problems) (Blair & Diamond, 2008). According to this
view, children with poor self-regulation have difficulty navigating classroom settings, which can
lead to teachers becoming frustrated and expecting poor behavior and school performance from
these children, which can then lead to children having poor perceptions of themselves as
students. Over time, this pattern can lead children to be increasingly disengaged from school and
to experience academic failure as they get older. Although we did not directly measure teacher-
child relationships or children’s disengagement from school, the results from the present study

support this possibility and suggest that children’s ability to focus their attention span-
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persistence, attend to relevant information, and persist through difficulty, can be very helpful as
they progress through school and into early adulthood, compared to children with poor attention
span-persistence skills (Duckworth et al., in press; Duckworth et al., 2010; McClelland et al.,

2010).

It is important to note that our focus was on how children’s early achievement at the
beginning of formal schooling (age 7) was related to achievement levels toward the end of
formal schooling (age 21). However, there are other intervening variables that may play a role in
predicting children’s reading and math skills at age 21 and college completion by age 25, which
were not captured in this study. For example, including factors such as school engagement, later
attention span-persistence or self-regulation, educational aspirations, intelligence, and grades
between ages 5 and 21 would add complexity but also specificity to our models (Andersson &
Bergman, 2011; Duckworth et al., 2010; Moffitt et al., 2011). In spite of not having these
intervening variables, we included variables (e.g., early achievement levels) that are some of the
strongest predictors of later achievement levels (Duncan et al., 2007). However, future research
should examine a more comprehensive group of variables to better address this issue.

Finally, we found that children who were adopted performed significantly worse on
reading and math achievement at age 21 and had significantly lower odds of completing college
by age 25. Although adoption or adopted status was not a focus of our study, it is important to
control for adopted status based on previous research findings that adopted children fare worse
on achievement and social outcomes compared to non-adopted children in childhood and
adolescence, and early adulthood, although effect sizes have been small (Bricker et al., 2006;

Iervolino, 2003; Rhea et al., 2012; Rhea & Corley, 1994).

Differential Predictability for Attention Span-Persistence on Later Reading and Math
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Although age 4 attention span-persistence predicted reading achievement at age 21,
relations were stronger for attention span-persistence predicting math achievement at age 21
(direct effects of .12 for math at age 21 compared to .08 for reading). Moreover, the indirect
relations between early attention span-persistence and age 21 reading were significantly
(although not fully) mediated by age 7 reading achievement. Thus, although direct relations were
found between early attention span-persistence and reading achievement at age 21, reading
achievement at age 7 had a stronger predictive relation on later reading achievement than did
math achievement at age 7 predicting math at age 21.

These results suggest that attention span-persistence may be especially important for
math achievement throughout schooling. Similar results have been found in other recent studies
(Cameron Ponitz et al., 2009; Duncan et al., 2007), although this is the first study to find that
early attention span-persistence at age 4 predicts math skills in early adulthood (e.g., age 21) and
also predicts college completion by age 25. In young children, attention span-persistence may be
particularly important for math because less instructional emphasis is devoted to math in the
classroom compared to reading (Connor, Morrison, & Slominski, 2006; NICHD Early Child
Care Research Network, 2002), which could mean that children need to focus their attention and
persist in order to do well in math rather than learning content that is explicitly emphasized. As
students get older, aspects of attention span-persistence such as focusing on relevant information
and persisting through difficulty may help children to solve increasingly complicated math
problems. In addition, doing well on math achievement tests may require children to pay
attention and hold increasingly complex information in mind, compared to reading achievement
tests (Blair & Razza, 2007; Cameron Ponitz et al., 2009).

It is possible however, that the differential predictability in attention span-persistence
predicting math and reading achievement could also be due to measurement. For example, the
PIAT Reading Recognition subtest was used at age 7 and age 21 rather than a more advanced
reading assessment such as passage comprehension. Math was assessed using the Arithmetic

subscale from the WISC-R at age 7 and the WAIS-III at age 21. Thus, it is possible that the math
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assessment captured more variability in math skills compared to the reading assessment.

However, although reading scores were somewhat positively skewed at age 7 and negatively
skewed at age 21, skewness and kurtosis values were within normal ranges (Kline, 2005),

suggesting that there was sufficient variability in reading achievement scores at both time points.
Program and Policy Implications

The results from the present study highlight the importance of children’s early attention
span-persistence skills for achievement throughout formal schooling and into adulthood. This
suggests that efforts to improve early attention span-persistence may have long-lasting
educational benefits that persist into adulthood. Contexts that support and facilitate attention
span-persistence and opportunities to practice these skills in early childhood settings may be
especially beneficial (McClelland, Cameron, Wanless, & Murray, 2007). For example, early
childhood curricula that include engaging and fun activities that help children pay attention and
persist on tasks would help promote these skills as well as long-term academic achievement
(Diamond, 2010; Diamond & Lee, 2011).

Related to this, a number of recent studies have demonstrated that interventions in early
childhood are effective in promoting attention span-persistence and broader self-regulatory
skills. For example, the Tools of the Mind curriculum helps children practice self-regulatory
skills (including paying attention) in the preschool classroom and has been found to significantly
improve short-term self-regulation (Barnett et al., 2008; Diamond, Barnett, Thomas, & Munro,

2007). Other research has found that a computerized training program helped improve children’s
executive attention skills (Rueda et al., 2005) and an intervention focusing on social-emotional
skills, executive function, and academic achievement significantly improved functioning in these

domains in a sample of foster children (Pears, Fisher, Heywood, & Bronz, 2007). Another
intervention that included classroom games focusing on attention span-persistence, inhibitory
control, and working memory significantly improved children’s self-regulation for children low

in these skills, and gains in early literacy skills for all children in the intervention group



PRESCHOOL ATTENTION AND EDUCATION AT AGE 25 28

(Tominey & McClelland, 2011). Finally, a large efficacy trial found that a multicomponent
school readiness intervention significantly improved self-regulation and early achievement in
low-income children over the preschool year. Moreover, partial support was found for gains in
self-regulation (including attention) mediating children’s gains in achievement (Raver et al.,
2011). Together, this research and the results of the present study support the notion that early
attention span-persistence is malleable, that interventions can improve these skills, and that
improved attention span-persistence and self-regulation are related to stronger achievement in
children.

The results of this study also have important policy implications and add to accumulating
research showing that supporting early education programs that focus on self-regulation
(including attention span-persistence) in addition to early academic achievement can have long-
term benefits (Heckman, 2009; Heckman, Stixrud, & Urzua, 2006; Moffitt et al., 2011).
Moreover, this study suggests that early attention span-persistence may be more predictive of
educational attainment (e.g. college completion) than academic achievement in childhood or
early adulthood. Based on this, policies that support early education programs with a focus on
self-regulation and attention span-persistence may be especially important for promoting long-
term educational attainment.

Limitations

The present study revealed long-term predictability between early attention span-
persistence and later school success, but a number of limitations must be noted. First, the CAP
sample, drawn from an adoption study, was not representative of the US population and
consisted of mostly Caucasian, middle-income children and families. Both adopted and non-
adopted controls were analyzed and it is notable that data were available from birth to beyond
age 25, with relatively little attrition. Second, although the college completion data were based

on self-report and were only available on 286 out of the 430 participants, post-hoc analyses did
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not indicate selection bias. We also used multiple imputation using full information maximum
likelihood to take advantage of all available data.

Third, in the present study, parents rated children’s attention span-persistence, which

could have introduced bias. Other research has relied on teacher ratings to assess these
constructs, which although useful, can also be biased (McClelland et al., 2006). It is noteworthy,
however, that in the present study and other related research (Ladd & Dinella, 2009; McClelland
et al., 2006), ratings by parents and by teachers have had such strong longitudinal predictive
value. In addition, other research documenting the long-term predictability of attention span-
persistence and self-regulatory skills have used a variety of measures including parent and
teacher ratings, direct assessments, and observations, and have found similar results (Andersson
& Bergman, 2011; Moffitt et al., 2011).

Fourth, as noted above, it is possible that other mediating or interventing variables may
have played a role in the relations between attention span-persistence at age 4 and later
achievement (age 21) and college completion (by age 25.). Future research should include a
broader set of variables to better examine this possibility.

Finally, parents rated children’s attention span-persistence at age 4 before they entered
formal schooling. Measuring these skills after children have entered kindergarten and gained
experience navigating classroom environments would have been helpful. Future research can
also benefit from clear definitions of constructs and improved measurement of children’s skills
including direct measures of attention span-persistence and self-regulation (Cameron Ponitz et

al., 2008; Cameron Ponitz et al., 2009; McClelland et al., 2010; Rueda et al., 2005).
Conclusions

Results of this study demonstrated that children’s ratings of attention span-persistence at
age four, as rated by parents, significantly predicted math and reading skills at ages 7 and 21.
The majority of these effects was direct and was not substantially mediated by age 7 reading or

math skills. In addition, children who were rated one standard deviation higher on attention span-
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persistence at age 4 had 48.7% greater odds of completing college by age 25. This relation was
not significantly mediated by either math or reading skills at ages 7 or 21. Overall, the results of
this study add to a growing body of evidence documenting the importance of aspects of self-

regulation for long-term achievement and educational attainment.
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Table 1

Estimated Means, Standard Deviations and Percentages for the Original Sample

Mean (SD) Non-Missing N

Attention Span-Persistence at Age 4 17.93 (3.05) 430
Math

Age 7 10.73 (2.76) 397

Age 21 11.21 (2.69) 364
Reading

Age 7 31.57 (8.05) 390

Age 21 73.67 (8.52) 360
Vocabulary at age 4 10.18 (2.53) 386
Adopted 48.6% 430
% Male 55.6% 430

Maternal Education Level 14.83 (2.03) 419




