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Abstract
Despitesresearch demonstratastrong association between early and latathematics
achievementfew studies have investigated mediatorthifassociation.Usinglongitudinal
data 6=1362),this studytestecthe extent to whicimathematicsselft-concepts, school
placement, executive functioningnd proficiency in fractions and divisiaccount for the
association between mathematics achievernneinst grade and at age 15. As hypothesized, a
strong longitudinal association between first grade and adolescent matisemchtevememwas
presen{f= .36)even aftecontrolling for a host of background characteristics, including

cognitive skills and reading abilityThe mediabrsaccountedor 39% of this associationwith
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mathematicsself-conceptgifted and talented placemeahdknowledge ofractions and

division, serving as significambediatos.
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Duncanand colleaguef007)analyzedsix longitudinal studies in order &ssess the
predictive power of a number of schamitry measures of achievemanidsocicemotional
skills. They found that after controlling for a variety of prior child and family background
characteristicanatrematicsknowledge at schoantryappeared to bne strongst predictor of
later matlematicsachievement.This finding was robust acro#ise six, datasets However,
important questions regarding the underlying mechanisms that praithesedpredictive
relationsremained These questions motivated the current paper’s mediational approach to
modeling the"association between early and later mathematics achiev@yenrsuing a
comprehensive investigation of a set of mediatwesnay better understand the pathways that
contribute dcstability over time of individual differences in mathematics knowledge
M odels of Mathematics Achievement

No currenttheoreticaimodel incorporatethe wide array of factolgkely to contribute to
long-runmathematics achievemen€onsequently, most empirical investigations of mathematics
development focus on one or two specific factsugh asnotivation €.g.Marsh Byrne, &
Yeung 1999)yexecutive function (e.g. Blair & Razza, 2007), or rsgtaific skills (e.g. Siegler
et al., 2012). “Although such examinations provide information apmdific correlatesf
mathematies achievement, more encompassing analyses are needed if we are todihderstan
a theoreticaldiverse set omathrelated factors act in con¢erAfter all, aschildrendevelop
mathematical skillsa set ofcognitive, socio-emotional, motivational and environmental
characteristics all operate simultaneously. Thus, a comprehemsilgic approacheeds to
incorporatearbread range of potentially important variables.

Ourselection of possible mediators was guioled broad bioecological perspective
(Bronfenbrenner & Morris, 200@hat led us tanodel mathematics achievement as a function of
both personal anenvironmental characteristic&urther, in order to design our empirical model,
we set forth with a@riterionthat guided or selection of each mediatdFirst, candidate
mediatorsneeded to hava straightforward theoretichhk to matrematicsachievenent.

Second, tistheoretical linkneeded to be supportbg convincingempirical evidenceThird, the
potential mediatormust have been measured quantitatively in a manner that allowed for
investigation in a longitudinal analysisortunatelywe wereable to use data sethat provided

timely measures of all but one of our desired set of mediators.
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Thesecriteria led us teimultaneously consider four distinct domains, each of which has
been shown individuallio influence mathematics achievemdnit which have not been
considered togetheBased ornhebio-ecologicalframework we first examiné characteristics
and skills of the_child and then moved outward to the environmental context. We began with the
child’s mathematical knowledg8ecause mathematics is a hierarchical area in which later
knowledge.incerporates and builds on earlier knowledge, we hypothesized that certain
mathematicsskills thought to act as gakeepers to highdevel mathematics achievement
would be importaninediatos betweenifst grade and agé5 matlematicalskills. The second
mediator consists ahe domaingeneral cognitive skillsovered bythe executive functioning
umbrellg as theséntellectual processdsave been found to preditiathematicsichievement,
abowe and'beyond earlier mathematical knowledgeh§, Nesbitt, Farran, & Dong, 2014

The third potential mediatdhat we examined involvemiotivation Our main index of
motivation was slf-conceptegarding mathemati@bility (on the logic that higher setioncepts
regarding math ability both reflect and inspire greater motivation to ezehigsability. Math
self-conceptihas been shown torbtated tathedevelopment of mathematics achievemeng.,
Bong & Skaalvik, 2003) In particular, dildren who perceive themselves as good at
matrematicstypically fare better on subsequent exams.

Finally, moving from inside to outside the chitde fourth potential mediator thae
examined waschool and classroom environmenisparticular, shool placements into gifted
and talented programs ancesgal education have been linkedsubsequemhathematics
achievementBhatt, 2009; Morgan, Frisco, Farkas & Hibel, 20E0)d operate by taking
children outwefitheir regular classroomesprovide specialized instruction mathematics

We hypothesized that each of these four factors cubdtantially mediate the
association between early and later mathematics achievement. Howekerpgmzehat these
four potential mediators are not the ofdgtorsthat influence the gmth of mathematical
knowledge. @ality of classroom instruction and teacher characteristics were among the
variables werhoped to pursue, but empirical limitatdidsnot allow us to investigate them.
Although the present study is rfatly-comprehensive, it does include a divesseof mediators
thatencompasmathspecific competencieslomaingeneral cognitive skillanotivation, and

schoolrelated structuredVe know of no other study that has examined these four factors in one
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analysis, even though this comprehensive approach more closely resembles te& oatmpé
of how these variables influence development.

Our empirical worlkextend previous longitudifanalyses (e.gClaessens & Engel,

2013; Duncan et al., 2007; Watts, Duncan, Siegler, & Davis-Kean, 2014) by modeling age-15
mathematicachievement as a function fakst gradeacademic and cognitive iflk, using data
drawn from the'National Institute of Child Health and Human Development (N)@&tdly of
Early Childecareand Youth Development (SECCYDYVe control for a host of important
variables,all'measudeat or before first grade, including chiempeament, socieemotional

skills, cognitive functioningandfamily and child backgrouncharacteristics. We thexssess
theextentta whichthe associations between early and later mathenaaitsvement can be
accountedfor by our mediational pathways. In the following sectiangyriety review

literatureon each mediator, and discuss implications of the gtrdheoryand practice
Background

Fractions and division knowledge. Because of the hierarchical structure of
mathematiealsskill development, prior knowledge of specific mathematical cornjestén
crucial for thesdevelopment of later mathematics achievement. Although a driety
mathematieal skillhave been implicateid the development of longin mathematics
achievement [e.g. math reasoning (Nunes, Bryant, Barros, & Sylva, 2012); nunteer sys
knowledge (Gary, Hoard, Nugent, & Bailey, 2013); numeracy skills (Jordan, Kaplan, Ramineni,
& Locuniak,2009)], knowledge of fractions and division appear tpdréicularly crucial.

Siegler andeolleagues hypothesized that understanding fractions pkysah ole in
developingshigh school mathematics capadciggler et al., 2012; Siegler, Thompson, &
Schnedler| 201). If first grademathematics achievement is strongly associated with the
development of_fraction and division skills, and if these skills are a gatewayetoraic
proficiency,then fractions and division knowledge shanédliate the relatiobetween first
grade mathematics achievement and adolescent mathematical ability.

Whenrstudents encounter fractions, they are forced to reorganize their undegsténdin
the properties,of numbers, from one that applies only to whole nuntbarsbre general
understanding. Unlike whole numbers, fractions do not consistently increase wheneauyltipli
do not consistently decrease when divided, do not have unique successors, and do not have

unique symbolic representatioi@@aining a broader understanding of what all real numbers have

This article is protected by copyright. All rights reserved



Mediators of Long-Run Math Achievement 7

in common (e.g., that they can represent magnitudes) is crucial for such&gsschool
mathematicg¢Martin, Sruchens, & Elliott, 2007). Solving even simple algebraic equations (e.g.
2/3X = 8) is a formidable task if students do not understand the basic properties afdréety.,
that X will be larger than)3

Siegler,and colleagues’ (2012) examination of two longitudinal datasetse@viat
fractions and division knowledge in fiftirade werainiquelypredictive ofhigh schookllgebra
proficiency;even after accounting fdomain generatognitive functioning, reading ability, and
whole numberskills. Although both division skills and fractions skills were found to be
predictive, tley are closely related concepts, as a fraction is a representation of a division
problem (ezg#3/4 can be thought of as 3 divided by 4). Furtfiergfaders’ wole number
addition, subtraction, and multiplication were less predictive of high sethgatraic ability.

Similar shorteiterm relations between fraction knowledge &tdr mathematics learning have
been reported elsewhere (Booth & Newton, 2012),Bailky, Siegler, and Gea(20144 found
thatfirst gradeproficiency with whole numbers predicteayhth graderoficiency with
fractions.

Exeeutive function. Another mediator that could account for the longitudinal relation
betweenearly and later mathematichievement is executive functioning (EFhigher-order
cognitive.and regulatory processes that involve working memory, inhibitory caaiterition
regulation, set shifting, and complex planning (e.g., Clark, Pritchard, & Woodward, 2010; Fuhs
et al.,2014). If early mathematical proficiency leads students to practicekitls, then we may
detect an assegiation between early mathematics achievement and growth urtBé:, ¥
these EF skills’play a role in developing later mathematical skills, thehd&H/d account for
some portion of thassociation between early and lateathachievement.

EF skills. develop during early childhoadd grow over the course of childhood and
adolescence3athercole, Pickering, Ambridge, & Wearing, 2D04 is not difficult to imagine
how EF could play a key mediational role in the Idagn development of mathematical skills.
For examplejconsider the cognitive processes required to solve a fractidishgadblem that
calls for derivation of the least common denominator. The student would need high inhibitory
control to resist the temptation to treat the fractions as whole nuaretiesdd numerators and
denominators separatelffhe student wouldlsoneed working memory and attention regulation

skills to hold potential solutions in mind, while considering possible common denomirgsors.
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shifting would be needed to alternate focus between the two denominators, and cognitive
flexibility would beimportantto finding the lowest multiple common of the denominators.
Finally, as students become more ex@nced solving such problems, they may develop more
advanced strategies that require a certain amount of forethought and plammipgr(e
factorization)s

Indeed, research investigating concurrent associations between EF and mesthemati
skills havefoundairly strong correlationse(g Blair & Razza, 200;7St. ClairThompson &
Gathercole,;"2006 but far less research has investigated the predictive relation between EF and
subsequent measuresméthematicsachievement. Recent studies suggest that such an
association may exist. [&k and colleagues (2010) found that a host of EF skills measured
during preschool, including set shifting and inhibitory control, positively predicteldemaitics
achievement meared two years later. This result held after controlling for generaltteg
ability and reading achievement.

Studies have also found longitudinal associations between early measures o§worki
memory andmmath achievement measured in childidedzoco & Kover, 2007; Welsh, Nix,
Blair, Biermany'& Nelson2010) and adolescend&/étts et al.2014) Similar findings have
been reported when EF skills have been examinedeaktent construct. Most recently, Fuhs
and colleagties’ (2014) used a sinfgletor design to measure a broad array of EF skills during
preschool, including inhibitory control, working memory, and attention flexibfiiging that
these competencies predicted mathematical skill grdwtimg kindergarten.

For£EFte qualify as a mediator of the association between early and later mathemat
achievementgearly mathematics ability must also lead to growth in subs&du&hts might
occur if those who excel academically from an early age seek new situatabhsther
stimulate their cognitive growth (Fuhs et al., 2012ZQnsistent with this hypothesi&/elsh et al.
(2010) found.that academic skilis preschool entryere correlated with eradf-preschool
working memory and attention control. However, Fuhs and colleagues (2014) found that
although mathematical skills measured at the beginning of preschool predictedpeasgehool
EF, this relatien did not hold when EF wasasured ahe end of kindergarteithese
conflicting findings indicate a need for longrm longitudinal studies dhe relation between

earlymathematical skills ankter EF.
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Self-concept. Self-concept of ability (SCA), whicdescribesan individuals knowledge
and perceptionsegarding their academaapabilities(Bong & Skaalvik, 2003)has been
hypothesized to influence students’ motivation and affect toward engagindiaulaarsubjects
(Marshet al, 1999). If a studentith high mathematicachievementavorably compares herself
with lower-achieving peers, she may begin to view herself as especially competent in
mathematics This perception could also arise through positive feedback from parents and
teachers In‘turn, this enhanced sabnceptcould lead her to seek situations in which her self-
perceptionwoulde affirmed such aghrough taking more advanceththematicglassegBong
& Skaalvik, 2003). Thus, sefferceptions that reflect responses to egride achievement
patterns inmathematice®uld account for the relation between early and later mathematics
achievement if'students internalize these perceptions which, in turn, alter stagenbach to
mathematics inya way that either enhances or diminishes their acquisition of nematati
skills (Marsh & Craven, 2006).

Findings fromempirical research investigating the link between SCA and mathematics
achievementrhavieroducednixedresults It has been hypothesized that getfceptions arise in
domainspecifie’contexts (e.g., mathematics), as students evaluate their performspeeific
subjects against their peers (Bong & Skaalvik, 2003; Marsh & Craven).200@r time, self
perceptionsacross domains may even act in opposition to one another. Indeed, Marsh, Byrne,
and Shavelson (1988) found that verbal and mathematical self-concepts of high school students
were uncotrelated, and although mathematics achievement positively gaesiibsequent
mathematies"SCA, itegatively predicted verbal SCAMoreover, although the dmainspecific
link betweensmathematics achievement at time 1 and SCA at time 2 hateseshedn both
high schoo(Marshet al.,1999; Marsh & Yeung, 1997) aqdimaryschool students (Skaalvik &
Valas, 1999)it is unclear whether SCAontinues to influence subsequent reathtics
achievementMultiple studies have failed to detect such an association in mathehiloske
& van Aken, 1995; Skaalvik & Valas, 1999), though other longitudinal investigations have found
SCA to be assignificampathway tomathachievementNlarsh & Yeung, 1997). Some have
argued that'the failures to detect a predictive link could be due to methodologicabstings
(Marsh et al., 1999), indicating a need fimorerigorousempirical work investigating the

longitudinal associations between setfncept and mathematiashievement.
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School placement. Another possiblenediator of relationbetween first grade and
adolescent achievemeastplacement into special education or gifted and talented programs.
This pathway would be supportefdeiarly achievement gains alter the chaatplacement into
gifted and_talented programs or special educae@wicesand if these school structures in turn
boost or hinder subsequanathematicaichievement gain§uch relations could arise through
several different mechanisms.

First,"placement into special school programs could expose studerttgethigher or
lower qualityinstruction Some research has suggested that students placed into gifted and
talentedprograms received highguality instruction and better curricula (Bui, Craig, &
Imberman 2049, thoughthe effect of such placement on achievement was small. Similarly,
someinvestigatordhave argued that students placed into special education prageameceive
more empiricallysupported and individualized instructifffuchs & Fuchs, 199, butit is
unknown If these techniques are consistently implemented across schools (Cookw@e&chir
2003). Further, special educatiprograms have beamiticized for subjecting students to lower
expectationgHorn & Tynan, 200}, and recently, there has bemmsiderable pressure to move
students withilearning disabilities into “mainstream educat{@obk & Schirmer, 2003).
School placements could also alter achievement trajectories through peer ditettts.extent

that academically stronger peers impraveachievemenof classmateée.g.Imberman, Kugler,

10

& Sacerdote, 2009time spent in gifted and talented programs should support learning, and time

spent in special education should impair it.

Somebngitudinal evidence supports our hypothdisé placement into speciatademic
programs mediatdabe relation between early and later mathematics achievement.gezalky
mathematics achievememtedicts selection into both gifted and talented programs (McClain &
Pfeiffer, 2012) and special education services (Hibel, Farkas, & Morgan, 2010) véipthe
effect of these programs on subsequent mathematics achievement has not bésredstabl

Spedal education programtgpically aim toprovidestudents specialized services to help
mitigate thedmpact of their disability (Morgat al, 2010). ®mestudies indicat¢hatstudents
with disabilities benefit fronsuchservicegBlackorby & Wagner, 1996; Hanushek, Kain, &
Rivkin, 2002), but there is mounting evidence to the contrary. Morgan and colleague$’ (2010
analysis of nationally representative data from the Early Childhooditucirgal Study-
Kindergarten Cohort fountthat placemennto special education services had a negative
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association witlsubsequent mathematics achievenmesiome, but not all, model specifications.
Similarly, Lane, Wehby, Little, and Cooley (2005) found that children assigned talspeci
education classes oftdad lower scores in both mathematics and reading at the end of the
school year than they did before receiving special education services.

Studies.investigating the effects of placement into gifted and talented poheve also
produced mixed results. Vaughn, Feldhusen, and Asher’s (1991 pnad{esis of correlational
studies 'examining the effect of “pedlut” programs, which periodically remoaeademically
gifted studentsfrom their regular classes to receive enrichment,e@ploatsuch programs had
a positive effect size of .65D (SE= .19) on student achievemeriowever, little research has
taken selegetion,bias into account, atngexperimental evidenaemains virtually
nonexistent:

Quastexperimental studies have yieldeohflicting results. Bui and colleagues (2011)
employed a regressiatiscontinuity approach to examine the effect of gifted and talented
placemenbn middle school students; they found no impaanathematics achievement. In
contrast, Bhatt(2009) usé@ustrumental variabketo approximate the causal impact of gifted and
talented placement on nachievemenamongmiddle and high school students, and foand
large effeet,of program placement on mathematatsevementThus, substantial questions
remainregarding the impact of gifted and talented program placement on studeneawmnév
Current Study

The.current studinvestigates the extent to which mathematics SEXA school
placementsand, fraction and division knowledgeediate the association between first grade and
agel5 mathematics achievemert adds to previousesearchn several ways. First, we draw
on multisite national dat¢hat includewell-validatedmeasuresf achievement, allowing us to
study achievement trajectoriesunusual detail from first grade through the beginning of high
school. Second, wemployan extensiveet of control variables, including measures of socio-
emotionalfunctioning and problem behaviors, cognitive functioning, and individndifamilial
baclground.characteristics. Inclusion of these control variables should help to bealsioethe
estimaion ofithe unique contributions that each proposed mediator makes to the longitudinal
mathematicaichievement trajectories we investigate.

Finally, wesimultaneouslyest multiplehypotheses regarding underlying mechanisms

that could account for the robwesociation reported between early and laath skills.
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Instead of taking the more common piecemeal approach that considers each mediator
individudly, our analysis estimates the relative contribution of each of the mediatarslling
for the others -a strategy that should reduce potential bias in the estimated role of each mediator
We expect that theseediatorswill account for a substantial portiontbe association between
first gradeand,age-18nathematicgchievement
Method

Data

Data*forour studyane from the NICHDCSECCYD Babies born in designated 24-hour
periods in 1991'in 10 locations around the United States were eligimdeticipateif their
mothers weresever 18 years old, spoke English as a first language, did not hagdaarsy
health conditions, did not plan to relinquish parental rights, did not plan to move in the next three
years andresidal within an hour of a study site. The study samyas diverse both
economically and ethnicallglthough itwas notnationally representativéhe recruitment
process suffered from nearly 50% attrition, whizgds concentrated among low-SES mothers
and children=Mre detailon recruitment proceduse data collection, and stugyoceduress
provided by theNICHD Early Child Care Research NetwoICHD ECCRN 2002).

Reflecting the middkelass nature of the sample, the average family inelormeeds
ratio measured repeatedlytlveen birth and 1 month of age was 3.5. Further, 76% of the sample
identified as Non-Hispanic White, 13% as African American, and study motpged an
average of 14 years of education. More details regarding participant backgaouel found in
the Supplementary Information file.

Theteurrent study used a subsample of children from the SECE&¥D62). Among
the 1364 children in the full sample, 2 had been in both special education and gifted and talented
programs between second and fourth grades and were excluded from this study. Tdf@ccount
missing data,.multiple imputation was usAtl.variables were included in the imputation
models, and. we also included a set of auxiliary variables to help ensure unbiasatiastA
total of 25 data sets were imputed udimglCE proceduren Statal3.1. Stata Ml commands
were used for,model estimation and statitiests. Regression estimatgere combined using
Rubin’s rules of combination (Rubin, 1987).

M easures
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Academic achievement in first grade and at age 15. Children were administered the
Woodcock-Johnson (WR) PsycheEducational BatterRevised (Woodcock, McGrew &
Mather, 2001) as a measure of academic achievement at multiptethirmeghout the study.

The current study focused @rst gradeand age-15 scores on tApplied Problems subtesof
theWJ-R. Thiscommonly used measuoé mathematics abilitassessd knowledge oh wide
range of mathematical topiesnd took about 15 minutes to complete. Students pragress
throughthe"exam until they incorrectly ansee$ consecutive questions. In first grade, most
guestionszoncernegrinciples of counting and simple addition and subtractadmage 15,
guestionsoncernealgebraic oncepts and procedures, among other topics.

We.alsajincluded measuref first gradereading achievement in the analysis a
covariate Ourmeasure ofirst gradereadingachievemeninvolved questions taken from 3
components of the WR: Word Attack, Letter-Word Identification, andPicture Vocabulary.

Word Attack measurd ability to read unfamiliar words using phonic and structural analysis;
Letter-Word | dentification askedstudents to identify and read aloud isolated letters and words;
Picture Voeabulary measurd recogrition and naming ofamiliar objects

For-all'subtests taken from the ] we usedV scores, whichwvere centered at a mean
of 500. This value represents the average scorefiibh gradestudent. We then standardized
the Wscores based on our sample’s mean and standard deviasimg proceduresgliability
and validity of the WJ-R subtesise widely available

Mediators. Our mediatorsveredrawn from child assessments taken betwssmond
and sixth grade. Although we would have preferred for all mediators to have been theasure
the same waves, the pattern of data collection in the study dictated tthatwveneasures from
several different waves. Key mediators of the associations befirsagradeand agel5 math
achievement includiactions and division knowledge in fifth grade, EF in third and fourth
grade, academiSCA in sixth grade, andchool placements betee second and fourth grade.

Knowledge of fractionsand division. Our measure of division and fractions knowledge
was taken.from the WR Calculation subtest, which was administered at fifth grade. The
Calculation'subtest assessed arithmetic and computational skills. We used the proportion of
correct responses to items 16, 22, 25, 26, 27, 28, 29, 30, 31, 38 and 42 of the test to derive our
measure of division and fractions ability. We excluded questions that involved using division or

fractions to solve algebra problems, as we did not want our measure of division aadgrac

This article is protected by copyright. All rights reserved



Mediators of Long-Run Math Achievement 14

knowledge to overlap conceptually with our ddemeasure of mathematiashievement.

Executive functioning. EFwas assessed across three separate meastigd and
fourth grade. The first componenteF, working memorywas measured using the VRJ
Memory for Sentencestask. The measure was administered in the lab during third; grade
students were.asked listen toa tape player and repeat words, phrases and sentAscegh
thefirst gradeWJ-R subtestswe usedhe W score for theMemory for Sentences measure.

Third"graders alswere presented thower of Hanoi (TOH) taskas a broad assessment
of their EF'skills Research has indicated that the T@isk assessgdanning and problem
solving, working memory functioning, and inhibitioseg Bull, Espy, &enn, 2004). Children
weredirecteddo, plara sequence of movéstransport a set of disks stacked on one of three
pegs ordered from smallest to largest another peg, without ever placing a larger disk on a
smaller one The TOHincludedsix increasinty diffi cult problems. Students were given an
efficiency score based on how many trikleyneeded to complete each task (Borys, Spits, &
Dorans, 1982).The current analysis used tte¢al number of moves across thi trials. The
TOH is a wellvalidated and commonly used measur&pbfskillsin developmentapsychology.

To measursustainedattentionand inhibitory controlfourth graders were presented the
Continuous.Performance Task (CPT, Rosvold, Mirsky, Sarason, Bransome, & Beck, 1956). The
task involved viewing pictures of common objects on a computer screen and pressing a button
each time a target stimulus appeared. This task was repeatedléciusls We used the
proportion of correct responses to the target stimagusmeasure oéttentionregulation a
common use“of the CPT (e.g. Duncan et al., 2007).

Self-eancept. Our SCA measures weraken from théHow | Do in School Scale,”
administered ira lab during sixth grad&he SCAitems were adapted from the Self and Task
Perception QuestionnaiféacobslLanza, Osgood, Eccles, & Wigfield, 2002); on them, students
were askedo.indicate their beliefs regarding their abilities in neatiatics(5 items) Students
responédto questions such as “How good at math are you?” using a 7-point Likert scale
rangingfroms2="not at all” to 7= “very” Students were also administered similar SCA items
designed tormeasure English self-percept{dritems) which we used in order tedt the
domainspecificity of math SCA The composite scores for math and Enghighecalculated by
taking the mean across the 5 items for each sthtemath and English setfencept scales have

reported alphas of .82.
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School placement. Selectioninto special education or gifted and talented prograass
measured through a teacher report survey at grades 2, 3 @ardehers were asked to report
how many hours per week the child was currently receiving special educatiftedagd
talented service®oth the“gifted and talented” measure and the “special education” measure
werecoded. L.if the student received any such services in any of the three grades anadifeothe

Additional covariates. To reduce bias in the estimated effexftéirst grade academic
achievement'on subsequent EF and age-15 achievement, weledfrdirst grade EFas
measured by the/J-R Memory Sentences test the TOH, and the CPT. To account for bias in our
estimates/due to correlations between achievemeriediralioal problemswe also controlled
for first grademeasures ahattentivenessaggressive behavior, and internalizing behawasr,
assessellythesTeacher Report Form, an instrument based on the Child Behavior Chédlist
also included amssessment of chilaeial skills measuredby teacher report on the Social Skills
Rating System (Gresham & Elliot, 1990).

Controls taken prior to first grade included scores on the Surgency, Negativeviifect
and EffortfulsControl sulmalesof theChild Behavior QuestionnaireThese measures
temperamentireflectedothes’ repors atthe 54-month child interview. We contied for early
cognitivefunctioning usinthe Bracken Basic Concept Scale School Readiness score taken at 36
months, andthe Bayley Mental Development Index taken at 24 months.

Child and family demographic characteristics. To account for child and family
characteristics that could be correlated with achievement and our proposetbragdia
included adnost,of child and family background covariates. Child demographic controlsdnclude
dummy variables for the sites at which the family was recruited to participtte study; birth
weight in grams; gender (1=boy); race (Ndispanic African Americantlispanic or other, with
Non-HispanicWhite as theeference groupandage in years at th@me offirst gradetesting.
Family background characteristics inclddée mean number of children in the household
between thehild's 24-month andirst gradeassessments; the natural logarithm of family
income averaged betwedre one month and first grade assessments; the education of the mother
in years at'the.time of the one month assessmadtmother’s age at the birth of the target child.

Results
Descriptive statistickor key variables are shown in Tabl¢far descriptive statistics for

all analysis vaables, including controls, s@@ble S in the online Supporting Information file).
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Recall that our measures of student achievemerg WJR W-scores centered at a value of 500
(the average score for a typicalighieving fifth grader)Participants’ growth between first
grade and age 15 in both mathematics and reading is shown in Table 1. Not surprisingly,
students scored well below 500first gradeand well abovéhis score at age 15.

Table.l also presents descriptive statistics for our proposed mediatorsip&aric
scored rather high on the SCA scale for mathematics, as the average score ore tfrenggag
from 1 to 7;'with 7 ingtating very high mattmaticsSCA) was 5.76 0= 1.01) Between
secondandfourth grade, 10% of our sample had been designated for special education services
and 15% had been recommended for a gifted and talented program. Indeed, our datardiffer f
current estimates of the percentage of students placed in such programs (§8é6itdr
education'services:% for gifted and talented programs; Snyder & Dillow, 2013). Thus, our
results should not be generalized to the national,l@¢ our data are noationally
representative Among our executive function measures, the average proportion of correct
responses.to target stimuli on the CPT task was IMgh.95), and participants in our sample
who took the"W.R working memory mease during third grade scored near the grade 5 average
(M= 494;D=x14). Finally, on average, participants correctly answered 44% of the fraction and
division questions presented on the R/@alculation subtest.

Zero=order correlations among the measures of academic achievement aredlihiors
taken between first grade and age 15, inclusixe presenteth Table 2(correlations between
key variables and all analysis variables can be found iSupplementary Informatign As
might be expected, coreglons among the various Woodcock-Johnson achievement subscales
were the highest, raimgg from .48 to .74. Among oumnediatorsfifth gradefraction and division
knowledge had the highest correlation with 4§emathematics achievemdni{(1362)= .54p <
.05), followed by proficiency on thdemory for Sentencestask in third grader((1362)= .48p <
.05). Interestingly, mathematics SCA and English SCA were positivelglatad ( (1362)=
.28,p < .05;.not shown in Table 2)igh self-perception in one domaimaot predicta lower
self-perception in the otherrinally, many mediators had moderate to high correlations with one
another andhwith age-15 achievement. This demonstrates the bias-reducing @ildglofting
for multiple intermediary pathays when engaging imediatioral analyses.

Tables 3 and 4ummarizeesults fromOLS and logistiaegression analysés which

mediatioral hypothesewvere testedh two steps. First, we texstthe relation between each
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mediator and first grade mathematics achievenentrolling for other cognitive abilities and
background characteristics. Next, we ralaige15 mathematics achievementficst grade
mathematical skills and contelWe then introduced oset of mediators into the model. We
present alternative analytic approaches, including ressiitmated vigath analysisin the
Supplementary InformatiofTables S2& S3).We alsodescribe attempts to estimate our data via
SEM, andthe analytical problems that led us to prefer the estimates presenteld heiesf, we
found no evidence thatur EF measureshould be comined as a singiatent factor Without
latent factors;"an$$EM analysiwill directly replicatethe OLS results Furtherthe SEM
approachiintroduced problems with missing data, so we chose OLS as our pretarration
strategy.

PredictingtheMediators

Table 3 displaysegression results fromseries of OLS andgistic regressiomodels in
which eachmediatorwasused ashe dependent variable afict grademathematics
achievementvasthe key independent variable. The results shangrfromfully-controlled
modek thatineluded reading achievement, otliest gradecharacteristics, and measures of
family backgreund (see table note for full list of covariates Wed OLSegression to relate
third gradekEF, fifth gradefractions and division knowledge, asictth gradeSCA to first grade
mathematies achievemeandcovariates A corresponding multinomial logistic model regressed
special education and gifted and talented placements on the same predictors.

First grade mathematics achievement was a significant predictor of each of thermediat
(Table 3) Firstgrademattematicsachievemenstrongly predictedatermath SCA(p= .29,SE=
.04,p < .00L)-andirst gradereading was not a significant predictomadth SCA Thus, we did
not find evidence of an opposinglation between achievement in reading eradhSCA As a
furtherrobustness check to examine the donsgeeificity of SCA, we also relatesikth grade
English SCA.to.first grade mathematics achievement and covariatessultsnot shown in
Table 3, mathematics achievement was not a significadicpoe of later English SCA, btitrst
gradereadingachievement wgs<.11,SE= .05, p < .01). These resultsuggesthat children
develop domairspecificSCAS but in our data, high achievement in one school subject did not
affect SCA in other areas.

First gradersmathknowledgestrongly predictedEF skills, including performance cime
Memory for Sentencestask(f=.10,SE= .05,p < .05) and on th&OH (= .19,SE= .04,p <
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.001).It negatively predicted special education placenjgnt.54, E= .22,p < .05), and
positivelypredictedgifted and talented placemept=(.38,SE= .15,p < .05), andifth grade
fraction and division knowledg@+£ .31,5E= .04,p < .001).

Predicting Age-15 Achievement

Regression resulfsom a series omodelsestimatingthe association betwednst grade
mathematics and agb achievement ashownin Table 4. Allmodels include the extensive set
of controlstisted at the bottom of the taliimefficientson these covariates can be found in
TableS4 of the"Supplementary Information.

Results inMlodel 1of Table4 show that, after adjusting for our extensive sdtaskline
controls,agnesstandardeviation increase ifirst grademathematicswas associatedith a .36
SD (SE= .05,p< .001)increase in agé5 math achievementirst grademeasures of reading
(p=.10,SE= .04;p < .05),Memory for Sentences (5= .10,SE= .04,p < .05), andCPT (5= .08,
SE= .04, p < ..05) weresignificant but weakey predictors of age-15 ma#ithievement. These
coefficientsare remarkably similar tthe averagegeportedn the sixstudy synthesis of school-
readiness skillgn Duncan et al. (2007yvhich examined the association betwaesimilar set of
predictorsandiateelementary school achievement.

Model 2 displays results of age-15 matiaticsachievement models that includes three
of our fourmediators: EF, SCA, and school placements. A comparison of coefficients on the
early achievement meares betweeModels 1 and 2 shozdthat thesemediatorsaccountedor
about 256 of theearly-to-latermatrematicsassociations and none of tharlyreadingto later
mathassogiations The .09 reduction in the math coefficiavdsstatistically significan{p <.01).
Two of thesemediators had significant associations witath outcomes mathSCA (5= .20,
SE=.02,p< .001) andblacement ito gifted andtalented program@=.20,SE= .07,p < .01).

To further test our hypothesis that SCA contributes to achievement through domain-
specific channels, we also testechediationalmodel (not shown in Table 4) in which age 15
mathematics. achievement was related to first grade characteristics, aflefdiators, and
EnglishSCA«English SCA failed to produce a statistically significant coefficient, aclddimg
it did not diminishthe coefficient produced by ma8CA ($=.20,SE= .02,p < .001).

Model 3of Table4 addedgrade5 fraction and division knowledge to the other three
mediabrsand shows that also significantly predictethter mathematics achievement

Moreover, wherall of our mediatorsvereconsidered in one model, 3%8bthe earlyto-later
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mathematicseffect wasaccounted for. This amounted to a .13 reduction iffitstegrade
mathematics achievement coefficiépt< .001 seeModel 4).

Contrary to expectations, none of theeecomponents of third or fourtiradeEF was
predictive of later math achievememote thatour set of control variables includist grade
EF. Substantial correlationg’s =.25 -50)were presenbetweerthird and fourth grad&F and
agel5 matlematicsscore but the corresponding correlations betwkiest gradeEF andage15
mathematicswere almost as higfirable2). When botlwere included in the regressions, the
associations'between afjp mattlematicsandthird andfourth gradeEF were no stronger than
the associations between age matlematicsandfirst gradeEF.

We.alseestimated models usiran aggregated measure of EF, which averaged the three
measures of EF into one variable. These models did not produce a substantiadigtdiffe
mediatioral effect third and fourtbgrade EF was still an insignificant predictoragfe 15
mathematics_Models with the aggregated measof EF are presented in Tablg & the
Supplementary Information

Discussion

The'current study testedrfmediators of thetrong relatiorbetween early and later
mathematiegichievementWe foundthat the relation was mediated gdtions and division
knowledgemathselfconcept andplacement into gifted and talented programegetherthese
mediatorsaccoungdfor over onethird of the associatiohetweermrmathematicsichievement in
first grade and at age 15

Oupsstudy was conducted within a lBoelogical framework (Bronfenbrenner & Morris,
2006), as weshypothesized that a combination of environmental and personal chacacteristi
would shapdong+un mathematics achievement trajectories. Indeed, we found evidence that
both environmental (placement into gifted and talented programs) and persati@rfiatics
SCA and fraction and division knowledge) factors influenced long-run achievement in
mathematics.

Altheugh cognitive skiltbuilding theories have received much recent attention in regards
to the development of academic achievement (e.g. Cunha & Heckman, 2008; Seegjter
Bailey, & Zhoy 2013), our results suggest tfattors beyond mathematical skill attaient play
a role in the development of mathematctievement Even when controlling for fraction and

division knowledge in fifth grade, which appears tachecial for latemathematics,
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mathematicSCA and participation in gifted and talented prograraee still strong predictors
of later achievement. Thus, althouggrliermathematical skills are critical for obtainiteger
ones, the influence of other factors, including motivation and school context, should not be
overlooked.

Our findingsregarding SCAsuppored our hypothesis that eangathematics
achievementvould lead to the development of posit€Ain mathematics, which would, in
turn, support'studenttater mathachievement.t has been theorized that SCA may bolster
subsequentcievement in mathematics by altering student motivatimdmathematicselated
affect therebyincreasing the likelihood of engagimgmathematics and spend time studying
(e.g.Bong.& Skaalvik, 2003). Although our results appear to suphpigrhypothesis, we cannot
rule out other avenues through which SCA may contribute to subsequent achigieegnent
parental or teacher influence).

Our findings also give some indicatiohhow selfperceptions in mathematics arise. The
finding that early mathematics achievement predicted mathematics SCA in soehafier
controllingsfer-ather relevant variables, suggests that studsséss their owmathematics
abilities with seme awiracy We also found evidence for the domapecificity of SCA, as
early mathematics achievement predicted subsequentspedtific selfconcepts, but not
subsequenEnglish seperceptions. However, we found a positbegrelation between
mathematicSCA and English SCA in grade 6. Some have argued that SCA in math and
English should have a null, or even negative, correlation (e.g. Maeh1988),as children
may view themselves as “good” in one subject,|&sgequipped in othersYet, mathematics
and readingsachievement are highly correlated, and if stidelytsaw themselves as proficient
in one subject, they woulthvean inaccurate perception of their abilities in the other subject.

The currenfindings suggst that this was notetcase First, we found that previous
achievement.in.each domadest predicted later SCA. Second, previous achievement in
mathematics,.controlling for reading, had no relation to later reading SCA, asahtieevas true
of early reading and latenath SCA. Thus, although we found evidence of domain specificity,
we did notfind an opposing relation between SCA in mathematics and English.

We also foundhatplacement into gifted and talented prograositively predictedater
achievementeven after controlling for a host of background variables and concurrent mediators.

This findingsuggest the value of such programs at a time tluatding reductionshreatertheir
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continued existence (Fleming, 2013). Importantkpezimental researds needed testimate
the causal connections betwgmtticipation in gifted and talented programs and student
achievement, especially becaustestion into such programs could bias the associations
reported hy studies such as this one. Nonethelesscing or eliminatindqunding without
evidence from.experimentatudiesseems premature in light of tpesitive effectdound here
and in quasi-experimental work (e.g. Bhatt, 2009; but see Bui et al.). 2Rélhtedly, future
work should attempt to uncover the mechanisms through which such programs support
achievement'development, as the “gifted and talented” label undoubtedly describes a
heterogeneous set of programsiptoving our understanding of which types of gifted and
talented programs are mastccessful can further our ability to tailor services for these students.
Unsurprisingly, wdound that early mathematics achievement negatively predicted
placement into special education. Indeed, schools have increasingly relied gsomasef
early a&ademic skills for diagnosing students at risk for underachievement, as eespons
intervention and multi-tiered systems of instruction have become preaalest the country
(seeFuchsyFuchs, & Stecker, 201@ur resultsprovide some support for thisactice asfirst
grademathematics ability strongly predicted high schoalthematicsachievementHowever,
our study-did not find angelationbetween placement into special education services and later
achievement.This could be seen as evidence supporting efforts to “mainstream” children out of
special education programs, but neffects on student achievement in a correlational model
could also'be a sign of the programs’ successes. Depending on each studaeimtés lear
disadvantages; specialwegtion programs may be effective if they merely prevent students from
falling furtherbehind. Thus, estimates from etational studiesould contain downward bias,
as students placed into special education are more likely to experience nagaiiherg
achievement compared witlther students|f this were the case, and special education programs
did nothing,to.curb this trend, then we would expect a negative association betweereptace
into services.and later achievemeAs with gifted and taleled programs, this issue further
illuminates.thestrongneedfor experimental research order to draw clear conclusions
regardingthe effectiveness of these services
Our findings regarding the lack of mediation for the EF measunagerge with recent
experimental research. Taken together, this work inditiaé¢attempting to change specific

aspects of EF with the hope of affecting mathematics achievenasmtot bea useful strategy
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Experimental evaluations dbols of the Mind, acurriculum meanto boost young childrensF,
found that the curriculum failed to change EF skills or mathematics achiev@haments et

al., under review; Wilson & Farran, 2012). Clements and colleagues did find some indication
that experimentaliynduced boosts in early mathematics achievement may lzdase
improvements.irEF. Although the possibility of boosting EF through early mathematics
intervention._ may be theoretically interesting, most educationalertéons hope to change
academic'skillsOur results imply thatmproved EF skills do not readily transfer to improved
mathematics ability.

The present results alsoggest thagfforts toimprove math achievement througk
interventionsgn,later elemery school woulgrobably have little effectOur results likely
represent upper-bound estimates ofdheasaleffect of each of our respective EF measures on
later achievement, as any bias due to omitted variables is likely poplausjble confounding
variablege.g.parental support for cognitive development, interest in mathemategrobably
positively correlateavith the EF measureand adolescent mathematics achievemeiawever,
measurement-error could bias the effect of EF dowdyeand if EF describes a single latent
construct, there'is little reason to expect that our three measures perfeicitgaap
Nonethelessye employedvell-validated measurds assessarious aspects of Ee.g. Bull et
al., 2004;.buncan et al., 2007; Watts et al., 2014). Althoughatver of Hanoi has been
criticized for its poor testetest reliability (estimates range from 16075; see Beck, Schaefer,
Pang, & Carlson, 2011jhere wasio indication that the other twmore reliable, measures of
working memory emory for Sentences) and sustained attention (CRIQsitively affected later
mathematies.achievement.

On the other hand, our findindkustrate the importance of domagpecific knowledge in
the development of longermmathematics achievemeiats knowledge of fractions and division
substantially mediated loagin mathematics achievement associatidhss finding converges
with resultsfrom prior studies €.g.Beier & Ackerman, 2005) that have demonstrated the
relativeimpertance otontentknowledge over domaigeneral cognitive competencieshus,
finding crucial,areas of content knowledge that strongly relate to subsegat@matics
achievemeninay provide dafruitful means through which educational practitiorens intervene
to improve longterm achievement trajectoridadeed, practitioners and researchers have

designed interventions and instructional practices that improve content knowledgetioh§ in
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late elementary and early middle schaotl that trarfer to overall mathematics achievement
(for a review se&iegleret al, 2013.

Although oursetof mediatordhadsome success accounting for the association
betweerfirst gradeand age-15 maffimaticsachievement, the majority of this association
remainedunexplained in our modelg/e certainlydid not consider every possibigediator, as
we were limited by the measures included in the data. In particular, dassrstructional
practices andclassroom climate were not measured in our studypuglt certain instructional
practices,such as emphasizing advanced cof@sessens, Engel, & Curran, 2014; Engel,
Claessens, & Finch, 2013), have been linked to elementary school mathematics gains, an
mediational analyses covering a tisgan of multiple years would need to consider instruction
in each yearFurther omplicating matters, many students have multiple teachers in any given
year. Unfortunately,analyses of such factors waret possible with our data.

It could also be argued th&etcurrent study was limited by the narrtimve window
during which each mediator was measured. With the exception of school placements, our
mediators,were only assessed at one point between first grade and age 15, addtbesme
were not assessed at the same tifgure research should exammediators measured at
multipletime points in order to understand the longitudinal pathways that magdoering At
the same.time, previous research has indicatednthi&tdual differences in both SCA (Davis-
Kean et al., 2008) and EM&zzocco & Kover, 2007are quite stabléhroughout elementary
school. Thus, although we cannot rule out the possibility, we doubt that our results would differ
substantially“ifiour measurements of these contsthar been obtained in multipfgades.

Additienally, our measures of school placements were takenthe course of three
years yet we only measured whether a student was ever placed in a special educatied or
and talented program during this time span. Future research should investigate pgosaijge
effects of school placements on mathematics achievement, as spending moretimef these
programs could have a compounding effect on mathematical development.

Our.inability to fully accountor the early to latermathematics association may also
indicate that'some of this association is not causaleed, recent work by Bailey, Watts,
Littlefield, and Geary (2014b) suggests that even highly controlled longitudiadieations of
mathematics achievement fail to account for all of the underlying personaldaraherental

characteristics thatontribute to achievement trajectori€onsequentlysuch analyses may
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overestimate the causal effetearly achievement on latachievement Moreover recent
experimental work has raised questions regarding the causal associatieerbearly and later
measures of achievement. Clements, Sarama, Wolfe, and §itl&) found that a preschool
mathenatics intervention produced a large impact on engreschool mathematics
achievement;but this effect faded by over 60% by the end of first grade. Thasghlhighly
controlled;.correlational studies (e.g. Duncan et al., 2007; Watts et al., 2014) havstfongd
associations‘between early and later measures of achievement, it remagaswhether
intervention=produced gains in early knowledge produce similar effects.

A final implication of these findings is that experimental studies with tadgial follow-
upsare greatljneededWe found that individual differences imathematics achievement
betwea first'grade and high school ageite stable, and we identified several processes, acting
at both the personal and environmental levels, that contribute to stability and ehange i
mathematics achievemewtthough our models shed some light on how these long-run
trajectories, develop, only experimental research can determine whether tleesertesj can be
meaningfully-altered by interventions. Our results may indicate possibkianeaich future
experimental'work could be conducted. However, our study illustrates that a rafmber
processes«(e.g. salbncept, school placements, specific math skills) appear to simultaneously
influence mathematics achievement developm@&hts, interventioa should be conducted with
realistic expectations, daseyare likely to be unsuccessful ifei fail to take into account the
diverse praocesses involved in childremiathematicatievelopment and in their cognitive

development'more generally
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Mediators of Long-Run Math Achievement

Age 15 Achievement

Mathematics 524 16 444 591
First Grade Achievement
Mathematics 470 15 408 516
Reading 470 15 417 512
Mediators:
Math SCA (6th'grade) 5.76 1.01 1 7
School Rlacements (2nd to 4th grade)
Special Education .10 .30 0 1
Giftediand, Talented 15 .35 0 1
Executive,Functions (3rdth grade)
Memoryfor Sentences 494 14 409 539
Tower'of Hanoi 17 8 0 35
Continuous Performance Task 95 .07 .36 1
Division and:=Fraction Knowledge (5trade) A4 22 0 1
First Grade'Executive Function Controls
Memory:forsSentences 481 15 368 529
Towersof Hanoi 14 7 0 34
ContinuoussPerformance Task 95 .07 4 1

Note. Descriptive statistics generated fromR&ltiply imputeddatasetsri=1362

each). Achievement measures, mathematics and readiniyleamuly for Sentences
(working memory) were drawn from Woodcock Johnson-®YW-scores. Math

SCA (ZlIf-Concept of Ability) is scaled from-1, with a score of 7 indicating more
confidence irobne's ability. School placements were measured by the proportion of
years between®2nd and 4th grade the student was placed in a special education or
gifted and talented program. Thewer of Hanoi is considered to measure planning
and a broadrarray offEskills. The planning score indicates the total number of
moves a child needed to complete the task across six trials. ContinuousBec®
Taskis measured’by calculating the proportion of correct responsegéd séimuli,

and it is understood toeta measure of attention regulatidbivision and Fraction
knowledge was calculated as a proportion of items correctly answeree BfHR

Calculation subtest.
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Table 2

Correlations Between Mathematics Achievement and Mediators

“m» @ & 6 6 6 O © © 1w 1) 12 13

Math (age 15) Q) 1

Math (1st'grade) (2) .59 1

Reading\(1st grade) 3) .50 .60 1

Division@andsFraction Skills (5th grade) 4) 54 .50 A7 1

Math SIf-Concept Ability (6th grade) (5) .34 .26 A1 .29 1

Special Education (2nd to 4th grades) (6) -27 -30 -36 -27 -10 1

Gifted and Talented (2nd to 4th grades) @) 26 .27 .29 21 .06 -.14 1

Memory for Sentences (3rd grade) (8) 48 .50 .50 32 .15 -28 .22 1

Tower of.Hanoi (3rd grade) 9 29 .34 .23 29 .18 -19 .14 .25 1
ContinugusPerformance Task (4th grade) (20) .26 .25 24 22 09 -17 10 .24 22 1

Memory for"Sentences (1st grade) (12) 45 .50 .50 28 12 -23 24 74 22 .18 1
Tower of'Hanoi (1st grade) (12) 21 .25 .20 18 .07 -16 .12 .19 .38 .13 .18 1
Contintous.Performance Task (1st grade) (13) 25 .21 24 20 .10 -25 .10 .22 .18 31 .14 .13 1

Note: All correlations presented in this table were obtained from 25 hutiputed data sets and were statistically significant at .05 level.
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Table 3

Ordinary Least Squares/Multinomial Logistic Regression Estimates of the
Association Between First Grade Mathematics Achievement and Analysis
Mediators

Coefficients and standard errors fa
Dependentvariables 1st Grade Math

S S.E.

OLS regression coefficients and

standard errors

Self Concept
Math SelfConcept Ability (SCA) 29 w* (.04)
Reading/SeHConcept Ability (SCA) -.06 (.05)

Executive functions

Memory ferSentences 10 * (.05)
Tower oftHanoi 19w (.04)
ContinuoussRPerformance Task A2 (.06)
Division and,FractioiKnowledge 31 (.04)

Multinomial logistic regression
coefficients and standard errors
School Placements (MNL)
Special Education -54 * (-22)
Gifted andsFalented .38 * (.15)

Note. Dependent yvariables are listed on the left (rows). All coefficients liste
were produced,fram fully controlled model&ll continuous variables were
standardized to-gcores using the means and d&nd deviations from each
imputed data set (26wltiply imputeddatasetsn=1362). The likelihood of
placement into.speciaducatiorand gifted and talented programs was
estimated using multinomial logistic regression, with placement intoogrgm
as the comparisen group. Standard errors were obtainebbgstrestimator.
Covariates included first grade measures of reading achievement, working
memory, planning, sustained attention, externalizing, internalizings@cidl
skills; 54month measures of surgency, negative affectivity, and effortful
control;a 36-month measure of school readiness (Bracken Basic Concept

Scalg, and a 2-month measure of mental development (Bayley Mental

This article is protected by copyright. All rights reserved

33



Mediators of Long-Run Math Achievement

Development Index); birttveight, ethnicity, gender, age at first grade test,
number of children in the home, average family income betwesarth and

first grade, mother's education level, mother's age at birth, and site.

*p <.05; *=p< 001
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Table 4
Regression Adjusted Estimates of the Associations Between First Grade Achievement and Age-15 Mathematics Achievement
Model 1 Model 2 Model 3 Model 4
Aqe o Math- CoefficientReduction
Age 15 Math (baseline) Age 15 Math (mediators) (med|atc.)r.s jlfl‘aCtIOI’] from Model + Model
& division 3
knowledge)
S S.E S S.E S S.E S S.E
First Grade Achievement
Mathematics 36 **  (.05) 27 **  (.05) 22 **  (05) A3 = (.02)
Reading 10 * (.04) 10 * (.04) .05 (.04)
Mediators:
Math Self<Cencept Ability 20w (.02) A6 (.02)
School placements (2ntth grade)
Specideducation -13 (.09) -10 (.09)
Gifted-and-talented 20 ** (.07) A7 0* (.07)
Executive Function (3rdth grade)
Memory.for Sentences .08 (.05) .08 (.05)
Toweref Hanoi .03 (.03) .01 (.03)
Contituous Performance Task .04 (.04) .03 (.03)
Divisionrand Fractions Knowledge (5th grade) 221 ¥+ (.03)
First Grade Executive Function
Memory for Sentences .10 * (.04) .05 (.06) .07 (.06)
Tower.of Hanoi .03 (.03) .01 (.03) .01 (.03)
Contiruous Performance Task .08 * (.04) .04 (.03) .04 (.03)
Covarintes Inc. Inc, Inc.

Note. Continuousvariables were standardized ts@res using the means and standard deviations from each imputed datansgtigBsimputed
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datasetsn=1362). Standard errors were obtained by the robust estimateneflicients were generated from fully controlled models. Covariates
included first grade measures of externalizing, internalizing, andlskilis; 54month measures of surgency, negative affectivity, and efforthuta@oa
36-month measure of scho@adiness (Bracken Basic Concept Scale),a2®imonth measure of mental development (Bayley Mental Development
Index); birth weight, ethnicity, gender, age at first grade test, nunflcildren in the home, average family income bemvémonth and fist grade,

mother's education level, mother's age at birth, and gitelel 4was obtained by using Seemingly Unrelated Estimation (stfgsg..05; ** p <.01; ***

p<.001.
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