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Abgract
In order to make special education more accountble, student with disabilities are required to
paticipae in statewide assessments; however, themannea in which specia education students
are assessed and the appropriate way to report scoresis still undear. The current study examined
therelationship between aread a oud accommodéion and an applied mathematics assessment.
Students were grouped according to fluency and comprehenson peformance, as well as skill
level on a mathematics computation tasks. Results of the study suggest that a comprehenson
measure can hdp determine which students will respondto aread aloud accommodaion, and
caution should be used when giving students sugpected of a mathematics disability aread aloud

accommodation on a mathematics assessment.
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Effects of a Mathematics Read Aloud
Accommodaion for Students with High and Low Reading Skills

Since 1997,there has been an inareased focus on documenting the outcomes of specia
eduaion. To do this, theIndividuds with Disabilities Eduction Act (IDEA) 1997requires that
students with disabilities beinduded in al district and state assessments to the maximum extent
possible (IDEA, 1997) ThelDEA aso requires that students with disabilities be given whaever
accommoddion necessary so tha he/she can participae in the state assessments (Thurdow &
Bolt, 2001) Prior to the IDEA 1997 ,the Nationd Assessment of Educationd Progress (NAEP)
reported that students with disabilities only participaed in state assessments 45-75% of thetime
(Fuchs& Fuchs 2001;Vandewood McGrew & Y sseldyke, 1998) Students with disabilities
were commonly excluded from state assessments, and even when they did participate ther scores
were not geneadly reported with those of the general student popuktion (Fuchset a., 200Q
Vandaewoodet a., 1998. Theexcluson of students with disabilities from statewide assessments
greatly hindered the ability to make special education accountable for the services they provided.
This presented a seriousproblem, when a primary god of statewide assessment isto increase the
accountability of all eductiond services (Thompson, Blount& Thurlow, 2002)

Accountbility is designad to provide both eductors and the genera public with
information regarding the progress of education. It seeks to answer the question of how
successful aschoolis at providing an appropriate education to all students (Y sseldyke, Thudow
& Geened, 1994) Statewide, standadized assessment tools have emerged as the primary tool for
evaluaing school performance (Johnn, 2000), providing the framework for eductiond
accouniability, which in turn guides school policy (Elliott, Thunow & Y sseldyke 1996) Choices

in curriculum as well as promotion and grade retention decisionsare based uponinformation
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gleaned from statewide assessments. For thisreasonit is critical to indudestudents with
disabilities in state assessments. Thar needsshould beincorporated into curriculum development
and selection aswell as specia education service related decisions(Langdeld, Thudow & Scott,
1996)

Statewide assessment serves as the primary vehicle for providing an accurate
representation of all student performance; therefore, if students with disabilities are excluded
from statewide assessment, special education reform will belacking vital information fromits
mog important stakeholder (McDonnél, McLaugHin & Morrison, 1997. Theindudon of
students with disabilities in statewide assessments was a very important advance in thedirection
of inareased accountability in specia education and related services (Fuchset al., 2000)
Mandaing paticipation of students with disabilities in state standardized tests was donewith the
hopeof incareasing theaccounibility for ther eduation (Fuchset a., 2000;Pomplum & Omar,
2000) Prior to the IDEA 1997, the effectiveness of specia education was difficult, if not
impossible, to evaluae in the absence of statewide assessment data (Fuchs& Fuchs 2001). An
Individudized Education Plan (IEP) was themog common tool for measuring progress for
students with disabilities, but unfortunaely dueto the naure of an |EP, comparisonto other
students is impractical, making the evaluation of a state(3 specia education services burdensome
(Ysseldykeet a., 1999.

Astheaccountbility of special educationisrealized, the necessity of induding students
with disabilities in statewide assessmentsis no longer the source of much debae; however, the
method in which to assess them and issues of score reporting are the source of much confuson
(Elliott, McKevitt & Kettler, 2002) At the heart of the confuson are accommodaions

Questionsinvolve which ones to use, who should receive them and how the accommodaed
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scores should bereported (Fuchset a., 2000g. Accommodaionsneed to be offered to all
students with disabilities, but given tha students with learning disabilities (LD) comprise the
majority of students receiving special education services, they arethefocusof the
accommoddionsdebae (Fuchset a., 20003. A mgor purpose of statewide assessmentsisto
inform accountability decisons making it essentia tha the scores of specia education students
are ndthe over norundeepresentative of the actual performance. Spurioustest scores resulting
from assessments that induded students with disabilities are no more useful that results
excluding students with disabilities (Fuchset a., 20009. Using accommodaionstha
specificaly address the disability, notthe condruct being measured, hdp prevent agang test
scores that are measuring something different than the student@ skill in aparticular domain. It is
estimated tha as many as 85% of students with disabilities are capable of paticipaingin
statewide assessments. These students can take thetest withoutan accommodation, take the test
with an accommodaion or take a different test (Elliott, Kratochwill & McKevitt, 2001) The
high rate of eligible students coupled with theimportance of assessment results makes theissue
of accommodaionsoneof importance (Elliott et a., 1996)

Despite theimportance of appropriate accommoddions state guiddines on
accommodadionsvary significantly from state to state. Some states have very detailed regulations
concerning accommodaions while others assign general rules for broad categories of students
with disabilities. Onereason for such diverse state regulationsis the heterogeneity of students
classified as LD, which in turn makes assigning accommodaionsto large popuktionsof LD
students problematic (Bielinsi, Thurdow, Y sseldyke, Freidebach, & Freidebach, 2007). Of the
48 states tha allow for accommodations 4 allow the read aloud accommodation without

restriction. Thirty of those states allow aread aloud accommodéion only unde certain
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conditions with a mathematics assessment beng a common allowable condition. Read aloud
accommoddionsare prohibited in onestate (Thudow & Bolt, 2001) The high variability in
accommodaion legidation across states highlights the need for more accommodaionsresearch
(Elliott et al., 2002)
AccommodaionsDefined

Accommodaionsare any changein standardized assessment procedure tha serve to
minimize condrud-irrelevant variance. They are an alteration of presentation, changein
responge format, timing, setting or environment (Elliott et al., 2002) Essentially theimpact of a
disability isremoved so that a true measure of performance is obtained (Fuchset al., 20003.
Accommodaionsallow for the same congruct to be measured in disabled students asiis
measured in non-disabled students. The accommodation should notresult in an inflated score for
disabled students, but should ingead provide an accurate representation of hig’her abilitiesina
paticular area (Fuchset al., 2000a Fuchset al., 2000b). For thisto beaccomplished, the
accommodation mug specifically address the student@® disability and eliminate the barrier(s)
preventing thetest from measuring theintended condruct. Theaccommodaion should not result
in scores indicative of adifferent congruct than origindly intended (Thudow & Bolt, 2001).
While acommon nomendature for test administration has not been identified, when a derivation
from standad test administration results in measurement of adifferent condruc than intended, it
isusudly referred to as a modfication. If theorigind condruct ismaintained, it isreferred to as
an accommodaion (Thompsonet al., 2002.

Accommodaionscan further bedifferentiated into three categornes. Thefirst congsts of
dterationsin standard test administration not expected to produce achangein thecongrud.

These typically involve achangein location, or small groupadministration. Accommodaions
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such as extratime and oral presentation of material are in the second category, and may interfere
with the condruct, butit is case dependent. Lastly, accommodaionssuch as usng a calculator on
a mathematics computation test produce results tha should be interpreted with caution as the
intended congruct haslikely been altered (Bidlinki et al., 2007).
Condruct Validity of Accommodaions

Standadized procedures for test administration are devel oped so that scores can be
compaable. Some amourt of variability in test administration can occur withoutchanging the
condrud, butthedegree of changeallowable is often unclear (Phillips 1994. Condruct validity
isimportant, and can bethreatened in two ways (Pomplum & Omar, 2000) Thefirst is condruct
underepresendion, and occurs if thetest does not contain enoughinformation to fully measure
thecondruct. The secondinvolves congrud-irrelevant variance, andis caused fromtest content
tha istoo broad, resulting in some students doing better or worse based on the extrainformation.
Accommodaionscan infuse condrud-irrelevant variance by introdudng an element tha causes
some students to do better or worse than what thar actud skill level dictates (Pomplum & Omar,
2000) If thestudent does not have the appropriate skill(s) to access thecondruc thetest is
trying to measure, then an accommodaion for theskill that islacking hdpseliminae congruc-
irrelevant variance (Gilbertson Schulte et a., 2001). On the other hand condruct
underepresentation can occur if the student with a disability needsan accommodaion in order to
perform at hisher actud skill level (Elliott et a., 2001).

In order for test scores to becompared to each other, thecondruct validity of atest mugt
bepreserved across all testing administrations The American Educationd Research Assodation
(AERA), American Psychological Assodation (APA), and Nationd Coundal on Measurement in

Education (NCME) (1999)state tha unlessit can beverified that the psychometric propeties of
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thetest have not been atered, the scores of an accommodaed test cannotbe compared to those
derived from standad administration. If test scores do not mean the same thing for all students,
and are not compaable, thetest objectives have been altered by theaccommodaion. That
alteration resultsin theorigind purpose of the assessment beng log (Phillips 1994) makingthe
accommodaed test score invdid (Gilbertson Schulte; Elliott & Kratochwill, 2001)

Thevalidity of an accommodaed test score mug be consdered and verified if the scores
are going to be useful in accountbility decisions(Elliott & Marquat, 2004. Further
comparability issues are caused by thevariance in accommodaions Different packages of
accommodaionscould be administered to different students on the same assessment, making it
nearly impossible for states to interpret the results (Fuchset a., 20009. Currently, unlessthe
validity of theaccommodaed score has been determined, states have no way of interpreting
scores obtained from anonstandad test administration (Bielinki et a., 2001)

Differential Boog

Theeisevidence for validity when parallel administrationsof the standad and non
standad administrationsof thetest are ddivered to both disabled and non-disabled students
resultsin a significant interaction between student groups(Fuchs & Fuchs 2001) Thistype of
interaction, commonly referred to as adifferential boog, is used to hdp subgantiate or refute the
validity of an accommodation; however, caution should be used when interpreting interactions
because some of the accommodaionsresearch hasincluded students who are unable to perform
thetask regardless of theaccommodaion employed (McKevitt & Elliott, 2003. If the
appropriate accommodaion has been administered, the student with a disability should exhibit

an inarease in scores on the nonstandad administration abovethose of thar nondisabled peers.
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In many cases thereciproca effect should be observed in nondisabled students, with their scores
decreasing in the accommodaed condition (Fuchset a., 2000a Fuchset a., 20000.

Oneaccommodaion tha congstently shows a differential bood isaread aoud
accommodaion for amathematics assessment (Thurlow & Bolt, 2007). These same results have
not been observed for aread aloud accommodaion on areading assessment. When students are
given aread aloudaccommodaion on areading assessment, a differential bood isnotobserved,
suggesting tha the condruct validity of theorigind assessment has been compromised. This
effect serves to subdantiate the validity of the read aoud accommodation on a mathematics
assessment (McKevitt & Elliott, 2003. While differential boog is commonly used to identify a
valid accommoddion, it is only onemethodfor subgantiating the validity of an accommodation.

Recent research has suggested the use of Differentia Item Funadioning (DIF) as atool for
condruct validation. DIF employsitem Respon® Theory (IRT) to assess whether the particular
test isresponding differently for different groups(i.e., high and low reading achievement). If the
desired congruct isbeng measured, it is expected tha the highea performing students will be
more likely to answver the hardest questionscorrectly. Convasaly, it is expected that the lower
performing students will bemog likely to answver the easier questionscorrect, while not
performing as well on more difficult questions When this type of differential respondingis
observed thevariability of respondingis consdered to below (Hambleton, Swaminahan, &
Roge's, 1991) Highlevels of variability suggest the condruct of the assessment has been
changad as afundion of the accommodaion; therefore, avalid accommodéion should result in
low variability (Bielinki et al., 2001)

Severa studies have examined the congruct validity of aread aloudaccommodaionona

mathematics assessment usng DIF. Pomplum and Omar (2000)used confirmatory factor
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andysisto compare the measured condruct of a statewide mathematics assessment for LD
students given aread aloud accommodaion, and thos not given the accommodaion. Results
revealed tha thefactor structure for both groupswas not significantly different, suggesting tha
themeasured condrud was the same for both groups lending suppot to thevalidity of the
accommodaion (Pomplum & Omar, 2000. Thurlow and colleagues (2000)also employed DIF
to examinevalidity. They did nat find significant variability in item respondng between the
disabled and nondisabled groupsacross accommodaion and no accommodaion groups These
findingsfurther suppot the preservation of congruct validity with theread aloud
accommodaion condtion (Thurdow et al., 2000.

Methodsof Assigning Accommodaions Suggetionsfor Informative Accommodaton Research

Dueto the heterogendty of LD studentsit is difficult to obtain a match between the
disability and the accommodation prescribed. Researchers agree tha the student should only
receive an accommoddion tha is appropriate for higher doaumented disability (Phillips 1994)
Grouplevel research can mask theindividudity of LD students by produdng a clouded picture
of the effect of the accommodaion, and individud research is difficult to generdize to larger LD
student popuktions(Fuchset a., 2000b) A melding of both approaches may be needed in order
to effectively par LD students and accommodaions (Fuchset al., 20003.

Despite the difficulty in assigning accommodaions for LD students, there are several
common methodsemployed (Elliott et al., 2002) A descriptive approach is based on policy and
genaad logic, nat evidence. The next methodis comparative and relies on multiple sources of
data. Essentially, databases are examined to see how students with disabilities are affected by
accommoddions This can be an informative method, butrelies on pog hocdaa, preventing

causal relationshipsfrom being identified. Thelast of thegroupmethodsis experimental. Itis
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consdeed thebest, and involves systematic manipulation of variables (Elliott et al., 2002;Fuchs
et a., 20003.

Commondities amongtheliterature regarding appropriate procedures for conduding
accommodaion research indude udng repeated measure design with parallel forms of the
assessment tool, and induding both nondisabled and disabled popuktionsin all testing
conditions(Fuchset a., 2000a Fuchset a., 2000h Gilbertson Schulte, et a., 2001;Pomplum &
Omar, 2000. Thee are two primary methodsfor experimentally studying read aloud
accommodaionsfor mathematics assessments. group and individud. The aforementioned
research suggestionsare typically employed in group design research aswell asin individud
examination of read aloud accommodéions

Expeimenta andysis examining individud assignment of accommodaionshas not
shown therobug effects observed in groupresearch (Fuchset a., 2000a). Currently, thelEP
team is assigned thistask, but the success rate of determining valid accommodaionshas not
been promising. Teachers geneaadly paticipaein IEP decison-making, and are consstently
shown to be poorjudges of which students should be given an accommodaion, and which
accommoddion the student should receive (Fuchset a., 2000b) Fuchsand Fuchs (2001)found
tha teachers awarded mathematics accommodaionsto large numbers of students (65% for
mathematics computation; 93%for mathematics application; and 93%for mathematics problem
solving), butwhen theresearchers used data-based rules to assign accommodaionsonly 20% of
students were given a mathematics computation accommodaion, 32%for a mathematics
application and 42%for a mathematics problem solving accommoddion. Similar to those
findings McKevitt and Elliott (2003 foundtha when teachers determined who should receive

an accommodaion a significant interaction was nat observed. Across theresearch, teachers
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congstently assign accommodations more often than necessary, and typically are nat goodat
identifying valid accommodaions(Fuchset a., 2000g Helwig & Tindd, 2003)
Mathematics Read Aloud Accommodaion

Theread aloudaccommodaionis oneof the 12 mos commonly prescribed
accommoddions(Thurow & Bolt, 2001) Despite thefact that 38% of states with
accommodaion laws prohibit read aloud accommodaions exceptionsare usudly madefor
mathemati cs assessments (Pomplum & Omar, 2000). It is aso oneof themog widdy studied
and the overall results place it amongoneof the mog valid for students with disabilities
(Thomponet a., 2002) When theread aloudaccommodaion is used on a mathematics
assessment, research congstently shows the condruct validity to remain undtered (Bielinski et
a., 200).

Accommodaionsare only valid when the assessment is measuring a different skill than
theonebeang compensated for by the accommodaion (Phillips 1994. Furthermore, the student
needsto have sufficient skill to peform thetask beng assessed (Calhoon,Fuchs & Hamlett,
2000) Reading and mathematics are discreet skills, meaning that mathematics can bevalidly
assessed in the presence of areading accommodaion. Consdering tha reading ability influences
mathematics achievement and performance when the mathematics task involves language(i.e.,
verbd countng and story problems) (Jordan, Hanich & Kaplan, 2003) it is often necessary to
provide an accommoddion to compensate for poorreading skill (Elliott et al., 200]). Theissueis
more complicated for those students comorbid for a reading and mathematics disability. A
mathematics disability is generally indicated by peformance be ow the 25" percentile on a
standardized mathematics assessment, and general consensusin theliterature suggests 4 to 7% of

the popuktion exhibits a mathematics disability (Fuchset a., 2004) While it has notbeen
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expeaimentally evaluaed, in order for theaccommodaion to be beneficia and valid, only those
students with low reading skill and sufficient mathematics skill (i.e. abovethe25" percentile on
a mathematics assessment) should beinduded in the accommodaion andysis (Calhoonet al.).

When Thurow and Bolt (2001)synthesized the accommodaion literature, they found
suppott for the use of mathematics read aloudaccommodaionson statewide assessments. The
accommoddionresultsin adifferential boog, supporting thecongruct validity of the
accommodaion. Elliott and colleagues (2001)found similar results. Overall, when students
withoutdisabilities received an individudized accommodéion they peformed aboutthe same as
students withouta disability not receiving an accommodation. Both groupsdid better than
students with disabilities not receiving an accommodaion. When mathematics read aloud
accommoddionswere examined at theindividud level, results are notas clear (Elliott et al.,
2001)

Elliott and colleagues (2001)attempted to identify variables tha would hdp identify
which accommodaionwould bebeneficia to an individud student. They foundtha of five
students, two did not congstently respondto the accommodation across mathematics or science
tasks, two did respondto the accommodaion condition, and onestudent peformed worse in the
accommodaion condtion. Theresults did not present them with enoughinformation to
accurately identify variablesto hdp identify appropriate accommodaions(Elliott et al., 2007).
When aso examining variables related to accommodaions Calhoonand colleagues (2000)
foundtha theeffects produced by the accommodaion do notvary as afundion of the
administrating agent. The accommodation can be administered by theteacher, computer, or

video, and still produce the same bendfit. Thisfinding lendssuppot to thenotion tha aread
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aloud accommodaion can be administered withoutcoging theteacher a consderable amount of

time.

Not al of the mathematics read aloud accommodeation research suppots the validity of
theaccommodation. Gilbertson Schulte and colleagues (2001) did not find a significant
interaction between disabled and nondisabled groups however, they used accommodaion
packages and did not experimentally manipulate the accommodéion variables independent of
oneanother. Meloy, Deville and Frisbe (2002 found tha LD and nonLD students both showed
increases in scores with the read aloud accommodaion. These results need to beinterpreted with
caution as they did not use a repeated measures design. The participants either received the
accommodaion or thestandad administration. The same methodobgical issuea so appeared in
John®n@ (2000)study of accommodaions Participants were not administered parallel forms
and failed to produe a significant interaction effect. Thelast study to not show adifferential
boog was conduded by Helwig and Tindd (2003) In this study arepeated measures design was
used, butthe standad administration condition was not timed, while theread aloud condition
was. Given tha research has shown tha extratime resultsin highe scoresfor al students
(Elliott & Marquat, 2004; Fuchset a., 2000b) it was not surprising tha the standad
administration condition resulted in highe scores. Based onthe design of thestudy, it is difficult
to determine whether the same effects would have been observed had both testing conditions
been alotted the same amountof time.

Sunmary of Accommodaton Research
Based onreview of theresearch, thefollowing questionswere generated: (a) Can reading

performance be used to accurately determinewhich groupsof students will show thedifferentia



Mathematics Accommoddion 15

boog on aread aloudaccommodaion?(b) Isthere adifference in thevalidity of an
accommodadion, as denoted by a significant interaction, between students aboveand bdow the
25" percentile on mathematics skill?

Method
Participants

Sudents. A total of 180students participated in this study. They were fourth (N=97) and
fifth (N=83) grade students from an urban elementary school in southern California. Following
IRB approvd of the study, written parental consent was obtained for al students. All students
within the study were primarily ingructed in thegenera education classroomwith 11 (6%)
receiving pull-out resource services for up to 10 hours pe week. For andysis purposes, theoral
reading fluency and comprehenson test scores of each student were used to assign him/her to the
high or low reading skill group This was donebased on previousresearch indicating tha special
education classification is not dways a goodindicator of actud student performance
(MacMillian, Gresham & Bodan, 1999. Of the 180 students, there were 126 (67%%) Hispanic, 22
(115%) Caucasian, 20 (11 %) African American, 4 (2.2%) Filipino, 4 (2.2%) Viethamese, 2
(1.1%) Korean, and 1 (0.5%) Chinese. Seventy-eight (43.4%) of the students were male and 102
(53.3%) were female. Eighty-three (46.2%) were classified as English language learnes, with 3
(3.3%) of those students consdered fluent/proficient.

Test Examiners. All researchers (N=4) were in thar secondyear of a Ph.D. School
Psychology graduae program. Each of theresearchers had received formal trainingon al
assessment materials, and was given a manud with standardized ingructionsfor each of the
assessments used.

Materials
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MAZE CurriculumBased Measure (M-CBM). Fourth andfifth grade M-CBM probes
were obtained from AimsWeb Progress Monitoring and Improvement System (Shinn& Shinn,
2002) The M-CBM measure was used in order to assess studentsOcomprehension. Thefirst
sentence of the 150-400word passageis left intact and after that first sentence, every 7th word is
replaced with three wordsin paentheses. Of the 3words thereis 1 word tha isthe exact one
fromtheorigind passage Theother 2 wordsare distracters with 1 of thewordsbeng thesame
pat of speech, but either does not make sense or does not preserve the meaning of thetext. The
seconddistracter is chosen randonly from thetext, and does not make sense. M-CBM is
congdered to beavalid and reliable measure of reading comprehengon, with the test-retest
reliability for a1 month spread being .83 (Shin, Deno & Espin, 2000. Jenkinsand Jewell (1990)
foundtha amaze task correlated between .66 and .76 with both the Gates-MacGinitie Reading
and the Metropolitan Achievement Test.

A standadized administration protocol was used to administer the M-CBM (see
Appendix A). Students had 3 minutes to read the passage and circle word choices. The
percentage of correct answers was used for statistical andyses.

Reading Curriculum-Based Measure (R-CBM). The three 4™ or 5" grade passages
(determined by the student@ current ingructiond grade), obtained from AimswWeb
(http://www.aimsweb.com), were administered to each paticipant. The passages the students are
given to read are meaningful, connected, and graded passages of text that are written to be
representative of genera curriculum of mos students. The passages are assessed for difficulty
using several methods and have an aternate forms reliability of .85 for 4" grade and .88 for 5"

grade (Howe & Shinn, 2002)
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A standad protocol was aso used for R-CBM administration (see Appendix B). Students
were asked to read aloudfromthe passagefor 1 minute while the examiner recorded incorrect
responses. Any word read correctly, or self-corrected within 3 secondswas scored as correct.
Incorrect responges were those in which wordswere read incorrectly, mispronouned (notdueto
diaect), or skipped. If astudent skipped an entire line, it was scored as 1 incorrect respong, and
wordsfromthat linewere notused in calculation of total wordsread correctly. The student was
given 3 secondsto attempt each word, after 3 secondshad passed the student was given the
correct word and tha word was scored as incorrect. If prope names wereread incorrectly it was
scored as incorrect thefirst time, but subsequent mispronundationswere not scored incorrectly
(unless the name was mispronouned differently the next time).

Basc Mathematics Computation. Probes from theMonitoring Basic Skills Progress (2™
Edition) were used as the computation measures (Fuchs Hamlett & Fuchs 1990) Each test
congsts of 25 math computation problems representing the year-long gradelevel math
computation curriculum. Within each gradelevel, thetype of problems represented on each test
remainscondant fromtest to test; however, thefacts to betested and thar postiononthetest are
selected randony. For 4™ and 5" gradelevel tests, the computation condsts of multiplication,
division of whole numbers, fractionsand decimals (Fuchset al.).

Badc Mathematics Conaepts and Applications Applied mathematics probes were
obtained from the Monitoring Basic Skills Progress (2" Edition) created by Fuchsand
colleagues (1990) Each of thetests represents year-long grade-level mathematics conogpts and
application curriculum, and congsts of 18-25 questions The probes can contain nunmber
conaepts, names of numbers and vocabulary, measurement, charts and graphs grid reading,

geometry, fractions decimals and word problems (Fuchset a.).
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Theinternd congstency for both the computation and conaegpts and applicationstests for
the 4™ and 5" grade probes is .97. The measures are also evaluaed based oniits correlation to
California Tests of Basic Skills (CTBS) scores. For 4™ grade the computation measure correlates
to the CTBS computation subtest at .74, and .67 for 5" grade The conacepts and applications
measure correlates to the CTBS subtest at .75 for 4" grade and .81 for 5" grade (Fuchs, Hamlett
& Fuchsg).

For the applied mathematics assessments, all students were given both aread aloud
accommoddion and a standad administration of thetest. During the accommodéionscondition,
the entire assessment was read aloudto the class before they began the problems. During
standard administration the students were given the assessment withoutthe questionsbeng read
to them (see Appendix D).

Procedures

All students were individudly administered the R-CBM, while the M-CBM,
mathematics computation and application assessments were given to thewhole class. There were
2 researchers per class and while oneresearcher read the directionsto the class, the other
researcher passed thetest out and then later collected them. Before the students were ingructed
to begin working, any questionsthe students had were answered. Both researchers walked
aroundtheroom while the students were working in order to assure adhaence to thetesting
directions If during testing, the students were not following testing directions(i.e., starting ahead
of time), then their responges were thrown out During déaa collection, three students were
excluded for andyses based on imprope testing procedures. Student questionswere not

answered during test administration.
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Theread a oudaccommodaion condition was counterbdanced in an effort to control for order
effects. For al classes the applied mathematics tests were administered first followed by the
computation and then M-CBM tasks. The R-CBM assessment was administered last by pulling
students out of theclassin dphabetical order.

Themedian wordsread correctly across the 3 passages was used for andyses. The
computation and applied mathematics assessments were also administered usng a standad
protocol (see Appendix C and D). Students were given 5 minutes to complete as many problems
he/she could, skipping tho tha he'she did notknow. Thetotal number of correct divided by the
number of digits attempted was calculated to obtain the percentage correct. The percentages were
used for andysis purmposs.

Sttigtical Analysis

To evaluae thefirst research question, a2 x 2 x 2 mixed factorial andysis of variance
(ANOVA) with onewithin-subjects factor (accommodéion condition) and two between-subjects
factor (R-CBM and M-CBM score) was used. StudentsOscores for both the accommodated and
nonaccommodaed condition served as the dependent variable. The R-CBM and M-CBM scores
were used to distribute students into a high and low reading skill group. Winter normative
information was obtained from AIMSweb, and those students b ow the 25™ percentile were
placed in thelow reading skill group.For R-CBM the 4™ grade cutoff was 89 wordsread
correctly (WRC) per minute and it was 89 WRC for 5" grade TheM-CBM cutoff for 4" grade
was 12 correct responges, and 13 correct respongs for 5" grade

The secondresearch question was evaluaed by paeforming the same repeasted measures
andysis, butonly induding students abovethe 25" percentile on mathematics skill, as measured

by the computation task.
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Power Analysis

In an effort to avoid Typell error, a power anaysis was conduded to determine sufficient
sample size (Cohen, 1992) Using Cohen@ criteria, a medium effect at the p < .05 level required
64 participants for each of thetwo groups A sufficient sample was used in order to meet this
criterion.

Results
Analysis Using all Participants
A 2 x 2 x 2 mixed factorial andysis of variance (ANOV A) was used to compae

mathematics scores with and withoutaread aloud accommodation. The accommodéion
conditionsserved as the repeated measure and consisted of two levels (Level 1: read aloud
accommoddion; Level 2: no accommoddion). In order to answer thefirst research question, all
students paticipaed in theandysis, and were grouped based on M-CBM and R-CBM scores.
Those assessments served as the between-subject factors, and each congsted of two levels[M-
CBM (Level 1: bdow the 25" percentile; Level 2: abovethe 25" percentile) and R-CBM (Level
1: bdow the 25" percentile; Level 2: abovethe 25" percentile)]. Table 1 provides groupmean
and standad deviationsfor theM-CBM, R-CBM, basic mathematics computation, and basic
mathematics conaogpts and applicationsmeasures for al paticipants. Mean basic mathematics
conaepts and application scores for thetwo accommodaion conditionsacross high and low M-
CBM and R-CBM groupsare aso displayed in Table 1. When differentiated based on M-CBM
score, both low and high groupsexhibited increased performance on the applied mathematics
assessment in the presence of aread aloud accommodaion; however, the scores of the high R-
CBM group showed a decrease in peformance for the applied mathematics assessment when

given aread aloudaccommoddion.
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Thisandysis did notreveal any significant within-subject interactionsor main effects
(see Table 2); however, a significant between-subject main effect was observed for M-CBM [F
(1,173 =9.231, p=.003. Based on Cohen®@ guidelines (1988) the effect size assodated with
the M-CBM main effect (patia eta squaed=.051) was in the modeate range Theobsrved
main effect indicates that the number of correct responses given by the bdow 25" percentile
group (M = 47.25,SE=1.95;95% Cl = 4340t0 51.11) were significantly lower than the above
25" percentile group(M = 60.10, SE= 3.75; 95% CI = 52.70t0 67.51).
Analysis Using Only the High Conputation Group

A second2 x 2 x 2 mixed factorial ANOV A was used to compare mathematics scores
with and withouta read aloud accommodaion for only thos students scoring abovethe 25"
percentile onthe computationtask. Theindegpendent and dependent variables from thefirst
andysis remained the same; however, tho= students scoring b ow the 25" percentile onthe
computation task were excluded from theandysis. This reduced the sample size to 130, but still
allowed for a sufficient N to maintain the desired power. The meansfor the high computation
groupacross M-CBM and R-CBM groupscan beseen in Table 3. After thestudentsin the
lowest 25" percentile on the computation task were excluded fromthe andysis, theM-CBM and
R-CBM high groupsshowed a decrease in applied mathematics performance when given aread
aloud accommoddion. The convase was truefor thelow groups where aninarease in
performance on the applied mathematics assessment was observed in the presence of aread
aloudaccommodeéion.

Results (see Figure 1) revealed a significant within-subjects interaction between the
accommodation condition and M-CBM [WilksOLambda=.971,F(1, 130)= 3.929, p = .050], with

an effect szeinthesmall range(multivariate patia eta squaed =.029). Thestudentsin thelow
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M-CBM group performed better on the applied mathematics task when given aread aloud
accommoddion (M =53.78, £ =2.72;95%Cl = 4340t0 59.17) than they did withoutthe
accommoddion (M =48.36, & = 2.39;95%Cl = 43.63t0 53.08). Convasely, studentsin the
high M-CBM performed better in the no accommodation condition (M = 6456, & = 3.91;95%
Cl =56.83to 72.28) than they did with theread aloud accommodaion (M = 5839, SE= 4.45;
95%Cl =4959t0 67.20). There were no other significant within-subject interactionsor main
effects (see Table 4).

Asobsrved in thefirst andyss, there was only one significant between-subject main
effect (see Table 4). Thesgnificant effect was agan observed for M-CBM [F (1, 130)= 6.966 p
=.009]with an effect size in themodeate range(partial eta squaed =.051) Participantsin the
bdow 25" percentile group (M = 51.07, SE = 2.06; 95%Cl = 47.00to 55.14) scored
significantly lower than theabove25™ percentile group (M =61.47,SE= 3.36; 95% Cl =54.82
to 68.13).

Discussion

This study took a different approach for examining accommodations than has previous
research. Thetraditiond approach for investigating accommodaionsuses a repeated measures
design, where parallel forms of an assessment are used in theread aloudand standad
administration condition. Tha framework was utilized in the current study; however, thetwo
primary objectives of the study soughtto further expand the accommodaion research. Thiswas
doneby differentiating high and low readers on bath afluency and comprehenson measure, and
attempting to eliminate theimpact of a different disability (in this case math) than theonetha

was being accommodaed.
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Thisfirst research question was designed to examinethe potential differences between
usng afluency and/or comprehens on measure when determining which students should receive
aread aloud accommodaion on an applied mathematics assessment. The second objective aso
was designal to examinetherelationsip between high and low readers and accommodaion
conditions however, students were further differentiated by mathematics performance. This was
donein order to try and control for a potential mathematics disability, and was accomplished by
removing students scoring bdow the 25" percentile on the computation task. Theinitial
grouping of students based on M-CBM and R-CBM scores was maintained for the second
andysis.

Traditional Acconmodaton Analysis

When studentsOperformance on an applied mathematics assessment was compared based
on high and low grouping across M-CBM and R-CBM scores, mean differences on the applied
mathematics assessment (see Table 1) suggested tha theread aloudaccommodaion condition
resulted in increased performance for al students, with the exception of those in the high R-
CBM group. Despite these mean differences, andysis of thewithin-subjects effects failed to
produce a significant interaction between the accommodaion and either the R-CBM or M-CBM
groups(see Table 2).

A significant interactionis congdered to be an indicator of an accommodaion tha has
maintained condruc validity (Phillips 1994) Based on thefindingsfrom thefirst andysisit
does not appear tha theread aloud accommodaion had maintained the congruct validity of the
origind assessment (Phillips 1994) however, in order for an accommodaion to beussful the
student needsto have the skills necessary to perform thetask beng assessed (Fuchset al., 2004)

It is plaugble tha because theinitial andysisinduded al students, tha students not possessing
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the skills necessary to complete a mathematics assessment masked the differential boog of the
accommodéion.
Targeted Disability Analysis

In order to further examinetheposible differentia boog of the accommodaion, students
sugpected of having a mathematics disability were excluded from thesecondandysis. Thiswas
executed by removing all students scoring beow the 25" percentile on a computation task
(Calhoonet al., 2000. When students with a sugpected mathematics disability were excluded
fromthedatistical andysis, the mean differences on the applied mathematics assessment
between the high and low R-CBM and M-CBM groupsshifted. In each of thelow groups
students performed better on the applied mathematics assessment when given aread aloud
accommodédion, while students in the high groupsexperienced decreased paformancein the
presence of aread aloudaccommodation (see Table 3). Furthe andysisreveaed tha therewas a
significant interaction between the accommodaion condition and the M-CBM group (see Figure
1). Thedifferential boog, asindicated by the significant interaction, suppots the congruct
validity of theread aloud accommodéion onthe gpplied mathematics assessment (Phillips
1994) Thee aretwo interesting findingsassodated with thesecondandysis. Thefirst is
assodated with the comprehensgon task being useful in determining which students would
respondto theinteraction, and the second dealing with the validity of the accommodaion being
retained when those students with a sugpected mathematics disability were excluded fromthe
andysis.

Onepossible explanaion for the success of the comprehenson task versusthefluency
task in produang adifferential boog isthe highlevel of English languagelearnersin this

sample. It ispossible tha they were able to decodethewordsin thefluency task, produdang
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somewha of an inflated score, buta more accurate performance indicator was the
comprehenson task, which required interpretation of the text. The same phenomenamay also
hold truefor English only students. It may nat be enoughto beable to read thewordson the
page the student mug also be able to interpret the meaning of thetext so asto answer to
guestion (Jordan et a., 2003)

Thelack of significance for the R-CBM task may aso bedueto thefact tha the measure
was administered based on grade, not ingructiond level. If the students had been given R-CBM
probes based on thar actud level of peformance, it may have provided a more accurate
representation of ther skill level; therefore serving as a better predictor of respons to theread
aloudaccommodeéion.

Despite the significance of theinteraction between M-CBM and the accommodaion, a
relatively small effect was produced (Cohen, 1992). Theinteraction accounted for 29% of the
variance for peformance on the applied mathematics assessment scores. This suggests tha there
are other variable(s) tha would be useful in identifying which students should receive aread
aloudaccommoddion. It is possible that fluency measured in a different manne, or with
different cut-off points (i.e., lowest 10" percentile) may have resulted in a significant interaction
for fluency as well. While theinteraction produced by the M-CBM groupingis interesting, the
effect size suggests tha comprenenson does not provide al of the necessary information needed
to make accommodation decisions

The secondinteresting finding resulting from the second andysis was the difference in
results when the students with low computation skills were removed fromtheandysis. These
findingssuppot earlier research suggesting that students beow the 25" percentileona

computation assessment may be at risk for a mathematics disability (Fuchset al., 2004) Inthis
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study students who did not possess the necessary skills for performing the computation were
unéable to increase performance on the applied mathematics assessment even in the presence of a
read aloud accommodaion. Based on this, theread accommoddionis only consdered to have
maintained the condruct validity when it is notadministered to those students sugected of a
mathematics disability.

Condugons

Thefirst research question was conaerned with identifying variable(s) tha could be
useful in deermining which students would ben€fit from an accommodaion, and at the same
time maintaining the congruct validity of the origind assessment. Based on theresults of this
study, it appears tha a comprehenson measure (M-CBM) is onetool tha can beused to
differentiate which students should receive a read aloud accommodaion. While the M-CBM task
did provided adifferential boog the effect size was small indicating further exploration of
variables influencing a student@ response to a read al oud accommodation.

The secondresearch question was concerned with differences in respong to theread
aloud accommodaion beween students sugpected and not sugpected of a mathematics disability.
These results suggest tha before a studentis assigned aread aloudaccommodaion, ther ability
to peform thetask be assessed. These findingssuggest tha a student be given an
accommodaion after carefully conddering the student@® peaformance levels are, the areas he/'she
islikely to need an accommoddionin, and his’her skillsrelative to the desired assessment area.

These findingshave important implicationsfor specia eduction and the studentsiit
serves, especially in light of recent legidation requiring tha students with disabilities beinduded
in statewide assessments (Fuchs & Fuchs 2001) however, they are often excluded from such

assessments, and even when they are induded thear scores are often notreported (Vandawood et
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a., 1998. Thestatewide assessments serve a primary funaion of inareasing the accountbility of
specia education, and hopdully improving the assodated services (Thompson et a., 2002) If
students with disabilities are notinduded in the assessment, or thar scores are not representative
of actud peaformance, it makes evaluaion of special education difficult (Elliott et a., 1996;
Vandewoodet a.). Theonly way for theresults obtained from students with disabilitiesto be
meaningful in accounibility decisions isfor thar scoresto accurately reflect ther actud skill
level (Langdeld et d., 1996. Administering valid and appropriate accommodaionsto students
with disabilities will hdp ensure the meaningfulness of ther scores (Phillips 1994.
Future Directions

The current study expanded existing accommodaionsresearch, ansvering some
guestionsand serving as theimpeusfor others. For example, it would beinteresting to examine
the effects of aread aloudaccommodaion amongEnglish only students. It is possible tha the
comprehenson task only produces a differential bood for certain popuktionsof students.
Another possible area of expansgon would beto administer other reading related assessments to
determineif they could accountfor more of thevariance, therefore providing a more accurate
composte of which students should receive aread aloud accommodaion. Future research could
also explore the validity of the accommodaion, if the assessments were administered according
to ingructiond level ingead of gradelevel. For thefluency measure, theingructiond level of the
assessment may have played a critical role in why a significant interaction was not observed.
Providing more meaning to the scores obtained from special education studentswill hep

improve accountbility decisionsregarding specia education effectiveness (Johnson, 2000)
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Table 2
Analysis of the Accommodation Condition Using all Participants
Source df MS F R p

Between-Subjects
M-CBM 1 5807.15 9.231 0.051 0.003*
R-CBM 1 1318.55 2.096 0.012 0.149
M-CBM * R-CBM 1 610.97 0.971 0.006 0.326
Error 173 629.07

Within-Subjects
Accommodation 1 62.15 0.232 0.001 0.631
Accommodation * M-CBM 1 1005.76 3.753 0.021 0.054
Accommodation * R-CBM 1 48.74 0.182 0.001 0.670
Accommodation * M-CBM * R-CBM 1 222.39 0.830 0.005 0.364

Error 173 268.02

*p <.001
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Table 4
Analysis of the Accommodation Condition Using Participants Scoring Above the 25th Percer
the Computation Task

Source df MS F R? p

Between-Subjects

M-CBM 1 3474.75 6.966 0.051 0.009**
R-CBM 1 1248.34 2.503 0.019 0.116
M-CBM * R-CBM 1 76.05 0.152 0.001 0.697
Error 130 498.80
Within-Subjects

Accommodation 1 4371 0.016 0.000 0.900
Accommodation * M-CBM 1 1077.77 3.929 0.029 0.05*
Accommodation * R-CBM 1 3.89 0.014 0.000 0.905
Accommodation * M-CBM * R-CBM 1 477.73 1.742 0.013 0.189

Error 130 268.02

*p <.05, **p <.001
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Appendix A

MAZE Directions(class wide)

1. After thestudents have puttheir name onthe cover sheet, start thetesting by sayingE

a. “When I say ‘Begin’ turn to the first story and start reading
silently. When you come to a group of three words, circle the 1
word that makes the most sense. Work as quickly as you can
without making mistakes. If you finish a page, turn the page and
keep working until I say ‘Stop’ or you are all done. Do you have
any questions?”

b. Answer student questions

2. Then say, Begin.OStart your stop watch.

3. Monitor students to make sure they undestand that they areto circle only 1 word.
4. If astudent finishes before thetime limit, collect the student@® Maze task and record the

time on the student@ test bookiet.
5. Attheend of 3 minutes say: (Stop. Put your pencils down. Please close your
booklet.”

6. Collect the Maze tasks.
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Appendix B
ORF Directions(individud)
. Place theunnunbered copy in front of thestudent
. Place thenunmbered copy in front of you but shielded so the student cannot see wha you

record
. Say:

a “When I say ‘Begin,’ start reading aloud at the top of this page.
Read across the page (DEMONSTRATE BY POINTING). Try to read
each word. If you come to a word you don’t know, I’ll tell it to

you. Be sure to do your best reading. Are there any questions?”

(Pause).

a “Begin” and start your stopwatch when the student says thefirst word. If the

student failsto say thefirst word of the passage after 3 seconds tell them the
word, mark it asincorrect, then start your stopwatch.
. Follow alongonyour copy. Put adash (/) throughwordsread incorrectly

. Attheend of 1 minute, place abracket (]) after thelast word and say, “Stop.”

. Score and summarize by writing WRC/Errors.
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Appendix C

Computation (class wide)

1. Placethemath probein frontof the student
2. Say:

a. “We are going to some more math. Please write your name on the
paper. I want you to do as many problems as you can. Work
carefully and do the best you can. When I say begin, start at the
top left, working from left to right. Keep working until I say stop.

Do you have any questions? Begin.”

3. Start your stopwatch when the students begin.
4. Givetheclass5 minutes.

5. Attheendof 5 minutes, say:

a. “Stop.”



Mathematics Accommoddion 41

Appendix D

Applicationswithoutaccommodéion (class wide)

1. Say:

a. “As soon as I give you your test, write your first name, your last
name, and the date. I want you to do as many problems as you
can. Remember, start at the first problem, work down the first
column and then the second column. Then move on to the next
page. When you come to a problem you know you can do, do it
right away. When you come to a problem that is hard for you,
skip it and come back to it later. When I say begin, start to work.
Work for the whole test time. Write your answers so I can read
them. If you finish early, check your answers. At the end of 5
minutes, I will tell you to stop and put your pencils down. Are
there any questions? Begin.”

2. Attheendof 5 minutes, say: “Stop, put your pencils down.”
3. Collect thetest.
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Applicationswith accommodéion (class wide)
1. Say:

a. “As soon as I give you your test, write your first name, your last
name, and the date. I want you to do as many problems as you
can. Remember, start at the first problem, work down the first
column and then the second column. Then move on to the next
page. When you come to a problem you know you can do, do it

right away. When you come to a problem that is hard for you,
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skip it and come back to it later. When I say begin, start to work.

Work for the whole test time. Write your answers so I can read
them. If you finish early, check your answers. At the end of 5
minutes, I will tell you to stop and put your pencils down. Are
there any questions?”
2. Say.
a. “Before we begin, I will read the questions on the test aloud to
you. Please follow along with me on your test.”
3. Read throughthetest questions
4. Say.
a “Any questions? Begin.” (DO NOT REPEAT ANY OF THE TEST
QUESTIONYS).
5. Attheendof 5 minutes, say: “Stop, put your pencils down.”
6. Collect thetest.
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Figure Caption
Figure 1. Interaction between M-CBM groupng and the accommodaion conditionswith thelow

computation student groupremoved from the anayses.



