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Abstract
This studyexamnes whether sel€oncept of ability in math and reading predicts later math and
reading attainment across different levels of achievement. Data from threedalge
longitudinal data sets, the ALSPAC, NICHEECCYD, and PSIBCDS, were used to answer
this quetion by employing quantile regression analyses. After controlling for demographic
variables, child characteristics, and early ability, the findings indicatedhatoncept of ability
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Running headSELF-CONCEPT AND ACHIEVEMENT 3

in math and reading predidtger achievement in each respective domain acrogsaiitile
levelsof achievementThese results were replicated acritesthree data sets representing
different populations and provide robust evidefuzehe role of seHconcept of ability in
understanding achievement from early childhtmeddolescence across the spectrum of
performanee-(low to high).

Overthe:past decades, educational and developmental psychologists have tried to
understand-hoew skill development and motivation (e.qg., self-concept of ability) are linked t
academiclachieveme(fbuay, Marsh, & Boivin, 20Q3Marsh, Byrne, & Yeung, 199Marsh,
Trautwein, Ludtke, Koller, & Baumert, 2008alentine, DuBas, & Cooper, 2004). Although
there is abundant research supporting the connections between self-concejpy ainabil
achievemenfHuang, 2011Mdller, Pohlmann, Kdller, & Marsh, 200%the development of
these relations from childhood to adolescence still needs to be explored. Recent research has
suggestedthatit is important to examine age when examining the relationrbstfeencept
of ability and achievemenbg@vis-Kean et al., 2008)ndeed, a recent megaalysis between
self-concept of ability and academic achievement has reported that the strengthndsthe
between these two constructs changéh age (Huang, 2011). Howevdris still unclear
whetherthe.relations varacross the achievement spectrim., low, average, or high
achieverd ltis.possible, for example, that those who generally succeed in achievement (as
indexed"by"grades) have higher self-concept of ability, and thlos@erform more poorly have
weaker seliconeept in the domains in which they underachieve.

Studens’ self-concept of ability, which refers to studenperception otheir capability
to successfully perform ceccademic task@viarsh & Martin, 2011)has been hypothesized as a
factor explaining academic achievement. From a developmental perspective, achievement and
selfconcept have been describegass of a system whereby young children successfully
perform various academic skills, which in turevelops their positive regard of those skills,

making them more likely to engage and become proficient with them over timekg@gi&lvan
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Aken, 1995 Skaalvik & Valas, 200}l This positive perception @f skill could also be increased

by peer comparison and positive feedbfiokn teacherén a school context. In other words, if a
student feelsompetehin an academic domaithis sense of abilitynight enhance his or her
self-concept enablingthe studento persist atandseek outactivities that furthemfluence

academie achievement, such as taking more advanced classes or researching topics of interest. In
this vein, academic achievement might be promotestientsenhanced sefberception of

thar capabilities in a specific domain.

Although theres evidence of the effect of prior selbncept of sports ability on
subsequent sports performance in adelescentgMarsh, Gerlach, Trautwein, Lidtke, &
Brettschneider, 2007¢xsting research showing the relation between-seticept an@dcademic
achievement has not focused on these links throughout schooling. Given that the chaniges in sel
concept tend-te:become more stable and reliable witiCges-Kean, Jager, & Collins, 2009
Guay et al=2003Varsh et al., 1999})here is aneed for stu@s that explor¢he relations
between students’ setbncept of achievement and their actual achievemearttime
particularlyduring a period whestudents face margompetingacademic challenges. As
students transition from childhoodadolescence theace important decisions regarditige
classes;they.will take (e.g., an advanced mathen@tigaglish course), and confidence in their
academic capabilities wiirobablyimpact hese decisionsyhich, in turn,will likely factor into
subsequerdicademic outcome$hus, looking at how selfencept is linked to academic
achievement from early elementary school to early and middle adolescence cotdd help
understand the development of sadiaicept and achievemehtroughout schooling

A recent'study examined the development of the relation between self-concept and
academic achievemeriiut only in the domain of math (Watts et al., 2015). By using a
longitudinakdateset (i.e., NICHD SECCYD) and controlling for a host of child and background
characteristics, as well as several cognitive and emotional skills, Watts and col(@8d5¢s
found that students’ own beliefs regarding their abilitiem@hmediated the relation between
early and later math achievemenhiese results suggest that students:geiteption of their
math capabilities explairs significant amount of variance in the relation between math
achievement in first grade and at agethbugh the study only focused on the average relations
between seltoncept of ability andtudents’ academic aelvement. Petscher and Logan (2014),
howeverdemonstrated that the assdimns between predictors and outcomes (agademic

achievement) depend on the level of the outcome itself (i.e., high, average, or low geciym
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Thisraises the question @fhetherthelinks between sel€oncept of ability and academic
achievemenvary depending on the level athievementf theindividuals represented in the
study. Thus, the currestudy addresses whether the relation betweercsetfept of ability and
achievement matters across all levels of performascenly for those whachieve athe
highest levels:

Current evidencsupports a domain-specific approach to understaridaggpnnections
betweerself-concept and academic achievem@marsh & Craven, 2006)yith cumulative
researclshowng thelinks betweerverbalself-concept anderbal ability, andnathselfconcept
and math ability, respectivelfzor examplein their study of students in grades 5 td/&ller
and colleague@Moller, Retelsdorf, Kdller, & Marsh, 2011) found positive effectselfconcept
of ability in mathon mathacademic achievement over tinbeit negative otack of effects of
verbal seHeoneept on math academic achievenwmrthe sameperiod As expectedby a
domainspeeifie'frameworkthey also found that verbal self-concept positively predicted verbal
achievement but was negatively related to math achieveriewever,the time frame of this
longitudinal study does not allow for an analysis of the links between self-con@plityfand
achievementluring an extended period of developmeastdemonstrated MWatts et al. (2015).

Thepresent study takeslamainspecific approach texamining the developmental
links between seléoncept and academic achievement across the achievement distribution from
childhoodteadolescencby examining both math and reading as separate achievement
constructs., We take this approdohtwo main reasons. First, math and reading achievement are
critical academic aas in school. Thus, comparing the developmental links between self-concept
and academic achievement across the achievement spacimath and readingllows for
evaluation.ef.these connections in two academic aedegant to student performance over the
school years..Second, there is strong ewtdeacross grades oktkdlomainspecificity of the
links between'seléoncept and academic achievem@nbller et al., 2011)Therefore,
evaluatingthe links between setfoncept and academic achievement at different points of the
distribution in twodifferentdomains should provide stronger evidentéhese linkdetween
self-concept of ability and academic achievement across the achievement spectrum

Specifically, this study adds to prior research by evaluating whethexoseléps of
ability relate toacademi@achievement at adolescence across different levels of performance,
after controlling forearlyacademi@achievemenand other socio-demograplubaracteristics, as

well asothercognitiveandsocioemotional skillsthathave been reported in prior research as
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beingassociated with academic achievem@nincan et al., 2007). Additionally, tleerrent
studyreplicates the results two ways First, the same analyses are performisthg almost
identical measures across three large datdestdst the robustness of these findings across
different populations. Second, whether self-concept dityabias a similar relation with
achievementracross various levelshifachievement spectrum is examinedwo different
achievementiomains. Furthermore, the current study adds to developmental theory by
examiningthe relations between salbncept anéchievement throughout schooling.
Method

Therthree data sets used in this study are the Avon Longitudinal Study of Parents and
Children (AESPAC), the Study of Early Child Care and Youth Development (NICHD
SECCYD), and/The Panel Study of Income Dynamics-Child Development Supplemd (PSI
CDS). As the:goal of the study was to evaluate the links betweetosept and academic
achievemenaeross different levelsf achievement, each data set includes measures of these
constructs. Early and later achievement was measured by using standardized assessments in the
three data sets. Early and later math achievement was measured traboigilKey Stage 1
and 2 matlassessmentsr the ALSPAC,and the Applied Problems subtest of the Woodcock-
Johnson.PsyehBducational BatterRevised (W:R) (Woodcock & Johnson, 1989, 1990y
both theNICHD'SECCYDand the PSIDEDS datasets. To measure reading achievement,
nationalkey'Stage 1 and 2 reading assessments weradtiements used in the ALSPAC. The
LetterWord Identification subtest of the Woodcodtthnson PsychBducational Battery
Revised (W:XR) was used to measuwegarly reading achievememtthe NICH SECCYD andhe
PSID-CDSdata sets. The Picture Vocabulary and Passage Comprehension subtesi of WJ
wereused to.assess later reading achieveinethe NICHD SECCYD dataet andthe Letter
Word Identification and Passage Comprehension sulmEgte WJ-R were used to assess later
reading ahievement in th&SID-CDS.

For all three dataess, seHconceptf ability in mathand reading were examined as
predictor variablegat age9 in the ALSPAC data set, in grade 6 in MI€HD SECCYD andat
ages 11-14 in thBSID-CDS data setdp accounfor the prediction of math and reading
achievemenfwhen children were 11 years old in the ALSPAC data set, 15 years old in the
NICHD SECCYD, andL6-18years old in the PSHZDS)across the achievement spectyamd
also toevaluatethe domairspecificity of the links between setfoncept and academic

achievemenatdifferent levels of achievement
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Additionally, to isolate the links between sekbncept of ability and academic
achievement in math and reading, and control for the effect of preexistinguiifé(Lord,
1967),this study include a host of rekant sociedemographicharacteristicand variouskills
as covariates to control for other wdlbcumented variables affectingildren’s academic
achievemenfe:g., Duncan et al., 200Watts et al., 2015). First, early achievement in math and
reading were included as predictors, when children wérendhe ALSPAC data set, and in first
grade in the NICHD SECCYD and PSICDS data setdn terms of the childeris cognitive
characteristicajyorking memory skillsvere included as covariataschildren’sability to hold
informationfintheir memory and manipulate it simultaneously (Baddeley, 200Bgaas
reported as'erucidbr performancein bothmath(Bull, Espy, & Wiebe, 2008) and reading (Cain,
Oakhill, & Bryant, 200). Socio-emotionadndbehavior problemwere also included in the
analyses asontrol variableslue to their links witlachievement in the school yeéd&CHD
Early Child-Care Research Network & Arsenio, 200%)y. all threedata sets, measures of child
and family characteristics were also considered as control variables. Based on egsaingh,
these included the chiklage, race/ethnicity, gender, weight at birth, number of children in the
householdmaternal education and maternal age at child’s birth, and family inGame.
rigorously-aceount for these influences on achievement, this listvatiatesconsiders more
variables thamrecommonly used in developmental studislescription of these data sefs
provided below; along with the samples and measures used in this study.

Data Sets, Samples, and M easur es

Avon Longitudinal Study of Parentsand Children (AL SPAC). ALSPAC (Golding,
Pembrey, Jones, & the ALSPAC Study Team, 2@®&an angoing populatiorbased study in
England, investigating the effects of environmental, genetic, and other influen¢eshwalth
and development of children. Mothers living in an area in the southwest of the country, the
former AvorrHealth Authority, with an expected date of delivery between Ahril991, and
December 31, 1992, were eligible for enrollment in the study. More than 80% of the known
births from the geographically-defined catchment area were included, resulingtah cohort
of 14,062 live births. The study contains a wealth of data on family background; family
processes; the cognitive, social, and behavioral development of children; and keysfetthe
school environment. In addition, schdelrel data and National Curriculum assessments have

been merged with the study, providing records of individual achievement in math and reading.
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The currentstudy includes 13,901 children out of 14,062 children inrtii@l sample 161
childrenwho did not have any data for the variables used in this stadyexcluded.

Later academic achievement measures. Academic achievement scoliesnath and
readingmeasured when children were agedvkEteused as the outcome variahl€hese were
assesseditough standard administrative achievement tests that form part of the National
Curriculum, called Key Stage assessmerttere Key Stage 2 (KS2) — given to all children in
England over their school career to gauge individual achievement and progreks. For
ALSPAC sample, the tests would have been conducted between 2002 and 2004, depending on
the individual'syschool yeailhe math assessment is scored out of 100 and consists of three
separate tests: a calculator paper test, acatoulator paper test, drma mental arithmetic test.

The reading/test is part of the overall English assessment and is aeboé®0.The score on
both testavereused to calculate ‘exact’ attainment levels from O (eBowing thesame scale
of the Natienal‘Curriculumwhich control for the year the pupttsok their KS2 assessments
and the variations in boundacyt scores each yearovidng a morecontinuous measure of
attainment in each domain than the brd&tional Curriculum leveléseeDuckworth & Schoon,
201Q Levacic, Jenkins, Steele, Vignoles, & Allen, 2005 for further details).

Self-coneept measures. Self-concepts of ability in math and reading were lagbessed
when children-were aged 9 using a posting task. For the takkea were given an envelope
containingtwo statements, one in blue writing and one in red. For example, “Some chiégdren a
interested in reading” (in blue) and “Other children are not interested in reading” (in red). There
were two postboxes, one blue and one red, and on each postbox there were two slots: “sort of
true for me” and “really true for me.” The interviewer read each staterwert, and the child
had to decide.whether they were more like the children described in the bing warithe red
(and, consequently, whether to post the statement in the blue or the reahidaklen whether
the relevant'statement was “sort of truerfe@ or “really true forme’ (and, consequently, in
which slot to post the envelope in the relevant colored box).

Fortheselfconcept of ability in math task, eighiestions were adapted from the
Mathematics Scale of the S&escription Questionnaire (Marsh, 199Bxamples of these
statements are: “Some children don’t enjoy doing maths work,” “Some children fihd martk
hard,” and “Some children are not interested in matohbach’s alpha for thath sel
concept scale at agesas .80 in the ALSPAC dataset.
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The selfconcept of reading ability posting tastas adapted by Nunes and uses eight
items from the scale developed by Turner and Chapman‘pe@iéption measuf€hapman &
Tunmer, 1997, 2003). The Cronbach’s alpha forséconcept of reading abilitheasureat
age 9was.77 in the ALSPAC datasdExample statements from this scale include items such as:
“Some children'find it easy to understand the stories they read in class,” “Some children feel
happy when they are reading,” “Some children think they read well in class,” and “Some
children don't like reading stories with lod$é words in them.” Across the four posting optiams
each domainsummary scores were created, ranging from 8 to 32, with a higher score indicating
a more paositive,selfoncepof ability.

Covariates. Math and reading achievemeatiministered in Year @f primary school
(age6-7) using the first set of nationdky Stage assessments for math and reading (Key Stage
1), were included in the analyses to take into account prior achievement. For tRAGLS
sample, the:tests wecarried out between 1998 and 2000, depending on the academic year of
the cohort member. Included as control variables were sfrontmemoryassessed by the
Nonword Repetition Tesathercole, Willis, Baddeley, & Emslie, 1994nd internalizing and
externalizing problems, evaluated using $teengths and Difficulties Questionna{f@oodman,
1997),bethsmeasuredhen children were aged 8.

The NICHD Study of Early Child Care. Two U.S.data sets were used in this study.
Onecomesfrom'the NICHD Study of Early Child Care and Youth Development (SECCYD).
Mothers aver the age of 18 who spoke English as their first language and gave birtthto healt
babies were recruited to participate in the study. Recruitment began in 19@ktand |
throughout the year. Babies born in designated 24-hour periods in 10 geographically diverse
locations areund the United States were eligible to be part of the reentisample if they met
certain requirements. Participants were selected from the recruited sample based on the
following"conditions: mothers did not have any serious health condition, did not plan to have the
child adopted, and did not plan to move in et three years. Participants also had to reside
within an hour of a study site. The study sample is diverse both economically and lgthnical
however, due to the sampling and goals of the study, a natiogeplgsentative sample was not
recruited. A moe detailed description of the recruitment procesldata collectionand study
proceduresf the NICHD SECCYDs provided by NICHD Early Child Care Research Network
(2002).The current studysedall 1,364children from the SECCYD data.
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Later academic achievement measures. Children’s math achievement at age 15,
measured through the Applied Problems subtest of the WJ-R, was the math outcome of this
study.The WJR Tests of Achievement are dgsed to provide a normative score that shows the
child's abilities in comparison to the national average for the child’s age. Theedppoblems
subtest measures the child’s quantitative reasoning, math knowledge, and matmashiidy
using either amuditory (i.e., question) or a visual (i.e., numeric, text) stimuli. It requires the
child to (a) access and apply mathematical calculation knowledge to perfdmtatculations,

(b) apply quantitative reasoning in response to problems that are presented botmarally a
visually, amd (€) give an oral answer (Schrank, 2006is subtest hasr@portednternal
consistencyfover .90 (Woodcock & Mather, 1989, 199Children’s reading achievement was
measured using the mean of raw scores of the Picture Vocabulary and Passage Comprehension
subtests of.the WR. The subtest of Picture Vocabulary measures language development and
lexical knewledge by asking children to identify an object in a picture and provide a verbal
answe, and the Passage Comprehension subtest requires children to identify a missorg ke

that fits the context of a written passage as a measure of reading comprefido&imw,

Schrank, & Woaodcock, 2007). These subtests have repogddninternal consistency
estimates.abeve .90Voodcock & Mather, 1989, 1990).

Self-concept measures. The selfconcept measures are taken from the How | Do in
School Scale, which was administered in the lab during sixtregiidae seHconcept of ability
items were adapted from the Self and Task Perception Questioffaiobs, Lanza, Osgood,
Eccles, & Wigfield, 2002), and they ask students to indicate their beliefs regtreingbilities
in math (5.items) and English or reading (5 items). Students respond to qugstiors “How
good at mathrare you?” by using a 7-point Likert scale from 1="not at all goothk 4+o
7="very=good+=The total composite score for math and English was calculated by taking the
mean across the 5 items for each scHbe. Cronbach’s alplsavere .8%or both math and

readingself-concept measurés 6" gradein the NICHD dataset

Covariates. Early achievement in math and reading when children wednesirgrade
wereboth'measured through subtests of the WJ-R and included as covariates in this study. Mat
achievement was measured by the Applied Problems subtest (raw scores), whereas reading
achievement was measured by the Lét¥ard Identificationsubtest Also, other child
characteristics before entering school and in first grade were included as control variables in the

analyses. Firstirade measures included child’s working memory (assessed by the raw scores of
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the WRJ Memoryfor Sentences subt@saggressive behaviaand internalizing behavioral
problems Thesdasttwo behaviorelated measures weassessedsingthe Teacher Report
Form, an instrument based on the Child Behavior ChecRigtédnbach, 1991

Panel Study of Income Dynamics. The Panel Study of Income Dynamics-Child
Development:Supplemer®$ID-CDS; Hofferth, DaviKean, Davis& Finkelstein, 1998,
retrieved from https://psidonline.isr.umich.edu/CDS/cdsi_userGD.pdf) — W#1897), I
(2002), and 111 (2007} was used for this study. The PSID isadionallyrepresentative
longitudinal study of over 18,000 individuals living in American families that began in 1968, and
it has collectedydata on families since then. The CDS is awaee study that began in 1997
(CDSI) andrincludedthildren aged 12 yearsn 1997 selectedrom the entire sample &SID
families with'a maximum otwo childrenperfamily. It includes a complete battery of
interviewsyassessments, and observations that collect data on a broad range of developmental
outcomesgineluding acadenachievement. The CDEncluded a sample of 2,394 families and
their 3,568 children; 2,907 children whdsenilies participatedn the 2001IPSID core survey
were reinterviewedin the2002 Wave [ICDS (CDSII). The CDSIII was conducted between
2007 and2008; and only thoS®S-| childrenwhose families participated in the 2007 PSID
core surveys-an@ho were aged younger than 18 in 2007 were eligible foC@ Il (n=1,784).
Of them, 1,506 children were successfully re-intervieweds Jtady usesll 237CDS |
children'who'werd>SID “gened” members (i.e. fallowabledescendanyf an originally
sampled respondent) and wardirst grade in 199 egardles®f whether they participated in
CDS Il and CDS llIFromthese 23TDS | first graders, 193 (83%) were eligible for CDSI ,
and 163 (84.5% of the eligible) weneinterviewed

L ater.academic achievement measures. Children’s achievement scorgsmath and
readingmeasured in th2007wave(CDSHII) , when children were6lto 18 years oldyere used
as the outcome variables. The child’s math achievement was assessed through the Applied
Problems subtest of WJ-R. This subtest focuses on the ability of children to redson a
successfully complete mathematical problems varying in difficultglJandit has standardized
administrative and scoring protocosor this study, the child’s raw score on this subtest was
used as the math outconidne child’'s reading achievement was measbsethe mean of the
raw score of the LettéVord Identification and Passage Comprehenssoibtess of the WJIR.
The LetterWord Identificationsubtest requires the child to detect and recognize printed letters

and words, measuring early reading and decoding, and the Passage Comprehension subtest
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measures reading conghension (McGrew et al., 2007). These subtests have reported median
internal consistency estimates above(\oodcock & Mather, 1989, 1990).

Self-concept measures. The childen’s selfconcept of ability in math and readingre
from CDS I, when children were 11-14 years of age, #rel/were measured using the scales
developedby Eccles and colleagues for both math and reading (Eccles, Wigfield, Harold, &
Blumenfeld, 1993)These scales include ten items that measuregetfept in each domain
(e.g., “How good at math (reading/English) are you?”; “If you were to list all therggioteyour
class from.the worst to the best in math (reading/English), where would you put fR3ursel
Cronbach’s alpbsfor the selfconcept measures math and reading in 2002 were .85 and .86,
respectivelyypin the analytic sample usedhis study.

Covariates. The child’s math achievement measured at €B&s included to account
for prior math-ability. Early math skills were assessed using the raw scoreAyphed
Problems subtest of the VRI-Similarly, to account for verbal ability, reading skills were
measured/by the raw score of the Left®ord Identification subtest of the WR. Additionally,
working memory skills (measured through the Digit Span Backwards subtest of the Wechsler
Intelligence Scale for ChildreRevised, WISER) and children’s internalizing and externalizing
problemss(measured through reports from their primary caregivers, using the Bé&mwabiems
Index), assessed in 1997, were included as control variables.

Cross-study additional covariates. Across each of the three data sets, arntiadd| set
of the children’s characteristics and backgrooodariates was used. Demographic
characteristics and family background variables included child’s birth wemggtsgms),
race/ethnicity, gender and age of the child, number of children irotieehold, natural log
mean of family’s income averaged across at least two periods in eddlyadd, and mothés
educationrandrage at birth of child. In addition, for the NICHD data set, dummy var@iiles f
sites at which the family was recruitedparticipate in the study were also used.

Within each study, all continuous variables were standardizedc¢ores, using
weighted means and standard deviations when applicable from each imputed datasgt. Du
variableswused as indicators of group membership were not standardized. Thadnsgtandard
deviation for variables used in this study for all three data sets are presented in Table 1.
AnalysisPlan

To answer the question of whether the roleefconcept of ability in math and reading
predicts academic achievement through the distribution of performance acroskerdattpsets,
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the variables that provided the best replication of the data were selectedthis) early and

later math and reading achievement variables aleoseracross dataets. Although there were
differences in the instruments used in ALSPAC and the other two data setsghnd sli
differences in the subtests from the-Wised in the NICHD SECCYBnd PSIDCDS all were
standardized instruments that assessed similar abilities to account for reading and math
achievement. The measures of selhcept of ability were also comparable across data sets.
Furthermorean additionabame set of child characteristics and background variables was
included to rigorously accoufdr other factors that have been described as explaining academic
achievemen(Duncan et al., 2007 hus, this selection of comparable and equivalent variables
across datarsets allowémt addressing issues of selection bias that are common to community
samplegDavis-Kean & Jager, 2011as well ador a generalization of this stugyfindings

across thespopulation.

These-data sets provide a rich source of longitudinal data on children’s achievarent
they are vulnerable to problems with missing data fias.rate of missing data in each data set
is presented in Appendix Ahis potentialmissing data biawas addressed by using ttod
targetsample from the initial waviN=13,901 for ALSPAC, 1,364 for IHD-SECCYD, and
237 for PSIBEDS) and thesamemultiple imputation strateggcross the data sdtshandle
missing datalwenty five imputed data sets were generated for each data sdteamdltiple
imputation(M)*model for all data setmcludedall variables in our analytic model aadset of
auxiliary variablegi.e., variables related to the main variables in the study, often the same
measure but assessed at different waagsvell as variables that might affect drop) dliat
providedadditional informatiorio increase the precision of the imputations (Enders, 2010).
Specific auxiliary variables used in each data sehdaadableupon request.

Rulblnformation Maximum Likelihood (FIMLand multiplemputationg(MI) are two
commonrprocedureémplementedo manage missing datisll was used becaus@e of the
unique objectives of this study is to account (control) for mulzpkgables that may be related
to selfconcept and achievement across time. This created complex patetheM|
proceduresgllow for theinclusion ofcategorical group membership (e.g., gender and raceg and
largenumber of auxiliary variabledat arenot part of the analytical model when imputing the
data.Indeed 51 auxiliary variables were used for the ALSPAC dagipr the NICHD
SECCYD and 20for the PSIBCDS. Although Ml is a robust procedufer managingmissing

data,it assumes thdhesedata are missing at random, which is an unverifiable assumption
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(Enders, 2010). Thus/l requires careful selection of auxiliary variables, andsimecification

of the MI model should correctlgefine the relationamongvariables, whichmustbe consistent
with theanalytic models. Furthermore, the Ml model should adslude variableso adjustfor
sampledesign features to avoid misspecification of the model (Reiter, Raghunathan, & Kinne
2006).

ICE softwareinstdled in Statavas used for Mfor ALSPAC, and theStata “mi impute”
command with “chained” method was used for Ml for NICBBCCYD and PSIBCDS.The
software adogst chained equation techniques Kdlr. Stata “mi estimate” command was used for
modelestimation Robust standard errors for linear multiple regressions and quantile regressions
were obtainedfrom model estimationhandleissues opotential heterogeneous variance and
non-normal residual distributions.

Results
Linear Multiple Regression and Quantile Regression Analyses

As this study evaluated whether setinceps of ability in math and reading have
different effectsat several levels of the achievement distributimthlinear and quantile
regression methods were employed. Althougediregression analysis allsyior the evaluation
of the relatiensbetween setbncept and academic achievement over time, it only provides an
estimate of theraverage relation betweenaaticept and math and reading achievement
(Koenker,;"2005Petscher & Logan, 2014). In other words, it does not allow for the analysis of
the relation betweeself-concept of ability in math and reading across different points of the
distribution of achievement in math and reading, respectively. Quantile riegrassalysis, on
the other hand, minimizes the disadvantages of dividing the sampelattedsubgroups by
analyzing the.relation between constructs at different levels of the ou(Patseher & Logan,
2014) witheut.establishing constraints on the funeidarm of the relations betwedine
variables across trmutcomedistribution This methodological strategy offers a more
comprehensivepicture of the links between two or more variables than the one provided by the
conventional leastquare regression alysis that looks exclusively at the conditional nsean
model, andt does so by making no assumptions about the distribution of errors (Koenker, 2005).
Quantile regressioaxploreshow the variables and covariates may shift the central tendency of
the distribution of the outcome variable by looking at different points of the outcombudisty
(Petscher, Logan, & Zhou, 2013) using the full dataset for estimating the relations among

variables in each gutle (Petscher & Logan, 2014). In other words, quantile regression allows
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for the evaluation of ndimear relations of the predictor variables across multiple quantiles on
the outcome distribution, aridr the examination ofvhether the links between the varialbhesy
be different dependingn the point of the outcontistribution(Koenker, 2005Petscher et al.,
2013 Purpura & Logan, 2015). Thus, usiggantile regression allowedto evaluatehe link
betweenseltoncept of ability and academic achievement in math and reattiifterent levels
of performance, including different points at the higher and lowes efralverage achievement

Following prior work illustrating how quantile regression could be a suitabl®agpifor
developmental resear¢Retscher & Logan, 2014); this study 10", 25", 50", 75", and 98’
percentilegof the distribution of math and reading domaiese choseifor analysis The wseof
guantile regression to study thyge ofresearch question isr@velapproachand, as suclihere
is little researcho provide guidancasto how togauge the important levels of academic
achievements:to study. However, quartiles are commonplaesearchelated to distributioal
differencesyleading tthe selection o25", 50", and 75 percentiles. In additiorstudents in the
top and bottom 10 peentof a subject or gradereoftenused to represent the highest- and
lowestperforming students. Thus(" and 25 percentilesn each subject wenesedto represent
thelower-end achievers, the B@ercentile (as the medrasedinear regression) for average
studentsy-and-the 75nd 98 percentiles to reresent the higher achieveBoth the meatbased
linear regression and the"™percentile (i.e., median) quantile regressibowed for the studypf
averagé achievers, but the estimates of quantile regression af'ther&éntile are not as
sensitiveto non-normal residuatndoutliers as the medpased linear regressia The
analyses were conducted separately for both math and reading.
Self-Concept and Math Achievement

The relation between setbncept ofability in math and reading ardter math
achievementvas analyzedirst, aftercontrolling for a host of child and demographic variables.
Table 2 presents the resulifsthe four main predictorgearly math and reading achievement and
self-concepif abilities in math and reading)r both linear multiple regressi@malyses (top
pane) and quantile multiple regression analygbs lpwer five panelsfor math achievement
These analyses account the confounding variables indicated abowet the full tables with the
control variables are includéd Appendix B.The quantile regression tables include the
estimated coefficients, which are approximate to standardized beta coefficients (i.e., effect sizes).
R? for ordinary least squares (OL&)d pseudo &for quantile regressiom, measure of

goodness-ofit for quantle regressiorfKoenker & Machado, 1999arealso included.
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The results from the multiple regression analyses indicate that across all three data sets
early math achievement relates to later math achievement when controlling for the child
characteristics and background al@mographic variables. Theefficients suggest that there is
moderate to high significant positive prediction from early math achieveeiggtt(sizes
ranging between .2r the PSIDCDS and .48 for the ALSPAC data sgtt later math
achievement, even after controlling for reagichild characteristics, and
background/demographic variables. Early reading achievement is also connectthiatat
achievemenin the ALSPAC data set and the NICFEECCYD, althoughthe coefficients are
lower thansthose for early math achievement (.20 ande@ectively)As expected, the
findings showthaself-concept of ability in matimeasured between 9 and 14 years of age is
related to'later math achievemeewen after taking into account the confounders of early math
and reading-achievesnt, child characteristics, and demographic and background varigides.
effect sizes-forthe relation between smihcept of ability in math and math achievensaet 15
for ALSPAC, .19for NICHD SECCYD and .19or PSIDCDS, whereaseli-concept of abity
in reading in middle childhood is baralglated to later math achievement for all three data sets

Quantile regression analyses were then used to test whwhgattern ofthe results
linking selkeeneept of ability in matko latermathachievementound inthe mearbasedinear
regression wotlld beeplicatedat the 58' percentile as well ador students at other levels thfe
achievemendlistribution. This would provide evidence that tl@sultis a phenomenon across
the achievement spectrum and not merely specificdertain group of achievers. The findings
replicated across the datasatsl showed strong support &elf-concept of ability in math
positivelyrelating to math achievement in all quantiles of the achievement distribution.

For.thedlow-end quantiles, the gap in math achievement at thgustile for children
who were.average on salbncept of ability in math compared to children who wegbhbove
the meamanged from .18 to .24tandard scorén the three datasetafter controlling for all
other variables'included in the mod8imilarly, controlling for early achievement, reading self-
concept, and several child and background characterticgap in math achievement at the
25" quantile for children who were average on self-conoépbility in mathcompared to those
who were 1SDabove the meaof selfconcept ranged from .16 to .&8ndard scorekikewise,
the effect sizes at the B@uantile (ranging from .14 to .pere closelaligned to those of the
linear model that ranged from .15 to .19). For the high-end quartiles of math achievement, the

gap in math achievement at thé"giantile for children who were average on selficept
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compared to those who were&SDabove the mean ranged from .14 tosgdndard scoresgfter
controlling for the other variablel the same vein, the gapritathperformancet the9g"
guantile for children who had an average score on self-concept of ability in mathareainto
those who were $Dabove the mean rangéom .12 to .2Ztandard scores

Figure=1(in Appendix C)shows the quantile process plots for the multiple quantile
regression, includinthe slope coefficiestfor selfconcept of ability in math and for early math
in each data set. The plots represent the partial slope coefficiemath seHconcept and early
math achievementhen controlling for the other variables in the modéle slope coefficients
for math seHconcept between quantiles wénencomparedto test the xtent to which point
estimates forsslopes were statistically signifiq@dtscher & Logan, 2014¢onsistent with the
quantile process plots (Figure 1), none of the inter-Gjeaests between Y0and 9¢', 90" and
50", and 58-and 18' quantiles fothe coefficients of math setfoncept ananathachievement
was signifieanin the PSIDCDS and NICHD SECCYD data sekdowever, there were
significant differences in the estimates between quantilebé&LSPAC dataset and these
appearean the interquantile regression tedtsatwere conducted awell as the quantile process
plots. Specifically, when comparing the"dand 18' quantilesthe results suggest that the
estimatedsmath,setfoncept of ability slope coefficients were significantly differentialbed;.06
with 95% CI [-:09, -.03]aswere the differences between thd'@hd 50 quantilesp= -.02
with 95% CI[=04, -.0f and the 58 and 18 quantilesp= -.03 with 95% CI [-.06, -.01]. Aese
findings suggest that the link between self-concept of math ability and magivercieint is
statistically differentiated depending on the math performance of the studeniiset words, in
the ALSPAC data set, there is a smaller association witttgetfept when math achievement is
at the higher.end, versus a higher association that is eoseetween achievement and self
concept.when.math achievement is lower.

These results highlighhe role ofself-concept of ability in matim predictingmath
achievement across thehievement spectryrand they suggetitatselt-concept of ability in
mathexplains math achievemethiroughout schooling. Furthermotbge quantile regression
estimates of selfoncept of ability in matbn later math achievement fomost ofthe quantiles
chosen in this studye within the 95% confidence intervaf the linear regression estimate
acrossall three data se(gxcept for the 9D quantile for ALSPAC). This suggedtsatthe
guantile estimatealign withthe linear regression estimgtéenker & Hallock, 200}, which

strengthens our confideain the robustness of the relation between-cetfcept of ability in
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mathand math achievemer@sa more complete picture of the links between both constructs
across the math achievement spectaimergesThe PSID, unlike the other two data sets,
showed one nosignificant cell, but the coefficientaslike the other studies at thauantile.
Dueto differences in sample size in ttheee data setesxamined, the significance leveldl
necessarilyvary, but the effect sizes are quite siraitasngthe data sets. Given the differences
in power to detect even very small effects, the results that follow willdoeisBed at both the
size of the coefficient as well as the significance kY{Rbsenthal, Rosnow, & Rubin, 2000).

In summary, these results revéa distinct role oself-concept of ability in math in
predictingdaterimath achievement across the full spectrum of achievémiams. with
hypotheses*eoncerning domapecificity, sel-concept of reading abilitglid not predict later
math achievement. Again, these models fully controlled for early matreadohg abilites and
variables related to children’s early ability and demographic variables.
Self-Concept-and Reading Achievement

To evaluatdurtherthe domairspecificity of the relation between selbncept of ability
and academic achievemeross the spectrum of achievement, the same analyses were
performed between setbnceptsn math andn reading andaterreading achievemenAs
above, hefirstspart of Table 3 presents the results for linear multiple regression analyses,
whereas the results from quantile multiple regression analyses are displayddweth@anels
of Table"3:"Again, the tables with the coefficefdr the confound variables are included as
supplemental materia(see Appendix D)long withR? for ordinary least squares (OLS) and
pseudo Rfor qUantile regressigm measure of goodnessfitf{Koenker & Machado, 1999

In line with themathfindings, the results from the multiple regression analyses are
replicated acress the three data sets and show that early reading achi@esitigaty predicts
later reading.achievement (beta coefficiearts .36, .20, and .X6r ALSPAC, PSIDCDS,and
NICHD SECCYD respectively, after taking into accourseveralconfounding factors. As in
prior researci{Duncan et al., 2007)he results fronthe three data setéso indicate that early
math achievemersignificantly predicts later reading achieveméeitfect sizes 0f20, .22 and
.26for RSID-CDS, NICHD SECCYD, and ALSPAGCespectively)

The results that linkelf-concept of ability imreading to later reading achievement
support thelomainspecificity hypothesisseltconcepif ability in readingmeasured in middle
childhood is related to later reading achievement after controlling for eatlyand reading, as

well as for childer's shortterm memory, behavioral and emotional problems, and a host of
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demographic characteristics. This finding is replicated across the data sets, and the beta
coefficients arel2 for NICHD SECCYD,13for ALSPAC, and .17or PSID-CDS. Self-
concept of ability in math did not predict later reading achievement imth®).S. data setsand
it wassignificantlynegatively related ttater reading achievemeintthe ALSPAC data set.
However; the'small size of the coefficienD@) may bepracticallyignorable, and the
statistically significance iprobably due to thiargesizeof the ALSPAC data set (713,901).

As displayed in the second part of Table 3,r#mlts forquantile egressioa show the
same patternfor the relation betweethe two measussof self-concept and later reading
achievementound inthelinearregressioranalysisat all five quantile®f readingachievement
levels studiedAgain, this finding is replicated across the three data sets, highlighting the
positive link between selfoncept and later achievement in the arenaadingthatis
maintained-foer,students who are at different levels of the distribution of anteeveror the
students atthe‘lownd of the distribution of reading achievement, at tffeqL@ntile, the gap in
reading achievement for children who were average oftselfept of ability in reading
compared to children who wereSDabove the mearanged from .11 to .23 standard scores,
after controlling for early achievement, math smificeptand several covariateslso, the gap
in readingperfermancet the 28 quantile for children who were average on self-concept of
ability in reading compared to those who wergllabove the mean of saeibncept ranged from
.11 to .21standard scores. Similarly, the beta coefficiathe 58 quantile (rangingrom .10 to
.17) were closely aligned to those of the linear model (rarfgimg .12 to .17).

Forchildren at thénigh-end quantilesf readingachievementsimilar results were found
after controlling for early achievement, math smificeptandthe covariatesThe gap imeading
performance.at.the PHjuantile for children who were avergn selconcepbof reading
compared to.those who were&SD above the mean on self-concept ranged from .09 to .14
standardscoreSimilarly, the gap imeading achievemeat the 98' quantile for children who
had an average score on sshcept of ability in reading compared to those who we3® 1
above the mean aeadingself-concept ranged from .07 to .&&ndard scores.

The quantile process plots for the multiple quantile regression, incltiirejope
coefficient for seHconcept of ability in reading and the slope coefficient for early reading in
each data seire provided in Figure 2 in Appendix Ehe plots represent the partial slope
coefficiens for reading seléoncept ad early readingvhen controlling for the other variables in

the modelAs for math achievement, the coefficiefasreadingself-conceptetween quantiles
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were compared to tesithe differencesvere statistically significar(Petscher & Logan, 2014).
As can be seaein the quantile process plots &elf-concept and reading achievemefig(re 2),
none of the integuantile tests between $0and9d”, 90" and 5¢", and 58 and 18 quantiles
wasstatisticallysignificantfor the PSIDCDS and NICHD SECCYD datets However, here
were significant differences in the estimates between quantiléssfat SPAC datathat were
revealedon the interquantile regression tedtsat wereconductedas well as the quantile
process plotd.ike the results from math, when comparing between tfeai@ 18' quantiles,
the resultS.indicatthat the estimated reading setincept of ability slope coefficients were
significantly differentpb= -.08 with 95% CI [-.12, -.05]as were the differences between th& 90
and 50" quantilesp= -.03 with 95% CI [-.05, -.01], and the Band 18 quantilesp= -.05 with
95% CI [-109, -.02]. These findings suggtsit in the ALSPACthere is a smaller association
between reading setfoncept and reading achievement when achievement isdoigiparedd
the higherlink-between reading setincept and achievement when achievement is lower.

Likée the results found for math achievement, the PSID, unlike the other two data sets,
showed two norsignificant cel§, but the effect sizes were comparablé¢himsein the other
studies athe 'samejuantilesAs wasfound inthelinear multiple regressioanalysis there is a
negligiblessignificant negative relation betwesatf-concept of ability in math anldter reading
achievement atthe £p25" and 7%' quantilegrangng from -.02 to -.04)n the ALSPAC data
set. Again;‘the'small significant effect sizes of this negative relategnbe practically
unimportant, and the statistical significancerigbably due to thlEargesample size.

These findings indate that seftoncepibf reading abilityplays a significant role in
predicting later reading achievement. This relation is significant not only for the average
students, but.for all grougsrosghe achievement distributipfrom low to highachieversAlso,
this link.between self-concept of ability and reading achievement is d@peaaific.Moreover,
these resultsare replicated across three longitudinal data sets, even after controlling for child
characteristics,\background variables, and prior academic achievement.

Discussion

The intent of this paper was to test whether beliefs about achievement abilities predicted
later achievement (in children -Ilb years of age) in math and reading, across the different levels
of the distribution of performance. There are multiple perspestim why beliefs about
achievement might be important for later achieven(igiairsh, 1990)as well as tags onwhy

they may be simply a reflection of high achievers and therefore not distinct from achntvem
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itself (Shavelson & Bolus, 1982This study systematically examined these ideas using multiple
longitudinal data sets so that the role of-selficeptin predictinglater achievement across the
distribution of performanceould be examined while controlling for earlier achievement and
other child characteristics and background variables. Additionally, the robusfribssrelation
was testethylooking across the quantiles of achievement ability in two distinct domains, math
and reading, anby replicating the analyses in three data sets. Thus, this paper provides a
comprehensive examination of the relation between self-concept of abilitytanddademic
achievement to understand the role of achievement beliefs in motivatingdaievement in
students with different levels of performance in math and reading.

The results show robust, replicated evidence that children’s beliefs abouatieand
readingabilities explain some of the variance in later natt readingichievement
respectivelyafter controlling for a strong set of demographic and child characteristics, as well as
prior academie‘achievement. Perhaps even more striking is that a more positivé math and
reading ability showed higher levels of math and reading achieveraespgatively, evefor the
lowest performing students. These results suggest thataselépt of ability does play an
importantirole in motivating achievement over time and across achievemest Atlgbugh
there isgprierresearch showing that sshcept of ability and academic achievement are related
over time (Mdller et al., 2011), artdat selfconcept of ability mediates academic achievement
in the domain‘of math (Watts et al., 2015), this study adds to this research by showing that
children’s beliefs about their academic abiliiedoth math and reading play a role in
promoting achievemeiit each respective domdiom early chitthood to adolescence.

Even mare importantly, this study highlights the finding that this relation is nib¢dirto
students whe-perform at the top levels, but extends to students with differénbleve
achievement.in.math and readifigne results fronthe NICHD SECCYD and PSKCDS did not
show differences in th&trength of the relation between sedincept of ability and academic
achievement across the quantiles. However, the same comparisons in the ALSPAC data set
suggest that this link migle stronger for students at lower levelshe achievement
distribution, compared to thosethe toplevels of achievement in math and reading. This
finding, although not replicated across data sets, might inditatstudents’ beliefs about their
acacemic abilities exert a stronger role for thesedents who are not achieviaghigher levels
Contrary to thedeathat higher achievers were driving the link betweencaticept and

academic achievement, these results sughasstudents’ beliefs about their academic abilities
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act as dooster for motivating them to achieve in academic don@airsss different levels of
achievementandthese beliefsnight be even more important for students at the lower levels of
the achievement distributiomhese indings, then, improve our understanding of the links
between seltoncept of ability and academic achievement in math and readingitume f
researchrcouldccount for this decreasing link
Moreover, and ihine with domainspecificity research, the current findings also revealed
thatself-concept of ability in matpredicts later math achievement, and thatsaifceptof
ability in readingpredicts later reading achieveméit not vice versa, indicating that the links
betweerseltconceps of ability andlater achievemeraredomainspecificacross different levels
of the distribution as well
Limitations and Future Research
Evenstheugh this study addresses many of the problems in the literature on self-concept
and achievement, there are@imitations to the research. Selbnceptmeasuregxplaireda
rather modest amount variancen later math and reading achievemdfxenwith the inclusion
of a strong set of contextual and individual child variables in the model, therehshmawe to
understand regarding later math and reading achievement before effectiventiaasvean be
designedsuit-wilknot be as simple as trying to make children feel positive about their skills. There
are other factors that need to be considered when trying to untangle later achieveme
Otherpotential avenues not assessed in this study are the influences of teachers, parents,
or peers in both the construction of beliefs about abilities as well as thhesteindividuals
play in academic achievement ovendi. Indeed, children already differ in math and reading
ability upan entry to schogDavisKean & Jager, 2034enno, Wilkinson, & Moore, 2002), and
trying to understand what parents may be doing in the home environnfiestietonath and
readinggas:well as their perceptions aboutohin’s competence, are important aspeztstudy.
Arunique aspect of this study is that it tested the relation betweerosekpt and
achievement across levels of performance. The findings highlight that selfptohedility in
middle childhood wasdeed a positive predictor of later academic achievement for students
with high, average, and low performance. What is less clear from this study are the mechanisms
through which self-concepff ability in math and readingredictsacademic achievemeint
those domains across multiple points of the distribution of achievement (i.e., among high
achievers, average achievers, and low achievers}iawerlt might be that students who believe

that they have the ability to perform well might persist or inueste effort in academic
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activities, which in turn might boost their academic performance within their level of
achievement. In line with the work done by Dweck (2000), students who believe that their
performance depends upon their effort instead of a fixed aptitude to aaliliematperform their
peers with similar academic achievement. This observed relation betweeorsspt and
academic achievement across multiple points of the distribution, and found in twerdiffe
domains, needs to be further investigated to fully explain how this relation worksg) a&tuolents
who perform at high, average, and low levels when compared to their peers.

Finally, the observational data used in this study cannot establish causalggha®if-
concept and achievement. Tieenporalnature of thedatg however, does give some support for
causal timingrof the events (i.e., achievement beliefs in middle school to academic achievement
in adolescence). Thus, future research should use longitudinal stueligdaxe the causal
mechanisms:related to the relation betweenam@itept of hility and academic achievement
Conclusions

This study shows that children's perceptions of their abilities are important in promoting
later achievement across different levels of the achievement distributioouirlat work is a
rigorous, replicated studysinglarge longitudinabamples, and the results provide solid evidence
of the rolesthat.sel€oncept has on the math and reading skills in adolescence. Future studies
need to address other potential influenodsoth achievement and achievement beliefs, such as
school and*heme. This study shovikdt selfconcept of ability beliefs in middle childhood
relate to math and reading achievement, and that this matters across the achievement spectrum.
The next stepare to understand why some children are more successful in math and reading and
why, even at low performance levels, sathcept of ability serves as a motivational factor for
higher achievement. Since these measures focus on comparisons with oth¢s stuaksessing
one’s own ability, perhaps there is something to be found by examining how students make these
judgments about themselves and others. Gender differences should also be explored to bett
understand these relations. These avenues may ledaetter understanding of what teachers

and parents can do to promote achievement in sagmthildren.
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Table 1: Descriptive statistics of unstandardized analysis variables by data sets

UK: ALSPAC (N=13,901 each)

US: NICHD SECCYD (N=1,364 eact

US: PSID-CDS (N=237 each)

Variables Mean $Std.Dev. Min M ax M ean SD. Min M ax M ean SD. Min M ax
Later academic achievement
Math 451 .92 0 6 41.50 6.00 18 59 42.68 7.38 26 58
Reading 4.64 .89 0 6 34.11 4.06 15 45 39.26 6.53 14 47
Early academic achievement (age 5 to 8)
Math 15.78 4.03 3 21 24.92 4.37 8 39 22.56 5.23 11 36
Reading 15.95 4.50 3 21 26.66 7.32 5 47 23.63 8.97 5 49
Early child characteristics (age 5 to 8)
Short-term memory 6.88 2.60 0 12 39.37 4.66 1 53 2.93 152 0 7
Conduct problems .79 151 0 10 54.24 6.05 50 91 5.86 411 0 15
Emotional problems 141 1.96 0 10 49.36 9.38 36 84 2.65 2.77 0 12
Control and background variables
Birth weight in grams 3382 581 200 5640 3490 506 2000 5428 3461 613 510 47
Race/ethnicity (ref.group white) .05 .22 0 1 .24 42 0 1 .36 48 0 1
Gender (ref group-female) 52 50 0 1 52 50 0 1 .54 50 0 1
Age (in years)at early achievement 7.42 31 6.60 8.50 7.03 31 6.29 8.40 6.97 48 6.04 8.1
Mean # of children 2.07 .88 0 12 2.30 .94 1 7 2.65 1.15 1 9
Log mean income 5.49 .60 391 6.11 10.53 .79 7.82 12.60 10.73 .85 8.47 13.
Mother's education*(in levels/years) 3.06 1.23 1 5 14.23 251 7 21 12.85 3.16 3 17
Mother's age at'birth'of chid 28.00 4.96 15 44 28.11 5.63 18 46 27.48 5.97 13 42
Self-concept of ability
Math self-concept ability 23.57 5.54 8 32 5.76 1.03 1.00 7.00 5.00 .99 1.38 6.80
Reading self-concept ability 23.97 4.88 8 32 5.88 101 1.00 7.00 5.20 1.01 2.60 7.00

Note: Descriptive statistics were generated from 25 MI datasets and were weiglR&H-CDS. For ALSPAC, math and reading were measured by Key Stage 2aNs®pssments at age
11 (later academic*achievement) and Key Stage 1 National Assessments at age 7 (early acadlemietyhiFor NICHD SECCYD, later and early math achievement were measured b
Applied Problems raw scores at age 15 in 2006-2007 and at age 6-8 in 1998-1999. Reading achievemestingd oy mean of raw scores of Picture Vocabulary and Passage
Comprehension-atage 15 in 2006-2007 and by Letter-Word Identification raw scores at age 6-8 in 1998-R99D-EDS, later and early math achievement were measured by WJ-R Ap
Problems rawscores-at ages 15-18 in 2007 and at 1st grade in 1997 (age 5-8). Reading achieveraastreasdy the mean of raw scores of Letter-Word Identification and Passage
Comprehensionatage 15-18 in 2007 and by Letter-Word Identification raw scores at age 5-8 in 1997.
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Table 2: Linear Multiple and Quantile Regression for Later Math Academic Achievement by Data Sets
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UK: ALSPAC (N=13,901 each)

US: NICHD SECCYD (N=1,364 each)

US: PSID-CDS (N=237 each)

95% C.1. 95% C.I. 95% C.1.
Model Parameter, b s.e. tvalue pvalue LB UB b s.e. tvaluep value LB UB b s.e. tvaluep value LB UB
Linear multiple regression
Early academic achievement (age 5 to 8)
Math 48 *** (.01) 38.62 <.001 45 .50 Rl (03) 1185 <.001 34 48 22 (.10) 2.26 .026 .03 41
Reading .20 *** (01) 1656 <.001 .18 22 .08 (03) 245 .016 .02 .15 .07 (10) 0.62 535  -15 .28
Self-concept of ability
Math/self-concept ability .15 %+ (01) 1339 <.001 13 .18 B (02) 9.08 <001 .15 .24 i) (07) 290 .005 .06 .33
Reading self-concept ability .02 (.01) 1.67 .099 .00 .04 .00 (03) 000 997 -05 .05 .02 (06) 030 .766  -.10 13
Intercept -06**  (01) -442 <001 -.09 -.03 -4 (07) -198 048 -29 .00 -4 (10) -1.42 159  -33 .05
Quantile multiple regression
QR-10 Early academic achievement (age 5 to 8)
Math .58 *** (.02) 2840 <.001 .54 .62 39 (.04) 9.80 <.001 31 A7 21 (.15) 1.35 175 -.09 5
Reading 27 *** (.03) 1043 <.001 22 .32 .09 (.04) 2.23 .030 .01 .18 .18 (.15) 1.19 241 -12 48
Self-conceptiof ability
Math self-concept ability .18 *** (.02) 1112 <.001 15 21 8> (.03) 5.64 <.001 12 .24 Wl (.09) 2.28 .026 .03 40
Reading self-concept ability .02 (.02) 1.20 .235 -01 .05 -05 (.03) -1.52 134 -11 .02 .03 (.10) 0.29 771 -17 .23
Intercept -82** | (02)  -3668 <001 -86 -77 -93*  (08) -11.93 <001 -108 -7€ -3* (15 561 <001 -111 -53
QR-25 Early academic achievement (age 5 to 8)
Math 51 *** (.01) 3512 <.001 48 54 R i (.04) 9.24 <001 31 A48 30 (.10) 3.10 .003 A1 49
Reading 21 *** (.01) 1453 <.001 .18 .23 .09 (.04) 2.08 .042 .00 .18 .08 (.12) 0.68 .502 -.16 .32
Self-concept of ability
Math'self-concept ability .16 *** (.01) 1191 <.001 A3 .18 g (.02) 755 <001 14 .24 7 (.07) 252 .014 .04 31
Reading self-concept ability .02 (.01) 1.42 161 -.01 .04 -02 (03) -067 501 -.07 .03 .04 (07) 059 555 -10 .18
Intercept -39** | (02)  -2558 <001 -42 -.36 -60* | (08) -7.27 <001 -76 -43 S53* 0 (12)  -445 <001 -76  -29
QR-50 Early academic achievement (age 5 to 8)
Math 45 *** (.01) 39.32 <.001 43 A7 Rl (04) 1168 <.001 34 48 .22 (.12) 1.93 .058 -01 A4
Reéading .18 *** (01) 1590 <.001 .16 21 07 (04) 192 .058 .00 14 .03 (100 030 .762 -18 .24
Self-conceptiof ability
Mathyself-=concept ability 14 *** (.01) 1446 <.001 A2 .16 g (.02) 8.05 <.001 14 .23 20 (.08) 248 .018 .04 .37
Reading self-<concept ability .02* (.01) 1.98 .050 .00 .03 .02 (.03) 0.80 423 -.03 .07 .04 (.07) 0.53 597 -11 .18
Intercept -.01 (01) -117 244  -04 01 -18 (09) -197 050 -36 .00 -21 (11) -1.88 .063  -43 .01
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QR-75 Early academic achievement (age 5 to 8)
Math .39 (.01) 39.00 <.001 .38 41 R (.04) 9.66 <.001 .32 .48 .16 (.15) 1.03 .306 -15 46
Reading A7 M (01) 1523 <.001 14 19 B (04) 261 .010 .02 .18 .05 (12) 044 .660  -.19 .30
Self-coneeptiof ability
Math self€€@ncept ability 14+ (01) 1588 <.001 a2 15 g (.03) 6.39 <.001 13 .25 al (09) 2.26 .028 .02 .39
Reading self-concept ability .01 (.01) 1.60 112 .00 .03 .00 (03) 014 890  -.06 .07 .00 (.09) 0.03 977 -17 .18
Intercept 34**  (01) 2627 <001 31 36 23 (09) 251 013 .05 .42 22 (17) 130 A¢7  -12 5
QR-90 Early academic achievement (age 5 to 8)
Math .35+ (.01) 29.38 <.001 .33 .38 R (.05) 831 <001 .30 .49 .14 (:19) 0.75 460 -.24 .53
Reading .14 %+ (.01) 10.87 <.001 A1 .16 .07 (.04) 1.87 .064 .00 .15 o] (.16) 0.63 .528 -.22 42
Self-coneept.of ability
Math self-concept ability 12 % (.01) 12.84 <.001 .10 .14 2o (.04) 6.32 <001 .15 .29 .16 (.12) 1.35 184 -.08 40
Reading self-<concept ability .01 (.01) 1.64 .104 .00 .03 .00 (.04)  0.02 984  -.08 .08 .00 (100 -0.03 977 -20 .20
Intercept 63**  (02) 4036 <001 .60 66 77 (19) 0 400 <001 .39 1.4 G%*  (18) 355 001 .28  1.00

*p <05 %% p < 0L p <.00l.

Notes.Each equation was estimated by 25 Ml datasets, and quagtiesssions at different quantiles (.10 [QR-10], .25 [QR-26 [QR-50], .75 [QR-75], and .90 [QR-90]) were estimataultaneously. Standard errors were obtained by

robust variance estimator for linear regression and bystiagt with 25 replications for quantile regression. Alltawmous variables were standardized to z-scores usingaae and standard deviation from each imputated data set. 4
models controlled for child's early short-term memory,chest problems, emotional problems, birth weight, racefeiy, gender, age at early achievement, mean # of chjlitrgmmean income, mother's education, and mother's agehat
of child. For NICHD SECCYD, all models alsmntrolledfor study sites. For PSID-CDS, linear multiple regressivae weighted. LB is lower bound and UB is upper bound of 958fdmmce interval (C.1.).
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Table 3: Linear Multiple and Quantile Regression for Later RepAcademic Achievement by Data Sets

UK: ALSPAC (N=13,901 each) US: NICHD SECCYD (N=1,364 each) US: PSID-CDS (N=241 each)
95% C.I. 95% C.I. 95% C.I.
Model Parameter b s.e. tvalue pvalue LB UB b s.e. tvalue pvalue LB UB b s.e. tvalue p value LB UB
Linear multiple regression
Earlysacademic achievement (age 5to 8)
Math .26 *** ((01) 1796 <.001 .23 .29 22* 0 (.03) 6.60 <.001 15 .28 20 (.09) 2.16 .034 .02 .38
Reading .36 *** (.01) 2439 <.001 .33 .39 8% (.03) 4,99 <.001 .10 22 20 (.09) 224 .028 .02 .39
Self-concept of ability
Mathiselfsconcept ability -.03** (.01) -3.17 .003 -.06 -01 .00 (.02) -0.11 914 -.05 .04 .02 (.07) 0.33 744 -11 .16
Reading'self-concept ability A3 % (.01) 10.66  <.001 .10 15 2* o (.03) 4.85 <.001 .07 .18 A7 (.06) 2.60 .011 .04 .30
Intercept .07 *** (01) 589 <001 .05 .10 -.05 (07) -0.67 505 -.19 .09 19 (09) 218 .031 .02 .37
Quantile multiple regression
QR-10 Early academic achievement (age 5to 8)
Math .31 ** (.02) 1366 <.001 .27 .36 285 (.04) 5.81 <.001 .16 .33 .20 (.16) 124 216 -12 51
Reading 57 *** (.03) 20.19 <.001 .51 .62 I (.05) 3.61 .001 .07 .26 23 (.13) 1.67 .096 -.04 A4
Self-concept of ability
Math.self-concept ability -.04 ** (.01) -2.71 .008 -07 -01 -03 (.03) -1.05 .299 -10 .03 .03 (.11) 0.24 .809 -19 .24
Reading self-concept ability .15 %+ (.02) 8.28 <.001 12 .19 Bl (.04) 2.75 .009 .03 .19 28 (.10) 2.26 .026 .03 .44
Intercept - 70 *** (03) -26.82 <001 -75 -.65 -89* (12) 752 <001 -1.13 -66 -.40 (200 -195 .055 -81 .01
QR-25 Early/academic achievement (age 5 to 8)
Math 24 *F* (.01) 16.56 <.001 21 .26 23 (.03) 6.69 <.001 .16 .30 21 (11 1.84 .068 -.02 4
Reading A3 (.02) 26.23 <.001 .40 A7 3% (.04) 3.56 .001 .06 21 .22 (.12) 1.89 .064 -.01 4
Self-<concept of ability
Math self-concept ability -.03** (.01) -2.68 .009 -.05 -01 -.02 (.02) -0.89 377 -07 .03 .01 (.08) 0.11 914 -14 .16
Reading.self-concept ability 11 % (.01) 10.15 <.001 .09 14 2* o (.03) 4.54 <.001 .06 17 Waid (.07) 2.79 .007 .06 .35
Intercept - 23 % (02) -1498 <001 -26 -.20 -52* 0 (08) 637 <001 -69 -36 -.10 (13) -079 431 -35 .15
QR-50 Early.academic achievement (age 5to 8)
Math .19 *** (.01) 17,59 <.001 17 21 9 (.04) 4,93 <.001 A1 .27 A7 (.11) 154 128 -.05 .39
Reading .31 ** (.01) 27.06 <.001 .28 .33 I (.03) 491 <.001 .10 .23 23 (.10) 2.23 .030 .02 A3
Self-concept of ability
Math self-concept ability -.01 (01) -1.69  .095 -.03 .00 .00 (03) -0.03 975 -.05 .05 .00 (.07) 0.04 964 -14 .15
Reading self-concept ability .10 *** (01) 1162 <.001 .08 12 By (.03) 3.94 <.001 .06 .18 A7 (07) 2.45 .017 .03 31
Intercept 17 (.01) 1447 <.001 .14 19 -.08 (.11) -0.75 452 -.29 13 .16 (.11) 1.41 164 -.07 .3
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QR-75 Early academic achievement (age 5to 8)
Math .15 %% (.01) 1531 <.001 13 .16 g (.04) 5.22 <.001 A2 .27 A7 (.10) 1.68 .098 -.03 .37
Reading 22 %% (.01) 2331 <.001 .21 .24 e (.04) 4.72 <.001 .10 .25 A5 (.11) 1.36 .183 -.08 .38
Self-concept of ability
Math'self-concept ability -02* (01) -2.35 .022 -.03 .00 .04 (.03) 124 217 -.02 .09 -.01 (08) -0.08 936 -.16 .15
Reading self-concept ability .09 *** (01) 1295 <.001 .07 .10 2* 0 (.03) 3.66 <.001 .05 .18 14 (.08) 1.63 113 -.03 3
Intercept s (01) 4971 <001 .46 .50 A43* (.08) 525 <001 .27 .60 5T (12) 413 <001 .26 .75
QR-90 Early academic achievement (age 5 to 8)
Math 13 x* (01) 1330 <.001 A1 14 g (.05) 4.07 <.001 .10 .28 .16 (.19 0.86 394 -22 .54
Reading .16 *** (01) 1793 <.001 14 .18 8*  (.04) 3.78 <.001 .07 .24 A2 (.14) 0.84 400 -16 4
Self-concept of ability
Math self-concept ability -.01 (01) -1.79 .077 -.03 .00 01 (.04) 0.17 .868 -.08 .09 -.03 (11) 030 .765 -25 .18
Reading self-concept ability .07 *** (01) 1072 <.001 .06 .08 IB*  (.03) 4.67 <.001 .08 21 .09 (12) 0.79 430 -14 .33
Intercept 7L (01) 7296 <.001 .69 .73 BT (.08) 9.80 <.001 .65 .97 83 (.18) 460 <001 .47 1.19

*p <.05. **p <.0L.***p <.001.

Notes: Each equation (linear regression and each quatfitession at .10 [QR-10], .25 [QR-25], .50 [QR-50], .75 [BR-and .90 [QR-90]) was estimated by 25 M| datasets. Stdrd@rs were obtained by robust variance estimator for all
equations. Allmodels included study sites for NICHD SECCMm 1997 child weight was used for PSID-CDS. All continuwariables were standardized to z-scores using the meanarthed deviation from each imputated data set. All mot
controlled for child's early short-term memory, conductyems, emotional problems, birth weight, race/ethnigignder, age at early achievement, mean # of children, lag imeome, mother's education, and mother's age at birtfilebfleor
NICHD SECCYD, all models also controlled for study sitesid®wer bound and UB is upper bound of 95% confidence inité@vg.
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