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--tests—developed—from-Rasch-calibrated-item-banks—and—this report.
describes a methodology for such an approach, Tables are included
‘which can be used to convert item bank achievement. estimates into the
Normal Curve Equivalent units neeessary for Title I reporting. The
uti]ity of the tables is .demonstrated by their app]ication to real data
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““ment Title T evaluation reporting procedures which are outctome oriented

INTRODUCT ION
&

. . = .. o .9: :
Since 1974, the United States Office of Education has attempted to imple-
A

and provide for the aggregation of achievement data across all Tit]e I

projects. The system-is intended “to facilitate the col]ection and analysis

of data 1in six areas: Student participation, parent involvement, staff-

ing, finservice training, cost ahd project impact MaJor emphasis has

'been placed on the last of these, project impact, particuiarly for those-

projects providing instruction in thé basic skill areas of reading, 1anguage¥

arts and mathematics. L Y

Three modeis-or designs have been proposed for the'evaluation offproject'
impact, detined here in terms of achievement gains resuiting from Title ©

intervention (Tallmadge and Wood, 1978). A1l three models may be used in

. conJunction with either a criterion- referenced or norm-referenced achieve-.

ment test, and each involves the preteSting and posttesting of Title I

~students. Achievement gains are thgn determined and quantified in terms.

of a common metric calted the Normal Curve Equivalent (NCE) scale.

of particuiar interest’ here 18 Model A, referred to-as the norm-referenced
modeT. The basic assumption of this mode] is that the percentiﬂe rank of
T1t1e I students w(]l remain constant 1in re]ation to the group on which
the'achievementmtest was normed from pretest to ppsttest if no Title I
interVentiOn occurred. Of the several proposed modeis, Model A is expec-

ted to be the most widely adopted since it utilizes procedures a]ready in

18 _1;_.' S iﬁ |
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;ﬂacelin many proJects In addition. Mode] A does not necessitate the

-1denttt1cation'of a 1oca1mcomparison group, since the no treatment expec-
tation is derivedvfrom normattve date collected by the test pﬂbltsher. As:
“a result, in addition to being computationally less complex than the other
models, Model A is less expensive to_1mp1ement. |

r

Model A may be implemented in several ways. The first, referred to as’

‘Model Al, involves administering a.normed achievement tgsﬁ_EQUIISIQ_L__
_ " By

students at pretest and posttest time. A no-treatment expectation is-

then determined by assuming that these Title I students would -have main-_

tained their percent11e rank with respect to the norm group from pretest.

-t

»

~ to posttest if there had been no Title I intervention.
. 1}

Oné of the prob]emSencOuntered in the application of ModeJ Al is she
"~ availability of normed achievement tests which adeQUately reflect Title I
curriculum at the 10cd1 Tevel. Stfﬁe commerciaJ1y deve]oped instruments
are generally designed to encompass a fairly broddrange(i(,goals and
obJectives, more spec1f1c 1oca1 interests are frequently\thinly represen-
ted. In addition, there is the danger that gthe selection of‘a normed
achievement test which poor]y reflects 1oca1-objectives may adversely

effect the course of future curriculum decisions.

-

S1nce the ava11ab1]1ty of appropriate normed achievement tests is a rea1
concern, a second 1mp1ementation plan for Model A, referred to as Mode] A2,
has been proposed. This model involves the adm1n1strat1on of a non normed
achievement test to Title I students at pretest and:posttest time. In . |
eddition,ia normed test is ;150 administered at either of the two test
times. By equating the normed and non- normed t}sts, normative data compiled -
for the normed test can be used to derive a no-treatment expectqtion for

the non-normed test.

2+ 9



Model A2 does offer some recourse to those districts which are unable to
locate a normed achievement test whjch adequately ref]ectsviheir program .
dbjectives, However, should fhé project dbjeétiVes.chahge'sfgnificdnt1y”
enough to necessitate changes in the non?norﬁed test, the entire equating
process outlined in Model A2 would need to be repéatedtfor the new non-

\

normed test. The computationa] complexity of Model A2 coupled with the

thospect of replicating the éffort every few years is enough to make many

local districts reluctant to consider this approach to Title I eVa]uatfbn.

A-third qﬁternative for_bhé 1mp1ementation of Model A, here referred to t
-~ as "Model A3,“’a1$o éxiéts. This apbroach attempts to provide local |
districts with more }1ex1b111ty in selecting achievement tesis-for,fit]e I
evaluation, while e]ﬁminating the need, for replicating the tesfﬁeQUating

)

effort each-time a new test is'sg1ected or an existing one modified.

Model A3. involves the use of item banks developed through Rasch hode] item

ana]ysis-teégniques. _ ‘-

0ver‘thé pést few yean, interest in app]ying Rasch modél_teChno]égy_in
educationa] measurement has greatly increased. One o% the advantages of
this abprpach to measureménf lies in the fé;t that, once a Rasch calibrated
N item bank has been con%trucfed, all possible subsets of items drawn from
the bapk are automatically éﬁuated (i.e., result in fest information on a
common ﬁetric); In order to utilize a Rasch calibrated item bank in Title 17
evéluatioq reporting, normative information mug% also be available for these -
'cbmmon metric scores. U8y~determining thé re]ationship between selected
subsets of items drawn ?rom the bank and a series of norméd-tests, lhee
normative daf; ébmpi]ed for the normed test can be associafedgyith the
scale underlying the item bank. " Once this relationship is defined, any

éppropriate1y cﬁbseh subset of bank items cou]d then be uSed'to evaluate




project impact, provided/the items were administered at the appropriate

time of the year. Local districts could select one-set of_items to j“w
1dentify Tit1e I e]igible students, ahother to determine the. no*treatment
expectat1on (pretest) for this group, and yet another to evaluate growth
(posttest). Since all posstb]e subsets of {tems drawn from the bank are

‘automatically equated, tests which more accurately reflect local curri=

culum can be constructed, with the test eQUating process being performed

on]y once.

The _purpose of the research reported "here was to exp]ore Mode] A3 as an
' \.a]ternatiye Mode] 1mp1ementat1on strategy for Title 1 evaluation report- .
ing;. This res effort referred to as the Title I Linking Project,.

st jointly sponsored by the Oregon Department of Educat1on and the ‘Uni ted

K States Office of EducatTon. The specific ProJect objectives were to

1. Descrtbe methodo]oqy for equating a Rasch calibrated item bank
and a norm-referenced ach1evement test. |

2. Evaluate the results obtained from a Rasch model approach to .
test equat1ng with those of a mere conventional approach‘

3. Produce tables which permit the conversion of 1teﬁ(bank test
scores into NCE units,

‘ﬁ,, Provide a prototype Title 1 eva1ua{non report based on tests

deyeloped from a Rasch ca11brated-item~hﬁnﬁi
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. The.Rasch.ModeI.“_ o A

almosty 25 years ago, interest in using them to so1ve educational measurement .

Aannebh latent traft models were . introduced by Frederick Lgrd (1952 1953)

/T _
prob1ems has been a relatively recent development. Latent trait theory e

P

supposes that test performance can be exp]ained in terms of st‘déﬁt‘oharacterl
istics_which are called traits (Lord and Nov1ck 1968, Since these traits
are not!direct1y measurable, they are"referred to as'1atent-tra1ts3 or
abilities, and it 1s typ1ca11y'assumed that'on1y one trait underTies perfor;

mance on any given test. Throughout this paper, the terms "latent trait", .

_"ability" and "achievement" wi]l be used 1nterchangeab1y

A
PR -f'

Severa] latent trait mode]s, “each’ defined 1n terms of the number 05“’!?&;ﬁ

meters requwred to describe. the testing situatﬁon, have been sgpdiep,
One of the more promising 1s 'the simp]e 1ogistic, -or. Rasch mode] -The
primary advantage of this p'art1cu1ar model over othelwtent trait models - B %

lies in its- simp11c1ty It requires fewer parameters, thus simp11fy1ng

analyses. In addition, the problem of parameter estimation has.been

»

essentially solved (Hamb1eton and.Cook{ i977).

"In his book entitled Probabilistic Models for Some Intelligence and f

Attainment Tests (1960), Georg Rasch, a Danish mathematicfan, 1ntroduced"

several mathematical mode150descr1b1ng the test performance of students. -
One of these, which he ca]]ed the simp1e Atem ana]ysis model, has become
popu]ar]y known -as "The Rasch Model" Like all 1atent trait models,’ it

N

supposes that test performance can be exp]ained in terms of unobservable

" student character1st1cs, or;traits._~It 15; however, the simplest of ali

the'modeYs, requiring“only one item parameter.

T 9%
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'The model defines the encounter of a ‘student whth an ftem in terms.of the =

N

- 'v~d1fference between the student §-- achievement defined hero as- h1s posi~..

’ )

| tion on. sqme-]atent tra1t contf%uum, and the d1ff1cu1ty of the 1tem scaled

,‘:}}
a]ong the same continuum Probabi]istic stat' ents about the success of

the Btudent on an item are theh described byi: one- parameter Wogistic -

-

function. Us1ng notation simi]ar to tha‘bof Nright (1977); the mbdel can i

be wr1tten as:

X . -4
T Prix /8,6 }e ;.;‘L.(Bv 6 )z), ‘ -
_ 1+ e ﬁv i 4 -
7 " sig\‘ . "wéﬁﬁ
where Pr{x i/”v’ 5 } represents the probabi]ity of outcome X from the’ | ‘hfﬁ

encounter-betWeen student ”;" w1th achfevement "B " and 1tem "z" w1th

' dechu1ty “af";; xvz 1 1f the student respdnﬁs correct]y, X i 20

T S . - T ioe .. S
otherwise. X nJg. : .

-

Other sources ‘exist which de11neate the Rasch model and its assumptions

.;more fu11y (HambTeton and Cook, 1977 Nright 1977 Rentz and Bashaw, 1975).

The advantages of this approach over those of c1assica1 measurement theory, .
however, can best be understood in terms of the benefits der1ved from its.

application. Two basic outcomes are of interest, one 1nvo1v1ng the items

_mentioned above and the other invo]ving the student. When proper]y applied,

the model yields'item difficulty estimates which:aremindependent of the

achievement levels of the students'from which the estimates were deveToped,
and student achievement estimates which are 1ndependent of the set of
items from which those estimates were deve]oped. Nright (1968) 1ntroduced ;

the terms "samp1e-free item calibration" 4nd "testéfree.person meaSUrement"

'to-descrihe these two desirable outcomes. _%he implications for'educationa1

measurement are item difficulty and studept achievement estimates which

13



__e_r_e__i_mrienfg._a_ property referred to as “speqifice °bJé¢t‘V*W" by Rasch,
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The estimation of parameters 1s called “test ca]ibratidn"* and it fnvols '

ves obtaining two sets of 1nformat10n One 15 d1ff1cu1ty estimates- for

-

each test 1tem whf]e the other cons1sts of a tab]e of achievement est1-

.
———

mates corresponding to each posgible raw score on ‘the test, These esti-

mates are usua]]y obtained by applying unconditiona] max imum 11ke11hood

_ estimation"procedures to-the-test—item response\data (Nright"and Doug1as,-_m_w~m

1977 , andﬁtomputer programs to accomplish this are avai]ab]e (for examp]e,_

~ see Wright and,Mead, 1977).

: Rasch Ca]ibrated Item Banks

N . “m
The 1mmed1ate re]evance of the Rasch model to the so]ution of educationa]
W \«

measurement prob1ems may not as yet be fu11y apparent.' However, when

test items are constructed to fit the model, difficulty estimates obtained

s

from a‘variety of d1fferent samples of students can be easily transferred

onto. a single common scale (Wright, 1977). Pools of commonly calibrated
items can then be formed, referred to as "item-banks", from which subsets
can be drawn ,o make up tests. Since these SUbii}S all share a common |
metric, test scores on all-such tests are automatica]ly equated, v1rtua11y.

solving the problem of test equating-(Rentz and Bashaw, 1975, 1977).

|}

The item bank concept has several important Implications for the evalua-
tion of student performance. -Since achievement estimates obtained from

“~1_subset of bank items share a common metric regardless of which parti-

cu]ar subset was used to determine those estimates, tests mav- be constructed :

from the bank which more accurately reflect the functional achievement

level of the students to be measured. Even when each student tested re-

sponds to -a d1fferent’§ubset of bank items, comparable test information is

available. SimiTar1y, tests which more accurately reflect local curriculum
Ag

It
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can be;vconstru‘dfr‘om the bank, giving school district personnei more
"FTéiiﬁiITtyTTﬁ“tﬁé”§éTéét16ﬁ”6f"i€ﬁ1éVéﬁéﬁt“méisﬁ?bsT"
. N In order to ut11tza a Rasepwéatibrated item bank for Title I evaluation,
?%wevér,.some additional 1nformat1on‘1s required, The ré]ationshia
; between the scale .underlying the bank and a ‘percentile scale based on
, ‘national norms must be determined'sb\that item bank scores cah be convér-

ted 1nto NCE units. Once thisfre1at10nsh1p is established, normative

g Y e e

information becomes avai]able for any subset of items drawn from the bank,

provided that the subset is administered at an appropriate time during

the schooTﬁyaaB Sinte the ‘normative information becomes associated with
the item bank sca]e rather than with a particu1ar subset of bank 1tems,-
changes in the subset of items‘se1ected will not necessitate a redefini-.
~tion of the re1atiohship bétween the two scales. The advantages of Rasch
ca1fbrated item bank measurement, namely the opportunity to conduct func-
tianal 1éve1 sesting using ;nstruments which reflegf local curriculum,

then/?écome available for use in Title I exa]uation.

Test Equating

One approach to thé task af obtaining_normative data for a Rasch paiibrated
item bank involves the uséfof classical test eqUating procedures. -Teést

equating is the process onconverting the- system of units of one test tol

- the system jof units of the&other so that scores darived from the two tests
after conversion, will be bquiva1ent (Angoff 1971). This process becomes

meaningful only. when both: tests measure the same kind of achievément,
.’L

when the conversion s uniﬁue except_for a random error and is 1ndepeﬁdent

of the students tested (Kﬂboff, 1971), and when both tests'are equally
. N ‘ N ‘; { ‘
¥

reliable (Lord, 1977). |
: :.,"
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\\\ The task of prouiding normative information can be eccompiished in the
"?oiToWingmhenﬁeri“Fjrst;“Both“i“normedfgchievement"test"andman"anpropriate-~--1-- f =

subset of items from the oank are administered to the same group of
students. By appiying\test equating techniques to the pairs of test scores
‘ obtained, the system of units of one test is converted to the system of
units of the other. As a result, each item bank raw test score has an
equivatent "converted"'normed test score. Since\each normed test score also
'f“—"l"—" ———has—a-percentite-rank—assoctated-with—it;—the- ﬂﬂ‘m&d da ta-can-be—1- ‘nked—““ e e
to the item bank. raw scores. Tne item bank raw scores are then translated .
into bank achievement:estimates via tne item difficuTty estimates already
in existence in the bank for these items, and the 1ink between item benk

-

achievement estimates and normative data from which NCE'units can be

. ¢ 1

obtaired is completed.

Several test equating techniques exist which are appropriate for use with
, pairs of test scores obtained from a single group of stude ts. They can /{

be generai]y classified as either lineer and non-1inear prdcedures, based

fon assumptions made about the reiationship between the two score dis-
tributions of interest. When the shapes of these distributions are vary
similar,.the results obtained fromreither class of tecnniques will be Very
similar., However, when this essumption_appears questionable, a noneiineér .
teghnique;is generally preferable for ensuring equivalency of scores
(Anooff,-i97i). A non-]inear'technique based on the,Rasch model was,

~ therefore, used in the Projecs; This decision wes further supported‘by
the fact that Rasch model methodoiogy:was‘utiiiied\in the dévelopment of
the bank.. A further consideration was:the fact that this approach>wou1d
result in conVerted scores ih the lower range of the raW‘SCore distribu-
tion irrespective of the number of"students actually ootaining these

scores.
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: ///1n order %o investigate the adequac} of the Rasch Model equating technique
L

R
non-1inear technique. equ1percent11e equating, was app]ied to the test

score pairs. In addition. two 11near techniques, linear obscrved score

equating and 1inear true score equating, werg'considered. A brief des-

cription of each of tne four procedures follows.

Linear Qbserved Score Equattng

mployed, three qdditiona1 procedures- were- used: A -second-more-conventional ... .

Linear equating techniques are based on the assumption that the shapes of =
the raw score distributions of the tests to be equated are identical. If
this assumption is tenable, the conversion of scores on one test to scores
on the other- can be accomplished by simply changing the origin and unit
of measurement of one of the distributions (i.e., by applying a linear
transformation to the scores). A mdre formal def1n1t10n-of equivalent
’ scores obtained from applying a linear equating technique states that
- scores on two tests are equivalent 1f they correspond to equal standard-
score deviates (AHQOff, 1971). ) -
o \ " ; \
For a(given.rau score on test X, denoted x here, a score x can be .

obtained by applying the following trans formation:

tx_ T . \ | x = AX R B,

’
4

.

:where A ; S /s and B = y - Ax. Here s and'sy ar€ the standard deviations
of the X and Y raw score distributions,respective]y, and X and y represent
the means respective]y The distribution of converted scores fo) pbtained
in this fashion is identical to that of the unconverted scores (Y).(1.e..
the qean and standard deviation of the Y disttibution). If the X and Y

distributions have proportionally.the same shape, then_the X and Y

E | 10
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" distributions will be identical, and the scores obtained will, therefore,

T T

~ be comparable,

v . )
. _ \ ? : .
*Like a1l statistical procedures, equating is subject to randomw errer.due
to sampTihd fluctuations of the means and standard deviations of scores  ~

on X and Y. The standard error of equating by this method is given by:

/

. where N 1s_thé number of students takihg the test 6a1r, rxy is the correla-

tion between scéreé-on"x and Y, and Zy- (y-})/su (Lord,.1950).

For the purposes of the present app]ication; test X represents an appro-
priate subset of {tems drawn from the item bank, while test Y represents

- the corresponding CAT/C test, both test pair members being administered to

the same group of students. . . .

Linear True Score quating

e

\

When the assumption of equal test reliability across equating test pairé_,
is a concern, a second method 6?vi1near-equating, involving estimafed"true
scores‘rather than observed scores, 1is preferab]e.\ The eqdatibn for
~transforming scores on test. X to the scale of test Y 1s'of“the same fofm

as (1) above, exéept that estimates of thé‘true score standard deviggions,
'é and.sty are substituted for sx.and-sg,respecfive1y. The substity£e¢ o

tx .
.-values are given by:
-~ ‘ ) _
s, = J 58 - SEMC and (3)
: X, x
2 .




Equipercent11e Equatiqg

B . 14
. : . ' . . . -
. » R .

-

where SEM; and SEMV are the standard errors of-méasurement for tests X

\
and Y, 'Y_"é'S'pE'CtWeTy}”'"" T

4
\-

Equipercenti]a equating “is the non- 11near equating technique most wide]y

‘used. It ie genera}1y app11e§ when the assumption of identical score

distributions mentidned earlier is questionab]e, and it involves stretchs

1ng and comprbssing the scale of one test 50 that 1t!ydistr1bution coin-

\cides with that of the other A common]y agcepted def1n1t10n of equivalent

scores obtained from_app]ying an equipercenti]e procedure states that two

scores may be considered equivalent if their corresponding precentile

ranks in any gi?en group are equé1 (Angd ff, 1971).

\
Equipercenti?g'equating is accomplished in the following manner. Let X+ (.

and Yy represent scores'{ and m on tests X and Y respectively, and Px
' . _ , B ) m
and Py F%present their respective perCQNti1e ranks. Then X5 the converted
® . _ o '
x score, is détermined such that P ¢« P_ < P . . By using linear
X . y .
interpolation, x. is obtained as fo1lows

.o

SRS AL A L m

‘yng+ { ‘ym) ,

When the percont11e rank of score X is exact]x equa1 to a- number of ton-
secutive percentile ranks of y scores, the converted score x is equal to'

the average score represented by the equal percent11e ranks

(e )
X'i = 7 _Ym ’

where k 1s equal to one less than the number of y scores with the séme

percentihe rank. If k = 0, that is, if the percentile rank of score X

19 o "()
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is equal to only one y percentile rank, then x, s equal to y_ (Wichert, 1976).

Rasch Mode1 Equating

The 1as{ equating procedure considered involves t\s~gfe of parameter

estimates obtained from a Rasch analysis of the two tests to be. equated

A )

Here the definition of equivalent s,coregstates that scores gbtained from

two tests are said to be equivalent if they égtreSpond to the same Rasch

~ first test obtained from the initial analysis of both tests combined. -

RTINS e e e e e e mmame

‘achievement estimate (Rentz and Bashaw, 1978) B

Iﬁittally, item difficulty estimates for all items on both tegts are

_.obtained threugh a single analysis. The difficulty estimates for only

_ those ttemsjdﬁhearing on the first teét are then used to generate a raw

score tp\gg jevement estimate table for that test. The following estima-

tion equation is used: ~ ‘ | ..
r= f: (e(br-di) /(1 + e(br-dz))),
1=1 ' !
where kbp“_represents the ability estimate for raw score "r", and "df" )-

represents the 1tem‘diff1qp1ty estimate for item "<" appearing on the.

Itérative estimation procedures~for Solvingtfor br, given r and tHe df's

can be fbuhd in Yright and Stone (1975, pages 142-143). ~——7

v

.‘Next given the b values obtained f6r~the first test and the d va1ues Yt

for 1tems‘appear1ng on thE"second test, a conversion table for the second

test can be generated. Raw score to raw score conversions can be obtained

for the two tests in this manner,.

¢

13,
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Model Data Fit - , :

’

While the Rasch model has. important theoretical and practical implications

for the solution of measurement problems, it also involves some rather'

strohg as§dﬁptions about the natpre of the data under consideration For

this reaién. the question of whether a particular set of data "fit" the
.

mode],is an important concern. Lack of fit poses a threat to the validity

of any results obtained from an application of the model. The Rasch

X N B N S ——— e
model entails the strongest assumptions of all the latent trait models,

further increasing the neeg for assegsing'fit..

The.questﬁon'of model data fit is-a compiex one, The distinction made bp
Rentz and Bashaw (1975) between Rasch model assumptions and those condi-
tions necessary.for fit is useful here. Specifically, they suggest that
anidimensionality of the latent trait, egual item discrimination and

guessing can best be thought of as conditions necessany for fit rather

than as model assumptions. This conceptualization permits the more formal®

statement of model asspmptions (Raseh, 1966, page 50) to be translated

- tnto operational constructs which are data related.

Several methods for determining model data fit have heen suggested

(Andersen,.]973; Wright and Panchapaksen, 1969). However, the vaiidity

6T these chi-square apprbaches appears questionable given the asymptotic’

nature of the test statistic distribution'(Hambieton et al., ,-1978). A

‘s ™ >,

.recent approach which seems promising involves fitting a 1east squgres

1ine to the item responsed data within the range where_the_data are ‘P

approximate]y linear (George, 1979). A t-test is ‘then used to determine the =

probabiﬁity that the observed data were sampled from a population in which

the slope of the fittedfiine is the same as the slope of the theoretical

14
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‘Raéch item characteristic curve within that rahge. The test statistic is

“

p
where: ' A
e - 55+ =2 (b -d)z-(Z (bv-d))z,
R e - - -v,1_ — T A _v.'} ! _ ol
N v
¥ .
N N \ )
2° 2
§§ = - X ,
_ X ; U <vz=:1v) g
y . - N
' : ot
&%,
N N, N
ss = ) (b -d)x - w-a) Dox ),
2 pe v v v'] v U’] v
* TN
oD
. B, = SSxy/SSm R
| 2 -
SSE = S5 - (85, )7/SS,
and ‘ '
> Y
h s = |SSE .
N-2
(
‘Here “bv“ iq the achievement estimate for student "v", "d" is the item
" difficulty dstimate for the i:gm being assFésed. and xv§ 1 if the §tudent
"t ansWere‘ }he.item correc y; otherwise xv=.0. This test statistic
 fpllows a t-distribution, with (N-2)\gegrees of freedom, and the least
' AN , N ' ' . _
squares lines is fitted betweé?’iz;o(b -d). -
o T | o o5 907




'Ihis‘barticu1ar test statistic w{l1 shed some light on the question of
mfff”"'fJ éddaT'ifém“a¥§EF1mTﬁat16h vaTues;“one'of“the“data-conditionsmnecessary-

for f1t . Model data fit is, however, a much Targer concern involving

a varﬁety of diﬂﬁerent sources of deviat1on Unfortunate1y, at the R

pnesent time no commonly accepted eva]uation procedures have been identfi-
. fied. In short, assessment of model data fit needs considerable further

research\(Hahbleton et al’., 1978).

-~
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\ {4 METHODOLOGY

Samﬁ1e v - . i o , .
Over 6,000 students were involved in the ﬁfoject, about 1,000 at each

grade level. The Project same was obtained by inviting schools

from twd.Oregon school-districts to participate. Twenty-three

schools accepted the invitation, and the sample consisted ofNETT"““”"

P4

stydents enrolled in grades three through eight 1n these schools.
Tab]e 5 Presents the exact number of students tested at each qrade

Id

leve] for each equating test pair.

Instrumentation

4

S

The Northwest Evaluation Assoc{ation (NWEA), a consortium of school
d1str1cts from Oregon and washington states, was founded in 1973 for
the purpose of developing goa]—referenced 1tem banks 1n various
schoo] subJects (Northwest Eva]uation Association 1978) At pres-
eut, two Rasch calibrated item banks in the areas of reading and
ma'thematics have been deveToped uhieh span gkades,three through
eight, Both banks contatn over-1,100 items. AT items are referQ
enced to their respective'cq}ﬁection of eourse'and prggram goals
deve1obed by the Trierunty Codrse Goals Project and have been
fie{d-tested on.re1ative1y large samples of students‘before inclu-

sion in the bénks. Both banks were utilized in the Title I Linking

Project.

-— 4
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- 'TAQLE 1;'1- ;
‘Nimber of Students Tested bg‘/, G‘rade'éﬁd Test ?quating Pair
| ' READING I |

. CAT/C TEST =+ Y ITEM BANK NUMBER
~ CODE N . TEST CODE ;- TESTED

3 AT . e 488

4

g e e e e SN

4 ocana b ome o osms N

5 Cooms L 320 : 500

6  CATI6 - ; 320' | T g

7 | - CAT17 - 321 B8y

g o cams ¢ s e01
. TOTAL 3,086

1

MATHEMATICS

. CAT/C TEST ITEM BANK - NUMBER
GRADE CODE__ - TEST CODE TESTED

3  CATI3 818 © 46
4 CAT14 : 819 439
5 CAT15 | 820 481
6 cATIE 820 489
7 | CAT17 | | 821 - 612
g - cATi8 821 612

j TOTAL 3,079

‘)_.__
:
w0
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J
3' _b < Four 1tem bank tests in each of the two content areas of 1nterest
\-'were selected for admﬁnistration TheSe 1nstruments viere assembled .
from the NNEA ftem banks by the Portiand School District 1 for use in

¥
thé1r distritt wide eva]uat1on pquram (Forster and Doherty, 1978)

Each 1nstrument was or1gina11y part of a, series of OVerlapp1ng tests

\

- des1gned to measure readjng or mathematics ach1evement in grades

-three thrOugh eiqht Uti]izzng data on test d1ff1cu1ty obtained by

““‘the P0rt1andSchoo1 Distritt in’ the1r fa11'1978 testing program only
four tests wepe se]ected from each series for use 1n the PrOJect.
These tests are presented in Tab]e 2- by grade Tevel a]ong with the1r'.
correspond1ng test cddes and the difficulty ranges with1n wh1ch testd,"

1tems were drawn from the item banks

tot

w I
Y Q"R‘

An informal survey of severa1 education service distr1cts in .
Onegon indicated that the Ca11forn1a Ach1evement Tests, Form C
(CA‘IQ/C), CTB/McGraw ~Hi11 pubHshers, and Mowa@,sts/g\ Rasic
- SkiTls (ITBS) Houghton Miff11n pub]ishers were two common]y used
nat1ona11y normed ach1evement tests in. Oregon . Since both 1nstru-
ments appeared to be equa]]y appropriate for use by the Project
f1na1 selection was based on the avai]ab111ty of an adequate sample.
Accordingly, the CAT/(C was setected. |
‘The CAT/C measures ach1evement in the areas of prereadxng, reading,
spe1]1ng, 1anguage, mathemat1cs, and reference skills. The battery '

g;consists of ten tests which overlay in djff1cu1ty, spanning grades

K-12 (Ca]ifornia‘Achievement Tests, 1979). Only those normed for




!
I
»
v
46%

TABLE 2
% ~ S o
3 R : . . .
CAT/C Test Code and Grade Coverage Along With the Corres-
ponding Item Bank Test Code and Difficulty Range by Grite
d
READING. © MATHEMATICS
. - L ITEMBANK  ITEM BANK
CAT/C CAT/C ITEM BANK  DIFFICULTY RANGE | ITEM BANK ° DIFFICULTY RANGE
GRADE  TEST CODE___ GRADE COVERAGE|TEST CODE IN RITA UNITS | TEST CODE - IN RITE UNITS_
3 CATI3 2.5 - 3.9 38 145 - 219 81 141 - 224
4 CAT14 3.5 - 4.9 ,afg' 156 - 230 819 152 - 234
5 CATIS 4.5 - 5.9 320 167 -239 | 80 165 - 247
a: CAT16 5.5-6.9 | 320 e7-239 | s0 . 165 - 247
7, can? §5-79 | 180 2 251 821 179 - 259,
8 CATI8 - 7.5 - 9.9 3 Y80 - 251 | 821 179 - 259
" - | | | | |

8The Rasch units scale (RIT) was originally introduced by the Northwest Evaluation Association to
define the underlying item bank scales. Scale values range from about 150 to 250 RIT's, with the
average fifth grade value being set at 200. The linear transformation used to obtain these scale
values is as follows: ' : L o _ -

. ~ RIT = 10 x (item difficu]txogstimate in logits) + 200
| ¢ o
o e f




----------------------------- grade-placement: —Functional-level-testing-was.-not-conducted-since...... ..

&

adminis{ration at gradgs three through eight, coded'CAT13'through

\

'CAT18, were considered. .Table 2 also presents the selected CAT/C

tests utilized along with the grade coverage of each test.

Data Coi]ection

“

A1l students were administered the CAT/C test appropriate for their

this poftion'of the data co11éctioq was part of the routine assess-
ment efforts of the participating séhoo] districtéland‘was, there-
fore, beyond the author's control. In addition to the\tAT/C;
_appro§imate1y half of the Studehts at each grade level was adminis--
tered an appropriate reading 1te@ bank test, while the remainin;
Walf took an approprfate mathematics item bank tast. Decisions as
to whetHer a school would participate in the'reading or mathemafics

portion of the item bank testing were based on their preference when

expressed or on random assignment.

AN testing waé superwised within eath school by the school test

coordinator, although the actual test administration was conducted

by individual classroom teachers. A1l data were collected during

late March and early April of 1979 While the exact test dates
varied among schools, all data were collected within the same week

in a particular school. The appropriate CAT/C test was administered

first, fo11owed by the corresponding 1tem_bank test. Where possible,

make-up tests were given tO‘those students absent on any of the test

dates.

R4 .



C%nversian Tab]elDeve1opment

[

“The development of tables Which permit the conversion of item bank achieve-

ment estimates expressed in RIT units into their NEE}equiva]ents involved =

several stips. As discussed earifer, the application of Rasch model equat-

ing techniques to the pairs of item bank and CAT/C raw scores y‘°1ded”k

Ry

CAT/C converted score for each item bank raw score. (See Appendix B for

the values obtained at each d’!de in each content arga.) First, the item

bank raw scores were converted into {tem bank achievement estimétes
eXpressed in RIT units. This was accomplished by applying the UCON prbg’
cedures out11ned'by Wright and Stone (T97§, pages 142-143) to the item
difficulty estimafes already recorded in the bank for these ftems. . Next,
the percentile ranks associated with the CAT/C cdﬁvekted'scores were |
determined. Thedb va]ues were obtained through 1nterpolat10n from the
raw score to percent11e rank tables provided by the. CAT/C publishers
(Ca]ifornia Achievement Tests, 1978). Values for both the beginning and
end of each grade were determined. Last, these percentile ranks were
converted into NCE units, thus completing the‘11nk_from RIT achievement

estimates to NCE units.

22



RESULTS

Data Screening

Before the analysis phase of the Project was begun, the data cd1lected

were screened in two ways. The first involved an examination of student

item responses by equating test- pairs——_Any student—who -had-not- attempted
both tests in any test pair was excluded, as well an any student who had
not responded to at least 35 percent-of the items on e1th:r of the tests
in dlgiven pair. This approach wes se1etted in an attempt,to avoid bias-
ing the equating results by the inclusion of deta from students for whom
the test pairs were 1nappropr;ate. Tab¥e 3 indicatés the number of
students respodding to each test pai; after these deletions, as well as
the percent of the originai sample this number represents.

A secohd kjnddof data screening was also performed, and it involved

an ekamination of the stability of bank 1tem difficulty estimates.

While no CAT/C test items could be deleted since the norms used in

the Proaect were deve]oped for total CAT/C test scores, some selec- '
t1v1ty could be exercised with regard to items appearing on the bank
tests. In order to 1deﬁt1fy unstable 1tems, each bank test was'
calibrated using the Rasch item analysis program (BICAL) developed

by Wright and Mead (1977) The difficulty estimetes obtained were i‘
then rescaled by multiplying each estimate by ten and adding it to

200, The average difference between these resca]ed estimates and

thbSe recorded in the bank for the same items was then computed.

233"




TABLE 3

Number .of Students Rénaining After Initial Data Screfning with

Percent of Original Sample Retained in.Parentheses

TOTAL

The Linking Constants Add
Difficulty Estimates Alon
Difference Between These

GRADE
3
4
5

standard Deviation
of the Difference

© 481 (96%)

READING

463 (95%)
457 (88Y)

462 (94%)
,

479 (90%)
589 (931)

2,898 (94%)

TABLE 4

READING
-17.2
- 5.5

1.8

24

MATHEMATICS

343 (774%)
354 (81%)
370 (77%)

429 (88%)
549 (904%)
559 (91%)

2,604 (85%)

ed At Each Grade to the Rescaled Item

g with the Standard Deviation of the

Estimates and Those Recorded in the Bank

MATHEMATICS
-17.%5
- 5.9
7.7

-



This value, known as the "1inking constant," was th€;/;dded to each

/

rescaled eét{mate Tﬁébkéttéaﬁijfmtﬁé’aifféiéﬁéé"BétWééﬁmfﬁé§é"""

final estimates and those recorded in the bank should now be zero,
except for random measurement error. -

A\ |
tn order to determine how different these two sets of estimates

actually were, a standard deviation of the differences was ¢omputed

“For each content area across all grades.’ These standard deviations;

along with the values of the linking constants added to each
rescaled estimate, can be found in Taple 4. Any bank item whose
pair of difficulty estimates differed by two or more standard devia-
tion units was deleted from further.anaiyses. The number of itehs
de]gted from each bank test along with the total number retained can

be seen 1' Table 5.

Total Test Summary Statistics

A}ter iﬁitia] data screening, summary statistics based on those
students and items retained were compiled for each test Total test
raw score means, stdndard deviations and KR- 20 reliability estimates
‘are reported in Table 6. Corre]ations between raw scores for each
equating test pair, along with the values of these éorre]ations'cof—

rected for attenuation, appear in Table 7.

Although only total test score information was utilized in the
Project, both the item bank and CAT/C tests were composed of

(continued on page 28)

25y o5
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TABLE §

 READING
NUMBER OF BANK NUMBER OF BANK

GRADE " ITEMS - DELETED ITEMS RETAINED
3 1 a4

GRADE ITEMS DELETED

5 "0 ' 45
6 3 a2
5 2 T 43

8 | 1 . 44

MATHEMATICS LS

NUMBER OF BANK
IEEMS RETAINED

. NUMBER OF BANK

3 | ] : 54 *
4 2 © 53

| 3 ., 52
7 48

‘ R 49

g | 3 47

26

4 M S M Y - v 2

0

Number of Unstable Items Deleted From Each Item Bank Test Along
with the .Total Number Retained by Equating Test Pair .

[

NUMBER OF
CAT/C ITEMS

73

70

770

70
70

NUMBER OF
CAT/C ITEMS

85
85
85
85
85
85



TABLE 6
Total Test Raw Score Means, Standard Deviations and'gé;iabi11t .
_ Estimates by Grade
- READING | ‘
g ITEM BANK TEST . CAT/C TOTAL TEST
: ] ~ STANDARD o ~ STANDARD
GRADE | N'| MEAN _DEVIATION _KR-20 | MEAN » DEVIATION _ KR-20
3 463 31.1 9.0 92 | 59.2%  po® 938
4 457 | 27.4 7.6 .88 | 49.6  .13.5 94
5 iﬁ 481 | 28.8° 8.6 .89 | 51.7 121 .93
6 |462| 28.7 8.2, .90 |48.3 12.5 .93
7 22.9 1.5 .84 | 46.8 12.3 .92
_ N
8 550 | 26.2 8.1, .87 | 43.8 13.0 .93
| . MATHEMATICS
. ITEM BANK TEST _CAT/C TOTAL TEST
L STANDARD : STANDARD |
GRADE | N | MEAN DEVIATION _KR-20 | MEAN DEVIATION _ KR-20
3 343 36.9  10.1 91 |56.5  14.6 .94
4 354 | 34.8 1.0 - .93 [s2.0  15.9 .94
5 370 29.0 10.0 .90 | 51.9 15.5 94
— - - ‘ i -
: 6 229 | 33.1 8.9 .90 | 52.2 14.6 .93
7 |s49| 29.1 101 .91 | 48.6 6.5 .94
IR | - ] e '
8 559 | 31.5 9.6 ~ ,91 . 55.0 16.9 .95
e mien s - — e )L — . ——- et

qrotal test information for CATI3 1s_baséd on all 73 items appearing on the
~ reading test. .This includes the 20 Phonic Analysis items as well as the
11 Structural Analy$is items for a total of 73 items. ' ) .
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TABLE 7
)

~Item Bank and CAT/C Total Test Raw Score Correlations Uncorrected .
and Corrected for Attenuation by Content Area and Grade

L 4

e

READING MATHEMATICS ..
. r corrected for 'y corrected for
Grade r ab®nuation r - attenuation
j 3 .70 .76 W87 .94
e B Q0 SNY: v S k| e
5 .83 .91 1 .ss .92
6 .85 93 .88 .96
-]
7 .79 .90 gf .88 .94
' 7 . . 0
8 .84 .93 . .84 .90 ‘

subtests. They were vocabulary and comprehension or computations and

concepts for reading and mathematics, respective]yj For the sake of

comp\efeness, summary subtest_informétion has been included in Appendix A,

Tables 1 and 2 present the number of'items and percent of the tota] this | .
.number represents in each™subtest by equating ‘ir‘and grade. Raw score

means, standdfd deviations and KR-20 reliability esfimates'are givep in

Tables 3 and 4 of Appendix A. Table 5, also in Appendfx A, présents the
“within test subtest correlations, whi1e Table 6_present;.the between test

oo - subtest correlations. Both tables include the value of the correlations

corrected for attenuation. . T

Model Da@ Fit e

o The s]bpe_of~the item characteristic curve for each test item was
 compared to that of the theoretical Rasch model curve by fitting a
.1east squares line to the observed data within the range 12.0(b - d)

"f\ ' (George, 1979). All 1£ems, even those excluded after the initial datq‘

28 4
T ‘35}_ | | o




‘ . N . - (
. ' : e
' i . . .

screening were evaluated in this manner. The itemtslopes were compared

“using a t-test, and the percent found to differ significantly was deter=

mined using the three different probability levels of significance (p<.0l,

p<.05, p<;T01. This information can be seen in Table 8.

Test Equating

Four equating procedures were app]ied to each set of raw test score pairs

<

Two® 1inear methods, one based on obs®rved scores and one on estimated
true scores, as well as two ronlinear methods, equipercentife equating

and a Rasch model technique, were utilized. * VR

The converted CAT/C scores y1e?dedmby each procedure can be found in
Appendix BY Tables 1 through 12. Tables 1 through- 6 present the con-
verted CAT/C tota] reading scoreS‘o?tained for eaco item. bank raw
score for grades three through eight, respectively; A frequency dis—
tribution of item bank raw,scores is also included. Tables 7 through
12 present the converted CAT/C total mathematics scores obtdined.

A graphic representation of Appendix B can be fOund 1n’Appendix C,
Figures 1 througp 12. It should be noted. that while all four equating
tecbniqusf yield a converted CAT/C score for every possible item bank
raw score, not all item bank raw scores were actually observed in the
Project sample. This'is especially true at the Touerkend of thé raw
score distribution. For the sake of cémpleteness, all raw score pairs

have been included in both Appendix B ard C.



~ TABLE 8

Significantly from the Slope of the fheoretica] Rasch Model Curve Using
Three Different Przbabi]ity’Leve]s as Criteriad '

Percent of Test Items with Item Chafactefistic Curve s1oﬁgg”gg{55"5{;;;;' e

|
~ ITEM BANK . . CAT/C -
TOTAL | | TOTAL

" GRADE ITEMS p<.01 . p<.05 p<.10 ITEMS p<.01 p<.05 p<.10

3 S 45 29% © 3BY  44% 63 14%  25% 35%

4 45 3% 40% 44% 70 - 17% 27% 36%

5 45 29%  44% . 53% 68 . 16% 3% 40%
6 | 45 24% 40% 47% 68 22% 32% 43%

7 45 22% 38% 44% 69 9% 32% ay

8 45 33% 4 44% 53% - 69  35% .54% 65%

A .
7
. MATHEMATICS. | 'y
ITEM BANK | CAT/C
g TOTAL . 3 TOTAL |

' GRADE ITEMS  p<.01  p<.05  p<.10 ITEMS  p<.01 - p<.05 p<.10

3 | s 9%.  19%  .31% T g5 1% 19% 25%

4 55 1% 25% 35% 84 1% 245 28%

5 55 .  20% 29% 38% 85 19% 25% . 29%

6 55 184 - 31%  40% 85 19% 27% + 33%

7 ‘50 26% 40% 424 85 22% 37% 45%

8 50 18% 32%  34% 85  29% - 39% 48%

@

aPerceﬁtdges were computed using on1y'those-1tems with at least 50
observatiogs between ¥2:0(b - ¢). )




r

Equating Comparisons
In order to make comparisons among the results yielded by each of the
four procedures, an average\bbso1ute discrepancy was computed for each
1tem bank raw score. This va1ue was obta1ned by first summing the abso-
lute differences between the CAT/C converted score y1e1ded by each proce-

dure and those aotua11y.observed at each 1tem bank raw score. This sum

was then d1v1ded by the number of differences summed The’values obtained

-"can be found 1n Appendix D, Tables 1 through 12

1

Next, an overall average'absolute\diécrepancy was computed at each grade

for each technioue. This value was obtained by summing absolute differences

across all ftem bank. raw scores, and then dividing the sum obtained by
the total number of differences summed. The overall average absolute
discrepancy computed for each equating technique fs presented by grade

in Table 9,

. , . .
In order to determine whether the overall discrepancies produced by .the

four procgdures differed significantly, a one-way- repeated measyres
ana]ysis of variance was performed at each grade using the absolute dis-
crepancies observed as the dependent variab]e “The results of these
analyses are summarized in Table 10 a1ong w1th the proportion of variance

accounted for by the equating methods«

Rasch Model Equating Bias

3

While the average absolute discrepancy between CAT/C converted and observed

scores is useful in assessing the accuracy of the equating results obtained,

the distribution of these discrepancies rather than their average absolute

value might be he]SfuT in evaluating equating bias. Graphs of tnese values (

31 S e -
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TABLES9 =~ .

e cr e e em e e e ee e e e e e

Overall Average Absolute Discrepancy Between CAT/C Converted Scores
Yielded by Four Equat1ng Methods and Those Actually Observed at Each
Grade for Each Content Area (LO-~Linear QObserved; LT--Linear True; .
EQ--Equipercentﬂe, RM-—Rasch Mode])

-~ READING

GRADE - L0 LT B R

T
& . . 6.28 6.37 " 597  » 5.89

5 5,40 5.48 5.24 5.08
6 5.26 5. 31 5.1 5.29

7 6.17 630 6.12 5.90
5 - 568 57 567  5.53

MATHEMATICS

GRADE L0 o K R

3 5.71 | 5.75 ~ 5.68 5.78

K 6.45 6.47 ' 6.30 6.48

5 65 6.63 646 6.52

6 . 5.8 .55 577 6.10
7 64T 6.47 6.16 g ,6.32-

g o89 6.9 6.9 6.84 .

An



. - TABLE 10

Summary of the One-Way Repeated Measures Analyses of Variance gonducted
~at Each Grade Level Using the Absolute Dtscrepancy Between Converted and
Observed CAT/C Scores as the Dependent Variable ‘

READING . |
o | _Proportion of
" Grade F oo df Error] Probabi]ity: ‘ -Vhri‘ance2
.3 16 1365 C92 .0000
4 25,42 1368 <007 v L0013
5 16,1 w3l <01, .0010.
6 1.3 377 270 . .0000
7 10.58 1434 <.01 . .0010
8 14,76, 1674 SR I .0003
. ) ’ | N :
($\ | | - |
N MATHEMATICS
: : ‘ | Proportion of
Grade F df Errbr1 " Probability - ﬂ.fiancez
3 2.60 . 1020 - 05 .0001
& 200 1059 J0 .0002
5 4.55 1107 ¢ 01 0001
6 7.5 . 1281 < .01 . .0009
7 100 T 1638 o <o 0005
8 5.57 1659 <. .01

Wt
¢

Tror all Ffva1ues reﬁorted;'the treatment Qegrees_o¥ freedom are 3.

2proportion of variance accounted for was computed as the ratio of
treatment to total sum of squares. :
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for the Rosch model q' ting technique can be found in Appendix E,

Figures 1 through 12, son product -moment correiations between these

discrepancies and their corresoonding ftem bank raw scores were computed-"""m’mmmmf

These values can be seen in Tabie 1. for both reading and mathematics.

Aii correiattons. with the exception of the one reported for grade 7 read4“”m"'”“°*

¢

ing, were significantiy different from zero at the 05 lTevel,

TABLE 11 \

 Pearson Correiations betweaen CAT/C Converted and Observed Score Discre-

pancies and Their Corresponding Item Bank Raw Scores for the Rasch Model
Equating Technique .

Grade ' | 'Readiq.- ' | o Mat_hematics'

3 -.39. - - - 22

4 -4 . .27

51 ".]2 . . ‘ . ".25
6 -.24 / - .36
7 ) -.08 - -.2]

8

-.14 ) L =27

RIT to NCE Conversion Tabies' . | o ¥

s

One of the Project obJectives was the deveiopment of tabies which facili-
tate the conversion of item bank achievement estimates expressed-in RIT
units into their NCE equivaients The procedure foilowed.in this devei-
hopment was outlined eariier The RIT to NCE conversion tabies can be

found in Tabies 12 through 17 for both reading and mathematics

2

An Appiication- - .
_ . o o _ N ¢
For a number of years Portland Bchool District 1J has been using tests

‘deveioped from Rasch caiibrated item banks for routine district- wide

, eva]uation In the fall of 1978, and again in the spring of 1979,

~ (continued on page 44)

! : . . )
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TABLE 12 .

€

Item Bank Achievement Estimates in RIT Units and Their NCE Unit
Equivalents Based on Fall and Spring Norms--Grades 3 and 4, Reading

1

'GRADE 3 | GRADE 4 S .
» » : y _
| FALL SPRING ' FALL SPRING
RIT NCE NCE RIT - NCE ~ NCE
., 225.18 . 99.00 90. 77 236.84 99.00 98.48
217.76  94.50 84.40 229.32 99,00 ©91.86
213.20 91,00 79.00 224,69 96.49 85.25 -
209.83 - 86.68 74,64 221.24 89.10  79.92
207.09 8149 70.54 218.44  84.86 75.19
204.76 78.30 67. 06 216. 05 80.84 71.28
202.70 75.81 64.21 213.94 78.07 67.92
200. 85 73.09 61. 24 212.03 74.84 65.61
199.15 70. 24 58,82 210.28 72.36 62.99
197. 56 67.66 56.96 208. 66 70.29 - 61.21
196.07 65.86 54. 68 - 207.13 68.72 59.43
194. 66 63. 67 53.24 205, 67 67.08 57.69
193. 31 62.09 51.45 204,28 65.27 56.21
192. 01 60.12 49.73‘ 202.94 63.56 54. 8]
190.76 - 58.78 48.4 201.65 62.17 - 53,65 |
189. 54 57.39 46.87 200.39 " 60.86 52.46 -
188.35  56.03 '45.35 | 199,15 58,97 51.17 -
187.18 54,67 43.98 197,44 57.10 49,57
186. 03 53. 30 42.79 .74 55.82 48.36
184. 90 - 51.93 41.69 195.56 54.03  46.99
183.78 50.56 40.20 194.38 52.73 45.52
182. 66 49.16 38.77 193.20 50.95 44,06
181", 54 47.74 37.57 192.01 49.15 42.66
180. 42 46.81 36.44 190. 82 47.86 41.26
179.30  45.29 34,84 ~189.62 46.53 40.02
178.16 43,72 33.82° 188. 40 44.65  38.22
177.01 Y42.65 32.77 187.15 43.24  37.26
175. 84 41. 40 31. 65 185.87 41.21 7. 35.42
174.64 - 39.92 . 29.92 184,55 .~ 38.72 33.45
173.42 38.28 28.30 183.19 36.90 32.03
172.15 37.05 27.67 181.76 33.7] 29.08
170. 84 35.47 . 26.05 - 180.26 °©  30.16  25.56
169.46 33.72 24,21 178.67 25.87 22.48
168.01 . 31.84 23.26 176.95 20.18 16.88 .
166.47- 29. 61 ~20.88 175.09 15.47 11.79
164.82  27.58 19.39 - 173.02 9.01 6.67
163.01 23.60 - 15.88 . 170.67 5.26 1.00
161.0] 120.45 13.22 , 167.91 1.00° 1.00 . »
158.73 14,54 9.05 if 164,51 1.00 1.00
156. 04 6.67 1.00 159.92 - 1.00 1.00
152.71 -« 1.00 1.00 . 152.44 1.00- 1.00
148.21 ~  1.00 1.00 .o -
1.00

- 140.84 1.00




TABLE 13

Item Bank Achievement Estimates in RIT Units and Their NCE Unit

~ Equivalents Based on Fall and Spring Novms--Grades 5 and 6, Reading

GRADE .5
TEALL
RIT '~ NCE
243, 04 99. 00
235.66 99.00
231.16 99. 00
227.85 93.70
225. 20 87. 34
Q2295 T R4S T

220.99 81. 24
219.23 79.50
217.63 76.76
216.14 74.35
214.76 72.18

213.45 70. 20-
212.20 68. 38
211.01 66.13
209.85 64.92
208.73 63. 35
207 . 64 61.59
206.57 59. 70
205. 52 58.77
204.48 57.33
203.44 55.86
202.41 54.38
©201.38 52.87
200.35 51.38
199. 31 49.86
198. 26 48. 30
197.19 46. 69
196.10 45.38

194.99 43.81
193.84 42.00
192.66 40.40
191.43 38.39
190.15 36.37
188.80 33.86
187.37 31. 20
185.84 28 66
184.19 . 24.69
182.38 19.32
180. 37 13.12
178.07 9.27
175.35 1.00
172.00 1.00
167. 45 1.00
160. 03’ 1.00

78

.00

36

GRADE 6
SPRING s ~ FALL SPRING
_NCE. RIT - NCE NCE

99.00 242.47 99.00 99.00
99.00 235. 05 94.16 90.44
90. 37 230.52 89.45 82.67
85.06 227.19 83.70 77.65
81.43 " 224.50 79:7 73.00

T 4 e 1T 1 TR 11 S
74.89 ' 220.24 72.51 66.03 |
71.75 218.45 69.79 } 63.28.
69.16 216.82 67.38 &L 60.77
67.30 215.31 65.1% 58. 52
64. 9 213.89 62. 91 56. 68
62.96 212.55 60. 68 55. 00
61.22 211.27 58.75 52.83
59.57 210,04 56. 66 51.26
58. 20 20885 54.83 49.68
56. 29 207 .69 53. 28 48.10
54. 93 206. 55 51.26 46.50
53. 59 205. 44 49.68 . 45.32
52. 21 204, 34 48.10 43.77
50. 84 203. 24 46.48 42.55
49. 44 202.15 44.85 41.10
48. 02 "201.05 43.63 39.40
47.08 199. 96 42.01 38.31
45.90 ° 198. 84 40.24 36.55
44.52 197.72 38. 62 35.47
42.88 196. 57 37.05 33.63
41.73 195.39 34.94 31.80
40.35 194.18 33.37 29.71
38. 51 192,93 30.9] 27.53
37. 25 191. 62 28.20 24.71

. 36.08 190.26 24.92 21.58

34. 21 188.81 21.98 17.92
32.90 187.26 18.12 14,20
30.77 185.60 12.51 10.33
28. 38 183.77 6.67 6.65
25. 52 181.74 ©2.49 1.00
22. 05 179.43 1.00 1.00
17.49 176.71 1.00 1.00
13.12 173.34 1.00 1.00

6. 67 168.78 1.00 1.00

1.00 161.34 1.00 1.00

1.00 :

1.00

]




TABLE 14

it

Equivalents Based on Fall amd Spring Norms--Grades 7 and 8, Reading

GRADE? " GRADE 8

"7 Ttem Bank Achievement Estimates in RIT Units and Their NCE Unit ~—~ "~

| FALL SPRING FALL SPRING
RIT - NCE NCE RIT NCE  NCE
256.72  99.00 99. 00 257.17 99.00 99.00
249,43 99. 00 93. 97 249.89 99.00 99.00
. 245. 00 99. 00 93.33 245.47  99.00  95.61
T T TS BB 242023 T T 93,48 *89-81
239,155 &  90. 69 85.27 239. 64 89.67 83.07
236.94 ¥ 87.67 82.01 237.44 87" 01 79.72
235.02 . 83.75 79.96 235.53 ©  83.29 76.09
233.30 . 82.80  77.57 . 233,82 79.82 73.05
231,72 81. 37 75. 11 232.26 77,55  70.45
230, 27 79. 66 72.84 230.81 . 75.06 68.11
228. 91 76.93 7n.72 | 229.46  72.55 66.73
227,63 75. 61 69.78 228.19 70.68 64.68
226. 40 73.99 67.92 226.98 68.42 62.82
225.23  12.24 66.62 225. 8] 66, 54 61.27
224.09 71.14 65. 22 224 69 64.87 59.83
222.99 69.34 63. 56 223. 60 62.93 5817
221. 9] 67. 54 62.58 222,54 61.16 56. 54
220.86 66. 25 61.03 221.50 5942  54.92
219,82 64.97 59.92 ° 220,48 57.74 1 53.35
218. 79 63.29 58. 60 219.47 56.11 51.79
217.77 61. 59 57,50 |  218.46 54.09 50. 24
216.75 60,47 55. 94 217.46 52.36 48.68
215.73 58. 83 54. 38 216,46 50.80 47.12
214,70 57.15 . 53.24 215.46 48.70 45.09
213, 66 55, 83 51,72 214.45 47.12 43.85
212, 61 54, 31 50. 57 213.43 45.48 41.74
211.53 .  52.62 4868 212.39 43.39 40.00
210,43 50. 90 47.22 211,33 41.53 38.12
209. 30 49.13 45.40 210.24 38.79 36.11
20813 47.31 43,05 209.12 36.99 33.85
206, 91 45.37 42.05 4  207.96 34.45 31.52
205.63  43.32 39.83 206.75 31,37 28.95
204. 27 40. 57 37,80 205. 48 28.55 25.90
202.83 38, 07 34.23 204.13 - . 24.52 2215
201.26  34.64 . 31.11 202. 69 20.41 18.83
199, 55 30.47 27.40 201.14 14.99 14.99 .
197. 64 24.72 22.40 199,43 10. 54 10.54
195. 44 16.53 - 16.85 197,53  2.96 2.96
192.85 7.49  11.00 195.34 .00 1.00
189, 62 1,00 1700 192.75¢ 1.00 1700
185. 22 1.00 1,00 189,52 * 1,00 1,00
177. 93 1,00 1,00 185.12 1,00 1.00
o 177.85 1,00 £ 1.00




TABLE" 15

~
[

 Equivalents Based on Fall and Spring Norms--Grades 3 and 4, Math

Item Bank, Achievement Estimates in RIT Units and Their NCE Uni | -
fmtics I

GRADE 4

__7 6.—28__ S S

GRADE 3
- FALL SPRING EALL
RIT NCE NCE RIT NCE NCE

226.42 99. 00 97.49 .. 236.66 99.00 199.00
219:1 99.00 88.83 229.35 99.00 99.00
214.67 99,00 82.37 224.92 99.00 92.02
211.41 99.00 78.06 221.68 99.00 85.80
208.79 99, 00 73.97 219.09 99.00q 80.22
206.59 -95.02 70,76 T 216290 95,12

. 204.65 - 93.33 68.04 215.00 91.29 72.7
202.93 . 89.94 65. 69 213.3] 86.80 . £9.79
201.36 88.19 63.85 211,78 84,24 - 67.46 .
199.92 84. 60 61.53 210.36 81.23 64.95
198. 56 83.41 60.03 209.05 78.69 63.10
197.29 81.14 58. 60 207.82 76.21 60,67
196.08 0.00 57.33 206,66 73.75 59.30
194.93 78.00 55.67 205. 55 72.22 57.25
193.83 76.14 54. 07 204.49 69.87 55.19
192.75 73.54 52.46 . . 203.47 ,67.95 53.90
191.72 72.15 50.91 202.49 66. 01 52.00
190.72 70.01 49.38 201,53 63.94 50.84
189.74 68. 65 47.85 200.60 62.02 48,85
188.77 67.00 46.84 J 199, 69 60.25 47.74
187.83 . 65. 66 45.27 198.80 ' 58.58 46.22 -
186.90 g 63.69 43.68 197.92 56.95 - 45.17
185. 98 " 61.86 42,64 197.06 55.37 43.59
185.08 60.59 41.44 1 196,20 53.85 42.57
184.18 59.06 39.87 195.35 - 52.32 “431.41
183.28 57.41 38.37 194, 5] 50.84 39.85 .
182.39 56. 38 37.67 }33.67_ 49.37 38.39
181.%0 54,79 36.14 92.83 47.91 37.76
180. 61 53.76 35.18 191.98 46.41 36.22
179.71 51.72 . 33.45 191.13 44.93 34,77
178.81 50. 63 32.43, 190.28 . 43.39 33.61
177.90 49.10 31.30 189.41 41.85 32.62 .
176.99 47.54 -.30.17 188. 54 40,27 30.83
176.06 '46. 06 28.98 187-. 64 38.12 29.67
175.11 44.03 27.66 186.73 36.43 27.85
174.14 42.41 26.28 185.80 34.32 26.22
173.16 39.81 - 24.25 184,84 32.33 24.26
172.14 37.83 21.83 183.86 29.40 21.91
171.10, 35. 65 21.24 182.83 26.73 20.02
170.01 32.53 19.02 181.76 23.75 17.80
168.88 30.12 16.55 180. 64 20.24 15.14
16770 27.51 13.46 179.45 16.93 11.57
156.45 23.77 12.06 “178.19 13.15 +  6.67 - .
165.13 20.68 6.96 176.83 8.69 4.53

38 . .15)

v

 SPRING e

1




. FALL SPRING FALL SPRING
_RIT ) NCE NCE RIT -NCE : NCE .
ER o B S
163.71 17.37 4.1 175.35 _ '6.67 : 1.00 h
162.17 13.15 1.00 173.73 1.00 1.00 o
160.49 8.28 1.00 171.90 1.00 1.00
v 158. 59 - 1.00 - - 1.00 169,79 . . 1.00. 1.00
P 156.41 1.00 1.00 - 167.29 1.00 1.00
153.84 1,00 1.00 164.14 1.00 1.00
150, 62 1.00 1.00 159,81 1.00 1.00°
146,22 1.00 1.00 152.62 ~1.00 1.00
138,95 1.00 1.00
- 5
I _ I e ] A o
4
L
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TABLE 16

Itém Bank Achievement Estimates in RIT Units and Their NCE Unit

_m£qu1valents Based on Fall and Spring Norms--Grades 5 and 6, Mathematics_ ... .7 .
g - GRADE 5 GRADE 6
_ { FALL - SPRING FALL . SPRING - _ -
. RIT: . NCE  NCE RIT NCE NCE :
252.98 99.00 99.00 251.40 99.00 99.00
245.35"- 99.00 99,00 243.78 99.00 93.70
240,63 99.00 99.00 239.07 - 99,00 88.06
23711 99,00 98.90 - 235.55 99.00 32.56
234 26 199.00 91.84 232.70 93.33 78.81 :
23T“84“‘“*_‘“99700 876323027 T 89.67  74%0
229.73 99.00 82.62 228.15 84,60 '71.69 . ,
227.83 - 95,52 80. 34 226.25 82.19 . 68.83
226.11 93.33 77.24 224.5) 78.99 66.42
224.52 89.67 74.05 222.92 + 76.44 63.90
223.04 - 87.45 - 72,03 221.43 73.26 61.72
221.66 84.18 69.76 220.03 70.28 58.85
220.35 81.63 67.96 218,71 67.52 - 57.25
219.10 79.39 : 66.11( 217.45 64.69 54.65
217. 9N 76.76 64.07 216.24 62.31 52.68
216.76 .74.69 62.78 215,08 60.14 50.80
215.65 73.13 60.98 213.96 57.84 48.95
214.58 70.81 59.21 212.86 55.51 47.13
213.54 5 68.86 57.80 211.79 53,24 - 45,28
212.52 67.60 56.35 - 210.74 50.93 - 43.42
211.51 65.42 54. 68 209.71 49.17 . 42,13
210,53 63.44 53.09 208. 69 46.95 -40.25
1209.56 - 62.02 51.56 q§].69 45.15 38.57
- 208. 60 60. 29 50.28 206. 68 43.27 37..02
: 207.65 - 58.48 48.22 ' 205,68 41.43 - 35.95
i 206.70 57.15 47.18 204,68 38.73 33.92
- 205.76 55.39 - 45.79 203.67 - 37.21 32.34
. 204.81 . 53.98 | 44 .37 - 202.66 35.14 - 30.70
203.86 52.48 42.92 -~ 201.63 32.93 29, 00 )
202.91 51.18 41.57 200.59 30.55 26
201.94 49.37 40. 28 199.53 27.95 S
200,97 47.85 38.22 - 198.44 24.89 22 18
199:98 46.06 37.31 i 197.32 22.56 - 20.18
198.97 44. 46 35.97 - 196.17 19.35 17.83
197.94 42.38 34.39 194,97 - 15.01 15.01
196.88 40. 86 32.63 193.72 - 11,27 11.27
195.78 38.28 30.71 192.40 6.67 6.67
194.65 35.49 28.88 - 191.00 - 3.32 3.32
193.48, 33.01 26.31 189.50 *1.00 1.00
192.24 29. 64 24.42 187.87 1.00 1.00 »
190.9% 26.13 21.02 - 186.09 1.00 1.00 - &
189.57 21.96 18.27 184.10 1.00 1.00 '
188.09 18.47 - 14.82 181.82 1.00 1.00
186.48 § 12.81 9. 81 179.12 - 1.00 1-..00
] { '
40 A e
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FALL SPRING TR SPRING
RIT NCE - NCE . RIT_ NCE_ ° NCE
S - e —
182.75 1.00 1.00 - 171.21 1.00 1.00
180. 50 1.00 1.00 163.76  1.00 ©  1.00
177.82 1,00 1.00 S
174.50 1.00 1.00
169. 99 1.00 1.00
162.58 1.00 1.00
.
2 4
. ¢
! ‘_ﬁ)\)
41




TABLE 17

 Item Bank Achievement Estimates in RIT Units and Their NCE Unit

Equivalents Based on Fall and Spring Norms--Grades 7 and 8, Mathematics  — " ~

_ GRADE 7 GRADE 8
FALL SPRING FALL SPRING
RIT NCE NCE RIT____ NCE NCE
261.92 99. 00 99.00 - 261.63 99,00 99.00
254,65 99, 00 95.00 . 254,35 99.00 90.17
250. 26 99, 00 90.40 249.94 §2.95 84.38
_____ 247.04 93.70 © 84.82 246.71 ~ 88.79 80.22
244,37 TYITIITTTUBITRY T 24412 83857603
242.29 89. 67 78.4] 241.92  79.78 72.86
240.39 86. 80 77.15 240.01 76.48 69.76
238.70 83.19 75.01 238.30 74.39 67.93
237.16 81. 64 73:05 - 236.74 71.59 65.92
235.73 79.57 71.38 235.29 69.99 64.13
234.40 77.91 69. 66 233.94 67.81 62.34
233.14 75.76 67.68 232.66 66.48 60.78
231.95 73.92 66.45 231.45 . 64.88 59,29
230.81 72.29 64.89 230.28 62.73 57.85%
229.71 70.77 63.42 229.16 61.11 56.47
228.65 - 69,43 61.84 228.07 59.65 ' 64,97
227.62 67.74 60.46 227 .01 57.92 53.33
226.6] 66.12 59.15 225.97 56.41 51.56
225. 62 64. 38 57.71 224.96 54,69 50. 32
224.65 62.67 56.08 223.95 52.79 48.77
223.69 61.16 54.84 222.96 51.06 47.38
222.75 59,85 53.45 221.98 49.34 45.60
221.81 58.65 52.08 221.00 47.62 43.97
220.87 56. 88 50.94 220.02 45.86 42.57
219.93 55. 21 49.39 .219.04 44.10 40.44
219.00 53.98 48.22 __218.06. 42.30 38.56
218.05 52.40 47.13 217.06 40.44 37.43
217.11 51.18 45.47 216.06 37.90 35.29
216.15 49.56 44. 36 215.04 36.45 32.99
215.17 47.57 42.66 214.00 - 33.5] ©30.97
214.19 45,92 40.91 212.94 31.03  28.58
213.18 43.80 38.73 211.84 28.31 26.37
212.14 41.79 37.65 ©210.72 » .26.13 23.52
211,08 38,71 35,24 209.55 22.38 21.13
209.98 36288 33.06 208. 33 18.96 17.34
208.83 33,70 30. 68 207.05 14.90 13.96
207. 64 30.59 27.67 205. 69 12.23 12.23
206.38 27.02 24,92 204.23 6.67 6.67
205.04 23.68 21.18 202.66 2.47 2.47
203.61 18.37 16. 60 200, 94 1.00 1.00 .
202.06 13.31 13.26 199,02 1.00 1.00
200. 36 g.21  * 8.21 196.83. 1.00 1.00
198.46 1.00 1.00 194,23 1.00 1.00
196.29 1.00 1.00. 190.99 1.00 1.00
j ‘()
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FALL

SPRING
NCE

RIT

FALL
NCE

SPRING
NCE

RIT NCE

193.7& ]

190.4 1.00
186.09 1.00
178.83 ]

TR

.00 -

.00 |

1.00
1.00

1,00

179.29

186.57

1.00

TorT
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students in grades'four through eight were given reading and mathematics

tests deve\oped from fhese“benksfl‘The ESEA Title I evaiuation report for

1978-79 submitted by the Portland Schooi District incTuded average fall.
and spring achievement estimates and gains in RIT units This informa-
tion can be seen in T¥Bles 18 and 19 for Title I and non-Title I students,
respectiveiy In order to convert the fall and spring R?T scores into
NCE units, a link to national norms must be estabiished Portland deter:

mined these equivaients from a joint administration of the Comprehensive

e
e o,

Tests of Basic Skills, FormvS (Comprehensive Tests of Basic Skills, 1975)
and selected subsets of bank items, The NCE equivgients_reported can also
be seen in Tables 18 and 19 (Holmes anlenn‘Cieave, 1979) . )

A second link to.nationai_norms is provideohhy Tables 12 through 17. In
order to use these tables, however, the date}of the test administration
must conform to the ‘empirical norm dates of the CAT/C, the midpoints being
giveh as October 3 and April 4 (Caiifornia Achievement Tests, 1979). The
Portland fall data were coiiected during the first three weeks ‘of October,
a time interval reasonably close to the fall miopoint date. The spring
data, however, were coiiected during the first three weeks of Mey, at least
one month 1ater.than recommendeg; In order to compensate for this differ-
rence, the spring averages m\re adjusted by determining the average RIT
growth from fall to spring at each grade, and then subtracting one seventh
of this value from the average spring RIT score. NCE equivaients for the
fall and adjusted spring average RIT‘scores were determined, through inter-
poiation, from Tables 12 through 17. The fall and adjusted spring RIT
scores, as well as their NCE equivalbnts and gains, can be found in Tables

20 and 21 for Titie I and non-Title I)students,'respectiveiy.
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TABLE 18

S

P
i

Average Title 1 Fall 1978 and Spring 1979 Item Bank RIT Achtevenént Esti: & "~
mates and Their ‘NCE, Eqmva'lents as Reported by Portland School District 14

t

'READING.

/
i

Ty T Fall  Spring =~ RIT Fall  Spring  NCE :
Grade N RIT RIT Gain NCE NCE Gain
4 720 177.85 187.52 |  9.67 39.0 44,1 5.1
5 634 185.57 191,77 | 6.20| 38.3 43.0 4.7
6 513 | 190,26 196,45 6.19 | = 37.1 ,42.5 5.4
7 453 195.74  199.74 4.00 37.1 40.1 3.0
\ . . E . .
8 456 | 198.35 202.48 | 4.13 35.1 37.7 2.6
/
""" MATHEMATICS
| Fall Spring RIT Fall Spring NCE
Grade N _RIT RIT ___ Gain NCE NCE Gain
4 724 | 180,05  189.70 | 9.65 | 37.1.  42.5 '5.4
5 636 | 188.16 196,27 8.11 218 ¥ b 13.3
; 7 -
| 6 519 194.31 201.62 7.31 28.2 38.3 10.1
7 456 | 200.20 205.13 | 4.93 | 131 26.3 13.2°
8 s | 20690 20061 a4 | 282 .3e4| 102




L v ': . . | Q | ! ' 4
v
i) :.
Co o TABLE 19 |
1) g ,
" Average Non-Title I Fall 1978 and Spring 1979 Item Bank ‘RIT Achievement - _ ’
Estimates and Their NCE Equivalents as Reported by Portland School ’
District 10
READING .
R — ___.'__ hel —_ —_ - —— [ —————— [ - .1_ —_— ——— — | e ——
, FaH Spring RIT . Fall Spring NCE
Grade - N RIT RIT Gain NCE NCE Gain
4 2,660 | 197.78 204,03 | 6,25 64.2 67.0 2.8
5 | 2,564 | 205.02 209,73 4.1 66.3 67.0 7
6 2,692 | 209.74 214,35 4,61 83.5 65.6 2.1
:7 2,625 | 215.09 219.79 4,70 64.9 68.5 3.6
8 | 2,759 | Mgz 22485 | 473 | 65.6  70.9 | 5.3
MATHEMATICS
Fall Spring RIT Fall Spring NCE
Grade N RIT RIT Gain NCE NCE __°~  Gain
4 2,659 | 194.43 . 204.64 | 10.2 53.2 62.3 9.1
5 2,561 | 204.85 212.36 7.5 §7.0 59.3 2.3‘*3N&
- : S
6 2,701 | 211.73 217,50 | 5.77 | 54.8 60.4 5.6. .
7 2,645 219.13 224.20 5.07 58.7 59.9 1.2 -
8 2,795 | 225.08 228,71 3.63 | 57.5 58.1 .6 .
, Y
' A3
f ik
: | 3
! ) .'-‘\'
' | 9
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" ‘Average Title I Fall 1978 and Adjusted Sprin
ment Estimates for Portland School District

TABLE 20

1979 Item Bank RIT Achieve-

J and Their NCE Equivalents

as Determined from Project Conversion Tables

LI

r

S e READING:

Fall - Adjusted RIT Fall  Spring  NCE
Grade N RIT Spring RIT Gain NCE NCE .Gain
4 | 720 177.85 186.14 8.29 23.16 35.81 | 12.65

5 636 | 185,57 190,88 5.31 | 28,01 33.65 | 5.64

6 513 | 190.26 195,57 5.1 | 24.92 23¢%s | 7.16

7 453 | " 195.74 199.17 3.43 17.65 26,41 |  8.76

8 456 | 198.35 201,89 3.5¢ | 6.23 16.85 | 10.62

MATHEMA¥1C§

o Fall AdJjusted RIT Fall  Spring  NCE

. Grade N__ RIT .. Spring RIT Gain NCE ___NCE Gain
4 724 .| 180.05 188.32 8.27 | 18.60 30.55 | 11.95
' .5 636. | 188.16 195.11" 6.95 | 18.64 29.62 | 10.98
| 6 | s19 b 200,58 | 6.27 | 13.04 26.69 | 13.65
7 | %6 | 200.2q . 204.43 4.23 | 6.60 19.23 | 12.63

-8 | 458 | 204.90 208. 94 a.06 | T9.22 19.24 | 10.01

e
I 47 2
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Achievement Estimates for P

B

CTABLE 21

rom Project Conversion Tables

6ﬁ¥T1tTé'I"FéTI“T978'éﬁﬁ“AﬂJﬂ§ted75bf1"9“7979”Ttemf330k5RTT“f'””“"m“”
es ortland School District 1J and Their NCE
Equivalents as Dete@nined £

\ o
: READING — |
2 Fall Adjusted RIT Fall  Spring  NCE
Grade, N RIT Spring RIT Gain NCE . NCE Gain
4 | 2,660 | 197.78 = 203.14 5.36 | 56.93 655.02| -1.91
5 | 2,564 | 205.02 209.. 06 4,04 53.08 56.85 | " -1.23
6 | 2,692 | 209.74 213.69 3.95 | 56.20 56.43 .23
7. | 2,625 | 215.09 219.12 .4.03 | 57.79 59.02 | 1.23
8 | 2,750 | 22012 22417 4.05 | s57.16 59.04 | 1.88
 MATHEMATICS |
Fall Mdjusted, , RIT - Fall  Spring * NCE
Grade = N CRIT Spring RIT * Gain _ - NCE NCE . Gain
4 | 2,659 | 194,43 . 203.18 8.75 .| v 50,70 53.34 | 2.64
5 | 2,561 | 204.85 211.29 - 6.4 | s4.04 s4.32 | .28°
6 2,701 | 211.73 216.68 4.95 f  53.11 53.40 .29
7 | 2,645 | 219.13 233.48 .| .4.35 | 54.15 54,53 .38
§ | 2,795 | 225.08 - 228.19 3. | sasr 5504 | .33
55
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The.a$%rage RIT score at. each grade waS'computed:for the Project sample,

'i'these“QaTUQS"ean“be"seen“Wn“Tab1e~227“~--~

Average Achievement Estimates 1n RIT Units for Project Sample by

Content Area and Grade

r

Y

apifferences in the sample sizes reported here and those appearing
in Table 3 are due to the students w1th all items correct or

1ncorrect

RIT and Expanded Scale Score Comparison

T
In educationa] measurembnt

about the performance of students who took different 1eve1s of the same

GRADE___ N READING N MATHEMATICS
3 456 195.2 341 L1931
4 457 - 203.6 B4 4 203.1
5 479 209.7 370 210.3
6 460 212.7 428 - 218.2
7 479 219.1 546 225.7
8 559, 202.5 553 2305

it is frequent1y necessary to make statements

“test. In order to facilitate these kinds of compar1sons, many test pub-

llishers attempt to construct a score scale which spans all levels of thedir

test. Such an expanded 3core scale has been developed for the CAT/C using

‘ Thurstone S absolute sca11ng procedure (Ca]ifornia Achievement Tests, 1979).

This sing]e, equa1 -interval scale ranges in va1ue from 1 to 999 with the

scale's mean and standard deviation being anchored at 600 and-90,respect1ve1%

e



for the grade 10 group. Since equivalent CAT/C converted raw scores have

the relationship between the RIT and expanded score scales can easily be
developed by expressing these raw score values in terms of their equal- . .
interval scale values. F{gures 1 and Z;p;esent these relationships for

reading and mathEmatiés. respectively,

\ X
§ W T _
.
Sh
3
50

been determined through Rasch model equating for each item bank raw score,

ot




J N ‘
qb
» *
71000 ¢
ss0.00 } \
Y
010,00 ¢
500.00 1 /T o T
s s
810.00 1 '
. 8000 §
£ \
5 ;
9 )
v
@ 000 1
Lyl -
g
s .
)", !
by 380.00 1
o
c
o
Q - -
» -
W 31000 T
o (Grado 3
a aado 4
280.00 T : Y 4 ' : * Gr;dt ]
) X Grade 6
. :- n (‘Irado?
210.00 1 - :
. . ' o Grade 8
\
180. 4+ +- + —t —p—t—t—t——t- + ‘.L + fthet—st + -y
00 150,007 16200 170.00  160.00  180.00  200.00  210.00  220.00 23000 240.00 250,00
RO RIT
Figure 1
Graph of the Relationship Between RIT and Expanded Scale Scores in Reading
Y

si 5%




ERIC

Aruitoxt provided by Eic:

1!
78000 ¢ . a
neoe ¢ ' ' . g
_ ; ...... L)
880.00 1 ' o
[
/4
() /
.1&.“ 1l - . .',” -
I," .
‘“
-~ I:" [/
_ _ . _ 1. AR S [
$80.00 1 ¥, T
N 74
(Y]
‘" ¢/
. (3
. ’.4,
810.00 | o
® 3
W 4
~480.00 { J‘;'. i
QL ‘8, 2P
[ (78
(o) ’. O
LY X
g ) "1 :’
410,00 1 ’
2 < B
p (/
O '0 .
(n X .
© { )
8 360.00 W .
2
1o} D)
<
Ll 31000 b -
0f o Grade 3
a Grade ¢
260.00 1 % Grade S
. ¢ @, Grade 6
! Grade 7
210.00 § .
o Grade 8
r
0.0 s ka0 10800 178.00  188.0  18%.00 ot ae 800 22800 23800 248.00  2%8.00
RIT
y . )
Figure 2 *
-Graph of the 'Re1ationsh%) Between RIT and Expanded Scale Scores in Mathematics
v 52
O .




. DISCUSSION

¢
'S

A

Methodological Considerations -

Before any discussien of the Project fihdid@étcah be meaningfully conduc~

, AN
ted, a few general comments related to methodology seem in order., First,

it should be noted that the test equating design adopted by the Project,

that of administéring both tests to the same group of students, Ts a fairly

e

U NSRS S

strong one. One possib]e 1mprovement might have been to counterbalance
4
the order of the two test administrations, thus eliminating possible

fatigue or7pract1ce effects This was not feasible, since the data were

. collected as part of routine district wide evaluation pr09rams The

design used, however,. st111 represents a highly desirab]e test1ng proce-

dure for an equating study.

‘Second, the Project sample, .while not necessarily identical to the CAT/C

norming group, d1d demonstrate a consistent re1at10nsh1p to it across all

grades and both content areas studied. A comparison of the CAT/C raw

" score means and standard deviations presented in Table 6 with those repor-

ted for the CAT/C spring norm1ng sample (California Achievement Tests;

~

1979) indicated that the'performance_of the Project sample was slightly

higher and more homogeneous than that of the norming sample. These

‘di fferences were, however, con¥istent across all grades and not unexpected

L U N

given the purpose of the'CAT/G sampling strategy. In addition, the average .

achieuement estimates reported in Table 22 for the Project sample were

-consistent with those reported. in TaB1es 20 and 21 for the spring testing

« N\
of Portland Public School stu;gnts
A third area requ1r1ng comment is that of 1nstrumentation Since only

tota1 test equatfng was cohsidered in the Project %IE correlations between

-y

Tew (T

" -

& ‘1
N}

“.'—'.
.



_wassumptions_inherent“Jn_teStmequatjngfjsmtbatfpoth”tegtsumeaeurqhthem__m“____m“_m

total test item bank and CAT/C raw scores-are of interest, One of the

same traft. While the total-test correlations reported in Tab1e 7 are
lower tnan"ntght_be'expected. the larger corrgcted va1ues”also_réported.
there suggest that an adequate relationship between the eqUating.test

pair members did exist. An-interestdng observation re1ated to the subtest
raw score corre]ations presented ine Table 6 of hppendik A shou]d be noted.

The expected increase in homogeneity between_subtest raw scores is not ‘

ref]ected in the subtest corre1ations reported there; that is, item bank

and‘CAT/C total test correlations are consistently higher than item bank

and CAT/C subtest correlations. This suggests a stronger re1ationsh1p

" between total test scores than between subtest scores, thus lending sup-

port to the total test equating approach- utilized.

~..

- Some rather interesting results related to model data fit were reported

in Table 8. While no absolute criterion exists for determining when the
assumption of eduaf item discrimination ts no longer tenable, the percents
of nonfitting 1tems reported are ddstUrbtng]y high._ ;t has been demon-
strated that’ when ®tis assumption is vio]ated discrepancies 1n item dif-
ficulty estimates may result, and that these d1screpanc1es can adversely -
effect achievement estimates obtatned from vertical equating situations
Géorge, 19797, The resd]ts reported in Table 8 suggest that many items
on'both the itém dank and CAT/C reading and mathematics tests do not

satisfy this assumption, especially at the upber grade levels. Since the

robustness of the model to these violations is still an empirical question,

‘the implications of these findings are unclear. It should, however, be

noted that equal item discrimination is only one aspect of model data fit.

Further research is needed in this area..

- | _, 51
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Equating Comparisons

An examination of the results of the four eguating techniques leads to

_the conclusion that, for this sample, all four procedures appear to work

equaiiy_Weii. This becomes most apparent in Figures'i.thrOugh 12'1n |
Appendix C. It should be noted that no émoOthing techniques were appiied
to the equipercentile results, thus accounting for some of the abnormali-

ties seen in these curves. This is especially true at the lower end of

]

LY

the distributions where, frequently, notactual data points were observed.

The overail average absolute discrepancy between converted and observed
CAT/C scores reported in Tabie 9 is a further indication of the similarity
_of the four sets of equating results.: whiievthe repeated measures anaiyses
of variance suggest significant differences between these averages. at
certain grades, the analyses of effects size indicate that these differ-
ences are more a function of the large number of observations than any ,
real technique differences. In all cases, the amount of variance accounted
for Was less than one percent. k

One disturbing:aspect of the overall average absolute discrepancy values
reported in Table 9.1s their size. These values are'reported'dn'CAT/C
raw score points, suggesting that any converted CAT/C score may, on

the average, differ by from five to seven CAT/C raw- score points from
the value actual observed in the Project sample. This disgrepancy is
alarmingly large since the standard errors of measurement for the CAT/C
tests are roughly 3.5 points. Further, an examination of these discre:
pancies by item bank raw scores (Appendix Di indicates that theaiargeSé

discrepancy values occur in ‘the lower end of the raw score distributions

This appears to be the case regardless of the equating technique used,
suggesting that converted CAT/C scores at the lower end of the score

55
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distribution are consistently less accurately determined. The large dis-

_Mcnepancies_obseryed“may_bema“result“ofmon]ymmodenate]ymhtghmcorrelattons“”_“mm”wws -

between equating.test pair members. This fact may be further compounded by
the genenafminstabt11ty of test scores in the lower extremes of the score
distributi n. Regardless of the reason for the large discrepanctes,_the
1owen endtof.the distribution is unfortunately where most T1t1e Ilstudents

may be expected to score.

In order to determine the nature of the Rasch model equating d]screbancies
reported in Table 9, plots of their distributions were included in Appen-
dix E. The correlations between these values and their corresponding item

bank raw scores appear in Table 11. Two general conclugions can be drawn

_from these data. First, the plots confirm the fact that the largest dis-

crepancies occur at the lower end of the raw score distributions. They
further suggest that scores.in the lower end are genera11y underestimated-
while scores at the upper end tend td be overestimated by this equating
techntque. This is further supported by the negative correlations in:
Table 11. While the size of the correlations is small, all values, except
grade 7 reading, were statisticailx significant. These data further sug-
gest a need for caution in interpreting scores in the lower end of the

raw score distribution. , : T .

RIT to NCE Conversions

The results obtained by app]ying the Project developed conversion tab]es

to the data provided by the Port]and Schoo] District can be found in

Tab]es 20 and 21 for T1tTe 1 and non- T1t1e I students, respective]y

* The Title I fall and spr1ng equiva]ents are consistent with the definition

of;T1t1e I students as 1ower achievers. It is interest1ng to note

v

" - - . . .
- ) . _ 0 8‘1_3
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the nattern of decreasing fall NCE equivalents from the lower o upper
'gr&déstin'bbth”iéaatng“and“mathemattcs;“'NhiTemthe~NGEmgatns~fromwfa+1

to spring are in many cases quite 1arge, Title I students appear to lose
ground rap1d1y as they proceed through the grades, beginning each year-at
a successively lower NCE level than the year before, Th¥s pattern may,
however, be more indicative of a basic change in the T1t1e I population

than an actual aecrease in achievement, It probab]y reflects the movement

"hard core" group of Title I students each year.

The values of the non-Ttt]e I fall and tpring equivaients are somewhat\v
higher than might be expected, especially in reading. This inflation is

~due in part to the fact that the performance of Title I students was not
included in the computation of these RIT achievement estimates. It appears
that while T1t1e ;'students begin each school year at success\ve]y ]pwer
NCE levels, nor-Title I students appear‘to begin at suctessive1y higher

| levels,

The pattern of NCE gains fon non-Title I s!ﬁdents is rather 1nterest1ng.
Unlike the RIT gains for tnis group, reading NCE gains-aré initially
negattve,_becoming increasing1y more positive in the npper grades. \Nith
the exception of the grade 4 value, a similar tendenCy is suggested by
the mathematics data. This pattern is the opposite of what might be
expectea, given the familiar Iearning curve where the 1argest-ga1ns occur
early in the learning experience. 1In addition, since an NCE géin of 0.00
i_reprgggntsﬁnorma] growth,frgm“fqll to spring, both positive and negative
gains ncu1d be expected to occur. ' This particular pattern of gains sug-
gests increasingly more effectine reading and mathematics instruction at

the upper grades.




.

A second set of NCE equivalents, developed by the Portland School District

_myhﬁqggh_the California Tests of Basic Skills, are reported in Tables 18

and 19 for Title- I and non-Title I students, respectively. In general,

the fall and spring NCE equivalents determined by Portland are consistently f

higher in both contént'aréas than those deve]oped_py this Project. NHi]e
the two sets of nen-Title I gains are somewhat similar, the Title I NCE
gains differ cbnsiderab]y. The 6n1y conﬁisteﬁt relationship disb]ayed
'by the two sets of Title I NCE va]ues%ﬂs fhe decline‘in both fall and

R R RS — JU— R — . e e gt e e e n

spring equivalents across grades noted earlier.

The lack of similarity between the two sets of NCE equivalents is disturb-
ing, especially since both were developed using similar techniques. The
generally higher NCE Qa]ues reported by the Portland Schoo] District may
ref]ect basic d1fferences between the norms of the fwo instruments used’
in the determinition of the equivalents. This is a cémmon problem encoun-
“tered when making norm-referenced scpre intérpretations; that 1s,hthe |
performance of the same student, 6r group of sfudents, may apbear tq be -
quite different when evé]uated by two different norm-referenced instru-

_ ments which claim to measure the same thing. Of particu1ér concerh, -
.howevéf, are the ]afge discrgpancies hetween thg two sets of Title 1 NCE'
gains. This further 1énd§ support to the earlier asseriion that caution
must be exgrcised'when attempting norm—re%erenced interbretation of?scores

found in the lower end of the score distribution}

The RIT and Expanded Score Scale

A few comments concerning the relationship between the RIT and expanded
score scale are in order. No attempt was made to empirically evaluate

the relationship. While extremely interesting, this was beyond the-scope
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'of the Project. However, the plots presented in Figures 1 and 2 do suggest
that, at feast"within-the“midsrangemof~éachvgrade;-the-re1at10nsh+p-aeross-~~
grades is somewhat 11near It shou]d be noted that the slope of the lines
representing the re1ationsh1p at each -grade  changes rathey consistent1y
across grades, Thi's phenomena can be‘seen in both Figures 1 and 2. This
suggests that a change iﬁ the unit of measure of one or both of the scales

is occurring, making their equal-interval claim questiohabTe.




CONCLUSIONS

. L4

The purpose of the Project'was io'exp]ore an a]terhati&e appro&ch to the
--}mp1ementation»of Model-A~for-Tit1e 1 evaluation, namely the use of Rasch.

calibrated item banks. The methodology déscribed in this report along

with the cthersion tables for interpreting item bank achievehent es%i-

mates in terms of NCE units provide support for the feasibility of such

S an-alteernative . — e

Three conventional eqdating techniques in addition to a Rasch model approach
were considered during the development of the Project cbnversion tables.
’ x‘ﬁh11e no absolute criterion exists for e<:1uat1ng the aCCUrdcy of equating
*results, all three techhiques comBared févorab]y to the Rasch model

approach-when comparisons were based on the performénce of the Project

| sample.

Although all four equating techniques yielded similar resuits; the accuracy

of the results produced, espec1a11y for scores in the lower end of the

score distribution, was %'concern.‘ The average absolute dfscrepancy between
scores.actually observed and those determined from fhe,ﬂquatidb process

Was rather large. The largest values occurred in the lower end of'the
distribution, suggesting that the least accurate re$u1ts.w111 be obtained
by applying the Project conversion tables to the-déta from those students

for which the tables were devé]Oﬁedl

This situation was further reflécted in the disparity between Title I NCE
. ’

gains reported by Portland Public Schools and those determined by this

Project for the-same data. Both sets of gains were developed from a

similar test equating approach but uéing differeht norm-referenced tests.




It was suggested that this.incons1sten_cy might be due to differences between ;
* the norms for the two tests. However, 1t was concluded that, while the |
S oo implementstion strategy for Model- A studied here was feasible, the accur-
acy of the results it produce‘, was questionable,
! (
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TABLE 1 |

‘,.

Number and Percent o?ultems Measuring Reading Subskills on Each
Equating Test Pair After Item Deletion by Grade

- Total
_Grade _ Test Vocabulary _ Comprehension . Remaining
3 cAT13® 15 (21%) 27 (379%) 73
Item Bank Test 15 (34%) 29 (66%) 44
. (318) | i
4  CAT4 30 (43%) 40 (57%) 70
Item Bank Test 11 (26%) 31 (74%) 42
(319) —
5 CAT15 30 (43%) 40 (57%) 70
Item Bank Test 12 (27%) 33 (73%) 45
(320) "
. | .
6 CAT16 30 (43%) 40 (57%) : 70
Item Bank Test 11 (26%) 31 (74%) 42
(320) . ,
7 CAT17 30 é43%; 40 257%; 70
" Item Bank Test 10 (23% 33 (77% 43
‘ (321)
8 CAT18 30 (43%) 40 (57%) 70
Item Bank Test 10 (23%) 34 (77%) - - 44
(321) ©

CAT13 also contains a twenty item Phonic Analysis subtest and an eleven

item Structural Analysis subtest, representing 27 percent and 15 percent
of the total number of items respectively. '
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" TABLE 2 o

| e
Number and Percent of Items Mgasuring Mathematics Subskills on: ‘
Each Equating Test Pair After'Item Deletion by Grade :7

Tdta]
_Grade  Test -~ Computations _Concepts __Remaining i
3 CATI3 40 (47% 45 (53%) 85 .
Item Bank Test 20 (37% 34 (63%) LY
(818) )
4 CAT14 40 (47%) 45 (53%) 85
Item Bank Test 21 (40%) 32 (60%) 53
(819) y S
5 CAT15 40 (47%) 45 (53%) - 85
Item Bank Test 22 (42%) 30 (58%) 52
(820)
6 CAT16 40 (47%) 45 (53%) 85 | -
Item Bank Test 21 (44%) 27 (56%) - 48 x
(820)
7 CAT17 40 (47%) 45 (53%) 85
Ttem Bank Test 20 (41%) 29 (59¢%) 49
| (821) -
8 CATI8 40 (47%) 45 (53%) 85
Item Bank Test 20 (43%) 27 (57%) 47
(821)
e,
¢
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TABLE 3

’

Reading Vocabulary and Comprehension Subtest Raw Score Means, Standard.béviations'and Reliability Estimates
for the Item Bank and CAT/C Tests by Grade

ITEM BANK | CAT/C -
e o e e ‘ - > 1 Y < - — —~— - - ———
{ Vocabulary | Comprehension Vocabulary Comprehens ion
— . - .T Y - ———— - . ——— p— - —— ——
} T ~ STANDARD STANDARD STANDARD STANDARD
GRADEi N "MEAN DEVIATION KR-20| MEAN -DEVIATION KR-20 | MEAN DEVIATION KR-20 | MEAN DEVIATION KR-20
\‘ ) . l - ) . . . 1 » . i ‘
- 3% 1463 11,1 3.6 .83 | 19.9 5.8 .87 12,4 2.8 .81 |22.3 .4.5 .86
' (. _ .
S — S S —— . Ti : - )
# = 4 457 7.0 2.3 .65 | 20.4 5.9 .84 ;23 3 6.1 89 ‘26 2 8.2 90
] N . S .
..... —“: 7 ™ | {
5 5481' 7.9 2.9 .74 20.9 6.2 .85 ‘24 1 4.8 85 227 6 8.2 9]
T S I
6 462 7.9 2.5 72 | 20.7 6.1 86 521.3 5.5 86 27.0 7.7 89
s — o e e e .—r-.—.-’---w—'*-—.-—v- — —— - :71' —— : e R e o 4 e e ot A
7 479 5.5 2.2 58 | 17.5 5.8 80 ! 21.5 5.2 - .8X 25,3 8.0 89
N ! | “ / i
e . - - i » S — e
8 559 6.2 2.2 .62 | 20.0 6.4 .83  18.1 4_6.8 .89  25.7 7. .86
T o s Lt R _ Sl

aThe'raw score mean, standard deviation and reliability estimate for the third grade Phonetics Analysis and
- Structural Analysis subtests were 15.9, 3.8, .84, and 8.6, 2.0 and .67 respectively.

. 'l
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g S . TABLE 4
Mathematics Computations and Concepts Subtest Raw Score Means, St‘andard Deviations and &eliability Estimates
for the Item Bank and CAT/C Tests by Grade | | /

ITEM BANK CAT/C
- ) N
L Computations .L  Concepts | | Com_p_gtations - Concepts
STANDARD r(ﬁ o STANDARD. | STANDARD STANDARD

 GRADE N |MEAN DEVIATION KR-ZgI MEAN DEVIATION KR-20 ! MEAN DEVIATION KR-20 - MEAN DEVIATION KR-20

3343131 4.6 85 |23.8 6.2 86 [25.3 8.0 91 312 8.0 .89
B : : } ) . : . :
4 3541141 5.0 86 [20.7 6.6 87 20,0 8.3 90 28.0 8.8 .90
T _ | | | T, |
5 370114 4.7 83 117.6 6.0 84 2.7 1.7 88 27,3 9.1 .90
6 429 14.4 470 .84 186 4.9 83 269 7.4 88 27.3 8.2 .88
- ? i L : | -
7 549 12.1 4.6 .83 17.1 6.2 8 2217 88 .91 265 87 .90
e ! : : : . l N . Y : I
! — |
g 559.13.5 4.5 83  18.1 5.8 86 26.4 8.8 .92 286 9.0 .90




TABLE 5

~ Ttem Bank and CAT/C Within Test Subtest Correlatfons Uncorrected and ~ ~ ~  ~ 77"

Corrected for Attenuation by Content Area and Grade

| - READING
a r corrected for a [_correcéﬂh for
GRADE r - attenuation 5 r . 3jtenuation
—3 o 84— - Qg _ Tl ¥ _8Z L
4 72 .97 { f .79 .89
5 .75 .95 % .70 ~+.80
6 76 .97 { .78 .89
7 .67 .98 o .75 87
{}k—‘ .72&' 1.00 .79 .90
MATHEMATICS ,
b r corrected for b | - r corrected for
GRADE r attenuation r : attenuation
. ' . ; o
E o .90 .66 73 )
4 .80 .92 .75 .83
5 .73 .87 71 ' .80
6 73 .88 77 87
7 77 91 .78 .86
8 . .74 .87 .80 88
aVocabu]ary vs.'comprehénsion, _ ’
b L ~
Concepts vs. computations
;
. . ) 7Y ' -
73 Qﬁ
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Item Bank an CAT/C Between Test-Subtest Corre]ations Uncorrected and R
Corrected by Content Area and Grade : ' '

/‘ : . :
] A
A o READING

VOCABULARY S © COMPREHENSION

'"“““;”4m““““*“”-“mmw~wm—w—-n_COrrected for Sy corrected for
GRADE r “attenuation e attenation

3 .59 2 e .73
4 - 67 TS SR 5 .89
5 .66 .84 S - N .89
6 72 o v .92
7 - 63 B B X N
8 .66 89 © .80 | .94

»

MATHEMATICS

COMPUTATIONS | CONCEPTS
r corrected for _ r torrected for

GRADE Tattenuation r Tattenuation

I-s

3 .82 .93 | .82 .93

s .80 90 .82 93t
5 .75 | . &8 - .80 .92 |
6 ~ .81 ' .95 Cap .79 .93

7 79 91 Y V! . .96

8 79 .90 B T  agy
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CAT/C Converted Scores Yielded by Four Equating Methods
for"Scores on the Corresponding Item Bank Test
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- S TABLEY T - 7
" CAT13 Converted Total Reading Scores Yielded by Four Equating Methods for Scores T
on the Corresponding Item Bank Test (818) - Grade 3, Reading. (LD - Linear
_ OQserved; LT - Linear Trye; EQ - Equipercentile; RM - Masch Model) :
CAT13 Converteqd Score - - T ‘,

ITEM BANK - ‘ -

RAW SCORE ~ FREQUENCY b LT k. BM
43 ? 73.84 73.97  72.54 22,17
42 16 72.43 72,23 71,48 © 71.3¢
4 L 21,4 71,49 20,79 - 70.4p
49 15 70.10 4 70.26 69.84 49,47
39 29 68.951’ 69.02  48.69 68,51 |

S | R Y2 AN Yawd Sl PA - Rl T4 F Sl
37 24 66.49 66.54 66.51 68.50
34 26 65,26 65.30 65.38° 65,46

35 27 164,03 64.07 63.96 64,40
34 30 42.80 62,83 62.21 63.31
13 16 61.57 61.959 60,98 62,20

32 27 60.35 60.35 59.93 61.07
3t 7 59.12 59.12 5911 59.92
1 20 57.89 57.88 58,32 58.75
29 7 56.46 56.64 57.06 57.56
28 12 55.43 55.40 56,04 56.35
27 " 54,20 - 94,17 55.19  .55.13
26 12 52,97 52,93 54.05 53.88
25 8 51.74 51,49 52.76 " 52.62
24 3 50.51 50.45  52.01 51.34°
23 9 49.29 49,22 51,16 50.03
22 - 6 48.06 47.98 50.15 48,70
L 21 5 46.83 46.74 49,33 47.35
20 ¥ 45,60 45.50 . 48,12 45.98

e 5 44.37 44,27 46.84 44,58
18 3 A3.14 43.03 46.13 3.0
17 5 4,9 41,79 45.07 41,68
16 9 40,48 40.55 42,37 40,19 .
15 8 39.45 39.3 40.42 - 3B.65 .
14 8. 38.23 38.08 38.67 '37.07
13 8 37.00 36.84 5.20  35.44
12 8 35.77 35.60 27 3378

L 4 34,54 34,36 .70 32.01

10 2 33.31 33.13 26.82 - 30.20
9 2 32.08 31.89 28,16 28.32
8 3 30.8%  30.6% 26,99 26,33
7 1 29.62  -29.41 fo.49 424,24
'y -t 28.40  .28.18. 9.50 ; 22.01
5 0 27.17 26,94 19,00  19.60.
4 L0 25.94 25.70  19.00 17.00°
3 P 0 24,71 24,46 19,00 14.07
2 0 23.48 23,23 19.00 10:69
1 0 22,25 - 21.99 19.00 6.47
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. ©E T« 7 . CATM4:ifonverted Total Readmg Scores Yielded by Foor Equating Methods for Scores L
¥ on t rrasponding [tem Bank Test (319) - Gradesd, Reading, (LO - Linear
L i Obser‘ve_" LT - | LineatL Tnm Q - Equiper(_entﬂe RM - Rasch Mode]) ’ ) -‘%
i ! , T 3 (‘ATM Confrerted Score s
5 o ITEM BANK : ' o . » ‘
L RAM_SCORE ..  FREQUENCY - w0 AT N .}
i ] | R T 2354 7AL  69.25  68.95
| - ST A S .77 72.58 42.79  67.83
. L& 39 12 2001, 70.75% 66,79 66.65 )
L S 1 T | _ 48.24  4B.91 . 45.94 65. 41 |
D 72 s 4647 67.08  45.07 64,13 \
PER R S T N o1 6%.70 65.25 64,20 62.80 g
K Con 35 7 " 62.93 63.42 63.15 61,4 ,
N ' 34 1. LR 61,16 41,58 61.68 60,03 A
¥ , 33 2 59,40 59.75 60,02 58.%5¢
LR 32 19 - 57.63 52.92 56.07° . 57.13
e e noo. A 55.86 56,09 56,66 $5.63
o 30 20 T 54,09 54,25 . 54.86 54,12 .
AL A 20 . 52,32 . 52,42 0 -83.35 52.58
e _ C28 22 . 50,53 50,59 - 52.03 51.02
S 222y ' 48.78 48.76 50,27  49.44 "
5o o 26 2 47,02 46,92 48.05- 47,84 W
o S 1 R 12 .. A5.25 45,09 46,19 ~ . 46.22 -
24 20 43 43, 24* NLNIE 34.59 |
R 3 I [ AT VAR A ;5)2523 o 42,94
i 22 R S 39,94 39. 59 140.45 44,28
2 . 1A 38017 37.76" 38.96 - 3960
20 B : J4.41 35.93 36.59 37.90 .
- - 19 112i5,-' 3464 34010 34038 36.19 e
L N - w8 3 17.87 32.27 31,98 - 34.%7
" R A 1 CL3r00 30043 29,63 32.73
Y S C TR A 29.33 4 28.60 . 26.80  30.98
a L . 15 0. : 27.56 26.77 25.32 29.21 .~
o 14 b , . 25.80 124,94 24,07 27.4%
. 13 b 24.03 23,10 22.84 25, 64
- 12 . 8 22.26 21,27 20,71 . 23.82
v IR B 3 20,49 19,44 18.79 22.09 ..
AR £ 2 18.72.  17.61 17,83 .13
. ‘ 9 < 2 . 16.9% 15.77 17.16 18,29
- 8 | 1 15.18 . 13.94 16,39 16,41 .
e 7 L 13.42 12.11 12.99 14.52 8
: Y T 11,65 0 10228 §2r00. - 12.60 '
Py . o 5. L 0 9.88 7 B.44 -.jz.oo' 10.65 ,
3 ‘ W 'S 0 8.1 6vé1 - 112,90 8,68 - ~
. L 0 6.3 478 2,00 b.48 5
S 0 4.57: , .98 1€.00 462
oo 6. L2081 L AL 12,00 0 2,46
[\l v [} . ' . . . . .
, L N LT YA ,
- .. . N » A * ¢ .
: \ Y in‘. ) '} -
. . N \ v Y
. . ;: . “.. \‘-: ) . 78 . .,.. -
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CAT1S donvqr@%d Total Re&dinq-Scorcs Yielded by Four Fquating Mcthodi for bcores

on the Corresponding ltem Bank Test (320) - Grade 5, Reading. (LQ - Linear

- Observedi LT - Linear True; £Q - Equipercentle; RM - Rasch Model) = =

_ ‘ - CAT15 Converted Score
[TEM BANK N .
5 RAW_SCORE FREQUENCY Y 10 AT EQ .M
- X1 4 73,18 73,66 69.56 69.05
W3 oS 21,77 72.22 68,77 68.09
- S 42 % 12 70.36 70.78 67.77 67.11
— — 4 e ~68 95— P b 66,69 66y 1
40 21 67.54 67.90 49,68 65.10
B 39 $o20 66.13 86,45 64.45 64.00
38 18 64.72 63.01 63.39 . 63.03
37 .13 C63.31 83.57 62.62 61.98
36 L 61,90 » 62,13 61,68 60.90
33 . 16 60.49 60.69  60.50 59.81
- 34 .13 59.08 59.25 59,69 58.70
x 33 . 2 57.48 57.81 $8.71 57.57
32 B 56.27 56.37 57,47 56.43
o 23! 54.86 54.93 - 55.89 55.26
30 -ofc .20 0 53,43 53.49°% 54,47 54.07
29 © .. 20 52.04 $2.09 53.36. 52.87
28 . 2 50.63 50.61 52,19 51.63
27 C 18 49.22 49.13 50,31 50.38
26 14 47.81 47.72 49.08 4910
25 .y . 46,40 46.28 47.90 47.80,
24 e 44.99 44,84 44.64 46,47
23 13 . 43.58 43,40 44,74 45.11
22 13, 217 A.96 43.09 43,73
21 6 40.76 40,52 42,17 4231
20 - 13 39.36 39.08 41,38 40,87
19 SR k- B 37,95 37.64 . 40,04 139039
8 12 . 36.54 36,20  37.52 37.87
. 17 | 10 . '3%.13 34.76 35,09 - 34,32
* 14 12 © 330720 3L 32.90 - 34.73
15 9 S 32,310 31.87 0 30.29 ¢ 33.10
- N4 7 , 30,90 30,43 27.27 3.2
: 13 9 L 2949 . 28.9%  .25.74 29.70
12 ' - 28.08 27.55 22,47 22,93
" 3 .0 26,47 26,11 20,59 26.10
10 2 25.26  24.67 19.33 24,21
9 : 2 23,89 23,23 17,99 22,26
.8 ) , 22,44 21,79 16,99 20.24
7 S0 N e 21004 20,35  16.00 18.15
b ~ 1 | 19063 18,9 12,99 - 15.96
5 S 18.22 . 17,44 12,00 13,68
A, o by, 81 16.02 12,00 11:29
3 S0 o 15.40 14,58 12,00 -8.76
# 0 T o13.99 1314 12.00 6.08
R c, 0 12.58 11,70 12,00 3.9
. ’ - o L v ‘ L S :
B » ) -
. 79 . ' ‘ -
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i CAT16 Converted Total Reading Scores Yielded by Four.Equating Methods for Scores

on the Corresponding [tem Bank Test (320) - Grade 6, Reading. (LO - Linear

. Observad; LT - Linear True; EQ_-_Equ1pgrcen;jle; RM - Rasch Model)

' ' CATI6 Converted Score - o
ITEM BANK o : :
RAW_SCORE FREQUENCY L0 LT EQ. RM_

A 8
0 13

67.87 68.07
$%.90 66.23
39 23 64.20 b4.47

] | S V2 -1 T %'\%2182 82,36 42,74

- 37 22 40.78  61.10
36 . 25 58.97 - 59.44
§s 27 _ 57,35  57.88
34 21 ' 58, 55.85 54 .31
33 21 ’ 54,24 54,76
32 Y 52,72 53.23
n o 29 51,17 51 .71
0 - 14 49.74 50.20
29 18 48.69 48,469
28 14 47.56 4719
27 , " 46,52 43,70

.26 12 45.33 44,20
25 Co12 4410 42,70
24 22 42,32 41.20

L2 2 40.74 39.469
22 14 39.33 38.18
1 | 18 37,47 36.47
20 11 15.8% 35.14
S 9 8 ﬂ 34.53 - 33.4)
18 _ 1" 33.33 32.06
17 9 31.43 30.51
16 10 29,00 28.94
15 9 27.00 27.364
14 12 > 24,40 25.76
13 2 21,62 24,14
12 3 21.00 22,51
1" A 19.60 120.86
10 - A & 17.50 19.18
o9 2 N 15.33 . 17.48
8 2 “13.00 15.75 -
7 0 12.00- 13.99
6 0 > {2.00 12,20 &
s 0 12.00 . 10,34
T8 0 212.00 . 8.47
3 0 12.00 6.5 ¢
2 0 ©12.00 R
1 0 12,00 ~ - 2,32
L5
{ . .
[ &
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CAT1? Converted Tdtal Reading Scores Yielded by Four Equating Methods for Scores
on the Corresponding [tem Bank Test (321) - Grade 7, Reading. (LO
Observed; LT - Linear True; EQ - Equipercentile; RM - Rasch Model)

* ITEM BANK

a2
~4
)

FREQUENCY

3 -,,7;9...
e

S

T
35
4
313
32
3
30
29
28
27
26
. 2%
24
23
22 .
21
20
19
18
R
16
5

Y

13

12

R
10

—_ 0 i Ao N108 O
: o [ --._';_ .<~ .

|

/]

0 .
B T—

7

2

7

510,78

: e J

£
69.75
69.00
68.61

67,14
66.59
86,12
45.44
64.25
62.38
60.74
$9.38
58.33

36,65 .

54,92
53.55
52.28
S1.34
50,08
48,16
46.45
44.19
42,27
40.92
38.97
37,06
35.55
34.33
33.26
31,72
28.36
25.12

21.77

19.48

15.94 -

13.99

C 11,99
Y1500
L TEE00
;JE;?fthQ
U100

~ L inear

RMO

9. 11
68.19
47.25

TP 8 Y 1 Y S—

65.31
64.30
63.28
62.23
b1 .16
60,04
58.94
57.81
56.45
55.46
54.25
53 02
- 51,76
50.48
A9.14
47.82
46,45
§5.04
43. 61
42.14
40,63
19.08
17.49
15.84
34,18
32. 44
_30.45
28.79
26.86
24,86
22.74
20.57
e 1824
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TABLE 6

N ey e -

CAT18 Converted Total Reading Scores Yielded by Four Enuating Mothods for Scoves

on the Corresponding [tem Bank Test (321) - Grade 8, Reading. (L0 - Uinear
Observed; LT - Linear True; £ - Cquipurcentﬂo; RM - Rasch Model)

CATIB Converted Score

- N

[TEM BANK ' =
RAW SQURE  FREQUENCY X B, oz MM
A3 0 20.7% M .63 70,00 ¢ 68,90
42 S 69.14 69.97 67.83 67.01
A A 47.54 48.31 66.60 65.52
A0 8 65.93 - 648.46 65,40 64,04
L A A - 64.33 45,00 - 64.48 62,57
38 13 e e s T o, X . 1
? 22 . 61,12 61.69 61,42 59.64
- 36 19 8 59.52 60.03 %9.7% 56.18
3% 25 57.91 58,37 98,33 5h.72
34 23 56.31 56.72 56,50 . 99.26
33 25 54,71 55.06 54,39 53.81
32 e \\§> 53.10 53.41 52.76 52.36
3 29 51.50 $1.75 50.96 50.90
30 18 49.89 50.09 49.40  A49.45
29 19 48.29 48,44 48,20 % 48,00 .
28 2% 46.69 46.78 46.61  Ab.54
27 Y 45.08 45.12 A5.12 , "45.09
26 .26 43.48 A3.47 0 A3.33 . 43463
25 29 41,87 41,81 41,38 rA2.14
24 13 ‘ 40.27 40,15 39.72 40.70
23 & 18 38,66 318,50 38.60  39.22
22 15 37.06 36.84 37.40 32,75
21, , 19 35.46 15.18 16,31 36,26
20 24 33.8%5 33,33 34,44 34,77
9 - . 18 32,29 31.87 32.99 33.27
18 18 30. 64 30.22 31,04 31.76
17, 18 29.04 28.56 29.56 30,24
16 19 27.44 26.90 27,67
15 BV S 25.83 25.29 25.72 27,16
14 12 - 24,23 23.59 24.50 25,59
13 , 19. 22,62 21,93 22,15 24,01
12 7 21.02 20.28  19.82 22,42
1 6 19.42 18.62 18.43 20.80
10 2 17.81 16,94 17,17, 19,186
9 r 16.21 15.31 . 16.2%. 17,49
B 1 “ (4.60 . 1365  15.00  15.79
7 0 © 13,00 12.00 14,50 14,06
6 2 < 11.40 10,34 13.00 12,29
5 0 9.79 8.68 10.00 10.47
A 0" 8.19 7,03 10.00 8,60 .
.3 0 6.5 -, 5.37 . 10.00 6.45
2 0 Fooa98 371 10.00 4.6
ﬂ!‘ 0 3.38 2,06 10,00 2.42
o : L
N ., ‘
. _ \S t
4 . “. . 82




__ CAT13 Converted Total Mathemd{ics Scares Yielded by:- Four Equating Methods for
... ... Scores.on.the.Correspondtng lten Bank Test (818) - Grade 3, Mathemtics. (L0 -
‘ Linear Qburved; LT - Linear True: EQ - Equipercentilei RM = RasTh Mogel) ™ =~ -

| C T CATI) Converted Score
ITEM BANK ,
- RAW_BCQRE FREQUENGY Y ) R i 8 .
53 3 79.95 80.26. 83. 46 '82.80
52 _ 4 , - 78.50 78.79 81,64 80.73
3 7 77.04 77.32 78.24 78.78
50 " _ 75.59 75.84 74,61 ° 76,92
A9 I 74,14 74.37 74.49 75.13
A8 12 72.49 72.90 73,22 73,40
) y 7 % 14 71.24 71,43,  71.62 21,72
R Lt 69.78 69.96 - 69.77 70,08 \
[} Y T ST ¥ P | 2N 1 1Y 1 B L P LB -
A4 12 66 .98 $7.02 67 .44 66.90
Q. 13 65.43 65.55 66.07 65.35
42 20 63.98 . 64,07 63.81 63.82
A 22 62.52 62.40 61.40 62.30
40 16 61.07 61.13 59,54 60.80
39 14 - 59 .42 59.66 58,29 59.31
._\ 18 10 s8.17  .58.19 - S57.05  57.84 . 4P
37 5 54,71 \Bl\gz 55.91 54.37 )
’ 3é 12 ~ 55.26 55,29 54.61 54.91
‘ 315 9 53.81 53.78 53.41 53,49
34 14 52.34 52.30 51.4% 52,00
. - 33 ) 50.91 $0.83 ~30.38 50.56
32 9 49,45 49.34 49.26 49,12
3 : 6 48.00 47.89 47.89 47.48
: 30 8 46.55 46.42 46,77 46.24
- ‘ ‘ 29 5 45.10 44.95 45,65 4481
B 28 -7 43,45 43.48 44,67 AW
27 7 42.19 42,00 43,34 41,94
26 5 40.74 40,53 41,79 40.%50
25 ) 19.29 319.06 .~ 40.%7 39.07
24 9 37.84 37.59 319.03 . 37,64 .
23 8 36,39 34.12 36.90 36.20 *
T 22 2 34.93 34,65 35.53 34,76
21 3 13.48 33.18 34.74 33.32
20 5 32.03 .71 . 33,82 31.98
9 3) 30.58 30.23 30,74 30.43
18 2 29.12 28.76 - 29.28 . 20,78
;s 17 5 27.47 27.29 27.51  27.%2
4 14 2 26,22 25.82 26,02 26,04
_ 15 3 24.77 - 24,38 24,02  24.99
: 14 0 23.32 22.98 22,68 . 23,1
13 2 21.96 21.41 22,01 21,63
12 3 20.41 19.94 . 20,51 N 20.13
. 1 18.94 - 18.4% 18,51 < 18,62
10 0 17.51 T16.99 18,01 17,09
9 ol 16.06 - 15.52 72,010 15,54
" 14380 ' 14.05 16,01 13.98
. . 7 0 . 1315 12.58 14.01 12,38
] 1 11,79 1.1 14,01 10,74
sy . 0 10,2 9.44 13.00 9,10
; A S L 8.80 % 8.16 13.00 <741
" v % 7.34 6.69 18,00 9.66
2 0 $.89 5.22 13.00 ° 3.84
- o0 R YL 3.75 13,00 1.97 _
o " . .
S 83 . ) >
[] . k]
. Y - N d 9‘)—%' , A

-
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TABLE 8

_CATM-Converted_Total Mathematics Scores Y1

Scoraes on the Corresponding Item Bank Test
Linear Observed; LT - Lincar True:

e fmx-
RAW_3CORE

32
31
30
A
A8
47

e |

A%

A

A3

A2

Al

A0

39

38

37

36

35

3

33
32
3

30

29

28

27

26

25
248,
23 v
22

&

21
20
19
18
17
16
135
14
13
12
R
10

—_— P i M MO OO O
43

O O @O O W

14

____‘.o__ ——

9
13
k]
17
"
R
17
13
8

n 7
17
13
10

é
3
7
é
3
3
o

!

* il
[
N

1
)
3
3
7
)
4
4
8
7
3
4
2
3
1
2
2
1
0
0
0
0
0
1
0

FREQUENCY

*

eldod by Four Lquating Hethods for
(819) = Grade &, Mathemattcsr (L0 - -~ -
£EQ - Equipercentile; RM - Rasch Model)

CAT14 Converted Score

i

”

Ak

G om w2
714 83.47 82. 41
75.48 80.80 80.00,
74,22 78.12 27.70
72.79% 75.00 « 75,52
21,29 73.00 73.43
69.82 AR Y

kB3 6838 69.4%

66.89 67.0% 67.63

65.43 65.44 65.82
163,96 63,71 64,06

62,50 61.40 62,35

41,03 59.45 40.68
. 59,57 58.08 %9.05

58.10 56,25 %7.44
56.64 54.44 55.87
55,17 52.82 54,33
53,71 $1.33 52.80
52.25 49.50 51.30
50.78 47,74 49,82
49.32 46.40 48.35
47.85 45.29 46.90
46.39 44,56 A5.46
44,92 43,73 44,03
43.46 42,38 42,61
41,99 A1.,27 41,20
40.53 40,22 39.80
39.06 18.86 38.40
37.60 37.36 7.0
36,13 36,14 3%. 42
34.47 '35.30 0 3424
33,21 34,73 32.8%
31.74 33.87 31.47
30.20 33.00 30.09
28.91 32.23 78.70
27.3% 31.50 27.32
25.88 30.00 25.92
24.42 28.00 24.53
22.95 26.40 23.13
21, 4% - 24.7% .72
20,02 20.50 20.30
18.56 18.50 18.87
17,09  17.50 17.43
15,63 17.00  -15.98
14,16 15.75 14,51
12,790 15.00 13.02
11,24 14.47 1151

9.77 14.47° 9.%8

§. 31 14,67 g.42

6,84 14.47. ‘4.83

5,38 1487 5.2

e IR I R 3.93

2.45 14.00 1,80

N, .
5!/ .




L

CATIG Converted Total Mathematics Scores Yielded by Four Equating Methods for

Scores on the Corresponding [tem Bank Test (820) - Grade Mathematics. (LO -
- Cinaar-Ouserved; UT - Lincar-True; EQ---Ehuipercentilei—RM - Rasch Model) . . ... -
CATIS Converted Score A
' ITEM BANK . '
~ RAW SCORE FREQUENCY 0. LT £ RM
51 0 86.08 86.73 83.40 83.01
50 0 04.53 85,14 83.00 82.58
Y 0 82.97 83.56 83,00 81.30
w - 48 S 91.42 81.97 80.50 9.9
47 3 79.86 80.39 77.43  78,6%
Y 3 78.30 78.80 76,87 P?.2¢%
45 6 76.7% 77.22 75.67 75.91
Y Y W 11 7%5.19 75,63 73.82 74.50
A3 b} 73.64 74,09 72.42 73.09
A2 10 72.08 72.46 21,17 ARV
A 10 70.53 . 70.88 69.67 70.24
40 N 68.97 69.29 68.53 68.79
319 13 67.41 67,71 67.22 67 .34
38 10 65.86 66,12 45.83 45.97
37 14 64.30 04 .54 64.50 64.40
36 8 62,75 62.99% 83,19 62,92
3% 12 41,19 61,36 61.4% 41.43%
34 16 59,63 59,78 59.38 59.94
33 - 1 56.08 58,19 57.41 58.43
32 13 56,52 56,61 56.19 56.92
n 13 54.97 55.02 54.91 55.39
30 8 53.41 53,44 53.96 53.86
29 " 51.86 51.8% 53.17 ° 52.%2
26 13 50,30 50,27 51.50 50.77
27 10 48.74 48.48 50.14 49.21
26 10 47,19 47,10 49.2% 47,64
v2% 13 45,63 45,51 47.76 46,05
24 17 44,08 43.93 45.73 44,46
23 6 42,52 42,34 43.33  42.85
22 " 40.97 - 40,76 M. N 41.23
2 07 39,41 31917 40.57 39.60 Y
20 b 37.8% 37.59 © 39.62 37 .96
19 15 36.30 36,00  38.07 36.30
18 " 3474 34.42 34.93 34,463
17 9 33.19 32.83 33,22 32.94
14 12 31,43 31,25 30.14. 31,24
19 7 30.07 29.66 27.60 29.51,
14 3 .-28.52 . 28.08 25.864 27.77
13 3 26.96 26.49 25.00 26.01
2 7 25. 41 24.91 23.60 24,23
" S 23.85 23.32 20.91 22,42
.10 5 22.30 21.74 20.00 20.59
9 J 2 20.74 20,15 19,12 16,73
8 e 19.18 18.57 16,50 16.84
p " 17.63 16.78 13.00 14.91
6. 0 16,07 15.40 12.00 12,95
5 0 14,52 13.81° 12,00 10.9%
4 0 12,94 12,23 12,00 8.90 '
3. ~ 0 11.40 10,64 12,00 6.80‘
2 s 0. 9.85 9.06 12.00 4,62 ° ’
| 0 ra 8.29 7,47 “12,00 2,47
85 - ;
Pt \Q.’) . ¢




. TABLE 10
.- . o . CATIb Converted Totat Mathematics Scores Yielded h.y‘ Four Lauating Mothads for
Scores oi the Corresponding -Ftem fank Tost (420) - Grade 6, Mathematics. (Lo -
. Linear Observed; LT - {invar Truey FO - fauipercentile; RM Faveh Modeld,
CAT16 Gonverted Score
1TEM BANX X _ ‘ _
RAW_SCORE FREQUENCY 0 - LT £y M
A7 2 7%.05 7%.42 80.40 81.9%
_ 46 8 S 73,4 73.7% 78.00 79 .11
_mmmfm_mmem“_mmmJ&m_mwwu“mm__mMmn.N . 72.08 70.44 76.42
44 14 70.13 70,42 R e 1 B 1
43 16 68.49 68.7% 70.08 - 71.4% '
a2 20 66.89 67.08 67.94 9.1
a 22 65.21 45.42 45.98 66.06
490 2% 63.57 63.7% 63.22 64.70
19 20 61.92 $2.08 b1V 2 62.59
318 23 60.28 60.42 59.13 60.59%
37 18 : . %B. b4 sg.75  57.80 . 98,36
36 24 57.00 57.08 $5.89 ¢ 56.42
15 17 . $5.36 55.42 53,12 54,72
34 15 53.72 53.75 sy1.47 - 52.87
33 ‘ 164 - 52.08 52.08 50.04 51,05
12 . 19 50.44 50.42  48.40 49,26
3 " 48.80  48.7% 46,29 47.50
30 T A7.16 47.08 45.09 - 45./77
29 B 45.52 45. 42 YR A | ¢
28 8 43.88 43.7% 43.2/ 42,18
27 1% 42.24 42.08 - A1.7% 40,72
26 b 40.60 £0.42 40.04  39.07
25 9 18.96 18.7% 18.6% 37.44 , .
‘ 24 11 37.32 17.08 317.49 3%.83
" 23 7 _ 15.68 19,41 36,13 . 34,23
v 22 8 34,04 13.7% 34.83 32.64
21 10 32.40 32.08 33.74 31,07
20 1 310.76 30. 41 12.3% 29.51
19 2 29.12 28.75 -30.70 27.9%
18 9 . 27.48 . 27.08 29.02 - .M
17 S 25.84 25. 41 27.02 24.87
14 5 24,20 23.79 25.68 23,39
15 3 22.96 22.08 24.7% 1.8
14 » [ 20.92 20,40 24.01 20. 31
13 e 19.28 18./9 23,01 19.91
12 § 1osa 12,08 22,51 173
X 2 N 16,00 15.41 22.01 15.82
10 3 14.36 13,75 19,02 14,33
9 2 12.72 12.08 17.00 12.85
g 1 11.08 10, 41 15.00 * 11.38
7 W0 9. 44 8.75 14.00 9.92
’ -b 0 7.80 - 7.08 14,00 8.46 .
‘ 5 ¢ 0 6.16 5.41 14,00 7.02
4 0 4.52 .75 14,090 5,58
’ 3 0 2.88 2.08 14,00 A4
? 0 1,24 LA 1400 2.76
\ e L 40 . -1.2% 0 14,00 1. 37
| | | L = 91
. O 4 .
EMC : L _ .86 .



i TABLE Y Yo  l

CATL? Convérted Total Mathematics Scores Yielded by Four fquating Methods for
Scofes on the Corresponding Item Bank Test (821) - Grade 7, Mathematics. (LO -

CAT1? Converted Score

ITEM BANK |
Q. AT £Q

RAW_SCORE FREQUENCY A M
48 A 79.2% 79,77 83.00 B2.66
47 5 . 77.58 78,11 80.64  80.40
A4 8 75.96 .46 78,63 78,22

48 . DI — Y U TS— 70 T N2 % 1 W_—_— X N
44 0y 72,7 73,15 76,51 74,06
A3 | 13 ;e 71,08 71.49 - 75.31 72.06
42 15 69.46 49,84 73.69 70,12
3 18 67.83 . 68,19 70.49 68.21
40 21 66.21 66,53 67.24 66,35
39 15 64.58 44.88  65.32 64,52
18 BT 62,96 63.22 62,51 62,73
37 .20 61.33 61.57 60.25 60.96

36 15 59.71 59.91 57.94 59.22

35 14 58.09 58,26 56.37 57.52
34 22 56.46 . 56.60 54.20.  55.83

- 33 16 s4.84 54,95 . 52,410 5406
' 32 200 . 53.21 53.30  .50.86, :52.%2
3 25 51,59 51,64 49,05 ° 50.89
30 20 - - 49.96 49.99 - 47,24 . A9.27
29 13 48,34 48,33 46,12 - VA7.87
28 14 46.71 46.68  AS.17 44,09
27 15 45.09 45,02 43,90 44,51
26 13 A3 LW 42,79 42,95
25 16 ; 41.84 “u. N 41.70 41,40
24 .19 40.21 40,06 40.10 39.85
23 16 38.59 38. 41 38.10 3¢, 31
22 12 36.96 36,75 36.65 36.78.
21 16 35,34 35,10 35.52 35.25%
20 10 313.70 . 3344 MW 33.72
19 20 312,09 3179 0 32,76 -32,20
18 12 30.47 30,13 30.77 30.67
2N I PR 28.984 28,48 29.18 29.14
16 9 27,22 26,82 20,24 27,62
15 8 25.59 25,17 27.51 -« 26.08
14 8 23.97 23,52 26.66 24,54
13 7. 22.34 21.86 - 25.62 22,99
12 10 ' 20,72 20,21 23.78 21,43

"o 12 19.09 18.95 22.02 19.86 -

10 5 17.47 16.90  20.24 18.27
9 6 15.84 15.24 18.42 16.66
() 0 “\ 1422 13,59 17.21 15.03

7 3 12,59 11,93 16,02 13.36

6 0 10.97 10,28 13.01 11,64

5 1 9.34 - 8.63 12,51 9.92

4 0 7,72 6.97 12.00 8.12

3 0 6410 5,32 12,00 ° 6.26"

2 0 4.47 3.66 12,00 4.30

1 0 . 2.85 2,01 < 12,00 2.23
-//,// Qo | .

ay gt | .

Linear Observed; LT ~ Linear True: EQ - Equipercentile; RM: - Rasch Model)




_ TABLE 12 ,

cAT18 Converted Total Mathematics Score§ Yielded by Four Equating Methods for
Scores on the Corresponding Item Bank Test (821) - Grade 8, Mathematics, (Lo -
Linear Observéd; LT - Linear True; £Q - fquipercentile; RM - Rasch todel)

QATlS-Coﬁvertég Score

{TEM BANK

voe RAW_3CORE FREQUENCY L0 AT EQ RM_
“%w 14 . 80.39 80.92  82.3% 82.51
43 1 78,63 79.12 79.98 80.15
'Y 22 . 74.88 77,33 78,29 77.89
A} 28 7%.02 75.54 76.34 75. 7%
A2 26 BT SRR > 102 B £ A< R £ T ) e
Al 22 71.61 71,95 73,024 21,92 i}
40 17 69.89 70,14 69.48 69.59
39 19 68.09 68.36  672.78 - &67.63
10 ST 66.34 64.57 65.96 65.79
37 24 64.58 64.78 64,03 63.89
36 15 62.82 62.99 - 62.29 62.07
13 27 61.07 41,19« 60.82 60,28
14 20 59.31 59.40 ., 58.72 58,51
33 19 | 57.55 57,61 57.04 96.77
SR ¥ 23 55.80 55¢81 - .55.26 55,04
' 3 13 54.04 54,02 53.92 53.34
30 19 52.28 ~ 52.23 52.19 51.6%
29 19 50.33 50.43 49.99 49.97
28 13 48,77 - 48,64 48,41 48,31
’ 27 15 47.01 46 .85 47102 46.6%
.26 13 45.26 45.0% 45.40 45.01
25 8 43.50 43526 Wy  aw
24 14 41,74 41547 43;2§ 41.74
23 19 ' 319.99 39.67 A4y 40,12
22 15 38,23 37.98 39.7% 38.49
, 21 n (3447 36.09 98,11 36.87
SN 20 1" 34,72 34,30 36.42° 35,24
B 19 14 32.96 32.50 34.59 33.42
? 18 22 31.20 30.71 32025 & 3.99
17 .8 ‘ 29,45 28.92 29.82  30.36
16 8 27.69 27.12 28.09 = 28.72
15 6 25,93 25.33 25,69 - 27.07
14 10 24.18 23.54 23.49 25.42
13 b 22.42 21.74 19.24 23.75
12 A 20.66 19.9% 16,45 22,07
. 1 ‘ ! 18.91 18.16 15,53 20.38
. 10 ! 17.15 16,36 15,02 S 18.47
. : 9 1 15.39 14,57 14,03  16.94
bl 8 2 . 13,64 12.78 12.62 15.19
S 7 0 11.88 10.98 11,02 13.42
6 0 CU10.12 L 9.9 11.02 11,62
5 0 8.37  7.40 11,02 9.79
A ! ¢.§1 5.6 7.00 7:93
3 0 4,85  3.81 6,00 6.02
2 0 3,10 . 2,02 -« 4.00 “4.07
B 0 1.34 23 6.00 2.07
‘ 88 9
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APPENDIX C

Graphs of CAT/C Converted Scores Yielded \Qy Four Equati-ng“" I
Methods for Scores on the Corresponding Item Bank Test . S
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3,19
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7.24
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10.01
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11.66 -
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13.98
11.29
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?.12
8.61
5.93
12.00
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28,49
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13,48
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18.34
17.34
13,51
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‘Average Discrephncy Between CAT14 Convertad Scores Yielded by Four Equating
.. : Methods and Thosd Actually Observed for Each'Item Bank Raw Scor N319) -
o .. Grade 4,-Reading. ™{L0. - Linear Observed; LT - Linedr True; €03 Equipercen-
tile; RM - Rasch Model) . ; A S
‘ ) . ' \ i * .= AVERAGE DISCREF’
ITEM BANK _ - | | : S
: RAW SCORE ~  FREQUENCY 10, AL N R
. ) i . . -
N A 3 5.87 &4, 2.08 Y. 1.98
» 40 1 J.68 6.49 196 < 1.98°
R, S 1 T 12 . 3.48 4,42 1 1.33 1,33
318 14 3 4,62 1,99 1.¥2 "*
. 37 s 5 5.94 4.58 .24
3 34 13 3 3.90 . ‘3.4 2.7% -
L 1 17 3 3.78 > 373 3.%0
34 28 9. $.27 5.30™ 5.04
13 53 . 4,45 4,66 4.65
32 19 5,12 5.09 5.24
31 . 23 R 4.60 4,58 41.66
30 . - 20 ., 3.00. . 3.2 4.7
29 - 20 6,20 . 6.24 6,20
28 22 - 6,22 8.10 .18 :
o 634 . 610 6.2 N
26 Y. 7.32 C7348 7.43
25 . ;*ji 5,96 5.47 5.46
24 . | 8.42 8.31 8.29 '
23 16 7.64 7.49 7.27
22 R IR L 9.26 8.80 8,42
PR 14 10.00 9.83 10,34 10,61
20 - 13 9.4 10.06 9.50 8.%3
19 10 . 3.70 3,70 7 5.70 5.74
18 13 9.07 9.02 9.00 9.19 :
, 17 X 9.9 9.7 9.54. 10.38
16 | 7 - 14.52 14,43 14,94 14,29 ‘
\ 15 10 4.71 4.60 4,74 - 5.28
L b 6.57 6.85 7.14 417
. 13 A 5.7 1 5.67 5.67 5,67 ' :
12 8 3.2% 3.25 3.32 3.4 |
" - 3 10.50 11.23 11,98 10.00 »J
10 2 10,00 10,39 10,17 10.00 R
9 2 .05 1.23 Ty 1.29 ™
8 1 2.82 4,06, 1.67 1.59 -
7. | 9.58 10.89 10.01 " B.48
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. TABLE 3
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Cohverted Scores Yielded By. Four Equatng
d for Each ltem Bank Raw Score (320) -

“Grade 5, Reading. (LO - Linear Observedy LT < Linear Truei-8Q-~ Equipercen-

tile; AM - Rasch Model)

ITEM);ANK

SEREQUENCY

RAW SCORE”
A4 '
Ay 5
BLY: L
S L P
0 # 2
19 20
38 18
37 13
¢« L, 36 24
13 16
) 34 13
33 22
32 17
3 23
30 20
29 20
28 21
2 18
. 26 14
25 14
24 18~
23 17
22 13
C N 6
20 13
19 15
18 12
7, 10
' 12
15 9
14 7
13 9
12 4
1t 3
. 1o 2
. 9 - 2
' 8 "
6 R
¢

.'.._':U.

/

4.468

6.57

Jott
2.14
35.39
3.8
2.30
4.78
4,38
3.43
3.78,
.3.60

4.87

6.59
4.2
5.95 .
6.39
4.90
3.98
3.1

* 4,83

6.43°

glAs

5.41
6.08.
8.22
5.49
11.79%
8.42
6.59
8,76
8,684
6.7h
3.47
1.24
3.83%

13.56

12.37

AVERAGE_DISCREPANCY

L4

~

au EQ AN
5.16. 1.28° 1.03
7.02 3.7 3.2
B I 1 33029
2.54 1.26 1.38
5.72 3.93 3.62
3.37 2.7% 2.1
2.50 2.7 . 2.82
4,92 4.53 4.38
4,72 A4 0 Ay,
3.43 3.63 3.67
3.79 3.82 379
3,54 3.20 3,65
4,86 4.85~  A.86
6.40 . 4.80 6,67
4,25 4,15 4,15
5.94 5.89 5.86
6,36 5,72 5,92
4.9 .65  _NM.64
4.01 3,93 3.93
5,17 4.60 4.63
4.83. 5.20 5.14
6.46 6.22 6.18
8.47 8.38 8.3}
5.45 " 4,00 3.86
6,02 97 6.70
8.37 7.52 7.74
5.5% 5.33 5.22
11.90 11,76 11.34
 8.42 8.43 8.42
6.57. 6.75 6.70
4.96 8.31 6.53
9.00 10,14 8.77
6.98 11.78 _ .« 6.79
3.0 2,41 3.10
1.83 7017 2.29
3.23 2,01 2.24
14.21 19,01 15.76
13.09 19.01 16.04
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“Average Discrep
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tile; RM - Rasch Model) o e
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CITEMBANK T - R
RAW SCORE FREQUENGY
41 . 8
40 13
39 v Ay
38 20
37 22
36 25
.33 27
L S 21
13- 21
32 16
3 1
39 164
29 18
28 14
27 * 1
26 12
. 28 12
24 22
23 -12'
22 14
21 195
" 20 1
19 "8
18 1"
17 oY
14 10
15 §
14 12
13 2
12 "3‘
1 /// 4
10 - | 4
9 2
8 2

. TABLE . 4
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AVERAGE DISCREPANCY

r Equating
(320) -

0. AT £ RN
. 3aY 3.3 PO I 3.14
S 2.3% 2.50 2049 2.73
3.00 3.7 3,07 3,22
345 T % L LA
3.19 3.28 3.14 . 3,22
5.14 ° 5,23 4,91 5.13
4,29 431 4,19 4.29%
4.76 4,82 4.55 4,79
4.12 4,09 4,28 18
4.77 4,.81. 4.5 4,71
5,94 5.98 - 5.74 5.91
5.46 5.45 5.57 . 5.48
4.73° 4.73 4,77 4,77
. 4,83 4.83 4,95 4,80
63 6,52 6.59 6,52
5.42 5.42 5.47 5.42
4.40 4,64 4.50 4,60
6.06 6.%w- 5.9 6.05
6,37 6.42 6.25 6.3%
7.2%5 7.3 6.9 7,23
7.24 7.22 7.3 7,24
6,06 6.21 5.70 4.03
10.72 10,94 9.98 10,47
7.36 7,39 7.30 7.36
72 . 5.60 6,13 5.73
6,90 - 6.90 6.90 6.90
419 432 4,33 4.2
10420 10,34 10.20 10,25
10412 10,58 12.88 10.36
3.72 '3.88 5,00 3.83
11,00 11.00 11.00 11.00
© 4,75 4.75 5.50 .75
*2.00 2,31 1 A7 2.52
3.76 4.37 7.50 4,79
,
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B
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. Average Discrepancy Bet
Methods and Those Actua

~ Grade 7, Reading,: (L0 - Linear B

tile; RM - Rasch Model)

JTEM BANK o :
RAW SCQRE  FREQUENCY Lo _ AT
2 1 8.14 C9.60
B I T S N LA 8.38
B} - I 3 R
18 ? 7.720 - 8.86
37 . 2 - 5.42 - 6.50
36 C 7 v 6.7 7N
35 - 10 6.08 6.73
. 34 15 3.44 3.7
33 12 4.84 5.23
32 17 4,39 4.48
3 " 5.3 5.18
_ 30 14 5.08 5.12
’ : V29 3 4.84 5.01
.28 20 - 3.63 3.70
\ 27 21° 6.93 7.03
- 26 17 5,69 5.42
25 13 6.92 .98
24 27 5.5? 5.57
23 6 8.00 8.00
. 22 30 o 6e10 6.1
, - 21 29 8.5 - 8.53,
N 18 ~ 5.29 5.38
' 19 14 7.32 7.09
18 25 7.32 7.43
7 19 B8.34 8.61
) 21 7.81 - 8.26
15 9 8.25 8.32
14 14 6.27 6.53
R 15 " 4.720 4.72
o 12 14 7,14 . 7,50
N 13 5.42 5,43
10 9 8.71 9.04
9 3 3,30 2.4
\ 8 2 W74 " 9.89
7 3 .79 7.20
é ! 16,03 17,33
~ |
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) ™A
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R - . . . B
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- ITEM BANK. - S
- % - RAW.SCORE FREQUENCY RN R

Kaal
o
e

=

@2 8 4.34 d
4 ‘ 4 : 3.79 . $
e g T gy i P B QLB
By \ , 319 ? . 5.'9 -'\..‘5'.
S | 38 15 418 - 4,
. 37 22 P A3
36 19 ,( : 3
35 25 | 6.83 .4

34 23 IS L

- 33 5, . 373 2

\ B ¥ 19 .99 3

- N 25 L 74 7

30 18 bl 6.10 X é

29 . 19 4.86 4

28 25 6,25 6
27 22 AL

5

A

8

§

5

6

4
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- -
O DO P O O —

~ .
BRI COCD DXL
\
o
~
4

6,01 b
7. 7.08 ?
7. 485 A,
5 . b.26 6
2NN L
. 26 26 5 4% . 6 5.46 5,46
25 29 | .72
24 13 S 3122 '
23 . 18 . 6.83
- - 22 19 5.71 5.55% . - 5.38 .
“ 2 15 v 697 990 6491 6.92
& .20 24 . 4,44 2 4, T4 .48
. 19 18 " 4,44 6.80 6.14 5.60
18 18 6.16 6,02 6,29 653
17 18 _ 6.2V 6.37 6.04 5.81 e
16 19 . 5.61 5.70 5.58 5.56
15 - 14 5.60 5.93 5.66 ).84
14 12 3,99 3,87 342 3
13 19 6.40 6,66 6.58 v b
12 . 7. 3.85 4,37 4,70 1.37
T 6 )
3 2

4

P4 . A.B84 L 440 =
19w . 8:0% 8232 | R
78 6.817 7.02° - -
81
99
49

" .86 7,13 7.9
19 .69 454 433
9 AT 7% 1.99
8 31.40 32.35 31,00 . 30.20
6 4.50 5.16 4.50 4.50
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.. Grade 3, Mathematics, (L0 - Linear Ob

parcentile; RM - Rasch Model)
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DiscrepancyBetwesn CAT13 Conﬂn?fed Scores Yielded By Four Equa;1nq .
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AVERAGE DISCREPANCY

ed for Each Item Bank Raw Score (818) -
ferved; LT - Linear True; EQ - Equi--

B

ITEM BANK o
RAW-SCORE  FREQUENCY 10, AT £ - R
53 ©.3 2,98 }.26 “6.66 [ 5,90
52 A 4,50 4,50 '4.50 - 4,50
"o 7 7.89 8.09 8.74 9.13
7 N | I IS £ BN T8 & Sl R Y A
9 . 8 4.29 4,34 4.37 4.3}
A8 o2 [ PN PR Vi 17 A7
47 14 3.57 3.62 3.68 . 3.71
A6 13 6.52 §.54 6.52 6.9%%
45 " 4.79 4,86 4.99, 4,85
a4 12 4,92 492 4.92 ‘4,92
43 13 5.05 5.0} 4,91 5,07
42 20 - 5,60 5,61 5.58 5.58
L} 22 6.51 6.53 $.20 6.49%
A0 16 3,09 .10 342 3.06
39 14 6,98 7.00 6.61 6.85
38 10 4,63 o484 4.79 4.63
37 5 4.54 4.54 4,38 447
36 12 6.62 6.63 6.80 6.70
35. 9 5.05 5. 04 4, -4.93
34 16 7.32 . 7.30 7 7.19
33 - b 2.33 2.33 2. 2.13
32 9 6.07 6.10 - 6.18
n 6 3.50 3.50 3.50 3.50
30 8 10.38 16.38 10.38 10,38
29 5 e 3474 5.83 5. 41 5. 91
28 7 4.38 4,33 4.72 4,34
27 7 o 07,20 .29 6.71 7.3
26 5 T 5.96 6.08 5.64 6.10
25 6 3.83 3.83 4.02 3.83
24 9 - 7.32 7.29 7.45% 7.2
23 ‘8 5.47 5. 41 5.40 5. 43
22 2 - 6.57 6.85 5.97 ‘4.4
21 3 15.19 15.49 13.93 15.3%
20 5 9.58 9.77 8.69 Y
19 3 4,14 .26 6.10 g;.uv
18 2 21,38 21.74 21.22 21,52
17 5 6.87 6.94 6.90 6.90
16 2 .78 1.18 L T .94
15 3 3.92 3.78 3.47 3.86
13 ' T2 A4 4,59 7.99 . A¥
12 3 < 8,92 9.39 B.82 - 9.20
1 1 4,96 4.A6 4.5 4.62
9 ! 2.94 3.48 1.99 3,46,
6 ' 7.30 7.89 4,99 8,24
Q \ i
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Average Discrepancy Between CAT
Mathods and Those Actua
Grade &, Mathematics.

percentile; RM - Rasch Model)

4 . . R L
. ichacé biseERRNY e
ITEM BANK ~ \ T | . .
RAW SCORE  FREQUENCY 40, s B TR -
52 3 4,70 4,62 8.7 7.43
51 9 3.95 1.92 5.67 5.22
50 8 7,00 6,99 6.00 6,08 ~ E
R 49 6 $.19 8.08 7.33 7.33
48 | 2N 6,57 Y3 4 Al T4 R 483
) 47 14 6.59 6.53 8.33 6.30 -
A 10 4.48 4,54 4:35 5.00 .
A5 15 5.05 5.06 510 5.44
44 IR E. T 6.31 6.30 6.30 6.28
43 3L 6.30 6.2 6,32 6.26
42 17 5.42 5. 44 5.33 5.4l
A " 5.59 5.54° 5,73 5.57
40 m 7.22 7.27 6,32 6,94
39 17 7.02 7.04 o 6.46 6.77 ‘f
38 1y 7.03 . 7.02 7.66 7.1
‘ 37 8 .34 Ai;ZJ/// 4.30 4.33
34 ? 8.76 b S 7410 6.89
35 17 6.48 6,49 6.44 6.43
, 34 13 5.98 " 5.98 6.18 5.91
33 *10 6.07 6,06 5.80 5.87
32 © 6 7.26 7.23 5.53 .60
-3 S 4N 6.92 7.29 7.1
30 .7 5.57 5.58 5.75 5,71 -
29 & 6,51 6.49 6.13 6,29 -
8 5 §.82 8.80 8.65 B.64
‘ , 27 5 7.58 7.52 7.33 7.08
267 10 4.56 4,59 4,63 4.72
25 1" 6.43 6.47 6.54 6.63
Y n 9.07 9.12 9.12 §.29
.23 3 2.61 2,56 2.77 2.41
. Y. 3 7.61 7.29 4.27 B.15
re . 21 7 4,29 4,32 4,80 4.36
20 6 8.67 8.81 7.33 8.94
19 ¥ 5.50 5.60 5.50 5.65
S 18 4 9,00 9,00 -~ 9.00 9.00
A A 8 ) 7.81 7,94 6.38 7.92
‘-_ 16 I & 7.28 7.39 6.43 7.34 o
‘ 15 3 7.4 7.32 8.47 7.38
» 1. 4 7.7 8.01 4.75 7.78
13 2 B.66 8,98 "8.50  B.70
12 5 8.67 8.86 8.90 8,648
ETE A 2.44 2.09 2,50 2,43 \
10 2 11,01 11.37 10.00 11.02 .
9 2 8.96 9.34 7.7% 8.99 -
g 1 1.91 2.30 0.00 . 1.98 St
) 2 1 L 26,61 27.09 16,67 27.4,
112
e 11 5 N

11y Obse

TABLEB | .

18 Converted Scores Yielded by Four Equating -
rved for Each Item Bank Raw Score (819) - .
(LO - Lineay Observed; LT - Linear True; EQ - Equi-
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TABLE 9

-

. Average Discrepancy Botioqn CAIJS Converted Scores Yielded by Four fquating
Methods and Those Actually Observed for_Each Item Bank Raw Score (820) -

_Grade §, Mathematics. (L0 - Linsar Obsérved; LT - Linear Truey £Q - Equi-

percentile; RM - Raseh Model)

AVERAGE, DISCREPANCY

1
L

ITEM BANK _
RAW SCORE ~ FREQUENCY R A £ R
N | .
48 5 s;02 - 5.37 a.10 3.59
47 A 2.71 2,54 3.%2 3.12
........ SR S 12,97 13.47 . 1134 11,96
45 6 3.7 1.55 2.%6 2.64
"o " 7,00 7,45 - 5.85. 6.4
43 5 3.15 2.75
42 10 .37 7 A
M. 10 3,43 3.64
40 1 2,25 7.4
39 13 . 6. 6.0% 6.08
38 10 . 5.07 5,12 5.07 5.07
Ry, 164 - 3.50 31.50 . 3.30. 3.50
14 8 & 7.56. 1 7.45 0 2.%2
33 12 6,69, 6.3 . 4.40 6.6
3 164 . 6:9) 6.94 4.85 - 6.99
3 " . 1696 (7,03 4.53 7.18
32 13 C6.43 648 6026 -, 4%
o 13 . 3.7 5.76 5.83 2
0 8 | 9.02 9.02 8.89 8. 91
29 " 4,59 4.60 .38 4.13
28 BBE 7.8 = 7.29 7,35 7.29
27 0 - 7.8% 7.84 8,13 7.94
26 10 7.88 7.84 B.49 8.04
25 13 .80 6.81 7.14 .77
24 17 - 72.02 7.10 6.31 6,82
23 ' 6, " 4.7 4,17 4,17 .17
22 " 7.93 8.06 7.59 7.80
21 7 6.85 . 7.02. .02 6.71
20 6 ¥.55 - 9.64 9,17 9.51
19 15 6.38 - 6.40 6+ 41 6.38
18 "no 12.30° 12,33 12.28 12.31
17 9 o, 9.0 9.2 8.99 = 19.14
16 12 5.81 5+88  4.20 ° 5.88
.15 7 .13 19 11,60 .21
14 3 6.84 449 5.95 6,59
13 3 8.32 ' 8.14 8.33 © 8.00
12 T ? 6.54 6,75 )V 7.3 7.05
1" 5 . .23 2.34 2.8% 2,52
10 5 - 5.02 5.36 . 6.40, ' '6.05
9 2 A0 3,45 3.50 3.50
8 2 ~ 2.82 3.43 5.50  5.14
7 1

. 2.3 S 3.02 7,00 5.09
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T Av'ragc' Qgscrepancy Between Cﬁfo Converted Scores Yielded by Four tquating
* Mathods and Yhose Actually OKsyrved for Each Item gank Raw Score (820) -.
_Grade 6, Mathematics, (L0 -VLiqear Observed; LU~ Linear True; £Q - Equi-
percentide; RM - Masch Model) e
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