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DISSERTATIONABSTRACT
ElizabethRoseGallagheBarker
Doctorof Philosophy
Departmenof EducationaMethodology,Policy, andLeadership
SeptembeR015

Title: To WhatExtentDo EarlyLiteracySkills PredictGrowthin Mathematicdor
Students wittReadingDifficulties?

High correlationsexistfor studentavho strugglewith readingandmath, andasa
consequencetudents wharepoorreadergendto do poorlyin mathematics. Aew
studieshave investigatethe longitudinalgrowth of thecorrelationbetweerreadingand
mathematics.This dissertatiomutlines thanvestigationof therelationbetweerreading
foundationakkills andgrowthin mathematicsichievementor studentsat risk for
readingdifficulty and notatrisk. This studyused extantlatafrom a secondgrade
interim-benchmarkeadingassessmeranda mathematicénterim-benchmarkior
students in thirdhroughfifth grade. This studyemployeda staged approach féine
latentgrowth curvemodelanddiscoveredestimatedlifferencesof students with and
without readingdifficulties in relationto mathematicaichievementln addition,specific
foundationakkills werepredictiveof growth inmathematicgor students withand
withoutreadingdifficulties. Thedissertatiorstudydevelgpedatheorybasedn
empirical researchhat earlyreadingskills maylay thefoundationfor later

mathematicsachievement.
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CHAPTERI

INTRODUCTION

Accountabilitytestingasa resultof No Child Left behind(NCLB) (2002),exerts
anenormousnfluence on theducationakystem All students startingin third grade,
mustparticipatein statewideassessmentsjcludingstudents with disabilitieeNCLB,
2002). NCLBreliesonthe statewideassessments sfudentsand studenachievement,
andtheseassessments helpeasureadequategrearlyprogresgLee & Reeves2012).
AlthoughNCLB assessmentredesigned to measustatewidestandardsn both
readingandmathematicandhelp statesdentify potentiallylow, andhigh-performing
schoolgLee & Reeves2012),statewideaccountabilityassessment$o not, norcanthey,
accounffor thetight relationshipbetweerreadingachievemenandmathematics
achievementutcomes.In addition,statewide assessmeami®to includevarioustypesof
students with disabilitiesywherethis relationshipmayeffectstudentsn amoreprofound
way.

Priorto NCLB, in 2000, theNationallnstitutesof Child HealthandHuman
Developmen{NICHD) createdhe NationalReadingPanel(NRP),in which agroupof
leadingreadingspecialistandeducatorsliscovereda specificformulawhich defines
gualityreadinginstruction.The panelanalyzedhousands of studies oeading
achievemenandinstructionthatconcludedhat thefive componentgi.e., phonemic
awarenesghonics,vocabularyfluency,andcomprehensiomreessentiato good
readinginstruction(NICHD, 2000).Specificallyindicatingthe importancef these
componentss includedin theinstructionof students withreadingdifficulty. Therefore,

four of thefive components (i.ephonemic awarenegshonics,vocabularyand
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comprehensiomndoneadditionalcomponentlanguage usag&ere analyzeth this
study.

The focudor this studyis a population ofstudentsdentifiedasat-risk for reading
difficulties andtheinfluencereadingachievemenhason mathematicsichievement
beginningin third grade Students witlreadingdisabilities ordifficulties (RD) are
definedasstudentsavho areunderachievingn readingcomparedo their peers(Flectcher
Morris, & Lyon, 2003).Currently,forty or morestateshaveadopted the Common Core
standard¢CommonCore,2011),andtheyarelaying the foundationfor statewide
assessment$heassociatiorbetweemmathematicgandreading achievemeig notonly
supportedvith variousstudiegDuncan,2007; JermarReynolds& Swanson, 2012;
Vukovic, 2012;Abedi, 2011),but therelationis found within thestandardshemselves.
Forexamplethe Common Corstatestandardestablishanexpectatiorfor
kindergartnerso grasppropositionaphrasesandsequencingf vocabularyin reading
andmathematic$2011).Much of thisrelationbetweerreadingandmathematics is due
to theemphasi®n problemsappliedin everydaycontextsAs aconsequenceanany
students withdisabilitiesor with readingdifficulties arelikely to havedifficulty
accessinghe mathematicassessmeriScarpatiWells, Lewis, & Jirka, 2011).

Neverthelesdpr avalid interpretatiorof mathematicgroficiency,the assessment
needs to excludeextraneou®r unnecessatyarrierswithin the contentof items
(Messick, 1995;Abedi, Leon,Kao, Bayley, Ewers,Herman,andMundhenk,2011). For
examplean assessmetihatincludesmorecomplexwordsor itemswrittenin passive
voice contributegdo thedifficulty of theassessmetfior students atisk for reading

difficulties (Abedietal., 2011).Complexverbsandsubordinatelausegpresented in an



item are likely to discriminateagainst students witthisabilities.

Becausdest compehensiorrequirescarefulunderstandingf the constructoeing
assessednathematicassessmenthould notrely on complexverbsandsubordinate
clauses.Unnecessarlanguagecomplexityshould beeliminatedfrom mathematics
assessmentsecaus®f thedifficulty that languageomplexitypresentdo students at
risk for readingdifficulties (Duncan,2007;Abedietal., 2011;Haladyna& Downing,
2004).Forthis study,third grade initiateshe growthtrajectoryof s t u d mathendascs
achievementhecausdy third grade educators often contextualitee natureof learning
asatransitionbetweerlearningto readandreadingto learn(NationalCenterto Improve
theToolsof Educators1996).If studentsarereadingto learnby third grade then
focusingon thirdgrademathematicschievemenaspredictedoy foundationakeading
skills will show potentialbarriersto mathematicachievement.

Anothersourceof constructirrelevantvarianceembeddedn mathematics
assessments vocabulary(Abedi, 2011); however, in someasesassessingvhethera
student knowsndunderstandshathematicyocabularybecomes important, suesin
the Common Corstatestandardsor third throughfifth gradegeometry(e.g.,axes,
coordinatessegmentsiays)(2010).Requiringcommand okubjectspecificvocabulary
emphasizethe needto give attentionto theentireitem andwhetherthe purposef a
particularitemis vocabularyor amathematicaprocedureNegen& Sarneckg2012)
noted themportanceof removingirrelevantlanguage ansilocabularycomplexitiesthat
arenotrelatedto theconstruct beingssessedtherwise pecauséanguageand
vocabularyskills areinterrelatedmathematicskills suchasnumberearning(Negen&

Sarnecka2012) utilizebothexpressive anteceptive vocabularyhich arelikely to



influence numbeword proficiency.

In summarythe dissertatioexamineghe differencesetweerstudentswith and
without readingdifficulties on longitudinalmathematicschievementyvhile considemg
the predictivevalidity of foundationaliteracyskills (i.e.,phonologicalawareness,
decodingandphonicsfoundationalanguageskills, vocabularyandcomprehensionyn
growthin mathematics.

PhonologicalAwarenessand Processing

Phonemic awarenegsasmallunit of speectthatcorresponds$o thelettersof an
alphabetic systerandthe understandinghat languages composed of small units of
soundgphonemes) (Adams$,oormanlundberg,
& Beeler,1998;Moats, 2000Shaywitz,2003).Phonologicaprocessingefers to the
ability to identify, manipulateproduce andremembespeeclsounds or phonemes
(Moats,2000). Studieshaveshownthe predictivevalidity of phonologicandphonemic
awarenesskills to readingachievemen(Saramaet al., 2011;GathercoleAlloway,
Willis, andAdams,2006;Snider;1995).

In recentstudies phonologicalawarenesandprocessing armeasured in a
varietyof ways.Onewayto measur@honologicalwareness theComprehensiv&est
of PhonologicaProcesgCTOPP) Wise,Pae Wolfe, Sevcik,Morris, Lovett, &Wolf
(2008)usedthe CTOPRo assesblending.Blendingrefers to the abilityo take given
sounds in garticularorderandblendthemto create avord andanelision.An elision
refersto the abilityto manipulate sounds fivoducea newword (Wiseetal., 2008).For
examplethestudenis giventheword powderorally thenaskedwhatword is createdf

you saypowderwithoutthe/d/ sound’ power In acomputeradaptiveassessment



phonologicalandphonemicawarenesaremeasuredby incorporatingaudio witheach
item. Phonologicabwarenesgs measuredby, discriminatingsounds, such astaby
cryingversus golicecar, therrhymingall which focuson thelargerchunks of sounds.
In additionto phanemic awarenesshichis measurethtyas t udent mgof i dent i fy
specificsounds, manipulatingpundsby deletion,or bythe additionof sounds.
Theconnectiorbetweerphonologicalawarenesandearlymathematics was
investigatedy Wiseandcolleague$2008)andVukovic (2012)for readingand
mathematicsspecificallyphonologicalawarenesandearlymathematics (Wisetal.,
2008; Vukovic,2012). While Wise etal (2008) identifiedohonologicakwarenesskills
asagoodpredictorof mathematicahchievementyukovic (2012)explainedgrowthin
mathematicsia phonologicalprocessingkills. Forexample youngstudents wharenot
proficientin countingmathematicabr alphabeticasequencenayhavea potential
correlationbetweemathematicendphonologicalprocessingkills sinceboth skills
requiresequencingvith orallanguaggDehaenel997).In previousresearchiHanich,
JordanKaplan,& Dick (2001) foundhatreadingdifficulties andfactretrievalare
relatedby deficitsin phonologicalprocessingBridges& Catts,2011).Furthermore,
Wise et al discoveredhatphonologicalwarenesskills werethe bestpredictor ofmath
achievemen(2008). Other studies on matndreadingdisabilityresearchave beguio
investigatewhich cognitiveskills are sharethy both constructsCompton Fuchs,Fuchs,
Lambert,& Hamlett(2011)suggestedhreepossiblecognitivedomainghatcould
potentiallyimpactcomprehensioandmathematics{a) nonverbaproblemsolving, (b)
conceptformation,and(c) processingpeedln line with researcldoneby Vukovic

(2012),Fuchs,ComptonFuchs Bryant,& Hamlett(2005)foundthat astrongempredictor



of mathfact fluencywasphonologicalbprocessingF u ¢ findirigsaresignificantbecause
consideringautomaticityof phonologicalprocessingaddsa newlens forcreating
mathematicahssessments.

Researcleffortsrelatedto phonologicalprocessindhavestudiedchildrenfrom
secondhroughfifth gradewhereas/ u k o 20&2§stsidyextendsdowninto
kindergarten.To furtherresearctphonologicalbrocessingkills asa predictor of
mathematicsthis dissertationntendsto extendon Vukovic andWi s #hesofyand
inquireaboutstudents atisk for readingdifficulties usingphonologicalandphonemic
awarenesscoredo predictgrowthin mathematiceichievementVukovic (2012)
expressethat thelargeamount ofgrowthfor students irkindergarterandfirst gradein
readingandmathematiceanmakenarrowingwhatinfluencesa student havinglifficulty
learningchallenging Becausef theamountof growththathappendetween
kindergarterandfirst grade this studywill focusonin thespringof secondyrade
phonologicalandphonemicawarenesscores.

Decodingand Phonics

Students whareatrisk for RD significantlystruggle with decodingssounding
outwords(Lyon, 2009;NationalReadingPanel, 2000; Wolf, 2007).In aseminalarticle
by Perfetti(1985),masteryof phonics was aajorsourceof variationfor time students
took toreadwordsin isolation.Phonicsis definedby Moats (2000),astherelation
betweerletters(the symbol)andthe soundsheyrepresent(phoneme)anddecoding is
the abilityto translatevordsto speechdecipheringa new word by soundingt out)
(Moats,2000). Wiseetal (2008)andVukovic & Siegel (2010)othutilized thedecoding

andphonicsmeasuredby word attackskills, word identification,andletterword



identificationfrom the WoodcockReadingMasteryTestRevised Decodingandphonics
are measurely lettersoundidentification,vowel spellingpatternspeginningand
endingsounds, and longndshort vowel combinations.

Significantissueswith learningphonemicawareness anghonicslie atthe coreof
manystudents atisk for readingdifficulties (Moats, 2000Shaywitz, 2003).Theability
to decodds quintessentialo comprehensioandmakingmeaning fronconnectedext.
In theory,if a studentstruggledo decodetheystruggleto comprehendand thestruggles
couldenviablytransferto achievemenin mathematic¢Bryant,Nunes,& Barros,2014).
Also attributingto difficulties with mathematicsichievemenis theinability to decipher
wordsandtheamountof time todecode word§rom print (Wiseetal., 2008).A great
dealof previousresearchasexploredstudentsatrisk for readingdifficulties with word
attackmeasure$Compton,Fuchs,Fuchs Lambert, &Hamlett,2012; Wiseetal., 2008;
Morin & Franks,2010;JermanReynolds& Swanson, 2012}However, researctsuchas
thatconductedby Comptonet al. (2012),that focused oneading comprehensioword
reading,appliedproblemsandcalculations wasminimal. Comptonetal. (2012)
examinedhe cognitiveandacademic profilesf students withearningdisabilities in
readingcomprehensionyord reading,appliedproblems andcalculationsWhat
Comptonetal discoveredshowedweaknessn calculationwith word readingin student
with disabilitieswith aneffectsizeof 0.25. One motivatiofor including phonics iimy
dissertatioris thatinclusionprovidesadditionalinformationon this topicaboutwhich
thereis minimal publishedresearch.

Vocabulary

Little researcthasinvestigatedhe effectof readingvocabularyon growthin



mathematicslespitethe numerousstudiesndicatingthe predictivevalueof phonemic
awarenesanddecodingon studentsat-risk for RD (Wiseetal., 2007;Catts,Adlof, &
Weismer,2006). Vocabulargan bedefinedin manyways. For exampleone definition
breaksvocabularyinto three large categorie@) oral languagethe abilityto produce
wordsandusewordsappropriatelyn context(Wise, Sevcik,Morris, Lovett,and Wolf,
2007);(b) receptive vocabularyhe abilityto understandhe knowledgepossessednd
not necessarilgbleto be expressedWiseetal., 2007);and(c) expressivevocabulary,
theability to expresgshoughtsand knowledgeéhroughspeakingand/or writing (Lee,
2011).ConverselyBaumann& Graves (2010dlefined vocabularynore broadlyin
categoriesuchasacademic vocabulargomainrspecificvocabuéry, and general
academic vocabularfgaumanrandGraves2010)definedomainrspecific academic
vocabularyandgeneralacademio/ocabularyasdomainsreferringto content specific
wordssuchasthoserelatingto biologyor civics versusgeneralvocabularyasall-
purpose termappearingacroscontentareaswith varyingmeaningwithin subjectsThe
readingmeasuresisedfor this studyaremorealignedto theWiseetal (2007) definitions
of receptive expressiveandoral language.

A populationof studentsexists inwhich readingdifficulties do not liewith the
inability to decodeor with alack of fluency,but rathetthe strugglewith vocabularyand
thereforewith readingcomprehensiofCattsetal., 2006).An examplewould be student
who canreadwith accuracyandautomaticity but whenaskedo stopanddefineaword
suchasii ¢ u r wagupnable togive a definition. Additionally, the studentmaybeunable
to answershortcomprehensioquestionsr retell the story. Vocabularyshouldgrowin

sizeandcomplexityovertime; deficitsin theability to growvocabularyandcontinual



restructuringmaycontributeto readingdisabilities(McDowell & Carroll, 2011; Walley
etal., 2003).In my dissertation, students wistrugglewith vocabularyand
comprehensiobut not decodingr fluencymayfall into thecategoryof at-risk for
readingdifficulty.

NegenandSarneckg2012)examinedherelationbetweemumberword
knowledge andieneralvocabularyby conductingwo experimentsThefirst experiment
measureexpressiverocabularywith theWoodcockJohnsortest,while the second
experimenteplicatedthefirst experimentaindincludedreceptivevocabularymeasured
by the PeabodictureVocabularyTest. Akeyfinding relatedto vocabularyand
mathematicemergedrom this study.NegenandSarneckdoundbothexpressive and
receptivevocabularyaremoderatelycorrelatedvith numberword knowledge.
Additionally, NegenandSarneckarguedthatfurtherresearctshould beconducted
investigatinghe linkbetweemumberconceptdevelopmenandlanguagedevelopment.
Davidseandcolleagueg2014)investigatedvhethervocabularyexplainedunique
variancein earlynumeracybecausenoststudiegestingco-variationof earlyliteracyand
mathdevelopmenhad notconsideredrocabularyDavidseetal., (2014) used the
PeabodyPictureVocabularyTestasanindicatorof receptive vocabularyyhile addition
andsubtractiorsums within astorycontextwereusedfor earlynumeracyskill indicators.
Thefindingssuggesthatvocabularyalsoreducedhe commonvarianceandcorrelated
with bothadditionandsubtractiorsums.

Basedon thestudieshighlightedhere researcherareonly beginningto
adequatelynvestigateherelationwith andinfluenceof vocabularyon mathematics

achievementThefindingsof theprevious researcfDavidseet al., 2014;Negen&



Sarnecka.2012)depicthow expressive anteceptive vocabularskills areinterrelated
andimportantto predictingvariousmathematicskills (e.g.,numberword knowledgeand
sums within astorycontext).These foundationalocabularyskills arecorrelatedo early
mathematicsandthus,arepotentialunderpinninggo futuredifficulties in mathematics
achievement.
Foundational L anguageSkills

Thebodyof literatureaboutthe correlationsbetweenanguagaisageand
mathematicss growing(Davidseetal., 2014;Morin & Franks,2010;Saramal-ange,
Clements& Wolfe, 2011). Themeaningof languageusages complexdependingon the
context.Forthis dissertatiorstudy,languagewvas defined asa systemwith ameansof
representatioandexpressior{Lahey,1988; Morin& Franks,2010),additionally
focusingon syntaxsentencetructure andsemantics Syntaxmeansvordsthatbelong
togethenin anorderandgrammaticatategorieso determinea sentencetructureand
semanticsneansvordsin isolation,phrasesand sentencesonveyingmeaning(Moats,
2000). In this study,foundationalanguageskills includethefollowing, bothreceptive
andexpressive:(a) grammaticapatternsuchas identifying whethera sentencepoken
orally hascorrectverbusage(b) sentencestructurefor example creatinga sentence
whengiven thefirst word, and(c) conventions of languagethe ability to identify and
applycapitals angbunctuation.

Mathematicshasa deep,complexlanguagestructurethatbeginswith oral

languagewell beforestudentsenterkindergartenexamplesof which includeknowing
how manypiecesof candytheyhavein all or whethetheyarefirst or second in linat

the storgAlt, Arizmendi,& Beal,2014). Substantigdreviousresearchasexploredthe
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correlationbetweeroral languagausageskills andreadingandhas found theorrelation
to be quitdarge.Forexample Catts,Fey, Tomblin, ar Zhang(2002)showedhat
students witHanguage impairmenta kindergarterperformedworsethantheir non
language impairegdeers inword recognitionand readingomprehensiorAdditionally,
50% of thechildrenwith language impairmentsereconsideredo havereading
disabilities bysecond andburth gradeqCattsetal., 2002). Theseresultsillustratethe
importanceof languageskills andemphasizéhe potentialconfoundingeffectson reading
overtime.

Alt and colleague$2014)recognizechow heavilydependentathematicss on
languageskills. Examiningthe demandanguageausage hasn mathematicachievement
mayprovideinsighton studenbutcomedor mathematicsichievement-or examplea
studenfpresentedvith amath test questiosud asiiJanehasfour crayonsandTom has
threemorethan Jane, how marmpes Tom havey; thestudentmayhavea difficult time
navigatingthroughthe languagef the question buinderstandhe concepthatsevens
threemorethanfour. Strugglingto graspthelanguagestructureof mathapplication
problemsmayindicate that poolanguageskills havea directeffecton mathematics
achievemen(Alt etal., 2014; Morin &Franks,2010).

Comprehension

A deficitin readingcomprehension is thmostcritical elementfor astudent at
risk for readingdifficulty (Moats,2000; Wolf,2007);thereforet is importantfor the
studyto investigatepredictive validityto mathematicahchievement.The definition for
readingcomprehensiogontinues to evolvbecausef thenumberof important

componentseededo understandext. Weaver(2002)states thateading
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comprehensiobeginswith decodingandautomaticityof words,which melds with
syntax,semanticsandoverlapswith metacognitiveskills (e.g.,inferring, predicting,
compare/contrasgndcause/effect)Berningerand Abott (2010jurtheredthe definition
of comprehensioby includingphysicalfeaturessuchasthe abilityto seeor feelthe
words.Thepoint Berninger& Abott (2010)make about thdefinitionis important
becauselefiningthe constructof readingcomprehensioasincluding physicalattributes
will helpto defineconstrucirelevantandirrelevantvarianceto reading comprehension
for students witldisabilities.Likewise, listeningcomprehensiorncompassasnanyof
thesamecomplexskills asreading comprehensioRor examplejistening
comprehensionequirestheability to applylanguagephonology,syntax, semantics,
intonation,inflection, punctuationstructure(stories vsinformational),andcombining
with all theinformationbeingspoken oexpressedPearsor& Fielding,1982).
Researcl{Comptonetal., 2011;Korhonen,Linnanmaki,andAunio, 2012)
suggestshat therelationshipbetweerreadingcomprehensioandmathematics
achievemenis importantto understandrom an instructional andssessmemiew but
alsofor studentgliagnosedvith areadingor mathematicslisability. Comptonetal.
(2011)discoveredhat theras a distinctiorbetweerstudentswith learningdisabilitiesfor
readingandlearningdisabilitiesfor math.Theydid soby showingthe positive
relationshipbetweerreadingandmathematics, suchsin studentswith learning
disabilities inappliedproblemsshowingrelativestrengthon comprehensioandword
reading.Converselypther studiefiaveshown theconnectiordemonstrateddy poor
comprehensiohavinga potentialeffecton mathematicachievementA longitudinal

studywasconductedy Korhonenetal. to examinghe connectiorbetweerreading
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comprehensn andmathematicaperformancekorhonenetal., (2012)found a
significantconnectiorbetweerreadingcomprehensioandmathematicgchievement
andadditionallyfoundthereverseo be truestudents with lownmathematicperformance
hadlow scoresn readingcomprehensionVith comprehensioasthe goalto independent
readingthereis aclearneedto understand howt potentiallyoverlapswith mathematics

achievement.

Theoretical Framework: Task Analyzing Skills Within Mathematics

Many of the studiesfocusedon measuringnathematicgachievemenor
measuringrariousskills within mathematicsvith measuresuchasKey Math assessment
or theWoodcockJohnsorandsometimes mixture of both (Jordanetal., 2002;
McClelland,Connor JewkesCameronFarris,& Morrison,2007;Wiseetal., 2008;
Stanovich& Siegel,1994).NegenandSarneckg2012)focusedon numbetword
knowledgewhereaslermaretal (2012) usedhe WRAT-III to assess broaderangeof
arithmeticskills. For this dissertationmathematicgchievementvasmeasuredising
multiple-choiceitemsalignedto thecommoncoreandNCTM contentstandards.
Specifically,itemsarealignedto secondhroughfifth gradestandards, whicinclude
operationsaandalgebraiahinking, numberandoperationsmeasuremerdanddata,and
geometry.

Forthis dissertatioron therelationof readingandmathematics&chievementyne
of thegoalswasto understand theiscrepancies the possibleinderidentificationof
students with onlynathematicadlifficulties (Fuchs,Fuchs,& Prentice2004; Jordaret
al.,2003). Wiseetal., (2008)foundthatidentifying students with onlynathematical
deficitswasdifficult, becauselassifyinga studentwith mathematicslifficulties basedon
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asinglemeasuremenht time wasproblematicdueto variancesn mathachievemenover
time. Additionally, SwansonJermanandZheng (2009jjuestionedvhetherstudents
with mathdisabilitiescantruly be separatedrom students withreadingdisabilitieswhere
thebasicsof word attackandshorttermmemoryhadhigh demands oproblemsolving.
In fact, Swansoretal (2009)foundthatstrugglesetweerstudentsvith mathdifficulties
andreadingdifficulties weremoderatedy variations ofworking memoryandproblem
solvingin mathematicsichievementMoreover,Duncanet al (2007)similarly emphasize
thatstudentsvho wereidentifiedashavingadisabilityin mathonly alsoexhibited
deficitsin readingachievement.In anattemptto demonstratéhe strengthof therelation
betweerreadingandmathematicechievementDuncanetal (2007)arguedcthat early
mathematicgchievemenivasactuallya morepowerful predictorof laterreading
achievementhanreadingachievemenpredictinglatermathematicsAligning my
dissertatiorwith Bulcock & Beebe(1981),foundsubstantial suppofor their hypothesis
thatcovariationbetweeriteracyandnumeracy exists. Most of tleevariationwas
attributedto phonicsandsyntactiesemanticcueingstrategiesalongwith otherreading
foundationakkills. Lastly, Bulcock & Beebe(1981)foundthatreadingandnumeration

wereboth equal in theieffectson eachother.

Summary of the Relation BetweenReadingand Mathematics

Foundedon BulcockandBeebe (1981)heoreticaperspectivemanyaspects of
earlyliteracyfoundationakkills arecorrelatedo mathematicsThe BulcockandBeebe
researchaid thegroundworkfor otherpreviousempiricalresearcton readingskills and
mathematicachievementwhich putforwardvariousinferencesTo begin,earlyliteracy
skills appeato largelyoverlapwith mathematicskills, suchasvocabularyto number
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developmentphonologicalbrocessingandcounting.Secondgarlyliteracyskills have
consistentlypredictedmathematicachievementvithin one to twoyearsof growthdata.
Third, therelationshipbetweeras t u d e théntatc diffialtyandas t udent 6 s
difficulty in readingseemedonsistenthroughout theesearchandthisin turn creates
threatsto constructvalidity. Subsequentlywith empiricalevidenceandjustified theory
this dissertatiorstudyreflectsthe strongcorrelationandpredictivevalidity of early

literacyskills for students with readingjfficulty on mathematicgchievement.

ResearchQuestions

Theaim of thisdissertatioris toinvestigateherelationbetweerearly
foundational readingskills andgrowthin mathematicachievementSpecifically,the
following researctyuestionswill be addressed:

1. Does3-5th grademathematicgrowthdiffer significantlybetweerstudents with
andwithout readingdifficulties?
2. Are foundationateadingskills relatedto growthin mathematic$or studentsat
risk for readingdifficulties?
Usinglatentgrowth curvemodeling(LGC), theeffectsof readingfoundationakkillsd
phonemicawarenesgyhonics vocabularyJanguageandcomprehensiad on student
growthin mathematicsvill be modeledl hypothesizeéhatstudentsvho areat-risk for
readingdifficulties will display a significantlydifferentgrowth trajectoryin mathematics
thantheir nonreadingdifficulty peersAdditionally, | postulatethat thegrowthfor
studentsatrisk for readingdifficulty will have a positivetrajectory,and,converselythe
rateof growthwill be slowerthanstudentsiot atrisk. | alsohypothesizehatreading
foundationakkills aresignificantly (positively) relatedto growthin mathematic$or
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students whareatrisk for readingdisabilities. Thepurposeof thisdissertations
threefold:

1. This studycompareghe growth inmathematicechievemenof studentsat
risk for readingdifficulties to peersvho arenot atrisk, whileinvestigatinghreatsto
constructvalidity in assessment{se., contentandstructural).Thus, within thecontext
of mathematicaissessments, this stuthayprovideevidenceof constructirrelevant
variancein mathematicassessmentzausedy deficitsin foundationakeadingskills.

2.  This studycontinuegheresearcltonductedy Jordan Kaplan,andHanich
(2002), who foundthatreadingabilitiesinfluencestudentgrowthin mathematicsTheir
researchindicatedthe needto investigatehow readingorecursorgpredictlater
mathematicsdifficulties. Furthermore| extend orVukovicd €012)researctby
investigatinghe ability of secondyradephonemicawarenesghonicsJanguageisage,
vocabularyand comprehensioscoresat predictinggrowthin mathematics.

3. Thepotential ofthe predictiveutility of foundationakeadingskills are
consideredin termsof their relationwith mathematicschievementvithin two structural
models; thereby,investigating studentsatrisk for readingdifficulties andtypical
r e a dgeowtld im mathematicsAdditionally, my dissertatiorexploresvariousearly
literacyskills on mathematicsichievementwhich isrelevantfor generabindspecial
educatiorteachers.Understandingherelationbetweenrearlyliteracyskills and
mathematicbecomesimportantinformationfor assessmentndthe outcomes for
students atisk for reading difficulties. Readingskills areanimportantfactorandare
indispensable tanderstandingherelationwith mathematicperformance (Rutherford

Becker& Vanderwood, 2009 Jordaretal., 2002;JordanHanich,& Kaplan,2003).
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CHAPTERII

METHODS

Extantdataof studentmathematicendreadingachievemenscoresvere
collectedduringfall 2011throughspring2014academic schoglearsfrom Growth
ResearcliDatabase dllorthwestEvaluationAssociation(NWEA). The GrowthResearch
Databas€GRD)is arepositoryof testeven information, which includes testent
information,demographicstem informationandlinks to datasetérom externalagencies
suchasthe NationalCenterfor EducationS t a t iCemmiorcGo®f Data(NCES
CCD) (NWEA, 2014).
Sample

Forthestudy, twomeasuresvereused:(a) Measure®f AcademicProgress for
PrimaryGrades (MPG)n readingand(b) Measureof Academic ProgreSAP) in
mathematics.Theinitial datapull wasfiltered on students whdnave takerboth MPG
readingin springof 2011andMAP mathematicshird throughfifth gradesn fall of 2011
throughspringof 2014.In addition,eachstudenthadatleastone time poinbetween
third andfifth grademathematics within thdata.This preliminarysampletotaled84,780
studentdrom 2,803 districtsnationwidein Gradegswo throughfive. This group of
studentsvasapproximately39% White and51% malesand49%female(seeTablel).
Thedecisionwasmadeto narrowthedata sampléy removingmissingdatabut maintain
enoughstudentcasego allowfor arobustthe atrisk readingpopulation.Thereforepnce
the missinglatawereremovedanotherandomsample wagulled narrowingthe sample
to 5,000 students. Thaecisionfor selectings,000studentavastwo-fold. First, itwas

basedon the maintenanagf thedesiredstatisticalpowerlevel of .8, whichwasdone
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usingSoper(2015)a-priori samplesizecalculator.Secondthe samplesizeneededo
ensurealargeenoughsamplefor the RDgroupto maintainpower.The ethnicandgender
breakdowrof thefinal samplemimickedthebreakebwnin theoriginal sample of
students: approximateB26 Native Americaror Alaskan,4% Asianor Pacificlslander,
10% Blackor African American,10% Hispanic,<1% NativeHawaiianor otherPacific

Islander 50% White, 1% Multi-Ethnic,26% Not Specifiedor Other,and51% maleand

49%female.

Tablel

DemographidescriptiveStatistics bysampleSize
Characteristic Total Sample Analytic Sample

N % N %

Demographic
n 84,781 5,000
Native Americaror

Alaskan 1,674 2.0 81 2.0
Asianor Pacific
Islander 3,422 4.0 179 4.0
Black or African

American 8,661 10.2 360 7.0
Hispanic 8,113 10.0 482 10.0
Native Hawaiiaror
otherPacificlslander 151 <1.0 5 <1.0
White or Caucasian 50.0

41,614 49.1 2500

Multi-Ethnic 1,580 2.0 70 2.0
Not Specifiedor
Other 19,565 23.1 1324 26.4
Males 43,514 51.3 2560 51.2
Females 41,266 49.0 2440 49.0
Demographic
n 84,781 5000
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Measures

Both MPG andMAP arecomputerizedhdaptive assessmetitstschools
typically administerat timesbetweertheir high stakesaccountabilityassessments aade
oftenreferredto as interimassessmentSpecifically, MAP assessmentetypically
administeregeasonallyfall, winter, andspring)astheywere forthe students in the
study.Both MPG andMAP assessmenteems arecalibratedon averticalscalethatis
specificfor eachsubjectarea,usinga oneparameteitem responseheorymodel(Rasch)
(NWEA, 2011).MAP and MPGassessmenghowhigh reliability andconsistency
attributableto following the AERA/APA/NCME Standards$or Educational and
Psychologicallestingprotocol.Specificsaroundreliability aredescribedaterin detail.
Becauséhe testareadaptive eachstudentxperiences differentset of items.ltems

areselectedrom apool of itemsusinganalgorithmthatsearche$or the most

informativeitem, where (F—is theinterim ability estimateand d'is thedifficulty of the
itemrequired. Thetestt a k estintatedbility is updatedaftereachitem response.The
updateis usedto identifythe difficulty of the next item to beresentedBecausef this
method studenthavea roughly50% probability of respondingcorrectlyto anygiven
item, with theirresponsécorrect/incorrectfiriving the selectionof the next item
presented.

MAP for Primary Grades TheMPG readingassessmeris alignedto national
readingstandard$rom the InternationaReadingAssociation(IRA), the National
Reading? a n e | 0 $&lational@oanciliof,Teacherof English(NCTE), partsof the
book PreventingReadingDifficulties in YoungChildren (NationalResearciCouncil),

and,mostrecently,CommonCore. Foundationastkills includephonologicakwareness,
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phonicsJanguageyocabularyandcomprehension. MP@sesthe samemeasurement
scaleasthe MAP assessmenallowing for adirectconnectiorof foundational skills to
laterstudentearning(NWEA, 2011).MPG includesseverainteractive itentypes,in
additionto multiple-choice,in order toreacha boardrangeof earlylearningskills. For
exampleastudent maypeaskedo spella particularword andinsteadof only choosing
thecorrectanswer, shactuallyspells the word usinthe lettersprovidedon the screen.
The MPG readingfoundationakkills test includes Ergeportion ofcomprehension
itemswith audioreadaloudoptions.In all subskills,eachaspecbf theitemis reviewed
to ensure construsalidity. Thesefoundationakkills serveaspredictorvariableswhile
the outcomeatentvariablefocuseson growthin mathematicsichievement.
Measuresof AcademicProgress2-5. The MAP 2-5 mathematicassessmetis
the outcomemeasurdor this study. It is intendedfor students whitavereceived
instructionthat isconsistentvith contentstandardgor grade< through5 as these
standardsire definedy the Common Cor8tateStandard¢CCSS) the National
Councilof Teacher®f Mathematic{NCTM), andvariousstatestandardsaligned
assessment.hedomainswithin the MAP 2-5 assessmersipanthegradesThree
commondomainsarerepresenteda) operationsandalgebraiahinking thatinclude
problemsolvingfor bothadditionandsubtractioraswell asmultiplicationanddivision;
(b) numberandoperationsn basetenthataddresglacevalue, countingndcardinality,
operationsvith multi-digit numberswhole numbersandoperationswith decimals;and
(c) geometric measuremethiatincludesconceptof area relatetb multiplicationand
addition,anglesandtheir measuremengndvolumein thecontext ofmultiplication and

addition(NWEA, 2011).
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Reliability. As statedearlier,researcherg/orkingon MAP assessmentsseda
methoddifferentfrom thetraditionalmethoddor establishingeliability. Theclassical
form of testretestreliability is not possibléecauseachstudent issdministereda
differentset ofitemsbased theiconditionalprobabilityof respondingo theitem
correctly(NWEA, 2011).NWEA employsa methodsuggestethy Green,Bock,
HumphreysLinn, andReckas€1984)termedi s t r arandomly-pardllelform
r el i a(p353).Essenta@llythis isequivalento alternateform reliability in which
studentscoredrom onetestadministratiorarecorrelatedwith their scoredasedn a
different, but similar, setof itemsdrawnfrom thesame itenpools(NWEA, 2011). The
correlationscitedfor MAP testsaretypically separatedy severaimonths(e.g.,scores
from testsadministeredn thefall correlatedwvith scoresrom testsadministeredn the
spring). Accordingto NWEA, theequivalen of thetestretestreliability correlations
from 2nd gradeMPG readingfrom spring2008 tospring2009rangedirom .77 to .82
amongstariousstatesSimilarly, the testretestcorrelationsof .74to .80 for3™ through
5t gradeMAP Mathematicsassessmenspring2008 to sprin@009, providesupportfor
the stabilityof MPG andMAP assessmentsggardles®f gradeor stateitem pool.

Validity. Validity concernghe extent to whichanassessmentruly measuresvhat
theassessments intendrteeasuréJoppe, 2000iolafshani2003) andformsthe basisfor
decisionmaking reflecting the interpretationand uses of théest score(Kane, 2013).
NWEA describewalidity of MAP as acombinationof factors,such asadequacyf test
contentcoveragethe power toyield scoreshat arepredictive ofa status, theapacityto
draw accuratanferencesabout atestt a k statudvwath respecto the constructand the
potential tomake generalizationgrom test performancewithin specific knowledgeor

performancen similardomains(NWEA, 2011).
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Evidenceof contentvalidity for MAP andMPG beginswith thetestanditem
developmenprocesswhich isbasedn procedurakvidenceTeststructuresarecreated
by contentspecialistsywho groupstatestandardsnto atestdesignmadeup of goalsand
subgoals.Thesegoalsandsub-goalsareestablishedby groupingstatestandardsnd
aligningitemsin the itembankto thosegroups.This proces$as manyterationsand
includesavalidationprocessy the NWEA ResearcliepartmentAdditionally, itemsare
written to specificstandardsywhich arethenreviewedby ContentSpecialist{NWEA,
2011).ltemscontinuethroughmultiple reviewsof item layout,item functioning,andbias
andsensitivity.Finally, anitemis renderedn thesystemyeviewedagainby the Test
PublishingTeamfor typos orgraphicalerrors,andalternativetext forgraphicspictures,
andimages(NWEA, 2011) isadded.

Evidenceto support strongalidity of MAP assessmentmesfrom therelation
of MAP testscoredo statecontentalignedaccountabilityjtestscoreqNWEA, 2011).The
NWEA researcheralsoinvestigatehreemajorareasof validity: (a) concurrenwalidity,
(b) predictivevalidity, and(c) contentvalidity, to ensurevalidity is adequatéor the
intendedpurposeof MAP. Much of NWEA test validityis supportedy concurrent
relationswith othermeasuredJsingstatetestsalignedwith MAP assessments,
coefficientsin mathematicsangefrom 0.64 to 0.87 fothird throughfifth gradersin
additionto concurrenwalidity, predictive validityis reportedasanadditionalsourceof
evidencevhereNWEA assessmentmerelatedto performancen other testeneasuring
achievemenin thesamedomainbut at soméaterpoint in time (NWEA, 2011).Using
statetests withcontentalignedto MAP tests, correlationgangefrom 0.49to 0.84 for

students irgradegwo throughfive.
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Analysis andModel Building

PreliminarydescriptiveanalysesvereconductedusingSPSS 2@ BM Corp.,
2011).Model buildingwascarriedout with Mplus 7.1(Muthén& Muthén,2013.
Descriptive statisticarere calculatedbr readingandmathematicsneasuresaswell as
for studentcharacteristics?earsorcorrelationscoefficientswereused to examinthe
relationamongthe variablesln addition,all datawereplotted,graphedand visually
inspectedo documendistributions (normalityndvariance)andfunctionalform. An a
priori decisionwasmadethat, dueo thelargesamplesize,analpha valuef .01was
necessary.

Latentgrowthmodelingwasused tcevaluatea set ofmathematicgrowth
trajectoriesspanninggradeghree througtive. With eachgrade levegrowthmodel,
modelfit wasevaluatedusingpredictivefit indicesincludingA k a i Ikfer@ation
Criteria(AIC; smallervaluesaredesirable andBayesIinformationCriteria (BIC; smaller
valuesare desirablelKline, 2010),Comparative-it Index (CFl), .95 orlargerindicated
acceptabldit, andlastly RootMeanSquareError Absolutg RMSEA), wherevaluesless
than .08ndicate acceptabli@. Chi-squarevasconsideredbut rejectedfor modelfit
decisiondn view of thelarge samplsize(Cheung& Rensvold2002;Kline, 2013;
PreacherWichman,MacCallum,& Briggs,2008).

To begin,agrowthmodelwasattemptedacrosggradeghreethroughfifth, but a
completemodelfit wasnot attained After plotting themeansandanalyzing theshapeof
thedistribution, itwasapparensummeinossbetweergradelevelsneededo be
accountedor by the modelseeFigurel). Therefore a piecewisegrowthmodelfor third

gradefrom fall to springwasfit. A meanintercept ananeanslope(with time codedo, 1,
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2,2,2,2,22,2),wasmodeled, startingvith third grade angpecifyinga lineargrowth
modelfor thefirst phaseof developmentfor thefirst threetime points(Muthéné&
Muthén,2013. After third gradewasdeterminedfourth gradepiecewisemodelwasfit
with meaninterceptasthird gradeandmeanslopetime codedasO, 0,0, 0,1, 2, 2, 2, 2.

An additionalsummerdiscontinuityparameterepresentingotential summer
loss betweenrspringthird grade andall fourth gradevasaddedto thethird gradegrowth
modelrepresentedsO0, 0,0, 1, 1, 1, 1, 1, 1. THe of this modelwascomparedo
previousmodels,andit wasdeterminedhat summediscontinuityparameteshould be
utilized (see Tablet). Next, fifth gradewasaddedio themodelmeanwith theintercept
centeredatthird gradeand timecodedfor slope offifth gradecoded0, 0, 0,0,0, 0, O, 1,
2. Anadditionalsummerdiscontinuityparameterepresentingotential summer loss
betweerspringof fourth grade andall of fifth gradewasadded to thenodelcoded
betweerspringof fourth grade andall of fifth as0, 0, 0, O, O, 0, 1, 1,. A comparisorof
themodelsindicatedthatthe summerdiscontinuityparameter should lrepresented.

Lastly, slopeparametrizationvasdeterminedor mathematicén gradeghree
throughfive, with amultigroup structurakquation modelingsed(invariancetesting)to
comparestudents atisk for readingdifficult (RD) andstudentsvithout (NRD). Equality
constraintsvere addedo the growthparameterso comparaemodelfit andanalyzethe
nestedyroupdifferencesdbetweergradesSeeTablel for model comparisons.
Comparinggroupswithin themodelis aform of nesting thereforetypically relativefit
would bedeterminedy utilizing chi-squaregoodnes®f fit test. Howevedue to sample
size, theComparative-it Index (CFI) wasusedto comparanodel fit (Cheung &

Rensvold2002; Kline, 2014). Anodel with good CFequals.95 orlarger, toindicate
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Figure 1. Observed means Grade$® mathematics achievement growth trajectories

acceptablé i t , AnfdtnaaiiokGritére(AIC) andBayesinformationCriteria
(BIC) smallervaluesarewanted,andlastly RootMeanSquareError Absolute(RMSEA)
wherevalueslessthan.08indicateacceptabldit. Thestatisticalmodelin Figure2 shows
longitudinalmodelcreatinginterceptsand slopes fostudentsat-risk for readingdifficulty
andstudentshot atrisk for readingdifficulty mathematicachievemengrowth.

Oncethe comparisorof theNRD groupto theRD mathematicgachievementvas
completedsix readingpredictors(e.g.,phonemicawarenesghonics vocabulary,
languagausage, comprehensicamdanoverallreadingcompositescore)wereaddedo
themodel(seeFigure3). Again, fit statisticasverecomparedo the mathematicdase

model.
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CHAPTERIII

RESULTS

Thepreliminarymodelingof assumptionsdicatedthatthe datain this study
werenormallydistributed withoukurtosis orskewnesgseeTable2). Additionally, the
datawere freeof outliers.Pearsortorrelationcoefficientswere significanbetweenrall
variableg(seeTable3). Finally, meansf mathematicgchievemenperformancevere
plottedandinspectedacrosggradeghreethroughfive, 3-5 andrevealed gositiveslope
with asignificantdeclinebetweerschoolyears reflectingthe summeioss.

Initially, agrowthmodelfor gradeghreethrough fivemathemati@achievements
wasestimatedvithout theconsideratiorof summetoss. Dugo anegativevariancefor
thelatentvariable,gradefive slopevariancewas fixedat zero, therebyot allowing
slopes to estimatieeely. Themodel did notonvergethereforeasecondnodelwas
generateavith thesummerdiscontinuityparameteaddedandfreely estimatedAdding a
groupingvariableof students not atisk (NRD) andat-risk for readingdifficulty (RD) to
themodel AIC andBIC valuescontinuedto dropfrom 298112.283and298346.9G0
294892.11%nd295361.357. Thenodel with both summetiscontinuityandgrouping
variableof studentsatrisk for readingdifficulties (RD) wasused throughout the

remaindeof thestudy.
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Table2

DescriptiveStatistics foMathematicsAchievemenby Typeof Student

Student noat  Studentatrisk Total

risk (n =3860) (n =1140) (n =5000)
Mathematics M SD M SD M SD Skewness SE Kurtosis SE
Grade3 fall 195.00 10.63 176.30 11.00 190.71 13.26 -.44 .04 571 .07
Grade3winter 201.90 10.10 184.07 11.10 197.80 12.71 -44 .04 1.07 .07
Grade3 spring 207.64 10.60 189.60 11.90 203.52 13.25 -.45 .04 10 .07
Grade4 fall 206.60 10.74 188.70 11.41 202.50 13.23 -.31 .04 .90 .07
Grade4 winter 212.20 10.80 194.40 12.00 208.13 13.40 -.40 .04 1.30 .07
Graded spring 218.00 11.70 199.00 12.90 213.63 14.40 -.40 .04 1.20 .07
Gradeb5 fall 216.40 12.00 197.60 13.00 212.10 14.53 -.34 .04 1.02 .07
Grade5 winter 222.00 12.40 202.40 13.31 21751 15.10 -.30 .04 .64 .07
Grade5 spring  227.44 14.00 206.30 14.40 223.00 16.50 -.27 .04 .62 .07
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Table3
DescriptiveStatisticsand StatisticallySignificantCorrelationsfor All StudyVariables(n = 5000)

Variable 1 2 3 4 5 6 7 8 9 10 11 12 13 M (SD

1.Phonics h 189(16)
2.PhonemicAware 96" - 189(18)
3.Vocabulary ST S - 187(15)
4. Writing D8 58T 64T - 190(16)
5.Comprehension 58 58" .67 .69™ h 190(16)
6.FallMath2011 =/~ .60™ .62 .67* .68™ - 191(13)
7.WinterMath2012 287 :59% .62 .65% .67 .86 - 198(13)
8. SpringMath 2012 b56**  B8**  60** .64** .64** .82* .87*F -- 204(13)
9. FallMath 2012 S56**  58**  59**  64** 65 .82** 85 | B6** -- 203(13)
10 Winter Math 2013 S56* 57 60** .64** .64* .81** .84** 85  B7** -- 208(13)
11, SpringMath2013 547 57" 59 627 63w 0% .83 84 86v 8O - 214(14)
12 FallMath 2013 S54r* Be**  58**  63** .63** .80** .83** 84** 86** .87 .89** -- 212(15)
13 Winter Math 2014 S54x*  Be**  58**  63** .62** .80** .83 83** .84** 86** .88** .90** -- 218(15)
14.SpringMath 2014 b53** 6o 57 62** .61 .78 .8l¥* .82* .83 .85 .86** .88% .91* 223(16)

Note.All reportedcorrelationsaresignificantatp < .05or better.M = mean,SD= standardleviation.
*p<.04,* p<.001
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All estimatedsample mean®r the modelwithout theRD andNRD grouping
variableweresignificantlydifferentfrom zeroat p<.001 Themean thirdgrade intercept
wasaRIT valueof 190.99(SD= 13.26),themeanthird gradeslope was 6.3&ndthe
meanof summerdiscontinuitybetweerthird andfourth gradewas-1.22.In fourth grade,
themeanslopewas5.56andsummernegressiorbetweerfourth andfifth gradewas-2.73.
Finally, the meanfor fifth gradeslopewas5.27. All sample meanwerestatistically
significantfrom zeroat p<.001

For studentsot atrisk for readingdifficulties (NRD), the thirdgrademean
interceptwas195.20(SD= 10.63),themeanof third gradeslopewas6.31,andthe mean
of summemdiscontinuitybetweerthird andfourth gradewas-1.13.In fourth grade the
meanslopewas5.69, whilesummerdiscortinuity was-2.80andGrade5 meanslopewas
5.54.Resultsfor students atisk for readingdifficulties (RD) hada Grade3 mean
interceptof 176.70(SD= 11.00)andmeanslopeof 6.61.Themeansummer
discontinuitybetweerthird andfourth gradewas-1.08andthe Grade4 mean slopgas
5.14.Summerdiscontinuitymeanin-betweerfourth andfifth gradewas-2.51andGrade
5 slopemeanwas4.38.

Multiple modelswererun with aconstrainednodel toinvestigatemodel
invariancdongitudinallyandcomparedhe RD and NRIyroups.Initially, bothgr oup s 6
growthparametersvereunconstrainetetweergroups(seeTable 4), whichwasutilized
asthe comparisorgroupfor the constraintsAs theunconditionalandconditional models

arepresentedhe models should beeadwith theconstrainednodelin mind.
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Table4
Grades3i 5 MathematicAchievemenGrowth Model Fit

Model N2 df AIC BIC RMSEA CFI

1. WithoutSummer 1488.082 90 67801.802 67998.112 0.176 0.871
Discontinuity
2. With Summer 167.622 18 298112.283 298346.90 0.04 0.998
Discontinuity
3. SummemDiscontinuity+ 174.819 36 294892.119 295361.35 0.04 0.997
Groups
4. All GradeMeanConstraint 439.738 41 295147.039 295583.69 0.062 0.993
5. All GradeSlopeVariance 505.182 47 295200.482 295598.03 0.062 0.991
Constraint
6. ResiduaNariance 16751.312 65 311410.612 311690.85 0.32 0.687
Constraint

450.50 113 292417.909 292971.87 0.04 0.994

8. ConstraintModel with
ReadingPredictors

Note.[12 = chi-squarestatistic RMSEA = RootMeanSquareError Absolute, CFE Comparative-it Index.
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Unconditional Model

Thefirst stepimposedequalityconstraintson all growth meando determine
whethertherate ofgrowthbetweenrstudents noatrisk for reading difficulty (NRD) and
at-risk for readingdifficulty (RD) studentgliffered, which createdModel 4 (seeTable4).
Accordingto CheungandRensvold(2002),if groupsizesare greaterthan1,000,then
utilizing thechangan CFI ( DCFI) valuesto belessthanor equalto .01is appropriate
(Kline, 2013).The DCFI =.004betweerNRD andRD, indicatingthat theconstrained
invariancehypothesis should not lvejectedandtherefore growthrateis similar. To
investigatevariationbetweergroupgrowthtrajectoriesthe slopevariance was
constrainedo beequal for thirdthroughfifth graders(see Tablé&, Model 5). The DCFI
for the slopanvariance waessthan.01 (seeTable 5)indicating
therestrictedslopeinvariancehypothesishould not beejectedfor the model and the
constraintshould beetained.

Anotherhypothesiof equalityof residualvariancer individual difference
parametergDuncan,Duncan,& Strycker,2006)wasinvestigatedo determine whether
themodelfit is betterfor onegroupoverthe other(Model 6). When theresidualvariance
wasconstrainedo equalbetweerthe NRD andRD groups, modseiit significantly
worsenedAs shown inTable4, thechangdan CFlfrom the previousmodelwasgreater
than .0lindicatingthe measuremergrror between th&lRD andRD groupsfor the latent
constructaredifferent(Cheung& Rensvold2002).Thereforethefinal retainedmodel

did not includeequalityconstrainfor residualvariance.
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Table5
VarianceExplainedin Endogenou¥ariablesin Grades3i 5 MathematicsAchievement
Growth

NonReading Reading NRD with RD with

Difficult Difficulty Reading Reading

(NRD) (RD) Predictors  Predictors
Mathematics - . - -
Fall Grade3 .81 .70 .78 .70
Winter Grade3 .82 17 .82 .75
SpringGrade3 .85 .82 .81 .76
Fall Grade4 .85 .79 .83 .79
Winter Grade4 .84 79 .84 79
SpringGrade4 .90 .85 .86 .81
Fall Grade5 .88 .86 .86 .85
Winter Grades .88 .85 .88 .85
SpringGrades .90 .84 .86 .83
Latentvariables . - - --
Grade3-5 intercept . - 45 34
Grade3 slope - - .01 .08
Grade4 slope - - .01 .02
Gradeb slope - - .01 .01

Forthemodel comparingnathematigrowthachievemenbetweerNRD and
RD groupsall estimatedneanswverestatisticallysignificantat p <.001.Forthe
students notat-risk for readingdifficulty (NRD) the meaninterceptfor third through
fifth gradeswvas statisticallysignificant(M = 195.83,SD= 10.63)andthe meanslope
for third through fifth gradeswvas 5.7 SD= 62.13).Finallythe mean summer
discontinuityfor third throughfourth gradesvas(M =-0.90,SD= 2.54)andfor
fourth throughfifth gradeqM = 1.70,SD= 2.13)wereboth statisticallysignificant(p

<.001).Thethird gradeNRD groupmeaninterceptandmeanslopedisplayed
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statisticallysignificantnegative covarianceg¢ov(i,s)=-.206,p < .001,fourth grade
meaninterceptand mean slopelemonstrat@ positivecovariancegov(i,s)=.076,p <
.01. Thefifth grademeanintercept andmeanslopealsodisplayeda statistically
significant,positivecovariancecov(i,s)=.196,p < .001

In gradeghreethroughfive, the studentatrisk for readingdifficulty (RD)
group meanintercept andslopewerestatisticallysignificantatp < .001 M = 177.6,
SD= 9.25),themeanslopewas 5.76 $D = 33.76).For summerdiscontinuityfor
third through fourth gradesmean was0.74(SD = 4.93)andfor gradedour through
five -2.92(SD= 5.47)both statisticallysignificantatp <.001. Thethird gradeRD
groupmeaninterceptandmeanslopedisplayedstatisticallysignificantpositive
covariancecov(i,s)=.10,p < .001,fourth grademeaninterceptand mean slope
demonstrated positivecovariance,cov(i,s)=.207,p < .01.Thefifth grade mean
interceptand mean slopalsodisplayeda statisticallysignificant,positivecovariance,
cov(i,s)=.08,p <.001.

As shown inTable5 thevarianceof eachobservedneasurdor the
unconditionalmodelexplainedrelativelythe samemounta variance gvenwith the
readingpredictor variablesncludedin themodel. Thaneansntercept fothe NRD
groupwas staticallysignificantfrom zeroatp < .001,(var = 44.91).For third
throughfifth gradesthe mean slopewasstatisticallysignificantvariance(var =
2.715)andbothsummerdiscontinuity meanswverestatisticallysignificantatp < .001
(var = 3.50andvar = 3.2). Themean interceptfor the RD groupwasalso
statisticallysignificantfrom zeroatp <.001,(var= 51.22). Becasethe thirdthrough

fifth grademeanslopeswereconstrainedo equal variances thesameasthe NRD
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group asndicatedabove.Themeans fothediscontinuityfor the RDgroupwereboth

staticallysignificant(var = 9.72andvar = 15.0).

Conditional Model

Theinitial stepsto analyzethe conditionalmodelincorporatedive reading
predictorsutilizing a stepwisemethod. Onepredictorat a timewasaddedsomewhat
following the NationalReadingPanelsstructureof (PA, PH, VOCB,LG, and COMP)
to theunconditionaimathematicgrowthmodel.Table 6containshe modelfit for
each variableincorporatednto theconditionalmodel.Pathdiagramsand results for

each iterationof the stepwiseconditionalmodelareavailablein theappendicesThe

! ! ! !
F3 | | W3 || S3 || F | |Wa]|]| s4 F5 | | ws | | S5

Figure 3. Conditional Model for Students Not ARisk for RD. Statisticallyignificant
(*p<.01) associations for group NRD Grad®& Bathematics achievement and reading
predictors (i.e., PA: phonemic awareness, PH: phonics, VO: vocabulary, LG: language,
CP: compehension) variables.
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Figure 4. Conditional Model for Students ARisk for RD. Statistically significant
(*p<.01) associations for group RD Grad® Bnathematics achievement and reading
predictors (i.e., PA: phonemic awareness, PH: phonicsyd€abulary, LG: language,
CP: comprehension) variables.
full conditionalmodelresultsarepresentedhere.SeeFigure3 and4 for acomplete
path diagrammodelof both NRDandRD statisticallysignificant(p < .01) pathways.
Not at-risk conditional model. Out ofthefive readingpredictorsall five
revealed ameaninterceptin gradeghreethroughfive werestatisticallysignificant,
p<.01. The readingpredictorsthatweresignificantwere:(a) phonemicawarenesg16),
(b) phonics(.10), (c) vocabulary(.16),(d) languageusage(.07),and(e) comprehension
(:29). Theb a s e | i n predittedhtedf graavthin gradeghree througliive was
constrainedo beequalthereforeehe NRDandRD groupsareexpected t@lemonstrate

thesameratein growth.Theresults of thesloperegressiorpathson eachreading

predictorsateachgrade level revealedho significanteffectfor third andfifth grade.For
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fourth grade Janguagausagewassignificantlydifferentfrom zeroat p < .01,(.07). Figure
5 displaysthe pathdiagramof the statisticallysignificantrelationshipsbetween

mathematicgchievementandfoundationakeading skills.

PA PH VO LG CP

Figure 5. SignificantPathways for Students NAt-Risk for RD. Model Statistically
significant(p<.01)associations fogroupNRD Grade3-5 mathematicachievemenand
readingpredictorg(i.e., PA: phonemic awarenesBH: phonicsVO: vocabulary L G:
languageCP: comprehensionyariables.

At-risk conditional model. Similarto theNRD results the RDgroupdemonstrated
all five readingvariablesasstatisticallysignificantfor theintercept;phonemicawareness
(14,p <.01), phonicq.15,p <.01), vocabulary(.14,p <.01) languagaisages.14, p
<.01), andcomprehensio(23,p <.01). In addition,phonemicawarenes$fiasa

relationshipbetweerthird grade mathemati@ndratein growth,phonemicawareness

slopewasstatisticallysignificant with gpositivepathof .279,p <.01. Noadditional
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predictor variablesvere foundsignificant.Figure6 displaysthe statisticallysignificant

relationshipdpetweermathematicechievemenandfoundationakeadingskills.

PA PH VO LG cP

| | " " |

Figure 6. SignificantPathways foStudents ARisk forRD. Statisticallysignificant
(p<.01)associations fogroupRD Grade3-5 mathematicsachievemenand reading
predictorg(i.e., PA: phonemiawareness?H: phonics,VO: vocabularyLG: language,
CP: comprehensiowariables.
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Table6
Grades3-5 Conditional MathematicéchievemenGrowthwith ReadingPredictorsModel Fit

Model 02 df  AIC BIC RMSEA CFl
1.Math+ PA 359.07 73  294250.577 294595.988 .040 995
> Math+ PA + PH 367.954 83  293982.014 294379.563 .037 995
3. Math+ PA + PH+VO 396.001 93  293431.386 293881.072 .036 994
4. Math+ PA + PH+ VO + LG 429.210 103 292800.392 293302.216 .036 994
5 Math+ PA+ PH+VO +  450.499 113 292417.909 292971.870 .035 994

LG + CP

Note.[12 = chi-squarestatistic RMSEA = RootMeanSquareError Absolute CFI = Comparativerit Index. Reading
variablesPhonemicAwareness(PA), Phonic§PH),Vocabulary(VO), LanguagdJsage(LG), andComprehensiofCP))
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CHAPTERIV

DISCUSSION

For studentsvho havestrongfluencyandcomprehensioskills, mathematicgan
be intimidating, but understandinghe complexityof mathematicshould not be
dependenbn readingskills. Students witlmeadingdifficulties havea dualtaskof
learningthe sameontentas their peerswho areproficientreaderswhile trying to tackle
thecomplexitiesof readingto deciphemathematicsMy dissertatiorbroughtto light
severalfindingsregardinghe differences betweerstudentsvho areat-risk for reading
difficulty andthosewho arenot andtheirgrowthin mathematicsichievementwhile
mostfindingswereconsistentvith prior researchpthers provideoriginalinformation.

Thebestfit of gradeghreethroughfive mathematicachievemengrowthmodel
standsout asanimportantfinding from my dissertationThes t u d iaitlt pérfermance
means forgradeghreethroughfive weredifferentbetweereachgroup. Eventhoughthe
s t u dieitlt gedormancevas significant, theateof mathematicaichievement
growthfor studentswith readingdifficulties comparedo students without reading
difficulties wasnot significantly different. Thesefindings areunique butonsistentvith
previousresearch.

Relationshipdetweerearlyreadingskills andintermediate mathematics
achievementshowedhat earlyreadingskills arecorrelatedwith latermathematics
achievement. Thearious readingskills (i.e., phonologicalawarenesghonics,
vocabulary)anguagausageand comprehensionevealedsomeinterestingpredictions
suchasphonemic awarenegsedicting third gradegrowthfor RD studentsandlanguage

usage predictingpurth gradegrowthfor NRD studentsandashypothesizedvith all five
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reading covariategredictinginitial startingmeans forRD andNRD students in
mathematiachievementin contrastonly two covariategredicted growthin PA for
grade thre&kD studentsandLanguagdJsagefor gradefour NRD studentsno other
predictionswerefound to besignificantfor bothgroups.Not only werethe readingskills
strongpredictorsfor the RDgroup,but for the NRD aswell. All readingcovariatesvere
strong predictorsfor the NRD groupinitial startin mathematicgchievementand

languagausagevasa strongpredictorof mathematicachievementor fourth grade.
Unconditional Model of Mathematic Achievement

Thefirst researclguestionestablishedhe relationshipbetweenstudentsatrisk for
readingdifficulty (RD) andstudentshot atrisk for readingdifficulty (NRD) with
mathematicsachievementlf mathematicassessmentreto beusedto measure
mathemati@achievement,thenunderstandingvhetherdeficitsin readingshapestudent
outcomess importantin the relevancyof thoseassessments. Also, themparisorof
RD andNRD studentnabledan investigationinto whetherfoundationakeadingskills
couldpredictwherestudentsvere performingin mathematics. Consistent wiphevious
researchi{JordanKaplan,andHanich, 2002;Duncan Claesseng;luston,PaganiEngel,
Sexton,Dowsett,MagnusonKlebanov, Feinstein BrooksGunn,Duckworth,andJapel,
2007),correlationbetweerreadingskills and mathemati@achievementvassignificantly
positive. Asound linkbetweerreadingand mathematicss valuablebecaus®f the
implicationsthese resultmmayhaveon assessmerdnd instruction.

As with previousresearcl{Libertus,Feigenson,8Halberda2011;Sarametal.,
2012), differencesbetweerNRD andRD studentexistbetweennitial performance and

growthtrajectory.Thedifferencesvereconstantdetweerthe twogroupsfor gradeshree
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throughfive andconsistentvith previousresearct{Jordanetal., 2003),in which student
rateof growthwas foundnot to bedifferentbetweerthe NRD andRD groups.In fact,
constraininghe growth meango beequalprovedto beanevenbetterfit.

If RDs t u d ieitnak psrformancas farbelowNRD, but theyaregrowingatthe
same rate,anumber offactorscouldbe contributingto theresults.For examplejt could
bethatthere is notenoughvariationin thedataor thattheinstruction sometudentsare
receivingis not effective (FirmenderGavin,& McCoach,2014). However,theresults
alsocouldbethatstrong foundationakeadingskills, which containwholeto part
conceptsuchasphonemicawarenessandphonics,sequentiastructurdike language
usaggWiseetal., 2008; Altetal., 2014),and comprehensioof written textlend
themselveso moreproficiencyof mathemati@achievement,whereasveakemreading
skills actas abarrierto learningstrongmathematickills (Bolt & Thurlow, 2006).
Thereforethe RD students areaintainingthe sameatein growth,but may neverable
tofi c | thegy @ wvith theNRD students.

An importantquestionfor this studywaswhether aifferenceexistedbetween
initial performancaneans of NRandRD. Themeanfor theNRD andRD groupwere
significantly different. The differencewasquitelargein magnitudeandthe effectsize
wassubstantialindicatingthat 95%of studentgperformingbelowthe 25% in spring
secondgradereadingMAP test (RDgroup)arebelow themeanof thestudents not at
risk for readingdifficulty. Severalexplanationarepossible First, it maybethe skills
neededo be strongn mathematicsrethe sameskills for reading(Davidse Jong,&
Bus,2014).Alternatively,it maybethatthe mathematicechievemenineasuresio not

provideenoughaccesgor RD students toemovebarrierssuchascomplexlanguage and
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theability to decode Similarly, RutherfordBecker& Vanderwood2009)conducted a
studyinvestigatinghe relationshipetweenearlyreadingskills andmathematicaind
discoveredhat applied math tesgsenot solelymeasuringnath skills.An additional
finding wasthatstudentsvho performedpoorlyon readingcomprehensiowere unlikely
to beproficienton anappliedmathassessment. Thigrtheremphasizes thattis nearly
impossible talisentanglehe constructof mathematicandreading.

Summerloss Eventhoughtherelationshipregardingsummenoss was not
investigatedhere,the unconditionagirowth modelprocessn this studyconfirmedthat
modelfit improved whensummerdiscontinuitywasconsideredyith statistically
significantmeandor both NRD andRD groups.This findingwasconsistentith studies
thatincludesummeidosswhere students show dropin growth afterthe summerbreak.
Sincemy dissertatiorwasnot focused on summeregressioranempiricaltestof whether
thesummeregressionsvereequalwasnot conductedhereforel wasunableto

determindf the difference wasignificantlydifferent betweerthegroups.
Relationship BetweenReading Skills and Mathematics, Conditional Model

Variousresearchasindicatedthattherelationshipbetweerreadingand
mathematicss importantto understandWiseetal., 2008;Hartetal., 2010;Davidseet
al., 2014; andsarameet al.,2011)becaus®f theamountof evidence eaclesearcher
providesabout theoverlapbetween learningreadingandmathematics. Wisand
colleagueg2008) foundhat students aisk for readingandmathematicglifficulties that
phonenic awarenesskills werethe bestpredictorof mathematicgchievementThefirst
stepwasto establish aelationshipby consideringhe correlationdbetweerthereading

variablesandthird throughfifth grade mathematigeeasurement#\ moderatelyhigh
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correlationwasestablishedetweerthe readingoundational skills andthird through

fifth grademathematicechievemenfseeTablel),(r =.53- .68). It is possiblethatboth
rely on similar cognitiveunderpinningssuchasshort termmemory,patternfinding, and
synthesizingnformation(Hartetal., 2010). Additionally, both reading@and mathematics
requiretheability to comprehendreadingis based on skills that buildomprehension,
while mathematicsin gradeghreethroughfive, requirescomprelensionto analyze
problems.

PhonemicawarenessWith correlationsestablished@ndunconditionaimodel
found to havegoodfit, the reading/ariableswereaddedo the modelin astepwise
fashion.For each latentvariable,the covariatephonemic awareneg¢BA) wasentered
first, followed by phonics (PH), vocabularyVOC) languagausaggLG), and
comprehensiofCP) (seeappendixA for the pathdiagramswhichindicate theesult of
eachstepvariables).

Theresultshavethreeprimaryimplications.First, thefindingsdid lend supportor
previousresearchhatsuggesphonologicalandphonemicawarenesaregoodpredictors
of mathematicahchievemenfWiseetal., 2008; Vukovic,2012).Specifically,results
indicatethat PA skillswereagoodpredictorof third grade initialperformancdor
mathematic$or both NRD andRD studentsForeveryl.0 unitRIT increasen a PA
scorethe student initiaberformancescorefor mathematicsncreasedy .14 ofa Rasch
unit.

A numberof factorsmay accountfor PA predictingmathematicsComptonet al
(2011) suggestthat cognitive domains potentiallysharethe sameskills with PA and

therefore serve as common underpinningsof mathematicsachievement.lt is also
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noteworthythat, for the RDstudents, PAvasalsofound to be statisticallgignificantin

predictinggrowthfor grade threeas hypothesizedVukovic, 2012; Wiseetal., 2008).For
every 1.0 unit RIT a studentimproveson PA their mathematicsachievementscore
increasedy .28.In contrastto Vukovic (2012) and Wiseetal (2008),PA was nofound
to predictgrowth in mathematicdor fourth throughfifth gradeRD studentsand third
throughfifth gradeNRD studentsThesefindings may be explained by the amountof

variationin mathematicendreadingachievemenébilities of third graders.

Manythird gradersarestill in variousstageof learningto readversus readingp
learn,therefore some students mayill be consideredemergenteadergNationalCenter
to Improvethe Toolsof Educators1996).In short, PApredictsmathematics
achievementor third grade ands a strong predictorfor overallinitial mathematics
performance.

Decodingand phonics As expectedthe correlationsetweerphonicsand
mathematicshadmoderatelystrongpositiverelatiorships.Studentghatshowedstronger
phonics abilitywith higher scores springof secondgradewereexpected t¢a) predict
initial performanceachievementor mathematicén third grade,and(b) predictgrowth
trajectoryfor gradeghree throughfive. Resultsdid indicatethatfor both NRDandRD
groups,phonics predicted thaitial performancen mathematicgachievementThis
relationshipprovidesfurthersupportof the importanceof readingachievement on
mathematicachievemenandis consistent witdermaret al. (2012)andBryantBeebe&
Bulcock(1981).Both found poordecoderandpoor comprehenderareunableto
removetheirrelevantinformationfrom mathtasks,makingsuch tasks moreomplexand

challengingBeebe& Bulcockfoundthat phonic$adsignificant contributionto the
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covariationbetweerliteracyand numerac{1981).Theseresultsalsoemphasiz¢he
importanceof thestrongrelationshipthatfoundationakeadingskills suchas phonemic
awarenesandphonicshavewith mathematics.

Phonicgperformancen secondgrade alsgredicted thirdgrade initial
performancen mathematicslf anNRD studentgrows5.0RIT points in phonics, the
studentincreased50RIT points ininitial performancen mathematicseichievement-or
RD students, every.0 pointRIT gainin phonicsequatego .75initial performancen
third grademathematicgchievementThese resultssuggesthat,althoughproximal,
readingachievement iphonicsalsoforecasts mathematicsichievemeninitial
perfomanceThis findingis consistent witlBryant,Nunes,& Barros(2014),who found
thatgraphephonicsmediates the linketweerstudentreadingability andsuccess
mathematics.In contrastphonics was ndbundto be asignificantpredictor of growth
in mathematicperformancdor gradeghreethroughfive, for bothNRD andRD.
However theseresults should beeviewedwith cautionasthereadingmeasuras from an
adaptive assessmenmith only asamplingof items,andthereforemayunderrepresenthe
construct.

Vocabulary. Similarto PA andphonics, vocabularigada high correlationwith
mathematicgchievementianging from.53- .62. These resultareconsistent with
Davidse, Jong,andBus(2014), whoreportthatvocabulary specificallyreceptive
vocabularywas correlatedwvith both additiorandsubtractiorsums. Vocabularis
complexandhasthepotential to contributeto mathachievemenin a verydifferentway
than PAandphonics.Forexamplea directoverlapexists incurriculumandstandards to

teachvocabularyin mathematicandin reading.Similarto PAandphonics, vocabulary
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wasalsoa significantpredictorof initial mathematicperformancdor both thirdgrade
NRD andRD groups.Neithergrouphadsignificantfindingsfor vocabularyachievement
predictinggrowthtrajectoryfor gradeghree throughfive. However furtherinvestigation
is neededeforetheseresultscould be generalized.

Languageusage Consistentvith currentliterature languageisagemoderately
correltedwith mathematic¢Davidseetal., 2014; Morin &Franks,2010;Saramalange,
Clements& Wolfe, 2011), with adirecteffecton mathematicechievementor students
with poorlanguagaisageskills (Alt etal., 2014; Morin &Franks,2010).Language
usagewas asignificantpredictorfor theRD g r o ungid@ gerformancevith a
standardizedetaweightof .14. Witheachincreaseof languageisageandwriting
processingkills, mathematicsaachievemenalsoincreasedinterestingly,for NRD
studentstheresearclshowedsignificant increasesssociateavith improvementsn
languageausageandwriting process with astandardizedetaweightdoublethatof the
RD, .28.

A numberof factorsmayexplain theNRD groupdemonstratingmuchlarger
increasan theirmathematicaichievementvith anincreasean languageskills. For
examplestudentsvho areableto increasdheir complexityof languageareableto
deciphemathematicstamore sophisticatedevel becaus®f thecomplexlanguage
structureof mathematicsHowever,it could alsobethatthe similaritiesbetween
languagausageandmathematicés moreapparentThe correlationsetweerthe
languageausagevariableandmathematicsichievemenscoresvere quitestrongandlarge
thoughtheyalsowerequitevaried,rangingfrom .62to .67.These findingsmayalsolend

to theargumenthat thelanguagecomplexityof mathematicastructuresan poseasa
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barrierfor somestudents to showheir understandingf mathematicsThis theoryis
consistentvith Alt etal (2014),who foundlargeeffectsize,C o0 h ed{d6=4.97),
between students wittspecific language impairmerdasd theKey Math assessment.
Anotherkeyfinding from language usageasits predictionof mathematics
achievementgrowthtrajectoryfor fourth gradeNRD grouplanguage usagd@heweight
wassmall.07, but still significantatp < .01.Whereador theRD grouplanguageusage
did notpredictanygrowth trajectoriedor third throughfifth gradesGiven that the
g r o wmwtliratewasnot significantlydifferent,this findingis uniqueandit maybe
dueto morevariation inthe NRD group.Thesefindingsalsosuggesthatstronglanguage
skills maybeimportantfor later successin mathematicsit shouldbe notedthatnearly
50% of childrenwith language impairmentisere alsoconsideredo havereading
disabilities bysecondandfourth gradeqCattsetal., 2002), illustratingthe importancef
languageskills andemphasizinghe potentialconfoundingeffects on readingover time
andthushinderings t u d a&bititiestodefully successful imathematics.
Comprehension Similarto thepreviousfindings,the correlationshetween
comprehensioandmathematicachievemeniverequite strong,whichis consistent with
previousresearch{Wiseetal., 2008;Grimm, 2008). Thestudents who hawgreater
readingcomprehensioim third gradearemorelikely to showincreasesn mathematics
skills (Grimm, 2008).In additionto highcorrelationscomprehensiowasalsoanother
predictorof initial levels of mathematicschievementor gradethreefor both NRDand
RD. However,comprehensionwasnot apredictorof growthtrajectoriedor either the
NRD orRD groupsatanygradelevel.

Unlike languagausagecomprehensiowassimilar in itsrelationfor both groups
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of students with NRRt.29 and RDat.23, with NRDweightedslightly higher.
Comprehensiomccountedor the most varianceut ofall the predictors fofoundational
readingskills. A deficit in readingcomprehension ig/pical for students atisk for
readingproblemswhich meangts relationto mathematicsichievemenits critical to
considersothatstudentsanaccessheir mathematiceissessments.

However,it is essentiato understandhe variousdefinitionsof comprehensin.
Weaver (2002)stateghatreadingcomprehensiostartswith decodingfluencyof words
combinedwith syntax,semanticandmetacognitiveskills. BerningerandAbott (2010)
extend thidefinitionof comprehensioto includephysicalfeaturestheability to see,
feel, or hearthewords.As a consequencegadingcomprehensiobecomegjuite
complexwhenconsideringall formsof readingcomprehensiobased orstudentability
andneedsFurthermorejssuesarisein accuratelymeasuringeadingcomprehension,
including biasingesultsor introducingconstruct irrelevantvariance Finally, the
relationof thecomprehensiomariableto mathematicsnaybe differentfor students who
needtranslationssuchasEnglishLanguagd_earnersor students wh needreadaloudto
removedecodingoarriers. Thesedata,neverthelesssuggest high correlationbetween
theinitial performanceeadingcomprehensioandmathematicgrrowthfor both RDand

NRD groups.
Limitations

Findingsfrom this studymustacknowledgeseverallimitations. First, the current
study wasfrom alargeandnationallyrepresentativeampledatasetyhich offered areat
amountof statisticalpower.

Generalizability. Missingdatawereremovedrom thedataseand therefore the
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ability to generalizeheresultsmaybe compromisedAdditionally, the datan this study
measuredime in broadseasondall, winter,andspring,insteadof in amoretime
sensitivemannersuchasmonths omweeks Measuringime in thismannetis slightlyless
accurateand forfuture studiem moretime sensitiveapproachs suggested.

Construct validity . Anotherlimitation to consideis MAP for PrimaryGradess
an adaptivereadingassessmentith six goalareassohow thestudent respond teach
item determineshe next mosinformativeitem for thatparticularstudent. Thisnakesthe
actual sampleof itemsfor eachgoalareadependent on thavailability of the breath of
thegoalarea andhedepthof item level difficulty, which mayunderrepresenthe
constructAs for the mathematicechievementonstructjt is possibleghatthe MAP
mathematicassessmerstudents aretakingmaybealigned to a varietgf mathematics
standard$rom individualstatesthe CommonCore,or NCTM.

Confounding variables In additionto thepotentiallimited ability of datato fully
representheconstructthereare afew othercovariateghatcould havebeenincorporated
into theanalysesuchasgenderandethnicity.Also, other studiebavecontrdled for
intelligence allowing for adeepetevel ofinvestigationbetweerstudentavho struggle
andtheconstruct beingassessed.astly, theinability to accountor EnglishLanguage
Learnergnakest difficult to specifywhy somestudentsareatrisk for readingdifficulty.
More specificdetailsabout the students could explaimorevariance makingtheresults
moregeneralizable.

Despitethe effort to createwvell-representedample therearealsodatacollection
issuesthat limit thegeneralizationso bederivedfrom thisstudy.For this particular

study, students atisk for readingdifficulty weredecidedbasedn thebottom 25% of
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theadaptive readingassessmenEventhoughthereliability of theMPG reading
assessmers strong,theconstrucis broadandnot typicallyused tadeterminestudents
with readingdifficulties. Thereforethis couldlimit the generalizabilityof theresultsand
interpretationsieedto bemadewith caution.ldeally, severalsources woulde usedto
indicatewhetherthe students consistentlystrugglingwith readingto makea stronger

argumenfor risk.

Implications

Thereareseveraimportantconclusiongrom this studyof growthin mathematics
for studentsatrisk or not atrisk for readingdifficulties. First, from this largesampleof
studentsit is clearthattherelationshipbetweerreadingandmathematicss strong.Each
foundational readingscorewasableto predictstudentsn both RDandNRDgr ou p 0 s
initial performancen mathematicsichievementwith RD initial performancestarting
lower than NRDsecondgrade readersFromanassessmerstandpointthesedifferences
couldhelp define theonstructof mathematicsichievemenby removingpotential
barrierssuchasrelying on readingskills to showmathematicsinderstanding.

Latentgrowthmodelingin this studywas used talocumenboth initial
mathematicsscoresandaverageatesof mathematicachievemengrowthfor students
who areatrisk andnot at-risk for readingdifficulty. Students with poofoundational
readingskills maybegin third gradewith low mathematicachievementput theirrateof
mathematicgrowthmayaccelerat®r decelerat¢Jordanretal., 2003).In this caserates
of growthfor mathematicsverethesamefor studentsat-risk andnot atrisk for reading
difficulties (i.e., low initial statuswith similargrowth). Knowingthat secongrade

foundationakeadingskills maypredict initialperformancen mathematichasthe
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potential to suppoiteacherso theycanadjusttheir expectationsandbe morestrategic
in their approactarounddifferentiationandinstruction.Furthermorestudents who are
low performingreaderswith low initial statusmayneed support witheadingon
mathematicassessmentRemovingthe barrierof readingto assessnathematics may
help to removebiasfrom as t u d e nstogeailure¢osecognizehe potentialimpact
poor readingskills mayhaveon mathematicachievementouldleadto negative
consequencdas termsof instruction,assessmemndoverallgrowth.

Future studies.To supportthe ability to generalizehis studybeyondthe current
population, aeplicationstudyis neededAre the resultsimilar?Did language usag#ill
predict fourth growthin mathematic$or students not atisk for readingdifficulties?
Additionally, conductinga correlationstudybetweercognitiveskills (e.g.,working
memory,spatialreasoning, andauditoryprocessinggarlyliteracyskills, and
mathematicso find theoverlappingskills neededor bothreadingandmathematics.
Understandinghis informationmayhelpteachersn understandingvhich strategyto use
to support students whayestrugglingwith bothreadingand mathematicsLastly,
investigatingherelationbetweerlanguagaisageandmathematicsnore deeplyto
potentiallyuncovermore underlyingskills that will promotestrongmathematics

achievement.
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APPENDIX

STEPWISEMODELS

PA

Figure A.1 ConditionalModelfor Students Not ARisk forRD, phonemic awareness
only. Statisticallysignificant(*p<.01) association$or groupNRD Grade3-5
mathematicsachievemenand readingredictordi.e., PA: phonemi@awareness)

variable.
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PA

Figure A.2.ConditionalModel for Students ARisk for RD, phonemicawarenessnly.
Statisticallysignificant(*p<.01) association$or groupRD Grade3-5 mathematics

achievementandreadingpredictors(i.e., PA:phonemic awarenessgariable.
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PH

PA

Figure A.3.ConditionalModelfor Students Not ARisk forRD. Statisticallysignificant
(*p<.01) association$or groupNRD Grade3-5 mathematicachievemenandreading

predictors (i.e.,PA: phonemic awarened8H: phonicsyariables.
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PH

PA

(*p<.01) associationsor groupRD Grade3-5 mathematicachievemenandreading

Figure A.4. ConditionalModel for StudentsAt-Risk for RD. Statisticallysignificant
predictorg(i.e.,PA: phonemic awarened8H: phonics)variables.
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VOC

PH

PA

Figure A.5. ConditionalModelfor Students Not ARisk forRD. Statisticallysignificant

(*p<.01) association$or groupNRD Grade3-5 mathematicechievemenandreading
predictors (i.e.,PA: phonemic awarenes8H: phonics, VOCvocabulary)variables.
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VOC

PH

PA

Figure A6. ConditionalModel for Students AfRisk for RD. Statisticallysignificant
(*p<.01) association$or groupRD Grade3-5 mathematicachievemenandreading
predictorg(i.e.,PA: phonemic awarenes8H: phonicsVOC: vocabulary)variables.
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Figure A.7. ConditionalModel for Students Not ARisk forRD. Statisticallysignificant
(*p<.01) association$or groupNRD Grade3-5 mathematicachievemenandreading
predictors (i.e.,PA: phonemic awarenes8H: phonics, VOCvocabularyLG: language
usage)ariables.
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Figure A.8. ConditionalModelfor StudentsAt-Risk for RD. Statisticallysignificant
(*p<.01) associationgor groupRD Grade3-5 mathematicachievemenandreading
predictorg(i.e.,PA: phonemic awarenes8H: phonics VOC: vocabularyl G: language
usage)ariables.
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