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SCHOOL READINESS AND LATER ACHIEVEMENT

Early childhood programs and policies that promote academic
skills have been gaining popularity among politicians and re-
searchers. For example, President George W. Bush (2002) en-
dorsed Head Start reforms in 2002 that focus on building early
academic skills, observing that “on the first day of school, children
need to know letters and numbers. They need a strong vocabulary.
These are the building blocks of learning, and this nation must
provide them” (p. 12). The National Research Council’s Commit-
tee on the Prevention of Reading Difficulties in Young Children
recommends providing environments that promote preliteracy
skills for all preschool children (Snow, Burns, & Griffin, 1998).
Similarly, the National Association for the Education of Young
Children and the National Council of Teachers of Mathematics
(2002) issued a joint statement that advocated for high-quality
mathematics education for children ages 3-6.

Others, however, maintain that a broad constellation of behav-
iorsand skills enables children to learn in school. Asked to identify
factors associated with a difficult transition to school, kindergarten
teachers frequently mentioned weaknesses in academic skills,
problems with social skills, trouble following directions, and dif-
ficulty with independent and group work (Rimm-Kaufman, Pianta,
& Cox, 2000). Researchers too have made this point. The National
Research Council and Institute on Medicine argued that “the
elements of early intervention programs that enhance social and
emotional development are just as important as the components
that enhance linguistic and cognitive competence” (Shonkoff &
Phillips, 2000, pp. 398—399).

These two views have emerged in the current debate about what
congtitutes school readiness and in particular about what skills
predict school achievement. Many early education programs, in-
cluding Head Start, are designed to enhance children’s physical,
intellectual, and social competencies on the grounds that each
domain contributes to a child's overall developmental competence
and readiness for school. However, if early acquisition of specific
academic skills or learning-enhancing behaviors forecasts later
achievement, it may be beneficial to add domain-specific early
skills to the definition of school readiness and to encourage inter-
ventions aimed at promoting these skills prior to elementary
school. Thus, understanding which skills are linked to children’s
academic achievement has important implications for early edu-
cation programs.

We adopted a child-centered model of school transition, which
is nested within a broader ecological framework but focuses on the
set of individual skills and behaviors that children have acquired
prior to school entry (Rimm-Kaufman & Pianta, 2000). A child’s
individual characteristics contribute to the environments in which
the child interacts and the rate at which the child may learn new
skills; in turn, the child receives feedback from others in the
environment (Meisels, 1998). Thus, because they affect both the
child and the social environment, early academic skills and socio-
emotiona behaviors are linked to subsequent academic achieve-
ment because they provide the foundation for positive classroom
adaptation (Cunha, Heckman, Lochner, & Masterov, 2006;
Entwisle, Alexander, & Olson, 2005).

For example, a child who enters kindergarten with rudimentary
academic skills may be poised to learn from formal reading and
mathematics instruction, receive positive reinforcement from the
teacher, or be placed in a higher ability group that facilitates the
acquisition of additiona skills. Similarly, a child who can pay
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attention, inhibit impulsive behavior, and relate appropriately to
adults and peers may be able to take advantage of the learning
opportunities in the classroom, thus more easily mastering reading
and math concepts taught in elementary school. For these reasons,
the skills children possess when entering school might result in
different achievement patternsin later life. If achievement at older
agesisthe product of a sequentia process of skill acquisition, then
strengthening skills prior to school entry might lead children to
master more advanced skills at an earlier age and perhaps even
increase their ultimate level of achievement.

Although there are strong theoretical reasons to expect that
individual differences in children’s early academic skills and be-
havior are linked to subsequent behavior and achievement, sur-
prisingly little rigorous research has been conducted to test this
hypothesis. Consequently, the purpose of this article is to assess as
precisely as possible, using six longitudinal, nonexperimental data
sets, the association between skills and behaviors that emerge
during the preschool years and later academic achievement. As
with Robins's (1978) classic study of adult antisocial behavior, our
approach consists of comparable analyses of a number of different
longitudinal developmental studies.* We are especially interested
in identifying academic, attention, and socioemotional skills and
behaviors that may be learned or improved through experiences
prior to school entry. In the following sections, we draw from
developmental literature to identify key dimensions of school
readiness and to derive theoretical predictions about how chil-
dren’s school-entry skills and behaviors contribute to short- and
long-term academic success.

Associations Between Early Skills and Later Achievement

Academic achievement is a cumulative process involving both
mastering new skills and improving aready existing skills
(Entwisle & Alexander, 1990; Pungello, Kuperschmidt, Burchinal,
& Patterson, 1996). Information about how children acquire read-
ing and math skills points to the importance of specific academic
skills but also indicates that more general cognitive skills, partic-
ularly oral language and conceptual ability, may be increasingly
important for later mastery of more complex reading and mathe-
matical tasks. Basic oral language skills become critical for un-
derstanding texts as the level of difficulty of reading passages
increases (NICHD Early Child Care Research Network, 2005b;
Scarborough, 2001; Snow et al, 1998; Storch & Whitehurst, 2002;
Whitehurst & Lonigan, 1998). Likewise, mastery of foundational
concepts of numbers alows for a deeper understanding of more
complex mathematical problems and flexible problem-solving
techniques (Baroody, 2003; Ferrari & Sternberg, 1998; Hiebert &
Wearne, 1996).

Although children's academic achievement is largely stable
throughout childhood, children do demonstrate both transitory
fluctuations and fundamental shifts in their achievement trajecto-
ries (Kowaleski-Jones & Duncan, 1998; Pungello et a., 1996).
Nonexperimental data show that children’s achievement test

1 Robins (1978) justified her approach as follows: “In the long run, the
best evidence for the truth of any observation liesin its replicability across
studies. The more the populations studied differ, the wider the historical
eras they span; the more the details of the methods vary, the more
convincing becomes that replication” (p. 611).
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scores are related to prior cognitive functioning and the attainment
of basic skills in math and literacy such as number and letter
recognition (Stevenson & Newman, 1986). In their meta-analysis,
La Paro and Pianta (2000) found middle-range correlations in
cognitive/lacademic skills both from preschool to kindergarten
(.43) and from kindergarten to first or second grade (.48).

Attention-related skills such as task persistence and self-
regulation are expected to increase the time during which children
are engaged and participating in academic endeavors. Research has
shown that signs of attention and impulsivity can be detected as
early as age 2.5 but continue to develop until reaching relative
stability between ages 6 and 8 (Olson, Sameroff, Kerr, Lopez, &
Wellman, 2005; Posner & Rothbart, 2000). Studies linking atten-
tion with later achievement are less common, but consistent evi-
dence suggests that the ability to control and sustain attention as
well as participate in classroom activities predicts achievement test
scores and grades during preschool and the early elementary
grades (Alexander, Entwisle, & Dauber, 1993; Raver, Smith-
Donald, Hayes, & Jones, 2005). These attention skills, which are
conceptually distinct from other types of interpersonal behaviors,
are associated with later academic achievement, independent of
initial cognitive ability (McClelland, Morrison, & Holmes, 2000;
Yen, Konold, & McDermott, 2004) and of prior reading ability and
current vocabulary (Howse, Lange, Farran, & Boyles, 2003). Ex-
amining attention separately from externalizing problems has clar-
ified the role of each in achievement, suggesting that attention is
more predictive of later achievement than more general problem
behaviors (Barriga et a., 2002; Hinshaw, 1992; Konold & Pianta,
2005; Ladd, Birch, & Buhs, 1999; Normandeau & Guay, 1998;
Trzesniewski, Moffitt, Caspi, Taylor, & Maughan, 2006).

Children’s socioemotional skills and behaviors are also ex-
pected to affect both individual learning and classroom dynamics.
Inadequate interpersonal skills promote child—teacher conflict and
social exclusion (Newcomb, Bukowski, & Pattee, 1993; Parker &
Asher, 1987), and these stressors may reduce children’s participa-
tion in collaborative learning activities and adversely affect
achievement (Ladd et al., 1999; Pianta & Stuhlman, 2004). Cor-
relational evidence linking problem behaviors to academic
achievement is found in the Beginning School Study. First-grade
ratings on items describing a cheerful, outgoing temperament
(roughly the opposite of internalizing problems) predicted adult
educational attainment better than preschool or first-grade achieve-
ment scores (Entwisle et a., 2005). Other studies yield similar
results. For example, children with consistently high levels of
aggression from ages 2-9 were more likely than other children to
have achievement problems in third grade (NICHD Early Child
Care Research Network, 2004).

Experimental Evidence and Crossover Effects

Many nonexperimental studies find associations between early
achievement, attention, and behavior and later achievement, yet
few of these studies are designed to determine which of these skills
can be modified prior to school entry or whether these changes
predict later achievement. In theory, intervention research should
shed light on this gap by demonstrating ways to improve children’s
skills and by testing whether improvements in early skills are
associated with better adjustment in the long term. Indeed, a small
number of experimental interventions provide encouraging evi-
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dence that high-quality programs for preschool children “at risk”
for school failure produce gains in cognitive and academic skills
and reduce behavior problems (Conduct Problems Prevention Re-
search Group, 2002; Karoly, Kilburn, & Cannon, 2005; Loveetal.,
2003). Early educationa interventions have also been found to
result in long-term reductions in special education services, grade
retention, and increases in educational attainment (Campbell,
Ramey, Pungello, Sparling, & Miller-Johnson, 2002; Lazar et al.,
1982; Reynolds & Temple, 1998).

As is the case with nonexperimental studies, few intervention
studies are designed to isolate the rel ative contributions of changes
in achievement, attention, and behavior to later school achieve-
ment. A first problem is that behavioral interventions tend to
measure behaviora but not achievement outcomes, whereas read-
ing and math interventions tend to measure achievement but not
behavioral outcomes. Interesting exceptions are a small number of
experimental behavior-based interventions that tested for achieve-
ment impacts (Coie & Krehbiel, 1984; Dolan et al., 1993). For
example, a random-assignment evaluation of a behaviora inter-
vention targeting both aggressive and shy behaviors among first
graders found short-run improvements in both teacher and peer
reports of aggressive and shy behavior but no crossover impacts on
reading achievement (Dolan et a., 1993; Kellam, Mayer, Rebok,
& Hawkins, 1998). Given evidence, abeit limited, that behavioral
interventions succeed at improving behavior but not achievement,
behavior would appear to play alimited role in academic success.

A second problem is that many intervention programs target
both children’s academic skills and their socioemotional behav-
iors, rendering it impossible to assess their separate impacts
through simple experimental contrasts. For example, the Fast
Track prevention program provided a number of services to chil-
dren who were identified as disruptive in kindergarten, including
direct tutoring in reading skills in first grade (Conduct Problems
Prevention Research Group, 1992; 2002). It is possible to estimate
nonexperimental mediated models to determine whether program
effects are more likely to be due to children’s improved achieve-
ment, attention, or behavior skills (e.g., Reynolds, Ou, & Topitzes,
2004). This is rarely done, however.

The Present Study

This study builds on previous school readiness research in
several ways. First, the scope of the study is unprecedented. We
estimated a carefully specified set of models with data from six
large-scale longitudinal studies, two of which were nationally
representative of U.S. children, whereas two were drawn from
multisite studies of U.S. children, with one each focusing on
children from Great Britain and Canada. Second, we included as
predictors a wide representation of school readiness indicators
used in previous research and carefully distinguished between
related but conceptualy distinct skills (e.g., oral language vs.
preliteracy skills, attention vs. externalizing problems) wherever
possible. Third, we examined multiple dimensions of academic
achievement outcomes, including grade completion and math and
reading achievement as assessed by both teacher ratings and test
scores. Fourth, we implemented rigorous analytic methods that
attempted to isolate the effects of school-entry academic, attention,
and socioemotional skills by controlling for an extensive set of
prior child, family, and contextual influences that may have been
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related to children’ s achievement. Finally, we assessed whether the
predictive power of school readiness components differs by gender
or socioeconomic status, which would indicate that some children
are at heightened risk of low achievement.

We tested a number of hypotheses related to how school-entry
academic, attention, and socioemotional skills are associated with
later school achievement. Developmental theory suggests that chil-
dren’s informal, intuitive knowledge of early language and math
concepts plays an important role in the acquisition of more com-
plex skills formally taught in elementary school (Adams, Treiman,
& Pressley, 1998; Baroody, 2003; Griffin, Case, & Capodilupo,
1995; Tunmer & Nesdale, 1998). Theoreticaly, children’s atten-
tion and socioemotional skills should aso affect achievement
because they influence children’ s engagement in learning activities
and facilitate (or disrupt) classroom processes (Ladd, Birch, &
Buhs, 1999; Pianta & Stuhlman, 2004). However, some scholars
point out that it is important to distinguish between behaviors that
are directly relevant for learning, such as attention, and those that
may be correlated with attention but are less likely to be directly
linked with achievement, such as interpersonal skills and problem
behavior (Alexander et al., 1993; Cooper & Farran, 1991; McClel-
land et a., 2000; McWayne, Fantuzzo, & McDermott, 2004).
Therefore, we expected early academic and attention-related skills
to predict subsequent test scores and teacher achievement ratings,
and we expected attention skills to predict achievement more
consistently than do socioemotional behaviors.

In seeking a better understanding of the extent to which our
broad set of early skills is associated with later achievement, it is
important to consider how outcomes are being measured. Although
test performance provides a key independent assessment of aca-
demic achievement, teacher ratings also lend insight into chil-
dren’s everyday performance in the classroom. Teachers' evalua-
tions are probably based on a broad picture of children’'s
accomplishments, which include their academic skills as well as
whether they complete assignments on time, work independently,
get dong with others, and show involvement in the learning
agenda of the classroom. Moreover, previous research has found
that children’s behavior can play a role that is equa to, if not
greater than, prior cognitive ability in predicting teacher-rated
attainment or achievement (Lin, Lawrence, & Gorrell, 2003;
Schaefer & McDermott, 1999) and academic skills (National Cen-
ter for Education Statistics, 1993). Consequently, we expected a
stronger relationship between school-entry socioemotional behav-
iors and subsequent teacher-rated achievement than with subse-
quent test scores.

Although many previous studies have examined the association
between early academic, attention, and socioemotional skills and
subsequent achievement, few have systematically considered the
extent to which these associations differ by gender (Trzesniewski
et a., 2006). On average, boys receive poorer grades and have
more difficulties related to school progress (e.g., grade retention,
specia education, and drop out) than do girls (Dauber, Alexander,
& Entwide, 1993; McCoy & Reynolds, 1999), and these differ-
ences are especially pronounced among low-income children (Hin-
shaw, 1992). Children from low-income families enter school with
lower mean academic skills, and the gap tends to increase during
the school years (Lee & Burkam, 2002). These groups also have
higher rates of problems with attention and externalizing behavior
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(Entwidle et al., 2005; Miech, Essex, & Goldsmith, 2001; Raver,
2004).

Despite differences in children’s behavior linked to gender and
family socioeconomic status, few studies have considered whether
gender and socioeconomic status moderate the association be-
tween these early skills and behaviors and subsequent achieve-
ment. We expected early academic skills, attention, and socioemo-
tional behaviors to matter more for these subgroups, particularly
when children enter school with very low levels of these skills.

To estimate the associations between early academic skills and
socioemotional behaviors and later school achievement, we sum-
marize results from a coordinated series of analyses across six
longitudinal data setsin two ways. First, we relate early academic,
attention, and socioemotional skillsto later achievement in each of
the six data sets and provide a basic summary of these results.
Second, we formally summarize the findings from these studiesin
ameta-analysis, again focusing on the extent to which this collec-
tion of early skills predicts later achievement.

Method

In this section, we describe the data sets used in this study and
the common analytic procedures that were implemented across
studies. Detailed information about the measures, descriptive sta-
tistics, and regression results from each study is presented in
Appendices A—F, which can be found online. As the goal of our
study was to relate early academic, attention, and socioemotional
skills and behaviors to later achievement, each data set has mea
sures of these constructs, athough there is variation across the
studies with respect to when and how each skill or behavior is
assessed.

Table 1 provides an overview of data sources and measures
available in each study. All six data sets provide measures of
children’s academic skills as well as assessments of attention and
socioemotional behaviors at about age 5 or 6. Because most
children enter elementary school at this age, we refer to the timing
of these measures as school entry but alert the reader that the
precise timing varies considerably across studies. To facilitate
comparison of findings across studies, we standardized all mea-
sures to have a mean of 0 and standard deviation of 1.

We measured achievement outcomes using teachers reports,
test scores, and grade retention in early elementary school and, in
some studies, middle childhood. In terms of the timing of the
measurement of achievement outcomes, the children of the Na-
tional Longitudinal Survey of Youth (NLSY) measures are as-
sessed as late as early adolescence, the National Institute of Child
Health and Human Development Study of Early Child Care and
Y outh Development (NICHD SECCY D) as late as fifth grade, and
the 1970 British Birth Cohort Study (BCS) at age 10, whereas none
of the other studies measures achievement beyond third grade. As
for measurement methods, two studies have both test-score-based
and teacher reports of reading and mathematics achievement (the
Early Childhood Longitudina Study—Kindergarten Cohort [ECLS-
K] and NICHD SECCYD).

We measured attention and socioemotional behaviors on the
basis of mothers’ reports, teachers' reports, and observation. Table
1 provides an overview of the similarities and differences in
measurement across the six studies. One of our data sets, the Infant
Health and Development Program (IHDP), has observer reports of



DUNCAN ET AL.

1432

Aunsindwi el

vodey aoueuLopad snonupuoD (1)
puse (19 vodey
= ) swe|goxd By Uspebepuly Jo vodey puBRN
vodey vodey Jeyoes | (06" = uonenY Ied (€6 = ©) swejqod (0P ‘sso|Isal
rUBRN (29" = ) ©) "0p ‘BASINdw! ‘pereyite 9ljod Jorepg uonueny ‘(104g90) ‘Burienueouco
uonuelieU| BJS NNy Swess plIyo AneRdAH PIUO Yoegualpy  BIPeYD Joleted PIYD (1) Anoiyip) AnansesdAH swe(go.d uonueny
vodey Byes] (g8 =
0) 0P ‘ApANUSIR SUBESI| uonueny e 1odey By (68 =
SSIRUSOU0D PIIYD UONUBHY B0LeWIOIBd SNonuiUoD ) Buiues 0} saygeolddy SI|>S Uonweny
S||bfs uonueNY
ouenbes Jequunu ‘uonippe 9ZIS dAIR R pue
‘Bununoo ‘a9bpe jmou Aleuipio ‘bununo)
Bauwnu puLiou] (78" = ) supigod soexsgns A, 14|
‘59| abpejmouy BauwnN penddy yeN dTM B 1Vid YR 591 UeWerelpy 0=
2L =M T B R
‘ApAioedsel ‘g pLe v Jo} 6 =) I
G8' pue 99° AljiceIpl Jey BOBA :(ISddM)
ouabljpI gBA -11|ds uonedepe YoueH ‘g aowebl|p| Jo UO 120 1IUNWILLIOD
191 AeINgeooA pue v swuod ‘(1LAdd) Bo1L apas Arwid pue anssudxg € Aijige
ainpld ysiipu3 Arngeoo\ ainpd Apoceed jooUyosald BEYPBM  —Beas afienbue j0oydsald feqJonplenbue]
SpuUNGs pJom
Bujpue pue BuiuuiBeq
‘uonubooes ere
(8 = ) UonedIyNLeP| uonuBoosy psgs A, 1]
plom-B1e T Bupesy JTM Bupesy 1vid  Buipesy B BUBAILPY Buipesy
WYY
G by usLEBBPUIY JOIUES pUe Jolune G aby S by 9-G aby ueLefBpu JO |l S| Anue jooyos
v = uodsy
PRI Apwosd By (6" = )
pue eigpbe peouene a[eas Buiey diwepedy
(€6 = ") pue ‘suonoely ‘UOSIAIP sup|go.d
SOISIES pue ‘Apwiosh S[eWIoap ‘suoiely S06" = ©) yrIN ‘loreordpnu pIoM ‘eneadoeld
eIgp0R ‘WBWBINSEBL ‘UOSIAIP ‘UoTROIdINW peoig :pesiney Uoday JByoes ] e ‘Bununco ‘uonubooe! ‘uosiapuoeodNIA
‘suonael} ‘anea aceld ‘uonJengns ‘uonippe —UBWRAB Y sbuiey s||xS 21wepedy Bguinu ‘Sioeouco SRS
DlpLUIR JOSBINY R L ‘s0uenbes lequinN jossal sup|goid [EolUBYRW JO Jpeouenpe,, 1M
UeW osug Jo AiseALN 1591 9fpamouy BqWNN  UOSUYOP—3000POOAN polddy YN YTM  uomedlddy ”cmzAZ_n_ YR s21L ascmo\wci =
68 Lodey
= F9PHA)) proj 1no BY®] (6" = )
(96" = ®) uonuee. Hodsy BUIes | BRS spiom aj6us Buipes) aeos Buliey olwepeoy
pue ‘uosusyeIdwod (06 sBuiey s||biS dluepy pue ‘saleu Buiueu uoenen
‘Burouenbes ‘xeifs vodsy Bues | = ©) Bupeey Yoeny S| Buyor N ‘volejodenxg
jo Buipuersiepun (6" = ) UonEdIUNILLIOD peoig :pesiney PIOA ‘PIOM-BIBT ‘Uonubooey SORI;ANS ,peoUeNDe,,
pue asn ‘uoniufooe. |10 JO SOSIBIR LD —BUWB/BILPY Buipesy (HTM) pssiey Buipesy (LVid) (1) Aosup
piom ‘uote|dwod-}ps ‘Youe Jo Buipuessepun jossaL —Ase1eg [uoieonp3 SETRICTICTE Vel asuodsal wey Buipesy
59 Buipesy ybinquip3 F8N S|IPS BABA  UOSUYOP—000POOM  -0UoASd UOSLIYOP—3{000POO/ EnpiApu| Apocesd 91 W IRy mw ﬁwo%__,_ o
0T e SOg € 8pelIo SN g 8be daHl| G apelo AADD3S AHOIN ¥T-€T 8be ASTIN € 8peIo Y-S103 aInses N

sJoineyag [eUOIOWISOIN0S puUR UONUSNY

“JUBWIBASILDY [00UISa1d pue AU [00UdS ‘SSWiodINO Jo sanses|y Apnis

TaleL



1433

SCHOOL READINESS AND LATER ACHIEVEMENT

"Apmis jooyasald [eiusw Liedx3-feulpmibuo eeiuoN = Sd3 1IN YN A Jo
AonIng euipniBuo eUOIEBN = ASTN 'Z PUe T S9|ge.l Ul AJUaISISuod Sainsealll Xapul Sfelowinu tewoy “Buivelq a|1jold pue ‘159 subisaq bBuiAdo) ‘Buivelq ainbi4 uvewnH g affe sepnjoul (SOg)
Apms 1oyoD yuig usiig “(€6" = ©) sweiqoid Joineypq [eRAQ Hodey euRIRIA 3[1jold JoleuRd plIuD ydequaydy § afe pue (g6° = ©) O souewoyied (ISdd/M) aauabijeiu] Jo afeds Arwiid pue
[00yosa.d sy G e sepnjoul (daHI) weiboid wuswdopAsg pue yiesH ueju| dunsesw Aljigy aAnuBoD M G 9B sepnjpul (QADD3IS AHDIN) uswdopAsq Yino A pue 8ed piyd Ajes
10 Apnis wewdopnag tewnH pue yieaH pliyd 10 aninsu| feuoieN abpaimouy eseush Jo 1591 Anua |00yds e sapnjoul (M-S103) HoyoD usuebepuly-Apnis feuipniibuo pooyp|iyd Alleg 910N

vodel JuBLLSSESR
(¢8' = ) wewdopnep S JBNBS0 B9 1L ay buunp
Jeuosed 'syiuow gg aby (6" = ©) uonueny Aunsinduw| ey uoieedood s piyo
JUBLLISS3sSR 1odey puRRIN Alorloge| A0) Ueppigio4  Jo sBuies emainBlu|
ay) Butinp uoesedood 6 = ) vodey (e6" = ©) Aigeos Joireupq
Sl jo sburel swe|goid Jowetpq rURRN Buizieusiul vodey euBRN [eUonoWe00s S| |1Xs
JBMeINBIU| uoiedooD B0 109D ‘Buzipusrqg ‘109D (65" = ©) soueldwo) uonuale Jold
uonippe
‘gouenbes Bguunu ‘Bununco
(9t = ») 191 subsep 510100 ‘saceus ‘BBpejmou (98" = ® ‘sbenfue|
Buikdo) ‘(6" = JBguinu pwuou | ansRIe ‘g6
0) aflenbue] ‘Bunides 759 abpejmouy| BauinN = 0 ‘UosuBYpIdwoo
agnD sywow gz by zL = pem T B SpHE) Are|nceaon)
(es ‘Apnioedsal ‘g pue v 1o} 8[eos afenfue] (08
= ) sufsap BuihdoD 68" pue 99" AlljicelRl JRY piewdopreq pufy o Aljigeipl Jey- s
(62 =) -H0S :Uoreidepe youeH ‘g (66" =» "B H-LAAd) pesirey
Aeingeso )\ 7 Buieads pue v swiod ‘(LAdd) 81 =1 ‘sleguunu ‘selv| ‘SI0j0d) —53] Aengeso BB IYde
(6" = ®) Bununop Arngeso ainpd Apoceed Ol BuUIg-piojRIS S|IXS o1seg UsdoeId anpyd Apogesd PARIUB0D Jold
uapebiepuny
syuow ziy aby Jolues pue Joung ¢ aby ¢ aby ¢ by S|0QU0D PJIYo Jold
BUoes | uspebepuly| vodey
o |ed (6 = By (68 = )
Uodey Jeyoes L (g6 = ©) ) [01IUCO-ES ‘UONEsSe slips feuosiedel (11)
0P ‘soy10 01 dipyrdw/s ‘uoneedoo) :(SHSS) 1odey By (6
‘nidey st pIYD :e0S0Ld uesAs Buney s|Ips pPos = ) jou0D 4pS (1) S|IDfs oS
vodey uRRBI ((rS uodsy
= ) 0P ‘9|qeiesiW vodey BYyIs ]| (08 = JBydea ] usreblepuldy 1odey UBEN
SWess ‘sallIoM plIyO ) "0 ‘UBHO SBLD ‘SDLLIOM j0 |4 (g6 (pes ‘penojun spay) voday kuyoea] (08" =
Buizieusbiu| ‘ads Jenny Py pessaidegsnoixuy = ») Buiziue| 109D pessaidepsnoIXUy ) swegold Buiziule| swe|qo.d Buizieusiu|
uodsy euREIN
(9 ‘sa11ing
Seayo) eposuy (11)
vodoy eURBIN (¢ vodey vodoy eUBRN
= 1) 0P ‘WeIPEqosIp vodey kyoea] (g2 Byoes | tepebiepury jo (0P “edus) vodey
S| 'SBUI0 S31|INg IO = ) 0P ‘SPYI0 S3I|INq Ied :(€6 = ) Joineyeq Buos ‘ulogonis) By (06" = ©)
Buzipuspq BEdS BINY Swby pIyo uossaIfBY ans.B0Y 1090 Buons pesH (1) sup|qod buizieurpg sus|qoid Buizieuspa
SI0oINeUR( [RUOIOWIBOIN0S
G aby ueLeBspu I G aby S 8by 9-g8by ueuefepuy JO | s||s Anue jooyos

JOIUSS pue Jowune

(penunuod) T 8|ge L



1434

attention, another (NICHD SECCYD) has both test-based and
teacher-rated measures of attention, and three (NLSY, IHDP, and
BCS) have parent rather than teacher reports of socioemotional
behaviors. In addition, two of the studies (NICHD SECCYD and
the Montreal Longitudinal-Experimental Preschool Study
[MLEPS]) measure both attention skills and problems, whereas
three (NLSY, IHDP, and BCS) have measures of attention prob-
lems but not skills, and one study (ECLS-K) has a measure of
attention skills but not attention problems. In addition, with one
exception, all of the studies provide measures of academic, atten-
tion, and socioemotional skills prior to the point of school entry,
which we used as key control variables in our analyses.

The Studies and Samples

The Early Childhood Longitudinal Sudy—Kindergarten Cohort
(ECLSK). TheECLSK follows anationally representative sam-
ple of 21,260 children who were in kindergarten in 1998—-1999.
We used data from kindergarten, first grade, and third grade. Data
were collected from multiple sources, including direct achieve-
ment tests of children and surveys of parents, teachers, and school
administrators (see Table 1; National Center for Education Statis-
tics, 2001).

Achievement tests were administered in the fall of kindergarten
and in the spring of kindergarten, first grade, and third grade. We
used teacher reports of children’s “approaches to learning” (which
measure both attention skills and achievement motivation) and
socioemotiona behaviors, including internalizing and externaliz-
ing problems, self-control with peers, and interpersona skills,
collected in the fall and spring of kindergarten.

The battery of achievement tests given as part of the ECLS-K
kindergarten and first-grade assessments covered three subject
areas. language and literacy, mathematical thinking, and general
knowledge. For third grade, the achievement tests included math-
ematics, reading, and science. We used item response theory
scores for the first two of these as key dependent variables. These
third-grade assessments required students to complete workbooks
and open-ended mathematics problems. As detailed in Appendix
A, ahost of family- and some child-level controls are available in
the data.

The children of the National Longitudinal Survey of Youth
(NLSY). The NLSY is a multistage stratified random sample of
12,686 individuals age 14 to 21 in 1979 (Center for Human
Resource Research, 2004). Black, Hispanic, and low-income youth
were overrepresented in the sample. Annual (through 1994) and
biennial (between 1994 and 2000) interviews with sample mem-
bersand very low cumulative attrition in the study contribute to the
quality of the study’s data.

Beginning in 1986, the children born to NLSY female partici-
pants were tracked through biennial mother interview supplements
and direct child assessments. Given the nature of the sample, it is
important to note that early cohorts of the child sample were born
disproportionately to young mothers. With each additional cohort,
the children become more representative of all children, and NLSY
children younger than age 14 in 2000 share many demographic
characteristics of their broader set of age mates.

The sample used in the present analysis consists of 1,756 chil-
dren whose academic achievement was tracked from age 7-8 to
age 13-14 and whose achievement and behavior was assessed at
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age 5-6. Consequently, our sample comprises children who were
age 5 or 6in 1986, 1988, 1990, or 1992. The age 1314 achieve-
ment and behavior of these children were assessed in the respec-
tive 1994, 1996, 1998, and 2000 interviews.

School readiness measures, including math and reading test
scores (Peabody Individual Achievement Test; Dunn & Mark-
wardt, 1970) and maternal reports of children’s behavior problems
(adapted from the Achenbach Behavior Problems Checklist;
Baker, Keck, Mott, & Quinlan, 1993) were collected at age 5 or
age 6. Academic achievement outcome measures were collected
biennially for children between the ages of 5 and 14. In addition,
key control variablesinclude children’ s receptive vocabulary (Pea-
body Picture Vocabulary Test—Revised;, Dunn & Dunn, 1981)
and children’s temperament (compliance and sociability) at age 3
or 4. Additional family- and child-level control variables are
described in Appendix B.

The NICHD Study of Early Child Care and Youth Development
(SECCYD). Longitudina data from the NICHD SECCYD are
drawn from a multisite study of births in 1991 (NICHD Early
Child Care Research Network, 2005a). Participants were recruited
from hospitals located at 10 sites across the United States. During
24-hr sampling periods, 5,265 new mothers met the selection
criteria and agreed to be contacted after returning home from the
hospital. At 1 month of age, 1,364 healthy newborns were enrolled
in the study. Although it is not nationally representative, the study
sample closely matches national and census tract records with
respect to demographic variables such as ethnicity and household
income. The maority of children in the sample are White, 12% are
African American, and 11% are Hispanic or of another ethnicity.
About 30% of mothers had a high school education or less, and
14% were single parents (NICHD Early Child Care Research
Network, 1997). The analysis sample had valid data on the
achievement outcome measures and at least three sources of in-
formation on the key independent variables (approximately 981 at
first grade, 928 at third grade, and 907 at fifth grade).

School readiness measures, including achievement tests and
attention/impulsivity tasks, were administered in a controlled |ab-
oratory setting at age 4.5, and attention problems, aggression,
internalizing behavior, and social skills were measured by teacher
report in the fall of the kindergarten year. Outcomes at first, third,
and fifth grades include achievement in math and reading accord-
ing to teacher ratings and Woodcock—Johnson Tests of Achieve-
ment—Revised test scores (Woodcock & Johnson, 1990; see Table
1). Key control variables at age 3 include children’s cognitive
ability, language skills, impulsivity, externalizing problems, and
internalizing problems. The NICHD SECCY D also collects infor-
mation from infancy about children’s early environments, includ-
ing child-care type and quality, home environment, and parenting;
these and other child- and family-level covariates are described in
Appendix C.

The Infant Health and Development Program (IHDP). The
IHDPis an eight-site randomized clinical trial designed to evaluate
the efficacy of a comprehensive early-intervention program for
low birth weight (LBW) premature infants. Infants weighing 2,500
g (5.51 Ib) or less at birth were screened for dligibility if their
postconceptiona age between January and October 1985 was 37
weeks or less and if they were born in one of eight participating
medical institutions. A total of 985 infants was randomly assigned
either to a medica follow-up only or to a comprehensive early
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childhood intervention group immediately following hospital dis-
charge.

Infants in both the comprehensive early childhood intervention
and medica follow-up only groups participated in a pediatric
follow-up program of periodic medical, developmental, and famil-
ial assessments from 40 weeks of conceptional age (when they
would have been born if they had been full term) to 36 months of
age corrected for prematurity. The intervention program, lasting
from hospital discharge until 36 months, consisted of home visits,
child-care services, and parent group meetings. A coordinated
educational curriculum of learning games and activities was used
both during home visits and at the center.

The primary analysis group consisted of 985 infants. Of these
985 infants, cognitive assessments are available for 843 children at
age 3, 745 children at age 5, and 787 children at age 8. In addition,
76 children who were born at an extremely low hirth weight
(ELBW; 1,000 g [3.27 Ib] or less) were excluded from the sample
because ELBW children differ markedly from other LBW children
in cognitive and behavioral functioning (Klebanov, Brooks-Gunn,
& McCormick, 1994a, 1994b). Thus, this study focuses on a
subsample of 690 children who were not born ELBW and for
whom cognitive assessment and family background data were
available.

Data come from a variety of sources. questionnaires, home
visits, and laboratory tests (see Table 1). School readiness mea-
sures include preschool performance and verbal test scores, paren-
tal reports of children’s mental health and aggressive behavior, and
observer reports of children’s attention and task persistence. We
assessed reading and math achievement using the Woodcock—
Johnson Tests of Achievement—Revised broad reading and math
tests and the Wechsler Intelligence Scale for Children—Third
Edition (Wechsler, 1991) performance and verbal tests at 8 years
of age. Key control variables include cognitive ability, sustained
attention, and behavior problems at age 3. Additional family- and
child-level control variables are described in Appendix D.

The Montreal Longitudinal-Experimental Preschool Study
(MLEPS). The MLEPS comprises severa consecutive cohorts
launched from 1997 to 2000. The origina sample of 4- and
5-year-old children (N = 1,928), representing one third of its
population base, was obtained after a multilevel consent process
involving school board administrators, local school committees,
parents, and teachers. Given that its fina cohort (2000) does not
meet all the data requirements for the research objective examined
here, we limited ourselves to the sample of children beginning
kindergarten in the fall of 1998 and the fall of 1999.

Incomplete data reduced the sample from 1,369 to 767 children.
Students in the final sample had a valid value on any of the four
outcome measures of interest (first- and third-grade achievement
measures) and on at least four of the six socioemotional measures.
Of the 767 participantsin the final sample, 439 began kindergarten
in 1998 and 328 began kindergarten in the fall of 1999. Addition-
ally, for 350 of the 767 students, initial data were collected during
the fall of junior kindergarten (332 who began junior kindergarten
in 1997 and 18 who began junior kindergarten in 1998).

Initial and follow-up data were collected from multiple sources,
including direct cognitive assessments of children and surveys of
parents and teachers. Early academic assessments include individ-
ually administered number knowledge and receptive vocabulary
tests at the end of senior kindergarten. Teachers rated children’s
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behavioral development, including physically aggressive, anxious,
depressive, hyperactive, inattentive, and prosocial behavior. Third-
grade assessments include a group-administered math test and
teacher ratings of children’s French language skills (see Table 1).
Key control variables include number knowledge and vocabulary
measured on entry into junior kindergarten (age 4) for Cohort 1
and on entry into senior kindergarten (age 5) for Cohort 2. Addi-
tional family- and child-level control variables are detailed in
Appendix E.

The 1970 British Birth Cohort Sudy (BCS). The U.K. 1970
BCS, a nationally representative longitudinal study, has followed
into adulthood a cohort of children born in Great Britain during 1
week in 1970 (Bynner, Ferri, & Shepherd, 1997). The birth sample
of 17,196 infants was approximately 97% of the target birth
population. Attrition has reduced the origina sample to 11,200
participants. Nevertheless, the representativeness of the original
birth cohort has largely been maintained, athough the current
sample is disproportionately female and highly educated (Ferri &
Smith, 2003). Missing data on key variables reduce the sasmple size
for most analyses to between 9,000 and 10,000 cases.

At each wave, cohort members were given a battery of tests of
intellectual and behavioral development (see Table 1). School
readiness measures include vocabulary and copying skills tests,
and materna reports of attention, externalizing behavior, and
internalizing behavior were collected when the children were 5
years of age. Reading and mathematics achievement tests were
administered at age 10. Key control variables include measures of
basic skills and behavior at ages 22 and 42 months for a 10%
subsample of the data. Additional family- and child-level controls
are described in Appendix F.

Analysis Plan

We begin our analysis by estimating a similar set of regression
models across al six studies, in which school-entry academic,
attention, and socioemotional skills are related to later academic
achievement. For example, in ECLS-K data, the school-entry skills
and behaviors are measured in the fall of kindergarten (referred to
hereafter as FK), whereas math and reading achievement are
measured in the spring of third grade (referred to hereafter as 3rd).
The resulting equation is as follows:

ACHigqg = & + BACAD + BATTNig + B3sSEi
+ v:FAM; + v,CHILD; + ¢, (2)

where ACH, 5, is the math or reading® achievement of child i in
the spring of third grade; ACAD,« is the collection of math,
reading, and general knowledge skills that child i has acquired at
school entry, assessed by achievement tests in the fal of the
kindergarten year; ATTN; IS a teacher-reported measure of
attention; SE;, isthe collection of socioemotional skillsthat child
i’s teacher reports;, FAM, and CHILD; are sets of family back-
ground and child characteristics, respectively, included in analyses
to control for individual differences that might influence child
achievement before and after school entry; a, is a constant; and e,
is a stochastic error term.

2We use reading as shorthand for the set of reading, language, and
verbal ability skills measured in our data sets.
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Our interest is in estimating B,, B,, and B3, which, if correctly
modeled, can be interpreted as the impact of school-entry aca-
demic, attention, and socioemotional skills on subsequent achieve-
ment. A key challenge in this approach is ensuring that we have
accounted for the possibility of omitted variable bias, which is
likely to arise if unobserved family or child characteristics are
correlated with both children’s school entry skills and their later
achievement. Our principal strategy for securing unbiased estima-
tion of B;, B,, and B; is to estimate a model of the form of
Equation 1 that includes as many prior measures of relevant child
and family characteristics as possible.

All of the studies contain important measures of child and
family characteristics that may be confounded with children’s
achievement, attention, and behavior. Although the specific set of
covariates varies across studies, most studies include measures of
the child’ s race and ethnicity, maternal education, family structure,
and family income or economic well-being. In some studies,
measures of child health, maternal depressive symptoms, parent-
ing, and quality of the home environment, as well as children’s
participation in early child care and education during early child-
hood were also included as controls.® Details about the specific
controls used in each study are provided in the appendices, and a
complete list of covariates for each study can be found in Tables
A6, B6, C6, D5, E6, and F5.

Our analysis was designed to examine the relations between
early skills and later achievement, irrespective of the characteris-
tics of the classroom/school the child attends. The ECLSK is an
exception, owing to a sample design that selects an average of 4
students per kindergarten classroom to be enrolled in the study. We
took advantage of this classroom clustering by adjusting our
ECLS-K estimates for classroom fixed effects. Thus, al of the
variation used in the regression stems from within-classroom dif-
ferences, which holds constant school and classroom characteris-
tics.

Of course, we cannot be certain that even a comprehensive set
of control variables captures all of the important confounds, which
leaves open the possibility that this approach will still produce
biased estimates of B,, B,, and B5. For example, an obvious bias
of this sort would ariseif scores on akindergarten mathematics test
reflected both math skills and underlying cognitive ability.

To further reduce the possibility of biases, we include measures
of a child's attention and socioemotional behaviors and either
cognitive ability or preacademic skills assessed prior to school-
entry, which are available in all but two studies (ECLS-K and
MLEPS).* With these prior measures, our model becomes

ACHizg = & + BiACADic + BATTNi + BaSEirc

+ B4ACADiPreFK + BSATTNiPre—FK + BGSEiPre—FK
+ v,FAM; + v,CHILD; + e, (2

ACAD:prerks ATTN prerics @d SE e refer to child i's respec-
tive achievement, attention, and socioemotional behavior prior to
school entry, respectively. This constitutes a particularly powerful
version of Equation 1, because controlling for the child’s cognitive
and behavioral skills before school entry should reduce, if not
eliminate, omitted-variable bias in 3,, B,, and B.

One concern about Equation 2 is that by controlling for school
entry achievement, we might reduce the deserved explanatory
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power of attention and socioemotional skills. This would occur if
one of the ways in which attention and socioemotiona skills
affected later achievement were to raise children’s school entry
academic skills. We investigate this possibility by estimating ver-
sions of Equation 2 that omit ACAD;g.

In the second step of our analysis, we use meta-anaytic tech-
niques to summarize coefficients obtained from our six studies
estimates of Equation 2 and seek to determine whether particular
study characteristics are associated with larger (or smaller) coef-
ficients. More specifically, the meta-analysis treats the standard-
ized regression coefficients from Equation 2 as observations in a
regression predicting academic achievement measured as late in
childhood as possible. Independent variables in the meta-analytic
regression include (a) the type of school-entry measure,® (b)
elapsed time (scaled in years) between measurement of school-
entry characteristics and the outcome, (c) whether the outcome is
math or reading achievement, and (d) whether the outcome is
based on a test or a teacher report. In keeping with standard
meta-analytic practices, we weighted each regression coefficient
observation by the inverse of its variance (Hedges & Olkin, 1985).

Results

Regression Results

To consider whether school entry® achievement, attention,
and socioemotional skills are predictive of subsequent achieve-
ment, we first estimated a comparable set of regressions (Equa-
tion 2) across al of the studies. For each study, reading and
math outcomes measured as late in the data set as possible were
regressed on school-entry achievement, attention, and socio-
emotional behaviors, with controls for important family and
child characteristics also included in the regression. In all but
two cases, our regressions include measures of both cognitive
ability and either attention or socioemotional behaviors.

3 Our list of child and family control variables is more extensive than in
most developmental studies. In selecting these variables, we were careful
to include only variables measured prior to or concurrently with our
school-entry measures of achievement and behavior. We were also mindful
that added controls might introduce multicolinearity into our regression
estimation, but there was no indication that this might be the case. And
finally, our appendix tables compare models run with and without our child
and family controls and show that the results of our analyses depend little
on adjustments for these factors; concurrent controls for the other achieve-
ment and behavioral measures matter much more.

4 The MLEPS provides preschool cognitive measures but not attention
or socioemotional behaviors (see Table 1).

5 The decision of which type of measure should serve as the omitted
dummy variable category is noteworthy, because the coefficients on the
included measure categories represent differences from the omitted cate-
gory. We selected internalizing behavior problem coefficients as the omit-
ted category because the simple average of their regression coefficients
was very close to zero (—. 01 for reading outcomes and — 01 for math
outcomes).

® We remind the reader we use the term school entry somewnhat loosely.
It refers to age 5 in four cases, age 5-6 in one case, and the fall of the
kindergarten year in only one case.
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Standardized regression coefficients and standard errors from
models predicting achievement from the school-entry academic,
attention, and socioemotional behaviors are presented in Table
2. Complete regression results using all available reading and
math outcomes are presented in appendix tables and are sum-
marized below in our meta-analysis.

As expected, the regression results indicate that school-entry read-
ing and math skills are dmost dways statigtically significant predic-
tors of later reading and math achievement, with standardized coef-
ficientsranging from .05 to .53. Not surprisingly, school-entry reading
skills predict subsequent reading achievement better than subsequent
math achievement, just as early math skills are more predictive of later
math than reading achievement.

In the case of attention skills and attention problems, coeffi-
cients are usually smaller than those for math skills, but they are
statistically significant for more than half of the coefficients. In
contrast, coefficients for socioemotional behaviors— externalizing
and internalizing behavior problems and social skills—rarely pass
the threshold of statistical significance.

This general pattern—relatively strong prediction from
school-entry reading and math skills, moderate predictive
power for attention skills, and few to no statistically significant
coefficients on socioemotional behaviors—is also found for
reading and math achievement measured at earlier pointsin the
studies and in logistic regressions in which grade retention is
the dependent variable (results shown in Tables A3, B3, C3,
D3, E3, and F3 but not in Table 2).

To consider whether the effects of school-entry skills differ by
children’s gender or socioeconomic status (SES), we ran regressions
(Equation 2) but aso included gender interactions with school-entry
achievement, attention, and socioemotional skills for al six data sets
and SES interactions for al but the NICHD SECCYD and MLEPS
(results shown in Appendices A—F).” In the case of gender interac-
tions, 10 of 76 relevant interaction coefficients were .05 or larger and
statisticaly significant, but there was no consistent pattern in the
direction of effects. In the case of SES interactions, only 2 of the 30
interaction coefficients were .05 or greater and statistically significant.
It appears that the influences of school-entry achievement, attention,
and socioemotional skills are broadly similar for both boys and girls
and for children from both low- and high-SES families®

Meta-Analytic Results

To summarize findings across the six studies more system-
atically, we first averaged the 102 bivariate correlations be-
tween school-entry achievement, attention, and socioemotional
skills and the latest available reading and math achievement
available in each of the data sets. (Detailed correlation tables
are shown in Tables A2, B2, C2, D2, E2, and F2.) As shown in
the first column of Table 3, the absolute value of these corre-
lations average between .40 and .50 for school-entry reading
and math achievement, average .25 for the collection of atten-
tion measures, and average between .10 and .21 in absolute
value for the three sets of socioemotional measures.

Next, we conducted aforma meta-andysis of the Sandardized regres-
sion coefficients emerging from the individud study regressons. We
used two sets, with the first comprising the 102 coefficients shown in
Table 2, and drew from regressions based on Equation 2 and achievement
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outcomes measured as late in childhood as possble. These results are
shown in the second column of Table 3. The second meta-andytic
regression is based on the 228 coefficients taken from regressons with
outcomes measured a al possible points in a given study. These coeffi-
cients are shown in the appendix tables and produce the results shown in
the third, fourth, and fifth columns of Table 3.

A clear conclusion from the first meta-analytic regression is
that only three of the school-entry skill categories predict
subsequent reading and math achievement: reading/language, math,
and attention. Moreover, rudimentary mathematics skills appear to
matter the most, with an average standardized coefficient of .33.° The
association of reading skill with later achievement was less than half
aslarge (.13), and, at .07, the average standardized coefficients on the
atention-related measures was less than one quarter the size of the
mean math-skills coefficient. As expected from Table 2, the meta-
analysis results confirm that behavior problems and social skills are
not associated with later achievement, holding constant achievement
as wdll as child and family characteristics. Indeed, none had a stan-
dardized coefficient that averaged more than .01 in absolute value.

Turning to the other coefficients listed in the second column
of Table 3, one can see that the school-entry skills coefficients
decreased a little (.010 per year) with each additional year
between school entry and the point of assessment of the math or
reading outcome. As for whether teacher-report outcomes or
direct skill assessments are more likely to be predicted by early
skills, our meta-analytic results suggest that both types of
measures performed about the same.

Our appendices (Tables A3, B3, C3, D3, E3, and F3) provide
standardized coefficients from regressions of achievement outcomes
measured at different ages, which condtitute the 228 observations used
for the meta-analytic regression results shown in the remaining col-
umns of Table 3. The advantage of using outcomes at several agesis
that it enables us to contral for the study from which a given stan-
dardized coefficient was estimated, which we do by including a set of
study indicator variables.™® The third column of Table 3 summarizes
the results across domains, and the fourth and fifth columns show

" Coefficients were excluded from our summary calculations if the
standard errors for the gender or SES interactions were too large to detect
differences of .15.

8The ECLS-K, NLSY, and IHDP studies provided enough observa-
tions on Black and White children to enable us to test for race inter-
actions as well. We found no consistent evidence of race-based inter-
actions.

® Technically speaking, the .33 coefficient reflects the regression-
adjusted difference between the average school-entry math and the
omitted-group internalizing problem behavior standardized coefficient.
Recall that the simple average of regression coefficients on internaliz-
ing behavior problems was —.01 for both math and reading outcomes.
The large sample sizes available in the ECLS-K push weighted meta-
analytic results closer to the ECLS-K study coefficients than when the
coefficient-variance weights are not used. Unweighted, the coefficients
on school-entry reading and math are .12 and .20, respectively; the
coefficient on attention is .05, the coefficient on externalizing is .00,
and the coefficient on social skillsis —.01.

10With study dummies in the regression, we have what amounts to a
fixed-effects regression in which coefficients are averaged within rather
than across studies. Dropping the study dummies produced few changes in
the remaining coefficients.
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Table 3
Average Correlations and Meta-Analytic Regression Results for the Standardized Coefficients From the Sx Data Sets

Zero-order Most recent All observed outcomes
correlation reading and
Independent variable coefficients math outcomes Reading and math Reading Math
School-entry measure
Reading 44 1377 (.01) 1777 (.03) 2477 (.03) 1077 (.02)
Math A7 .33 (.06) 347 (.04) 267 (.02) 42777 (.04)
Attention skills .25 07" (.02 1077 (.02) 087" (.02) 1177 (.02)
Externalizing problems -.14 .01 (.00) .01 (.02) .01 (.02) .01 (.02)
Internalizing problems® -.10 — — — —
Social skills 21 —.01(.01) —.01(.01) —.00(.02) —.01(.01)
Time (years between school entry —.010""" (.001) —.009 (.005) —.012"" (.005) —.005 (.005)
measure and outcomes)
Outcome source
Test score .00 (.01) —.00(.02) —.01(.02) .01 (.02)
Teacher report® — — — —
Outcome subject
Math .01"" (.00) —.00(.02)
Reading® — — — —
Data set
ECLS-K? — — —
NLSY —.01(.03) .00 (.03) —.02 (.03)
NICHD SECCYD —.01(.02) —.01(.02) —.01(.02)
IHDP .03 (.05) —.01(.03) .08 (.09)
MLEPS —.03(.02) —.05(.03) —.03(.02)
BCS —.00(.02) —.01(.03) .01 (.02)
Observations 102 102 228 114 114
R 75 74 .80 .86

Note. All coefficients used in these analyses come from the individual study regressions that include full controls. Column 1 shows the simple average
correlation between the given measure and the most recent math and reading outcomes. Model 2 standard errors are corrected for within-study clustering
using Huber—White methods. Regression coefficient observations are weighted by the inverse of their variances. Robust standard errors are in parentheses.
Dashes indicate that this category was omitted. ECLS-K = Early Childhood Longitudina Study—Kindergarten Cohort; NLSY = National Longitudinal
Survey of Youth; NICHD SECCYD = Nationa Institute of Child Health and Human Development Study of Early Child Care and Y outh Development;
IHDP = Infant Health and Development Program; MLEPS = Montreal Longitudinal-Experimental Preschool Study; BCS = British Birth Cohort Study.
2 Omitted in regression models.

"p<.05. Tp<.01l “p<.00L

results separately for reading and math outcomes. To provide avisua
representation of the data underlying the meta-andysis, we plot the
114 coefficients for reading outcomes in Figure 1 and the 114 coef-
ficients for math outcomes in Figure 2.

The general pattern of results found for outcomes measured later
in childhood & so holds when we also consider the broader set of
regression coefficients, which includes outcomes measured earlier
in childhood (column 3 of Table 3). With an average standardized
coefficient of .34, school-entry math skills are most predictive of
subsequent achievement outcomes, followed by reading skills
(.17) and attention-related measures (.10). None of the socioemo-
tional behavior categories show predictive power.

Results in columns 4 and 5 of Table 3 confirm that early reading
skillsare stronger predictors of later reading achievement than of later
math achievement. Less expected are the fourth column’s results
showing that early math skills are as predictive of later reading
achievement as are early reading skills. Children’s attention skills
appear to be equally important (and socioemotiona behaviors equaly
unimportant) for reading and math achievement. The separate regres-
sions for reading and math skills dso show that the association
between school-entry skills and later achievement declines more
quickly over time for reading than for math outcomes.

As before, we find no overdl differencein the size of the standard-
ized coefficients depending on whether the outcome being predicted

is based on teacher reports or direct skill assessments. To answer the
more specific question of whether shared method variance might lead
to more pronounced associations between school-entry achievement
test scores and later achievement (as opposed to school-entry teacher-
reported achievement) outcomes, we added to the meta-analytic re-
gressions interactions between the categories of school entry skills
and dummy variables for type of achievement measure (results not
shown). Surprisingly, we found no evidence that the impact of early
reading and math skills mattered more for test-based than for teacher-
reported outcomes.™ Thus, shared method variance does not appear
to be biasing our results.

Because some of our skills groupings are quite broad, we
explored whether they might be concealing systematic differences
among more specific skills. For example, our reading category

1 None of the interactions between type of achievement assessment and
school-entry reading and math skills was statistically significant. We did
find one statistically significant interaction—between the school-entry
assessments of attention and the mode of outcome assessment. The average
coefficient on attention skills was nearly twice as large for teacher reports
of reading and math achievement (.13) as for reading and math test scores
(.07). However, this result does not bear on the issue of whether the
explanatory power of school-entry achievement test scores is artificialy
high owing to shared method variance.
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Figure 1. Standardized coefficients from models of reading achievement estimated from six data sets. Filled

squares indicate statistically significant coefficients.

includes measures of school-entry reading achievement as well as
language and verbal ability. When we reran the meta-analytic
regression in the third column of Table 3 with separate groups for
reading achievement and the collection of other language-related
measures, we found that we could not reject the hypothesis of
equal effects (p = .11).

Extensions

Beyond shared method variance, there are a number of other
reasons to worry that we may have stacked the deck in favor of our
school-entry achievement measures. (a) Attention and socioemo-
tional skills may be more difficult to measure than achievement-
related skills; (b) maternal reports available in three of our data
sets may be less predictive than teacher reports of later academic
achievement, in part because parents do not observe their children
in school settings; (c) our models may overcontrol for
achievement-related impacts of attention and socioemotional
skills; (d) socioemotional skills may matter more for important
school-related outcomes such as drop out than do test scores,
because drop out reflects some combination of achievement and
behavior; (€) most of our outcomes are measured in middle child-
hood, and the relative importance of school-entry factors may
change as school s encourage older children to become independent
learners; (f) a number of our socioemotional measures are counts
of students' problems, which restricts their range and perhaps
explanatory power relative to the full-scale achievement measures,
and (g) substantial attrition in some of our studies may bias results.

A first potentia threat to our general conclusion is that chil-
dren’s behavior is more difficult to measure than their early
achievement. Perhaps the lower reliability or validity of the be-
havioral measures accounts for their weaker explanatory power. It
is certainly true that school-entry tests have high internal consis-
tency (e.g., the alphas were at least .74). But the internal consis-
tency of most of the attention and socioemotional skills was also

fairly high, particularly in the case of teacher reports, which were
al .79 or higher.

To investigate the potential impact of unreliable measurement
on our results, we used the reported internal consistencies in the
ECLS-K and NLSY data to estimate regression models, using the
errors-in-variables reliability adjustment in the EIVREG procedure
in Stata (Stata Corporation, 2004). To accord the behavioral mea-
sures maximum explanatory power, we included in our regressions
school-entry academic test scores as well as family and child
control variables but only the given measure of attention or socio-
emotional behaviors.

For third-grade reading outcomes and with no reliability adjust-
ments in the ECLS-K, the respective standardized coefficients on
approaches to learning, self-control, interpersonal skills, external-
izing problems, and internalizing problems were .05, .02, .02, —.03,
and .00, respectively. Reliability adjustments produced very sim-
ilar coefficients: .06, .02, .03, —04, and .00, respectively.
Reliability-related changes to the coefficients on these measures
predicting math achievement were similarly modest.

For the NLSY early-adolescence reading test score outcome,
respective coefficients associated with hyperactivity, headstrong,
antisocial behavior, and anxiety/depression were —06, —02, —.05,
and —.01, respectively. Adjusting for reliability generally increased
(the absolute value of) these coefficients somewhat to —09, —.03,
—.08, and —.01, respectively. Reliability-related changes in coeffi-
cients predicting early adolescents math scores were similar.
Although the proportionate increases in these coefficients are
substantial in some cases, none of the reliability-adjusted coeffi-
cients begins to rival the size of the coefficients on early reading
and math skills. In sum, it is unlikely that lower internal reliability
explains the low explanatory power of our attention and socio-
emotional behavior measures. Although test—retest correlations
may provide a richer understanding of the reliability of these
measures, these data were not readily available. Nevertheless, with
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Figure 2. Standardized coefficients from models of math achievement estimated from six data sets. Filled

triangles indicate statistically significant coefficients.

average effect sizes ranging from —01 to .01 (see Table 3), it is
unlikely that even substantial reliability adjustments to our behav-
ior and social skills measures would change our conclusions.

The overall validity of the attention and socioemotional behav-
ior measures is much more difficult to assess. Correlations shown
in the first column of Table 3 between later achievement and the
attention and socioemotional behavioral measures have the ex-
pected signs and range from .10 to .25 in absolute value, suggest-
ing at least some degree of validity. However, there remains the
possihility that low validity might lead us to underestimate their
predictive power. Of course, the validity of kindergarten-level
achievement tests has also been questioned (Hirsh-Pasek,
Kochanoff, Newcombe, & de Villiers, 2005; Meisels & Atkins-
Burnett, 2004), so validity-based downward bias is also a concern
with respect to the coefficients on the early achievement measures.

A second concern is that we relied on maternal reports of
socioemotional behaviors in three studies (NLSY, IHDP, and
BCS). Because maternal ratings are comparatively (siblings vs.
classmates) and contextually (family vs. school) different from
teacher ratings, it is possible that our reliance on maternal reports
in these data sets leads to a downward bias in the estimated effects
of the attention and socioemotional behavior measures (Gagnon,
Vitaro, & Tremblay, 1992).

To investigate whether this might be the case, we took data from
the ECLS-K and NICHD SECCY D, both of which gathered com-
parable ratings from parents and teachers of several components of
socioemotional behaviors, and substituted parent reports for the
teacher-report-based measures of these skills. Using our full set of
controls and averaging across latest reading and math outcomes,
we found that standardized coefficients on externalizing and in-
ternalizing problems and socia skills averaged, respectively, .05,
.03, and .03 for teacher reports and —00, .01, and .01 for parent
reports. Noting the unexpected direction of effects for the teacher
reports of problem behaviors and the very modest coefficients in
general, reporter bias does not appear to be driving our results.

The third issue, overcontrol, is complicated. Our regression
models control for school-entry achievement, but if early attention
and socioemotional skills affect later achievement primarily by
affecting school-entry achievement skills, are we not robbing the
school-entry nonachievement measures of some of their explana
tory power?™? The pattern of average correlations presented in the
first column of Table 3 bears on this issue. Bivariate associations
between school-entry attention and socioemotional skills are con-
siderably larger than their regression-adjusted partial associations,
suggesting that this might possibly be the case.

To investigate this possibility more systematically, we reesti-
mated our full-control models, using the latest outcomes in each
study and omitting our school-entry measures of reading and math
skills (but retaining al other control variables). Standardized co-
efficients on attention, externalizing problems, internalizing prob-
lems, and social skills averaged .13, .03, .02, and .03, respectively,
without school-entry reading and math skills. Corresponding av-
erages for coefficients from models that included school-entry
academic skills were .07, .03, .02, and .02, respectively. Thus,
even without including school-entry reading and math skills, only
attention skills appear to relate to later reading and math achieve-
ment, and this may be due in part to their correlation with the
omitted school-entry achievement measures rather than to a true
mediation through achievement. That said, it remains the case that
our analysisisfocused on behavior during the years just before and
at the point of school entry. If some types of socioemotional skills
are well established before the preschool years, and unchanging
during these years, then we will not be able to detect their effects.

Fourth, attention and socioemotional skills may matter more for
outcomes such as specia education classification or dropping out

12 Note that an overcontrol argument applies equally to the achievement

as to the nonachievement measures, because early success in learning
reading and math skills may alter preschool behavior.
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of school than for the test scores and teacher-reported achievement
outcomes used in our studies. The outcomes of our analyses are
indeed limited, and it may well be that these types of measures of
school completion and success are more strongly linked to chil-
dren’s socioemotional behavior and attention skills than to aca
demic skills. Our test for this possibility was to estimate models of
the effects of early academic and self-regulatory skills on grade
retention, an outcome that includes elements of both academic and
behavioral competence. Resultsin Tables A3, B3, C3, D3, E3, and
F3 were quite similar to those from models with purer
achievement-related outcomes.*® Nevertheless, the possibility re-
mains that the predictive power of school-entry skills may differ
for other, even more behavior-based educational outcomes.

A fifth concern is that most of the outcomes were measured
during children’s elementary-school years. This is important for
two reasons. First, teachers and classrooms differ across the extent
to which they support learning academic, attention, and behavior
skills. Our analysis does not consider how the associations among
these skills may differ as a function of classroom and teacher
contexts. Moreover, the associations among these skills may
change over time as the contexts of classrooms change. Achieve-
ment in the middle- and high-school years involves increasingly
complex reading and mathematical tasks, and it may be that
general cognitive skills, particularly oral language and conceptual
abilities, are crucial for comprehension and advanced problem
solving (Baroody, 2003; Ferrari & Sternberg, 1998; Hiebert &
Wearne, 1996; NICHD Early Child Care Research Network,
2005b; Scarborough, 2001; Snow et al., 1998; Storch & White-
hurst, 2002; Whitehurst & Lonigan, 1998). It is also possible that
once children are past learning the basics in the early grades, the
relative importance of early attention and socioemotional skills
grows as children are increasingly caled on to be independent
learners, allocate their own time, and complete group work and
assignments.

For a general look at the evidence about whether any of the
impacts of academic, attention, and socioemotional skill measures
are growing over time, we reran our meta-analytic regressions
including interactions between each of the school-entry measures
and the time between school entry and the outcome assessment.
Coefficients on the interactions with early reading, early math,
attention, and socioemotional behavior were all negative and
ranged from —023 to —039 annual decrements in effect sizes,
providing no support for hypotheses of increasing importance.

Because most of our outcomes are assessed in elementary
schoal, the interactions shed relatively little light on what would
happen if more outcomes were measured during middle or high
school. The NLSY data are most telling on this point, because the
same skill assessment was given at both age 7—8 and age 13-14.
In regressions of outcomes based on these two time points, we find
that although school-entry hyperactivity retained its modest ex-
planatory power (effect sizes around —07) between these two
points, the explanatory power of reading and math fell. In the case
of NICHD SECCYD outcomes measured in third and fifth grade,
there was inconclusive evidence on the direction of coefficient
change.

A sixth worrisome methodological concern is that a number of
our socioemotional measures are counts of students' problems,
which restricts the range of behaviors they capture and might
therefore reduce their predictive power. We explored this possi-
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bility by estimating spline regressions, which alow for nonlinear
effects (results not shown). In these analyses, two linear segments
per measure were fit to the data. The first segment was estimated
for the most problematic third of the sample distribution, and the
second segment was estimated for the other two thirds. If, say,
externalizing behavior problems matter a great deal for the chil-
dren with very high levels of problem behavior but owing to the
restricted range, much less for the others, then the slope of the line
fit to the most problematic group should be significantly larger (in
absolute value) than the slope for the rest of the sample.

We found little systematic evidence that this was the case. In the
ECLSK data, there was some evidence that improving early math
skills mattered more for low math achievers, whereas the NLSY
showed that hyperactivity mattered more for the most hyperactive
children. No significant nonlinearities emerged in the analysis of
NICHD SECCYD data. These spline analyses confirm that there
are few nonlinear associations between the socioemotional mea-
sures included in this study and the outcomes they predict. It does
not rule out, however, the possibility that other measures that
capture a broader range of behaviors may be more strongly asso-
ciated with later achievement.

A seventh and final concern is that sample attrition in some of
our studies may bias our results. The extent of attrition is docu-
mented in our appendices. All of the coefficients used in our
meta-analyses come from models in which missing data are ac-
counted for with missing data dummy variables. In the appendices,
we present results for three of our data sets (ECLS-K, NICHD
SECCYD, and MLEPS) in which missing data are handled with
multiple imputation and listwise deletion.

In two data sets (ECLS-K and MLEPS), we aso used nonre-
sponse weighting adjustments. In the ECLS-K, both multiple im-
putation and listwise deletion estimates are dlightly smaller in
magnitude than the results using missing data dummy variables,
although the pattern of results is consistent across al the tech-
niques. In the MLEPS, the pattern of results does not change
across the different methods; however, listwise deletion produces
few statistically significant estimates given the reduction in sample
size from 500 to approximately 150. In the NICHD SECCYD, the
overdll pattern of results is similar across the two missing data
techniques; however, the coefficient estimates are most consistent
between missing data dummy estimates and multiple imputation.
Across the three data sets, the respective coefficients on school
entry reading, math, attention, externalizing, internalizing, and
social skills averaged .13, .23, .06, .04, .02, and .02, respectively,
when we used missing data dummies. Corresponding coefficient
averages for multiply-imputed models were .12, .17, .06, .01, .01,
and .02, respectively. Corresponding coefficient averages for list-
wise deletion models were .09, .27, .07, .00, .02, and .00, respec-
tively. Corresponding coefficient averages for nonresponse
weighted models were .12, .31, .10, —00, .01, and —00, respec-
tively.

3 Only the BCS has followed study participants |ong enough to measure
their completed schooling and early-career labor market earning and, in
results not reported in the appendices, we found that school-entry attention
problems were a significant predictor of school completion but not labor
market success.
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Discussion and Conclusions

We have presented results from a coordinated analysis of six
longitudinal data sets relating school-entry skills to later teacher
ratings and test scores of reading and math achievement, holding
constant children’s preschool cognitive ability, behavior, and other
important background characteristics. Our meta-analytic results
indicate that such early math concepts as knowledge of numbers
and ordinality were the most powerful predictors of later learning
(the average effect size of school-entry math skills was .34 and
every bit as large as early reading skillsin predicting later reading
achievement). Less powerful, but also consistent, predictors across
studies were early language and reading skills such as vocabulary;
knowing letters, words, and beginning and ending word sounds
(the average effect size across our studies was .17); and attention
skills (average effect size .10). The average effect sizes of exter-
nalizing and internalizing problem behaviors and social skills were
close to zero.

Despite our extensive investigation of the robustness of our key
results, any nonexperimental analysis using imperfectly measured
cognitive, achievement, and behavioral constructs such as ours
cannot rule out all threatsto its conclusions. First, athough shared
method variance, reporter bias, overcontrol, restricted range, and
measurement reliability cannot account for the differential predic-
tive power of school-entry achievement and socioemotional mea-
sures, we are unable to rule out bias from the lower validity of
socioemotional measures. Second, despite our ability to control for
cognitive ability prior to school entry in five of our six studies, and
despite our controls for concurrent reading skillsin all six studies,
it remains possible that our surprisingly large school-entry math
coefficients overstate causal impacts.

One of our noteworthy results is that early math is a more
powerful predictor of later reading achievement than early reading
is of later math achievement. Despite our controls for cognitive
ability, it remains possible that some of the apparent effects of
early math skillsis spurious. To the extent that the effects are real,
it is important to discover why. Math is a combination of both
conceptual and procedural competencies. Although our data do not
alow usto examine these competencies separately, future research
could focus on this direction. Another productive avenue of re-
search would be to examine efforts to improve math skills prior to
school entry. Random-assignment evaluations of early math pro-
grams that focus on the development of particular mathematical
skills and track children’s reading and math performance across
elementary school could help to illuminate missing causal links
between early skills and later achievement.

Another finding from our analysis is that attention skills are
modestly but consistently associated with achievement outcomes.
One explanation for this predictive power is that attention skills
increase the time children are engaged and participating in aca
demic endeavors and learning activities. Other studies have shown
that attention skills have important associations with school suc-
cess, independent of cognitive and/or language ability (Alexander
etal., 1993; Howseet a., 2003; McClelland et al., 2000; Yenetd.,
2004), but few of these studies have controlled for prior levels of
academic skills as well as prior levels of behavior. Our results
suggest that attention skills, but not problem behavior or socia
skills, predict achievement outcomes, even after the effects of
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early achievement knowledge and cognitive ability have been
netted out.

Although all of the studies we analyzed were drawn from
normative populations, all contain at least some children falling in
the clinical ranges of behavior problems. We were surprised that
our spline-regression models produced no consistent evidence of
nonlinear effects of problem behaviors on later achievement. We
caution, however, that it remains possible a more focused analysis,
perhaps with clinical samples, might reach different conclusions.

Given that teachers emphasize the importance of attention skills
and socioemotional behavior for school readiness and the possi-
bility that these skills shape classroom learning processes, it might
be expected that these early skills would have crossover effects on
subsequent reading and math achievement. With the important
exception of attention skills, we did not find evidence that changes
in these skills during the preschool years predict |ater achievement.
However, as noted earlier, academic skills are only one facet of
educational success, and improvements in problem behavior or
social skills may better predict other important school outcomes,
such as a child’s engagement in school and motivation for learn-
ing, relationships with peers and teachers, and overall self-concept
and school adjustment (Greenberg et al., 2003). It might also be the
case that early-grade teachers are somehow able to prevent prob-
lem behaviors from interfering with student learning but that
problem behaviors would be linked with lower achievement if
teachers were less capable. Despite the uniformly small and often
insignificant coefficients on these measures in our regressions, we
caution against completely dismissing the potential academic ben-
efits of environments or programs that promote positive socioemo-
tional devel opment.

An additional caveat is that any one child’s socioemotional
behavior, in particular externalizing problem behaviors, may affect
other students achievement more than the child’s own individual
achievement. For example, problem behaviors may disrupt class-
room activities such that even well-behaved children spend less
time engaged in instructional and learning activities. Our analyses
do not consider this possibility because it requires more complete
data about classmates’ behavior than the studies provide. We raise
this point, however, because we believe that the topic of peer
effects deserves further attention in future research on socioemo-
tiona behavior.

Our analyses focus on skills and behaviors that emerge at the
time of school entry and not on the effects of socioemotional
behaviors that emerge after children enter school. This is impor-
tant, because it may be that reading achievement and problem
behavior develop in tandem during the early elementary years
(Trzesniewski et a., 2006). Additional research is necessary to
further elucidate the potentially complex and reciprocal relation-
ships between children’s socioemotional behaviors and their aca-
demic achievement.

Our conclusions about the importance of early academic and
attentions skills are consistent with the recommendations endorsed
by the National Association for the Education of Young Children
and the National Council of Teachers of Mathematics (2002) and
the National Research Council’s Committee on the Prevention of
Reading Difficultiesin Y oung Children (Snow et al., 1998). How-
ever, our results say nothing about the types of curriculathat would
be most effective in promoting these skills. Play-based, as opposed
to “drill-and-practice,” curricula designed with the developmental
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needs of children in mind can foster the development of academic
and attention skillsin ways that are engaging and fun. Taking early
math skills as an example, the Big Math for Little Kids program
has been designed to capitalize on children’s interest in exploring
and manipulating numbers (Greenes, Ginsburg, & Balfanz, 2004).
In addition, play-based curricula may also have the added benefit
of fostering attention-related skills (Berk, 1994).

Our findings support three key conclusions for developmental
research. First, math and reading skills at the point of school entry
are consistently associated with higher levels of academic perfor-
mance in later grades. Particularly impressive is the predictive
power of early math skills, which supports the wisdom of exper-
imental evaluations of promising early math interventions. Second,
among attention-related and socioemotional behaviors, only the
attention-related skills predicted later academic achievement with
any consistency. We find no noteworthy regression-adjusted asso-
ciations between either interpersonal skills (or problems) or ag-
gression and later achievement. Finally, all of our data sets suggest
that reading and math tests that were individually administered to
children by trained personnel around the point of school entry can
be a highly reliable way of assessing early skills. That said, it was
also the case that we could not attribute most of the variation in
later school achievement to our collection of school-entry factors,
so the potential for productive interventions during the early
school grades remains.
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Correction to Duncan et al (2007)

In the article, “School Readiness and Later Achievement,” by Greg J. Duncan, Chantelle J. Dowsett,
Amy Claessens, Katherine Magnuson, Aletha C. Huston, Pamela Klebanov, Linda S. Pagani, Leon
Feinstein, Mimi Engel, Jeanne Brooks-Gunn, Holly Sexton, Kathryn Duckworth, and Crista Japel
(Developmental Psychology, 2007, Vol. 43, No. 6, p. 1428), the DOI for the supplemental ma-
terials was printed incorrectly. The correct DOI is as follows: http://dx.doi.org/10.
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