The Pennsylvania State Universit)
The Graduate School

Coll ege of Educati on

EVALUATI NG LANGUAGE GROUP DI FFBRIEINICE SOF N THI
READI NG NGS A COGNI TI VE DI AGNORSTARDMDDEFERENT I

SKI'LL FUNCTI ONDAKE APPR

ADi ssernati on

Educati @sychol ogy

by
Hongl i Li
E 2MHbhgl i Li
Submitted in Parti al Ful fill ment

of the Requirements
for the Degree of

Doctor of Philosophy

Mago01l1l



The dissertation of Hongli Li was reviewed and approved* by the following:

Hoi K. Suen

Distinguished Rafessor of Educational Psychology
Dissertation Advisor

Chair of Committee

PuiWa Lei
Associate Professor of Education

Bonnie Meyer
Professor of Education

Aleksandra Slavkovic
Associate Professor of Statistics

Yong-Won Lee

Assistant Professaf Language Assessment
Seoul National University

SpecialMember

Rayne Sperling
Associate Professor of Education
Professotin-Charge of Educational Psychology

*Signatures are on file in the Graduate School



AARA

ABSTRACT

Using a sequebtotdsatemi geekyh ntimiesdd t he di fferen
t wrmativelanguagegroup® those with an East Asian language background and those with a
Romance language backgrouhdn regard to reading subskills as represented in the Michigan
English Language Agssment Battery (MELAB) reading test, so as to proviagndistic
information for secondanguage reading instructiovith a grounded theory approach that draws
on thinkaloud reports from a sample BSL studentsit washypothesized that given the same
overallEnglishreading abilityRomance ESlearnersvould have more mastery ¢ihguistic
skills such as vocabulary and syntax.andadsEast Asian ESL learnevgould havemore mastery

of comprehension skills such as extracting explicit informatmaconnecting and synthesizing

information.
The hypotheses were tested using item resp
MELAB dataset with L1 |inguistic backgrounds

| a n g Fiestgthee subskilprofile of each examinee was identified via an application of the item

skill Q-matrix to a Fusion Model of cognitive diagnostic modelf@ge ¢ omeal , sgeci f i c

hypot hesesessee@d bhweomomparing the subskil]l pr of
agmst the subskill profil es o fDifferanbdasSkill wi t h a Rc
Functioning(DSFanal yses through | ogistic regression |

This studyconfirmed the hypothesis that given the same ovErallishreading ability it
is more ikely for RomanceESL learnerso havemastery of the skilbf vocabularythan East
AsianESL learnersFurther,given the same overdlnglishreading ability and gender,ig more
likely for EastAsianESL learnerso have mastery dhe skill ofconneting and synthesizing

informationthanRomanceESL learnersin addition, given the same overglhglishreading



%)

ability, female ESL learneraremore likely to have mastery tife skill ofsyntaxandthe skill of
connecting and synthesizing informatithan malesinstructional strategiesresuggested to
addresshe specific weaknessesE S L | e readingeskillsl@plicationsfor the cognitive

diagnostic asessmentf readingarealso discussed.
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CHAPTER 1

INTRODUCTION

1.1Background

The concept of language transfer originates from the Contrastive Analysis Hypothes
(CAH). Common among its different versiotiseCAH hol ds t hat gaswdieer e t wo
similar, positive transfer would occur; where they were different, negative transfer, or
interference, would e s u | t dredmara& Lorngl®991, p. 53). It ibelievedthata more
effective pedagogy results when the differences betivedirst language (L1) anthesecond
language (L2) are taken into consideration (Fries, 1945).

L2 reading theory is built based on L1 reading theory; however, L2 readers and L1
readers are distinct in many ways. The most important difference is2iheadersiraw on their
prior literacy experience in L1 to facilitate their L2 reading, and thus L2 reading requires dual
language involvemengome researchefe.g., Clarke, 1980; Cziko, 1980) argue thatreading
largely depends ob2 linguistic ability, whereasothess (e.g., Cummins, 1984; Esling &
Downing, 1986; Goodman, 1971) take the position that L2 reading performance most likely
depends on L1 reading abilityn general, por reading in L2 may be due to poor reading ability
in L1, or poor lingustic abilityin L2, or both (Alderson, 1984For instance, L2 reader A is very
competent in his L1 reading but has limited linguistic competence imhidugh this reader may
be very skillful with reading strategies, he may still have poor comprehension of the HRdex
to a lack of knowledge of L2 vocabulary and syntax. In contrast, L2 reader B, who is not a good
reader in L1 due to affectivereading strategies, may bring thesefiectivereading strategies

to his L2 reading. Thus, he may show poor L2 readimgpsience despite his relatively good L2



linguistic ability. Therefore, A and B may show similar overall reading performance in a reading
test, but for different reasons.

The languagepecific perspective of readirsgills transfer, which emerged from cress
linguistic research, contends that the cognitive mechanism used in linguistic processing differs
across languages and thus is langesgeific (Koda, 2005). A large number of studies have
investigated how L1 processing skills may be incorporated in @@egsing (e.g., Green &

Meara, 1987; HanciBhatt & Nagy, 1994; Juffs, 1998; Koda, 1990, 2000a, 200b; Wang, Koda,
& Perfetti, 2003). For instance, Harrington (1987) found that Japanese learners of English use
processing strategies similar to those useddpanese L1 rather than those used by the English
L1 group.Also, many studies have found that Spanish speakers show advantages in English
vocabulary recognition because of the cognates (e.g., Chen & Hennning, 1985; Ryan &
Bachman, 199). It is accepted,iterefore, thaEnglish as a Second languag&(E learnerswith
different native languageackground®ehave in different ways when learning the same foreign

language (Ringbom, 1987).

1.2 Statement of the Problem
ESL learnerdrom East Asian countriesspecially China, Japan, and Korea, constitute
the group that faces the greatest challenge in learning Englislto@meonalitythat the main
languages of these three countries share is that they use thaipte radically different from
theRoman alphlaet (Taylor, 1998). The grammar systems are diffeagming the three
languagesn that Chinese belongs to the Sifibbetan family(Thurgood, & LaPolla, 2003)
whereaslapanese iegarded aa Japonic languag& h i b at 3g,mnd Korears 8o@sidered

to be arAltaic languaggRamstedt, 1928 Additionally, the grammar system of each is very



different from that of Englishwhich is an IndeEuropean language. Tibefense Language
Instituteof the United StateslassifiesChineseJapaneseandKorean (along with Arabic) as
Category IV language meaning that 63 weeks of instruction (as compared to just 25 weeks for
French SpanishPortuguesgandltalian) are required to bring an Englisipeaking student to a
limited working level of proficiency (Raugh, 2008)onverselyjt takes enormous effort fétag
AsianESL learners to learn English due to the huge differences between their native languages
and Engjsh. The greater the difference between the mother tongue and the target latigrage,
less useful the mother tongue is to learners attempting to acquire théQatter, 1983).

Due to the differences between East Asian languages andElrdpean langages, it is
not uncommon to finthatEast Asian ESllearnersand IndeEuropean ESlearnerdiffer in
their English readingrocesses arskills. For instance, in Roman alphabetic systems, such as
English and Spanish, each letter represents a phoneraesashin logographic systems, such as
Chinese characters and Japanese Kanji, each symbolm@apsmorpheme (Perfetti & Dunlap,
2008). Readers most familiar with the Roman alphabetic system and those most familiar with the
logographic system appear teewifferent cognitive processes. This means thatiioise
difficult for East Asian ESllearnergo read English than it is fosay, Spanish speaker
Furthermore, wrd order is a critical device for constructing syntactic relations in English
sentencediowever, Korean and Japanese learners of English may refer more-toac&se
particles as a signaling device due to the syntactic features of Korean and Japanese (Koda, 1993).
TosummarizecEast Asi an ESL | earner so6 Hmaydddiflerdnt r eadi n
from thoseused by individuals whos®ative languagearelndo-European.

Another distinct feature of these three East Asian countries is their English instruction

and testing practice. The civil service exam, which started over 2,08)ag@mim China, not
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only dominated the Chinese historical education system but also influenced neighboring
countries such as Korea, Japan, and Vietham (Suen & Yu, 2006). Currently, English language
tests are used as g&teeping devices for access to gah@mployment and higher education in
those countries (Ross, 2008). It is, therefore, not surprising that the teaching and learning of
English is intensively tesiriented. Traditionally, the teaching of English in East Asian countries
has beemlominated i a teachecentered, boockentered, grammdranslation metho@Rao,
2001) which emphasizes rote memorization rather t@nmunication and highdevel
thinking skills Thosedistinctiveteaching and learning styles may influence East Asian ESL
learner r eading skill s aacobrdisgttohbaott 006)eosnparedtor I nst a
Arabic ESLlearnersESL learnerdrom China hd an advantage in terms of extracting explicitly
stated information in reading due to their intensive training with bettpmeading skill{e.g,
the skills focusing on word meaning, syntax, or text deta#igenthough they wee likely to find
some higheorder reading skill¢e.qg., tle skills focusing orthe gist of aext, background
knowledge, or discourse organizafiea be challenging. Therefore, the teaching and learning
styles of East Asian countries may shape theireStner8 r eadi ng i n di ffereni
do for IndeEuropean ESlearners

East Asian ESL learners constitatiarge population in the EStommunity, and this
group also facemuch greater challengéhan do learners whose first language is indo
European. It is of particular importance, therefore, to investigate how best to instruct members of
this group in English reading. And, in order tlect detailed diagnostic information, it is
necessary to conduct a cognitive diagnostic analysis of their reading skills as compared to those

of Indo-European ESL learners.



1.3 Proposed Study

An overview of the study is outlined in this sectidhe purpose of thistudywasto
examinenativelanguage group differences in the subskills of reading as represented in the
Michigan English Language Assessment Battery (MELAB) readingSextlar totheTe st o f
Engl i sh as a For e thgMELAB avalgategshgaelvar(cdd€y&l Erigl)sh
language competence of adult nonnative speakers of English. Its reading section consists of four
passages designed to asses devetrgadingitente es 6 wunder s

It is conceptually appealingtodrer st and L2 readersod6 perfor ma
subskill level. However, it is very difficult to disentangle and report examinee performance
regarding the subskills of reading using traditional psychometric tools. Reading is usually treated
as a unidimesional construdby test developers, particularly by those who employ the common
Item Response Theory (IRT, Lord & Novick, 1968) modefimgscaling and test calibration
Typically, a scaled score and/or a percentile ranka common scakereprovided & the result.
ComparingherespectiveEnglishreading ability ofdifferent language groups within the IRT
framework does not yielsubskillinformation, as all examinees are ranked on a single
continuum.n contrast, the use &@ognitive Diagnostic Modsl(CDMs)would yield more
detailed scorem that examinees are assigned a multidimensional profikaésubskils
involved in the testDiBello, Roussos, & Stout, 2007). This more figi@ined diagnostic
information can be extractdbm test responsesd can be subsequentigedto effectively
support teaching and learning.

The presenstudycomparedhe reading subskills of twative language group®ne
groupconsistedf individualswhose native languageseChinese, Koreargr JapaneseThis

groupisreferredtoathei East Asi ano g r oounspedofhdiveluals tvhoser gr o u p



native language isne of theRomance language®ferred to ashefiRomancé g rlmdo p .
European languages consist of many-lsuiguage families, such as Albani@rmenian, Balte
Slavic, Celtic, Germanic, Hellenic (Greek), Inttanian, Romance, and Tochari@ortson,
2004) The English language belongs to the Germanic languages, but it is very close to the
Romance languagés thanks to the influence of Latin afdench(Crystal, 2004 Therefore,
only Romance language speakeeseconsidered in thistudydue tothe similarities between
these languages and English.

Comparison between the East Asian and Romance groupsmade using a
Differential Skills Funtioning (DSF) approach, which is technically adapted from Differential
Item Functioning (DIFCa mi | | i & $ BSFpcaursavhen éxantindes from different
groups show different probabilities of success with a certain skill underlying the measured
corstruct, after being matched on the underlying ability the test is intended to measure (Milewski
& Baron, 2002)Directly comparing th&nglishreading subskills of these two groups may not
yield much informationbecaus@xamineesvhose first language isdtanceusually perform
betteron English reading testsanexamineesvhose first language is an East Asian one.

Therefore, the comparisaves conducted under the condition that the two grouplina same
overallEnglishreadingability (i.e., overallEndish reading ability wa controlled foy.

Overabt wddahesequenmetathods xeesi gn t hat combi
guantitative and qualitative methods. Il n gqguan
hypot heses or dnower froeuesa mgd neu als $zeasbslioeomg hi Ip s
among variables or testing a treatment variahb
more explorattohdeescemph a®oinziamg under standing o

Reseascheal yze the dattapeh emo mesm owveh | de@asc fiopt it &



which, in turn, |l eads to new questions and in
2003). With ameelhodstdasi gom xceaglulhd ¢ itead ti ;v en axatt ,a
guanti tatuesveed daot eexpl ain or confirm relationsh
( Cr e 2Wapl2|

The first stageaehgpbothesssudpmskdandhatiddadiem
bet ween EaRdm&aAB®&&@ad menrds. Studies on the transf

provide the theoretical RonarBee8wo rlke awhneerresi na rEea se

to show different patterns in their reading p
regardingfpeseinblese dt the subskill l evel s
used qualitative method that builds a theory

i nsuf Glaser& 8tradss, {967Strauss & Corbin, 1990. 1t i sousudl byeusad

under stand rfroawmeomploex uplweT@eél eco ea@l vadadt a hi nk
protsbcoml E&kwierhs an East Asian | dreq@uemgehsbackagr
Romaheaeaeaguage background and apptgygaehrowugie. a g
constant cont (Haset,lWg Tbhbimpeasu letxkapd iicnit hypot hes
regarding how ecEaaram®Asma @&k ExBrdnefrfser i n terms of
subskil |l

The second st agei wdletdhhee sshtyupdoyt hgeusaenst iutsatng c
di agnostic model i ng andsctahlee DdSaFt aaspeptr ocafc ht hne t NhE
teSheusi on( Mdadtetwau2s00d2 )t o esti mate examinee pr
subskielxlamiin.eeas¢ hweir ceanats gofgir emtla satecd r e a ¢ hs wheialdli n g
under |l yi ng adien gMEtLeAsBt g relHd wea ¢ rFius@noeni Mo w efQh e

matri x which represents the sprbiskr |Itle dewal oppi



teting the hysptoyidhye svas hlewiesdiaganm@maabndat eyi ng

the MELAB test i n W tdletra esololfeptiddtf sdmdmwelst. i |
t he -ahow& pPressteyos&cAlflérbagh, 1998 n d e e x p rLaghtonr&dgsien,

2007)in the pilot study, a tentative-@atrix was initially developed hi sna@Qr i x was t he
validated via an Mpgdli ciagiimgp ddt & hfer &dm sti loen ME |
Subsequewnrtattro xt veaF@ diadMbadaall iabnrdat i on, a | ogi st

approwachetdesd the researchtlirnegpadihreggesdufiesykacianas:

bet ween the twehé&aregwreaERd Iigesiipswsaltiolnittoy ! | ed

140ver vitehwe o®r gani zati on

Thfeocus sofundadyhtt ¢ t est EtSHe atrmesarsy ftrlopant di f f er
' inguistic/cultural backgrounds whdhigawv@aryceher
i mportant differences i nf fEemrgelnicsehs rheaavdei ni gmpsour bt sa
i mplicati orExngfl ors ht & &lahli ehagronne rdsi f f er entl nparts o
practiischee,ortyh cannot be tested with currently e
avail alslceal leh Egped disneEgS Lteeasrtnse rfsort oday have a foc
uni di mensional construct of overall English r
generally aims t owakrnd Irsiasscithi rag sa igluik thye. olvre paarlyd e
abuot subski hesessarwato retrofit an existing E
subskills underlying the otherwise unidi mensi

For the puwrnptlbe bDésthretrofittwatshen a seri
MELAB tesi saeémed by the English Language | nst

Mi chi gan. | nt leexchens hteteer kKt raatdi ngwassielcelsislalr yprnt @



e

identify the subskills requi rneadt rbiyxe.e aGhBa path d m3
provide the background, the theories, and the

i nvol vi ng taleowdeproégtxgedlnkr ating, and statist.i
via an application of véali FamatonhdMo@ed lme i MEI
The specifionn hyeotrlreakliefst pwemk®rlsirlalt ed i n ano
series of pilot studies via-al guoumepdr t hefor g1
samplESLobktudédret hjyypos dtelseesdi f f erenced elmgtnwe asn
anldearwierhs a Romance L1 |l inguistic background.
invol ved gthmegendryptoitmeses d4dre described in Ch
The hypwettheesteesd usamge id®&6Dx empmees dr awn f
overall MEMIABL dlat mgui ssii@hibrekgo dkprdeanars.e, or
Romance | anguage. The s unwasskdielnlt i grn efdi Ibey @fp ped ad
matrix, as dewelammpde d,i n oChaa prtuesrison Mo d e | of co
The specific hypot h enseetsd edeesvied aonpbegtrhienngs Cha bt b f
profiles of the East Asian exami rRomena hadgai nst
backgvband series of DSF analyses through 1| o0g
description of the designiagmaodvpdede drnall s atpa etr
Chapter 6 discusses the overall findings @vegr implications for thesecad-languageeading
instruction and cognitive diagnosassessmerf reading. Limitations of thdissertatiorand

important areas for future research are also addressed.



CHAPTER 2

COGNI TI VE DI AGNOIST NIGN MOBADI NG RESEARCH

With tramdiRdsmar s d )(lendedNovick, 196RDmd e | i n g
examineesd abilities aypiontleyedaasoahbed soaot e
rankpraorvei ded ®&esuhésrefogooragegll®d @lcss) ( @D M
di friterheo wenv e@prh@ami nees are assigned multidi mensi
classified as-mmastessoVersunbd H&inBdl |limv oRoeds a ¢
St out),F BgerOa7i ned di agnostic ff eedhaanst wateonttsus b
facittedahieng dhe NeacChihg. Left Behind Act (20
emphasis to providing more detailed diagnost.i
Therefore, even thoughscoégmnist mappeibmng@esgiadesa
Tat suoka & Tlaatssuuwokkaa ,i 11998823s) become the subject
attention in recent years.

I n this chapter, the t eckhwmsiqaumrasiMeodie hG D Msd uacne
Thenevi eampbnent skifrkeadohgréeéadiongmaed used i
diagnoesanal ysFenanelthjoase-msedli X nc®nstruction i

reseasaoammarezed.

2.QAverview of Cognitive Diagnostic M

Wit DM, examaneiegnad emul ti di mensi onal skil |l
ei tnhaesrt er snacnt emsen of each kDiilblelil v c& VSda b uitn t2H0¢
However, currently reseaargamwtrash ghasswe®td | Ffuf earnedn t

Li (2005) ICoDovssesl yiaddf iexkepd i ci tl'y and i mplicitdl



psychometr id) .moAdse las trrepud td eoffe wtshtiésd na LDMvisny as
in their review. Di Bgl,| howRtvies eecas | oaviead Stcoypte.
focused on fApsychometric models that explicit
corresponding to the skills 908y4 attri butes tha

Despite the di s angrteeonme nat@ DdWwsearp ptehaen fid eTfeimp | i n
(2008) revi etwhda smastg ad edteadi laesd and comprehensi v
reviCOwmar e defined as

probabitosficmatory mwuarni ablime nmo delad Wwiatt ke ne

copmMl ex | oading structure. They are suitabl e

response variables and contain unobservabl

The predictor variables are combined in co

germere | at é @t2)6cl asses.

This definiowem tlsarveemamagirven HYO0ODi78el tbe R
| atemari abl esc atr egle.pielooi fbiee d @sswicth by Rup peand
Tempilgasnetdr oughodiitsdsért ati on.

The fa@bWMegamfbe traced back to Fischeroés Li
which models how the difficulty parameter 1is
decomposing item difficul tsyl-bpaasreadmedti efrfsi ciuntta eds
1973, 1983). However, thepddifffiic ufldaryt pm@mgka mekiel
parameter only i ndikadttes st hd ediwfhfoil eultteystaof Td e
regaagleudni di mensdgiedbnaindl Ebemo not provide cogni
e X a miDiBelle, Rgussos, & Stout, 2007) St i | | LLTM is wusually incl

CDM due to its imadvative use of the Q



One of the earliest meadahgpdbssfoTatogomk adye(:
groundbreaking work on the Rule Space Model ¢
categories of cognitive skild!l patterns. The A’
Gierl, & Hunka, 2004) ks Saacepidatded. vétssprcCcoO
hi erar chihcalmomnegl athieoms t ri butes (or skills), w
assumes a |linear relationship. Besides these
classification al gord tahrmesa § Bib slta toedn tt hcel aost sh emo ¢
Templin, & Henson, 2007). These include the D
Haert el (1984, 1989, 1990), the NIDA model of
of Gitomer and, YtahmamRd pmardméetleri zed Uni fied Mc
of Hartz (2002), the DINO (deterministic inpu
and the NIDO (noisy input deterministilen or) m
the foddowisnmme iohmpdrht ant chaamet @irbsasstestdhandnof C
def i gi vhbeypnRupp a@@d008mpl in

To begin with, one salient characteristic
uni di mensi onal | RT modell sd By aani snieregladidenegr al
CDMs make it possmértealt oprn o essidsdey ataeddEpidesyg cngs e
breaking the overall ability down into differ
on the numbponeht s kii hVv olcwehdn itnh et haer eaas soefs slmaenngt u
i's not clear whether a unidi mensional approac
appropoprataestance, basedjaoadgmedmd eedxdmiteeatwue
reporJang (2005) identif iTeQEmMILe ackicaswd sgkr d \isd e

examinee per som maanach @fr otf har ersiun e D MsuksiiInlgs aa s



However, reacdionyetwbel T OBMKFoLu nhdaust icdeleemeanl s iby a
confirmatory factor anal ysits s(¢eScatiaek is,ubStkriildk e
di mensions in Jangb6s study were |ikely to be
di mensiSubsst antive di mensiehsspeei isoat!|l gnsupp
anal ysisjuagmeamangestubsets of iIitems are arbitr
However, the substantive wdi mensodae ns$ttamaiys tniocta lb
(Wal ker, Azen, aén gSucahgnei ttte,st2s00i6n) .palr ti cul ar ass
examifnreoens di ver se educational ,sahdngbustimay ahd
mor e than aomMe ndiimensiHuMds aHab&r Mamnamngd YO685Pav
hacemmemt eachics adhaydish eammadi.et oatt dhand, using .
mul tidi mensi onal model for a unidimensional t
the other hand, the market demands a richer d
anasis. As suggested b¥7IJunkfeevamdwlsenttsma fi2
uni di mensi onal I RT modeling might not be as r .
goal of testing is cognitiYa&bhsp swoersks nceonntt roirb udti €
goal s of remedi at i orf iobdtyh ea snsuel stsir@ddrivive rit i rdoriuaglh h e
TOEFL reading test.

SecoODdVa rien hercemtfli yTrae olroyadi ng struceture of

matrix, i .e. ,esa sparbtoiucdultehre heyxppartilnee ds r espons
indicate which skill s Atrter ialswistoecs adreed dwvd ftihn emh i e
the procedures, skills, or knowledge a hset uden

targe@Bitraesnbaudn, Taked 90B84H4 F)or t he purpos,e of thi

Aattributesodo are used Watwskhabgeab!| yhei nhbhmie,]



being meadasawnrded,or t he jpsutdebné orot hiet ammP=ranadf ex
{gk, whelr ewhehki skspeécified asibemginndg wheamnigkeidl Ib
i's not reqésr st dwmPle nesnki | I A | sanmgkkguilr eBd abnyd i
skil |l C atn ¢ eme Qu i 9Tsdtady uscyta@aiad f ox only has one s
wi ehchem, but more complex model s ehaacvhee nmor e t
|l deally, the rel aQmanshixp i &emmpiedkd ifddedlgr iGChe r |

and Cuip2650Q08ia cognitive model would be deve

and skills evaluated on the test and then ite
cognitive skills. 0 Howewaskestauer deslignedr wi t &
di agnostic purpose; theref-maeeisi haommesdtecrappt ¢ c¢

retrospectively with existing testabottheeber man
danger i nvol vasd diitnf firisecturl dté o it it inlwsgt) ved i n the te
St,slulc c s¢ sufdri.lggs ,A0D&Nn g Kl ei n, BirenbatmBhlaSteandi f
shown tE®BMwusshngxi sting tests can extract ric
Tal2e 1

SampiMat Qi Xx

Skill +Skill ISki ||l (
| t &m 1 0 0
Il t @m 0 1 1
é é é é

Third, CDMs allow forcbmpensampenws@aboborgoapn
relationships amongompésgatbsy modélbsghr eoaur
(Roussos, Templ iWithac&mpensatospodel, ahigh Ge@el’oj competence

on one skill can compensate for a low level of competence on another skill in performing a task.
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In contrast, wth a nonrcompensatorynodel,a high level of competee on one skill carot

offseta low level of competence on another si§llo me o f t kKker omwvars tn owme | |
compensatory models are the Rule Space Model,
NI DA, the HYBRID model, anddéehe( REpMpramkbeser ko
Fusi on ModednNIDOe HoIdhedvae vee rc,0 mpTehnes aqgtuoersyt.i on o f
whet her wen cchoonupl edn suasteo o mpensat ory modedlts does
answet heaandasiwelry depends$ hencioomsttrhedry thfe di ac
how tnhaet rQ x i s specified.

Finally, unl i ke traditional | RT model s, wh i
the | atent wvari abAtesp imess@mMMSD Mesr ea nddi st cortee t@as.s 0 C |
procedures only allow for dichoimamadaws yl)jat ¢ mtou
theoretically the models can be extended to p
with the values of fAout smamaeéfmfgaiprerpg em fmamman ¢

Apoor performasodt@adrreDMDILEM, t ROO0OGEgNer al Di a

Mod Xlu& (von Dayalelrows20f0ctor di chot omous or polyto

however, in practice mossts oafptpwaircea ttioo nd astteu dhi aevse
di chotomous | atent variables in order to redu

I n conclusion, the purpostuoaktduskxagqi 6BH#Ms i
performance profile relatiegotfotimel cioghetskil

anal ysi s ii)s iakenftoilflyyws :s gt o)i cskndthrauactnxal @ ed
demonstrati ngambmreg rtelhat s loinlslhis) piaensdt itnhaet et etshte iptre

s kil

ma st ele x aimobnaeseasdad i ovn daucat ual t eisvt pperviiadremanr

score reporting and or diagnostic feedback to



20 Howedere, to the relative newness forfom®@DMs an

dimgstic tests CDiMes Igsippiltiecdati on of

2.2 Fuocsdeoln M
2.2.1 I nttoRMwsitabeMt o
Among the | arge number (Hartk, 200ZRWsu,s stohse, FDu sBied n
al2007) is particul arlgynopntomi ainrad yfsoAlso avo g rhi triew
known as the Reparameterized Unified Model (RUM), the Fusion Model is ahkiRT
multidimensional model that expresses the stochastic relationship between item responses and

underlying skills as follows:

~ ~ z

0® pl h— “"B i n — [ 2]. 1
Wher e,
Xij shreesponse tfo eixtdermi heeorreatn;d 0 i f incorr
gepeci fikesembnatr ef ukfaosrt eirtgeynoif fkssk irllelqui r ed
i t egqng00t her wi se) .
There are two |aadbndk ity parameters,
|jrefers to a vector of «cpfgosrk kdipgveec istkiidd bnyas
Qmat rjipdd (f ephami maes tkg re0d isfkiejfiami moe
masterlansgkill
drepresents a residual abi | iltlys puanrsgpmeecti e ri ead
Qmatirmxt he-br amgeb.of
Thereraeei tdm Ppatkamebdr s,

‘* 1s the probability that -nmat reixxanri edelei,r enda v



requfiored twim | cyrakretsdo llappregt can be
i nterpreimad-bax efdihelu IQt vy li,e vrealn goDftn dyi tfaermad m
k=P =1y c0PW =1y 1) s an indicator of the dia
if or ks ki dahogm nOg tfor 1. Thteermeogruei rsetsr onmgsityer vy o
t he | oglwmreiycans be i nterpreted as theodiscrim
skkl land
i s an indicator of the degree to which th
than those amat,gpardi by {hemQbotthdB3 ewerf er
conveplhend®we,s tthe morespdhrs adefpwmatsi aom
resi duaflWheebni ¢4 3-yi s very cl oset litomh el ,i twehm c h
response function i sd,whermsihOalwliy luninfl uer
dramatically infl uencéelhtelhr ecfiicstreagmaargeesgp ons e |
matri x completeness index.
The number of item parameters sgnadirfiixed emy ht h
h askp2at ameg*tggamdi. When an item is onmgtrekated
each i tem wourid poanrl aymehtad®ie B (@dbe @a0ID.& 9 ,.
The Fusion Model hassubtmeg pasensevelal syad

new devel opments have emeamedSt dwtr (2@ AN CEt U

equate with twhke nBusitem Madalmet er invariance;
explored Iinking calibrations based on the Fu
Mo d e |l to handl e polytomously scored data wusin

(referrbBM&€)toTeampPFn (2005) developed a gener a

proficiency space of examinee a&amidHensiocens ancl MP
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Templin (2004) developed a procedure for anal
ProgNAE®) (data with the framework of the Fusi
great potenti alf owfg rcti h @ vieu DinGay yda dse. |
2.2.2 Estimation MethodéfeawhdnBCMC Convergence
A Bayesian hierarchdcab shruetseetdimasuacdpuae
fit and also to simplify BHadteimpROGOBsbaAprdest
Di Bedtl oal . (2007) gawfe tdlee aBdyas idelmicérin pime war k
summari zed as foll ows.
The prioor rtehseedp @t la mest enpeitast andard nor mal di
However, the Bayctslmdarnl f rampaoakmetfers and the |
mor e compHeé cditeldgtbointoiutsy par ameters are model e

vari abbhegr owbabi i ttyhefpepuelcatsison priloploeti on of

prior Ufcom stirsgkpanamenher for each skill and the
all skildl mastery pairs. Theeespanameheéeres aacé
Bayieesnodel . The tetrachoric correlations betwe:
continuous nor mal random Wamaisathelreys vuanrdiearblliees .t

assumed that the continunad bpwidnuth péfsheamay er lse
conutoius variabl gpvhatent d etmModaesed eay st atus of a s
di chotomi zed bypaciurtit ppkdnsd mectpgph edmeéebber s by t he
P(Rpk)=p wWiRgressumed to follow a Fhendardehat ma
bet wikaennd t he Awareirdbyliensy are model ed as nonnega
correl ates are esti matee diase nhyap éOrnplHlrca9me tperisora

Botih aimdrange f reancalp ptrooxli,manthel v amdgebkusr rc



M o

G/l Bs used in the Bfeclaluswi n dved,vexdiwusesa norfv.ar y gr e a
a given data set, the psébree(tdypesi tmirtei bamf p
each choseditorl é&suadoi Bieatrat s QA G 2, hyperapsar amet e
a, amd e gnveoarm priors of U (B;b,, @&nadd®é¢ , giandnh
uni form HOL &rs 10f OY:

B sb)

¢l Dfac, be)

ri* B(a +by)

Eachaafaa)~- U (0.1, O0.9)

Eac hb «fb X ~0.U0() O

Ther peggog(rBaar t eti nxlor,po2®G&)s the required
relationships between the item parameters and

Bayesian approach with a Mar ko Vvl h®IEMCn Monte C

estimation provides a jointly estimated poste
examinee skills par amet ees, uwte cube asatga mayaored deer
involved (Patz & Junker, 1999). Further more,

predictive modteHaldd agmrosvtiidces ,a ammedady capabil it

parameter prior and pastepi opademt(tiHbndtairdanys, ya
2006). TheCM@G o6ge hialsdhhanome popul adi wighlo smamrcy me ki i
such Fwssitdiret kNeldBeA, t hibah dN A .

ThAMCM®roceo®nnsyerges to a posterisprcdifsterdi but
tolerance as in an Expectation Maximization (

chain corresponds to a set of simulated value



steps, i-.e.phasve burnhegcbhbamn|] atkd wvamaens wil |
desired Bayesian posterilor pairstciubatri ot e i
an MCMC algorithm will wvary even after conver
i ntractabi liiotry da fotftr hidm apedrs&rsetr 0 . 4(6S2i )n.h aTrhaiys, madk0eds,
cover pgeCcve@ speci ally difficult to evaluate.
Sinharay (2004) has classified convergence
catreygoi s the si mwhewdrlphi cr mei moldei tnbere rmud st i pl
pl ot provides a graphical check owherhmeastabil
mean pl ot checks graphically 1 f the mean of a
rati o soifomndsi,s puresref ul Ffoar i mwwsi&GainpReab icrmaatRisness.
parall el chains with dispersed initial values
di stribution. 1AndRcatbksaeéelcheehdena gtoacseedhod ispect
analysis, useful ffotrhGewrlgbkeZchaokwes | RBppimmgs tpamr
(usvuvally the first 0.1 and |l ast 0.5 proportio
both parts, wusing asedei fiffertehnec et woof pnaeratnss otfe stth e
di striagruametner P wi tnflo-op n v e pPHHRWecelc cwlas e of t he
convenypenhblaetiler arls@sls i mal sfigmi fti epamaenet @est snod
of the Zareulat adetds ¢rdeendtez quf r ahjde d@8Gperger
Wel ch diagnostic method examines the | ast par:
gener ated Mar kovA mdesaiidne dh atse sstt abbai lreigid/odn.s itaga tCir satmie
used, arvdalumasl I0s0&6Hh msaocncvae rdgheen cfeour t h met hod
on the theory of Markos.chhi asmeubethslhseésr sac

Raf tLeerwyi s diwdhg rcds tgiiov,esf tihteematmbems r egwiitrhed t c



pr obadsinl ietsyt i maga fn gi nyvhenthe t@tdl samples needed are fewer than
the MCMC sample, this indicataslack of convergence.

However, amehtbeglt addbwo viadmes check of conve

none of the methods applied can guarantee con
generall yoadppbgbhse many of them as possible.
Sinharay (2004) isnbstcbsobel onging twoadnamb

conclude convergence oonsltyi cwsh einn dail c a tteh ec ocnhvoesregne
Based on their experience of convergence checking with the AdsidellRo us s o s ,
Di B edtadl ¢2007) concluded thatsual inspection of plots is very effective while
Gelmain Rubin Ris not very powerful at detecting a lack of convergence. Theycalsiioned
thatnon-convergencenay frequently occur when tlogoarameter is included in the fuéngth
Fusion model. Thi is probably because most of their applications were with unidimensional
tests; thus, the continuodp ar amet er may fAsoak upo monses. of th
If that is the casey reduced Fusion model without the residual iggotobably mee practicallIf
nontconvergencstill occurs, an extremely long chain can be run in order to make sure the burn
in phase is long enough to reach the posterior distribution phase. Finally, if the longer chain
length still does not lead to convergence, mag revisit the model building steps and reconsider
the Qmatrix todeterminghe changeshatmay be needed.
2.2.3 Maddel skEiitcsS
Juswi aBy other statistical model s, to eval
data is of cr uBceioahlu sia@nep o rntreorl dvee pme @ & | &N daolmto d s
ev aeéfuiatt C®Me mor e ctohnopsliee nu stefpdaimé ak i on all | RT

app!l i cRagpiTempkn, & Henson, 20)0.



When a Bayesian approach pioss tuesreido rf oprr epdaircatm
checking (PPMC, see Levy, Mi sl evy, & Sinharay,
Johnson, &i Sternhypk6@b)approach to evaluating
model edi ctednsPBMCsniiees . posdiecti ve distributioc
the distribution of new data predicted from t
simule a | arge nambea todstdadtaatsiedtsi,c of iIintere:

Theeolwed value of the test statistic from the

sampling distribution, so that critical wvalue
these values, the | ikeli hooderonmi nehewhoedtsheerv etdh e
sufficient evidence for item or respondent mi
Model system aroea rtehce psrcoopoerstiipaan t heorteimat i o he
examinee raw seorildemdscn,r i Rads odns (s& Templin, 2

Anot her type of fit eawanltueartniaon viasl iodniet yr ecfhee
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nomastermsaster of at | east and fr ddwegomd,ed &iflilt
strong difference in per-hasmamsesihed wet eme maxp
by item plot performantcer § oada malsd eaxa minmde dch otno
There is no for mal hypotbhesamobseiguegtappr dad
may be statistically significant due to a | ar

statisti cs-boex aami reebx inassiese.s are expected to h

of answeringi fi ttehmsy clbpawe cmd syt ered the requirec
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aminees wil |l be othalggedcti értdeic stotMaeinar &
ere are too many examinees thaltadckveffiathed & la
wevade, ot $EeMsotfat s i ndprxepeobédiné yed t he | ack of
changing the pnteo®s etadiatmoar tfermatnee it ndsfAaivpeesgtg i o

iArr ¢ e g gFiuos i foonrc anloidErlea.dggm n 2 OIBABh; mM@c hr ader, 2006

id not report this index.

.4 Applications of theesRusion Model with Recz¢
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t heeuof diagnostic reports. Before teaching a
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Dat a froscal d afrigeel d test of I BT TOEFL reading
Jangds study, only four s HKIOEIFd¢e andeirneg itdeesntt.i fTiweo
CDMs t he Dbegaeidadel t heanndnt c¢cl ass model (Gi t ome
were also used for the analysi s. It was found
restuinht addi ti on t thkeu s Maaddei | n gh atse sbtese,he a pp éthee s, t 9ucC
Preliminary SAT/ National Merit Scholarship Qu.
ACT mat h ( Har to#c, o u2r0sOe2 )hgegamegeanhdo ®lx ami nati on ( M
2008 ) mat h t esummerr mi kletdr a¥am onAlpmebd e yike M004) ,
lowa Tests of Educational Development (ITED, Schrader, 2006, he Concept Asses
Tool for Statinsti20689() CATS, Roms§
TheFusionModelappears to beery promisingfor cognitive diagnostic analysis with

readingtes Theggest advantage of the Fusion Model i
incompl etemassi af andec@mpenompthbeys e fnecsl sutdhiinsg t he

residualc, pawha mért ere pr esskeinltlss atlhlatt hkheaaourti hbeereen  hu s t

notecsiph i edmatnr itxhne A we do not have a full und
underlying reading, it is iIimpossible to be ce
correctly answer an item.t@&headmctestbnsoprab

Furthermore, the Arpeggio program helps to modify the&rix by removing
insignificant item parameters, thereby facilitating the process of building a validtx. As
demonstratetdy Hartz (2002), the Fusion Mobiakes a stepwise reduction algorithm to increase
the estimation accuracy of the item parameters by eliminatingnfiomative parameters.
Therefore, the @natrix can be refined iteratively. For instance, if the best possiblis 0.9,

which indicates lack of diagnostic capacity for discriminating the masters from thenasters



for skill k for itemi, the corresponding-@atrix entry can be dropped. Alsog;garameter
above Zndicates that the skills required to successfully answer the itecoangletely specified

by the Qmatrix, and thus; can be dropped in this case.

Another advantage oftfteusi on Mo d e | I's that i1t not only
performance on the cognitive skills, but it a
the test. Fibpai ametaeace,ndheates how strongly

s k iThelmore strongly itemrequires mastery of ski, the lower igy*. If all the ry* values
are very small , the t eosgniitsi vceo nsstirduecrteudr etoo (hRaovu
2003).Over all , given t hceo ncpornephl eetxs i oyl wisf & sr regae ahtey |

potenttioaldufcéoin ng cognitive diagnostic analysis

2.3 ReadingComprehension Skills

2.3.1Component Skills of Reading

Regarding the questionifwh et her separabl e [reading] cor
and what subskills might consist of and how t
researchers hold different positions on a continudinene end of the continuum are holistic
generalfactor theories (Goodman, 1976; Thorndike, 1917a, 1917b, 1917c; Thurston, 1946;
Vacca, 1980). At the other end are multifdetor models (Davis, 1944; Gray 1919; Spearritt,
1972). A popular mulifactor moel was proposed by Munby (1978), who argued that 19 micro
skills are required for readingpmprehensiarsuch as recognizing the script of a language,
deducing the meaning and use of unfamiliar lexical items, understanding conceptual meaning,
understandinghe communicative value of sentences, recognizing indicators in discourse, having

basic reference skills, skimming, scanning to locate specifically required information, and so



forth. This taxonomy has been very influential in language instructionaliaiatend in test
development despite a lack of consensus among reading researchers as to whether these
dimensions exist. Furthermore, between these two positions is the argument that two factors
underlie reading comprehemsiygm. ATMhreesdiinmgg lou e
readingo as the first factor and fAcomprehensi
(Johnson & Reynolds, 1941; Pettit & Cockriel, 1974; Stoker & Kropp, 1960; Vernon, 1962).

A large number of studies have examineel factor structure of readingsts mainly
with factor analyses. According t@nnord €1962) summay, half of thosefactor analytic
studiesfound a single general factandthe remainder found two or more factors. As reported
by Carver(1992) four fador analyses of the data from several reading tests resulted in an
efficiency level factor when there was one factor; and when there were two factors, one was
interpreted as an accuracy | evel (Odactwr and t
analysisy i el ded either the single broad factor of
t wo factors of dAinferential rmperd.disindingcatsmmpr ehen
suggested that high correlations among the subtests maffeitlio differentiatereading
subskills; thus, he doubted the possibility of conducting a reliable and valid diagnostic
assessment of reading comprehension. To summarize, different results have been generated from
different studies, as data from diffatdestawvere useddifferent examinees (native or non
native) took the tests, and different statistical procedures were applied.

Weir and Porter (1994howeverdoubted the validity of some offi@ctor studies. For
instance, most studies only targeteduwgaEnglish speakers and/or the factor analysis methods
were flawed. When only native speakers were involved in the studyl(@enger, Waite, &

Dolan,1979; Rost, 1993} linguistic factor did not emerge as a separate factor because the



native speakermwere not likely to experience linguistic problersaddition,inRos 6 s st udy,
when rotation was used in the factor analysis, the second factor, which Rost believed to be
vocabulary, did emerge. Weir and Pol{E994)thusconcluded hat al t hrotbg h fi t
consistently possible to identify multiple, separate reading skill components, there does seem to
be a strong case for considering vocabulary as a component separate from reading
comprehensiorm).in generalo (p.

Qualitative methods have also beetopted in studies of reading skill components. For
instance, in Alderson (1990a, 1990b), a group of experts were presented with a long list of
reading skill components and asked to identify which items measured which skills on the list.

The results showeal lack of agreement on assigning particular skills to test items and also in

meé

regard to whether-lawveil De-lme vV ébbbegkial Aihcgmponen:

regarded this as evidence against the divisibility of reading skills. However, Wdeiftaater

(1990) criticizedA | d e rsstonddys because it | ackleadvellteaandef i

Al owewel 06 skills and because the raters did
was unable to determine what constitutes readimgpehensionbut it led to many debates on
the divisibility of readingcomprehensiom the field of second languagesearch.

Some researchehsve suggestdthat there aréierarchical relatiortspsamongreading
skill components. For instance, Gray (198B}tinguished the skills of reading the lines (the
literal meaning of the text), reading between the lines (inferred meaning), and reading beyond the
lines (critical evaluations of the text). This leads to an implicit hierarchy of levels of
understandingthe literal level may be lower than the level of inferred meaning, which is again
lower than the level of critical understanding. Corresponding to this hierarchy is the assumption

that it is more difficult taattainthe higher level of understandirgnother classification

n



HY

distinguishes between literal comprehension and inferential comprehension. Literal
comprehension is based on lovevel cognitive processes of reading, such as lexical access and
syntactic parsing. In contrast, inferential comprehenisioolves using highelevel cognitive

processes to construct a text base (what the text says) and a situation model (understanding what
it is about) (Alptekin, 2006).

According to Al derson and Lukmani (1989),

=]

i nt er parreet arteiloantbeedv etloo fslkoiwelrs, whereas fAanal ys
Aevaluationo ateveéebas&d!| it se. nflihegkkelmyesions! at ed
might measure language abilities and the higeeel questions might measure cogratskills,
reasoning ability, etc. However, Alderson (1990a) found that kbewer skills were not
prerequisites for the higlevel skills. In other wordseaderswith poor performance on lower
level questions did not necessarily fail to answer thedmilgivel questions correctly. In a
response to Al dersonds st ud-evelités wwdauld erobably ( 1 99 0)
be more difficult than the highdevel items, because the higHevel items relate to a long
passage of text and thus may bsieafor poor readers to understand.
It is theoretically and statistically difficult to establish whether there are distinct
component skills in readingbmprehensigrhowever, identifying reading component skills can
provide a useful framework to helpdéourse design, teaching, and test and materials
development (Lumley, 1993). Moreoveeadingtests designed with a clear subskills structure
can provide more fingrained diagnostic information.
2.3.2 Reading Taxonomies Used in Cognitive Diagnostic Sied

A widely studied reading test involved in cognitive diagnostic analyses is the TOEFL

reading test (Jang 2005; Kasai, 1997; Lee & Sawaki, @@®waki, Kim, & Gentile, 2009;
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Scott, 1998). The @natrices used in those studies are typically basedevatlire, content
expert judgment, and/or examinee verbal reports.

An exemplary cognitive diagnosis study of
di ssertation. Based on studentsodo verbal proto
identified nine reading subskills involved in IBTOEFL reading test, including) context
dependent vocabularyp)(contextindependent vocabularyg)(syntactic and semantic linking,
(d) textually explicit information, ) textually implicit information(f) inferencing, ¢) negation,
(h) summarizing, (i) mapping contrasting ideas into mental framework. These nine skills with
their descriptions were presented to five experts who then identified which skills were involved
in each of the 37 items. Overalk &f 37 items showed a moderate degree of agreement on skills
identified bythe experts. Jang found that the experts had difficulty distinguishing between
Atextually implicit daskls. dlsomtletexpertstendedmoddentifyand er e n
assign both Acontext dependento and fAcontext i
In the final @matrix, 12 out of 37 items each required one skill, 20 items each required two
skills, and only five items each required three skills.

However, @waki, Kim, and Gentile (2009¢porteda different set of readingutskills in
the same IBT TOEFL reading tebt.this studythe expert team initially identifiedxssulskills
as potential categories for ti®EFL readingtest (a) understanding word raaing (b)
identifying information: search and matgh) understanding information within sentence
understanding and connecting information within a paragr@phnderstanding and connecting
information across paragraptad(f) understanding theelative importance of information and
relationships among ideas. The draft@trix with the abovenentioned skills \sanalyzed

with a Fusion Model. The expert tedhenrefined the skills based on multiple rounds of



discussions as well as estimateshaf Fusion Model item parameters. It was decided that skills

(dand(e)s houl d be combined into one category cal

(b)and(c)wer e combined into one category call ed
Thereforethe final list involved only four skills. Across the two test forms, with 20 items in

each form, only 12 in Form A and 10 in Form B were coded for two or three skills

Table 22

TOEFL Reading Skills Identified by Kasai

Category Skills
Whole passage 1) Low-frequency vocabulary
Locating information 2) Location explicitly indicated

3) Location indicated by lexical overlap
4) Location not obvious

Obtaining a correct answer 5) Low-frequency vocabulary
6) Lexical overlap
7) Beyond passage
8) Plausibility ofdistracters
9) Understanding the relationship between sentenc
10) Knowledge of rhetorical organization
11) Time constraint
12) Lexical overlap (incorrect options)
13) Complex sentence structure
14) Infrequent sentence structure

Testtaking strategies 15) Making use of options to obtain the correct opt
16) Long correct option

Kasai (1997) and Scott (1998) used Rule Space Models to analyze TOEFL reading test
data. The studies by Kasai and Scot each included significantly more skills than werg used
Jang(2005)and Sawaki et a(2009) and the former studies also includemeinteractiors
between different skilldn Kasai (1997)initially 16 skills were identified in four categories,
which are summarized in the abolvable 22. Based on prelimmary data analysis results, Kasai
decided to further includi@teractions among thekills. However, it was not clear how to

interpret those interactions to examinees and other stakeholterprdcess of coding items

A

L



with such a large number of subskiBgremendously complex, and to communicaterésailts
to nonexpert audience is extremely difficult (Buck & Tatsuoka, 1998).

A different type of reading taxonomy is used with the Attribute Hierarchy Method
(AHM), which is an updated version of thelR$pace Model. The AHM assumes that cognitive
skills (or attributesyre hierarchically related, which is thought to better reflect the characteristics
of human cognition. Wang and Gierl (2007) analyzed SAT critical reading data with the AHM.

The final herarchy is represented in Figurd 2nd Table 3.
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Figure 2.1.Hierarchical relationships among the subslkiiSAT critical reading
Table2.3

List of Subskillof SAT Critical Reading

Skill Description

Al Basic language knowledge, such as wombgaition and basic grammar

A2  Determining word meaning by referring to context

A3a Literal understanding of sentences with minimal amount of inferences

A3Bb Understanding sentences by making inf
backgroundknowledge

Ada Literal understanding of larger sections of text with minimal amount of inferences,

Adb Under standing | arger sections of text
experience and world knowledge; building coherence across, summaaizihg,
evaluating larger sections of text

A5 Analyzing authord6s purposes, goal s, a

A8  Using rhetorical knowledge

A9  Evaluating response options




As fAbasic | anguage kno wlueahgraball dtherslglls, A1 i n
require Al. Skill A3a is the prerequisite of skills A2, A3b, Ada, A5, and A8 in Table 2.3,
because theeadersnust possess A3a before they can use other skills to process the text. For
similar reasons, skill Ada is also the prerequisite of AZZdnducting a cagtive diagnostic
analysis with the AHM could generate rich diagnostic information. Unfortunai@figr almost
no major test has been designed with the AHM framewlaketrofit an AHM analysis with an
existingtest is extremelghallengingdue to the tficulty of identifying the hierarchical
relationships between tiseibskills (Gierl & Cui, 2008).

As discussed, there are divergent views regarding the component skills of reading, and
even for the same reading test, such as TOEFL, different taxoncawed®¥b&en used cognitive
diagnostic analyse To build a wellvalidated @matrix indicating the relationships between
skills and items in a reading test is, therefore, very challenging. The following provides a review

of the practices of @natrix constration and validation in reading research.

2 . *Matrix Construction and Validation in Reading Research

2. etms and Definitions

The very first st €PMisn tbouiclodnisntgr uascnad Baunsxi anpgp r
Di fferentbeteenr nuss ehdavien t he | iteratutrlkee wheagnidt is\
constsuechtagae®nt traits, prancde s aaelsgiiasst rtihbeurteefso,r
necessary to first clarify someQmdt rtihxesfeorn etr mi
St wdeyf ore delving into the optiomat hiaxdemet hods
traietfser to mental components of interests tha

to |l atent states t,haltemphamge & iHemiatweme €OR Ok @



Afa description of the procedures, skill s, or
successfully complete the target tasko (Biren
attr abdk ielsalys have different connotations and s
used as synonyms i n Skialrimssses drremaretntlliyt airsaetdu ri
di sseas aadaliiogned with the | anguage used in the
Stratergeneceptual |y diskidthrsaitsehga bedgee dirfoimcal |y
refer to actions that readers select and cont
Byrd, 1983; Pari s, Lipson, & Wixsbg, PA2988; va
Wasi k, abhd@89Tepllner (
Skirlelfser t o-pirmfcesmatigon echni ques that are &

of recogni kpihnogn egmea pchoermees pondence or summart

applied to a texy mnezonssiionuc!ll ydifrmg evamer t i
compliance with directiossrabegkasandnsaise
del i berately to achieve particular goal s.

i's used ilnitkeenwtiisoen,alal ysstrategy can figo under
become a skill. I ndeed strategies are mor e
they become generated and applied automat:.
under abnsesnder
Si mi loathetrocognianaleyisddlea g readtiing tests (e.g., J
2009hait)s di ¢ eetrdd aftd cons s b irlalt shestt mahtaennleyg t he ski l
regarded as essent i atlemso acroer rceocdtel dymddonrsg weuriil ndgi n
However, the dsikfidlebisernactea ghiet®velelnur red, and s o0 me

di fficult to make t he ddkislhli & bd i 9d@ e 4T dred t@ i eoxr cel, U



the potentnasltorfaniveoglisveesme ci r cumst ances.
2.4. 2 Met hoMdast rUisxedCaomstQruction and Validati on

To consmmatuct xai ® the tadceognical véidisagsoeips f
test i s devel oped wiptols ea i mo gm intdi, v énhabt resigxr aisctt iua
Sshould be specified bef or eshcaanlde. tHoswesv earr,e cnuortr
di agnostic purposes; therefore, most diagnost
model s wnghtestst whi c hmantarkiecse sc oenssptercuicatlilnyg cCh e

Though various methods have been used to buitda®ices, the following procedure
described by Buck et al. (1998) is typical: (i) develop an initial list of skills, (ii) code each item
based on whether or not the item requires each skill to construct an inmiatr@, (iii) analyze
data using an appropriaDM with the developed @natrix, and (iv) modify the initial €
matrix based on statistics on each skill along with the theat@tnportance of the skill. Steps
(i) and(iv) are repeated until a weallefined Qmatrix is achieved. Common approaches used in
steps(i) and(ii) are described in detail next.

First, it is considered econ-mdirda&l usndgef f
existing test specificatiowasy mMaesti spekbafisho)
relationships between content and skill, ant:i
each content area (Bl oom, Xuwb5&nd Gi@r |[Daalider®)d. 2

the @gfadata from the 2002 NAEP Reading Assess

Model . Amait mpkew@®@&s constr udrteecadd iwng hf arhrleiet esruar
reading for infopemaPiekmenandgkiaseaxxygampl e, i f
item was measured in the reading for informat

the other two subskills (i.e., r eallesnpgi tfeort hien
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|l owst camdeni ence of r el yhdn gc atne goersite ss piencd if c actas

specifications are usually very geneoghitTowoer
processesherefore, unwarranted (Leighton & Gi
An i mportant empirical source of informat.

observing student so6s saags et lnyar doguhdc ap@rboetitogchoelo p r o ¢
2004). That is, the iIitems undeof conmnsderratwon
probed about the thinking processes they enga
interview, a student must perf darhnoupgbda st agk wh
t hroughmmemmogs/yherMhen asrevearduer athttemmtder | yi n
based on the studentds verbal reports:- Althou
aloud verbal reports, they are regarded as f a
& Si mO®PRBr;essl ey & Af f | erablaocuhd, plr99 50)c.mhTalo ehlatywhei nbk
used t emabturiilcdesQ and to detect co@niGtaipye 29106y ct

Jang, 2005; WaAgc&nGurakot ”20&®1¥Y ko a cthl y susmod.,e f

wher eas r et rad opuac thiawse atl sionkeen widely used. A
Affl erbach, there may be Ilittle difference be
briefly delayed ones, as conicuvalemdt heporrttisn d
reagirmggedhsas i s just completed. The closer in t
t he actual processing occurs, the more I|ikely
still be retr iaebvlaeb |(eE raincds stohnu s& rSeipmoornt, 1993) .

Yet another approach is to ask a panel of experts to describe the underlying cognitive
processes needed to respond to each question, based on their prior experience in the domain.

Despite theipotential arbitrarinesgxpet ratings havebeen widely used in test development,



standard setting, and for many other educational measurement purposes. Theskeythcs

approach successfully is the composition of the panel, the members of which must deeply
understand both the gw@in and the contexts in which students acquire and use the skills

specified (Rupp, Templin, & Henson, 2010). For instance, in Sawaki, Kim, and Gentile (2010), a
team of content experts, including three IBT TOEFL assessment development specialists and

three language assessment researchers, built-that@)x for the TOEFL reading test. One major
concern with this approach is that the expert
the students, and there is no empirical evidence showinththatentified skills and processes

are truly used by the students (Leighton & Gierl, 2007).

In addition to approaches discussed thus far, statistical and psychometric models are also
used to construct-@atrices. Factor analyses are a traditional metiai@tecting the cognitive
structure of largescale tests. For example, based on prior literature suggesting that the three
dimensions of morphosyntactic form, cohesive form, and lexical form are measured by the
grammar section of the Certificate of Poxdéincy in English (ECPE) test (Liao, 2007), Henson
and Templin (2007) used a thresetor exploratory model to identify basic clusters of items that
might measure similar abilities. However, factor analyses are not very effectivariatr@
constructionespecially when retrofitting the CDMs with existing tests; this is because most
current largescale tests are unidimensional.

After an initial Qmatrix is built, largescale empirical response data can be used-for Q
matrixv al i dati on basedubnhnspokl cmgniatiyve diagnost.
a result tdh$ABh nwae gdkadatimg wi t h t he Rul e Space Mode
decided to delete one skill because nearly al

corrmelwittéemt al score, and/ or a TheAgpeggoor r el ati o



software used for theusion Modekalibrationhas a buiklin iterative algorithm that indicates the
nonsignificant Qmatrix entries or skills that can be removed. Howegs,recommendation is
solely based on statistical concerns, and it is important to make decisions based on both
statistical and substantive inp&tor exampl e, in Jang (2005), the
resul ted i nipreorreemethernge 1lt6eat wWwel9y ,t omdhicah i (3
were statistically insignificant. However, dr
it ki ll speci fmadat ixomsndi mitglhe @ave made t he
t heor eteissaljlusti fiabl @ar oPhptahfea meatdd tyr dedikide dk ¢ ®
par ament egreunseirnagl ,i ni ti al parameters and fits of
Qmatrices i s usaaafpuplr o pamadaettieexré€dsitnriuncgt u r

To summari ze, stChhapdemenralr evaekvgr ound of coc¢
model ing and especially the FusreadMondetaxdhe
used i n cogniti,aedet angn & ® thisuci U mnahitgf @mae s o
summari zed. The following Chapter 3 focuses o

and val-matatiex af @ t he MELAB rleeadk enyg itresttr, u menn t

di ssertation
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CHAPTER 3
Q-MATRIX CONSTRUCTION A ND VALIDATION FOR

THE MELAB READING TEST

A Q-matrix, which indicates the skill(s) required by each item in a test, is a crucial input
for cognitive diagnostienodeling However, specifying the skilitem relationship is not an easy
task, especially whea cognitive diagnostic modéCDM) is retrofitted to an existing test, such
as the MELAB reading test. This chapter describes the procedures used to build and validate the
Q-matrix for the MELAB reading test in order to prepare for the follgawcognitivediagnostic

anal ysis aimed at extracting the examineeso r

3.1 Introduction to the MELAB Reading Test

The MELAB evaluatesheadvancedevel Englishlanguage competence of adult
nonnative speakers of English. Maeducational institutions in the United States, Canada, the
United Kingdom, and other countries accept the MELAB as an alternative to the TGEFL
UM, 2003. It consists of three parts: composition, a listening test containing 50 muhipies
items,and a grammar/cloze/vocabulary/reading test containing a total of 100 maktgite
items.

The reading section of the MELAB is design
collegelevel reading texts. All passages are expository texts, and the laniguagresentative
of English for academic purposes. The readability of the passages, as measured by a standard
readability formula, suggests that their vocabulary and structural complexity are at the college

level. To counter any possible bias towardmixeees of a particular educational or cultural
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backgroundtest developerselect text®n a range of topics and include different genres of
passages in each test fofELI-UM, 2003)

The reading section consists of four passages, each of which is flgwere multiple
choice items. Each item consists of a question stem and four options (one key and three
distracters). According to the itemriting guidelines provided by the English Language Institute
of the University of Michigan (ELUM), the organiationwhich isresponsible for developing
the MELAB, the questions following each passage are intended to assess a variety of reading
abilities, including recognizing the main idea, understanding the relationships between sentences
and portions of the textirawingtexto ased i nf erences, synthesizing
purpose or attitude, and recognizing vocabulary in cofiExtUM, 2003) The items with good

discrimination and difficulty levels are maintained after some initial field testing.

3.2 Initial Q -Matrix Construction

One important input for the Fusion Model is ar@trix, which indicates the skills
required by each item in the MELAB reading test. | constructed the inima@x with a series
of procedures as described in the follogvsections.
3.2.1 Initial Cognitive Framework for the MELAB Reading Test

An initial cognitive framework for the MELAB test was first proposed based on second
language reading theories and related literature. Gao (2@06Joped a model of the cognéiv
processes used by examinees taking the MELAB reading test based on verbal reports from
Chinese ESL students and content experts. The model involves 10 general categories of
proaessing components as follows) fecognize and determine the meaning of ggewsords or

phrases;lf) understand sentence structure and sentence meaning using syntactic knowjedge; (



understand the relationship between sentences and the organization of thi $prtulate

beyond the text;dj analyze the function/purpose cbmmunication using pragmatic knowledge;

(f) identify the main idea, theme, or concept, and skim the text for g@istidate the specific

information requested in the question and scan the text for spetifits; ) draw inferences

and conclusions lsad on information implicit in the text; @nthesize information presented in

different sentences or parts of the text; ghévaluate the alternative choices. Te¢ationship

between the proposed cognitive processes and empirical indicators diffteaity was further

investigated using the trdmsed regression (TBR). The result$&sod o sbudy informed the
construct validation of the MELAB reading and
di agnostic measureo (Gao, 2006, p. 1).

Both the MELAB and the TOEFL are Englisianguage proficiency tests used by North
Americanuniversitiesn admission decisions regarding international students. They have very
similar content areas and cognitive structures, and a concordance table is availabterto co
MELAB scores to TOEFL scores and vice versa. Therefore, | also referred to the taxonomies for
TOEFL reading used in cognitive diagnostic analyses (e.g., Jang, 2005; Kasai, 1997; Lee &
Sawaki, 2008, Sawaki, Kim, & Gentile; 2009; Scott, 1998). Amomg {TOEFL taxonomies,
Jangos t aspecialweateyled;itherefore, | examined it the most closely. As reviewed in
Chapter 2, based on studentsodéd verbal protocol
Jang identified nine reading subskillw¥atved in the IBT TOEFL reading test, including
contextdependent vocabulary, contartiependent vocabulary, syntactic and semantic linking,
textually explicit information, textually implicit information, inferencing, negation,
summarizing, and mapping masting ideas into a mental framework.

Table 3.1 summarizes Gaob6és and Jangds coghn



into five categories. The first category is vocabulary. Gao had one subskill for vocabulary,
wher eas J aadgwd:scortextdependent andscontextdependent. The second

category is syntax, for which Gao had one subskill and Jang had a separate subskill referred to as
negation. The third category is explicit information at the local level for which both researchers
had onesubskill. For the fourth categayyconnectingand synthesizing informatiénGao listed
understanding the relationships between sentences, synthesizing information, and identifying
main ideas, whereas Jang listed mapping contrasting ideas into a mentaldriarsued

summarizing. The last category is making inferences beyond the text (reading beyond the lines).
Gao included speculating beyond the text and making inferences based on implicit information.
Similarly, Jang listed inferencing and textually impliciftormation.

Table3.1

Summarizing Cognitive Models of Reading as Designated by Gao and Jang

Catego Gao (2006) J a g P(5
Vocabu A Recognize and determinA Codeernd
words or phraseerusing vocabul ary

phonol ogicavVooabhbarwpk A Conindepe
ocabul ary

v
Syntax A Understand sentence st A Syntacti
using syntactic knowled semantic |

A Negation

Extrac Aolcate the spgemi friecquiersftcA Textual |
explic questiscrmnandcde text for i nformatic
infornm

Connec A Understand the relatioA Summari z
and organi zationcohesheat@miA Mapping
synthe organization knowl edge ideas 1intc
A Synthesize information framewor k
or parts of the text
A ldentify the main idea
text for gi st

Makgn A Speculate beyond the tA Inferenc

infere knowledge A Textuall
A Draw inferences and co informatic
implicit in the text




Two of the original sat ibckided ih Tabkle 3ilime s@lhob 6 s mo d €
analyZng the function/purpose of communication using pragmatic knowla@genot found to
be associated with any of the items in the current test form of the MELAdsKkill of
evaluaing alternative choices to et the best answseemed to be involved with all items and,
thus, may have little diagnostic value. Therefore, based on the literature and a brief content
analysis of the MELAB reading passages used indisisertationl hypothesizedhe initial
framework for MELAB reading as consisting of five categories represented in the first column of
Table 3.1. This initial framework was further
verbal reports, experatings, and the literature.
3.2.2 Think-Aloud Protocol
To supplement the initial framework shown in Table 3.1, taldud protocolgEricsson
& Simon, 1993; Pressley & Afflerbach, 1995ereusedto gather information about possible
cognitive processes involved in responding to the MELAB itenmsreiminary pilot was
conducted with two ESL students to fine tune the data collection metfoaohd that highly
advanced ESL students only produced minimal verbal reports, as reading the passages was not
challenging for them and many processes werenaattic. Therefore, | decided to recruit
participants from students currently enrolled in ESL clasdes initial pilot of the procedures
also showed the superiority of using both concurrent and retrospeethedreports rather than
solely concurrent vibal reportsTherefore| adoptedboth concurrent and retrospective think
aloudprotocols.Finally, to read and think aloud about four passages in one session was
exhausting for participantghus,l conductedwo sessions with two passages per session.
Participants. In the spring and summer of 2010, | contacted two major ESL training

centerd the Mid-State Literacy Council in State College, PA, and the Intensive English



Communication Program (IECP) at the Pennsylvania State Univ@rsitgbtain permissioto
recruit participants (please see Appendix A for the consent form and Appendix B for the email
invitation for the thinkaloud activity).

Table 3.2

Background Characteristics of Thi#doud Participants

NameGencFirst Hi ght Maj or (TOEF Se-t &ating
| angu degree of stucscor Engl i sh
(nati(where reading
count iobtain:

Jin M Chine:Bachel Engineeb65 Basi c
(Chin . (China

Ted M Chine: Master Educati8h5 Excell en
(Chin . (China

Fei F Chine:Baclhoer Phil oscN/ A Bet ween
(Chin . (China and good

Yao F Chine:Bachel Educati8h5 Basi c
(Chin . (China technol

Mi n(M Chine:Bachel Comput e¢883 Good
(Chin . (China science

Hon M KoreaiBachel Bi ocherNA Basi c
(Kore (Korea engi nee

Chi }F Japan Bachel  Social N/ A Basic
(Japai(Japan

Af s¢F Persi Master Textil €688 Good
(Il'ran (lran) engi nee

SabiF Spani :Master Agriculll0 Very goo
(Col o (US.) engi nee

KatiF Portu Master EnvirorN/ A Very goo
(Brazi(US.) | engir

Dor ¢F Frencl/Hi gh s N/ A 85 Good
( Mor o' ( Mor oc

LeorM Spani :High s N/A N/ A Basic
(Col o (Col om

Eva F Spani :Master Hi storyN/ A Basic
(Spai  (Spain musi col

Note.* Jin and Ming took the papé&ased TOEFL, and their original scores were converted to

the IBT TOEFL scores.



Given that thalissertations about the reading skill differences between East AS&in
learnersaandESL learnersvhose primary languages arerRance languagepgarticipantswith
thoselanguageébackgrounds were especially targeted. In April 2010, data were collected from 10
participants Ted, Chika, Hon, JirSabina Dora, Leon, Eva, Katia, amfsar. And, in June
2010, data were collected fromrée more participants: Fei, Yao, and Ming. In total, 13 ESL
studentgarticipated in the study, and their background information is shotine iabovelable
3.2.Pseudonymbave beemised to protedhe participant§privacy.

Instrument and Procedures.In order to familiarize participants with thirddoud
protocols, a brief training session was provided prior to the formal-dioud activity. |
explained and demonstrated the thalgud procedure for each participant, and then the
participant practicechinking aloud using the provided training task (please see Appendix C for
the verbal script and Appendix E for the thialloud training material). In order not to distract
the participant, | sat at the other end of the desk during the dhonkl sessiorOnly when a long
silence occurred, such as 10 seconds, Iprediph e par ti ci pant with quest
are you thinking now?0 After the participant
passage, he/she would start to recall the process#usAdtrospectivestage, | asked some
questions for clarification and further inquiry. Each session lasted approximately an hour and
was recorded using a digital voice recorder.

All the participants had intermediate to advanced English proficiencwaredenrolled
in ESL classes taught in English; therefore, they did not have difficulty either understanding or
expressing themselves in English. The participants were told to use whichever language they felt
comfortable with during the thinloud activiy. Except for a few Chinegmarticipantsvho used

Chinese intermittently, all the other participants used English exclusively.
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Data Analysis.| transcribed recordingsf all the participating student$he first stage of
the coding was open coding, thg which | read through the verbal reports imeline,
underlining any meaningful and interesting parts and commenting on the skédtsdieatshad
used. The purpose of this initial coding was to understand the skills involved and to revise and
validae the initial cognitive framewor&f the MELAB reading test.

The initial framework was mostly confirmed by the data. First, it was difficult to
distinguish whether students determined the meaning of specific words using contextual clues or
phonologicakrthographic/vocabulary knowledge. For instance, recognizing theattembated
was the key to answering item'16tudents who knew this word beforehand could easily pick
the answer containing the woreduced For those students who did not know theadvor
attenuatedsome successfully guessed the meaning by relying on context. Therefxigled to
have onesocabularyskill asSawaki, Kim, and Gentile (2008)d in their diagnostic analysis of
the TOEFL reading.

Second, syntactic knowledge was catitor responding to some items. In particular,
long and complicated sentences with relative clauses, inversion of subject and verb, passive
voice, subjunctive mood, and/or pronoun references seemed to be difficult for students.

Third, in many cases, stedts needethe skill of understandingxplicit informationat the
local level n order to find answers to the itenMost often, students read the items and then
scanned the text searching for specific information relevant to the item. Comprehensilyn usual
inhered in a literal understanding of a sentence at the local level.

The fourth category, which focu$en connecting ideas from multiple sentences,

appeared to involve different leval§elements. In some casegjdents only needed to read and
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comect information from adjacent sentences in a single paragraph, such as item 13. However, in
other cases, students had to read across different paragraphs or the whole passage in order to find
the main idea or the gist of the passage, such as item uld @ meaniniyl to have two
separate skillgfa) connecting ideas from multiple sentencasd(b) summarizing for main
ideas. Still onlyoneitem wasfound to test main ideas. It was not practical, though, to have a
separate skill for main ideas. Thered, a final decision was made to use the generic skill
described as connecting and synthesizing.

The final categoryvasmaking inferences. The answéosthe items wereasuallyimplicit
in the text which meant thastudentshadto draw ontheir backgound knowledge to answer the
guestions. For instancéem 1lasked about the validity of the study, and tluelents with
advanced degreegsuch as Eva and Ted, picked the answers more #asilydid those with only
a high school education, such as Laon Dora. This is probably because those with advanced
degreedad received some education in research methadgeneral, makinghferences
appeared to be a distirglill, as students needto goconsiderablypeyond the text in order to
draw conclusioabased on implicit information in the text.

Metacognition and tegaking skills regarded by someesearchers (Baker & Brown,
1984; Ehrlich, 1996; Perfetti, Marron, & Foltz, 1998s reading strategiesgere noticeable in
the thinkaloud verbal repost For instance, some students read the questions before reading the
passage, and/or they skipped questions that they were not able to answer immediately. Also,
some students consistently answered the questions by guesBingliarinaing alternative
chaces. A typical example in this regard was Chikdapaneséemale, who used eliminating
alternative choices for all the items. Whenasketi e s ai d, AThis is my per

confident about my choices. So | have to make my decision by elimmat ot her choi ces



Based on the thinkloud verbal reports in conjunction witkadingtheories, the initial
cognitive framework oMELAB reading was revised, as shown in Figure 3.1. It can be seen that
the readingomprehensiogonstruct underlying 8fMELAB consists of two major categories:
linguistic skills and comprehension skills. Linguistic skills refer to vocabulary and syntax,
whereas comprehension skills refer to extracting explicit information, connecting and
synthesizing, and making inferetscé\ residual skill category wadsoadded to the model,
which may include metacognition, teaking, guessing, or any other skills (or strategies due to

the potential overlapping between skills and strategies) not specified in the cognitive framework.

The MELAB reading test

Comprehension skills Residual skills
Linguistic 3. Extracting explicit Metacognition
skills information .
) TestTaking
1. Vocabulary 4. Connecting and .
2. Syntax synthesizing Guessing
5. Making inferences Etc.

Figure 3.1.Modified cognitive framework ofhe MELAB reading.

In addition to a substantive concern in building and revising the cognitive framework,
another important consideration is the grain size of the subskills of reading. The more categories
identified, the closer theognitivemodel is to the actual processes underlying reading. However,

a Qmatrix representing a large number of subskills may lead to a poor model fit from a
statistical perspective. Hartz (2002) suggested that one skillbshewdssigned to at least three
items in order to have sufficient information to estimate that skill. Given the fact that the

MELAB reading test has only 20 items, the number of skills was expected to be small.
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Table 3.3

Think-aloud Protocols Coding Sciree

Skill sEl aborati on Coding gui de

1. A Recognize and deterAUnderstanding
Vocabu specific words or ph critical for
A Recognize and detetAThe words are
0
t

specific words r - ph infrequently
phonol ogical / orthogr
knowde
2 . A Understand sentenc¢A Understancain
Syntax meaning using syntax critical for
parts of speech, etc its structure
i nstance, i nv
clauses, pass
pronoun refer
3. A Match |l exical and/ (A I nformation
Extrac the questionetevahts stated at | oc
Explic text i n one senter
inforrA I dentify or formul ¢AThe i tldnys awssk
paraphrase of the |i specific detz¢
phrase, or sentence l iteral under
t ext necessary to
guestion.
4 A Integrate, relate, AThe informat
Connec presented in differe different ple
And text to gegnerate mealA Answering t|
syntheA Understand the rel¢«¢involves conr
and organization of more ideas or
rhetorical organizat information ¢
A Recognize and evalt or paragraphsts
information in the t necessary to
ideas from bspportinthe text.
5. A Specul ate beyond ttA I nformati on
Making background/topical kA It is necess
i nf erseA Draw inferences anc infegemased or
hypot heses based on i nformation f
stated Iin the text on background
6 . I ncluding but not | i A All (be sknd
Resi dtA Metacognitaidyeaisghkinlgl explicitly sp
skills speed, decision to s cognitive fra
materials, decilssi,ona this category
to pinpoint confusi oA Residual ski
A Ttemsking skills with all the

A Guessing nontecessary to
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As suggested by Pressley and Afflerb&t®95) a clear description for scoring think
aloud protocols should be established for the analysis of verbal répgnthesizing information
from the revised cognitive framewods shown irFigure 3.1the cognitive models suggested by
Gao (2006) and Jang (2005), the classification scheme recommended by Pressley and
Afflerbach, and also the t u d thinktalsu@dl verbal reporid constructed a coding scheme as
shown in the above table 3Bhe thinkaloud verbal reports helpéadbuild the coding scheme
which afterwards, guided the coding of the data. This coding scheme was also veréigebtis
as shown in Table 3.5
I read through all the par thecompanalitylsyb6 ver ba
referring to the coding scheme. Table 3.4 is a brief snapshot of spadreipatings t udent s 0
activities while answering item 2. All four studemgnaged t@ick the correct answer but in
different ways. The worchinute(sound[] ma i hnjeansmallin the context, which was
difficult for some students. For instance, Hon, a Korean student, read the word as [minit], which
made me suspect that he did not understand its meaning in the context. Therefore, during the
retrospective thinkaloudsession | asked him what the word mean
think it meandime No, here it is differenthinute absorption of elementghink it could be
kind of amount. But Ihadditomstutentkeededvto locatiney or | es s
sentence containing the waddvicein order toextract thanformationto answering the question.
As shown in Table 3.4othHon and Afsadid not seem to know the wod#®vicebut simply
matched the sentence containing the wiwdicewith the optioncontaining the same ward
whereaslin and Katia successfuligcognizedhe worddeviceand thus were able to directly
pick the right answer. To summarizke skills identifiedas essentidbr item 2 were skill 1

(vocabulary) and skill 3 (extracting digst information).



Table 3.4

SampleParticipant® Reading Activities with Item 2

Studen Summary of reading activities

Hon He ftirrsetdi o mdtt epmh §¢ oibes ¢d ilkle enrla ntoowv t
wormd nanhd failed t r Heec otghnei nz et di etesd ¢
from the context t still failed

optiHenswas not su about his choi

0
bu

the right answer by mat chidregwicled
e
h

r

Jin He rtenaeed item and then compared alt
the sentence containing the answe
I mmedi atel yeems t hami neehdevbd®feboheh:

Kati a She did not mkndowet waaswarbd e t o gue
cognate in Portuguese and al so En
picked the right answer.

Af sar She seemed otnof libgee dhdietwddw dt he it emd
went baak staget teo p eade ¢ihcBtyo rmatthceh iw
sentence contdavamagt hd eowtoirans, st
right answer.

The whole process of data collection and data analysis was itefabidi|eg started after
the thinkaloud verbal reports had been collected from the first several participants. The
identified item skill relationship was further compared across participants when more verbal
reports became availabMerbal reports from the first Ifarticipantsseemed to &ve yielded
adequate information. Even though data were collectedthiomemoreparticipantsMing, Fei,
andYao, no new information emerged regarding the skills identified for each item. Therefore,
coding ceased because data saturation had been achieved
3.2.3 Expert Rating

Participants. Four experts were invited to identify theadingskills required by each
item. All were advanced doctoral students in education or applied linguistics and had rich
experience teaching English reading to ESL studphtage see Appendix F for the consent

form). Their qualifications and experience are summarized in Table 3.5.



Table 3.5
Expertsd Background I nformati on
Beck El ena Lucy Adri ana
Native |Uzbek Spani sh English Spani sh
Educati Master 6sMaster 6:Master 6sMaster o0s
in TESL,in TESL in TESL,in educa
candidatcandi da canatied i psychol ¢
applied applied educaticcandi dat
l i nguistlinguis psychol cadult ed
ESL tea(bSyears 8year s 3year s 3dyear s

experi el

Instrument and procedures.Each expert was provided with the four MELAB reading
passagesa onepage introduction to the MELAB, a MELAB cognitive framework (see Figure
3.1), a coding scheme (see Table 3.3), and a coding form (see Appendix H). In order to acquaint
the experts with the rating task, a Hadfur training session was held priorth@ formal rating.
During the training session, the MELAB reading test was introduced to the experts, and also the
cognitive model of reading and the coding scheme were presented for their review and critique.
The experts reached a common understanditigeohature of the task and did not suggest any
changes to either the cognitive model of reading or the coding scheme.

After training, experts read the passages and conducted the rating task independently.
They identified the skills for each iteamdalso made annotations about the evidence based on
which they made the decision. When they had finished rating each passage, the experts convened
and compared their ratings. Specifically, if the experts thought an item required a certain skill,
they wrote 1 irthe cell, otherwise 0.

Spearman rho was calculated to indicateatieemenbetween the ratings given by each
expert. As shown in Table 3.6, the correlations betweefothhexpers were all statistically

significant at the 0.01 level. The valuesspkarman rho were all higher than 0.30, indicating
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moderate agreement. | also observed that the experts showed more agreement as they proceeded
with the rating task.
Table 3.6

Inter-Rater Agreement

Beck El ena Lucy Adri a

Beck 1.000 0.319 0.393 0.561
Elina 1.000 0.396 0.465
Lucy 1.000 0.332°
Adriana 1.000

Note.** Indicates significant at the 0.01 leveltéled).
3.2.4 Initial Q -Matrix

With reference to the coding scherhepnstructedan initial Q@matrix based on evidence
from the thinkaloud verbal reports and the expert ratings. However, a frequently encountered
problem here is that sagreedvighrihe expertxattngsiiGerl, 199¢,por t s
Jang, 2005; Zappe, 2007). When this discrepancy occurred in the present study, thletink
verbal reports were regarded as the primary evidence, because the verbal reports more or less
captured the redlmereading process and thus were regarded more reliable and authentic. The
value of the expert rating, however, should not be underestimated, as it provides important
evidence from a different perspective. Furthermore, when it was difficult to determirfeewaet
certain skill should be retained for an item, the skill was usually retained. This is because the
follow-up Fusion Model calibration would provide evidence concerning the importance of the
skill for the item; that is, if the calibration showed thél $& be inconsequentialit could be
dropped at this later point.

The initial @matrix for the MELAB items is shown in Table 3The numbed indicates

that the skill was required by the item, whereas 0 indicates that the skill was not required by the
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item. The residual skills werthoughtto be affiliated withall theitems; theircoding thereforejs

not listed in the table.

Table 3.7

Initial Q-Matrix

Item Skill 1 Skill 2 Skill 3 (extracting Skill 4 Skill 5

(vocabulary) (syntax) explicit (comecting and (making
information) synthesizing) inferences)

1 1 1 0 1 0

2 1 0 1 0 0

3 0 0 0 1 0

4 0 0 1 0 0

5 1 1 0 0 1

6 1 0 1 0 0

7 0 1 1 0 0

8 1 0 0 1 0

9 0 0 1 0 0

10 1 0 0 0 1

11 0 0 1 0 0

12 1 1 1 0 0

13 0 0 0 1 0

14 1 0 0 1 0

15 1 1 0 0 1

16 1 1 1 0 0

17 0 1 0 1 0

18 0 1 1 0 0

19 1 0 0 1 0

20 0 0 1 0 0

3.3 Empirical Validation

Response data from 2,019 examinees to each MELAB reading item were used for the

empirical validation of the initial @natrix (Please see Appendix | for thent statistics,

including the mean, standard deviation, iténo t a |

correlation,

and

deleted.) The response data were provided by the M MELAB via Spaan Fellowship from

the ELFUM. There were no missing data because data framaees skipping one or more of

Cron
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the items (about 3% of the total number of examinees) had been excluded. They were excluded
because these examinees may have simply been guessing and thus were not instigating the
processes required by item solution (Gad®&0The data set was analyzed with the Arpeggio
software, and the following procedures were used.
3.3.1 MCMC Convergence Checking

MCMC convergence is difficul (Sinharay, 20@64hinev e a
the present study, MCMC converge was mainly evaluated by visually examiningttimesi
serieschain plots and density plots. Other criteria, such as the HeideWetgh diagnostiand
the Geweke Zwere also examinedhe Gelmarn Rubin Rwas notused because it has been
found to be insesitive to nonrconvergence checking with Fusion Model calibration (Roussos,
DiBello, et al., 2007). The Raftariewis diagnostic was not used, as the required precision of
the quantiles has to be adjusted according to the scaling of each variable (N{Z00669, and

subsequently the parameters of the resulting Fusion Model would not be on the same scale.

With the Fusion Model, MCMC chains of si mu
the parameters. Each ti me dpoitmot a( osrets toefp)siinul
the parameters. After a suifrfipghaeandg onfunmblee oHai

remaining simulated values approximate the de
p a r a méypially,ghe resultsfahe initial thousands of steps or values are thrown out, and
thesethromo ut v al ues ar e c-ah b e pPectitibabissee inaniplemhehtieg i b ur n
the MCMC is to determine the number of steps or runs until the Markov chain converges to the
posterior stationary distribution. As suggested in the Arpeggio manual, in the present study, two
Markov chains were run with a chain length of 40,000 with fsusteps of 20,000. For

comparison, a chain length of 60,000 with bursteps of 30,000 and axtremely long chain
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length of 100,000 with burim stepsof 50,000 were also run in order to rule out the possibility of
an insufficient chain length.

It was found that the convergence of chain length of 60,000 was better than that of a
chain length 640,000 for many parameters, whereas a chain length of 100,000 did not
noticeably improve the convergence. An example is illustrated in FigRrashen eery 10"
observation was used to draw the filseries chain plots and density pldféth the chairlength
of 40,000, thechain plots showed jumping, which indicates a lack of convergence. With the
longer chain length of 60,000, the chain plots were stabilized, which indicates good convergence.
Running an extremely long chain of 100,000 did not sedpe teecessaryn generala chain
length of 60,000 with burm steps of 30,000 was found to be appropriate.

Timei series chain plot a4  Density plot of 3 4

Chain length 40,000
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Figure 3.2. Timel series tain plots and density plots Bf, with different chain lengths
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With a chain length of 60,000, the majority of parameters achieved excellent convergence
However, thaimei serieschain plots and density plots for some parameters, sysg as
(proportion of masters of skill 5 in the populationy); (diagnostic capacity of item 5 to skill,1)
Issrsi1r101.r105r15.1, 152 andrig i, Showed moderate fluctuation. As shown by the examples in
Figure 33, thetimei serieschain plots fors; showed some fluctuations that may indicate-non
convergencewhereaghe timé series chain plots of, 3 were smooth and stahindicaing
excellent convergence.

Timei series chain plot afs 3 Density plot ofrs ;
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Timei series chain plot of 43 Density plot ofr4 3

o
< T T T T T T T T T T T T

0 1000 2000 3000 4000 5000 6000 02 04 0.6 08 1.0

Iterations N =6000 Bandwidth = 0.005277

Figure 3.3.Timei serieschain plots and density plod$ rs;andrgs.
Some numerical criteria were also used to help judge MCMC convergence. As shown in
Table 3.8, the Heidelbeirgvelch diagnostic indicated that all the parameters excgptchieved
good convergence. However, the Geweke Z showed thatth® o9 parameters had a z value
out of the range of2 and 2, indicating nenonvergence. Among those parameters, eight had z
values oubf the range of3 and 3.
The potential noitonvergence gfks was worrisome, because theparameters are one

of the priors in the Fusion Model calibration and thus theaumvergence gb may influence



pT

the estimation of other parameters. It is atsportant to note that many oftpeot ent i al | vy
probl ematic parameters here are affiliated wi
skill 5, namel y it e msheéverall MGMC cannetigentesforalll n concl
parameters was accapte but not excellent, and the validity of explicatngg i | | 5 fr om ¢t h

MELABeadi sgeme@sto require further examination.
Ta b3l.e8

Summary of MCMC Convergence Check

Criteria Problematic parameters

Ti iseer i «Obwvuiso t r e pysrs1rss5r81,101,7105/151,15.2,19.1
chain plindicate
densityconvergen

Heidelberg p<0. DBdi c c (p=0. 0475

Welch noomonverg
Diagnostic
Geweke Z | z2i rrdi ca ps(z= 6. 0 9%)(z=-3.75) "101(z=-3.18)

noaoonver g r(z=222) r3(z=-2.26) rsi1(z=-3.1)
r5_5(z = 256) rlo_l(Z =- 46) r12_1(z = 277)
r12.3(Z =- 247) r14,1(z = 405) r14,4(z = -219)
r15_1(z = 2.16) r15_5(z =- 324) r20_3(Z = 316)
C14.1(Z =- 256) 016.1(2 =- 223) Czo.]_(Z =- 275)

3.3.2 Refining the Initial Q-Matrix

In theinitial Q-matrix, only three items were assigned to skjllereasll items were
assignedo skill 1, 8 itemsto skill 2, 10 itemsto skill 3; and 7to skill 4 (see Table 3.7 for details)
Thus,the information pertaining to skl wasprobably irsufficientfor estimation.

It has been recommended thatrgrarameter bigger thah9 should be remad from the
Q-matrix, as the affiliated skill is not significantly important for the item (Hartz, 2002). When
the item parameters were examined, it was foundthagti.e., the discrimination capacity of
item 15 to skill 5, wa®.913. The stem of item51(One can infer from the passage thases the

word infer, indicating that item 15 is about making inferences. However, upon closer
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examination of the item and also the thadkud verbal repost it was found that items 5 and 10
required speculating ceiterably beyond the passage; yet, the answer to item 15 was in fact
embedded in different places of the text, despite the use of thant@rah the item stem. Item
15 was, therefore, reclassified as requiring skill 4 (synthesizing and connectinggebecau
information from different places of the text was needed to answer it.

After item 15 had been reassigned to skill 4, only items 5 and 10 required skill 5. This
resulted in too little information for the Fusion Model to estimate skiklated paramets, as at
least three items for a certain skill have been recommended for Fusion Model calibration (Hartz,
2002).Thereforejt was decided that skill 5 should be dropped from thaa&rix.

High values of andcare indicative of a possibility for modgimplification (Hartz,

2002; Roussos, DiBello, et al., 2007)cl§, say, bigger than 2, this indicates ttiet skills
required to successfully answer the item are completely specified byrtreng, and thus can
be droppedHowever, whether to drag certain @matrix entry depends on both statistical
criteria and substantive knowledge. First, the six langarameters were dropped from the Q
matrix one at a time, as they did not drastically change thet@x structure. Then four of the
larger parameters, namels », 2.3, 17.2, andriz swere dropped from the-@atrix one at a time.
The remaining three largeparameters, namety 3, rq 3, andrizswere kept because their
affiliated skill was the only skill identified for the item.

The convegence of the Fusion Model calibration using then@trix thus refined was
reevaluated. Themei serieschain plots and density plots of the parameters did not show
noticeable trends or fluctuatioAll the parameters met the Heidelbigvgelch diagnostic and
Geweke Zconvergence criterid.herefore, after skill 5 had been removed, the current Fusion

Model calibration achieved excellent convergence.
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3.3.3 Model Fit

There are two main approaches to assessing model fit with the Fusion Model: comparing
the modépredicted values to the observed values and evaluating the characteristics of the skill
mastery classificatiorin the following, the moddit of using the initial Qmatrix and the refined
Q-matrix were compareblased on different evidenddowever, formost of the modeiit
judgment discussed below, there are no commonly agreaffartteria, and thus only
descriptive model fit evidence is presented.

Observed Versus PredictedP-Values across Items The first index is the residual
between the observednd modebredicted p-value across itemsA p-value refers to the
proportion ofexamineesvho respondcorrectlyto theitem. The predictedp-value of each item

was derived based ohdresult of the Fusion Model calibration.
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Figure 3.4.0bserved versus predict@evalues across items.



The chart at the top of Figure 3.4 shows the obsgmwedue versus the estimatpd
value for each item when the initiahQatrix was used, whereas the chart at the bottom shows
the observeg-value versus # estimateg-value when the refined-@atrix was used. The two
lineswere very close or overlgedfor most of the items. Table 3.9 also shows that the mean and
mean square error of the difference between the observed and prpeiatad were negligible
This small difference provides evidence for good model fit.
Table 3.9

Compari®n of Observed and Predicted\VRalues across Iltems

Di fference bet weenpvoablsueersvl ni ti aRef i n
Qmatri Qmatr

Me an -0. 006 -0. 00"

Mean sdqourare err 0O.000 O. 0O

Observed Versus Predicted Total Scoseacross ExamineesThe observed and
predicted total scosmcross examinees were also compared to further judge model fit. The
observed total scores were calculated by adding up all the item smoeasli examinee,
whereas the predicted total scores were provided as a result of the Fusion Model calibration.
Table 3.10

Comparison of Observed and Predicted Total S£aceoss Examinees

Di fference between obs®rvinitiaRefin
Qmatri Qmatr

Me an 0.000 O.0O0C

Mean square error 0.070 0.085

As shown in Table 3.10, when both the observed and predicted total scores for the
individual examinees were standardized-asares, the mean of the difference between the

obseved and predicted total scores was zero whether the initial or the refimedriQ was



used. The mean square error was a little bit smaller when the initngltX was used, probably
because the initid)-matrix had more parameters than did the refmeel In general, the

difference between the observed and predicted totalseasenot big.
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Figure 35. Scatter plots of the observed and predicted total scores.
The scatter plots of the observed and predicted total scores for all 2,019 exam@nees a
shown in Figure 3. The top chart refers to the initiat@atrix, and the bottom chart refers to

the refined @matrix. The observed and predicted total scores correlated very well in both the



charts. When the initial gnatrix was used, the correlatibetween the observed and predicted
total scores was 0.960, and the correlation was almost the same, 0.957, when the refined Q
matrix was used. However, both charts indicate that examinees at the higher end appeared to
have been underestimated in termsheirttotal scores. This misfit has also been observed in
previous studiese(g.,Jang, 2005R ¢ Ag, 2009, as the categorical CDMs may overestimate the
scores for the lowestcoring examinees and underestimate the scores of the hsgbesg
examineesBecause the purpose of the Fusion Model calibration is to estimate categorical skill
mastery status, the slight underestimation of total scores at the higher end may not substantively
influence the classification results (Roussos, DiBello, et al., 2007).

Item Mastery Statistics. IMstats computes the observed proporoomrect scores for
item masters and item nanasters on an itefiny-item basis. An item master is an examinee who
has mastered all the skills required by the item, and an iteamaster is a examinee who has
not mastered at least one of the skills required by the item. Informally, a substantial difference
between the proportieoorrect scores of these two groups indicates a high degree of model fit or
internal consistency, as the membersifigem masters or nemasters is based on the
e X ami n e e 0 dcatiork TheréforegMistatsssalisof used as internal validity evidence.

In Figure 36, the top charshows theroportionrcorrect scorgof item masters and nen
mastersvhen thenitial Q-matrix was usedandthe bottom chart shows tipeoportioncorrect
scores of item masters and nanasteravhen the refined @natrix was used. Despite a lack of
consensus on thaiteriaaccordingio which the difference should lmeeasurd, both charts
show substantial differendeetweerthe proportioncorrect scorgof the item masters aridose
of thenonmastersAs indicated in Table 311 the average proportiecorrect scorgof theitem

masters were over 0.9 in both casesgmwwhghe average propton-correct scorgof theitem



nornrmasters were less than 0.2%. summarize he differencesas shown in Figure 8and

Table 3.1, provided important evidence for good model fit.
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Figure 36. Proportioncorrect scores of item masters and-nugstes.

Table 3.11

Comparison of Average ProportigDorrect Scorsof Item Masters and Neklasters

Statistic Il niti Refir
Qmatr Qmat r

Mean preoeporeconscore o0of0.9050. 9014

Mean proporeconscearastei0.14 0. 431




3.3.4 Final @Matrix

Based on the moddit evidence presented in the previous section, the model fit the data
reasonably well regardless of whether the initiah@trix or the refined @natrix was used. In
other words, when the more parsimorsgoefinedQ-matrix was used, the model fit was not
noticeably worse. For the sake of model parsimony, the refinedi@x, therefore, was adopted
as the final Qmatrix for the MELAB reading test.

The item parameters are shown in Table 3.12, and thedsheliie indicate the entries or
parameters that have been dropped. The remaining cells describe the item parameters that give
detailed information about the cognitive structure and the diagnostic capacity of the MELAB
reading test.

Table 3.12

ltem Paramaeatrs of the Final Calibration

Item Cox r1 r 2 r*3 r*4 r*5 Cc
1 0.842 0.732- 0.843 1.647
2 0985 0.779 1.028
3 0971 0.862 1.280
4 0993 0.959 1.116
I
6 0.765 0.862 0.653 1.397
7 0.983 B oss3 1.275
8 0.872 0.689 0.763 0.838
9 0985 0.918 1.528
I

11  0.868 0.854 1.077

12 0973 0654 0.878|  EGEGB 1.547

13 0.995 0.911 1.165

14 0985 0.671 0.891 0.893

15 0.727 0710 0.748 0.827

16 0.920 0.898 0.631 0.432

17 0.616 0.417 0.748

18  0.969 0.424 0.727

19 0.975 0.879 0.249

20 0.958 0.311
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The” parameter s t he probability that amae-xami nee,
required sShkillllscfooreictém applyidahk atiesagskil
parametem Table 3.12 wa 0.9D, indicatng that the identified skills fiothe items were
generallyadequate and reasonabitawever, the parameter for item 1Was as low as 0.61
This indicates that the probabiliof anexaminee correctly answeg item 17 was only 0.63,
given thathe/shehad acquired the required skii§ syntax anadonnecting and synthesizing
information.ltem 17 was a rather difficult item. As shownAppendix |, theproportioncorrect
score for iteml7 wasonly 0.318, whereas the average proporionrect scoracrossll the
itemswas 0.550. This pbably explains whyhe " parameter for item 1Was low. In general,
the overall values of theparameters are reasonable and satisfactory regarding the quality of the
Q-matrix.

Ther parameterigsn i ndi cator of t heif @ir akgghaonsgiiincg c ap &
from.0 Tthoe Imor e strongly t hket hiet elmoTheerq uiisr es mas
parameters, as shown in Table 3.12, were generally large, indicating that the diagnostic capacity
of the MELAB reading teds low. For instancer; 3 was 0.853. This indicatébat the probability
of correctly answering item 7 when skill 3 (extracting explicit information) has not been
mastered is 0.&btimes the probability of correctly answering item 7 when skill 3 has been
mastered. In other words, it does not matter muckthdr examinees have mastered skill 3 or
not. As shown in Appendix I, item 7 was a rather easy item with a propadroact score of
0.736. This is probably why its diagnostic capacity was limited. OvenallMEELAB reading
test is an English proficiegdest that is not designed for cognitive diagnostic purposes, which
may explain whyts diagnostic capacity is not very high.

Thecparameter s an i ndicator of rtehsep adresge efeu rt cot iwohn



on skills other htehra@t.Tih® sleowess hghendr ey the 1te
on hreesi dual abil i tyJangS2005pRoussos, BiBello; dt &.r2807(vee. g .
r e p othat whehc parameters are includethe residual part adf — might dominatehe

model. If that occurs, most of tipe parameters will be very large, which artificially makes

nearly everyone a master of most of the skills. In addition; gfaameters themselves

sometimes cannot converge. THhisweverwas not found to be the casethe present study. All
thepswere less than 0.5, which indicates that fewer than half the examinees were masters of the
skills. Also, all thec parameters had good convergence. The only concern isgheameters
weregenerally large. lorder to @amine whether this was becausedipea r amet er s had
upo the variance, t he cpaameters fixedMlowhefoundwreatsther un wi
convergence was poor whemvas fixed. And, the values of thgparameters were not noticeably

smalle as a result of fixing. In addition, the cognitive framework built for the MELAB reading

test involves a residual part. Therefore, keepingih@ameter and using the full Fusion Model

is statistically and theoretically sound. As a result, only sgelaparameters were dropped for

model parsimony, while the rest of tbparameters were maintained in ther@trix.

3.3.5Calibration Results

With the recommended-@atrix and the item response data of tis2 examinees, the
FusionModel calibratiorwas conductedsing Arpeggio Thecalibration resultareas follows.
Continuous Posterior Probability of Mastery (PPM) indicates the probability that an
examinee is a master of the skill being studied. As shown in Figyrm8st of the examinees
had eiher a very high or very low PPM, so that they could easily be classified as masters or non
masters of the skills. The mean PPM for skill 1 (vocabulary) was 0.31, which indicated that on

average the probability that an examinee would be a master of skill 0.31. The mean PPMs



for skill 2 (syntax), skill 3 (extracting explicit information), and skill 4 (connecting and

synthesizing) were 0.33, 0.40, and 0.34, respectively.
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Figure 37. Continuous posterior probability of mastéBPM).

In addition,a dichotomous mastery/nanastery status can be accomplished by using a
cutoff point of 0.5(Hartz, 2002. If PPM > 0.5, the examinee is a master of the skill, and if PPM

< 0.5, the examinee is a nomaster of the skill. As shown in FiguBeB, about 268% of



cy

examinees were masters of skill 1 (vocabulary), 29.4% were masters of skill 2 (syntax), 39.6%
were masters of skill 3 (extracting explicit information), an®%B2were masters of skill 4
(connecting and synthesizing). Sometimes, a more refined pwy® status can be determined

by using 0.4 and 0.6 as eoff points (Jang, 2005). However, in the present study, less than 7%
of examinees had PPMs between 0.4 and 0.6 for all four skills; therefore, a more refined

polytomous status would not have chantfeziclassification results much.
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Figure 38. Categoricakkill mastery status.

These results are relatively congruent with my expectations. First, it seems that the
MELAB reading test is rather difficult, as fewer than half ékamines were found to be
masters of each skill. This was to be expected as the average total score in the overall dataset was
only 11 out of 2Qplease see Appendix | for item statisticSgcond, skill 1 (vocabulary) seemed
to be the most difficult skill for th examinees, which agreed with the consistent finding that lack
of vocabulary is the major obstacle in reading comprehei(@abe, 2009). Thirdn accord
with the literature on reading, the present study found that skill 4 was more difficult th& skill

Skill 3 is that of extracting explicitly stated information at a local level, whereas skill 4 refers to
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connecting and synthesizing information from different places of the text. Thus, skill 4 required
more cognitive processes and was more challengag gkill 3.

With four skills involved in the %t esski,l| lexa
profil easpasthtoewm sijinh Twtbileh 1 i ndicates mastery
nomastery d&fort h ¢gasddekniclldd IpG o d i tc latdhees e xiasmian eneo n

master of skjl&d nmagtvercabful snaiglfler2 ofswrktidx) 3 4

explicit information), and a master of skil/
Tabl e bduit3 hadaf the -mxamemeesf walrle mowr skill's
showed 0000, and about 17% were masters of al
third | argest number of examingewehadoal pr mas

of 8S8kextracting explicit i nfor nBataisor)o.unThito w:

|l east chall ealgonud pnotbeok i nk
Tahb3.el3

Ski ll Mastery Patterns
Skill masterypattern Frequency Percentage
0000 1069 52.95%
1111 352 17.43%
0010 124 6.14%
0111 76 3.76%
0011 66 3.27%
1011 60 2.97%
0110 51 2.53%
0001 48 2.38%
1110 46 2.28%
0100 25 1.24%
1010 24 1.19%
1000 20 0.99%
0101 19 0.94%
1001 15 0.74%
1101 15 0.74%

1100 9 0.45%




3.4 Discussion

Successful cognitive diagnostic modeling depends to a large extent on the robustness of
the Qmatrix, and a sound-@atrix relies on evidence from multiple sources (Jang, 2009)
Qualitative methods such as the thalkud protocol and expert rating hgu®ven very useful
in understandingxaminee8cognitive processs(Gierl, Alves, Roberts, & Gotzmann, 2009;
Leighton & Gierl, 2007). A sequential combiion of the two sources waslopted in this study.
Studentsdé verbal r e p oportamst at she iritralestdge tvteen theeconstrsigh e c i a
of reading needed to be deeply understood and when the subskills were identified and
categorized. After the initial exploration in
helpful in crossvalidating the initial coding. Experts were also important in critiquing and
auditing the coding process. In general, it seemed very helpful to use both thaldlitik
protocol and expert rating for-@atrix construction.

The initial @matrix was further validted with the Fusion Model calibration process.
Statistical evidence, such as convergence, fit indices, and parameter values, gave clues regarding
how the initial Qmatrix could be modified. However, as with any other maodedlification
procedure, blindlyollowing statisticalevidence ray compromise the validity of the-Qatrix.
For instance, Alderson (2010) criticized Sawdkim, and Gentilé s st udy (2009) f or
including vocabulary as a subskill in itsr@atrix for the TOEFL listening test. Sawakiatt
made thelecisionnot to include vocabulary as a subskill based on model comparison.
Specifically, they compared the results of using three differema@ices for Fusion Model
calibration, one with vocabulary keyed to each item, one without theilu§siocabulary at all,
and one with vocabulamnly keyed to the items as suggested by experts. The outcomsingf

the three different @natriceswere very similar, and thus they decided to drop vocabulary from



theentire Qmatrix for model parsimonyAs observed by Alderson, vocabulary is an important
language skill needed for the TOEFL listening test, and excluding such an essential skill based
solely on statistical concerns risks losing the meaning of the cognitive diagnostic analysis.

Both subsintive and statistical factors were considered in this study. However, a
guestion, as raised by Jang (2005), is how much should be determined by substantive knowledge
and how much should be determined by statistical modeling. Though there is no definge an
to this question, in this dissertation substantive knowledge and statistical evidence agreed more
than they disagreed. Whenever the Fusion Model calibration gave a suspicious signal, the
substantive knowledge of reading could help to identify andgreethe potential issue.
Therefore, it is very important that@atrix modification decisions based on statistical modeling

receive substantive support.



CHAPTER 4

HYPOTHESES GENERATION ON READING SUBSKILL DIFFERENCES

A GROUNDED THEORY STUDY

Thepresentstudy compares theadingsulskills between East Asian and Romance ESL

learners as represented in the MELAB reading test. Howevere r e i s no suffici el
and empirical evidence on how exacatvley .t HTehitswo
chapter explains the process of establishing
ESLearmaeyr sdi ffer on those subskills with a gro

4.1. A Grounded Theory Approach
ESL learners from different native langeagroups may show different patterns in their
reading processes and skills (Koda, 2005). The particular teaching and learning styles in East
Asian countries may also shape their ESL | ear

particular teaching anddening styles experienced by ESL learners with a Romance language

background. Howevet, her e i s i nsufficient evidence regar
the subskil!] |l evel
A grounded theory approach i s sasrmueappriaprti a

devel oGasalt and $trauss (196@)r o u n d e libs bhednweiodreyl y used t o bui
from data when the theory is not available or
t heory approach c eampardii sregsy arbe aldait nagh a(saen d sruec h as
interview transcripts) and Adiscoveringo or |
properties) and their interrelationships (Bry

Strauss & ,C®8 8 This approathch@s@he advantage of being systematic and



creative, identifying, developing, and relating concepts that are the building blocks of theory
(Strauss & Corbin, 1998, p. 13).

However, there is much variation and disagreement in the appficztthe grounded
theory approach (Charmaz, 2006). Though Glaser and Strauss initially devgiopeded
theory together, they subsequently disagreed about how to actually carryrouhdedtheory
study. Glaser has approached grounded theory bagsbe purist view that researchers should
be naive of the phenomenon, without any preconceived expectations, conceptual framework, or
prejudices. The researcher must have an open attitude to the research question, so that the
generation otheoryisnotcomp omi sed by a researcher s preexi
from the data. Therefore, Glaser has insisted that the researcher should not reltexatire
until the emerging theory has developed sufficiently based on thdratmtrast, Strausand
Corbin (1990, 1998) have taken a mpragmaticapproach. They hawsedvocated reviewing
literature for five reasonsa) to stimulate theoretical sensitivity, as the literature can provide
concepts and relationships that can be checked againsta@etaad) as the secondary source of
data; ) to stimulate questionsgl) to direct theoretical sampling, as ideas may arise that suggest
where to go next to uncover phenomena important to the development of entfeegiryg and
(e) as supplementary vahtion: the researcher can refer to the appropriate literature to validate
the accuracy of findings. Both these approaches have pros and cons, and Glaser (1998) has
referred to this split of methodology as a fr

I n this study,viaw iwtaesr athdry conducted on ge
theoretical framework of reading skills trans
assessment in East Asian countries. This appr

revi ewmef general findings helps to build the



provides justification for the study (Strauss

was conducted after t he djeetnee daarhaylpysihse siers.or de

4 12iterature Review

4.2.1 Theoretical Framework of Reading Skills Transfer from L1 to L2

L2 reading shares a similar process with L
( Gr abe, 2009) . Al de rassokne d( 1g%u8egs)t d tomie soe p oolh e L@
reading problem or a | anguage probl @m.poflohri s i
reading in a foreign | anguage is dibe goompoor
reading in a fereognnéddeguage ksowluedge of t hi
200bBhe folwloowiympgpttheses whameht esophebcduel rastoi nodnss .

According to the Devel opment al I nterdepend
reading perf oramaghuwcag e ni sa Isaercgoenldy Ishared with r
| angluaagpeosi tion that has been supported by mar
been shownadge aBn glciholm |l earnersd L1 and L2 reac
( Cummi rud cé& hN , 1978, Legarretta, 1979; Troike,
view have ar-gpeedl tpabcbsgherg skills may be tr

may i n fact compensadevfedr |i magde, ¢ uwladqd s« iH uhdss ofr

1982). Similar arguments are that the process
is undergone once, and that the awareness of
reading; thus, the raealde nilge prrmed sag aiore si modc qu

| anguagel 97@aGmoeozd, man, Go oldnya9nR 1l 68 /FI| or e s,

The Linguistic Threshold Hypothesis (Clark
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ot her hand, cont endsmatd altan qqu aog a,elran pe aegeta do fi ns
' inguistic abilities must fidanhghagachiceadeddg
cannot help | earners read text in a second | a
knowl edg8&8Oex pl &i0%s of the varianteé&i KamRl rea@b
Bosser;£artedol, 1991). Thus, |l i mMESedatLBAekadowl e
ability tU®kiullestheir L

Wi thout referring t» téeéaeadehsractierhstcost e
not meaningful to claim that one hypothesis i
explains L2 reading and the transfer of L1 to
Il nt erdependeinsc emdirye ost theecse sss f u | in explaining t
whose L1 |iteracy is stild emerging, though i
may confound the L2 reading(¥Kadiaan®® g&nelrailne
is that the extent to which the L1 is similar
transfer of readingLlkatmhad £L,2 Tthe marse egi mitl ars
occur .
4.2.2 English Instruction and Assessment in East Aen Countries

Al t hough communicative | anguage teaching (
1985b) has been advocated for many years, the
as China, Japan, and Kor eaeaerst ert e dtlr agm selraantd iryo n
met hod (Liu & Littlewood, 1997) . Deqopioost ed as
notes and seldom ask questions or participate in discug§lans t az zi & s)19909; 1996;
Rao, 2001). Teachers are regards the ultimate authority, and knowledge is transmitted by the

teacher rather than discovered by the learner. Moreover, instruction focuses primarily on



vocabul ary and grammar . I n general, East Asi a
memoriation (Rao, 2001). For example, in a study by Hu (2001, cited in Zhong 2006), many
Chinese students memorized all the words in the vocabulary handbook in order to prepare for
English exams; a few even tried to memorize words in a Chikegéish Dictionary

The teaching and learning of English in East Asian countries is also intensively test
oriented. The Chinese civil service exam, which started around the year 606 and officially ended
in 1905, has exerted a great influence, too, on neigldgpoaantries such as Korea, Japan, and
Vietnam (Suen & Yu, 2006).The current practice of English language assessthee¢ iBast
Asian countries, namel¥hina, Korea, and Japan is briefly introduced as follows.

In China, English is a compulsory subjecthe national college entrance examination
for all types of universities and colleges. At most universities, stulaméstoshow good
performance on the College English Test (CET) in order to receive their academic degrees. The
national graduate schbentrance examination also requires an assessment of English ability.
Apart from English as an academic requirement, English skills are tested for all those seeking
employment or promotion in governmental, educational, scientific research, medicalafinanc
business, and other governmsnpported institutions (He, 2001). According to Cheng (2008),
excelling in English tests in China is the key to success in Chinese society. Therefore, many
English learners in China learn English not for using the lagegbat for passing the tests to
foster their success in Chinese society.

The role of English tests is similar in Korea. Secondary school students invest
tremendous amounts of time preparing for English tests in order to gain admittance to
universities. Even after graduation, a student seeking employment may still need to submit

his/her Test of English for International Communication (TOEIC) score report to companies as



part of the application process. Choi (2008) cautioned that a large nuntbeglish learners in
Korea are under great pressure to perform well on English tests and that the whole education
system as it pertains to teaching English puts a great emphasis on test preparation. As a result,
many Korean ESL learners are experiencadkang English tests, but may not be proficient

with English language skills.

Englishlanguage tests are of great importance in Japan as well. Entrance into universities
in Japan has been described as a hierarchical system of exam halls (Cutts, d@920P83;
Yoneyama, 1999). For instance, in January 2006, 492,586 students, 40% of the high school
graduates that year, took the English test given by the National Center for University Entrance
Examination in Japan, as 60% of the universities in Jappireel a student to pass this English
test for admission (Sasaki, 2008). The standardized English tests have propelled English learning
in Japan but havalsobrought negative effects.

To summarize, tests play an important role in English teaching amihigan East Asian
countries (Ross, 2008). It is expected that the particular educational atakilegtexperiences
of ESL learners in East Asian countries and also their native languages may make them distinct
from learners with a Romance language lgacknd regarding reading skills. A grounded theory
study was thus conducted to explore the differences based oratbutkverbal reports from

ESL learners in both groups.

4.3 Methods
4.3.1 Sampling andParticipants
To i mpl emend ttheorgy oaumpreoach t o generating

t he data col l-eelcaued pvricat o choeh strhdxnrkd eege t bpm&@nt st
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di ssewe¢ adeeix@maani ned. Further, the daltqpudnéoeosspp
froddiati onal participants. The general oriente
collect s, codes and analyzes his data and dec
t hem, in order to develop his tphdepo.r yDaatsa i t em
collection ceased when saturation had been ac

emerging.

As the overall research question was to co
Romance ESL | earners, thegsee¢ etdwo ngridieps nwernale
Participants were maStndtye rleictrairidacey Gauwmcitlhei M
Pennsylvania,2ag&Lfcbmsa Leavehe I ntensive Eng
(IECP) at the Pesmnsylvani apsthteoWlUBf|vdata wer
participants, namlay,i ®lcerda, Clhe kna,, HBwa,, Sali,na,
some initial data analyses, | found that more
were col lyaote®éeiromnd Ming in June 2010. Howe

was excluded duabt dnhlgAfsiagh wasesadilsg excluded

was Persian. Furthermore, Mi ng was edcteded f
usabl e verbal repor tL§.arTo csiupnanmatrsi zwee,r ed aetxaa nfi rnoe
generating hypotheses. The participgandtsd demo:

One i mportant f aEnlriesmtdsn g dalel bCiepgeatrash que
focused on comparing the two EBn@luipaldi ngadibngi
was controlled for. A background information
scores from the TOEFRMdwer eD)c o |Hoemetveed , ( 4 eees sA g ph

participants had taken the TOEFL, and thus th
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criterion. Another source @faritmdopaemafitasomanae o
the MELAB readinng hte¢ dthdaaskcu s edty. Ehghosdh as
reading ability waasl owd & dtei giotay, otf hd hreumbe m ke
correctly could be EHr@gldiemalsi ag iab delvcadl yuoartTi boeni tohf
Englriesldi ng ability was also used. A final app
includiTOgEFLhecobr espgrifforamanced hen rEmgl MEbDAB t ¢
| earning backgrewaldsgt iacmds .t hAd ei ts ewdmsa tcdt tpheas
individual basis, partici pantEsngweaesddigm g ugpleidl iit

based on t heiars osvheorwa Lilnp rTaafbil lee s ,

Tabd. el
Participantsd Background I nformation
Langu Readi rName Gend Native Native
group abil it | angua(country
East Hi gh Ted M Chines(Chi na
Asi an Yao F Chines(Chi na
Chi k F JapanetJapan
Low Fei F Chines(Chi na
Hon M Korean Kor ea
Jin M Chines(Chi na
Roman Hi gh Kati F Portsueg!Brazi l
Dor aF French Morocco
Low LeonM Spani slICol ombi
Eva F Spani slSpain

4. a2 a Collection

The data used to generateahygppdttiiesbal weepo
described i ncdchmawprtreentd3.amBbdtheudoapecvi veeshiwel
in order to collect as much information as po

during the @dmauwr serstsi tomisnk Howeveral odwd i ng t h
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sesi ons, |l did ask some clarification questi ol
participants about their Englakshgl exgeagenices
ot her relevant experiencesd bheeduesttberspwet
background i nformation and their observed rea
English in your home country@hhoianed mMAaedi ygout é:
Why ? o

4.3.3 Data Analysis

A constant comparisomethod of data analysis was usedthe grounded theory study
This method involves comparing incidents or events in the data to develop categories. As
recommended by Glaser (1978), this approach includes looking for key issues, recurrent events,
or actvities in the data that become categories of focus and then writing about the categories. As
a result of the @natrix construction exercises reported in Chapter 3, major categories of reading
subskillswere established based on the previous literaturéhenithinkaloud verbal reports. As
the categories had already been establishegyrésentata analysis focused on patterns and
relationships between the existing categories to explore the differences between East Asian and
Romance ESL learners in termmisthe subskills of reading.

First, the trandcdedimpt puweroseomars t o i dent.i
understand processes. The que sWhatohappenirgaae? gui d
How did he/she get this iternight or wrong? How arthereading processes related to his/her
native |l anguage?0 | added brief comments in t
Evahadsaidi| knewbhegecause itos very similar in my |

| commented that the participant had Aused co



y M

Second, |l reviewed the portions of the tra
in a more general way i n or detri ctiopaunntd ehrasdt asnhdo w
answering the questions. For instance, one sa
reliance on her native | anguage (Spanish) for

| wrote additi onalonmoemmesn ttso,geard ralwi tthhe el ev a
transcript were cut and pasted into an Excel

Third, constant comparisons were made with

For nshteancrea,icy ar i( P adibng h() Ohe rnee sceo)nspeaer e df ttohei r
di fferent native | anguages might have caused
and processes. The transcripts by Jionse€hirnetg
was any commonality, as they both belonged to

(Chinese) and Ted (Chinese) were compared to

di fferences in their eveéehal stBdygl psbceedddnagl

journals in order to capture, define, and sum
commonal i ties among the participants.
Finally, |1 reviewed the memos andor éeheaet ed
research question, and generated the hypothes
repeated iteratively until I was confident ab

4 Rlesul ts
4. 4. Participant Profiles
Qual i tuadtiiewse Ilsatr gely rely on richness of inf

each participant is crucial to understanding
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hi s/ her native | anguage and educati omalh exXper
the pargricfiiplacns .s 6

East AsiLeweHi @GGkduwas a cat esotlbdiennets emaj or i ng

education. He had been in the US for al most t
in total. He thougfmitehy sgkcod!l ®d stHe riead i mgc aviaw e (
TOEFL three years previously; however, he tho
ability, because he had spent only one month

t he periuopd tloe apdrienpgar i ng for the GRE instead. E
preparation classes in Beijimdroamnd weesadvergy te
observed that #Athe difficulty |l evel otof the M
TOEFL has many itemELAlBBat nhgykagkas specnfec. de

Yawas a female. Chim@lebeeat udenhe US for 22
her husband who was a doctoral student. She h
university in China and had studied English f
before and achieved a score of 85, higher tha
i ntgor aadpurad gger a m. However, she nsgtiabli Itihtoyu gwhats hoenrl
She seemed to bEngluiessk sf,aminldi athewiftiim st quest.
the MELAB test was AWhat is the |l evel of this
Test (CET) levehhag Rxpardiemgetsestshe saild Al p
spent about one year 1eé& ilt imrga cTtOEddd walrld st lreer eg
tests, inclbwudkierdg otnlkees .p a&theer most practiced part

Chi ka waseaelJhemale takingthS$Slk dlidesaxc ywiCto

She had been in the US for three years, accom
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researcher. She had a bachel ords degree i n so:
studied English for 13 years, 10 years in Jap
reading ability was good. She had no intentio
pl anning to -takguagng EmMm@fli cihencey atte stthse ihn gthh e
order to prepare for the coll ege entrance exa
very famili&®howicehrmaldi ngl ¢ est s.

East AsLemelLo®Bropuwas a male Chinese studen:
Leevk cl ass. He Sifaodr bteherne ei ny etahres LtAnd had a bach
from a university in China. He was planning t
good enough TOEFL score to do spor.evHeo uhsa dt htraekee
but his highest score of 65 was | ower than th
was fivery experienchkadi ové t hed dikmggt ensitt i @l &nd t
just |l i ke TOEFL. OO0 Heydards ,stardd etdh &Ewnghti sthi § oEn ¢
was basic. He said he never enjoyed reading i
prepare for the test.

Fewas a Chinese f emailtehe SMiladi e ESL eclaxdzys € ur
hadnbeae the US for 20 months accompanying her
had stlae@&nmem!| t ®h si nckYrsaee wasnd nhadeabbachel or
phil osophy from Shenwaerslidryniimg Ctb@ hapgadnyd f or
devoted herself to preparing for the TOEFL du
preparing for TOEFL for the past year, 0 she s;
sufficient. She seemed itmg bEOERL ttee swto,r ra red talbc

English reading ability was between basic and
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He had

had a

musi c.

wa s vV e

yn

was a mal e Koreanwistt hel éMitadt tea LiingrRBSly o
been in the US for one year, almaviHeg co
bachel ordéds degree in biochemistry from
He had studied English for 13 years an

ry critical of Enagdherhs edmulcyatfi omnu s end Koormr

grammar and sentences instead of providing tr

abando
St at e

taking

ned all the old ways of | earning Englis
Literacy QCownaaitle,d as ahldd ntgr EEInyglapmh st or i

the TOEFL.

RomanceLeahiglh Kabua.was a Brazilian female t

Mi -8t at

e Literacy Council. She was a nadbrve sp

fevyears and seven months. She had earned a m

an Ame
profes
to tak
websit

Dor
was a
school
and te
85. Sh

school

rican university the year before, and n
sor. She thought her Engl i shharde pdiemp@arwea
e the TOEFL five years earlier, she sai.
e to |l ook at what the test | ooked I|ike.
a was a female ESL st2uddmtssat t-grmodnh 8Vip rtolc
native speaker of French and could al so
and had been in the US for one year to
chnol ogy. She had t alkenand ehadEdHt diwroe dn
e consirdeacdkidn d eab iElnigtly stho be very good.

for three years and then for one year

mul t-dlpdiece readiifmigt e sttlse Mbreermuls esyst em. For r
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guestions and you wi |l have to write and resp
TOEFL, she answered, fil practiced a |ittle bi

RomanceLelvoew Bvauwas a femaheéi ESLiLeéervEdEGP a
class. She had been in the US for ydharee month
academic visit. She had a master 6s degree in
Spain. She had grown um,bislpiemagualg botBaiSpahnors
al so spoke French and eaa®@medtil seh |ftarl i & ns h drhte vt
mi ddl e school, for four months at an American

and fort harecet mornt hs at the | ECP. Regarding her

she said, fAl used English in c¢class, and | al s
exchange | anguage. | think itods ihret eraeds tsitrugdite
English at the American school mainly because
her English reading ability was good.

Leon was a male stude2ntclaastse,nda nnga ttihvee | sEpCePs
from Col ombsita.f ithei shhaedd jhui gh school, and he had
an exchange program. He had plans to become a

that he had not done many reading exercises:

dif frent kind of reading test.é | didnoét focus
cultureé. I n my English class in Colombia, vyo
focusing on conversation, rolcd iplsays.ouYotur yc ano
general ideas, some details. In this process,

foll owing the grammar. o He moémanmed awomdttakeudgMt

Englrieasldi ng ability was basic.
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4. 4. 2i Exdhi Broup Differences

VocabuTlhaer ys.ki I I of vocabulary refers to rec
of specific words and phrases using phonol ogi
using contextual cleefsrodndlo@wed mwherkbma In gr & fheernt s
given a siowielBaarglliesxr@il ngfabi lity, members of 1t
| ower performance ofInhet hfeolslkoiwiln go fa rveo csaobnuel atryyp.i
phenomena ef dadard d kidn vtelr bal reports.

Evaneati ve Spanish speaker with relatively
referred to Spanish cognates or Latin roots,
recogni zing SEmegie sh twlhe dEngli sh word was very
equivalent. For igshabrCc@ausehetdHai deiily bBnowl ar
kind of rock. o Many other times, she was abl e
mor phyolangd Latin. For instaoopal ahm@ibtt®@snmfernndradL
Uarnmeamanrhi s is the wordhiormyhliRalgasadgyveearbyo ut m
similar i n SpmanSoc hl. due senairnhsi so svodvidl eneftaat ste & t
technical words dree agalseeya ycsomerfyr asmmidtairn. 0 Ev e
the strategy did not work all emladiemméat For e
Probabl y t RSasx oins waonr dAnogrl oGemumam@ar waed. &€vh was V
at resorting to her native | anguage for word
in the reading process.

Ted hChi nese male, was very troubled by some
3, despite the fact that his overall Engl i sh

constantly compl ained about the unknown words
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wasnot really sure. o | n conotfyraasfitir deo Hera mwatoi e
|l anguage, Ted had to rely on his memory: dMayl
before for GRE. Anyway, |l am not sure.o It se:q

from his memory nigndtheadneafni mm@gn dturrd smtgi t he r ead
ograwiasecritical to answering item 15, and th
Compared to Eva, who drew extensively from he
with wortdioaecofmpluigaldhng abil ity was higher t
Katia also occasionally encountered some u
relati £Eegyiemidgihg ability. For instance, item
wodmi npmeai nj u:t]smami dhemeamtt ext. She pronounc
when reading the passage, which made me suspe
if she knew the word, she saidsfil mpkes meetse
al so think i1 tds becausmi nint Dir miuigpeadlae even i
Portuguesnd, mbi tdisdndét know | had it in my mind
underline the words ia@stihe Passageesdatshaduc:
the words in the first two sentences. fCan |
that are similar in Portugueseo she said | aug
A differentthremse Was edotnhEthupdweestldi ng abi | it

also pronounced minute as [minit]. Therefore, during the retrospectivedlund activity, |

asked him what the word meant, and he said nf
different,minute absorption aélementsl t hi nk it coul d be kind of a
many or | ess. o0 |t seemedmituteraeantinitatparicadlas cl| uel es

context. Leon, th&paniskspeaking male with lodevel English reading ability, in fact,
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pronounced ta wordminuteasminimalwhen reading the passage. When asked how he
determined the worddébs meaning, he said, Al do
English. Sometimes | can find some Spanish words similar. For insteatiépnal is very

similar in English and Spanish. When you segditional, my mind istradicional. It happens,

itds processing in my mind, but | donét know.
to draw on in his Korean vocabulary, Leon did seem to benefit fremdtive language of

Spanish in recognizingnglish words.

The above discussion shows how the Romance
shared prefixes, suffixes, and word roots in
foll owing eaamploéfer shaw a Chinese speaker wa:
recognition due to her wunf BeilihHadeami tysQuwuidndenstieEn g
seemed to be very bothered by the pronunciat.
t htan kopuudot showed that Fei did not seemhéo reco

passage as Darwindés theory of evol WDtairgmn.n |, t

AHave you heard of this per son?uon cShde thhees intaamet

[ da: win]. She i mmediately reRaorgwmiimed, i shefi®dd
AWhen | read a foreignerod6s name, | just autom
This happens to me mameds.. Il juwssutalilgyn drie nfédr aiec

that she had difficulty pronouncing peopl ebs
names. fil never | earned spoken English, 0 she
year s, lemomy dmout mpt o speak at all when | f i

A similar cadédClwiarse ¢ d amalod. JMar,wmisrs pdoaowhn o

during -dlhceud.hilnkasked hiDmar (g mifintaivreg ytoou tehvee rw ohr
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persono fAMNave yyidlhemeard: wifn]t.h®e Ipeprsmmoymced t h
this tiDme wi fF@lah, Il know, al/l people are from
the name with the Darwin he knew. Dueedotdhe
conmneicet t heorytidmrwheaogpasshagey of evolution ev
theory very well. Jin admitted that i f he had

easier to understand,ipsaisoth ekdgaeew | d have dr awn

To summarize, this section described some
identified in the two groupso6 performance on
gi ven Bsnighiiegsaldi ng ability, the Rcompee egtowm ¢ ¢
vocabulary subskill than the East Asian group

Syntax.The skilofsynt ax refers to understanding sen
meaning using syntax, grammar , punctuati on, a
symt aahen under st andiuicdg utleet seat efioe compr ehen
is complex, for instance, inversion of subjec
connected by a subordinate conrjeufnecrteinocne;s .s ulbhjeu
aloud verbal reportBnglhiesad nghatbi §gi ve¢n asmiomigl &
| anguage and East Asian ESL student s, Engl i sh
foll owing are some tydiowanld ii malitchad ttghrientkac @lh e n

Tedhreal d nGlse studentreadihndi @i IENQYy.,i séaxpr es
had with some of the sentence structures. I n
dondt know, mamyd vadrsdo many | ong sentencese. I
attrd bwltawses behiGh mesuen sf. domariae ,BanitgHiteesatéil mg i v e

ability, also seemed to have difficulnty with
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sentence structure difficult, she said, AYeah

example she gave showed that she had difficul
Jin,themale Chinese student with Id#nglishreadingability, seemedo have difficulty

with prepositions and passivevasce He wr ongl y understood #Afar mc

in item 7, and thus picked the wronganswen passage 4, he could not

ATmeend ght be met. 0o WHembewuw tilte sereimpidnalhat he

t hméwas t he pasneepgdet not gedetdfat he found vocat

t han grammar, but he was confused by | ong sen
t he  pperrefseecntt tense and/ or in the passive VvVoOoicCe
grammar c¢class to Iimprove his TOEFL score.

Katia, the female P&mnilulrgesaddsiten dbipteyajkcetr svh dw ¢

report any sdinftfaixc u IDtoy awi ttthe natEinygérieltdeinncgh s pe

ability, noted that she had imSpamiodbh esnp e aak evir
| oBvnglriealdi ng ability, said AGrammar and sente
Eglish grammar is not really difficult, o but

tricky questions for us, because we have a | o

prepositions are very diffeamrmindhtimmalneoumreporetpe
feel OK with grammaro; however, |ike Jin, he
met with, o0 and thought fAmetodo meant Ameébwng o
Engl i sh r elaedonmn gdiadbsnoittoyyeééled by | ong and compl
Anot her distinctive feature was that East
syntax during reading,diwhinlog Remande ESlgagteud

anal ytidal tpricscebsandseFéermal er emaidtihn g oawb iBHnigtlyi
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showed a marked tendency to analyze grammar when reading, probably due to her intensive test
preparation and English | earning expsartadence.
€0 she explicitly pointed out the fApresent pe
hopedtmi ght beé, 0 she was vVver ymightmaahsyotyefthayl about
hope so, but it may not hathegammd, K siWWisaddn asked h
AGrammar i s Ok with me, i f read sl owly. o0 Sh
sentence, 0 because that was her habit and per
Hon,themal e Korean student gave a similar accc
Korea we just analyze the sentence when we read
now, because | really enjoy reading. I donot
commented that the word order of Korean is opposite to that of Englgheamad to read or
speak slowly becaus¥ this reversed word order.
To summarize, even though members of the Romance group were occasionally bothered
by English syntax, their East Asian counterparts seemed to be more challenged by it during the
reading pocess. Therefore, given similanglishreading ability, the Romance group seemed to
have better performance on syntax than did the East Asian group.
Extracting Explicit Information. When extracting explicit information, readers attempt
to match lexicabnd/or syntactic information in the question to the relevant part of the text, and
they may also identify or formulate a synonym or a paraphrase of the literal meaning of a word,
phrase, or sentence in the relevant part of the text. An overall pattern ghdvwe thinkaloud
verbal reports was that given similanglishreading ability East Asian students were better at

extracting explicit information than were the Romance students.
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One characteristic of Leonds ri@eespondigp pr oce
to the items. Even for explicitly stated information, he had to read the passage over and over
searching for the information necessary to respond to the items. The answer to item 11 was
exactly stated in the opening sentence of paragzaginch that aeadeiwho matched the
guestion to this sentence would obtain the correct answer. However, Leon spent about five
minutes reading the whole passage word for word in order to search for the information. He
actually read the sentence containing dimswer three times without realizing that was the
answer. He seemed to be very troubled by the Vemad fi T h lawa Tlewsayava. I donot
know this word. o I n contr a<€nglishréadingadlityeass peaker
si mi | ars, quickly picken thé correct answer to item 11. Immediately after reading the
item, he pointed to the sentence containing t
also said that he did not understandthe viavd, b ut t hat sistarwagd ofi k@mto wn &
just a word, some stuff .o

In these examples, neither Leon dorknew the wordava, but Jin did not seem to be
bothered at all. He simply matched the item to the answer. Leon might have needed more time to
process information due his less advanced English reading ability, but another possible reason
for requiring more time was his lack of experience in taking multhtEce reading tests. When
answering the first item, he askedIsorepgotsed quest
that he had not completed many multipl@ice reading exercises in the past. Jin, though, was
very experienced at taking tests: AYou know,
the answer appear s ffirstitemhl il go éoshs leegirmingoftioe i f it 6s
passage to search information. o | asked Jin h

learned it from the New Oriental TOEFL preparation class in Beijing.
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Fei, another Chinese student, was everemporposeful. As Fei worked on passage 1, she
only read the first paragraph and then proceeded to answer the questions. During the
retrospective thinkaloud session, lasked:Woul d you worry that not re
paragraph may influence your decisio ma ki hg ?@i dnét i nfl uence me f
Then for item 4, | thought it was influenced, because the question kept menporsag and |
didndot read about it. So | returned to paragr
that the answers to the first several items could usually be found at the beginning part of the
passage. By going back and forth frequently between the passage and the items, Fei was quite
successful at locating the necessary information.

Yao, another Chirse female, even started to work on the questions without reading the
passage at all. After reading item 2, which contained the lieprd|, Yao started to search for
i nformation i n pligwds a b dglid?6é8 LLeett finedd.&f eiguidds
outas somdava cool Oh,lavacool Oh, cdolher e 6 € So |cookrnglava choose
ltdéds there. 0 Even though she did not read the
liquid in the item stem she had been able to quickly finditite answer. However, she probably
did not understand the sentence at all, because she thoughtitheitalproductmeant

impetuswhile incidental productvas the key to understanding the question. During the

retrospective thinkaloud sessiorfaosaid fAThi s is similar to TOEFL.
doesndét need you to carefully understand the
sentences and then compare, and then | used |

Katia, the Portuguese speakeittvhigh English readingbility, managed to pick the
right answer for items requiring explicit information most of the time, but usually at very low

speed, and she seemed to be dtibm finding the right answer. For instance, the answer to item
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9 wasexplicitly stated in the passage, but Katia had to read the passage word for word from
beginning to end searching for the iAahdBr mati o
fit here, | dondédt know. o0 |t sgthepasdagetwittoat s he w
much awareness of the fact that it was a mulgbleice test. On the contrary, Jin, tGainese

male with much loweEnglishreading ability than Katia had, pointed at the right answer several
seconds after r egq the study askhgeestion aboutititeririéiveas 0s ¢ e

mainly matched the wordtervieweess it appeared in the item stem and in the sentence. It

seems that despite Katiads high Engli-sh readi
choice readingests, which may have resulted in her relatively lower performance in terms of
extracting explicit information for the items. Jin, however, was well trained in extracting explicit
information for multiplechoice reading tests, and thus he exasnmore effcient and

successful.

Tosummarizet hi s section described some of the t
evident in the two groupsodé performances on t h
indi cated t Eatglrgeisavdei nn dshabiiklaigtty AsSi an group seer
extracting explicit -l ahgumgei gnotutpawashe Ro0ma

Connecting and SynthesizingThe skill of connecting and synthesizing involves higher
level cognitive processes. Readers may integrate, relas@mmarize the information presented
in different sentences or parts of the text to generate meaning; they may understand the
relationships between sentences and the organization of the text by using cohesion and rhetorical
organization knowledge; aridey may recognize and evaluate the relative importance of

information in the text by distinguishing major ideas from supporting details.
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Hon, the male Korean ESL student, struggled with many of the items. He felt that
passage 1 was NAeomfpusiomgo pamditdlealt wiem e #Adi str
most cases seemed to be due to his lack of English vocabulary. For instance, item 2 required
understanding the explicit information within a single sentence. As long as he could find the
sentence cdaining the answer, he should have been able to pick the right answer by matching.
Unfortunately, he did not understand five words in that single sentencessist,device,
perceive minute andextract.As a result, it took him a long time to chodbe right answer for
item 2, which was in fact an easy item. Yet, item 3, which asked about the central idea of the
passage, seemed to be fairly easy for him. Wh
(pointing to the correct answer) isthe bigpicte . Thi s one expl ains ever
although bothered by particular words at the individual sentence level, he was still able to grasp
the main idea of the passage based on scattered pieces of information.

The same phenomenon was also olesgwith Jinthe Chinese male with lovnglish
reading ability. He was not able to answer item 6, for which it was necessary to understand the
word diligence He spent quite a while and then wrongly thowtjiigjencemeantrich. He was
also troubled byitm 7 mai nly because he was confused by
However, he efficiently found the answer to item 8, for which it was necessary to synthesize
information from different parts of the passage in order to grasp its overall theme. Aftagreadi
the four options, he found that he did not understand some of the words in the options. Still, after
working on items 9 and 10, he returned to item 8 and quickly selected the correct answer. When
asked, he said that T hgeaphfsayraotaboptavivad Ighinkthen an d
overall passage should be absutvival It coul dndét be somet hing el

aboutselectionand survival 6 Al t hough Jin seemed to be bl ock
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insufficient syntax knaeledge, his ability to understand information at different places in the
passage helped him understand its overall idea.

Dora, thefemale French speaker with hitgvel English reading ability, however,
reported that she found item 8 challenging. Seemingt r oubl ed by the phrase
passage, 0 she stated that AThey say according
explicitly specified in the passage. 0 Constra
explicitly stated informatioand thus picked a wrong answer. It seems that Dora was not very

familiar with the idea of items asking about implicit information embedded in different places in

the text. When asked about this point, she st
multiple-c hoi ce questions for reading tests. I n the
for example, they will ask the question, and
kind of test at all . 0 Haboaice leaiogexecwites appearedta e n c e

contribute to her failure to pick the right answer to item 8.
Differences were also apparent in the speed with which the participants read and
responded to the items. Both Leon and Katia picked the right answer f@,itemonly after an
extended period spent reading and hesitating. Katia probably had the highest ieadiish
ability among her peersinthethwakl oud acti vity, but she consi de
di f fi cul taloud activityewas nbtitimekso that Leon and Katia could take the time
reading the passages word by word repeatedly; however, it is unknown whether these two
participants would have been able to pickrigat answer to this item had the test been timed as
it actually is.
Yao, theChinese female, showednsiderablexpertise in using logical relations to find

answesto items thatrequired global understanding of the te®he appeared very purposeful,
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targeting her efforts at picking the right answers rather than comprehendpastage. She
focused on reading the items and then briefly explored the passage to find the required
information. Shalsofrequently skipped chunks of the passage and always read back and forth
between the passage and the itehe stem oftem 15includedthe wordinfer. She washus
aware that the answer to this item involved an overall understanding oxthetéi For t hi s it
need to summarize. It is not easy to findsibw cooling, slow cooling, slow coolinghere did |
seeit? ltshoudbeabaa t he whol e text. o Then she noticed
may form a ramificat i o Bramificdti@hhbecauseamificdtibnise | i mi n a
associated witlquick,soBs houl d be wr ong. 0 withhighdengsityittei nued t o
same | ava may <cool nCdighedengitys alsdkwrong, liecatis®hkigh o pt i on
densityi s al so rel at eocdhteo fguiad k ycpolcikreglé t he ri ght
understand the sentencepist used logic to figure outtherdlabn s hi p b e@verallen t hen
Yaowas very good at analyzing the relationships between sentences and synthesizing
information from different places in the tegindshe seemed to rely @his abilityto compensate
for her deficit in linguistic skills.

Leon,themale Spanistspeaker, seemed to be quite challenged by item 15, which
required integrating information from different parts of the passage. He started to read the
options one by one, and then went back to look for the keyeamiing After readng the
passage from beginning to end, he read the options again. Four minutes into this second reading,
he was still unable to pick the right answer. It seemed that the information was too
overwhelming for him, and he was not able to successfully managerganize it. Furthermore,
he seemed to be quite troubl dada They are teahnicaln k n o wn

wor ds. Il know this is research publication, b



Py

Jin, the Chinese male with similar Hish reading ability to Leon, though, did not seem to be
troubled by the fact that he did not know the wiandh. It appeared thalinwas used to reading
in English with many unknown words and had found ways to circumvent difficult words by
drawing on otler skills.

In conclusion, given similar overall Englisading ability, members of the East Asian
group showed better performance with connecting and synthesizing information compared to
members of th&omance group.

Interactions between Observed Group [ferences and OverallEnglish Reading
Ability. The observed differences between the two language groups remained constant
regardl ess of t he gdading ability. 5a¥ instaecs, pedsdussedenthEn g | i s
previous section, both Io¥evel ard highlevel East Asian readers appeared at a disadvantage in
vocabulary and syntax compared to their Romance peers. Ted, tHeveglhinese male, who
was adoctoralstudent in the US, was still troubled by some English syntax despite his very high
Endish reading ability. Yet, Leon, whose overBihglishreadingability was much lower than
Tedbs, benefited from his nati veyntbxaKatg,tha ge Spa
Brazilian femalestudent seemed to be slow and effortful in respaogdio items that required
extracting explicit information, even though
university and had very high Engliskading ability. However, Jin, the Chinese male with low
Englishreading ability, seemed to be very eiéint and accurate in searching for and locating
information probably due to the training he had received on taking medtigliee reading tests.

To summarize, the observed differences between the two language groups held for
students of varying Englisteadingability. In other words, the exhibited group differences were

not dependent o neEndlidghreadisgahbildye nt sé6 over all
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4.5. PostLiterature Review Analysis

Based on the thinkloud verbal reports from 10 EStudentssix with Eat Asian
language backgrounds, and four with Romance language backgrounds, hypotheses were
generated regarding the differences between them on the subskills of reading as represented in
the MELAB reading test. The specific hypotheses developed are asso@) Given the same
Englishreading ability, East Asian ESearnersdo not perform as well as Romance ESL
learners on linguistic skills, such as vocabulary and syntax au@ien the samg&nglish
reading ability, East Asian ESearnergerform beter than Romance ESL learners on
comprehensioskills, such as extracting explicit informaticand connecting and synthesizing
information.These hypotheses are further justified in reference to related literature in the
following section.
4.5.1. Transferof Linguistic Skills from L1 to L2

The transfer of |inguistic skills | argely
Due to major differences between the first languages of East Asian students (i.e., Chinese,
Korean, and Japanese) and the BBhghnguage, the transfer of L1 linguistic skills to the study
of L2 (.i.e., Englishjs moredifficult compared to Romandanguage speaking ESL students.

Regarding word recognition in reading, a certain writing system may lead to a different
print-processing experience, and thus learners whose first languages have writing systems that
are drastically different from the English writing system may have a disadvantage in English
word recognition (Koda, 2005). For example, English and Spanish are alplsyisetims, and
each letter represents a phoneme. However, each symbol maps into a morpheme in logographic
systems, such as Chinese characters and Japanese Kanji. Native Chinese speakers may rely more

on orthographic cues than phonological cues (Grabe, 2608ada & Koda, 2010). Thus,



Chinese students may encounter difficulty in Englisird recognition due to insufficient
phonological awareness. This corresponds with the observations obtained during thaéotidnk
protocols, in which Chinese students Jid &eidid not recognize the personal nabDerwin.
Japanese readers of ESL were also found to be less sensitive to phonological information in
processing English words than those with an alphabetic L1 background (Brown & Haynes, 1985;
Koda, 1990). AlthougtKorean Hangul is also alphabetic, it constitutes basic graphic elements
for forming words as it requires assembling individual symbols into syllable blocks (Taylor &
Taylor, 1995). In addition, Korean orthography has been found to be a cause for the relati
importance of morphological processing for Korean students (Cho & McBid@g, 2005a,
2005b).To summarize, the different writing systems of H&&rner nat i ve | anguages
influence theiEnglishword recognition to different extents (Akamatsu999Biederman &
Tsao, 1979; Perfetti & Zhang, 1991; Tzeng & Wang, 1983), and East Asian students are at a
disadvantage compared to those with Romance language backgrounds in this regard.

In the case of sentence processing, though sentence processingismesiaae likely to
be universal (Inoue & Fodor, 1995), different languages may still have some specific features in
this regard. When the sentence processing in L1 matches that in L2, the learning of L2 is
facilitated, and vice versa. For instance, Efgiad Spanish have a headial structure for
relative clauses and adverbial clauses, whereas Japanese ha$imahstidcture. Flynn and
Espinal (1985p. 99 compared the different sentence structures in English, Spanish, and
Japanese as follows:

English: The child [who is eating rice] is crying.

Spanish: El nino [que come arroz] llora.

fiThe child who eats rice criesbo



Japanese: [Go hamtabetearu] ko-ga] naiteimasu
ARi ce eating is child crying isbo

In Japanese, thearsing decisions remain tentative until the final word of the sentence is
processed; however, in English and Spanish, the parser makes some early commitment about its
structural interpretation (Mazuka & Itoh, 1995). It is not surprising to find, theretftoat
Japanese learners of English nspgnd more time on sentence processing than speakers of
Spanish do. Korean also is a hdexhl language with the predominantly Subje&abject Verb
(SOV) word order, which makes it difficult for Korean ERlarnergo process English
sentences. In the thirddoud activity, Korean student Hon explicitly reported that the reversed
word order in English made his processing speed slow.

Chinese has the same Subij&trbi Object (SVO) word order as English. Though word
order is the most important cue in sentence processing in English (Bates, Devescovi, &

D6 AmMi co, 1999), whereas in Chineseb@ t)hhe most
followed by noun animacy, word order, object mat@( ), and indefinite markey & ) (Li,

Bates & Macwhinney, 1993). Therefore, comprehension of English relies heavily on word

order, but comprehension of Chinese depends to a muclergeaétnt on context and semantics.

In other words, Chinese syntax focuses on meaning, and sentence structure is usually loose;
therefore, Chinese ESL learners are challenged by many grammatical features that only exist in
English. For example, Cheng (1998und that some college students in Taiwan had significant
difficulty in English reading due to confusion caused by the frequent use of prepositions and
relative clauses. This agrees with my observation in the-ddmkd activity, especially my
observabns of Chinese males Ted and Jin. Huang (2009) also noticed that Chinese students

were especially troubled by long sentences with complicated structures, such that they had to



analyze the grammar carefully in order to aid comprehension. This echoesenyatibas of

Feiwho explicitly commented on the grammatical features of the sentences during reading. In
addition, Hon, the Korean male student, frequ
was reading, and he did not like that.

Juffs (1998) coducted an experimental study to investigate the differences between the
performances of Romant¢anguage speakefSpanish, Italian, Frangohones, and Portugugse
and East Asialanguage speakers (Chinese, Korean, and Japanese) in terms of the acduracy an
speed with which they processed sentences containing verbs that are temporarily ambiguous in
interpretation between a main verb and a reduced relative clause. He concluded that the
typological relationship between English and Romance afforded the Roseeeng learners
an advantage. Moreover, the similarity in accuracy between the Chinese and Japanese/Korean
groups suggestithat the headinal construction of relative clauses in these three languages put
native speakers of them at a relative disacaganin reading English.

To summarize, the reading literature supports the findings of the grounded theory study
that given the same overalhglishreading ability, East Asian ESkearnersas compared with
Romancdanguage ESL learners showed disadvargta@génguistic skills such as vocabulary
and syntax. This constitutes important evidence in support of the validity of the results of the
grounded theory study.
4.5.2CompensatoryNature of Reading

The thinkaloud protocols showed that givéie same overaEnglishreading ability,

East Asian ESllearnershad advantages in comprehension skills such as extracting explicit
information and connecting and synthesizing. It seems that East Aside&8érshad to rely

more on their comprehensigskills and testaking skills to compensate for linguistic deficiency.



This observed compensation is aligned with the prevailing reading theories. Stanovich
(1980, 1986) proposed a compensaiotgractive model of reading. A major claim of the model
is that fAa deficit in any particular process w
source, regardless of their Il evel in the proc
poor wordrecognition skills may actually be prone to rety contextual factors because these
provide additional sources of information. This point is in accord with my observations of the
think-aloud protocols with the East Asian EStudentsFor instance, whe¥ao, the female
Chinese student, encountered diffty with the words and syntax of a passage, she habitually
resorted to logical analysis in order to obtain a general idea of the text.

Other researchers have also discussed the compensatory nature of reading. Coady (1979)
hypothesized that secofahgua@g reading consisted of three interactive elements: conceptual
abilities, background knowledge, and processi
in one area can be overcome by strength in an
conmpensatory model of secof@hguage reading, according to which 20% of the variance of L2
reading is explained by L1 literacy, 30% is explained by L2 language knowledge, and 50% is
explained by other elements. Bernhardt (2011) believed that her model reflecSt anovi chdé s
interactvec o mpensatory model in that dAwhere knowl ed
simultaneously to pattern synthesis and where a kaved deficit may result in a greater
contribution from highet e v e | knowl edg e, 1980,p.rZc la additiof, St anovi ch
Wal czykds (1995, -en2odifiginpdel@rguaptiancenspensatory strategies are
continuously used to counter inefficiencies and skill weaknesses during reading.

Some empirical studies have found evidence for congpernsreading processes. For

instance, Stevenson, Schoonen, and Glopper (2007) found that readers compensate for language



difficulties by treating them with greater attention but without detracting from the global reading
process. Similarly, it was found the thinkaloud protocols that some East Asian students
explicitly analyzed the grammar, probably because they found this aspect difficult. Matthews
(1990) also discussed the compensatory phenomenon in reading. For instance, reading items
requiring undestanding a large stretch of text might be easier for poor readers. Even though a
student might not understand one or several words in a sentence, he/she can still resort to other
parts of the text for information. As a result of this compensation, a eader might be more
likely to correctly answer a global item than one requiring only local information. The think
aloud protocol has shown that Jin and Hon correctly answered the main idea question despite
their lack of sufficient vocabulary. It seems ttfay tried to maximize the chances of success by
relying on all the other available information to compensate for their linguistic disadvantages.
East Asian ESllearnersseemed to greatly rely on their expertise in comprehension skills
and testtaking skils acquired from tesbriented learning and intensive test preparation
exercisesA Romance ESL student may have spent a few days acquainting/hersaffwith
an English testwvhereasan East Asian ESL student may have invested several years preparing
for it. The long time exposure to multipbhoice tests and also the intensive test preparation have
trained the East Asian students to be more adept at locating information for rakibpte
items. For instance, in the thhaltoud activity East Asiagudentswvere aware of the potential
position of the sentence that might yield answers to the questions. Instead of following the flow
of the passage and the order of the items, they jumped between the passage and the items, using
their reasoning ability teynthesize and connect ideas from different p&aeprocess that

helped them to select the right answers.



To summarize, it seems that East Asian studgragvedhigher performance in
comprehension skills in order to offset their disadvantages in vargland syntax, so that they
could achieve the same reading performance with their Romance counténpgetseral, the

findings of the grounded theory study make sense given the compensatory nature of reading.

4.6 Discussion

In this study, data were Ibected via thinkaloud protocols from ESL students with an
East Asian language background and ESL students with a Romance language background, and
were analyzed using a grounded theory approach, i.e., constant contrastive comparison. The
outcomes of thistage were explicit hypotheses regarding how East Asianda®hersand
Romance ESlearneranay differ in terms of reading subskills.

External audits were consistently conducted during the study to safeguard its quality. Dr.
Dorothy Evensen, Professdridigher Education, is an expert on grounded theory methods and
an active reading researcher. She offered considerable guidance and advice on methodology
issues related to ihstudy Specifically, she guided and audited some of the coding procedures.
Forinstance, | demonstrated the coding procedure with sample transcripts for Dr. Evensen to
critique. Parts of the memo and narration were also provided to her for review as an element of
the final project in her qualitative methods class. Dr. Kldsuen, Dstinguished Professor of
Educational Psychology and a measurement expert, and Dr. Bonnie Meyer, Professor of
Educational Psychology and an expert in reading comprehension, also audited my initial coding
for the reading model and hypotheses generation.aReing was consistently conducted with
Julieta Fernandez and Aziz Yuldashev, both advanced graduate students in applied linguistics

with rich ESL teaching experience who were also4tvaihed in qualitative methodology. They



each examined the data @ution and analysis procedures.

Furthermore, the generated hypotheses were validated against the reading literature. A
more extensive positerature review analysis was conducted to validate the hypotheses, and the
i mportant quest i ok e Doe nt shee? th yipanssticastsshestthven Cr 0 s s
shown that East Asian ESéarneranay have disadvantages with linguistic skills due to the fact
that their native languages are very different from English. This agrees with the observation that
East Asan studentseemed to be more challenged than were the Ronlangeagestudentdy
vocabulary and syntax during the thialoud activity. The compensatenyteractive model of
reading (Stanovich, 1980) argues that readers try to use other resourcapeosate for their
low proficiency with a particular process. This is in alignment with the phenomena that East
Asian ESLlearnergelied more on their comprehension skills and-taking skills to offset their
relatively deficient linguistic skills in dler to achieve the same overall reagdegformances
their Romancéanguage counterparts. Overall, the generated hypotheses appeared sensible,

workable, and trustworthy.
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5.1tlerature Review
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is controlled for. Although DSF employs stati:
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skills included only those skills independent
thippraach is problematic in that the matching
number of skills is wusually smal/l compared to
are involved in a test, to rcoganpialrle Wd,i fdxeaminmn e e

mat ched on skills 2, 3, and 4. Then, for s kil
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In light of these considerations, the hypotheses generated in Chapter 4 were tested via the
application of thdogistic regression approach as a DSF tool. The internal matching variable
used was the total score on the MELAB, and no purification process was emfildyed. s peci f i «
hypot heses related to DSF are as foll ows:

T Hypothesis 1: TheradbuillardIF ffaowror g knigl It hke (Rwaon
T Hypothesdsiihere is2(Bymtfaxr dlaivlolri ng t he Roman
1T Hypothedihere i s3(B&Er rfacrt iqlgi lelxpl icit inforn

Asian group.

T Hypot hesis 4: T&h(ecroen niesc tDSFg faonrd sskyinftlhesi zi n

Asian group.

I n addition, the fleintad readtewreesa enaase | sehrdsrem ttehr a tr
armea Ils e u d(eoganh & Johnston, 2009, thowegmmder dridlfaetre ntce st he
Sshhskills of reading is not <cl eawarmsdtn atbtireirb uto
to gendetrPded pwocedure was .cdmdudtee dtilres tt hsitsa g
total asandreeew as the i nterbnaln matec lsierc® nwWa rsit aly

the togehdecowas entered as the external matec

5.Met hods
5. Dalt a Sources
The data used Bowethet DPEFoahabwes of the cc
cali bratrobedsi de€hapter 3. Specifically, of
dagseat a total of 669 had a native | anguage bacl

Romance | anguages. Table 5.1 shows the distri:/



examees. Bg&wsdmiwmees had an East Aslidain | angua:
examinees had a Romance | anguage background.
Ta b5l .el

Sample Size acr®ss Language Group

Group Native | ar

©|3
©
(]
n

East As52zChinese
Kor ean
Japanese

Romanced47)( Spani sh
Romani an
Portuguese
French
I talian

NEFEDNWNNOOBRWD
NP, ~NOIO P~ D

Table 5.2 shows the sample size of gender
239 East Asian mal es, 2843 abhagmta lgesi, a ma nfde M| KRko,m
| anguage f-geqaadaes. adshiwat tthmatt ¢ hter e was no si
bet ween gender @Ewd2naB8bpy6dhadgdage
T a b5l .e2

Sample Size (Gender by Language Group)

Language

East /RomanTot a

Gend Mal e 239 57 296
Femal 283 90 373

Tot a 522 147 669

The continuous outcomes of the Fusion Mode
examinees were a posterior probability of mas
Rosss, Di Bel | occuocét &8PM ¢C290@hs omased ©Oo reach

masteuy fsermteach ekamlipmastear, elafohPPM < 0.5, m &
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0.5. Table 5.3 shows the descriptive statisti

two groups. MIH@eravédreaqR@emRMce group was gener a

Asian group across all skills. The percentage
as toéfcpoint. Similarly, more exami nestserisn t
of each of the skills.

Ta b5l .e3

Descriptive Statistics of the PPM

Group Skills Mean of SD of Percentage
PPM PPM of masters
East /£Skil{VYocabul 0. 2614 0.320 20. 1%
(N522 Ski2( yntax)0.310 0.347 27. 4%
Skill 3 (ExO0. 363 0.399 35. 2%
explicit i
Skd4{( Connect 0. 347 0.369 32.2%
synt hesi zi
RomancSkil{ Vocabul 0. 377 0.356 35. 9%
(N 4) 1Ski2{( yntax) 0. 373 0.359 33.1%
SKkiB3{( Extract 0. 447 0.%0 45. 5%

explicit i
Skd4{( Connect 0. 396 0.401 37. 9%
synt hesi zi

For more details, please see Appendix J, w
skill across gender by | anguage group, descr.i
geed by | angusaagep ltgartrosu po,f atnhde di st ri buti on of F
|l anguage groups.

5. DSF Procedure

I n this study, the |l ogistic regressiTlea pr o

pur posaewesient ot hev d avmggnmgeps di ffered in terms

of suwddeésdg he s ubwhken Icsonodfi triecandeéimigdoirealdihegr abv e
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Al s o, asprdevsicolussslideyd)t a l score was used as the I
pouification. The following describes the vari

As shown in Table 5.4, the dependent vari al
skil |l and was coded 1 i f the exyanifneehawa ss ke gl tl
coded O otherwise. The observed tchtoadlensacr ¢ he
internal ma,t cshoi ntghEantg hoevsehiliael d abi | i t.y Twwaes contr

| anguage group variablenddsrORDoanNnEast aAgiuamge
was clodbed f 6fmarl emal es.
Ta b5l .ed

Vari abl e Names and Coding

Vari abVari abl e meaning Coding

MASTERMastery stldtVosabatli f maisft emaant er

MASTERMastery slti2dtSysatfacxrli f maisft emayant er

MASTEsRMaster st3dtExp |l fi@rli f mAaAisft emayant er
I nfor tion)

y

ma

MASTERMastery st4dtCoqninfearli f maisft emaant er

and synthesizing)

TOT Observed tMELAB srcecConti nuousQt @8ang
t est

LAN Language group lif RoMiamhcEaster |

GENDEERGender of the exarlif FOméal #Mal e

SagkTot al aScMaechi ng.™aetitalb|l o9 e d himmtser n al
matredhi varnamiredetmene i f t heangvwa grelaptsi viead di f
perforomanecesubskill s of reBuadgimigsagi nefnsatshhdéoining me
i mhe foddwatiingns ( wi thomkill t o 4)t ldeottaHhwassrampl
entered as a predictor in Model 1. Then the |
predictor to2 Mbalgee!l Rhobtil dhéference between N

thadlval ue with 1 O8gxéestsf freedom,



ob

vV a

pr
t h

Mo del 1 =MaTlsQTer y i

Model 2 ;=MalsGTer+y L AN

Saga2Tot al Score Matdc lGiemgleNarassadkeesto be cer
served DSF awatse ngoetn deetrt,e mgheentceadr avacardii g bar n .
riiarod tdi oni nttoertntaé condi t itontian gA swarhieawmek ei no f
| | ewiumg i ond( withomkLlI| t o tdhteo & & | & nsde ogeeeradreprl ew e
tered as predictors in Model 1.s Tare naddiet iloe
edictor to2 Mbadglkl Rhobtl dhé&ference between N
addv al ueldwigrlee of freedom, DSF exi st s.

Model 1 =MaTlsQTer+y GENDER

Model 2 =MalsQTer+y GENDER + LAN

Final l yul twhpelne m ogi stic regression anal yses
an issue arises alnphadlaeddedt5o svwioeutlhderbet haedj ust e
overaldr rtoyrper ate. Different approalhkhdisS sdrse r ec
some typical exampl es.

Ta bl .e5
Al pha Levels Used in Some DIF/DSF Studies
Study Overal INumber of i Al ph
sample (i.e., numbleve
Ssi ze regression
ClauselI9o®6 2,000 440 0.01
Crane ®@&ff al 495/ 38028 0. 05
Kido®1 1,038 3 0.05
Monahan20e7 12, 945 23 0.00
Qi & MaAGYPRy440 46/ 44 0. 05
Whit more & 200/400(20/40/60 0.01
S ¢ h u malcokpPeor
Current stu669 4 0. 05




Some studies used Bosntfaerceo,niMoandg huasnt,meNictHo rFr
and Perkins (2007) had 23 items in their DIF
0.05/23). However, Bonferroni adjustments may
study conducted ibry &rcharnt ted mdi.nt(Ri0M9gccept abl
both the focal and reference groups tohdwl d be
made. Some researchers used a significance | e
t estd the number of | ogistic regression anal ys
Swaminathan (1996) used a significance | evel
Ot her researchers (e.g., Crane, ®etm,n,200doqgk Qi
& Marl ey, 2009) did not adjust the alpha | eve
field. As only four skidrlesaéewed\y, ufnadwer | oyiesttiic
anal yses were conduotnedtatt eoeaech as il agamnmslemtsda
study was moderate. Thus, due to the stated c
O. &8s used in this study without adjustment.

I n addition to statistiabdbosbgenf usadceol e
magni t udleh eo fi nixlrFe a &ad tor ttihen gofoup variable i
regression coul d be uFscerd ianssntaaan ceeb,f eets of zBIl he
invol VvIIOhEgF Lt hCecBTo mgBreg | pnmd, Lee, and Mur aki (20
(2007), and Lee, BrelandRcama gMualsiker cft260s0t5) ¢
to judge whether the prompts showed statistic
DI However, researchers have expressed differej
magni tRAdreamde. Originall yr C&haehuéd 988, 010822)0r

0.26 as fAsmall , 0 Amedium, 0 and Al ar gedodf respe



0.2, 0.5, and 0.8. According to Zumbo (1999),
RRchange afteabltdheamd otulpe viamtier action term hav
regression should be at |l east 0. R8iflJedeincean
0.035 for negligible DIF, 0.035 to O.DM7RA. for
So far, no study HhRAacsh a mgvee sftarg attheed mahgen iutsued eo fo f
cognitive diagnostic assessment.
Therefore,Rthawgssnestudged as the criterio
existence of Rhal dS&EMo helwmifle hgamdge2 betsween Mod

andwere reported in Appendi x K.

5 Resul ts
5. Existence of the DSF
St agleotlal aSdeatechi ng IV raig®btlecet.al suc@erde awas

t hhent ewmart &l a nghaldlee 5. 62 sthaogvel t heod di fference
model s for each of the four skil2 slidbgeehghegdm
di fference between Models 1 and2. -sAguatid ewietn c
one degfefrefdomoBji 84), i ndicates evidence of |
t h2 Hageli hood difference was found to be 7.7
3.84. For ski2l IHd2k elsiynacads)dfi dtihest ethe eb eva2 . 27 4,
small er than 3. 84. For skil-2 Had&keAtirhoootdi g fdx
was found to be 0.207, which is again smaller
synt hesi-Zithgkel t heod 8d Wiaidehi ch i s a 13i.t8t4l e bit

To summari z e, DBEF existed for skill



T a b5l .e6

Summatr2y ogf kel i hood Di fArealeynsciess of St age

Skills 2| olgi kel -21 olgi kel -2 Hadkel i ho
of Mbdel of MBdel df erence be
Mo dsd b n&d

Skil( Vocabul 218. 362 210.620 7. 742
Ski2( yntax) 345. 650 343.376 2.274
SkiB3(Extract 341. 480 341.273 0.207
explicit i
Sk4(Connect 340. 512 336.737 3.775
synt hesi zi

Not*e.Larger than d&he s8udsB#6i cal value of
St agTeo t2al Scor e Matdc hGemgl eMatrasgaeh | geesng e r

controlled for as amnextdeti he loinmtadorcrha In gmartaac h iarb(
t teot alFosre ¢slks. 1, 2, and 3, results were simile
the |l ast column of Tabl & 3l.atkelfioroodkidilf fle r(evmo
| arger than 3.84. This indicatded twhaat cDhIR rsotlil
For skill 2 2agneal iBhoadedi fferences were smal/l e
However, f &r Hsakdtelli Mgod hei fference was now 4. 2
DSF existed for sé&anttolHl wdehogender was ¢

Tabdl.e7

Summatr2y o-gf kel i hood Di 2Arealeynstiess of St age

Skills 2| olgi kel -21 olgi kel -2 Hadkeliho
of Mbdel of MBddeldi fference
Mo dsdh nd

Skil( Vocabul217.416 209.665 7. 751
Skl2( Synt ax)338. 462 335.838 2.624
SkiB3(Extract340.944 340.690 0.254
explicit i
Sk4(Connect3d335. 724 331.522 4. 202
synthesi zi

Not*e.Larger than d&he s80sB#6i cal value of



To ®mami zwhenhhteontlayl sbher enwas nal , makchl ngg va
exhibited DSF. Howeaselvsea ,c ovhterno Igleendd efrorwaass an e X
in additthiemtn $ ®ore, both skildl 1 and skill 4 ex

As shown in REpamdiex bkt welkeew Model 1 and Mo
rather small, being less th@Beah@n§é wasapitobab

because each wafs thheg hflyurc ogkielllag ed to the tot a

score had been entered into Model 1, much of
been accounted for. Therefore, when | ansguage
not much variance | eft.

5.23 nt er pr eLtoagtiisotni cofRegressi on Coefficients

The directions and values of the hoegistic r
interpreted as foll ows:

Ski (VodabWwlsasyhwpwn i n Tabdteo t5a.l8 ,s cwhreen woansl yu s
mat ching variable, |l anguage gr ouppweaalsuea osft at i
0.007 and an o(dbd)d) r2at9i7d . ( iWhe.n, gEexxgpler was cont
total score, Table 5.9 shows that | anguage gr
ap-val ue of 0.006 andowvwaew erd,dsTarbaltei 05 .09 s2h 09w3s6 .t hF
not a statisticall yvai gle.i oHFx ant predictor, wi:
Table 5.8

Regression Codwhewni MlatehéodoroskiTodtdtal Scores

a S.E. Wal d df Sig. Exal
Langul.080. 40:7. 381 0007 2.97:
Totall.290.1309.74 <0.06G013. 65/
Const-18.21.817101.@ <0.6G010. 00 (

Note. * p < 0.05.
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Table 5.9

Regression Coefficients for Skill 1 when Matched on Total Scores and Gender

4 S.E. Wal ddf Sig. Exp)
Langul.09d. 407. 441 0. G062. 98¢
Totall.290.1309.61 <0.06G013. 64:
Gende-0.350.350. 954 0.3290.70¢
Const-17.91.8197.771 <0.6010. 00 (

Note.* p< 0.05.

To summari ze, gibBmegnirieshrgéi ,q nmateo voedrdasl It hat

group would have master 3t iohe sy oxsabludragey askitlHe

Asian group regardless of gender.

Skill 2 (Syntax). As shown in Table 5.10 and Table 5.11, language group was not a
significant fator whether gender was controlled for or not. Contrary to the hypothesized
direction, the negative b coefficients for
in the sample that given the same ovdealfjlishreading ability, the East Asiagroup would be
more likely to have mastery of syntax than was the Romance group. However, there is
insufficient evidence to conclude the existence of language group difference regarding the skill
of syntax.

In addition, as shown in Table 5.11, gendes @aastatistically significant predictor, with a
p-value of 0.007. In order to further examine the effects of gender, as shown in Table 5.12, the
language group variable was removed from the logistic regression. The results showed that
gender remained a s$istically significant predictor, with p-value of 0.009To summarize,
given the same overdlinglishreading ability, the odds for female Eflarnes to havemastery
of the syntax skill was about twice as large as the odds for maléeBBler egardless of native

language.



Table 5.10

Regression Coefficients for Skill 2 when Matched on Total Scores

a S.E. Wal d df Sig. Exm)
Langu-0.480.322.231 0.1350.61
Total 0.840.06 149. 1 <0.B0 2. 31
Const -10.80.87 154. 1 <0.rB0 0.00O0

Note.* p< 0.05.
Table 5.11

Regression Coefficients for Skillkh e n  Mat cahle dS andhGesidert

a S.E. Wal d df Sig. Exm)
Langu-0.520.322.571 0.1090. 59
Total 0.860.07147. 1 <0.0G6G012. 38
Gende 0.780.297.221 0.06072.19
Const -11. 70.96 145. 1 <0.0010. 00O
Note.* p< 0.(b.

Table 5.12

Regression Coefficients for Skill 2 when Language Group was Removed

4 S.E. Wal d df Sig. ExflJ
Total 0.850.07 149. 1 <000*1 2. 34
Gendep.760.296.891 0.60¢2.15

Const 11.60.96146. 1 <0001 0. 00
Note * p< 0.05.

Skill 3 (Extracting Explicit Information). As shown in Table 5.13 and Table 5.14,
language group was not a statistically significant predictor whether gender was controlled for or
not. The negative b coef fblesindecadd a pofetial treinchthraty u a g e
given the same overdlinglishreading ability, the East Asian group was more likely to have
mastery of extracting explicit information than was the Romance group. However, there is
insufficient evidence to concludeyasignificant language group difference. Further, as shown in

Table 5.14, gender itself was not a statistically significant predictor, vpthadue of 0.446.



Tabsl.el3

Regression Co@8wheni MateshéodoroskiTodtdal Scores

a S.E. Wal d df Sig. Ex@)
Langu-0.140.330.19¢4 0. 6590. 86 ¢
Total 0.910.07455. 4 <0. G6G012. 50¢
Const-10.80.85458. 1 <0. G010. 00 (

Not*¢<0..05
Table 5.14

Regression Coefficients for Skillx8h e n  Ma toonh €l o taradIGenSer o r e s

a S.E. Wal d df Sig. Ex@)
Langu-0.160.330.251 0.6150. 84
Total 0.920.07156. 1 <0.0012.51
Gende 0. 210.280.581 0.4461. 24

Const -10.90.89152. 1 <0.G6G010.00
No ¢ p<0. .05

Ski Il 4 (Connect iAsg sahnodw nS yinnt hTeasbhil zei nbg )1.5 , | a
a statistically spwaliudda coafntO .p0r5eSd,bectdlmd d g lovii @ ine ar
(i :0e.6,43) indicated a epostaermetE oag & reaahedlinmg t it | gt yw
East Asian group was more | ikely to have mast
than was the Romance group. However, when gen
| anguage gr otuips thieccaalmey as isginap¥ alcaemtofpr@d0 43 oand
ratio of O0.507.This indBEmrcqltiedldt hgt algi venyt aed

odds that the Romance group would haweg master

information was only half as | arge as the odd

I n addition, as shown in Table 5.16, gende
wi tfavaa ue of 0. 024. I n order to ferghewupexwami n
removed from the | ogistic regression. As show

predictmwwal wd tdhf a0. 031. To sumiaglriealdi ggveabi t h
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the odds that female EBL teersé&rs|l wolil dohaeet
i nformati dnt9iwaess adpultarge as the odds that mal
of this skildl regardless of native | anguage g
Table 5.15

Regression CoefficientetdlorSSkndd 4 when Matc

a S.E.Wal ddf Sig. Exp)
Langue0. 640. 333. 681 0.0550. 52¢
Total 0.900.07152.4 <0.0G012. 48
Constell. 00.88156. (@1 <0.G010. 00 (

Not*¢<0..05
Table 5.16

Regression Coefficients for Skillvdh e n Ma toonh €l o taradlGenSer o r e s

a S.E. Wal d df Sig. Exal
Langu-0.670.33¢4.0901 0. 3430. 507
Total0.92. 07¢50. & <0. 06012. 52¢
Gende0O.650.295.06%4 0. 3241. 93¢
Const-11.70.96:148. 1 <0. G010. 00

Not*@<0..05
Table 5.17

Regression Coefficients for Skill 4 when Language Group was Removed

a S.E. Wal d df Sig. Exp@m)
Total 0.9040. 07154. 4 <0. 6G012. 46 ¢
Gende0.620.294.651 0.G6311.87¢
Const-11.50.94450. 1 <0. D10 0. 00C

Not*@<0..05
5. Budnmary of the Results

Based on qualitative data from a group of
s pecaiefaidd n gd isfufbesrkencdes bet ween East Asian and |
hypot hesi z & dheywere edied pa aeseries of DSF analyses through logistic

regression techniques. The following provides a summary of the results:
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T Hypothedsihere isl(d®k afbaud aglyi)l If avoring the F
T Hypot hesis 2: THh(esryentiasx )D SFa vfoorri nsgkitlhe Ro man
1T Hypothedihere i s3(B&Er rfacrt iqlgi lelxpl icit inforn
Asi an group.
T Hypothedsiihere is4(BSRnfean i Nnilgi lalInd synt hesi zin
Asi an group.
Hypoitsieds was supported. | t Esnegelmessatd hmag &b ivieil
it is more |ikely for the Romance group to ha
t he East Asian group.

Neither hypothesis 2 norn htyhpeo t shagseg $oiv3ehrwaal sl

reading ability, there was insufficient evide!
Romancewqulodidphfaver ent mastery of the skill of
skill of extracting explicit information

Hypot hesis 4 was supported only when gende

Englraasdci ng abil idg ymama Igieknaley ,t hat ithe East As
mastery of the skil!/ of connectimg Romasgy@at dre
However, when gender was not controlled for, |

significant ppraédie.cO05s , with a

I n addition, though gender was not include
samerawnplriesaldi ng ability, female ESL | earners
the skill of syntax and the skill of connecti

| anguage.
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CHAPTER 6
DISCUSSION, IMPLICATIONS, LIMITATIONS

AND FUTURE RESEARCH

With the purpose of providing @gnostic information for secoddnguage reading
instruction, thidissertatioruseda s equenmethods xeelsi gn to examin
bet we groupd thase with an East Asian language backgraamdithose with a Romance
language backgrouddin regard to the reading subskills represented in the MELAB reading test.
The study established specific hypotheses regarding the subskill differences between the two
groups by using a grounded theory appradael draws on thindaloud reports from a sample of
ESL studentsVia a series of DSF analyses through logistic regression techniques, the
hypotheses were tested by comparing the subskill profiles of the two groups. The subskill profile
of each examinee wadentified by applying the iterskill Q-matrix to a Fusion Model of
cognitive diagnostic modeling.

This chapter discusses the owsvercalald gfuiamgcki ng

reading instructi orssarsdorheondena diiFivrea Idliya,g nloismiitcat
study and i mportant areas for future research
6.0l scussion of the Overall Findin

The following briefly discusses the overall findings of the DSF analysis. Hypothesis 1
which postulated that there DSF for vocabulary favoring the Romance group, was supported.
The DSF analysis shows that given the same ovengllishreading ability, it is more likely for

Romance ESL learners to have mastery of vocabulary compared to East Asian ESL learners.
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This result is also well supported in the literature and the theory abouthom gui st i ¢ s ki |
transferred from L1 taoadlLe,:2 ttthe ed iser iotheids f
s kgtlol be transf err ed. udxothe influencelofdatin, BErglisibasd L 2 s ki |
Romance languages share many linguistic features. One such distinctive commonality is the use
ofRoman al ph a lesh |stter representg A phoneme. However, Chinese characters

and Japanese Kanji belong to logaghic systems, in which each symbol maps into a

morpheme. Although Korean Hangul is alphabetic, it does not use Roman alphabets and requires
assembling individual symbols into syllable blocks (Taylor & Taylor, 1995). The different

writing systems of the spective languages may lead to different word recognition processes

(Koda, 2005). Due to the differences between how words are recognized in East Asian languages

as compared to English, East Asian ESL learners are likely to experience more difficulty in
recognizing English words than are Romance ESL learners.

Hypothesis 2, which postul ated that there
Romance group, Iwasf aoott, sawgmtorrared.t o t he hypoth
coefficient forlanguage groupredictorindicates a potential trend that given the same overall
Englishreading ability, the East Asian group may be more likely to have mastery of syntax than
the Romance group is, even though this result was not statistically signifidast s t o b e
admitted that the syntax difference b-ettveen t
as the vocabulary difference. For instance, b
Veibbj ect as the word dredesr ,ont wouglh o€ hiemre 4 éh arne
t hough Chinese ESL |l earners are challenged by
do not exist in iCilOi megdt rtReducemmbri $ di sadva

synt ax. I f dapgn&seeBBLahdarners, whoOBgieaotti v



MO H

Verb as the word order, had been compared to |

clearer difference regarding syntax may have

S
—

emsaivei ng i n gr anmnem@srnretelcaett vEea dturAsigan heir E
test preparati on -tprraoncselsasteiso.n Tnmeet hgorda nhneasr gr eat |
instruction in East Asian countrioas] daemdbilyem
attenti oot thdanchmwmeni cative skills, such as ||
focused training may have nhoeraed ntehrasnt icaolmpdeinssaad v
in mastering English syntax.

Hypot hesi sst3ul anheidc ht hpaot t here i s DSF for th

information favoring the East -aAsoiuadn vgerrobuap , rweap

i ndidchate Edetarweriresnmore skilled at extrhcting
| evel tRmoama hvearrenr®babkhygt dbesaamoeér ai ni ng in and
experience-cwiotitct emuletaidplng tests. The nonsignif
mi ght be due to a possible indeeattriachi hbgt e
information. When extracting eexdpatisch tl e xnifcoarlmaa
syntactic information in the question to thos
identify or formatapbraseyabnymeolti aer al me an

sentence in the rel evliaenarmpearrst dehtt hge aedtl oE&a

more efficiently compared to their Romance co
voacbul ary may reduce this effi ci enccoye.f fStciilelnt i
associated with | anguage group does trend in
the hypothesi s. Speci fi calol yh,avteh enacsd desr yf corf tthh

extracting explicit i nfl@ampaettihoen owdadss afbooru tt hle. 2K



Hypot hesi s 4, which postul ated that there
synthesizing informatgoonupavwasngupbpber East whe

control |l ©&&Bfnar yisn stah@d@bhe abédtant yEdERawhkeiresn

very efficient at connecting and synthesizing
i n taki rghomuclet irpelaedi ng tests. However, when on
|l anguage group was not a stpatlstei odl IOy 05i5gniefv
the négat¢ifvieci ent did trend i n at.heWhceonr rgeecntd edri |
controlled for in addition to the total score

statistically sipwalfue anft @.re4d3 ctlotr swva d@rhs at hat

Englriealdi ng abil ity anyd fgoern diehre, BHats ti sAsmoarne glriokt
the skill of connecting and synthesizing info
connecting and synthesizing is a very broad c

and syntmesimesgjtsos only necessary for read
sentences in the same paragraph, whereas at o
from the overall passage. Thereford] fékerkehti4d
|l evels. The heterogeneity of these components
detect. I-gr ai meod ec dtienggory of subskill had beer
main idea, 0 any group differences may have be
I n addition to |l anguage group dAsshowinences,
the DSFanalysis given the same overdlinglishreading ability, female ESL learners were more
likely to have mastery of syntax than were male ESL learners. Alsthdse with the same
overallEnglishreading ability, female ESL learners were more likely to have mastery of

connecting and synthesizing information than were males. When gender was controlled for,
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given the same overdlinglishreading ability, East Aan ESL learners were more likely to have
mastery of connecting and synthesizing information than the Romance ESL learners. Overall, it
seems that female ESL learners with an East Asian language background were more skilled than
otherlearnersat connectingind synthesizing information.

The DSF results agree with the literature on gender differences in reading. It has been
found that female students generally perform better in reading than do male students (Klinger,
Shulha, & WadaNoolley, 2009; Logan & Jatston, 2009). Researchers have investigated the
factors causing gender differences from different perspectives. Using cognitive process
taxonomy, Halpern (2000, 2004) found that female students more rapidly access phonological,
semantic, and episodic infaation from longterm memory, whereas male students perform
better on tests of verbal analogies, which involve mapping verbal relationships in working
memory, as well as tasks involving transformations in vigpatial working memory. Halpern
(2006) alsomegued that girls tend to receive better
test material closely resembles what was taught. Given the fact that English reading instruction is
intensively tesbriented in East Asian countries, female East Astadents thus may gain an
advantage in reading tests compared to other groups. Therefore, the observed DSF favoring

female students may be partially attributable to the English instruction they have received.

6.2 Implications for SecondLanguageReadingInstruction
With traditional unidimensional IRT, examinee reading performance is usually expressed
as a single score. This score helps to rank examinees along a single continuum, but it provides
little diagnostic information. Two examinees may earn #reestotal score but have different

strengths and weaknesses. Understanding their different characteristics helps to facilitate
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learning and instructiods a result of cognitive diagnostic
mul tidi mension@aei mkidll agpgsioffii é amzaasdt yenrass toefr se avcehr ¢
involved in theatestd,dsagnbhbati ¢€i heedback can
Using a cognitive diagnostidec sasppgovaddcomandd
t he hy pha giverghe sase overaltnglishreading ability it is more likely foRomance
ESL learnerso havemastery of the skilbf vocabularythanfor East Asian ESL learneralso,
given the same overdlinglishreading ability and gender,ig more likely forEastAsianESL
learnersa have mastery dhe skill ofconnecting and synthesizing informatitvanfor
RomanceESL learnersln addition, given the same overglhglishreading ability, female ESL
learnersare more likely to have mastery tie skill ofsyntaxand the skill ofconnecting and
synthesizing informationlhe following sections suggest somestructional strategidsr
addressng speci fic weaknesses in ESL | earnerso r
dissertation
6.2.1 Vocabulary
Numeraisstudies have shown that word recognition is a major predictor of later reading
abilities (e.g.Adams, 1990, 1999; Juel, 1988; Perfetti, 1999, 2007; Perfetti, Landi & Oakhill,
2005).Lack of vocabularyas been identified as the principal obstacle aalireg
comprehension. A rule of thumb is that readers must know 95% of the words in a text if they are
to read it successfully (Grabe, 2009); however, this is rarely true fotedaBiers East Asian
ESL learners are especially challenged by English voaapdue to the vast difference between
the writing system of their native languages and that of English.
Vocabulary learning has been the focus for East Asian ESL learners; however, as

discussed in Chapter 4, most East Asian students learn English iiricotalee tests for



admission or employmepurposesSome testing organizations, such as the College English
Test (CET) Committee in China, publish manuals with all the words that might appear in their
tests. It by no means stretches the imagination peabthat teachers explicitly teach those
words in the classroom, students concentrate on learning the words in such manuals, and
textbooks are also designed to include exercises on those words. In fact, East Asian participants
in the thinkaloud activityr e port ed t hat they fArecitedo these
In addition to explicitly learning words from the classroom and mechanically reciting words
outside class, many East Asian students rarely acquire words incidentally, such asoeading
entertainment, watching English movies, or having conversations with native English speakers.
As a result of lack of experience in such activities, many East Asiandagler v ocabul ary
knowledge tends to be isolated and mechanical; that is, theéyte to fully understand either
the wordsdé usage or connotations.

A large number of instructional strategies are available to ESL teachers (Lems, Miller, &
Soro, 2010). In light of the findings of thilsssertationextensive reading and increasing
phoro| ogi c al awareness are especially recommend
vocabulary skill.

Extensive Reading ESL reading instruction in East Asian counttiesds tadfocus on
intensive reading (Powell, 2005). With intensive reading, resadé&e a text, study it line by line,
and refer frequently to a dictionary in order to understand the grammar and vocabulary of the
text (Palmer, 1917). Intensive reading is usually conducted in the classroom, and the reading
materials are short and form#lis also followed by various drills and exercises in order for
students to practice whhas beermphasized in the instruction. Intensive reading is necessary

and important; however, overly or solely relying on intensive reading is restrictive. Staden
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only exposed to a small amount of text, and

limited opportunities to encounter or use the word in a variety of contexts. Also due to the
limited exposure to the language, they lack the ability tuiae vocabulary on their own.

Extensive readindiowever, idifferentin thatstudents read a large amount of longer,
easy to understand materials relatively fast, mostly out of the classroom and according to their
own pace and schedule. The purposeverall understanding rather than wdrgtword
decoding or grammar analysis. Considerably greater exposure to authentic reading in English
wi || hel p student silL?dfferences thahexistdor L2 readingnany L 1
devel opment 0 156G MThislisespeciall§ ilepful fopEast Asian ERarners.

Extensive reading is beneficial for reading proficiency, especially in vocabulary learning
(Hitosugi & Day, 2004; Horst, 2005; Kweon & Kim, 2008). Stanovich (1986) makes a strong
argument for a i@procal causal relationship between reading and vocabulary; i.e., vocabulary
growth leads to improved reading comprehension, and amount of reading leads to vocabulary
growth. Those who have large vocabularies can read more material, and more readatig can h

them acquire a | arger vocabulary. This is

exposure to English texts through extensive reading can help East Asian ESL learners gain more

vocabulary in context. This, in turn, can help them become refficient readers.

Extensive reading also has the potential to train ESL students to become proficient at
acquiring vocabulary on their own. Beginning El8arnerdargely rely on explicit instruction to
learn words, so as to build their basic vocabulHowever, many East Asian ESL learners,

some even after ové0 years of English learning in the classroom, still lack the ability to learn

English vocabulary on their own. Krashen (1981) argued that students can acquire language on

their own, if (a) hey receive enough exposure to comprehensible language and (b) it is done in a

e

he
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relaxed, stresfree atmosphere. This gives theoretical support to using extensive reading to
strengt he n-didted l@aanmg abibty. s e | f

To summarize, extensive readican be an important complement to the ¢eisinted
intensive reading instruction that currently prevails in East Asian countries. In this way, ESL
learneramay develop implicit understanding regarding when and how words are used, and they
may also beame independent learners of English vocabulary.

Increasing Phonological AwarenesfOnereason for East Asian ESL studérdgficulty
in English word recognition is thdeick of phonologicalawareness£ast Asian ESllearners
havebeen found tde less sesitive to phonological information in English word recognition,
compared to those with a Roman alphabetic L1 backgr(®iederman & Tsao, 1978rown &
Haynes, 1985; Koda, 1990; Tzeng & Wang, 19&®me of the East Asian students in the think
aloud activty in this dissertatiorshowed a lack of phonological awareness, which negatively
affected their reading performance.

Phonol ogi cal awareness refers to the reade
sound structure, of the spoken word (Gillo@02; Stahl & Murray, 1994). It is regarded as an
important and reliable predictor of later L1 reading ability (e.g., Ball, 188i;et al., 2001)As
indicated byBadddey (2006, dorage, rehearsal, and reinforced memory of new words in
phonological fom intheworking memory is the foundation of all vocabulary learniighough
the effects of phonological awareness are not fully investigated in L2 reading, it plays an
important role in L2 reading development (Bernhardt, 2011; Grabe, 2009). Therefuery
i mportant to aim at increasing East Asian ESL

them achieve more effective word recognition.
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Di fferent strategies are available for inc
option is throgh explicit classroom instruction. ESL instructors maysgeetasks to help
students improve their ability in this regard. For example, oddity tasks involve the detection of
similar or dissimilar sounds, deletion and substitution tasks require the riagiopof sounds,
and segmentation activities teach how to segment at multiple phonological Fevéisry,

Lonigan, Driscoll, Phillips, & Burgess, 2003). Explicit instruction can help students learn the
phonological rules of English words in a structuaed effective way.

In addition, oral reading, or reading aloud after class, helps students build phonological
awareness on their own. East Asian ESL classrooms are usually quiet, with the instructor talking
while the students listen. Also because oratireg fluency is usually not tested on lasgale
assessments, many students rarely read aloud on their own. During reading aloud, in addition to
visual processing, readers are actively using the phonological cues by hearing the words in
context. This hgds to improve not only vocabulary learning and reading ability, but also
listening and speaking ability.

To summarize, East Asian E$arnersare at a disadvantage in English word
recognition due to their lack of phonological awareness. Explicit trainitige classroom and
also oral reading outside class should help them increase their phonological awareness and
improve their English reading ability overall.

6.2.2 Syntax, Connecting and Synthesizing

The DSF study shows thianggalielni tt Ww,e fsamal @ v
were more | i kely to have mastery of syntax an
were male ESL | earners. Males with a Romance

chall enged regardingybhhkeeskti h heifolovimgn maci ong



sections summarize some instructional strategies for addressing gender differences in reading. It
also suggests teaching text structure to ESL leafaspecially malewith a Romance language
background) to help tine improve their ability to connect and synthesize information during
reading.

Instructional Strategies to Address Gender Differences in Reading/any studies
drawing on a range of perspectives have investigated gender differences in reading.
Neuroimagingstudies suggest that male and fenstleentshave different patterns of
functioning activation during reading (Pugh et al., 1996; Shaywitz et al., . 198%and female
studens alsohave been found to use different reading strategies (Thompson, 188%)eamto
benefit from different types of reading instruction (Johnston, Watson, & Logan, 2009). Another
finding is that female students have a more positive attitude toward reading than do male
students (McKenna, Kear, & Ellsworth, 1995; Sainsbury & Sehag004). Female students
have also been found to read more frequently than males do (Hall & Coles, 1999; Mullis, Martin,
Kennedy, & Foy, 2007). Furthermore, it is generally reported that male students have poorer
attention during literacy lessons thamige students (Logan, Medford, & Hughes, as dited
Logan & Johnston, 2010A generakrend among all these studies is that female students
perform slightly better in reading than do males (Chiu & McBft@ng, 2006; Mullis, Campell,

& Farastrup, 1993).

While most of the aboveited studies are about L1 reading ifilK settingspnly a small
number of tudies have been conducted on gender differences in L2 reading. A consistent finding
is that in learning a foreign language fensilglentsuse strategiesiore actively than do males
(Dreyer & Oxford, 1996; Goh & Foong, 1997). Oxford (1993) suggests that females tend to be

higher L2 achievers mainly because of their higher level of strategy use, which is also supported



by Sheorey and Mokhtari (200Beseathers(e.g.,Bligel & Buunk, 1996Brantmeier, 2003; Pae,
2004) have also investigated whether observed gender differences may be confounded with the
content of reading materials. It thus has been suggested that-freledesissages should be

selected to uce gender differences in L2 reading tests.

As discussed, studies on gender differences in L2 reading mainly focus on reading
strategies and reading topics. ESL instructors do not seem to be-asfovelled about gender
differences as L1 reading insttacs are. Given the similarities between L1 and L2 reading
processes (Grabe, 2009), the following section prei&d. instructors wittsome general
strategies for addressimga | e st ude nt s feadohg, whichl areanainlyadgaersfrom n
the literatwe on L1 reading.

ESL instructors may choose classroom activities that are especially effective for male
students. As suggested by Connell and Gunzelmann (2004), instructors can provide activities that
require the use of visuapatial strengths, givenahmales have been reported to excel in
visual spatial tasks. In addition, instructors could integrate physical activity and allow time for
movement, because males are more prone to movement and physical thetivigmalesOther
suggestions include praling opportunities for male students to demonstrate learning through
the use of handsn materials and maximizing student use of technology in the instructional
process. In general, these suggestions focus on providing a supportive learning envirenment f
male students to develop their reading skills.

Other strategies have also been found useful for addressing affective factors regarding
reading (Younger & Warrington, 2005). For example, individual-geting and mentoring
could be provided to maleustents. Some sociocultural strategies could be used to help increase

s t u d e ndordidencs, ®Irefluce their naonformist behaviors, and to integrate them within



school life. Furthermore, in order to boost male stuldnmterest in reading and motitan to

read, instructors could choose reading materials that are more appealing to males, such as
historical nonfiction, adventure tales, and stories about sports and war (Bauerlein & Stotsky,
2005). Setting up book clubs has also been recommended fiscineeway to engage male
students.

These suggestions are intended to help i mp
is important to note that the reading achievement of female students should not be negatively
impacted. ESL instructors needselect appropriate strategies depending on the age group and
the specific class setting.

Explicit Instruction of Text Structure. As defined in Chapter 3, the skill of connecting
and synthesizing includes the following componerdsufderstand the relatship between
sentences and the organization of the text using cohesion and rhetorical organization knowledge;
(b) synthesize information presented in different sentences or parts of the)teden(ify the
main idea, theme, or concept; andfl gkim the text for the gist. The DSF study shexthat male
ESL learners, Romance ESL learners, and especially male Romance ESL lgaraers
challenged in connecting and synthesizing information during reading. Though many
instructional strategies are availat#&plicit instruction of text structure is particularly
recommended. Text structure focuses on helping readers understand how the information in a
text is organized (Taylor, 1992), which may lead to improvements in connecting and
synthesizing information asell as in overall reading comprehension.

Text structure theory addresses how the overall structure of a text may affect reading
comprehension (e.g., Meyer, 1975; Meyer & Rice, 1982; Meyer et al., 2010). For example, five

basic types of expository rheical organization have been identified: comparison, problem



and solution, causeand effect, sequence, and description (e.g., Meyer, 18H)sets of these
structures (e.g., comparison with description) build on each other to make the logical structure of
the text, which can be shown graphically. Ideas at the top levels of the hierarchical, logical
structure are the main ideas (Meyer, Young, & Bartlett, 19&#).a clear understanding of the

text structure, students can more effectively understand theideaiof the text and more
systematically retrieve details from memory later (Meyer et al., 2010). Using the text structure
strategy can improve reading comprehension for readers with adequate vocabulary skills, but
poorer reading comprehension skills (MeyBrandt, & Bluth, 1980) or adults reading

unfamiliar, expository texts (Meyer & Poon, 2001). In general, teaching text structure to children
or adults across the life span can lead to improvements in reading comprehension (e.g., Meyer et
al., 2010; Willams et al., 2005).

Despite consistent findings on the positive effects of teaching text structure, text structure
strategy has not received much attention in the domain of L2 reading (Chang, 2002). An early
study conducted by Carrell (1985) reported iasesl recall of information from the text after
text structure strategy was taught to intermeeliesel ESL learners. However, subsequently,
only a few studies (e.g., Carrell, 1992; Chen, 1990; Chu, 1999) investigated this issue. Still, a
general trend faod in these studies is that structamgare readers consistently outperformed
structureunaware readers in reading comprehension and recall (Chang, 2002). It is, thus, of
crucial importance to teach E$arnerdext structure strategy.

Many approaches aeailable to teach students text structure strategy. Meyer and her
colleagues have taught students to use signaling words to help them recognize the different
structures of expository texts.g.,Meyer, 1985Meyer & Rice, 1982Meyer & Poon, 2001).

Forexample, words and phrases sucbesausendin order toindicate causation; words such



asproblem, solution, answgsolveindicate problemsolution; words and phrases suchras
contrast, insteadandhoweverjndicate contrast and comparison. In parfar, a wekbased
system called the Intelligent Tutoring of the Structure System (ITSS) has been designed to
provide text structure training to students at different grade levels (e.g., Meyer & Wijekumar,
2007). Other researchers have proposed teachidgrgs text structure strategy by using a
graphic organizer (e.g., Berkowitz, 1986; Gallini & Spires, 1995) and writing hierarchical
outlines (e.g., Slater, 1985; Taylor & Beach, 1984). Moreover, students can be taught to use
headings, subheadings, anditogentences in order to understand the structure of a text
(Seidenberg, 1989). Overall, a large number of methods and resources are available for text
structure instruction.

Most of the studies referenced ar@aiexpository text structure, but anotheportant
text structure is narrative structure. For example, a story generally consists of characters, setting,
plot, attempt, reaction, outcomes, and ending (Fitzgerald, M&Sdler & Johnson, 1977;
Taylor, 1992). Nimerousstudies have shown that teagjpstudents the narrative structure of
storytelling improves their comprehensiangd.,Singer & Donlan, 1982; Pearson & Fielding,
1991). In particular, it has been suggested that story grammar instruction be used to teach
narrative structure, through vdh students are given a framework to use to help them understand
different elements of the story (Gurney, Gersten, Dimino, & Carnine, 1990). This approach has
been found especially effective for i1 mproving
story (Idol & Croll, 1987).

Most of the aboweited studies investigated L1 reading. However, given the similarities
between L1 and L2 reading and findings ongbsitive effects of usintext structure strategy in

L2 reading (e.g., Carrell, 1985; Chang02 explicit instruction of text structure appetr be
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very promising in strengthening ESL | earnerso

their overall reading comprehension.

6 . I@plications for Cognitive Diagnostic Assessment é&teading

6.3.1 Developingdiagnostic Assessment

As summarized by DiBell o, Roussos, and Sto
assessment involves six steps: (i) describing
devel opi ng &as ssapesanefnyti ngaspkssychometric model ; (
cali bration and evaluation; and (vipcatere re

tests are designed with a cognitive djaagnost.
prxiesting testa icso nmpneaelxy zceodg nwittibvMeSdmagseoest e s i
retrosftindiiens,a @B h&Khaei nlL8Blahave demaoasnstrated
possi bl eritcoheerx tdriaacgtnbbBanct hedg betveadaviamn ot her
beneftiet r oifd dtlt i nlyi s deprepetini oaarcamder st anding of
t e s iHosveler, a major challenge involven retrofitting is the timeconsuming process of
constructinghe posthoc Q-matrix. In addition sometimes calibrating a unidimensional
preexisting test with enultidimensionalCDM may not be psychometrically efficiefia b e r ma n
& v on Da vinerderfor2a @9 generateletaileddiagnostic feedback, it is essential
thatit bebuilt for a skillsbaseddiagnostic purposgpi Bel | o, Ro O @ds ,

The ewdidrethnereed design (ECD) developed by Mi
Mi sl evy, 1994, Mi sl evy, Steinberg, & Al mond, :

di aghoses ginheentgener al fefmbbbwshe ECD
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A conséentteted approach [to assessment desi
compl ex of knowledge, skills, or other attr
behaviors or peralortnaonscee sc osnhsoturludc trse,v eand wh
should elicit those behaviors? Thus, the n:
construction of relevant tasks asaswel | as t
scoring cri tMersisal @ytpy.r ubri cs. (

stated by Mislevy, Al mond, aarnedb oloutktasi n( 200 3

i sol ation. I nstead, the starting point of des

inferences we wish to malkser viehteingn svet maetedart e

t o

be

make the inferences, the situations that e
t connects them (Missick, 1994). As a resu
ng diffeseéenst $pediitadsmvsetlaotpiesrtsi,ciaannds ,i nt er f ac
Despitesthectwel ¢éd BHQGQD efrrsamenvdarnkg, t he ski ||

struced bies ngs s erstts kiblafsserd dceowenlidpivieg assessm
heocomplexity of reading comprehension, it
e & SabyakWNh,atG09mor e, a sevreenp owhteend theys tL id e(vlied
i ¢tih@at eaiwi |dkeiglelig ed by amagidtelmsyetdstf éenket
I'l's in th&imidaadiyng Apdec s 9o s, B®dPhHrmamu,ndPer
statistically signifiepamt edels&t il dssaing bdte
the test questions.

Thi-anlkoudc oplrsot(oor cognitive interviews) have

v e | goapierr srhdoerpatnhd erisntgalod cogni ti ve processes un

ng t est etde satn di tadwssd Hleomnica & tornt a ket alHefef, , Kamhmd s



Thurber (204dll9pudod ebdb otl mihmek thevel opmeat eoWomral ¢l ar
Hi stpdraxemanttmB€bBtfr amewomrelen high school stude
exam in the past yealrouwdrandadiiygiatsye.dd fA n htehe tvhkeir
reveal ed whether the tasks were eliciting evi
identified what item features contributed to
addition to beimg t$edskod | umseearasdtoauddd itphr ® t ©ocacrod
are hevagrfiudusi nstages, oifnt@lsti migvteed Dtp metardi gn, t
test vaAli thandoeaet FRdr. ,i 20t@ePnNBet-Midiblbenrd,t canrnd Th o m
(20D060Wund t-d@aladud hpmkt ocol s coul d succassaflel |l y c
mat hematics test, such as fAunclearly defined
instructions, incomprehensi bl eRdadegrusa geagn arnaf e
Almond et al. (2009) for a thorough discussion on the use of-#ioud protocols for different

phases of test development.

To summarize, test developers play critica
assessmenoffédhe BECBPeneral framework that test
tests for dilignpattihicangdad oprecst.ocol s can be ber
stages of test devel opment.
6.3.2Selecting Diagnostic Models

Wit h a | aorfgeCDMismbaevrai | abl e (62 models as |
guestion is fAwhich one should I wuseo for read
(2009b) andp Runp p( 2a0n0dgy)d eplr esscevritebvd avai | abl e CDMW
softwarti.,onnt@adaifull understanding of the coil

maj or decision is to make theomphenscsat bry waecde |
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di agnosticeadahgsisessbs$.

CDMs allow for bot it oegmpmernrsyatroerlyata nd srhams
subskills. Some odompenswatdety mkodeihs name t he |
Attribute Hierarchy Method, the DINA, the NID
Reparameterized Unified Model | (RONME ®I 8l® kodw
the NIDO model a r-ceo ntpoempseantsoartyo rnyo. d eNlosn have been
cognitive diagnostic analysis, -gpmaibmdd ydibegra:
i nformation than compensiatnosr yo f moCdDeMss wcearne. nkoasrt
mat hematics, where the solution is wusually br
be successfully performed in order to solve t
agr eed -ctohnapte nnsoamt lor yarmeodappropriate for mat hema
& He nZs0n7,

However, the questi on -cood mpamhrestahtear yweo rs hcoounhpde
model s with readingcuestansdvees hee hade Sawaeke
t hrded f erent CDMs to I BT TOEFL reading and | is

compensatory and compensatory models yielded

reading skills involved in thecbBpefh©®BEFEDbrgppa:
compensatory interacti o$taovichl(1080) pnoposddat er at ur e o
compensatoy nt er acti ve model of reading. A major ¢

particular process will result in a greater reliance on other knowledgeesoegardless of their
l evel in the prockdewewgr hi@caorcdiymg (po BR§ .si |
(Gough & Tunmer, 1986), reading comprehension

decoding EO)x D. eTheRAQUIntdii pztact st s antoonr y r el at i
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fact, except for extreme cases when examinee
of compensatory models is theoretically equiwv
compensatsar Womathelt er whi ch model I's used, the
more | i kely it i1 s that the examinee can corre

at a -Ineavcerlo, whet her a ocnpremesnast aotroyr ymeodrd I mmagns t @ s €
probably inconsequenti al

However, if interested, we could empirical
Ssubskiinag $lognsear approach (Henson, Templin, & W
reparameteri zed tnhoed ecloignng tfiawlei |y aawg ntaohs dai hela s d
way, estimation could be conducted with more
& Mut h®n, 2010). An -liinfearacma deal tiemrdn dat & s et He
the subbBkihis.apptoach, it is not necessary t
compensatory model, and the relationship betw
evidence for thd imehhustampeos o aacth tfloe slcoghi maye
prove to be an effective estimation met hod.
6. o3 enti al Use of Scale Scores

Cognitive diagnostic analysis via the Fusion Maalehostother CDMsis usually
technically challenginglt involves a principal dilemma: On the one hand, the tfeecCDMs
is especially helpful for classroom instructors. On the other hand, currently, only a small number
of psychometricianare trained to use multidimensional CDMs. Therefore, an important task is
to make the CDMs iabs o lchets,ddcgordogioss@flaeguage® c | as sr

education programs, and to othettht r e nches educatorso (Davidson
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In order to reduce the sophistication involved in model calibration and thus maximize the
advantages of the CDMsneavailableoption for classroom teachers and rAechnical
researchers is to use scale scores for the subskills (Henson, Templin, & Douglas, 2007). Given
that the cognitive structure of a test is well validated, a scale score could be calculated by
averaging the scores tife items associated with a given skill. Item scores may also be weighted
while contributing to the sum score. With a simulation study, Henson(@08I7)concluded that
scale scores could be used to estimate the continuous posterior probabilityeoy ifiB3M)
with only a moderate reduction in the accuracy of the classification Tdteseighted sum
score approach, which takes into consideration unequal contribufitmesitem scores, may be
more appropriate for complex associations between skilstems.

As a posthoc analysis, the scale scores for each skill in the present study were obtained
by averaging the scores of tiblems requiring the skillS p e a r m abet@een thelawerage
scale score and the average PPM extracted from the Fusibel Baibration for skill 1
(vocabulary), skill 2 (syntax), skill 3 (extracting explicit information), and skit@ghQecting
and synthesizingwasrespectively0 .68, 9 M@.1,5 a nBd4 MI|. B8a s e slefeo rAptplreendi x
scatter plots hef P &&hgl2@05)walsodaure sighaarrdlations between the
scale scores and PPMs in her study, wiek regarded as evidence for the validity of the
Fusion Model calibration.

The Fusion Model as well as other I®ased CDMs has the advantage of IRGdels,
such as being sampiedependent and itenfor skill-) independent. The PPMs are probabilities
of latent subskill mastery, whereas the scale scores are the observed skill scores. The relationship
between the PPMs and scale scores is thus simithe t@lationship between the IRT ability

scores and the classical raw scores (Suen, personal communication, December 27, 2010). The
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PPMs have more desirable psychometric features than do the scale scores; however, the scale
scores can be an easy and quuely for less technically competent users to derive diagnostic

information from a test with a clear cognitive structure.

6.4 Limitations and Future Research

6.4.1Cognitive Diagnostic Analysis

As discussed, a primary limitation of tlggidyis that ofretrofitting the cognitive
diagnostic modeling with the MELAB, which is originally an English proficiency test. Because
the cognitive structure of the MELAB reading test was not clearly speeifpgtbri, the
retroactive @matrix construction process med to be challenging and tirRt®@nsuming.

A noticeable indeterminacy in the cognitive diagnoatialysiss the grain size of the
subskills (Lee & Sawaki, 2@®). The more skills identified, the richer the diagnostic
information that can be providedpwever,includinga hi gh number of skill's
the capacity of stati st i cadle Swoondjerfactarsgy, gi ven t
considered were the modeling capacity and the meaningfulness of the skill masteryHteiaizle.
(2002) siggested that one skill should be assigned to at least three items to obtain sufficient
information to estimate the skill with the Fusion Model. Gao (2006) suggested that 10 reading
skill components underlying the MELAB reading test. However, given théhfacthe MELAB
consists of only 20 items, thssudyonly involvedfive subskills, such as vocabulary, syntax,
extracting explicit information, synthesizing and connecting, and making inferences. Skill 5
(making inferences) is an important higleeder eading skill. However, only 2 items were
finally identified as requiring this skill. Even though this skill is of great interest, it was removed

from the final analysis due to insufficient statistical information to estimate parameters related to
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this skil. Another option might be collapsing skill 5 (making inferences) and skill 4 (connecting
and synthesizing) into a single highmder reading skill. Still, the best approach is to design a
reading test with a clear cognitive structure in order to estithatsubskills of interest.

Jang (2009) and Sawakiim, andGentile (2009) commented on the skill granularity
issue.For the same TOEFL reading test, Jang identified nine skills, whereas Sawaki et al.
identified only four skillsln particular, Jang iehtified two vocabulary skills, one with and the
other without the use of context clues, but Sawaki en@lidedonly one vocabulary skill.
Sawakiet al.acknowledged that they had considered the two different approaches but decided
not to include theantext clues for two reasorfsirst, mly when areaderis not sufficiently
familiar with a word in questigrusing context cluess required as part of the process of
responding to a vocabulary itedlso, thoughtwo vocabulary skills may help to extranbre
fine-grained diagnostic information, using two may not be feasible if a test includes only a small
number of items requiring vocabulary as an essential skill. To summarize, as Jang (2009)
suggested, decisions abolke grain sizes of the subskills sid be made by considering
theoretical (construct representativeness), technical (availability of test items), and practical
(purposes and context of using diagnostic feedback) factors.

Given this indeterminacy of the grain sizésere are always altesitive Qmatrices as a
function of the definitions and categories of subskills (Lee & Sawaki,[®0T8e final Qmatrix
used in thiglissertations thus not the only @natrix possible for the MELAB reading tasted
in this study It is expected that @epemunderstanding ahe construct ofeading and also of the
statistical modeling approach will provide more evidence for the appropriate granularity of the

subskills of reading in cognitive diagnostic research.
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6.4.2Grounded Theory Study

One limitdion of the grounded theory study is the limited diversity of participants in the
think-aloud activity. Only one Korean studemth low-level English reading abilitand one
Japanese studewtith high-level English reading abilityarticipated. It would & desirable to
include at least one higlbvel Korean student and one ldevel Japanese student. Additidgal
no Romanian native speaker participatethe thinkaloud activity; howeverdata from the
Romanian examinees were included in the datas¢hédDSF analysiésee Table 5.1).

Qualitative studies do not attempt to have a representative sample, because the results of such
studies are not intended to be generalized to a wider population. However, it is still important to
include participants frormore language groups in the thialoud activity, given the fact that the
hypotheses generated from this study were later tested with a larger dataset.

Another limitation is the use of a pexisting framework in data analysis. This grounded
theory studywas conducted after the-i@atrix construction study and before the DSF analysis.
During the @matrix construction part, major subskills (vocabulary, syntax, extracting explicit
information, connecting and synthesizing) were already identified based laeriere and the
think-aloud verbal reports. Therefore, the differences batwlge two groups were examined
with the thinkaloud protocols within these existing categories. However, it is possible that there
were other differences between the two nawguage groups other than the subskill
differences.
6.4.3DSF Analysis

In this study, DSF analysis was conducted to investigate whether the Romance group and

the East Asian group perform differently at the subskill level when their o#arglishreadng
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ability is controlled for. The following sections discuss some alternative methods for DSF
analysis and also address some potential confounding variables that have not been controlled for.
Alternative DSF Procedures.In this study, logistic regressiavas used for the DSF
analysis. The dependent variable, a dichotomous skill mastery status, was derived from the
continuous posterior probability of mastery (PPM). An arbitraryofucriterion of 0.5 was used
to reach a dichotomous mastery status for eaelminee for each subskill, i.e., noraster if
PPM< 0.5, master if PPN+ 0.5.
However, it is important to note that alternative-offtpoints exist. For instance, caotf
points of 0.4 and 0.6 could be used (Jang, 2005), i.e-master if PPM < 0.4naster if PPM>
0.6, and unclassified if 04PPM< 0.6. Those within the range of 0.4 to 0.6 are sometimes
referred to as near masters or partial masters (Karelitz, 2008). If this alternative classification
method is used, as shown in Figure 6.1, alddlo of examinees fall within the intermediate
level for skill 1.This number was 7.3% for skill 2, 6.7% for skill 3, and 6% for skill 4. The result
accordswittRd & ( 2009) 6s observation that approxi mat e

classified agither masters or nemasters in thdiagnosticstudies using the Fusion Model.

100% -
0,
Master
50% (PPM > 0.6)
#z Unclassified
40% - (0.4<PPM<0.6
20% - ® Non-master
(PPM < 0.4)
0% .
Skill 1 Skill 2 Skill 3 Skill 4

Figure 6.1.Alternativeskill masteryclassification.
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In addition to the 0.4 and 0.6 eaff points, we could also use percentiles for
classification, such as upper 1/3dalle 1/3, and bottom 1/3. Also, the top 27%, the middle 46%,
and the bottom 27% could make up three groups with different skill mastery status. It a three
category skill mastery status is used as the dependent variable, a polytomous logistic regression
could be used for the DSF analysis. Or the middle category could be dropped, and a dichotomous
logistic regression is still used for the DSF analysis.

Furthermore, in this study, four separate logistic regression analyses were conducted to
examine the DSF faeach subskill. A significance level of 0.5 was used to judge the statistical
significance of the DSF (Scott et al.,0&). However, it should be noted that the four subskills
are correlated with each other, because they are all the underlying commpdmeatsng
comprehension. An alternative approach is to conduct a multivariate logistic regression analysis
involving the four subskills within one single analysis as a way to control the overall error rate.

Finally, in this study only the statistical sifcance level was used to judge whether DSF
existed between the two language groups. Further studies are needed to examine how the effect
size measure ¢% change could be incorporated into the decision making of the DSF within a
cognitive diagnostic &mework.

Potential Confounding Factors.Reading is a complex process, and any statistical
modeling is only an approximation of the actual reading process. Using an existing dataset for
the DSF analysis also restricted the possibility of controlling forespotential confounding
variables.

One salient confounding factor is the testlet effect. In the MELAB reading test, the 20
multiple-choice items were associated with four reading passages, and thus the conditional

independence assumption may be violated the testlet effects may be present. Although
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traditional IRT modeling can integrate testlet effects (Wainer, Bradlow, & Wang, 2007), as of
2010, cognitive diagnostic modeling has not caught up with accommodating testlet effects in its
estimation apprazh (de la Torre, personal communication, May 1, 2010). It is possible that the
estimation of the person and item parameters can be biased due to the presence of this testlet
effect. A brief poshoc analysis was conducted to study whether the preserestlef effect

could have confounded with the native language group. As shown in Figutieesaverage

scores of the East Asian and Romance groups were graphed across each passage. The nearly
parallel lines indicate that the overall performance of thenative language groups was

influenced by the testlet effect in similar ways. This aig®confirmed by a repeated measure
ANOVA analysis. The F ratio associated with the interaction between language group and
passage was 1.862, with a degree of freedeimgt3 and g@-value of 0.134. Therefore, for the

sake of the hypothesis testing between the two groups, the presence of testlet effect may not have

had substantive influence.

4 -
3.5 -
3 -
2.5 -
2 - —¢— East Asian
1.5 - =i—-Romance
1 -
0.5 -

0 T T T 1
Passagel Passage2 Passage3 Passage4

Figure 6.2.Average scorgof East Asian and Romance growgtsoss passage
Even though testlet effects do not appear to be a problem for this study, still the
accommodation of testlet effects in cognitive diagnostic modeling is an important area for future

study. A potential solution is to treat each individual passage as als@gkthus code the item
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asl for the passage it belongs to (Lei, personal communication, August 27, 2010). However,
there is a statistical trad#f between the complexity of the-@atrix and the accuracy of the
parameter estimation for a test withbeetl length (Hartz, 2002). Given that the MELAB reading
test only has 20 items, | did not attempt to add four more passage subkills tonidie An
important area for future research is to investigate how the passage subskills may influence the
power d parameter estimation with the Fusion Model.

In addition to the testlet effect, there are other potential confounding variables. The
overall purpose of ik dissertatiorwas to examine reading skill differences between two native
language groups: East ida versus Romance. However, although skills and strategies are
conceptually distinct, they are not mutually exclusive. Skills refer to techniques that are
automatic, whereas strategies are deliberate actions taken to achieve goals. The line between
them B somewhat blurred. Therefore, although thssertatiorprimarily used the terrskills, |
am aware that skills and strategies are closely associated and even overlap in some
circumstances.

Due to thecomplexity of the @matrix construction andoncers about the limited
capacity ofstatisticalmodeling only skills that are of substantial importance in correctly
answering the items were coded in then@trix. It wasexpectedhat the residual ability
parameter in the Fusion Model might capture all thagespecified in the @natrix, whether
they are skills or strategies. Howeveiisinot unlikely that those uncounted factors or variables
may confound the native language group differences, such as metacognition, guessing,
comparing options, eliminatingptions, and reading test items before reading the passage. At the
same time, the examineesd other individual

knowledge, interest, motivation, and engagement, may have influenced the reading process as
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well (Berrhardt, 2011). Among these, only gender was involved in the present DSF study,
because many studies have shown salient gender differences in reading (Klinger et al., 2009) and
because the MELAB dataset provided a complete record of examinee gender. Nssréhe

better approacls toconduct an experimental study to examine the potential influence of the

specific factors involved in the reading process.
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Appendix A Consent Form forthe Think -Aloud Activity

PENNSTAL ORP CFFICE USE ONLY:
| i Informed Consent Form for Social Science Researq Igé)#gl?%TYEEDMO\ﬁ(%Fi MODIFY
. . . 0C.
w The Pennsylvania State University e B ey varin S Uiy
Institutional Review Board
Title of Project: Cognitive diagnostic analysis of the office for R - brotedt
H ICe Tor Researc rotections
MELAB reading test Approval Date: 029-2010 DWM
Principal Investigator: Hongli Li, Graduate student
226 CEDAR Bldg
University Park, PA 16802
(814 321-1584 HUL151@psu.edu
Advisor: Dr. Hoi K. Suen

103 CEDAR Bldg
University Park, PA. 16802
(814)-8652235, HoiSuen@psu.edu

1. Purpose of the Study:The purpose of this research study is to explore the use of cognitive
diagnostic analys with Michigan English Language Assessment Bat{®i£LAB) reading test
and also tevaluate whether the latent subskills underlying MEL#Rdings are compensatory
or conjunctive.

2. Procedures to be followed: You will be asked to participate in a thiakoud activity. Before
this activity, you will fill in a personal background information sheet. Then you will be asked to
read 2 short reading passages, each followed by 5 muitiyiee items. You will be asked to
think-out-aloud what you are thinking iyour head when reading the passages and answering the
items during the task. You will also be asked to recall retrospectively what you thought after the
task. You will be audiorecorded during this thialloud process.

3. Discomforts and Risks:There are noisks in this research beyond those in everyday life.

4. Benefits: As a result of participating in the study, you may gain insights into your reading skills
and processes. You might have a better understanding of how to monitor your reading processes
whenyou try to respond to a reading passage.

5. Duration: It will take about 4560 minutes to finish the activity.

6. Statement of Confidentiality: Your participation in this research is confidentigthe recordings
will be stored and secured in a locked cabin329B of IST building. Only the principal
investigator will have access to them. The recordings will be destroyed within 3 years following
the making of the recordingf.he Pennsyl vania State Universityos
the InstitutionhReview Board and the Office for Human Research Protections in the Department of
Health and Human Services may review records related to this researchlsttiog. event of a
publication or presentation resulting from the research, no personally ideletifinformation
will be shared.
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7. Right to Ask Questions:Please contact Hongli Li at (814) 32584 with questions, complaints or
concerns about this research. You can also call this number if you feel this study has harnied you.
you have any questisnconcerns, problems about your rights as a research participant or would like
to offer i nput, pl ease contact The Pennsyl vani a
(ORP) at (814) 868.775. The ORP cannot answer questions about researctechnas. All
guestions about research procedures can only be answered by the research team.

8. Payment for participation: You will receive $20 in cash for your participation.

9. Voluntary Participation: Your decision to be in this research is voluntary. ave free to stop
participating in the research at any time. Refusal to take part in or withdrawing from this study will
involve no penalty or loss of benefits you would receive otherwise.

You must be 18 years of age or older to take part in this ress@mady If you agree to take part in

this research study and the information outlined above, please sign your name and indicate the date

below.

You will be given a copy of this form for your records.

Participant Signature Date

Person Obtaining Consent Date
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Appendix B Email Invitation for the Think -Aloud Activity

Subject: Participants Wantéor an Education Study at Penn State
Dear ,

| am Hongli Li, a Ph.D. candidate of Educational Psychology program at the Penn State
University. | am currently conducting a cognitive diagnostic analysis of the Michigan English
Language Assessment Baft¢ MELAB) reading test for my research.

| would like to invite you to participate in this study. The study will take approximate045
minutes. If you agree to participate, you will receive $ 20 in cash after you complete this study.
Thank you in advare and | appreciate your help.

What: You will be asked to participate in a thialoud activity. In this activity, you will be

asked to read 2 short reading passages from Michigan English Language Assessment Battery
(MELAB), each followed by 5 multipkehoice items. You will be asked to thidut-aloud what

you are thinking when reading the passage and answering the items during the task. You will
also be asked to recall retrospectively what you thought after the task. Thisltnickprocess

will be audb-recorded, and your background information will also be collected. Your personal
information will be kept confidential, and your name will not appear in any written documents
nor will be disclosed to any third party.

The purpose of this study is NOT test your English ability, but to help me understand the
reading skills that are generally needed to answer the MELAB reading test.

Who: You must be over 18 years old; English is your second/foreign language; You have an
intermediate to advanced Englistoficiency.

When & Where: The session will be arranged at the study rooms of Pattee Library.

How: Please reply to this email or call me at (832)-1584 if you are interested. | will further
contact you for confirmation and the arrangement of thesessi

Your participation is very important and | appreciate your help.
Hongli

Hongli Li

Phd candidate
Educational Psychology
Penn State University
Email: HUL151@psu.edu
Tel: (814)321-1584
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Appendix C Verbal Script for the Think -Aloud Activity

| am Hongli Li, a Ph.D. candidate of Educational Psychology program at the Penn State
University. | am currently conducting a cognitive diagnostic analysis of the Michigan English
Language Assessment Battery (MELAB) reading test for my research.

In this stidy, | am interested in the cognitive processes you use to answer the reading items. You
will be asked to verbally report your thinking processes while reading the passage and answering
the items and your remembrances about your thoughts after completirtgsk. The whole
session will take approximately 4® minutes. You will be completing a total of 10 items based

on two passages during this sessidacausd will be asking you to talk quite a bit during the
session, | will be using a digital audio oeder to make sure that | capture everything that you

tell me. This is completely voluntary and | want to be sure you are comfortable with being part
of this study. Before we start the thialoud, you will be asked to fill in a background
information shee You do not need to respond to any question in the sheet if you do not feel
comfortable doing so. Your personal information will be kept confidential, and your name will
notappear in any written documents nor will be disclosed to any third party.

Do yau agree to participate?

[If yes], Would you please fill out the consent form? Please feel free to ask me if you have any
guestions or need any explanations about the study and the consent form.

[The researcher provides the participant with the consemt o read and sign].

Great! Now would you please fill out the background information sheet? You may leave it blank
if you do not feel comfortable providing response to any of the following question.
[The researcher provides the participant with the baxkgl information sheet to read and fill].

Great ! Now | et 6 aloddacvityh wi t h t he t hink



Appendix D Think -Aloud Participant Background Information Sheet

This is a brief form about your background information. Please be assured that yonalperso
information will be used only for research purposes and will restattly confidential You
may leave it blank if you do not feel comfortable providing response to any of the following
guestion.

Email address: Pinomeber:

Gender:

Country of origin:

First (native) language:

Department or program where you are studying

Degree vhich you are pursuing

How many years have you learned English?

How would you rate your reading ability in English?
(1: minimal, 2: basic, 3: good, 4: very good, 5: excellemtje the approprte number

How long have you been in the U.S. (or any other Englraking country?)
Have you taken the TOEFL? (circle one: PBT/ CBT/ iBT)

What was your total score? (Approximate date of exam: / / )
Reading Listening Writing Speaking (if IBT) Grammar (if CBT)

If you have taken IELTS instead,
What was your score? (Approximate date of exam: / / )
Reading Speaking Listening Writing




Appendix E Think-Aloud Training Material s

In bringing up children, every parent watches eagerly the child's acquisition of each new skill:
the first spoken words, the first independent steps, or the beginning of literacy. It may be
tempting to hurry the child beyond his natutearning rate, but this can set up dangerous
feelings of failure and states of anxiety in the child.

Adapted from College English Test Band 4, July 1998

Which of the following word has the cl osest
a) Improve

b) Forget

c) Remember

d) Learn

What a child may feel if his parents hurry him to learn more?
a) Excited

b) Worried

c) Intensified

d) Satisfied



Appendix F Consent Form for Expert Rating

ORP OFFICE USE ONLY:

PENNSTAL DO NOT REMOVE ORDIFY
Wﬁ" ! Informed Consent Form for Social Science Resear 'TF;B#P33073 IDOC-_ #gotz Universi
. . . e Pennsylvania ate universi

The Pennsylania State University ,nstitutionaf'RevieW Board g
Title of Project: Cognitive diagnostic analysis of the Office for Research Protections
. Vi =
MELAB readlng test Approval Date09-17-10 SJH

Principal Investigator: Hongli Li, Graduate student
226 CEDAR Bldg
University Park, PA 16802
(814) 321-1584 HUL151@psu.edu

Advisor: Dr. Hoi K. Suen
103 CEDAR Bldg
University Park, PA. 16802
(814)-8652235, HoiSuen@psu.edu

10.Purpose of the Study:The purpose of this research study is to explore the usegoftive
diagnostic analysiwith Michigan English Language Assessment Bat{®zLAB) reading
test and also toevaluate whether the latent subskills underlying MEE#&Bdings are
compensatory or conjunctive.

11.Procedures to be followed: You will be askedd participate in an expert rating activity.
Before this activity, you will fill in a background information sheet, and then you will receive
a brief training of the rating task. For the rating task, you will be provided with 4 short
reading passages, eafdliowed by 5 multiplechoice items. You will be asked to identify
what reading skills are required to answer each item correctly. Finally, you will discuss your
rating with other experts in a group.

12.Discomforts and Risks:There are no risks in this reseh beyond those in everyday life.

13.Benefits: As a result of participating in the study, you may gain insights into reading skills
and processes as required by the MELAB test. You might also have a better understanding of
how to help English as Secondrigaiage (ESL) students monitor their reading processes and
improve their reading ability.

14.Duration: It will take about 2 hourto finish the activity.

15. Statement of Confidentiality: Your participation in this research is confidential. The
Pennsylvania &ttt e Uni versityoés Office for Research
Board and the Office for Human Research Protections in the Department of Health and
Human Services may review records related to this research dtudize event of a
publication @ presentation resulting from the research, no personally identifiable information
will be shared.



16.Right to Ask Questions: Please contact Hongli Li at (814) 32584 with questions,
complaints or concerns about this research. You can also call this miinybe feel this
study has harmed youf you have any questions, concerns, problems about your rights as a
research participant or would like to offer input, please contact The Pennsylvania State
Universityods Office for 1Re654785 the ORPrcatn@ ct i on
answer guestions about research procedures. All questions about research procedures can
only be answered by the research team.

17.Payment for participation: You will receive $20 in cash for your participation.

18.Voluntary Participation: Your decision to be in this research is voluntary. You are free to
stop patrticipating in the research at any time. Refusal to take part in or withdrawing from this
study will involve no penalty or loss of benefits you would receive otherwise.

You must be 18 years of age or older to take part in this research study. If you agree to take part

in this research study and the information outlined above, please sign your name and indicate the

date below.

You will be given a copy of this form fgrour records.

Participant Signature Date

Person Obtaining Consent Date



Appendix G Reading Expert Baclground Information Sheet
This is a brief form about your background information. Please be assured that your personal
information will be used only for research purposes and will restatly confidential You
may leave it blank if you do not feel coonfable providing response to any of the following
guestion.
Demographic information

Country of origin:

First (native) language:

Other languages you speak

How long have you been in the U.S. (or any other Englraking country?)

Your ESL teaching experience
1) How long have you taught English to ESL/EFL students?

2) What courses have you taught? in whagpams? to what kinds of students?



Appendix H Sample Expert Rating Form

Linguistic Skills ComprehensionSkills Residual
Skills
Item | Vocabulary | Syntax | Extracting Connecting Making
explicit and inferences
information | synthesizing
1




Appendix | Item Statistics for the MELAB Reading Dataset

Mean

(or proportion  Standard Correctedtem-total Cronbach's alpha if
correct score) deviation N correlation item ckleted
Iteml .55 498 2019 .308 .805
ltem?2 .65 478 2019 415 .799
Item3 .72 447 2019 .356 .802
Item4 .76 427 2019 404 799
Item5 .36 481 2019 .354 .802
Item6 .47 499 2019 337 .803
Item7 .74 441 2019 .383 .800
Item8 .44 496 2019 418 .798
ltem9 .81 395 2019 335 .803
ltem10 .27 442 2019 .348 .802
ltem1l .62 486 2019 344 .802
ltem12 .60 490 2019 .366 .801
lteml13 .75 435 2019 412 799
lteml14 .54 498 2019 471 .795
lteml1l5 .44 496 2019 241 .808
ltem16 .45 497 2019 453 796
Item17 .32 466 2019 251 .807
Item18 .51 .500 2019 A17 .798
Item19 .45 498 2019 447 797
Item20 .56 497 2019 436 797




Appendix J Descriptive Statistics of ExamineePerformance
Table J1

Number of Masters of Skill(Gender by LanguagerGup)

Native La
EaAsi cRomanTot a

Gend Mal e 55 21 76

Femal 50 32 82
Tot a 105 53 158
Table 2

Number of Masters of Skill(&ender by LanguagerGup)

Native La
East /RomanTot a

Gend Mal e 60 17 77

Femal 83 32 115
Tot a 143 49 192
Table J3

Number of Masters of SkBI(Gender by LanguagerGup)

Nati ve La
East /RomanTot a

Gend Mal e 81 27 108

Femal 103 40 143
Tot a 184 6 7 251
Table J4

Number of Masters of Skdl(Gender by LanguagerGup)

Nati Lwangu
East /fRomanTot a

Gend Male 70 22 92
Femal 98 34 132
Tot a 168 56 224




Table J5.

Descriptive Statistics dhe PPM and Total ScoreHast AsiarMale, N = 239)

Descriptive ~ PPM PPM PPM PPM Total score
statistics of skill 1 of skill 2 of skill 3 of Skill 4

Mean 0.289 0.291 0.359 0.338 9.933

SD 0.343 0.353 0.403 0.372 4.338
Table J6.

Descriptive Statistics dhe PPM and Total Scor&ést Asian Femde, N = 283)

Descriptive ~ PPM PPM PPM PPM Total score
statistics of skill 1 of skill 2 of skill 3 of Skill 4

Mean 0.243 0.327 0.367 0.355 10.(66

SD 0.298 0.342 0.397 0.367 3.856
Table J7

Descriptive Statistics dhe PPM and Total Scor&fmance MaleN = 57)

Descriptive  PPM PPM PPM PPM Total score
statistics of skill 1 of skill 2 of skill 3 of Skill 4

Mean 0.377 0.330 0.423 0.408 10.93

SD 0.378 0.343 0.414 0.400 4.088
Table J8.

Descriptive Statistics dhe PPM and Total Score (Romance Femidle, 90)

Descriptive  PPM PPM PPM PPM Total score
statistics of skill 1 of skill 2 of skill 3 of Skill 4
Mean 0.376 0.399 0.462 0.389 11.46

SD 0.344 0.368 0.402 0.403 3.757




Figure J1. Distribution of the PPM of skill 1 (vocabulary)

Figure J2. Distribution of the PPM of skill 2 (syntax)



