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FOR ENGLISH LANGUAGE LEARNERS IN A MATH ASSESSMENT!

Mikyung Kim Wolf, Jinok Kim, Jenny C. Kao, & Nichole M. Rivera
CRESST/University of California, Los Angeles

Abstract

Glossary and reading aloud test items are often listed as allowed in many statesO
accommodation policies for ELL students, when taking statesOlarge-scale mathematics
assessments. However, little empirical research has been conducted on the effects of

these two accommodations on ELL studentsOtest performance. Furthermore, no research

is available to examine how students use the provided accommodations. The present

study employed a randomized experimental design and a think-aloud procedure to delve
into the effects of the two accommodations. A total of 605 ELL and non-ELL students
from two states participated in the experimental component and a subset of 68 ELL

students participated in the think-aloud component of the study. Results showed no

significant effect of glossary, and mixed effects of read aloud on ELL studentsO
performance. Read aloud was found to have a significant effect for the ELL sample in

one state, but not the other. Significant interaction effects between studentsOprior content

knowledge and accommodations were found, suggesting the given accommodation was

effective for the students who had acquired content knowledge. During the think-aloud

analysis, students did not actively utilize the provided glossary, indicating lack of

familiarity with the accommodation. Implications for the effective use of

accommodations and future research agendas are discussed.

1 \We would like to thank the following people for their valuable contributions to this study in many ways: Joan
Herman and Noelle Griffin for their guidance and invaluable feedback throughout the entire process of this
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test alignment study. Carol Ann Ramirez, Socorro Shiels, and Lisa Sullivan, for taking part in the alignment
study. Jean Jho and Stella Tsang Li, for their help with data entry and transcription. Kim Hurst and Haig
Santourian, for administrative support, including scanning answer sheets and processing payments. Robert
Kaplinsky and Belinda Thompson, for providing feedback on our test and glossary based on their experiences
as middle school math teachers. Bruin Partners’/Marina Del Rey Middle School students, for allowing us to test
run our think-aloud instruments. This study relied on the cooperation of many people from the two participating
states, for which we are indebted: State Title | and Title |1l department directors and staff, district English
language acquisition units, the principals from all 13 schools for allowing us to come in to their schools, as well
as the teachers for coordinating logistics and proctoring the sessions, and finally, the students, for which this
study was conducted. We are deeply grateful for their participation.
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Introduction

Since 2001, when federal legislation mandatedthe participation of all students,
including English languagelearner (ELL) students,in state accountability systems,the
validity of ELL assessmeritasgainedmuchattention.lt is of paticular concernin thefield
to ensurethat the states®igh-stakes,largescale contentassessmentadequatelymeasure
ELL students@ontentknowledgeandskills, without unduly penalizingthe studentsvho are
still learning English. For instance,a math assessmenis, broadly speaking,intendedto
measure studentOsmathematicaproblemsolving ability. However, linguistic complexities
in the math assessmentay interfere with ELL students@athematicalproblemsolving
ability, failing to measurehe intendedconstructfor thesestudentsTestingaccommodations
have beenutilized as a way of reducingthesetypes of unintendedfactors, referredto as
constructirrelevant variance, so that one can adequatelyassessELL students@ontent
knowledge and makeppropriate inferences from the assessment results.

For the pastdecadea body of researcthasfocusedon investigatingthe effectiveness
and validity of accommodationsand on providing guidanceon the appropriateuse of
accommodationtor ELL studentqFrancis,Rivera,Lesaux Kieffer, & Rivera,2006;Sireci,
Li, & Scarpati2003).However,previousempiricalstudieson the effectsof accommodations
yielded mixed results.Franciset al. Osnetaanalysisstudyindicatedthat the accommodation
effectsvaried dependingon grades contentareas,and assessmertypes. Among the seven
accommodatiortypes in the studiesincluded in their metaanalysis (simplified English,
Englishdictionary/glossarybilingual dictionary/glossaryextratime, Spanishlanguagetest
dual languageguestionsdual languagebooklet), only Englishlanguagedictionary/glossary
accommodatiorwas found to have an overall positive effect on increasingELL studentsO
performance.lnarguably, continuousinvestigationof an effective accommodabn use is
warranted in order to provide reseatdsed accommodation guidance for practitioners.

In light of this, the purposeof the presentstudy is to examinethe effectivenessand
validity of accommodationsvhich are commonlyprovidedto ELL studentswvhentaking a
large scale contentassessmenilhis study focusedon two particularaccommodationgor
states@tandarddasedmath assessmentst Grade8: Englishglossaryandreadingaloudan
entire testin English. Thesetwo accommodationsvere selectedfor a numberof reasons.
First, theseaccommodationareassumedo help ELL studentdecausehey directly support
the students@nguageimitations. Rivera, Collum, ShaferWillner, and Sia, (2006) shifted
the previous accommodationparadigm based on students with disabilities into a new
taxonomyfor ELL studentsy groupingaccommodationsito Odirectinguistic support@nd



Oindirectlinguistic supportGaccommodationsAlthough a numberof researchersdvocate
providing accommodationthat areresponsie to ELL students@pecificneedsthatis, their
limited Englishlanguageproficiency,few empirical studiesare availableto provethe effect
of directlinguistic supportaccommodationsSecondly, amongstthe direct linguistic support
types of accommodions, these two were identified as the most frequently allowed
accommodations statesolicies.In the200882007schoolyear,43 statesalloweda type of
vocabularysupportaccommodatiofe.g.,dictionary,glossary)and 39 statesallowedreading
aloud of testitemsfor ELL studentsin taking states@rgescalestandardizechssessments
(Wolf, Kao, et al., 2008).However,asnotedabove little empiricalresearckbasedevidence
is available to support the use of these accommodations. Although English
dictionary/glossarywasidentified asthe only effectiveaccommodatiorior ELL studentsijt
is worth revisiting to confirm the previousfinding. An investigationof the validity of these
commonaccommodationsvill also provide useful informationto many policymakersand
practitioners who allow these accommodations.

This study focuses on mathematicscontent area and Grade 8 to examine the
accommodatioreffects. As previous studiesindicated, allowable accommodationshould
dependon the contentareas,and consder the constructof an assessmentor example,a
dictionarymay not be allowedfor a readingassessmeritecausestudentanay receiveunfair
advantagesby having accessto vocabulary words being tested. Given that a stateOs
mathematicassessmerns typically intendedto measurenathematicaknowledgeandskills,
not languageproficiency, providing glossaryand readaloud accommodationso help ELL
students@nguagalifficulty to solve math problemsseemgeasonableGrade8 waschosen
becausef the pradical impactof the studyfindings. In all statesGrade8 assessmemesults
are countedfor the AdequateYearly Progress(AYP) reporting purposesAn appropriate
assessmendf ELL studentsat Grade8 is thus critical in all states.Additionally, it was
expectedthat the Grade8 studentsvould be more capableof usinga given accommodation
compared to students in lower grades.

Specifically, this study posits the following research questions:

1. Does providing glossaryand readaloud accommodationsncreaseELL stucentsO
performance in a math assessnantompared to thetandard testing condition?

2. Doesproviding glossaryandreadaloud accommodationgeavenonELL studentsO
performance unchanged, as compared to the standard testing condition?

3. To whatextentdo ELL studentshavedifficulty with the languageand contentin
solving math items?

4. How do ELL students utilize a glossary accommodation?
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5. What are students@erceptionson the helpfulnessof glossary and readaloud
accommodations when taking a math assent?

This studyis part of a largescaleresearclprojectdealingwith a broadrangeof ELL
assessmentand accommodation issues with the purpose of providing practical
recommendation$or policymakersand practitionersto improve the validity of their ELL
assessmerdystemsAs a subsetstudyundertakenn the largerresearctproject,the purpose
of the current study is not only to investigate the validity of commonlyallowed
accommodation# a stateOrge scalemathassessmenhut alsoto offer usefu guidelines
onimprovingthevalidity of accommodatiopracticesdrawnfrom thefindings. In this study,
we will referto otherresearclconductedunderthe largerresearchproject,suchasresearch
on the policiesand practicesof accommodatiomses(Wolf, Griffin, Kao, Chang,& Rivera,
2009), in order to better understand the results of the present study.

Relevant Literature

In this section,we briefly review relevantliteratureto provide contextualissuesthat
leadto this study.We first review the literatureaddressinghe needof accommodationfor
ELL studentsto take a mathematicsassessmentWe also review previous studies that
examine the validity and effectiveness of ra@dalid and glossary accommodations.

The Language Demands in Math Assessments for ELL Students

ELL studentshavehistoricallyunderperformedh mathematicsvhencomparedo their
nonELL peers.As reported by the U.S. GovernmentAccountability Office, the math
proficiency level of ELL studentsacross48 statesduring the 20032004 schoolyear was
20% lower, on averagethanthe overall population(U.S. GAO, 2006).In the 2007 National
Assessmendf EducationProgresfNAEP) in mathematics70%of ELL studentsn Grade8
scoredBelow Basicascomparedo 27% of nonELL studentyLee, Grigg, & Dion, 2007).
Although manyissuescan partly explainthe large achievemengap, suchas opportunityto
learn, one can speculatethat ELL students@ck of languageproficiency and the language
characteristics in such math assessments maysptag underlying role in the gap.

Pastresearchinked languagewith mathematicgproblemsolving (Aiken, 1971,1972;
Cummins,Kintsch, Reusser& Weimer,1988;De Corte,Verschaffel,& DeWin, 1985).For
ELL studentsn particular,languagelemandsnay interfere with their ability to performona
math assessmentAbedi & Lord, 2001). Paststudiesalso found that linguistic featuresof
math problemscan interfere with ELL students@bility to solve the problems(Spanos,
Rhodes, Dale, & Crandall, 1988). Abedi (2006) contendedthat unnecessanyinguistic
complexitiesof test items are nuisancevariablesthat confound assessmenbutcomes.In

4



work by Abedi and colleagues,test items that were modified to reduce the linguistic
complexity of non-contentin both math and scienceitems were found to increasethe
performanceof ELL studentqAbedi, Courtney,& Leon,2003a;Abedi, Lord, & Hofstetter,
1998). Garcia (1991) found that unknown vocabularyin particularaffectedELL studentsO
performanceon reading assessmentd$-urthermore,guides on mathematicanstruction for
ELL studentscontinueto emphasizehe needfor building students®@ocabulary(Coggins,
Kravin, Coates& Carroll, 2007;Dale & Cuevas,1987;Rubenstein1996).Recently,Wolf,
Herman,et al. (2008) exanined the languagecharacteristicef threestatestathematicsnd
scienceassessment3heir studyfound that somestates@athematicsissessmenfwresented
comparabldanguagedemanddo thosein scienceassessmentsarticularly with the amount
of acadernt vocabulary.In the subsequenstudy, Wolf andLeon (2009) providedempirical
evidenceof languagedemandson ELL students@est performanceby investigatingthe
languagecharacteristicof items differentially functioning againstELL students.In their
study, mathematicsand scienceitems disfavoring ELL studentstendedto contain more
academic vocabulary and be lengthy with little visual cues (e.g., graphics, charts, tables).

Accommodations

Accommodationsgenerally are changesto a test or changesto the way a test is
administered.They are intendedto help ELL studentsovercomelanguagebarrierswhen
taking an assessmengswell asreducethreatsto testscorevalidity. Accommodationsan
provide ELL studentswith either direct or indirect linguistic support (Riveraet al., 2006).
Someexamplesof accommodationshat provide direct linguistic supportinclude providing
bilingual dictionaries,providing native languagetranslationsof directions,or readingaloud
testitemsin English. Examplesof accommadationsthat provide indirect linguistic support
includeproviding extendedime, administeringhetestin a smallgroup,or administeringhe
test in a separate location.

Researchon accommodationshas emphasizedthe importanceof accommodations
being both effective and valid (Abedi et al., 2003a; Abedi, Courtney,Mirocha, Leon, &
Goldberg,2005).Accommodationshatareeffectiveincreasehe scoresof ELL studentsand
reducethe achievemengapbetweenELL andnonELL studentsAccommodationghatare
valid do not affectthe scoresof nonELL studentsThis is alsoreferredto asthe Ointeraction
hypothesis@hich statesthat studentsvho needa particulartype of accommodatiowould
benefitfrom it, andthosewho do not, would not benefitfrom it (Koenig & Bachman2004;
Sireci et al., 2003). If this is found to be true for a particularaccommodationthen the
accommodatetestresultscanbe aggregatedavith the nonaccommodatedesults.An invalid



accommodatiormeansit gives an unfair advantageto thos receiving it over those not
receivingit, which meansthattestresultsfrom an invalid accommodatiortould be inflated
(Sireci et al., 2003).

Using an experimentaldesignincluding a randomassignmenbf accommodation$o
both ELL and nonELL students,as illustrated by Koenig and Bachman (2004), the
interaction hypothesiscan be tested. In this design, one can test whether the given
accommodatiomasinfluenceon ELL studentspbutnotonnonELL studentsHowever,even
if shown to be effective and valid in an experimental study, ELL studentsare a
heterogeneougroupandresearcherbavecautionedagainsta Oonesizefits allOapproacto
providing accommodationgAbedi, Hofstetter,& Lord, 2004). More recentaccommodation
researchfound that ELL studens receivingappropriatetestaccommodationscoredhigher
on a math test than students receiving no accommodationsor notrecommended
accommodationgKopriva, Emick, Hipolito-Delgado, & Cameron,2007). Kopriva et al.
suggestedhat future researchusing control and treatmentgroupsshould considerspecific
studentneedsbeforemakingdirectcomparisondetweengroups.Similarly, Ketterlin-Geller,
Yovanoff, and Tindal (2007) emphasizedhe needto considerthe interactionbetweenitem
features(i.e., languag@ complexity) and studentcharacteristicgi.e., personalattributes)in
accommodations research.

Below we summarizepreviousresearchon the two accommodation$ocusedin the
present study, glossaries/dictionaries and read aloud.

Glossaries/Dictionaries. Glossariesand dictionariesare providedto ELL studentsto
helpthemunderstandhe meaningof somewords.Althoughglossariesanddictionariesserve
a similar purpose,thereis a distinction betweenthem. Generallyspeaking,researcheref
accommodationdave considereddictionariesto be referencebooks that contain general
definitionsof a word, andareusuallycommerciallypublished.Glossarieshowever,provide
an explanationof a word customizedfor a particular contextand audience(Riveraet al.,
2006).Both glossariesinddictionariescanbe Englishonly, or bilingual (Englishto studentsO
native language).However, as Rivera et al. noted, there is no identifiable standard
distinguishingthe two termsin the literature.In a seriesof CRESSTstudies conductedoy
Abedi and colleaguesyariationsof dictionary, customizeddictionary, glossary,and Opop
upQglossarywereinvestigatedor mathandscienceassessmen{é\bedi et al., 2003a;Abedi,
Courtney, & Leon, 2003b; Abedi et al., 2005; Abedi, Hofstdter, Baker, & Lord, 2001,
Abedi, Lord, Boscardin,& Miyoshi, 2000). Abedi et al. (2003a) provided Ocustomized
English dictionariesGand glossariesof non-content terms as supplementalhandoutsin



scienceassessment® Grade4 and Grade8 students.Both ELL and nonELL students
receivedeitherthe customizedenglishdictionary,or a glossary,or anotheraccommodation,
or no accommodationELL studentsof Spanishspeakingbackgroundsvere providedwith
Englishto-Spanishglossariesandnon-ELL studentswvere providedwith Englishto-English
glossaries(Studentsin the standardcondition were also provideda supplementahandout,
containing a list of words from the assessment, but with no definitions). No significant results
werefoundwith glossaryor dictionary,andno impacton testscoreswvasfound on nonELL
students.Abedi et al. (2003b) provided OpopupOglossariesof non-contentterms using a
computeradministrationin a mathematicsassessmentio Grade4 and Grade 8 students.
Resultsindicatedthat the OpopupOglossarywas effectivein increasingthe performanceof
both Grade4 and Grade8 ELL students,but also did not affect the scoresof nonELL
studentsThis studyalsoinvestigateda customizedEnglishdictionary,administeredhrough
a traditional paper assessmenthut no significant results were found. In another study
involving Grade8 mathassessmentgLL studentdenefitedmostfrom receivingan English
glossaryof nontechnicalterms, plus extra time (Abedi et al., 2001). However, nonELL
studentsO test scores also increased with glossary plus extra time.

Read Aloud/Oral Administration. Prior researcton readaloud,or oral administration
of testitems, hasfocusedon studentswith disabilitiesandnot Englishlanguagdearnergfor
exampleBolt & Ysseldyke2006;Elbaum,2007;Kim, Schneider& Siskind,2009;Weston,
2003). For instance,Bolt and Ysseldyke found that the readaloud accommodatiorwas
associateavith greatermeasuremerroblemson a reading/languagartstestthanon a math
test for studentswith disabilities. WestonOstudy included both learning disabled and
Oregularclassroom@Grade 4 studentswho took two matchedforms of a mathematics
assessmengne standardand onereadaloud, andincludedinterviewswith a sampleof the
studentdn a groupdiscussiorformat. Both learningdisabledandregularclassroonstudents
overwhelminglyreportedpreferringthe standardOpapeandpencilGestover the readaloud.
Studentsfelt that the test Otooktoo muchtimeOand one regularclassroomstudentdisliked
the readaloud becausetheywonOtet you go ahead@Weston,2003). Thereis a dearthof
researctfocusingon readaloud/oraladministratioraccommodatiorspecificallyfor the ELL
population. One study focusing on ELL studentsinvestigatedoral presentationof test
directionsonly, not testitems(Hafner,2001).Hafnerrandomlyassignedsrade4 studentdo
oneof threetestingconditionsfor a mathtest: extratime, standardandextratime plus oral
presentatiorf directions.The oral presentatiomf directionsincludedsimplifying directions,
rereadingdirections,providing additionalexamplespr readingdirectionsin students@ative
language. Results indicated that the nonELL students benefited the most from the

7



accommodatios In a study of readingtests,Grade8 ELL studentsfrom Spanishspeaking
backgroundsvere providedwith duatlanguageestitems (itemsprintedin both Englishand
Spanish)as well as the option of listening to the item read aloud in Spanishwith an
audpcassett€¢Anderson,Liu, Swierzbin, Thurlow, & Bielinski, 2000). However,resultson
the accommodatetestwere not significant,and the majority of studentseportednot using
the option of readaloud. In a study of Grade3 studentan mathematicswith 18% special
educatiorand3% ELL, Ketterlin-Gelleretal. (2007)found that studentswith lower reading
abilities benefittedthe most from a readaloud accommodatiorfor test items with high
mathematicsdifficulty and high language complexity, but not for items with low
mathematicglifficulty and high languagecomplexity, or either high or low math difficulty
andlow languagecomplexity. Theseresultssuggestedhat the readaloud accommodation
wasonly beneficialwhenthe languageof the testitemswasconplicatedenoughto interfere
with studentsO ability to access difficult content.

As reviewed the effectivenessandvalidity of glossaryandreadaloudaccommodations
for ELL studentsneedfurther investigation.In the following section,we will describeour
methodological approach to investigating this issue.

Method

In order to investigateour researchquestionsdescribedearlier, we utilized both
guantitativeand qualitativemethods Quantitatively,a randomizedexperimentabdesignwas
applied to find the effects of accommodation®n ELL and nonELL students.Detailed
guantitative analytic techniquesare describedbelow. Qualitatively, a think-aloud and
retrospectiventerviewwereusedto conductstudents@erbalprotocolanalysis This analysis
aimed to closely examinethe use of the two accommodationsnd the problemsolving
processes of ELL students.

Participants

A total of 605 studentdrom thetwo stategarticipatedn this study(313ELL, and292
nonELL). We henceforthreferto two statesasStateX andStateY, respectivelyto preserve
anonymity. The two stateswere selectedfor this study largely due to their interestin
collaboratingwith the researchersn issueselatedto ELL accommodationsl'he proportion
of ELL studentsin thesetwo statesin relationto nonELL studentsn public schools,are
roughly consistentwith the nationwideaverage Thesetwo statesarealsoamongsthe states
with the fastestandlargestELL growth. All participationwason a voluntary basis,andall
necessargonsentformswerecollectedfrom parentsandstudentsThe schoolswereselected
based on state recommendation, and then district approval followed by principal approval.
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In State X, 267 Grade 8 studentd@ ELL, and 127 no&LL) from four schools in one
urban school district participatedin the testing Of the ELL students,19 studentsalso
participatedin the think-aloud interview. The Grade 8 ELL studentsin these schools
comprisedoughly 19%,on averagepf all Grade8 studentswhich is higherthanthe district
averageof 11%. In StateY, 338 Grade9 studentg173 ELL, and165nonELL) from nine
schoolsin four schooldistricts (threesuburbamndoneurban)participatedn the testing.Of
the ELL students49 also participatedin the think-aloud interview. In thesefour school
districts, the proportionof eighthgradeELL studentsaveragedetween6% to 14%. (Exact
percentagedor ninth grade were not available, but typically, higher gradeshave lower
proportionsof ELL studentsdue to reclassification) ELL studentsincludedin this study
were largely from Spanis$peaking backgrounds.

Becausdhe mathtestwasdesignedo measureGrade8 standardsstudentsat the end
of Grade8 (for StateX) or beginningof Grade9 (for StateY) weretargetedfor the sample.
The datacollectionwasconductedirst in StateX in Spring2008with Grade8 studentavho
had just completedstate standard$asedassessment$StateY datacollection occurredin
Fall 2008.In orderto obtaincomparablalatabetweenrnthe two staes,Grade9 studentsvere
recruitedin StateY. It wasexpectedhat Grade9 studentswvere a more appropriatesample
thanthethencurrenteighthgradersecausehe mathematicassessmertf the experimental
design contained the entire Grade 8 standards.

Additionally, both states provided backgroundinformation on the students(e.qg.,
gender,race/ethnicity languageproficiency levels, home language free or reducedlunch
[FRL] program eligibility, Individualized Education Program [IEP] status, ELL status,
EnglishasSecondLanguaggdESL] programpatrticipation)aswell as2008 standardizedest
scoredor readingandmath(raw, scale andpercentilerankings),aswell asscoresrom 2008
English language proficiency tests.

After reviewing studentsCbackgroumd information, some of the students were
recategorizeinto rormerELLs,Owhich meanswve consideredhemasformerELL students
exitedfrom ELL services(moredetailin the Resultssectionwill follow). The total number
of participantsin the mathtestis displayedin Table 1 below by condition, state,and ELL
status.



Tablel
Participants by Condition, State, and English language learner (ELL) Status

Condition

State Status Standard Glossary Read Aloud Total
State X ELL 44 36 37 117
Non-ELL 42 43 37 127

Former ELL 6 9 8 23

Total 92 93 82 267

State Y ELL 43 43 52 138
Non-ELL 51 55 59 165

Former ELL 15 12 8 35

Total 109 110 119 338

jorfor 201 203 201 605

Note. Former ELL refersto recategorized ELL students who, after meeting certain language
proficiency conditions, were exited from ELL services.

For the think-aloud interview componentof the study, betweenone to eight students
from eachof the 13 schoolsparticipatedn thethink-aloudinterviewfor atotal of 68 students
(38 female,and 30 male). For the students®@erbal protocol analysis,both currentELL and
former ELL studentswereincluded.Thirteenof the studentswere consideredormer ELL:
11 werestill underthe 2-yearmonitoring period,andtwo had beenexitedfor over 2 years.
The mostcommonlanguageotherthanEnglishspokenby studentgarticipatingin the think-
aloud interview was Spanish(55 students,or 80.9%). Other languagesncluded: Arabic,
Bengali, Danish, Hmong, Mandarin Chinese,Punjabi, Tagalog, Turkish, and Vietnamese.
The mostfrequentcountryof birth wasMexico (34, or 50.0%),followed by the U.S. (22, or
32.4%). Other countriesof birth included: BangladeshChina, Costa Rica, Denmark, El
SalvadorHonduras]ndia, Philippines, Turkey,andVietnam. The mostfrequentU.S. school
startgradelevel was kindergartenor earlier (28, or 41.2%).The remainingstudentsstarted
school in the U.S. between Grades 1 through 8, with an average of 4.65.

Instruments

Math Test. In orderto have assessmentontentsimilar to both states@athematics
assessmentsje examinedheir Grade8 mathstandardswvailableonline aswell asthe statesO
Grade8 math assessmentsom the prior year. Once assuredhat both states@ssessments
coveredcommonGrade8 math standard and curriculum suchasthosein the Trendsin

10



International Mathematicsand Science Study (TIMSS) or the National Assessmenibf
EducationaProgres§{NAEP), an eighth-gradelevel mathematics¢estwasdevelopedor the
study. The test comprisedof 37 items (35 multiple-choice and 2 operended),including
releasedtemsfrom NAEP (1990,1992,1996)and TIMSS (1995),aswell asreleasedtems
from standardizednathtestsfrom variousstategSevenitemsfrom the California Standards
Test, Grades6EB, 2003;two itemsfrom StateX InstructionalMaterialsfor Grade8, 2006).
Four items were selectedirom a previousCRESSTresearchprojecton algebra(CRESST,
2006). All selecteditems had undergonea field test and had an acceptabldevel of item
reliability stdistics (e.g., high item-total correlation). The test items addressedmath
standard®of numbersense/computatioand algebra,andalsoincludedsomeitems covering
geometrymeasuremengnddataanalysis A few itemswereslightly modifiedin wordingto
improveclarity or removedatednesssuesaswell asremoveextradistractorchoices(when
necessary)sothatall multiple-choiceitemsconsistedf four responsehoices.Thetestwas
designedto be administeredin approximately 45 minutes under the Standard test
administration.Math test booklets were professionallyprinted into a two-sided booklet
format with saddle stitching with one to three test items appearing on each page.

An alignmentstudy, to ensurealignmentwith states@nath content standardswas
conductedoy an externalreview teamconsistingof doctoralstudentswith expertisein math
education,educationalpsychology,and secondanjevel teaching,using WebbOsilignment
tool (1997¥. The four alignmentcriteria, as defined by Webb, Alt, Ely, and Vesperman
(2005) were: categoricalconcurrencedepthof knowledgeconsistencyrangeof knowledge
correspondencegnd balanceof representationThesecriteria were examinedfor alignment
with 2006 Grade8 mathstandarddor both states(the mostrecentstandardsvailableat the
time). Resultsof the alignmentstudy revealedthat some standards/objectivelad a high
incidenceof items, whereasother standards/objectiveBad a low incidenceof items. To
ensureadequatalignment,a few itemsthat had high incidencein a specific objectivewere
removed andeplaced with itemghat hadower incidence in a specific objective.

The math test items were also examinedfor their linguistic complexity using a
linguistic contentanalysisprotocoldevelopedoy the researchergSeeWolf, Herman,et al.,
2008). For example,the numberof words, lexical density,the numberof academicwords,
the number of academicgrammaticalfeatures (e.g., passive,nominalization), form of
presentation(e.g., proportion of language and nonlanguage),reliance (i.e., the level of
languageknowledgerequiredto solve an item), and visuals (i.e., the amountof language

2 For more information on Webb( alignment tool, see http://wat.wceruw.org/index.aspx
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presentedn visual images)were examinedfor everyitem. The resultsof the rating scores
werecomparedo onesfrom the states@athematicassessmentsshich hadbeenconducted
previously (Wolf et al.). The resultswere comparablein terms of the rangeof the rating
scores as well as the mean ratsogres.

Accommodations. In order to implement the readaloud acconmodation in a
standardizednanner,an administrationscript of testitemswas createdfor testproctorsto
readaloud verbatimto the studentsThe script was developedpartially basedon StateYOs
standardizednath assessmersicript and StateXOggeneralreadaloud guidelines.StateXOs
guideline specifiedthat numbersand symbolswere not allowed to be read aloud in the
mathematicsassessmentwhereas State YOsscript indicated that certain numbers and
symbolsthat were part of the constructwere not allowedto be readaloud. Similar to State
Y Osscript, the script of this study selectedcertainnumbersor symbolsrelatedto the item
constructnotto bereadaloud.For examplejn casesvherenumbersandsymbolswerenotto
be read,thosenumbers/symbolsere replacedwith the word OpausgOandthe proctorwas
instructedto pauseat thosetimes.In casesvherenumberswvereto beread,the numbersvere
spelledout. Figuresandchartswith titles or labelswerealsonarratedn the script,to ensure
uniformity in readingacrosstestadministratorsThe original testitemswere also printedin
the script for their referend&ee example of script in Appendix A).

Two versionsof the testbooklet were created:Standardand Glossary.The Standard
versionwas adninisteredfor both the Standardcondition and the Read Aloud condition,
whereaghe Glossaryversionwasadministerednly in the Glossarycondition. Testitemsin
the Glossaryversion appearedn the sameorder and samepage layout as the Standard
versim, with the addition of an Englishto-English glossaryappearingn the right margin.
Only non-content(i.e., nonrmath) termswere glossed,and glossedwords appearedext to
their correspondingtest item in the order of appearancewvithin the item. Some general
academicvocabularywords were glossed,but not specializedor technicalterms.In some
cases,phraseswere also glossed.Glossary definitions were basedon Longman Handy
LearnerO®ictionary of AmericanEnglish (2000), with modificationsmadebasedon age
appropriatenesandrelevanceo the testitem. Thirty of the itemscontainedglossedwords,
with aboutoneto eightglossedvordseach.The Glossaryersionof thetestwasreviewedby

3 Information on the State Y math assessment script was gathered from a conference call with State Y Title lll
representatives on March 10, 2008. In State Y, test proctors are instructed to pause at specific content
terminology as indicated by an underscore. We chose to write in the word (pauseQinto the script to facilitate
test administration and ensure uniformity in the read aloud. State X did not have a script for its math
assessment; however, the state provides the general guideline of Gho numbers or mathematical symbolsOare to
be read aloud.
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two eighthgrade math teacherswith experienceteaching ELL stuwlents. Feedbackwas
providedon both glossedwords as well astestitems, and alterationswere madebasedon
their feedback(See Appendix B for a list of glossary terms and definitions).

Student Think-Aloud Test. A sampleof five itemswereselectedrom the mathtestto
elicit students@hink-aloud responsesThe items, which included betweentwo to eight
glossedwords for eachitem, were reproducednto a separatéookletand usedduring the
think-aloud processFigure 1 displaysthe stemsof the five think-aloudtestitems. Note that
glossariedor eachitem arenot shownin Figure 1. (SeeAppendixC for moredetail on the
five items, including glossaries).

With the goal of examininghow studentdealtwith languagan mathitems,itemswith
differenttypesof linguistic complexitieswereselectedTable 2 presentgshe summaryof the
linguistic rating. Some items were more complex than othersin terms of the number of
academiovocabulary, grammaticalffeatures and cohesivedevicespresentedOForm@ating,
which capturesthe amountof the languagepresentedin relation to nonlanguage(e.g.,
numbers, equations,graphs), received a score of 2 (some nonlanguage)becausethey
containechumericalvaluesor equationsn answerchoicesOnly Item 1 containeda figurein
its stem,andthe remainingfour item stemsincludedsentencesind somenumbers.On a 4-
point scale,OReliancefatingintendsto measurehe amountof languagethattesttakersneed
to processin order to solve an item correctly. A score of 2 indicatesthat vocabulary
knowledgeis requiredto answetrtheitem correctly,anda scoreof 3 indicatesthatprocessing
the sentencestructureis requiredin additionto vocabularyknowledge A scoreof 4 indicates
thatprocessingohesiverelationshipsacrosssentencess alsorequired.As shownin Table2,
the five think-aloud items requiredtest takersto processvocabularyto a high level of
sentential relationship.
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How many triangles of the shape and size of the shaded trianglg
the trapezoidbove be divided into?

2. Of the following, which is the closest approximation of a 15 perg
tip on a restaurant check of $24.99?

3. A group of students has a total of 29 pencils and everyone has
least one pencil. Six students have 1 pencil each, fiverdgidave
3 pencils each, and the rest of the students have 2 pencils each
many students have only 2 pencils?

4. A group of hikers climbed frorBalt Flats (elevation -55 feet) to
Talon Bluff (elevation 620 feet). What is the difference in elevati
betwea Talon Bluff and Salt Flats?

5. A plumber charges customers $48 for each hour worked plus at
additional $9 for travel. If represents the number of hours worke
which of the following expressions could be used to calculate th
plumberQOs total charge inldo?

Figure 1. Stems of the five think-aloud test items.

Table 2
Linguistic Analyses Results for the Student Think-Aloud Test

No. of No. of No. of No. of
Item total No. of academic grammatical cohesive
number  words sentences  vocabulary features devices Form Reliance
1 19 1 3 4 0 2 3
2 17 1 3 1 0 2 2
3 33 3 2 0 7 2 4
4 26 2 2 1 0 2 3
5 36 2 5 5 3 2 4
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Student Interview Protocol. A retrospectivanterview protocolfocusedon five main
areasto prompt studentsas they completedthe items on the StudentThink-Aloud Test:
comprehensiorfiDoesthe studentunderstandhe question),problemsolving (How doesthe
studentsolve the problem), difficulty (What is the students@erceiveddifficulty of the
problem),accommodatioruse (Did the studentutilize the glossarywords printed with the
testitems),andstudents@eneralperception®n accommodationsStudentavho werepartof
the Read Aloud or Glossary conditions for the math test were also asked about their
perceptionon the respectiveaccommodatiorconditons. Prior to datacollection, CRESST
researchergiloted the Studentinterview Protocol on local middle-school students,then
debriefed and made revisions to the protocol as needed.

Procedure

Data collectionoccurredApril to May 2008in StateX, and October2008to January
2009in StateY. For the mathtest, studentsnvererandomlyassignedo one of threetesting
conditions:StandardReadAloud, and Glossary Effort wasmadeto ensurea roughly equal
numberof ELL andnonELL studentsn eachcondition.Roomsfor ReadAloud contained
between? to 19 (averageof 13.47)studentseach,whereassoomsfor the other classrooms
containedno morethan25 studentsach.Standardand Glossaryconditionswere sometimes
administeredogetherin the sameroom, wherea ReadAloud wasalwaysadministeredn a
separateéoom. Testadministrationvascompletedn oneto two classperiods(approximately
5000 minutes),dependingon the condition. Teachersor schooladministratordrom each
schoolproctoredthe ReadAloud conditions. They weretrainedon how to usethe script by
CRESSTresearchersitherin personor via telephoneprior to thetesting,andwereprovided
with excerptsfrom the script to practice, to ensure uniformity acrossall schoolsin
administeringthe read aloud. One to two CRESSTresearchersvere also presentin each
testing room to assistith proctoring.

The scoringprocessentailedelectronicscanningof answersheetsfor multiple-choice
items.Thetwo openendeditemswerescoredby two raterseach,usinga 3-pointrating scale
(OER) previouslyusedby Abedi andcolleaguegAbedi et al., 2003b;Abedi, Courtney,Leon,
Kao, & Azzam, 2006). The raterswere trained in the use of scoring rubrics Inter-rater
reliability wascomputed.On averagethe percenageof exactagreementwas80.3%for the
first item, and 96.1% for the seconditem. Disagreementsvere discused to reach a
consensus score.

For the think-aloudprocedurestudentanetoneon-onewith aresearchefollowing the
mathtest.In mostcaseghe think-aloudinterview took placewithin one hour of the student
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completingthe mathtest.Studentsvereselectecbn a voluntarybasisfrom thosewho turned
in a parentpermissionform for the interview (separatefrom the testing). The average
durationof the interview was 20 minutesand 16 secondger student.In threeof the cases,
studentgran out of time to completethe entire interview. Studentswere first providedwith
instructions,andinformedthat glossarywordswere printed nextto the items. Thenstudents
were shown a 3-minute video clip demonstratinghow to think aloud. Studentsfirst
performeda OthinkaloudOwhile solving the five itemsin the StudentThink-Aloud Test
(concurrentverbalreport),followed by aninterview (retrospectivererbalreport; Ericsson&
Simon, 1993) When studentsstruggled with thinking aloud, they were encouragedto
continueverbalizing (Ericsson& Simon). Interviewswere conductedprimarily in English,
however, a few studentswere encouragedto use their native languag (Spanishand
Mandarin Chineseonly) whenthey struggledwith answeringinterview questions Students
who could not reador speakany Englishwere excludedfrom the study. All sessionavere
audio recorded, and then later transcribed.

Data Analysis

Quantitative Analysis for the Experimental Design. In order to examine the
effectivenessand validity of readaloud and glossaryaccommodationgRead Aloud and
Glossary respectivelyhereinafter)thefirst andsecondresearclhguestionsvereinvestigated
using regressionanalyses.The analygs focused on examining: (&) whether there was
increase@erformancef ELL studentswith the provisionof oneof thetwo accommodations
comparedto ELL studentswith no accommodationprovided; and (b) whetherthe two
accommaationswould not affect nonELL students@erformanceon the test. Regression
analysesvereconductedo comparethe studentscoresacrosdifferentconditions(i.e., Read
Aloud, Glossaryor Standard)separatelyor ELL andnonELL studentsBecausdhedesign
of the study was basedon randomization,the results were expectedto provide fair
comparisonamong the conditions, (i.e., unbiasedestimatesof the effects of the two
accommodations

Another researchquestion of interest was whether accommodationeffects varied
dependingn students@nglishlanguageproficiency (ELP) levels.Accordingly, the analysis
included an examination of the interaction effects between the treatments (i.e.,
accommodations) and student characteristics (i.e., ELP levels).

Speifically, we usedmultiple regressionmodelsfor the setsof analysis.Although
studentswithin eachschoolwere randomlyassignedo condiions, the designof this study
was a typical multisite randomizeditrial, as studentswere nestedwithin schools In such
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studies, multilevel models typically provide a good analytical approach (see, e.g.,
Raudenbusl& Liu, 2000;Seltzer,2004;Shadish20032. In this study,the numberof schools
werefairly small (four in State X andnine in StateY); andthusafter controlling for some
key predictorsin the model, no significantvariability remainedacrossschools.Under such
settingstheresultsfrom multilevel modelsandsinglelevel models(i.e., multiple regressions)
will be fairly similar. For the purposeof parsmony, we primarily usedmultiple regression
modelsand controlledfor schoolmembershipising binary indicatorsof schools.In settings
wherethereis a needto checkwhetherthe resultsare robustagainstsuchspecificationof
models,multilevel modelsare fitted in additionto multiple regressiommodelsto yield more
reliable results.

Student Verbal Protocol Analysis. We conductedmultiple close readingsof each
studentinterview transcriptanddevelopeda coding schemebasedon the five targetedareas
of interest: comprehension problem solving, item difficulty, accommodationuse, and
generalperceptionof accommodatioruse. Eachtranscriptwas codedwith the established
schemeusingAtlas.ti* qualitativedataanalysesoftwareby two researcherwith anaverage
of 84.1%exactagreemenbetweenthe two raters.Disagreementsvere discussedo reacha
consensusDescriptivestatisticswere computedn orderto find any patternsin the areasof
interestlisted above. The descriptiveanalysiswas conductedon the two groupsof ELL
students:currentand former. CurrentELL studentsincludedthosewho hadtakenan ELP
assessmenrdand were categorizedinto one of the five ELP levels. Former ELL students
includedthosewho had beenexited and undera 2-year monitoring period aswell asthose
exited for over2 years.

Results

In the following section,we first presentthe resultsof the experimentaktudy by each
state thenthe resultsfrom the students®erbal protocol analysis.Although the sampleand
utilized methalsweregenerallydescribedabove moredetaileddescriptionaboutthe sample
andspecificmodelsfitted to testthe accommodatiomffectsarealsoincludedin this section.
Note that the statisticalanalysedocusedon currentELL studentsgexcludingstucentswho
werereclassifiedasfluentin English(only descriptivestatisticsfor former ELL studentsare
reportedhere).This decisionwasbasedon the rationalethat reclassificatiormeansstudents
are able to fully benefit from Englishonly instruction and thus do not needand are not
typically provided with accommodationsHowever, it is unclear whether former ELL

* ATLASi Scientific Software Devel opment GmbH, Nassauische Str. 58, D-10717 Berlin, Germany.
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studentanay still benefitfrom the accommodationvhenELLs benefit,and/orwhetherthey
would respondo acaommodationsnoresimilarly to ELLs or nonELLs. Becausethis study
involved only a smallnumberof former ELL studentsstudyingthe subgroupin suchissues
was not possible.

Quantitative Results for Experimental Study: State X

Sample Characteristics. As describedearlier,267 Grade8 students(140 ELL, and
127 nonELL) from four schoolsin one urban school district participatedin the testing.
Among the ELL students,23 were former ELL basedon stateassessmendata, and thus
excluded from the analysis, as described above.

Tables 3, 4, ard 5 presentthe descriptive statisticsfor the participating studentsO
outcomescores(experimentalmath test scores)by treatmentcondition, state assessment
scores,socioeconomicstatusas indicated by free or reducedlunch (FRL) program,ELP
assessmergcores,and ELP levels for ELL studentsnonELL studentsand former ELL
studentsrespectively.The distributionsof studem characteristicandscoreswerein general
fairly similar acrossconditions,which one expectsto seein randomizedstudies. However,
this studyinvolved relatively small samplesizesfor eachsubgroupof interest(i.e., ELL and
nonELL), resultingin some differencesin studentcharacteristicsaacrossconditions. For
example,in the ELL studentsample(Table 3), studentsin the Glossaryaccommodation
conditiontenced to havelower testscoreson statecontentand ELP assessmentgnd also
were more likely to be receivingfree or reducedlunch thanthosein the other conditions,
althoughthesedifferencesmay not be statisticallysignificant. Also, in the non-ELL sample
(Table 4), studentsn the two accommodatiorconditionshad lower averagetest scoreson
state content assessmentshan studentsin the Standard condition. These preexisting
differences areadjusted in the analysis, described later.
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Table3

State X Descriptive Statistics for ELL Students by Condition

Standard Glossary Read Aloud

Variables n M D n M D n M D
Test

44 1314 475 36 1056  3.36 37 1395 492
score
Staemath /), 50809 9274 35 17126 7180 35 21369 8529
scale score
State
reading 42 23005 63.69 35 22869 4495 35 22760 6506
scale score
FRL 42 069 047 35 091  0.39 35 077 043
EEStes 37 53105 55.09 35 51906 39.67 23 54057 36.80
scale score
ELP
i 37 378 132 35 331 111 23 413 097

Note. Test score refers to scores from the math test in this study, out of atotal 39 possible points. The state
achievement test scale scores in math and reading range from 100 to 500. FRL refersto the proportion of
students participating in the free or reduced lunch program. The state EL P test scale score refersto the overall
score, and ranges from 341 to 666. The state ELP levels range from 1 to 5, with 5 being the highest level of
proficiency. n sizes are lower due to missing background data.

Table4

State X Descriptive Statistics for Non-ELL Students by Condition

Standard Glossary Read Aloud
Variables n M D n M D n M D

Test

42 21.98 5.85 48 19.52 6.06 37 19.76 6.63
score
Statemath 45 ai0095 6507 46 32248 6247 37 31841 79.16
scale score
State
reading 40 330.28 44.97 46 314.30 52.58 37 314.14 44.32
scale score
FRL 40 0.40 0.50 46 0.39 0.49 37 0.41 0.50

Note. Test score refers to scores from the math test in this study, out of atotal 39 possible points. The state
achievement test scale scores in math and reading range from 100 to 500. FRL refersto the proportion of
students participating in the free or reduced lunch program. n sizes are lower due to missing background data.
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Table5
State X Descriptive Statistics for Former ELL Students by Condition

Standard Glossary Read Aloud
Variables n M D n M D n M D
Test 6 19.33 5.89 9 18.89 7.94 8 20.13 6.77
score
Staemath g 59597 G721 9 35867  58.16 8 34450 49.07
scale score
State
reading 6 301.67 44.39 9 322.11 36.64 8 31325 4544
scale score
FRL 6 0.67 0.52 9 0.78 0.44 8 0.38 0.52

Note. Test score refers to scores from the math test in this study, out of atotal 39 possible points. The state
achievement test scale scores in math and reading range from 100 to 500. FRL refersto the proportion of
students participating in the free or reduced lunch program. n sizes are lower due to missing background data.

Results for ELL Students. We used the following multiple regression model:

Y, = 1o + !:Glossary + ! ;ReadAloug + ! sMathscore +! ;Mathscoré + !sSchool] +
I 6School2 +! ;School3 + ! sgAdmin; +r; [1]
r~N(0,"?)

The outcomein the abovemultiple regressiormodel,Y;, is the numberof itemsstudent
i answeredcorrectly in the math test developedfor the current study. The descriptive
statisics for the outcomeis shownin the tablesabove,in the row labeledOTesScore.dFor
the overall StateX samplethe meanand standarddeviationof the outcomewere 16.9 and
6.8, respectively, with test scores rangiinom a minimum of5 toa maximum of37.

In the regressionmodel, Glossaryis a binary indicator of whethera studenti was
assignedto the Glossaryaccommodationcondition, while ReadAloudis an indicator of
whethera student was assignedo the ReadAloud accommodatiorwondition.Mathscoreis
the scalescoresfrom the statestandardizednath assessmenh Grade8; andthe quadratic
termis alsoincludedto capturea curvatureof therelationship.Schooll, 2, and3 arebinary
indicatorsof whetherstudcentsi was in schools1, 2, or 3, respectively(an indicator for
School4 was not includedin the modelbecauset servesas a baseline) Adminis whether
studenti was in an administrationsetting where studentshad less than 45 minutesto
complete the & (due to various, unexpected logistical challenmea few classrooms
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With suchcodingschemesthe key parametersf interestare! ; and! ,. The parameter,
I'1 representghe expecteddifferencein the outcomebetweenthe Glossaryand Standard
condiions, while !, representghe expecteddifferencein the outcomebetweenthe Read
Aloud and Standardconditions In randomizedstudies,theseexpecteddifferencescan be
considered as the effects of treatments (Gkssary and Read Alojd

We controlledfor levelsof mathcontentknowledgemeasuredby the statestandardized
assessmerifMathscor. This servesdual purposesl) to controlfor remainingimbalancesn
termsof the characteristi@after the randomizationand?2) to increasethe statisticalpower of
estimating the effects of treatmentsgiven the relatively small sample sizes and high
correlationsbetweenthe outcomeand the Mathscorevariable. Becausethe relationships
betweenthe outcomeand the predictoris not linear but showscurvature,we includedthe
quadratic termNlathscore?) in the equation as well.

Table 6
State X Multiple Regression Results for Current ELL Students (n = 112)

Estimate SE p
Intercept 15.67 1.90 <.0001
Glossary -1.34 0.87 0.12
ReadAloud 0.53 0.93 0.57
Mathscore 0.06 0.01 <.0001
Admin -3.09 2.06 0.14
Mathscore” 0.00 0.00 <.0001
School 1 -2.75 1.86 0.14
School2 -2.33 1.86 0.21
School3 -1.93 191 0.32
Residual 1351

Table 6 presentsthe resultsfor 112 current ELL students(those without missing
backgroud data) from the above multiple regressionanalysis.All parametersthat we
controlledfor showed the direction of relationshipswe expected a positive and significant
mathcontentknowledgeoutcomerelationship Jower performancdor studentsn classroms
that ran out of time (which was not significant after controlling for other variables).The
effects of both accommodationsrelative to no accommodationwere not significant
indicating null effec$ of the accommodations.
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Othersetsof regressionsncluding more predictorsor different setsof predictorsthan
the regressionshown in Equation 1 were also conducted,but the result tables are not
presentechere. Other predictorswere addedto the equationbut were droppedin the final
model shownin Equationl, becausedhey did not explain much variability in the outcome
beyondthe predictorsthatarealreadyin Equationl. ThesepredictorsincludeReadingscores
in the state assessmeRRL status, and thELP scores or levels.

StudentELP levels as measurd by state ELP assessmentvas a key predictor of
interest,given that the study hypothesies that ELL studentsmay benefitfrom treaments
(i.e., GlossaryandReadAloud) differentially dependingon their ELP levels,asnotedabove.
However,resultsdid not showsuchinteractioneffectswith studentELP levels.A closelook
at the datashowsthattherewere more studentsn the mediumto high levels(i.e., Levels3,
4, and5, out of a possible5 for StateXOsELP tes) thanlower levels (seeTable 7), which
meanswe may not have enoughpower to detectsuchinteractioneffects. Furthermore,in
Grade8 mathematicsmath contentknowledgeappeargo be a dominantfactor over other
predictorsthat we expectedo be important suchasstudentELP levels. The math testused
in this studywas correlatedwith students@athscoreson the statestandardizedssessment
(Pearsonr = .44) and almost as highly with reading scoreson the state standardized
assessmer{Pearsonr = .41), but not ashighly with ELP scores(Pearsonr = .22). Figure2
showsa scatterplotof the outcomescoresagainststudentELP scores As onecansee,many
studentswere clusteredat the mediumto higherlevels (Levels 3, 4, 5, or a scoreof over
500), of which the scoresrangal from 341 to 666. One can seeclearly that, amongthese
studentswith the samelevel of ELP, studentoutcome performancein outcome show
substantialvariation The scatterplotlisplaysareasonwvhy studentELP scoresmaynotbeas
related to the outcome scores as we Hypsized.
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Table7
State X Frequency of ELP Levels of Current ELL Students (n = 95)

ELP Level Frequency %
1 8 8.4
2 5 5.3
3 23 24.2
4 31 32.6
5 28 29.5

Note. Level 1islowest. There were 22 students with missing data not
included in thistable.
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Figure 2. Scatterplot of the outcome math test score against the EL P assessment scale
score for current ELL students. Outcome math test has a maximum of 39 possible
points. ELP scale score ranges from 341 to 666.

Results for Non-ELL Students. We followed a very similar processn the analysisof
nonELL studentdo the analysisof ELL studentsWe controlledfor levelsof mathcontent
knowledgemeasuredy statestandardizeéssessmen{®lathscore for the samereasonsto
control for remainingimbalancesn termsof preexisting characteristicsandto increasethe
statisticalpowerof estimatingthe effectsof treatmentsAs with theanalysisof ELL students,
other sets of regressionswith more predictorsor different sets of predidors were also
conductedThefinal modelwasthe samemodelusedfor ELL studentshownin Equationl
earlier.
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Table 8
State X Multiple Regression Results for Non-ELL Students (n = 123)

Estimate S p

Intercept 21.20 1.98 <.0001
Glossary -0.88 0.93 0.35
ReadAloud -2.51 1.08 0.02
Mathscore 0.05 0.01 <.0001
Admin -6.27 212 0.00
Mathscore2 0.00 0.00 0.00
School 1 -3.07 1.99 0.13
School2 -4.39 1.97 0.03
School3 -3.47 2.05 0.09
Residual 18.11

Table 8 presentsthe results for 123 nonELL students (those without missing
backgrounddata)from the multiple regressioranalysis As with theresultsfor ELL students,
all parameterghat we controlled for showedthe direction of relationshipswe expected:
positive and significant math content knowledge-outcome relationship with very slight
curvature lower performanceof studentswvho werein classroomshatran out of time. The
effect of the Glossary condition relative to the Standardcondition was not significant.
However,the ReadAloud conditionshaved significantly lower performancen the outcome
scoresrelative to the Standardcondition which indicatesthat the ReadAloud, on average
significantly hampexdthe performance of neBLL students in the outcome.

A major criticism of not employing multilevel modelsin nestedsettingsis that the
results may yield erroneously small standard errors, which can make corresponding
coefficientsstatisticallysignificantwhenin reality they arenot. Although suchcriticism may
be unlikely to apply to this particular sample,we alsoran a multilevel modelthat accounts
for the nestingnatureof the datato seewhetherthe resultis sensitiveto the differencesin
model specification. Although the coefficient of ReadAoud (beta) which capturesthe
expecteddifferencein outcomebetweenRead Aloud and Standardconditions,was of a
smallermagnitudeand not significantin the traditional sense(p = .06), it still approached
significanceand suggestshat Read Aloud may negativelyaffect the performanceof non
ELL students ina Grade 8nathematicaissessment (see Table 9).
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Table9
State X Multilevel Model Results for Non-ELL Students (n = 123)

Fixed effects Coefficient SE p
Intercept 17.76 0.93 0.00
Glossary -0.93 0.93 0.32
ReadAloud -1.97 1.04 0.06
Mathscore 0.04 0.01 <.0001
Admin -3.03 1.18 0.01
Mathscore 0.00 0.00 <.0001

Random effects Variance component SE p value
Between-school in intercept 0.31 1.20 0.40
Within-school residual 18.34 244 <.0001

Quantitative Results for Experimental Study: State Y

As mentionedearlier,in StateY, 338 Grade9 studentg173 ELL, and 165 nonELL)
from nine schoolsin four schooldistricts (threesuburbarand one urban)participatedn the
testing.Among the ELL students35 studentswvere former ELL basedon stateassessment
data and thus were excluded from the analyses (as described earlier).

Tables10, 11, and 12 presentthe descriptivestatisticsfor the participatingstudentsO
outcomescores(experimentalmath test scores)by treatmentcondition, state assesmen
scoressociaconomicstatusasindicatedby FRL program,ELP assessmersicoresandELP
levels for ELL students,nonELL students,and former ELL students respectively.The
distributions of studentcharacteristicsand scoresin generalwere fairly similar across
conditions,which one expectsto seein randomizedstudies.However,this studyinvolvesa
relatively small samplesizefor eachsubgroupof interest(i.e., ELL andnonELL), resulting
in somedifferencesin studentcharacteristicsacrosscondtions. For example,in the ELL
studentsample studentsn the ReadAloud conditionhadlower testscores on averageon the
statestandardizednath assessmerdandthe ELP assessmerds comparedo studentsn the
Standardcondition although these differences may not be statistically significant. The
analyses adjust for these preexisting differences
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Table 10

State Y Descriptive Statistics for Current ELL Students by Condition

Standard Glossary Read Aloud

Variables n M D n M D n M D
Test

43 1309 403 43 1286  5.49 52 1338  4.69
score
State math 43 48165 6423 41 50051 4148 44 46852 626
scale score
Statereading 43 55909 5663 41 55641 56.85 44 55418 4543
scale score
FRL 43 088 032 43 088 032 52 083 038
BEtes 36 54817 4174 38 54411 3473 42 54150 4157
scale score
ELP

36 367 099 38 353 073 42 350 099
Level

Note. Test score refers to the math test in this study, out of atotal 39 possible points. The state achievement test

scale scores range from 310 to 890 for math, and 330 to 990 for reading. FRL refers to the proportion of

students participating in the free or reduced lunch program. The state EL P test scale score refersto the overall
score, and ranges from 341 to 666. The state ELP levels range from 1 to 5, with 5 being the highest level of
proficiency. n sizes are lower due to missing background data.

Table 11

State Y Descriptive Statistics for Non-ELL Students by Condition

Standard Glossary Read Aloud

Variables n M D n M D n M D
Test

51 1865  6.87 55 1971  6.06 59 1797  6.03
score
State math 42 54862 4833 47 55517 5242 45 54296 5563
scale score
Statereading  ,  gasey 4747 46 64889 41.10 45 64078  50.46
scale score
FRL 51 022 042 55 020  0.40 59 017 038

Note. Test score refers to the math test in this study, out of atotal 39 possible points. The state achievement test

scale scores range from 310 to 890 for math, and 330 to 990 for reading. FRL refers to the proportion of

students participating in the free or reduced lunch program. n sizes are lower due to missing background data.!
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Table 12
State Y Descriptive Statistics for Former ELL Students by Condition

Standard Glossary Read Aloud
Variables n M D n M D n M D

Test score 15 1620 7.94 12 17.75 6.73 8 17.63 5.15
Staemath o g6 5gE1 11 56082 4202 8 55400 4237
scale score

Statereading 1o 5973 2892 11 63155  26.79 8 61613 3235
scale score

FRL 15 0.80 0.41 12 0.67 0.49 8 1.00 0.00

Note. Test score refers to the math test in this study, out of atotal 39 possible points. The state achievement test
scale scores range from 310 to 890 for math, and 330 to 990 for reading. FRL refers to the proportion of
students participating in the free or reduced lunch program. n sizes are lower due to missing background data.!

Results for ELL Students. We used the following multiple regression model:

Y; =1, +!,Glossary+ ! -ReadAloug+ ! sMathscore+! ;Mathscoré + #y - 118 ! KSchook +
I sAdmin; +! gGlossaryMathscore+ ! j;oReadhloud; Mathscore+r;, [2]

ri ~N(0," %)

The outcomein the abovemultiple regressiormodel,Y;, is the numberof itemsstudent
I answereccorrectlyin the mathtestdevelopedor this study. The descriptivestatisticsfor
the outcomeis shownin Tables10, 11, and12 abovein the row labeledOtesscoreOFor the
overall StateY sample the meanandstandarddeviationof the outcomewere 16.3and6.4,
respectively, with test scores ranging from a minimum of 4 to a maximum of 35.

In the regressionmodel, Glossary is a binary indicator of whethera studenti was
assignedo the Glossarycondition,while ReadAlouds anindicatorof whethera student is
assignedto the Read Aloud condition. Mathscore is the scale score from the state
standardizednathassesmentat Grade8, andthe quadratidermis alsoincludedto capturea
curvatureof therelationship.Schoollto Schoo8 arebinaly indicatorsof whetherstudent is
in schoolsl, 2, to 8, respectively(an indicatorfor School9 wasnot includedin the model
becauset servesasa baseline) Adminis whetherstudenti wasin anadministrationsetting
where students had less than 45 minutes to complete the test

With suchcodingschemesthe key parametersf interestare! ; and! ,. The parameter,
I'1 repreents the expecteddifferencein the outcomebetweenthe Glossaryand Standard
conditiors, while !, representghe expecteddifferencein the outcomebetweenthe Read
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Aloud and Standardconditions In randomizedstudies,theseexpecteddifferencescan be
considered as the effects of treatments (é0ssary and Read Alojd

Although ! ; and! ; representmain effects of the eachtreatment(i.e., Glossaryand
ReadAloud), the parameterd ¢ and! 1o representinteractioneffects of the treatments! g
representsheinteractioneffectbetweerthe Glossarytreatmentandstudentmathscorein the
statestandardize@ssessmerdn the outcome which captureghe expectedifferencein the
mathscoreoutcomerelationshipin the Glossaryconditionrelativeto the Standrd condition.
Likewise,! 1o representsheinteractioneffect betweenthe ReadAloud treatmentandstudent
mathscorein the statestandardize@dssessmertn the outcome which captureghe expected
differencein the mathscoreoutcomerelationshipin the ReadAloud conditionrelativeto the
Standard condition

We controlledfor levelsof mathcontentknowledgemeasuredby the statestandardized
assessmerfiMathscorg, similar to the modelfor StateX. Becausethe relationshipbetween
the outcomeand the predictoris not linear but showsslight curvature,we included the
quadratic termNlathscoré) in the equation as well
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Table 13
State Y Multiple Regression Results for Current ELL Students (n = 128)

Estimate S z p
I ntercept 13.93 0.81 17.12 <.0001
Glossary 0.67 0.76 0.88 0.38
ReadAloud 3.00 0.88 3.40 <.001
Mathscore 0.07 0.01 6.54 <.0001
Admin -3.24 141 -2.30 0.02
Mathscore % 0.00 0.00 5.11 <.0001
Glossary ! Mathscore! 0.04 0.01 3.00 <.01
ReadAloud ! Mathscore! 0.02 0.01 2.19 0.03
School 1 0.22 1.01 0.22 0.83
School2 -0.70 1.01 -0.69 0.49
School3 1.77 1.33 1.33 0.19
School4 -0.71 1.35 -0.54 0.59
School5 -1.08 0.93 -1.16 0.24
School6 0.01 0.94 0.01 0.99
School 7 297 1.38 2.15 0.03
School8 1.37 117 117 0.24
Residual 8.74

Table 13 presentsthe resuts for 128 current ELL students(those without missing
backgrounddata)from the abovemultiple regressioranalysiswhich is shownin Equation2.
All parameterghat we controlled for showedthe direction of relationshipswe expected
positiveandsignificantmathcontentknowledgeoutcomerelationship Jower performanceof
studentsin classroomdhat ran out of time (which was significant). ReadAloud showeda
significant positive effect on the outcomerelative to the Standardconditon. The expected
effecton the outcomewas 3.00 reachingalmosttwo thirds of one standarddeviationof the
outcome Thisis considerecasa medum to largeeffectsizesin traditionalstatisticditerature
(e.g., Cohen, 1988). However, the main effect of the Glossaryaccommodationvas not
significant indicating null effect of the accommodation EirL studens$, on average

In additionto the main effects,the specifiedmodelwasa resultof furtherexaminations
of interactionsof both accommodationsvith ELL pretreatmentharacteristicsThe results
indicate that both accommodationdgnteract with student math content knowledge as
measuredy the statestandardizecassessmeniThe direction of the interactionsindicates
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thatstudentswith higherlevelsof contentknowledgebenefit(i.e., scoredhigheron the state
mathassessmentjom the accommodationsorethanstudentswith lower levelsof content
knowledge(i.e., scored lower on the state math assessment).

Similar to the analysisfor StateX, we also ran a multilevel model for StateY that
accountsfor the nesting nature of the datato seewhetherthe result is sensitiveto the
differencesn modelspecification.The resultsfrom the multilevel model,asshownin Table
14, showsimilar findingsto the multiple regressiomresultsearlier (which did not accountfor
nestedsettings):a significantmain effect of ReadAloud; and positive interactioneffectsof
both accommodationsvith math contentknowledge as measuredy the statestandardized
assessmén

Table 14
State Y Results from Multilevel Models for Current ELL Students (n = 128)

Fixed effects Coefficient S p
Intercept 14.31 0.57 <.0001
Glossary 0.42 0.83 0.61
ReadAloud 254 0.73 0.00
Mathscore 0.07 0.01 <.0001
Admin -2.87 1.01 0.01
Mathscore % 0.00 0.00 <.0001
Glossary ! Mathscore! 0.04 0.02 0.03
ReadAloud ! Mathscore! 0.02 0.01 0.05
Random effects Variance component SE p
Intercept 0.42 0.78 0.29
Standard condition residual 8.41 2.02 <.0001
Glossary condition residual 13.34 3.08 < .0001
Read Aloud condition residual 4.95 1.16 <.0001

Figure 3 shows the estimated relationships between math score in the stateOs
standardizechssessmenrdnd the outcomescore,respectivelyfor eachtreatmentcondition
(i.e., StandardGlossary,and Read Aloud). As the figure shows,comparedo the Standard
condition (the line connectingsmall diamonds),the fitted line for Read Aloud (the line
connectingtriangles)is abovethe fitted line for the Standardcondition, which is from the
significantmain effect of ReadAloud. However,dueto the interactioneffect, the difference
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betweerthefitted lines betweerReadAloud and Standardbecomegreaterfor studentswith
higherprior mathscore(in the statestandardize@dssessmentlzor examplejn the left endof
the fitted lines (studentswhose scoresare 2 SDs below the averagein Mathscorg, the
expectedlifferencebetweerthe conditionsin the outcomewas .5 points,whereasn theright
endof thefitted lines (studentsvhosescoresare2 SDs abovethe averagan Mathscorg, the
expecteddifferencebetweenthe two conditionswas about5 pointsin the outcome,which
wasaboutl0 times the difference at the lower end.
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Figure 3. Fitted lines for three conditions showing the estimated relationships between state math test
score and the outcome.

For the Glossaryaccommodationthe fitted lines representno main effect but only
interaction effects, becausethe fitted line for the Glossarycondition (the line connecting
large squares)was abovethe fitted line for the Standardcondition for about half of the
studentsandbelow for the otherhalf of the studentsStudentsvho hadscoredlower on the
statemathassessmergerformedworsewith the Glossaryaccommodatiothanstudentsavho
receivedno accommodatin. However, studentswho had scoredhigher on the state math
assessmergerformedbetterwith the Glossaryaccommodatiorthan studentswho received
no accommodation.

Similar to the analysis conductedfor State X, we conductedanalysis addressing
whetherthe accommodatioreffectsvaried dependingon students@LP levels. We did not
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find suchinteractioneffectsin this study.A closelook at the datashowsthat the majority of
studentswere clusteredat two levels with few studentsat otherlevels (seeTable 15), and
thuswe may not haveenoughpowerto detectsuchinteractioneffects.Furthermorein Grade
8 mathematics prior math score appearsto be a dominantfactor more than any other
predictorsthat we expectedo be important. The mathtestusedin this studywascorrelated
with students@athscoreson the statestandardize@ssessmer{Pearsorr = .60), but notas
highly with either reading scoresin state standardizedassessmentr with ELP scores
(Pearsorr = .23 and .22respectively.

Table 15
State Y Frequency of ELP Levels of Current ELL Students (n = 116)

ELP Leve Frequency %
1 4 35
2 10 8.6
3 30 25.9
4 61 52.6
5 11 9.5

Note. Level 1islowest. There were 22 students with missing data not
included in thistable.

In summary we found tha studentprior mathscorestendedto moderatethe effectsof
both acommodations,Glossary and Read Aloud, benefiting studentswith higher math
scoresmore than studentswith lower math scores However,we did not find evidencethat
student ELP level relaes to the accommodationsffects As noted above, there is a
possibility that the test lacks statisticalpower, becausemore than half of the studentswvere
clustered in one level, Level 4.

To examinethe extentto which the magnitudeof effectswere modeatedby English
languageskills ratherthan math contentknowledge we focusedon studensOreadingscores
on the statestandardizegssessmerand usedit asa proxy for skills andknowledgerelated
to ELP, becausethe readingscoresare distributedwith a bell-shapedcurve unlike student
ELP scores.The results showed no significant interaction betweeneither treament and
student reading scarand are thus not reported here.

Results for Non-ELL Students. We followed a very similar procesdn the analyss of
nonELL studentdo the analysisof ELL studentsWe controlledfor levelsof mathcontent
knowledgemeasuredy statestandardizeédssessmen{®lathscore for the samereasonsto
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control for remainingimbalancesn termsof pretreatment;and to increasethe statistical
powerfor estimatingthe effectsof treatmentsAs with the analysisof ELL studentspother
setsof regressionsvith more predictorsor different setsof predictorswere alsoconducted.
Thefinal modelusedwasequivalento the modd for the ELL studentsshownin Equation2,
with the exception of the interactions terms. We used the following regression model:

Y;=1!,+!,Glossary+ ! -ReadAloug+ ! sMathscore+! ;Mathscoré + #y - 1108 ! KSchook +
I sAdmin; +r;, [3]

r ~N(0," ?)

Table 16
State Y Multiple Regression Results for Non-ELL Students (n = 134)

Estimate SE p

Intercept 17.35 1.07 <.0001
Glossary -0.17 0.86 0.84
ReadAloud -0.16 0.92 0.86
Mathscore 0.09 0.01 <.0001
Admin 0.09 2.53 0.97
Mathscore 0.00 0.00 0.01
School 1 -3.79 1.76 0.03
School2 -0.20 2.03 0.92
School3 -1.50 1.27 0.24
School4 -1.02 143 0.48
School5 0.87 1.47 0.56
School6 0.10 123 0.94
School 7 -1.88 1.16 0.11
Residual 15.76

Table 16 presentsthe results for the 134 nonELL students (without missing
backgrounddata)from the abovemultiple regressioranalysis.The mathcontentknowledge
outcomerelationshiptendedto be positive and significantwith curves.The effectsof both
accommodationselative to no accommodatiorwere not statistcally significant, indicating
null effect of the accommodationsWe also examinedwhetherthe two accommodations
interactwith any studentpretreatmentharacteristicsbut no interactionwas found to be
significant.

33



Qualitative Results: Students’ Verbal Protocol Analysis

As describedearlier, the students@erbal protocol analysis aimed to identify the
difficulties ELL studentsencounteredvhile taking a mathassessmenthatis, whetherthe
studentsQdifficulty stemmed from limited English language proficiency or lack of
mathematicalcontentknowledgewas a focus of the study. The qualitative analysisalso
focusedon the students@se of the given accommodatiorand their perceptionaboutthe
helpfulnessof accommodationsn taking a math assessmeniThe results are presented
correspondingo the researchquestions:ilanguageand contentdifficulties, the use of the
glossaryaccommodationstudents@rior experiencewith the focal accommodationsand
studentsO perceptions about the focal accommodations.

Language Difficulty in Items. In orderto examinethe extentto which the studentdad
difficulty in understandingthe languagein the sample items, studentswere askedto
paraphrasevhat the questionwas askingin their own words. Basedon the students@hink-
aloud and retrospectiveinterview responsesfour codeswere assignedncluding (a) Yes:
Studentzomprehendethe question(b) Partial comprehensionThereweresomepartsthat
studentsvereunableto paraphraseor theysaidtheydid not understandabou certainparts,
(in otherwordsstudentssomprehendethe gist of the storyin anitem, but did notadequately
paraphraseartsof the storyin anitem), (c) No: Studentslid not comprehendhe questionor
were unableto paraphrasethe questionat all, and (d) Not sure: There was not enough
evidenceto judge students@omprehensiorof the language There were also a few cases
wherestudentdid not haveenoughtime to completeeachitem (asdescribedn the Method
section earlier)These cases were codednaissing responses with ONot sureO cases.

Table 17 presentghe summaryof students@omprehensiomf the five sampleitems.
The results are presented by the studentsO ELL status: current and former ELL students.



Table 17
Language Comprehension Results for Each Item by ELL Status

[tem Yes (%) Partial (%) No (%) Total (%)
Current ELL
1 40 (76.9) 8 (15.4) 4(7.7) 52 (100.0)
2 20 (44.4) 10 (22.2) 15 (33.3) 45 (100.0)
3 23 (47.9) 22 (45.8) 3(6.3) 48 (100.0)
4 26 (51.0) 22 (43.1) 3(5.9 51 (100.0)
5 23 (51.1) 16 (35.6) 6 (13.3) 45 (100.0)
Former ELL
1 13 (100.0) 0 (0.0) 0 (0.0) 13 (100.0)
2 11 (84.6) 1(7.7) 1(7.7) 13 (100.0)
3 11 (78.6) 3(21.49) 0 (0.0) 14 (100.0)
4 11 (78.6) 3(21.49) 0(0.0) 14 (100.0)
5 13 (92.9) 1(7.2) 0 (0.0) 14 (100.0)

Note. Former ELL students included those who were under a 2-year monitoring period as well
as those who had been exited for over 2 years.

As shownin Table17, former ELL studentggenerallycomprehendedll five itemsby
beingableto rephrasehe itemsin their own words. Although somestudentsdemonstrated
difficulty explainingltems3 and4, they still showedat leastpartial comprehensioffor these
items The currentELL studentsverelessableto appropriatelyparaphraséheitemsin their
own words to demonstratéheir comprehensiorof languagein items comparedto former
ELL studentsin the study. Yet, the currentELL studentsalso demonstratect leastpartial
understandingf the itemsby describingthe part of itemsin their own words. It is notabke
only afew currentELL studentshadno comprehensiomparticularlyfor Iltems1, 3, and4. It
appeared that more students had difficulty in understanding Items 2 and 5.

The studentsverealsoaskedwhethereachitem includeddifficult wordsto understand
andwhatthosewordswere. Table 18 summarizeshe students@sponsesn the vocabulary
difficulty in each item.
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Table 18
Vocabulary Difficulty Identified by Studentsin Each Item

There were Knew all
Item n hard words words Identified difficult words/phrases*
1 59 13 (22.0) 46 (78.0) shaded (8), trapezoid (4)
closest approximation (27), tip (4), of the following (3),
2 54 27(500) 27(50.0) charges (2), percent (2), restaurant (2)
3 56 7 (12.5) 49 (87.5) at least one (3)
Salt Flats (16), Talon Bluff (14), elevation (13),
4 56 30 (53.6) 26 (46.4) hikers (6), climbed (4)
5 49 20 (40.8) 29 (59.2) plumber (9), additional (7), expressions (7),

represents (5), calculate (5), travel (2)

Note. *The number in parenthesis indicates the number of students who identified the given word/phrase as
difficult.

As previously shownin Table 17, Item 1 was relatively easily understood(from a
languagestandpointpy the currentELL studentomparedo otheritems.Althoughtheitem
containedsomelanguagedemanddy its grammaticacomplexity (complexnounphraseand
passivestructure),studentsdescribedhe questionsas Ohowmanytrianglesfit in the bigger
shape,@eferringto thetrapezoidn theitem. ltem 2 wasfoundto bethe mostdifficult for the
currentELL studentsto comprehend33% identified as ONo@omprehension)Quite a few
wordsin thisitem wereperceivedlifficult by the studentsasshownin Table18. While many
studentsndicatedthat Oclosesapproximation@ashardvocabulary they alsostrugded with
appropriatelydescribingthe phraseof Oal5 percenttip on a check.Crhe following excerpts
indicate that these studentswere struggling to comprehendthe phrasewhile repeatedly
reading the item:

03W1G13 (State X Current ELL)

INT: You want to tell me what the question is asking in your own words? Like how
would you, how would you explain this question to me?

STU: Of the following which is the closest E [reads to self again] | think it@ asking
likeE oh like, what is the tip of E the... [quietly rereading] the tip of E [reading silently
to self again] | think they left likeE tip for on E twenty four and uh point ninety nine
centE Ah, | can® thinkE | think they |etE left their tipE of like twenty four ninety
nine. Twenty four dollar and ninety nine cents like | think they left fifteen dollars with
it... likeE
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18A1S05 (State Y Current ELL)

STU: OK...right now 1®n looking at the answers again. So 1®n looking for like, which
person gives the tip, fifteen percentE [4 seconds silence]. 1@ pick B, because the
question number close to, gives atip forE [inaudible].

INT: Closeto? | didn® hear the last part.
STU: People giving out tips? ... | don® know. That@ all.
INT: OK. Can you tell me what this question is asking in your own words?

STU: Ah...what percent of tip for? | don® know.

As for Item 3, mostELL studentsvereableto comprehendhis item at leastpartially.
The item containedneither complex grammaticalstructuresnor difficult words (i.e., the
wordswerehigh-frequency daily words).This item hadsomelanguagedemandsn termsof
its length and cohesivefeaturesby requiring oneto processhe referencesand connections
within andacrosssentencesHowever,asseenin Table 17, only threestudentsvere unable
to rephrase this item in their own vast

Item 4 wasalsounderstoodoy moststudentsThis item containedan academiowvord,
Oelevation@nd proper nouns such as OSaltFlatsOand OTalonBluff.O Studentsoften
identified thesewords as difficult. Some studentsidentified non-academicwords sud as
Ohikers@nd commonwords such as Oclimbed@s difficult ones.Yet, most current ELL
studentsat leastdemonstrategartialunderstandin@f the languagen theitem by describing
the problemasfinding the Odifferencéetweertwo places.Jhe following excerptillustrates
thatan ELL studentwasstill ableto comprehendhe item without knowing a specificword
by inferring the meaning from the context:

18A1R16 (State Y Current ELL)

INT: How about any words that you didn® know?

STU: Yeah, this[pointing to hikers].

INT: hikers. Did you look at the side [pointing to the glossary]?
STU: No, | didn®look [chuckles].

INT: Why didn®you look at?

STU: Because | didn@®know it [was there] E
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INT: You still explained when | asked you what this question was asking. How did you
figure out without knowing these wordskE hikers or elevation?

STU: Because you had to like, you have to...| read the front and the back and it says
climbed...so maybe it@ like, hikers, a person who hikes, climbs.

Item 5 was expectedo have moderateto high demandf languageon accountof its
length,grammaticaktructureq(i.e., conditionalandpassivestructures)andvocabulary(i.e.,
academiavords).As shownin Table18, manywordsin this item wereidentified asdifficult
by the studentsltem 5 wasconsideredelatively hardto comprehends13.3%of the current
ELL studentswere unableto describethis item in their own words, as shownin Table 17.
The studentdan the following excerptswere unableto demonstrat&omprehensiomor what
happened in the story of this item:

18A1G12 (State Y Current ELL)

STU: Um, theyE [7 seconds silence] oh, that he works, um, like, uh, works and they need
to pay the hours. And that say that if he works forty eight, | think forty eight hours, he®
going to pay nine dollars for the hours?

22V1S07 (State Y Current ELL)

INT: Do you understand what the question is? Can you tell me what it is saying?
STU: Uh, like [7 seconds silence], 1®n not really sure.
INT: What are they asking you to find? Do you know?

STU: The charges H represents. That@ the number of hours he worked.

Content Difficulty in Items The students@roblemsolving processesvere examined
throughthe students@hink-aloud aswell asthe retrospectivénterview responsesBy doing
so,we atiemptedto unveil whetherthe students@truggleswith solvingthe given mathitems
wasrelatedto their lack of contentknowledge Four codeswereassignedo students@erbal
reports based on the students(problemsolving processesand answers: (a) Corred
(demonstratingappropriatemathematicaknowledgeto correctly solve the given item); (b)
Incorrectattempt(demonstratinggomemathematicaknowledge but arriving at anincorrect
answer);(c) Guess(demonstratingno mathematicaknowledgeor the answerwas chosen
basedon non-mathematicalreasoning);and (d) No attempt (which includes circling a
response but not providing any type of reasoning).

Table 19 summarizeghe students@roblemsolving resultson eachitem. Overall, the
currentELL studentsperformed lower thanthe former ELL studentson all five items, as
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shownin the percentagef GCorrect,Qvhich is consistentvith the overalltestdata,aswell as
ELL students@istorical performanceon mathassessmenis general. A numberof current
ELL studentsattemptedto solve the given items, demonstratingan understandingf the
languagén theitems,but did not useappropriatanathematicaprocedureso correctlysolve
the items.

Table 19
Problem-Solving Results for Each Item by ELL Status

Incorrect No attempt

Item Correct (%) attempt (%) Guess (%) (%) Total (%)
Current ELL

1 13(24.1) 33(61.1) 0(0.0) 8(14.8) 54 (100.0)

2 4(7.4) 29 (53.7) 11 (20.4) 10 (18.5) 54 (100.0)

3 12 (22.2) 35 (64.8) 1(1.9) 6(11.1) 54 (100.0)

4 8 (14.8) 42 (77.8) 0(0.0) 4(7.4) 54 (100.0)

5 11 (21.6) 30 (58.8) 3(5.9) 7(13.7) 51 (100.0)
Former ELL

1 6 (42.9) 8(57.1) 0(0.0) 0(0.0) 14 (100.0)

2 4 (28.6) 5(35.7) 3(21.4) 2(14.3) 14 (100.0)

3 7 (50.0) 7 (50.0) 0(0.0) 0(0.0) 14 (100.0)

4 6 (42.9) 8(57.1) 0(0.0) 0(0.0) 14 (100.0)

5 10 (71.4) 3(21.4) 1(7.1) 0(0.0) 14 (100.0)

Note. Former ELL students included those still under 2 years of monitoring status as well as
those who had been exited for over 2 years.

A closer look at the students@erbal reports identified as OlncorrectAttemptOand
OGuessfevealedhow the studentsarrivedat an incorrectanswer.For Item 1, studentsvho
solved this item correctly applied a visual assessmenapproach,understandingthat a
trapezoidcouldbe splitinto trianges. Thesestudentsdrewlinesinsidethetrapezoidto arrive
at the correctnumberof triangles.However,studentsvho madean OincorrecattemptQried
to perform an arithmetic calculation,such as division, with the numberspresentedn the
item. Seemigly, the studentswho may havelackedappropriatecontentknowledge literally
thought that the phrase Odivided intoO in the item required them to carry out division.

Item 2 was the most difficult for both currentand former ELL studentsto solve
correcty. The studentswho madeOQincorrecattemptQendedto divide 24.99by 15. Many
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studentsalsoattemptedo guesshow muchtip shouldbe given basedon reatlife restaurant
experienced-or instancethe following excerptsuggestshatthe studentcomprelendedthe
language in the item, but lacked in content knowledge to solve the item correctly:

79B1S01 (State Y Former ELL)

STU: And what | did was | divided fifteen into twenty-fourE . And | aso remember
when we go to restaurants and the check is like that and my mom gives two fifty. So yeah
that@ also how | remembered it.

INT: OK so what answer did you get?
STU: | put two fiftyE | got two fifty because | thought about how much my mom gave.

02W1S03 (State X Current ELL)

STU: Because um | remember one time | went to a restaurant andE we left ten percent
tip and it was two dollars and something, so it couldn®be A and D was too much.

In order to solve Item 3 correctly, studentswere requiredto apply the operationof
multiplication,addition,subtractionand division in the propersequenceAdditionally, it was
importantto associatéhe numberswith the correctunits (e.g.,whetherthe givennumberwas
associateavith peopleor pencils).Although moststudentswvere ableto performarithmetic
operationsmary studentsdid not link the given numberswith the right unit at the last step.
Oneof the distractorancludedthe numberthat studentscould chooseif they hadincorrectly
associated the unit.

Item 4 wasthe secondmostdifficult item amongthe five items, althoughthe language
of the item was understoodby most students.Most studentsrecognizedthat the word
Odifference@ndicated that they neededto subtracttwo given numbers.However, most
studentsincorrectly calculatedthe subtractionof a negativenumber.Insteadof addingthe
two numbers,studentsoften subtractedand ignoredthe negativesign or assumedhat the
negative sign was equivalent to subtraction, as in the follpexcerpt:

79B1S08 (State Y Current ELL)

STU: So all | did was pretty much, | did six hundred and twenty-five minus negative fifty
five, but yeahE technically, they don® add. They don® subtract or add. And the question
is asking you Qwhat was the difference.0So | realized that it was a negative, so yeah, you
would just subtract it. Zero...and then this one@® fiveE twelve, seven - [Sudent writes
625-55 = 570 on paper.]
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Item 5 askedstudentsto formulate an algebraicexpressiorbasedon text. This item,
more than others, required studentsto be able to translatelanguageinto mahematical
symbols.That s, contentknowledgeentailedconvertingthe languageinto a mathematical
expressionTo solvethis problem,studentseededo understandhath (representindiours)
was a variable,but not an unknownto be solved.Among the studets who madeQincorrect
attempt, Gomestudentsattemptedo solvethe unknownvariables. Therewerealsostudents
who may havebeenconfusedoy thelanguagen the item, which leadto anincorrectanswer.
The following excerpts demonstrate studentsO sionfabout language in the item:

79B1R13 (State Y Current ELL)

STU: E It didn® make sense for me.
INT: Why do you say that?

STU: Because it saysit@ forty eight for each hour for work plus addition for nine so-like,
how does that travel, where does he live, what if he lives close to them?

18A1G12 (State Y Current ELL)

STU: E oh that he works, um, like uh works and they need to pay the hours. And that say
that if he works forty eight, | think forty eight hours, he® going to pay nine dollars for
the hours?

Use of Glossary Accommodation. Thefive itemsin thethink aloudcontainedbetween
two to eightglossarywords(asdescribedn the Methodsectionearlier). Throughthe student
think-aloud and retrospectiveinterview, we examinedwhetherand how studentsusedthe
givenglossaryfor eachitem. Students@erbalreportswere categorizednto threegroups:(a)
No (studentdid notlook attheglossaryatall); (b) Looked(studentsaidthatsheor helooked,
butdid notusebecausesheor heknewall thewords);and(c) Lookedand Used(studentused
the meaningshownin the glossary).Table 20 summarizeghe students@seof glossaryfor
each item.
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Table 20
StudentsOUse of Glossary for Each Item

No: Looked: Looked and used
Item n Did not look (%) But knew all the words (%) (%)
1 52 28 (53.8) 18 (34.6) 6 (11.5)
2 53 23 (43.4) 11 (20.8) 19 (35.8)
3 50 32 (64.0) 12 (24.0) 6 (12.0)
4 51 28 (54.9) 9(17.6) 14 (27.5)
5 46 25 (54.3) 7 (15.2) 14 (30.4)

As shownin Table 20, acrossall five items, studentanostly saidthey did not look at
the glossarywords. When promptedfor reasonsstudentsespondedhat they did not need
the glossarybecausehey alreadyknew all the words, or becausethey forgot or did not
realize the glossary was there, as in the follovexcerpts:

79B1S08 (State Y Current ELL)

INT: Did you look at these words on the side?
STU: No. Oops. | didn@ realize they were there until like the third problem.

66P1R01 (State Y Current ELL)

INT: Did you look at any of those words on the side?
STU: | didn®look at any one.
INT: How come?

STU: | don®know. | just like, | forgot about it.

Somestudentsrecognizedhat the glossarywas not alwaysnecessaryor words, such
as proper nouns, like OTalon BluffO and OSalt Flats,O as this student described:

79B1G19 (State Y Former ELL)

STU: | think | don® think | need to know the words. @Cause they are just name of the
placeE | didn® know theN the name of the place. But they don(® really count, @ause like
you don® need them to fixN to like, do the problem.

Among the studentsvho participatedn thethink aloudandinterview, 21 studentsvere
in the glossaryaccommodatiorconditionin the experimentaktudy. One ELL studentwho
had recently arrived in the United Statescommentedthat she did not realize what the
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glossarywords printed on the side were for when shetook the test(eventhoughthey were
mentioned in the test administration directions, which were read aloud to students):

20A1G03 (State Y Current ELL)

INT: Did you have these words here when you took the test over there?

STU: Yesah but | don® know why these words are on here so | never look at.

For studentswho actively used the glossary,they looked at the words that they
identified difficult aspresenteaarlierin Table18. The glossarywordsfor Oaproximation,O
Oelevation,@additional, @shaded,Oplumber,@nd OtipQwere relatively frequently used.
They reported that they were looking for a meaningin the glossary.A few students
substitutedwvordsin the itemswith the glossarywords. For instance a currentELL student
wasobservedwriting the glossaryword, OextraQnderneatthe word, Oadditional@® Item 5
as a substitution.

Students’ Prior Experience with Glossary/Dictionary and Read-Aloud
Accommodations. In order to understandvhetherstudens were familiar with using the
given accommodationsstudentswvere askedif they had previousexperiencewith glossary,
dictionary,andreadaloudaccommodationor a stateOstandardizednathassessmentable
21 presentstudents@sponseby eachstae, consideringdifferent policiesand practicesfor
each state.

Table 21

StudentsOPrior Experience with Accommodations in Math Assessments by State

State X State Y
Type Y es (%) No (%) Total (%) Y es (%) No (%) Total (%)
Dictionary 0(0.0) 6 (100.0) 6 (100.0) 1(24) 41 (97.6) 42 (100.0)
Glossary 0(0.0) 15(100.0)  15(100.0) 0(0.0) 42 (100.0)  42(100.0)
Read Aloud 2(18.2) 9(81.8) 11 (100.0) 11 (31.4) 24 (68.6) 35 (100.0)

Note. Glossary was defined by showing the studentsCthe built-in glossary printed in the math test booklet used
in the present study.

As shown in Table 21, overall studentshad little experiencewith the given
accommodationsAlmost no studentsamongthe samplehad previousexperienceof usinga
built-in glossaryor dictionaryfor a stateOsiathassessment.wo studentsn StateX reported
thatthe directionswerereadaloudandthatthe itemswerereadaloudonly whenthe students
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raisedtheir handsto ask.More studentseportedhavingexperiencewith readaloudin State
Y comparedto studentsn StateX. A studentin StateY reportedthatall the entireproblems
were read aloud to students and the problems were repeated upon student request.

Perceptions on the Helpfulness of Accommodations. Studentsvereaskedf theyfelt
glossaryor readaloudaccommodationvas helpful to them. Studentsverefirst askedabout
the givenaccommodatiomprovidedto themduringthe experimentaportion of the study(i.e.,
readaloudor glossarywhenapplicable)andthenaskedabouttheir generalperceptiorabout
the helpfulnesof bothaccommodationsTable 22 showsthe resultsof studentsPerceptions
of helpfulnessfor both the Glossarytestconditionin this study,aswell asa provisionof a
glossaryfor any mathematicassessmenh general Resultsindicatethat moststudentdelt
having a glossarywas helpful. Somestudentshad mixed feelingstoward a glossary,stating
that it would only OsometimesO be helpful, such as only Oif you need it.O

Table 22
StudentsOPerceptions of the Helpfulness of Glossary

Helpful (%) Not helpful (%) Mixed (%) Tota (%)
Glossary used in
this study 11 (78.6) 2(14.3) 1(7.0 14 (100.0)
In genera 30(81.1) 2(5.9) 5(13.5) 37 (100.0)

Note. Glossary Used in This Study refers to the Glossary condition during the experimental portion
of the study. In General refers to studentsQgeneral perceptions, which was a question open to all
students, regardless of prior experience or accommodation condition in this study.

The following excerptsdemonstratethat studentswere consciousof their limited
English language proficiency, positively thinking about glossary accommodation:

18A1S05 (State Y Current ELL)

INT: What do you think about these words on the side because welde interested in
whether these words on the side will be helpful or distraN

STU: | think it be helpful, help other people because some people who don® know
much English, some people no English, so if someone else is from different [inaudible
word], itd help solve the problem.

INT: How about you? Was that helpful to you?

STU: Yes, it was helpful to me because |®n still learning English. There are some words
that | still can® pronounce yet.



01W1R07 (State X Current ELL)

INT: Do you think when you take atest and if there is a glossary like this [pointing to the
glossary version test] it would be helpful or useful to you?

STU: Yeah they would be helpful because then you can understand what the words mean
if you get stuck on those words.

Somestudentsdescribedwhy having a glossarysimilar to the one from the present
study would be better than having a dictionary.

18A1S06 (State Y Current ELL)

INT: Do you think it would be helpful if you had words on the side or if the teacher gave
you adictionary?

STU: | think it was helpful if they was like this [pointing to an open page of the glossed
test booklet]E Because instead of looking in the dictionary, taking a long time and
looking, so you can just like, GDh yeah, it was likeN Oh yeah, | know what GravelOwas
meaning.OY ou can know faster.

With respectto readaloud accommodationstudentstendedto view readingaloud
favorably. Table 23 presentghe resultsof students@erception®f helpfulnessfor boththe
ReadAloud testcondition,aswell asin general.Comparedwith the glossary morestudents
with mixed or negative perception about helpfulness of reading aloud were noted.

Table 23
StudentsOPerception of the Hel pfulness of Read Aloud

Helpful (%) Not Helpful (%) Mixed (%) Total (%)
Read Aloud
condition 15 (62.5) 4(16.7) 5(20.8) 24 (100.0)
In general 22 (62.9) 9(25.7) 4(11.4) 35 (100.0)

Note. Read Aloud condition refers to students who were part of the read-aloud condition during the
experimental portion of the study. In General refers to studentsOgeneral perceptions, which was a
guestion open to all students, regardless of prior experience or accommodation condition.

As for thereasongo considerreadingaloudhelpful, studentcommentedhatlistening
would be easier than reading as suggested in the following excerpts:

66P1R07: (State Y Current ELL) That it was easier, @ause she was reading it so | only
had to focus on the problem instead of reading it all.
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19V1R14: (State Y Current ELL) Yeah, @ause itN sometimes | get stuck on words,
and she can just read it faster.

19V1R13: (State Y Current ELL) Ah, it was helpful because when | have something to
read, there(® too much to read. So when the teacher read, | hear the word correctly, so |
know what it, what it was talking about.

Studentswho felt the readaloud was not helpful attributedther reasonto a different
paceof solving problemsor distractingfactor. This wasconsistentvith the studentinterview
results conducted on regular students by Weston (2003).

78B2R10: (State Y Current ELL) | think it was confusing. Because when | was behind
aquestion, | had to likeN well just try not to think about the teacher, and just work on the
one | was. And then when | was on the question the teacher was, then | was already
confused, because | had to read it like two times at |east to get the question.

04W1R16: (State X Current ELL) Yeah because sometimes you like finish early and
then you have to wait until somebody, like so everybody finishes so they could start the
other question.

79B1R16: (State Y Former/Exited ELL) | would say to do it aloneE Because it would
be much more easy to concentrate, | guess.

Studentsvho hadbeenin thereadaloudconditionfor the experimentaktudywerealso
askedhow they felt aboutthe speedof the teacherOsead aloud. Among 16 studentswho
were askedthis question,10 studentgor 62.5%)commentedhat the readaloud speedwas
fast and that time allotted to solve the problemswas not enough.However, almost all
studentg19, or 90.5%)who were askedreportedthat they followed alongwith the teacher
during the readloud.

Discussion

The presentstudy investigatedthe effectivenessand validity of two accommodations,
readingaloudthe entire test,and glossary,providedto ELL studentsduring a mathematics
assessmentAs describedearlier, thesetwo accommodatiortypes have been commonly
allowed acrossstates@ccountabilityassessmentsith an assumptiorthat they, by directly
supportingELL students@nguistic barriers,would be effective strategiesto be used.By
effective,we meanthattheseaccommodationarepresimedto help ELL students@vercome
somelanguagebarrierstherebyincreasingheir assessmerdutcomesin this report,we first
presentedan overview of previous literature, which demonstrateshat little empirical
researchevidenceis availableto suppat this assumption With the purposeof providing
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empirical evidence to shed light on the effectivenessand validity of these two
accommodationghis study employeda randomizedexperimentabdesignaccompaniedy a
student verbal protocol analysis.

Regardhg the effect of the glossaryaccommodationno significant differenceof the
ELL students(erformanceon the mathematicsassessmenwvas found in either stateOs
samples,comparedto the standardcondition (i.e., receiving no accommodation).The
students@erbal protocolanalysisresultsprovidedsomeinsight into this result.It wasfound
that the majority of the studentswho participatedin the think aloud did not utilize the
provided built-in glossary while completing the five math test items. Several students
reportedthatthey Oforgot@boutthe glossaryandall studentgwho wereaskedyeportecdthat
they hadneverbeenprovideda glossaryduring mathematicsesting.A casestudyconducted
as a subsetstudy of the larger project also provided someinsight into understandinghe
results of the presentstudy. In this study, sample teachersreported that a glossary
accommodatiorwas not providedfor the statemathematicsaassessmernih either state,and
wasseldomusedduring mathematicsnstruction(Wolf etal., 2009). Teacherexpressedhat
a glossarywould requiremore skills and practicefor studentso effectively use.Thus,the
finding of no glossaryeffect seemsrelatedto the samplestudentsof the study, who were
neither familiar with, nor skillful in using the provided glossary. Collective evidence
insinuatesthat students@rior experienceandskills in usinga glossarymay be animportant
factor for improving the effect of the accommodation.

As for the readaloud accommodationthe statisticalanalysisyielded mixed resultson
its effect on the students@erformanceon a mathtest. In the StateX sample therewasno
significant differencein ELL students@erformanceon the given math test regardlessof
accommodationcondition. However, a significant positive effect of the readaloud
accommodatiorwas detectedin the StateY ELL sample.ELL studentswho receivedthe
readaloud accommodatiortendedto perform better on the math test comparedto ELL
studentswho werein the standardcondition. Although the small samplesizein this study
limited usin generalizinghe resultsto a biggerpopulation thereare someplausiblesources
to explainthesedifferencesFirst, the students@erbalprotocolanalysisrevealedhat StateY
samplestudentshadmore prior experiencevith the readaloudaccommodatiothan StateX
sample students.Secondly,accordingto StateY policy, StateY provided a test script
developedy their testpublishergo be usedfor readaloud.StateY appearedo havea more
systeméc implementatiorof the readaloudaccommodationywhenimplementedStateX in
contrasthadno scriptto implementa readaloudaccommodatiomn a standardizeavay. The
casestudy describedaboveindicatedthat the readaloud accommodatiorwas not usedfor
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StateXOs2008 mathematicsassessmerih the schooldistrict where StateX studentswere
sampled from. It was also found that State Y sample teachersused the readaloud
accommodatiorfor the stateOsnathematicsassessmentnore often than State X sample
teachersdid (Wolf et al., 2009). We speculatethat the mixed effect of the readaloud
accommodatiorwas relatedto ELL students@rior experiencesimilar to the finding about
theglossaryaccommodationStateY studentaveremorelikely to havereceivedareadaloud
accommodation in the past, and were more likely to have received one in a systematic way.

One thing to note is that the readaloud accommodatiorshowedpositive regression
coefficients with the ELL studentsin both statesOsamples, whereas the glossary
accommodatiorshowedinconsistentdirectionsof the regressiorcoefficients(i.e., negative
coefficientfor the StateX sample andpositivecoefficientfor the StateY sample)Although
the directionsof the coefficientswere not statisticallysignificant,we can speculatehat the
trendmay suggesthatthereadaloudaccommodatiorould help ELL studentgegardles®f
studentsrior experiencevith readaloud. The glossaryaccommodationhowever,basedon
the trend, may requireboth skills and familiarity to be an effectiveaccommodationTo what
extentstudentanustacquiresuchskills to utilize a glossaryor otheraccommodations/ould
require further investigation.

Our analysis,which controlledfor variousstudents©haracteristicsyielded a notable
resultregardingthe interactionbetweeraccommodatioeffectsandstudentséharacteristics.
In StateY ELL samplestherewas significant interactioneffect of both the glossaryand
readaloudaccommodationandELL students@rior contentknowledge asmeasuredy the
states@athematicsssessmentgor instance ELL studentsvho scoredhigherin their state
mathematicsassessmenbenefited more from having a given accommodatiorthan ELL
studentsvho scoredlower in their stateOmathematis assessmenthis resultsuggestshat
the given accommodation$ielp ELL studentswho have acquiredcontentknowledgebut
cannot help those who have not. This finding signifies the importance of providing
accommodationso ensurethe accessibilityof conent assessmentfor ELL students.The
resultimplies that ELL studentsvho haveacquiredcontentknowledgemay not completely
show their knowledgeand skills on contentassessmentsecauseof their limited English
proficiency, and that providing accommodabns helpsto enhancethe validity of content
assessments by allowing ELL students to demonstrate what they know.

The analysisalso examinedwhetherthe given accommodationsvorked differently for
the ELL studentslependingn their levelsof Englishproficiency.In both states@amplesno
significantinteractioneffectwasfound betweerthe givenaccommodatiomndstudents@LP
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levels. Given that the sampleof this study was small andits ELP levelswerelimited (i.e.,
studentswere mainly clusteredat moderateto higher ELP levels), the interaction effect
between the accommodatiand ELP levels needs to be further investigated.

Although the analysison ELL students(erformancein different accommodation
conditionswas directly concernedwith the effectivenessof a given accommodationit was
also intertwined with a validity issue. That is, effective accommodationghat help ELL
studentsreduceany linguistic barriersthat interfere with their ability to demonstrateheir
contentknowledgecan increasethe validity of the testfor ELL students.n addition, the
analysisof nonELL students@erformancealso attemptedto examinethe validity of the
accommodationgProviding accommodationshould not changethe natureof the construct
beingmeasuredThus,providing accommodationt nonELL studentsywho would not need
linguistic support,shouldnot increasetheir testscorestherebyretainingthe validity of test
scoresfor nonELL studentsOneway of addressinghesevalidity concernsvasto provide
evidencethatnonELL studentdid not performdifferently regardles®f the accommodation
condition.

The resultsof this study showedthat therewas no significant differenceamongnon
ELL students@erformancein the different conditions (i.e., Glossary, Read Aloud, and
Standardl in the StateY sample.However, StateX nonELL studentsin the ReadAloud
condition performedlower comparedto their peersin the Standardcondition, which was
statistically significant. One may speculatethat readingaloud distracted nonELL students
who had less trouble reading and understandingthe questionssilently by themselves.
Becauseheresultsof thereadaloudaccommodatiomn nonELL studentavereinconsistent
acrosssampleg(StateX and StateY), validity evidencewas somewhatweakin this study.
Moreover,the small samplesize did not allow for sufficient statisticalpowerto detectthe
significanceof the accommodatioeffects.Inevitably, furtherinvestigationon the validity of
these two accommodations needs tededucted.

Students@®erbal protocol analysisprovided a deeperunderstandingf ELL studentsO
problemsolving processesnd students@seof glossarieprovidedduring a mathtest. The
primary purposeof the verbal protocol analysiswas to explore whether ELL students
struggledwith comprehendinghe languageof mathitemsandthuscould not understandhe
items,or whetherthey haddifficulty in solvingitemsdueto lack of contentknowledgelf the
formerwasthe casejt would suggest validity threat,in thatthetestscoresmight not reflect
what studentsknew and could do in the subjectarea.lf the latter wasthe casethe validity
concernmay be more about students@pportunity to learn the content, rather than about
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providing appropriateaccommodions for a test. The verbal protocol analysisalso sheds
some light on the interaction results from the experimental portion of the study.

The resultsfrom the verbal protocol analysisdemonstratedhat, as expected,ELL
studentshadsomedifficulty in understandinghe languageof the five samplemathitems,as
comparedto former ELL students.What was noteworthy was that most ELL students
comprehendethe languageat leastenoughto know what the sampleitems were asking. It
seemsthat the studentsin this samplewho had beenin U.S. schoolingsincea young age
wereproficientin Englishenoughto comprehendhe testlanguagen the givensamplemath
items. The ELL studentsin the think-aloud analysiswere found to strugglemore with the
contentknowledgeneededo solve anitem correctly. Thatis, mostELL studentsattempted
to solve the problems which suggestedinderstandingf the languagen the items, but did
not useappropriatenathematicaproceduredo correctly solvethe items. This suggestsghat
thesestudents@wer performancemay be attributedmore to math knowledgeratherthan
languageissues For example,they used inappropriateoperationssuch as multiplication
insteadof division, and vice versa.Their computationswere often incorrectly performed.
Students@ontentknowledgelimitations needsto be further investigatedo explorewhether
their limited English languageproficiency interferedwith students@arningof the content
area.lt is alsoquestionablevhetherthe studentshad appropiate opportunityto learn(OTL)
the curriculum materialsas comparedo their nonELL peers From the casestudy, part of
the larger project mentionedearlier, one teachermentionedthat the ELL studentswere
sometimesaught below-grade materialsbecauseof their low performanceon the content
area.The teachemointedout thatthe studentsveretoo behindandthatthey neededo learn
previousgrade materials first.

Regardingthe useof a given accommodationgnly a few studentsactively utilized the
provided glossary during the think aloud. This has important implications for the
experimentalstudy results,and why we perhapsfound no main effect of glossary.The
studentsin the verbal protocol analysis identified difficult words for themselvesand
subgituted the wordswith the onesfound in the glossarywhile readingthe itemsrepeatedly.
Although moststudentdisted hardwords at the researchers@queststhey tendedto ignore
the glossarywhile taking the sampletest. As expected studentsendedto list both general
academi@ndspecializechcademiavordsashardwords(e.g.,Oapproximation,Ofollowing,0
Oadditional,Oexpression®j.is alsonotablethat somestudentsdentified wordswith higher
frequencyor part of daily use as hard. Thesewords included Otravel, @restaurant,énd
Oclimbed.Crhese results suggestthat explicit instruction of both academicand social
vocabulary is needed for ELL students even in math class at the secondary level.
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With respectto the languagecomplexity rating and students@omprehensionf items
or students@erformanceon items, they were not necessarilyrelatedto eachother for the
givensampleitems.Forinstance]tem 1 in the think-aloudtestwasrelatively highly ratedin
its linguistic complexity, particularly for the vocabularyand grammarcategoriesHowever,
studentggenerallycomprehendethis item well and performedbetteron this item compared
to otheritems. It may be the casethat the visual image presentedn the item (e.g.,shaded
triangle and trapezoidillustrated) providedextra cuesfor ELL studentsto comprehendand
solvethe item. Item 5, which was alsoratedhigh in its linguistic complexity with a higher
numberof academiavords,wascorrectlysolvedby studentscomparedo otheritems.On the
other hand, studentsdid poorly on Item 2, which was ratedrelatively low in its linguistic
complexity and languagedemand(e.g., reliancescoreof 2). The verbal protocol analysis
results revealedthat not only did studentshave difficulty in applying an appropriate
mathematicaprocedureput also,the story in the problemhadlittle contextualrelevanceo
students@ge and background.The conceptof tipping at a restaurantis tied to culture,
socioeconomicsandagelevel. This resultsuggestsha socioeconomidackgrouncandage
appropriatenesshould be consideredin addition to languagedifficulty when examining
potential sources of item difficulty for ELL students.

Theresultsof this studycreatea numberof practicalimplicationsfor policymakersand
practitionersto considerin the use of accommodationsAs discussedabove, studentsO
familiarity andprior experiencesvith a givenaccommodatioseemto play a key role in the
effects of the accommodationin order for accommodationso be effectively and validly
used,they shouldbe part of daily classroonpractice.Meanwhile,it is importantto consider
the studentsCcontent knowledge as well as language proficiency when providing
accommodationsThis study suggestghatif studentshadlittle contentknowledgefrom the
beginning, providing accommodationsvould make little difference regardlessof their
languageproficiency level. The study resultsalso highlight the importanceof examining
OTL for ELL students in order to make more appropriaterences about test scores.

Limitations and Future Studies

A major limitation in the presentstudy is the small samplesize, which requiresthe
readersto be cautiousin interpretingand generalizingthe results.The resultsof the study
also indicate that the effects of accommodationsnay be contingentupon a specific ELL
populationandtheir experiencesvith accommodationslhus, future researchshouldinclude
areplicationof this studywith a differentpopulation suchasthosewho hadexperiencevith
a glossaryin testing,for instance.Studentsn the presentstudy were largely from Spanish
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speakingbackgroundsand startedschoolin the U.S. in early elementarygrades,and were
clusteredat moderateto high English languageproficiency levels. ELL students with
different backgrounds might have yielded different results.

As mentionedearlier, future studies also should include an examinationof ELL
studentsOTL in a contentareaaswell asin their Englishlanguagenstruction.In this studly,
during the verbal protocol analysis,it was difficult to disentangldanguagedifficulty from
contentdifficulty. In other words, did students@mited English proficiency interfere with
their ability to accesshe contentof thetestitem, or to accessontentduring instruction,or to
articulatetheir knowledgeto the researchersRanguages an importantfactorin all of the
above,so the remainingquestionis how providing an accommodatiorcan better support
students@nguistic barriersin a math assessmentAn investigationof OTL will provide
valuableinsight into the difficulty that ELL studentshavein demonstratingheir content
knowledge,especiallyin a mathassessmenthatis, it will offer a betterunderstandingf
how languageability is intertwinedwith learningmathematicatontentknowledgeandskills.
As anotherfuture study,it will beinterestingto examinenonELL students@roblemsolving
processeshrougha verbal protocolanalysisin orderto identify ELL-specificdifficulties in
tackling math items.

As in previousliterature,the useof accommodations advocatedn orderto increase
thevalidity of contentassessmenfsr ELL studentsThe previousliteraturealsoemphasizes
thatthe useof accommodationshouldbe researckbasedoy providing empiricalevidenceon
the effectivenessand validity of accommodationsAlthough the presentstudy is limited to
the effectsof readaloudandglossaryaccommodationst offers possiblesourcego consider
in future accommodatiorstudies.Additionally, given students@ositive perceptionsabout
accommodationandpreferencdor receivingaccommodations;ontinuingefforts shouldbe
made to provide appropriate accommodations for ELL students.
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Appendix A:
Example of Read-Aloud Script

Item as printed in studentsCtest booklet:

Please read this way:
(starting with item number)

In a quadrilateral, twofdhe angles each have a measure dfj1]
and the measure of a third angle is hat is the measure of
the remaining angle?

A. 20
B. 50j
C. 90j
D. 130j

In a quadrilateral, two of
the angles eadmave a
measure ofpausé, and
the measure of a third
angle igpausd. What is
the measure of the
remaining angle?

[do not read answer
choice$

. A group of students has a total of 29 pencils and everyone h
least one pencil. Six students have 1 pencil each, five studer
have 3 pencils each, and the rest of thdesits have 2 pencils
each. How many students have only 2 pencils?

o0 wp
O 0 o b

A group of students has a
total of twentynine pencils
and everyone has at least
one pencil. Six students
have one pencil each, five
students have thrgeencils
each and theaestof the
studentshave twopencils
each How many students
have only two pencils?

[do not read answer
choice$
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3. The graph below shows the amount efimnthly sales at a The graph below shows th
local book store during one year. amount of bimonthly sales
at a local book store durin
one year.
BOOK SALES FOR ONE YEAR .
Across the top it says,
book sales for omyear.
$1,000 Along the side it says boo
sales in thousands of
dollars. On the bottom it
says month. January,
March, May, July,
September, November.

$800
$600 -

$400 - Based on the graph, whic

is the closest estimate of
the range in the amount o
monthly sales at the store
during the year.

$200 ]

BOOK SALES (IN THOUSANDS OF DOLLARS)

$0

Jan Mar. May July Sept. Nov.

MONTH [do not read answer
choice$

Based on the graph, which is the clogeSTIMATE of the
range in the amount of monthly sales at the store during the
year?

A. $200,000
B. $300,000
C. $500000
D. $600,000
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Appendix B:
Glossary Terms Used in Math Test

Original Word Glossary Definition

above on top

additional extra

amount how much

closest approximation best guess; nearest amount
at least one one or more

bake to cook

baked goods cakes, cookies, and bread
Bakery a place where bread is baked and sold
bi-monthly every other month

bought buy (past tense)

calculate find

charges asks for money; bill

check a bill

climbed walked up a mountain
combine put together

company a business

consisting made up of

contains holds

cost price; how much money
customers people who buy things
deliver take to peopleOs houses
describes shows

drawer a box

drawn make with a pencil

elevation how high

equivalent the sames

explain give a reason

fee price or cost; how much money
figure a picture

is given by IS seen in

graph a drawing used in math
growth getting bigger

hikers people who walk in mountains
local calls phone calls tmear places
long-distance calls phone calls tdar away places
measuring finding the size or amount
most likely probably

nearest closest

newspapers papers printed with news
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Of the following

from the choices

on sale

selling

oven a thing used for cooking or baking
plant a living thing with roots and leaves
plumber a person who fixes things

price cost; how much money

record put or copy music

remaining whatOs left over

renting paying money to use something
represents stands for

Salt Flats name of a place

selecting choosing

shaled darkeror filled in

shifted moved

shown seen

spent paid or used

Talon Bluff name of a place

the rest left over

tip money for the waiter or waitress
travel going somewhere

treats candies

true corrector right
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Appendix C:
The Five Think-Aloud Items

How many triangles of the shape and size of the shaded triangle
the trapezoid above be divided into?

A. 3
B. 4
C.5
D. 6

Source:
1995 TIMSS, Population 2, ItemEO
Previously used in Abedi et al. (Z8lf).

Standard/Objective:
geometry

Student Performance:
TIMSS: International average: 52%

In the present study:
A B23.0%

B D26.3%

*C -39.3%
Db1l1.5%
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shaded: darker
or filled in

above: on top



2. Of the following, which is the closest approximation of a 15 per
tip on a resiurant check of $24.99?

A. $2.50
B. $3.00
C. $3.75
D. $4.50

Source:
1996 NAEP, Grade 8, Item 5
Previously used in Abedit al. (2003b).

Standard/Objective:
Number sense and operations

Student Performance:
In NAEP: 37.7% of students answered it correctly.

In the present study:
AD21.7%

B B25.0%

*C —38.0%
Db15.3%
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Of the
following: from
the choices

closest
approximation

: best guess;
nearest amount

tip: money for
the waiter or
waitress

check: a bill



3. A group of students has a total2¥ pencils and everyone has at
least one pencil. Six students have 1 pencil each, five students
3 pencils each, and the rest of the students have 2 pencils eacl

many students have only 2 pencils?

I o T m
© © o b~

Source:
1995 TIMSS, Population 2, ItemRL
Previously used in Abedi et al. (2003b).

Standard/Objective:
algebra

Student Performance:
TIMSS: International average: 47%

In the present study:
*A —36.0%
Bb12.1%
Cb34.3%
DDP176%
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at least one:
one or more

the rest: left
over



A group of hikers climbed fror8alt Flats (elevation -55 feet) to Talon hikers: people
Bluff (elevation 620 feet\What is the difference in elevation betweer ~ Who wek in
Talon Bluff and Salt Flats? mountains

A. 565 feet elevation: how
' high

B. 575 feet

C. 665 feet climbed:
D

walked up a

Salt Flats:
name of a
place

Talon Bluff:
name of a
place

Source:
2003 California Standards Test, Grade 6, Item 25
Previously used in Abedi et al. (2006).

Standard/Objective:
Numbersense

Student Performance:

In Abedi et al. (2006):
n = 2,354

A B55.3%

B B15.0%

Cb6.8%

*D —-22.9%

In the present study:
A DP46.7%
BD12.8%

Cb8.5%

*D —32.0%
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5. A plumber charges customers $48 for each hour worked plus an  plumber: a
additiona $9 for travel.If h represents the number of hours worke ~ person who
which of the following expressions could be used to calculate thi ~ fixesthings

plumberOs total charge in dollars?
charges: asks

A. 48! 9x h for money; bill
B. 48 + (9x h) customers:
eople who bu
C. (48x9) +h '?hings y
D. (48xh)+9
additional:
extra

travel: going
somewhere

represents:
stands for

of the
following: from
the choices

calculate: find

Source:
1996 NAEP, Grade 8, Item 9
Previously used in Abedt al. (2003b).

Standard/Objective:
Algebra and functions

Student Performance:
In NAEP: 57.7% of students answered it correctly.

In the present study:
A B8.0%

B D19.2%
Cbll.3%

*D - 61.5%
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