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ABSTRACT

One hundred forty-six students in third, fourthd difth grades completed two types of
curriculum-based measurement (CBM) math probed) e@nhputation and math concepts/
applications, in the winter and spring. The relagioip between scores on the math probes and
scores on the math portion of the Louisiana statevassessments were analyzed by computing
correlation coefficients and conducting multiplgmession analyses. Both types of probes were
significantly correlated with test outcomes, yed toncepts/applications probes were stronger
predictors of test performance. The diagnostic meuof the probes was determined using
receiver operating characteristic (ROC) curve asedywhich established cut scores that are
associated with passing the statewide test andlevéhe concepts/applications probes have
higher overall correct classification rates. Havihg ability to predict performance on high-
stakes tests enhances the utility of CBM and pes/ithie opportunity for educators to intensify

instruction for at-risk students before they exgece failure.



INTRODUCTION

With the passage of the No Child Left Behind A4C(LB, 2001), states and districts face
extensive accountability standards for the perfoarteaand annual progress of every student in
their schools. Each state is required to set higihdards for what students should know and how
they should demonstrate their knowledge at eadthegevel as well as to establish clear,
measurable goals for progress, with the ultimatd gbimproving individual student outcomes.
NCLB (2001) called for a standards-based reformenmant in education; rather than focusing
on how they compare to classmates, as in normaméed assessment, all students are assessed
in comparison to a set criterion in this standdrdsed system. Every state is required to
administer a standardized assessment of basis skidftudents in grades 3 through 8 in order to
assess proficiency in core academic areas suaadsg and math and to determine if schools
are achieving “adequate yearly progress” (NCLB,190fased on the state’s standards (Braden,
2002; Linn, 2000).

These statewide tests are considered “high-stdksts, single assessments that have a
predetermined cut score used to distinguish thdsepass from those who fail, with direct
consequences associated with passing and failorgexample, major decisions such as retaining
students, terminating teachers, and removing fupdincreditation, or administrative control
from schools are based on the outcomes of statadestie Given that the scores of all students in
a school determine the school’s success and sclsgoles are used to determine state
performance, there is substantial pressure on éesith raise students’ test scores. Teachers
often narrow their curriculum by “teaching to tlestt’ (Popham, 2003), intending not only to

increase student performance but also to avoidysalds and even job loss. Also, because



students are made aware of the impending consegsiefithese assessments, test anxiety
becomes common (Cizek & Burg, 2006).

Although these standardized tests are designe@#&sumne overall academic achievement
and are used to make high-stakes decisions, tipgatly provide too little information too late
(McGlinchey & Hixson, 2004). Generally, statewmesessments are conducted near the end of
the school year with the intention of determininigether the instruction provided throughout the
year was effective, which does not allow time tadifyoinstruction for students in need of more
intensive services. It can be argued that decissaoh as retention, which can result in
detrimental consequences for students (Jimersd1,)26hould not be solely based on a one-shot
assessment. Rather, students and teachers shaagddssed and given performance feedback
throughout the year, which can improve the prolitgdof schools continuing effective practices
and modifying or eliminating ineffective instruatial procedures (Good, Simmons, &
Kame’enui, 2001). Ensuring effective instructiorbesng providedluring the school year not
only prevents individual students from failing lal$o entire schools from performing poorly.
Furthermore, an assessment that is able to prewidedication of future performance on the
statewide test may reduce a significant amountedgure experienced by teachers and students
as test dates approach.

Aside from their inability to be administered freguly enough to monitor progress,
statewide assessments fail to provide informatmyusistudent attainment of specific
educational goals and thus lack instructional wgliCrawford, Tindal & Stieber, 2001;

Popham, 2003). If a student fails the reading saaif a high-stakes test, the student’s teacher
will be aware of his or her difficulties in readibgt will most likely be unsure of the specific

reading skills that require more practice. Assesdgshat have treatment validity, or inform
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intervention (Hayes, Nelson, & Jarrett, 1987), halgeious advantages over those that do not;
the more specifically a test can pinpoint defigitacademic skills, the more useful the test can
be when designing interventions that directly adslithe identified deficits. Curriculum-based
measurement (CBM) is a type of assessment thahéamn treatment as well as be administered
frequently enough to monitor progress throughoetsthool year.

CBM has been established as a reliable and valtdodeof identifying academic
concerns and monitoring student response to irtginat programs (Deno, Espin, & Fuchs,
2002; Fuchs & Fuchs, 1999). The tasks involvedBMGserve as general outcome measures
(GOM) which represent the global content (rathantBub-skills) in the academic domain being
assessed (Fuchs & Deno, 1991). In addition, CBbbraprised of a set of standardized
procedures that are easy and efficient to admiméste score, and the resulting data can be used
to inform the design of instructional interventidiX®eno et al., 2002; Fuchs & Deno, 1991;
Fuchs & Fuchs, 1999). CBM has been developed timgamath, writing, and spelling. Some
uses of CBM include screening to identify studexttask for academic failure, establishing
local norms, monitoring student progress, classgstudents, and evaluating intervention
effectiveness (Hosp, Hosp, & Howell, 2007).

Most recently, while investigating the range of laggiions of CBM, researchers have
found that there are moderate to strong correlatimtween oral reading CBM scores and scores
on high-stakes tests in eight states: ColoradowySh&haw, 2002), Florida (Buck & Torgeson,
2003), Michigan (McGlinchey & Hixson, 2004), Minrega (Hintze & Silberglitt, 2005), North
Carolina (Barger, 2003), Oregon (Good, Simmons,a&n€’enui, 2001), Pennsylvania (Shapiro,
Keller, Lutz, Santoro, & Hintze, 2006), and Washaorg(Stage & Jacobsen, 2001). Furthermore,

CBM reading scores that indicate a student wilsgas statewide assessment have been
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identified. For example, Good et al. (2001) deteedia third grader who can read 110 words or
more on an oral reading probe is likely to pasQhegon test. Studies have found a similar
relationship between math CBM probes and math sammestatewide tests (Helwig, Anderson,

& Tindall, 2002; Jiban & Deno, 2007; Shapiro et 2D06), although correlations are slightly
weaker than those found with reading CBM probes.

These findings have significant implications intthedministrators, teachers, and students
do not need to wait until the end of the schookyealetermine where they stand in comparison
to established standards as individuals and as@bk®lso, because CBM outcomes are
significantly related to measures more commonlyluseschools to evaluate student
performance and progress (i.e. tests), the usefsilaed practical significance of CBM is
enhanced. Most importantly, having the ability tedict students’ test results allows a school to
take action in remediating students who are idieatids at-risk for failing the statewide
assessment months before the test is administeueth. proactive measures may prevent
multiple negative consequences that could ensagesult of students failing high-stakes tests.

Although most research on the relationship betw@BN scores and statewide test
scores involves oral reading fluency probes, resess have begun to investigate this
relationship with math CBM, and in particular, matincepts/applications probes (Helwig et al.,
2002; Shapiro et al., 2006; Keller-Margulis, Shap& Hintze, 2008). Rather than measure
foundational strategies and procedural knowledgprbgenting basic math facts, which is done
with computational math CBM probes, concepts/apgibmis probes measure conceptual
knowledge by presenting charts, graphs, measuretireet money, and word problems. The
logic behind developing and administering concelptiEased math probes is to assess students’

ability to reason mathematically and apply compataskills to various scenarios, rather than
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solve problems in isolation (Fuchs, Fuchs, & Zum2@®8). Also, investigating the relationship
between scores on a conceptually-based CBM andsoora statewide test is a logical
evaluation because high-stakes tests do not siogpitain math facts but rather, require students
to apply math reasoning skills to many differenqety of problems.

Helwig and colleagues (2002) were the first to stigate the relationship between scores
on conceptually-based math CBM and performance @mguter adaptive test that paralleled a
statewide (Oregon) assessment. Eighth-grade studentpleted the computer test and a math
CBM probe containing 11 conceptual problems. A Baaproduct-moment correlation
demonstrated a strong relationship between thentath measures € .80), and a discriminate
function analysis indicated the conceptual mathbenoredicted with 81% accuracy which
students would and would not score high enoughercomputer test to meet the state standard.
Helwig et al. (2002) discussed support of theiotlyghat the more successful students are at
completing conceptual math CBM probes, the momdyikhey have developed well-networked
mathematical schemas and the higher they will scorstandardized measures of general math
achievement. The authors emphasized the signifecahasing CBM to estimate where students
stand in relation to state benchmarks throughauy#ar and called for more research on this
relationship.

Shapiro et al. (2006) expanded this area of rebdarinvestigating the relationship
between statewide (Pennsylvania) test performanderath CBM scores using both
computational and concepts/applications probesné&eary school students across two districts
were administered probes in the fall, winter, apidng), and the statewide test was conducted in
the spring. With both types of CBMs, the winterlpge were the best predictors of the spring

statewide test scores. As for correlations withdtage standardized test scores, the
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concepts/applications probes were somewhat higiteglated ( ranged from .46 to .64) than
the computational probes ianged from .41 to .53). Using a receiver opegatimaracteristic
(ROC) curve analysis, the authors determined autesoon the math probes that would most
accurately classify which students would and wawdtimeet the state testing standard. As for
diagnostic accuracy using those cut scores, thedi3ld measures showed similar results; both
had an overall correct classification rate aro@td sensitivity around .65, and specificity
around .66. Shapiro et al. (2006) underscoreddihargages of CBM probes being predictors of
high-stakes test performance including being inegpe, efficient, and effective screening
measures capable of informing the design of rerhederventions.

Most recently, Keller-Margulis, Shapiro, & Hintz2008) extended the research by
examining the relation between rate of growth aedgsmance on a statewide (Pennsylvania)
achievement test 1 and 2 years later as well adislgmostic accuracy of CBM scores in
predicting scores on a statewide assessment 1 gaar2 later. Oral reading fluency probes from
AIMSweb, Monitoring Basic Skills Progress-Math Cautgtion probes (Fuchs, Hamlett, &
Fuchs, 1998), and Monitoring Basic Skills Progrststh Concepts and Applications probes
(Fuchs, Hamlett, & Fuchs, 1999) were administeretthe fall, winter, and spring. Correlations
were computed between performance on each probpeaafamance on the statewide test. Also,
the three CBM data points were used to calculalee, representing the rate of growth across
the school year, which was then correlated withescon the standardized assessment. Results
showed moderate to strong correlations betweenitgheil math computation scoresranged
from .23 to .69) and individual math concepts/aggilons scores fanged from .25 to .66) and
test performance both 1 and 2 years later. Coivelaivere weaker between slope of math

computation scores (anged from .35 to .45) and slope of math conéappdications scores (
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ranged from .08 to .32) and the statewide test. R@€e analyses were used to identify cut
scores for reading, math computation, and matheqmts@and applications, and the diagnostic
accuracy of CBM was determined to be strong. Witeading CBM probes and slopes, an
average of 78% of students were correctly clagsd® either passing or failing the high-stakes
test. Within math computation CBM probes and slppasaverage of 70% of students were
correctly classified, whereas an average of 69%iwafents were correctly classified using math
concepts and applications probes and slopes. Qviedil/idual CBM probe scores resulted in
better diagnostic accuracy than CBM slope datathimiauthors pointed out the need for further
research that aims to clarify the predictabilitg @alagnostic decision-making ability of CBM.
Rationale and Resear ch Questions

Considering the decisions that are based on sd¢ewst outcomes, having the ability to
identify students who are unlikely to pass the iesertainly considered desirable by school
personnel. And although the relationship betweeiM@Bores and performance on statewide
assessments has been established to some degriekosigncratic nature of state standards and
assessments requires replication of this typewastigation. Also, there are limited studies
addressing the relationship between math test peaioce and scores on math CBM probes,
especially math concepts and applications. As dhchstudy aims to add to the existing
research on the relationship between math CBM samd high-stakes test scores as well as
establish the accuracy of math CBM probes in ptedjcstudent performance on the statewide
achievement test in Louisiana.

Two types of math CBM probes, computation and cptstapplications, were
administered to determine how well each prediatdestt performance on the statewide test.

Because the standards addressed in Louisianaésvidatassessments are derived from the math
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curriculum, which encompasses number relationssareanent, geometry, algebra, patterns,
charts, and graphs, the math portion of these testi®in more conceptually-based problems
than computational math facts. As such, it was byggized the concepts/applications probe
would have a stronger correlation with test scares would be able to better predict students’
performance on the Louisiana Educational AssessPm@gram (LEARLEAP) tests.
Additionally, teachers were asked to report theadpction of student performance on the
statewide assessment, which was then correlatédagitial student performance; it was
predicted teacher reports would be moderately tade@ with test scores but would not add
significantly to the variance associated with segires above that explained by CBM scores.
Lastly, the relationship between CBM scores andlfnath grades was analyzed,; it was
hypothesized both would be moderately correlatet final grades, with the
concepts/applications probes having a strongeelation and predictive ability than the

computational probes.



METHOD
Participants and Setting

Principals at three schools in East Baton RougeCGantral School Districts were
explained the purpose and procedure of this stndyagreed to allow their students to
participate. The principals at the two schoolshim €entral School District nominated two or
three third, fourth, and fifth grade classroomsgteling on the number of students per
classroom). Nomination was based levels of acadantievement within the classrooms
(students were placed in classrooms based on agattawking results) so that all levels were
represented, as well as on the principals’ peroapf teacher willingness to participate. All
third, fourth, and fifth grade classrooms at theost in the East Baton Rouge School District
participated due to small numbers of students lgassmom. Parental consent forms were sent
home with all students in the participating classns. Students who returned parental consent
and gave their assent were eligible participardagidver, only students who completed all math
probes and had an available statewide test scaeein@uded in data analyses. Student
demographics such as age, race, grade, sex, aieécmromic status were collected.

A total of 146 students were included in finaladahalyses. There were 29 males and 27
females in third grade, 22 males and 26 femaldésurth grade, and 14 males and 28 females in
fifth grade. The students attended a small rurélipelementary school (School A), a small
rural middle school (School B), or a small urbagnegntary school (School C) in southeast
Louisiana. The schools’ and the participants’ deraplgic information is presented in Table 1.

A priori Power Analyses. Two power analyses were conducted, one for eatteof
planned statistical analyses. One analysis detedhiow many participants were needed to

compute Pearsancorrelations between final math grades, scoranath probes, and
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Table 1

Demographic Characteristics of Participants by 8tsho

School A School B School C

District Small, rural Small, rural Moderate, urbaitsrban
Grade Levels 2-3 4-5 K-5
Number of Participants 44 71 31
Sex

Male 22 28 15

Female 22 43 16
Race

African American 4% 16% 94%

Caucasian 89% 79% 3%

Asian 7% 0% 0%

Hispanic 0% 4% 3%

Alaskan American 0% 1% 0%
Socioeconomic Status

Free/Reduced Lunch 39% 54% 0240

Paid Lunch 61% 46% 0%

performance on the statewide test. With an effeet set of q = .5 and alphaef .05, 106
participants are required to reach a power levél-ep = .80. In order to conduct a multiple
regression and determine which math probe is agéropredictor of math performance in class
and on the state assessment, 68 participants ededevith an effect size of £ .15, alpha oé
= .05, and power of 1 B-=.80. Approximately 200 participants were re@dito account for
missing data due to absences and attrition thrautghe study. One hundred fifty-three students
returned parental permission and after excludindesits who were absent during the second
CBM administration, 146 students’ data were inctligdethe final analyses.
Materialsand Procedure

Curriculum-based M easur es. All participants were administered four math CBM
probes: three computation (M-CBM) and one conceappdications (M-CAP) probe retrieved

from the AIMSweb system, in the winter (early Febg) and spring (late April). Each student
10



completed three multiple-skill M-CBM probes at eacbasurement based on the results of a
study by Hintze, Christ, & Keller (2002), which danined the median of three multiple-skill
probes is a more dependable score than that aholtgle-skill probe. The internal consistency,
interscorer agreement, and test-retest relialolityl-CBM data have been established as being
near or over .90 in multiple studies (Foegen, JiBaDeno, 2007; Fuchs et al., 1994; Thurber,
Shinn, & Smolkowski, 2002). According to the admstrétion manual for the recently published
AIMSweb M-CAP probes, the internal consistency apiit-half reliability ranges from .81 to
.89.

M-CBM probes contained six rows of six problemsoasrtwo pages, for a total of 72
computational problems. Third grade probes inclualddition sums to 2000 and subtraction
from 999. Fourth grade items included addition stwr0000, subtraction from 5000,
multiplication facts to 12, and simple divisioniindl44. Fifth grade probes included addition
sums to 20000, subtraction from 10000, multiplmatiacts to 999, and division with and
without remainders from 999. Each computation poblvas scored by counting the number of
digits correct in the final answer, and the mediamber of digits correct across the three probes
for each student was used as the dependent mdéasumath computation.

The third grade M-CAP probes contained 29 problemmgreas the fourth and fifth grade
probes presented 30 problems. Although the levdlfi€ulty increased with grade level, all
probes contained measurement, money, geometrjgralgeumber relations, rounding, graphs,
word problems, fractions, number patterns, time, @mperature problems. Problems required
between one and three responses and varied ir{gygefill-in-the-blank, multiple choice). The
scoring key that is provided with the concepts/mapions probes was used to score each probe.

The number of points awarded for each answer wéghtesl according to problem difficulty. As
11



per the scoring instructions, there was no pactiadlit; the entire answer had to be correct to
obtain the correct score value, and if any pa# ofulti-part answer was incorrect, the student
was given zero points for that item. The total nemdf points earned on the probe was used as
the dependent measure for math concepts/applisation

Probes were administered in a group format, wighsiie of groups dependent on the
number of students within each class who returragdrmal consent and gave their assent. If the
majority of students within one classroom wereiblgto participate, the probes were
administered in the classroom. Otherwise, smalligsmf students were removed from the
classroom and completed the probes in the cafeteaa empty classroom. Probes were placed
face-down and students were asked to write therasaon the back of the last page of each
probe. The experimenter, who has extensive traiamjexperience administering CBM probes,
used the standardized administration proceduresd®d in the administration manuals to
administer the probes. Third graders were givenriutas to complete the M-CBM probe,
whereas fourth and fifth graders were given 4 nasuBll students were allotted 8 minutes to
complete the M-CAP probe. Students were allowedno the probes over when the
administrator set an audible timer and said “Bégivihen the timer sounded, students were
asked to put their pencils down. Thirty percenalbfdministrations were observed by a research
assistant who recorded procedural integiity5 100%), and 30% of all probes were scored by a
research assistant in order to compute intersceliability (M = 96%). Inconsistent scores
across raters were re-scored until a consisteng seas reached, which was then used in final
analyses.

Statewide Assessments. All fourth grade public school students are adstgried the

Louisiana Educational Assessment Program (LEAP¥resds all third and fifth grade students
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are administered thetegrated LEAP (LEAP) in the state of Louisiana. These tests m&asur
how well students have mastered the content stdadat by the state and whether they possess
the skills and knowledge required in the subseqgete (Louisiana Department of Education,
2009). There are five achievement levels - Advanbtastery, Basic, Approaching Basic, and
Unsatisfactory, and each level is associated witinge of scaled scores which are detailed in
Table 2. The math portions of these tests compiisstrands which align with the Louisiana
math curriculum: (a) numbers and number relati@imsalgebra; (c) measurement; (d) geometry;
(e) data analysis, probability, and discrete matid (f) patterns, relations, and functions.

Table 2

Range of scaled scores associated with math acherdevels onLEAP and LEAP tests for
2009-2010 school year

iLEAP (Grade 3)

Scaled Score Range Achievement Level
386-500 Advanced
343-385 Mastery
283-341 Basic
245-282 Approaching Basic
100-244 Unsatisfactory

LEAP (Grade 4)

Scaled Score Range Achievement L evel
419-500 Advanced
370-418 Mastery
315-369 Basic
282-314 Approaching Basic
100-281 Unsatisfactory

iLEAP (Grade 5)

Scaled Score Range Achievement Level
405-500 Advanced
355-404 Mastery
282-354 Basic
250-285 Approaching Basic
100-249 Unsatisfactory

13



According to the Louisiana Department of Educa(iddE; 2009), the LEAP test was
constructed using items developed by testing cotadra and approved of by an advisory
committee comprised of educators and assessmenakgts. The items were judged on
congruence with the state assessment specificatextmical quality, and age-appropriate
content validity. Next, a bias review committediqried the items for gender, ethnicity and
special population issues. All approved items vieckided in a preliminary item bank and field
tested in randomly selected schools based on tlesving stratifications: school size, ethnicity,
socio-economic status, and achievement performdieeadvisory committees conducted a
final review of the items after they were fieldtegsand determined which items were to remain
in the item bank based on their statistical qualityidents taking the LEAP test must score Basic
or above on either the English Language Arts oMagematics test and Approaching Basic or
above on the other (referred to as the “Basic/Apgihang Basic combination”) to be promoted to
fifth grade (LDE, 2009). The math portion of thest is comprised of three subtests: (a) 30
multiple choice items, (b) 30 multiple choice iteraad (c) 3 constructed-response items.
Students are allowed as much time as necessagyriplete the subtests, but suggested times are
provided in the test administration manual. Calmrkare allowed on the second and third
subtests.

TheiLEAP test was constructed using a combinationesh# from the lowa Tests of
Basic Skills (ITBS, which the iLEAP replaced in B)@&nd newly developed items designed to
measure state standards and grade level expestafiba new items covered gaps in the lowa
test which did not directly address specific staistent and performance standards. Therefore,
these new items, written specifically to align wstiate standards and referred to as the criterion

referenced test (CRT) component, witegrated into the ITBS test booklet, referred to as the
14



norm-referenced test (NRT) component, in order ¢einthe requirements of NCLB (LDE,

2009). The math portion of theEAP consists of four subtests administered inadse Part one
presents four multiple choice estimation itemseéabmpleted in 3 minutes. Part two consists of
19 multiple choice conceptual questions to be ceteglin 22 minutes. Part three is comprised
of 27 multiple choice conceptual items, and paut faresents two complex constructed-response
items that involve multiple steps and the appl@abf various skills. Parts three and four are
untimed, although 60 minutes are recommended fiditip@e and 20 minutes for part four.
Calculators are allowed during the second, thind, f@urth subtests.

The LEAP andLEAP tests were administered in mid-April by geharad special
education teachers according to the standardizembgures that accompany the test. Individual
students’ scores from the math portion of the testie gathered by the experimenter directly
from the schools’ score reports which were obtaiineah the state.

Teacher Reports. During the winter administration of CBM probesadbers were asked
to predict the level of performance each of thaitigipating students would achieve on the math
portion of the statewide assessment. Each teaonapleted a form which listed each student’s
name and provided the possible levels of achievenext to each name; teachers simply
marked the predicted achievement level next to eadtent’s name.

Once final grades were determined in the sprirtg (ay), teachers were asked to report
each participating student’s final grade in mathe Echools in this study had an electronic
database in which final grades were entered byhegaand subsequently printed on report

cards; the experimenter simply recorded the stgtlénal grades from this database.
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RESULTS

Outcomeswith LEAP/ILEAP

The data were analyzed preliminarily to assessligtebutional properties, identify
outliers, and ensure the appropriate parametrinassons were met. Cases with missing data
were removed from all analyses. Pearson productenooorrelations were computed between
the two types of math probes and the statewide testetermine the nature of their
relationships. As displayed in Table 3, all protese significantly correlated with the statewide
test scoresp(< .001). As predicted, the M-CAP probes were niogaly correlated with
performance on the LEAP andEAP, perhaps due to the similarity of the confangisented on
these measures. Hierarchical regression analygealeel the winter M-CAP helped explain
more variance than the winter M-CBM alone wheréasainter M-CBM did not explain more
unique variance when entered after the winter M-CR#& spring M-CBM and the spring M-
CAP both significantly account for variance in tesores.

Table 3

Pearson correlations between math scores on stktégst and M-CBM and M-CAP probes

Test Score Winter Winter Sy Spring
M-CBM M-CAP M-CBM M-CAP
Test Score -- 32%* .55** .30** 53**
Winter M-CBM -- 53** .89* .16*
Winter M-CAP -- A40** 56**
Spring M-CBM - 14*

Spring M-CAP --
*p<.05 *p<.001
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Pearson correlations were also computed betweemthadministrations of the probes
(winter and spring) and the statewide test scdres.correlation between the winter probes and
the test scores can be considered a measure widteprobes’ predictive validity whereas the
relationship between the spring probes and thesteses is considered an indication of the
probes’ concurrent validity. As displayed in TaBleéboth the winter and spring probes were
significantly correlated with test scorgs< .001). A series of regression analyses revealed
neither the winter nor the spring M-CBM probe sfigraintly explained more variance in test
scores than the other, whereas both the wintespndg M-CAP probes significantly accounted
for variance in test scores.

The relationship between teacher report of fusimelent performance and actual student
performance on the statewide tests was determipedructing Pearson product-moment
correlations. As predicted, the teacher reportmvaderately and significantly correlated with
the statewide assessment scores.67,p < .001). Although we hypothesized that the probes
would be a stronger predictor of test scores,ahelter reports of future student performance did
in fact add significantly to the variance assodatath test scores when entered into a
hierarchical regression analysis after the probiswise, the probes explained additional
unique variance in test scores when entered &féehter prediction of student performance.

The diagnostic accuracy of both types of math pgoberedicting statewide test
performance was determined. Diagnostic accuradgfised using the following terms: (Swets,
Dawes, & Monahan, 2000): (a) sensitivity refershi® percentage of students who were not
successful on the LEAREAP and scored below the cut score on the mathgyrd) specificity
refers to the percentage of students who passddBAB/ALEAP and scored at or above the cut

score on the math probe; (c) positive predictiveegraefers to the probability that the students
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who scored below the cut score on the CBM measifrsaore below Basic on the
LEAP/ILEAP; (f) negative predictive power refers to thelgability that students who scored at
or above the cut score on the CBM probe will siore Basic range or above on the
LEAP/ILEAP; and (g) overall correct classification refemdhe percent of agreement between
math probe cut scores and statewide test perforenanc

Receiver operator characteristic (ROC) curves, wgir@aphically display the trade-off
between sensitivity and specificity, were createdientify explicit cut scores for the M-CBM
and M-CAP probes that are associated with passifglmg the statewide test. This procedure
allows the user flexibility in establishing cut ses that maximize both the sensitivity and
specificity of the measures. Once cut scores waabkshed for each probe, the percentage of
students who were predicted to pass or fail anddi@.e. they performed as predicted) was
calculated in order to determine the diagnosticiessty of the math probes. For the 2009-2010
academic year, scores of 283, 315, and 282 wergdared passing (or Basic achievement
level) for grades 3, 4, and 5, respectively. Thenefthese scores were used as the cut scores on
the LEAP andLEAP that were subsequently compared to the estadali cut scores on the math
CBM probes to determine how well the probes distisiged between successful and
unsuccessful test results. The results of thedgseware presented in Table 4, which reveal
overall correct classification rates ranging frob¥6to 73%. As predicted, the M-CAP probes
had higher overall correct classifications thandbmputational probes perhaps due to the
similarity of the items presented on the statevaggessment and the concepts/applications

probes.
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Table 4

Diagnostic accuracy of probes for test scores

Winter M-CBM Winter M-CAP  Spring M-CBM  Spring M-CAP

Cut score 40 10 19 9
Sensitivity .92 .83 8.3 .67
Specificity 32 .60 4.8 .79
False positive rate .68 40 16 21
False negative rate .08 A7 .62 .33
Positive predictive power 21 .29 32 .38
Negative predictive power .95 .95 .87 .92
Hit rate .62 72 .61 .73

Outcomes with Final Grades

Pearson product-moment correlations were calalila¢édween scores on the math probes
and final grades in math (see Table 5). Both tygesath probes were significantly correlated
with final grades, with the concepts/applicationsb@s having stronger correlations than the
computational probes perhaps due to the alignmetatden the state’s curriculum and the
material presented on the M-CAP probe.

Table 5

Correlations between math probes and final mattlegra

Final Grade
Winter M-CBM .25*
Winter M-CAP 37
Spring M-CBM .25*
Spring M-CAP A0**

*p<.01,*p<.001
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Outcomes by Grade L evel
The correlations between the math probes, mattesam the statewide test, and final
math grades were computed for each grade leveh@ngresented in Table 6.

Table 6

Correlations between math probes and statewidst¢ests and final math grades across grade

levels
dde 3
Test Score Final Grade
Winter M-CBM AB*+* A9
Winter M-CAP 56*** A7
Spring M-CBM A2%H* H4*x
Spring M-CAP 2% S0
Gead
Test ScoreFinal Grade
Winter M-CBM A42%* R i
Winter M-CAP LBLF** oY s
Spring M-CBM .38** B51**
Spring M-CAP .B4*** 52**
Gealsl
Test ScoreFinal Grade
Winter M-CBM .15 .06
Winter M-CAP .39*%* .19
Spring M-CBM 27* .16
Spring M-CAP .38** .30*

*p < .05, *p< .01, ** p<.001

These correlations should be interpreted with caugind considered only tentative as the
number of participants in each grade was not entaigbach an adequate level of power;
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however, the pattern remains that the M-CAP scaresnore highly correlated with test scores
and final grades than the M-CBM scores.

ROC curve analyses using math probes to predicbtésomes were conducted for each
grade level. The results of these analyses aremiessin Table 7, which found a score of 16
digits correct on the winter and spring M-CBM prsland scores of 6 in the winter and 9 in the
spring on M-CAP probes attained the highest lesEtliagnostic accuracy in third grade. Scores
of 45 digits correct in the winter and 46 digitsreat in the spring on fourth grade M-CBM
probes and scores of 11 in the winter and 10 irsgineng on the fourth grade M-CAP probes
showed the highest levels of diagnostic accuraciifth grade, scores of 38 in the winter and 48
in the spring on M-CBM probes and scores of 1hewinter and 6 in the spring on M-CAP
probes showed the highest levels of sensitivity gpetificity. The M-CAP probes had higher
overall correct classifications than the computai@robes in fourth and fifth grade whereas the
M-CBM probes had higher hit rates than the M-CA8bgss in third grade.

The diagnostic accuracy of the probes in predidimg math grades in third grade are
displayed in Table 8. A score of 16 digits cormatthe winter and spring M-CBM probes as
well as scores on the M-CAP probes of 5 in the eviand 9 in the spring showed the highest
sensitivity and specificity. Notably, these resalts nearly identical to the cut scores that were
determined for predicting performance on ithEAP test in third grade. Results could not be
computed for fourth and fifth grade due to the ftfourth and fifth grade students received a

passing final math grade.
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Table 7

Diagnostic accuracy of probes for test scores a@uoade levels

Grade 3
Winter M-CBM  Winter M-CAPSpring M-CBM _ Spring M-CAP
Cut score 16 6 16 9
Sensitivity .88 75 5.7 .63
Specificity .79 .85 3.8 .88
False positive rate 21 A5 A7 A2
False negative rate 12 .25 .25 37
Positive predictive power 41 46 43 46
Negative predictive power .97 .95 .95 .93
Hit rate .84 .80 79 .76
Grade 4
Winter M-CBM Winter M-CAP__ Spring M-CBM __ Spring M-CAP
Cut score 45 11 46 10
Sensitivity 1.00 .78 9.8 .67
Specificity .33 74 46. .85
False positive rate .67 6 .2 .54 A5
False negative rate .00 2 .2 A1 .33
Positive predictive power .26 41 .28 .50
Negative predictive power 1.00 94 .95 .92
Hit rate .67 .76 .68 .76
Grade 5
Winter M-CBM Winter M-CAP  Spring M-CBM  Spring M-CAP
Cut score 38 10 48 6
Sensitivity .86 1.00 1.7 71
Specificity .66 51 66. g7
False positive rate .34 9 4 34 .23
False negative rate 14 0.0 .29 .29
Positive predictive power .33 .29 .29 .39
Negative predictive power .96 1.00 .92 .93
Hit rate .76 .76 .69 74
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Table 8

Diagnostic accuracy of probes for final math graide®® grade

Grade 3
Winter M-CBM  Winter M-CAPSpring M-CBM _ Spring M-CAP

Cut score 16 5 16 9
Sensitivity 1.00 .60 1.00 .80
Specificity .76 .86 2.8 .86
False positive rate 24 14 18 14
False negative rate .00 40 .00 .20
Positive predictive power .29 .30 .36 .36
Negative predictive power 1.00 .96 1.00 .98
Hit rate .88 73 91 .83

23



DISCUSSION

The purpose of this study was to add to the exjsesearch on the relationship between
math CBM scores and high-stakes test scores aawebtablish the accuracy of math CBM
probes in predicting student performance on thewide achievement test in Louisiana. Similar
to the results from Shapiro et al. (2006) and KelMlargulis et al. (2008), the results of this
study showed that math computation and math cosglications curriculum-based measures
had moderate to strong relationships with outcoomeligh-stakes assessments. The correlations
between the math probes and statewide math tegissa@re consistent across winter and spring
assessment periods. The correlations with tesesagere consistently higher for the M-CAP
probes, which ranged from= .53 to .55, than for the M-CBM probes, whichged fromr =
.30 to .32. The same pattern existed for corraiatimetween the math probes and final math
grades: M-CAP probe correlations were inite.37-.40 range whereas M-CBM probe
correlations were both=.25. Furthermore, this pattern held true actbsgshree grade levels
investigated. Although correlations were consisyemgher with M-CAP probes, all correlations
were statistically significant.

When examining the results of the hierarchical@sgion analyses, there was a consistent
pattern that M-CAP probes explained more uniqueawae in test scores than M-CBM probes.
This held true for both assessment periods (wenterspring). Therefore, adding a
conceptual/applications measure offers a bettelaagpory model than does a computational
measure alone. Additionally, adding teacher preshodf future student performance explains
more variance in state assessment scores tharghaithier an M-CBM or M-CAP measure

alone.
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To further determine how well curriculum-based maasures predict outcomes on the
LEAP andiLEAP, an analysis of diagnostic accuracy was cotetlfor each of the math
probes. Overall correct classification rates wersvieen 61% and 72%, a level that suggests that
the CBM metrics are appropriate measures for thpgse of universally screening students. As
hypothesized, M-CAP probes had consistently higaks of overall correct classification.
Practical Implications

One implication of this study is the potential wdéwo types of math curriculum-based
measures as effective screening tools that prpditbrmance on the Louisiana statewide
assessments. The results showed that a quick safmpigth computation and
concepts/applications obtained during early Felyrbhad moderate to strong predictive power to
identify students who were not likely to achieveassing score on the math portion of the state
test, which was administered in mid-April. Althoutifere were several false positive and false
negative decisions, the probes can serve as effiaied inexpensive screening tools which can
potentially identify a large group of students wdre at risk for not achieving a passing score on
the statewide assessment. Knowing how many andwgticlents may be at-risk can guide
school administrators in implementing an intensshgrt-term remediation program focused on
teaching the skills necessary to be successftilergéneral math curriculum as well as on the
statewide assessment. Considering the high-staltaserof the statewide assessments, these
remediation efforts would be vital for studentsdieers, schools, and districts.

The majority of assessments used in schools todayrable to monitor progress
because they typically cannot be administered teggeor frequently. The progress monitoring

capability of curriculum-based measures allows sthersonnel to have consistent and on-
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going data on the status of their students in cegastate standards, rather than waiting for the
return of statewide testing results in late spring.
Limitations

There are several limitations that affect the dedgoewhich the findings of this study can
be applied to various other student populationstFi is imperative to note that only students
who returned parental permission and who asseatpdrticipate were eligible for participation.
Although it is not confirmed, it is probable thaidents who volunteered to participate and who
displayed responsibility by returning parental pesion slips may differ from students who
were not willing to participate or were not sucéekm returning parental consent. For example,
a student’s awareness that he typically is notessgfal on math assignments may lead him to
decline participation in a study which presents atous math tasks. And despite the fact there
were participants who performed poorly on the cuttim-based measures, the statewide
assessment and/or in their math class, it is fakéfy more highly-performing students
participated in this study, which does not restlilly representative sample of students.

Similarly, only students who had complete data seatre included in final data analyses.
Unfortunately, there were a number of students whre either absent during the second
administration of curriculum-based measures or imhi@lly gave assent and returned parental
consent but subsequently withdrew from the studgreecompleting all CBM probes. Such
attrition once again limits the representativeredgie final sample.

Finally, this study was conducted in only threkaals across two districts in Louisiana.
Although the schools represented very differentaignaphics, it is certainly likely that the

results of this study would not be representativii® majority of Louisiana students. Therefore,
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additional replications of the methods in this stnded to be conducted across other schools and

districts in Louisiana in order to obtain more eg@ntative results that can be applied statewide.
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CONCLUSION

Today’s schools must show increases in the numicgudents who are proficient in
reading and math each year (NCLB, 2001). The pyraacountability tool used to determine
whether students are meeting benchmarks is an bommgrehensive evaluation, which has
limited utility in that it is a one-time, broad lembassessment that fails to provide specific
feedback in a timely manner. The outcomes of gsgarch study link one of the political
pressures affecting educators today with an evielyased practice: universal benchmarking
using curriculum-based measures.

The results of this study were similar to thosenfibin studies that were conducted in
other states, which show that CBM probes can s&s\affective screening measures for
performance on statewide tests. These types ofuresasan be administered throughout the
academic year to determine where students staradaition to state standards. Teachers and
students can receive crucial feedback at a timensheh information can promote necessary
changes in instruction. Having an indication of ethstudents are likely to receive a failing
grade in math class or on the statewide assessnagnimotivate educators to provide more
intensive services earlier in the school year;tireowords, utilizing a screening measure
promotes proactive strategies rather than reaapypeoaches to education, such as waiting for
students to fail and then attempting to remedia& difficulties during a repeated grade level.

Discovering the significant relationship betweea tacently-published AIMSweb M-
CAP probes and the Louisiana statewide tests tanés to the knowledge base in conceptual
mathematics CBM, an area which lacks empirical stigations. Also, verifying the
advantageous contribution of teacher predictiostafient test performance in determining

future test outcomes substantiates teachers’ \aaddeprovides practical information for schools.
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Due to the accountability laws currently in placel édhe ramifications associated with
poor test results, it is unlikely that schools awdryone that is a part of them will cease to focus
on the outcomes of statewide tests. Thus, it ienafpve to utilize tools that have the ability to
forecast test performance as well as specify defibat require remedial instruction, with the

ultimate goal of increasing the number of studevtte perform successfully.
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