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- ) . .. ’ Introduction . — R : .
) r . > [y ’ ’, . )
- - - ~ v ’ - . N ' - :
. . . ., M ?
’ ) The purpose of the project was to %etermine 1f Rasch Model .
< p}ocedures have any utility for equating pre-existing tests. ‘ -
. ¢ .

Spécifically, we re%nalyzedpthe data fpom\the equating phaée of*the

. , “Anchor Test Study. - . .

o

-

The .purpose of this management repogﬁ\is to summarize the work

y completed in the project, to destcribe the differences in our work’ Y
. and that of Educational Testling Service in the Anchor- Test Project, T .

A ) ~

‘ . ” . N~
and to present our recommendations and conclusions to the ¥. S. -

% v a N ‘ .

Office of Education. v - . : B

. . : »
P
.. ' Surmary of Rasch Project ' .

- L]

. .
o 4

Data Organization . ) * ;

! -
- “e
.

< : Tests involved included seven reading test batterigg, each ¢

having from on& to three levels and two forms, and each having a

H

*  vocabulary and combréhension subtest. ' Phere were 28 form—level "
. . . x ' p .
* | combinations. possible. Theref?re,'wé‘were.concerned with the ) . 4
{ simyltaneous equatiné of 28 'tests for each of vocabulary, éomprehqﬁbion, - N4
! . . X M - . s .
o aﬁd total $co£es.. ’ » ST . v ‘
» . t *
T We equated without regérd to grade level of subjects, i.e., data e
.
: . from children who took a particular test were not subdivided by ¥ .
: y . ¢! o
- grade level when these children were members of more tMan one grade.
, Theoretical Orientation , » ’ ’ ) N

.

;. We'reviewed both Rasch‘tbeory and equating procedures literature,
b H '

. PO

. . , 3 - _ . -
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The folioqiné general principles eVolye%’from this review.

1. In.sftuatiqns in which two tests reasonably conferm’ to Rasch

o + -

Model conﬂition§ and these. two tests are admlnistered to a’single group'

«

' k}
of subjects; then equating.simplifies to the determination of a single

-

additive constant. = L . __—
. ' Y v
2. , The étability‘éf equating depends entirely on the stability.-

- -

of the raw score to-.ability-score calibration; therefore, the opservation
. s .

of reasohablyCEtabie calibrati?n.iﬁplies equating stability.

P ~
.

3. Equated raw scores can be defined as stores corresponding to .

-
£

the same ability level, a definition that is analogous to equipercentile

N
.9 . d

and linear model definitions. .
» -, .
Equating Errors ° . . . 2
; ‘ N oL
We developed equations for estimating standard errqrs of equating

constatits and also estimated theseﬁvalues directly from'studies of° _' i

calibration stability. ‘We conclude that the major source of erJor is
]

.
v

the usual measurement error. The error in the equating constants 1is

trivial. %Thére is an error involved in assigning raw scores to

.

éggqnivalent Taw scores that can be avoided by using reference scales

instead of raw.score equating. The fourth possible error source is

A «

due to calibration instability which can be studied prior to -undertaking
v ‘ » '
equating studies.. ) . !

L4

A

Data-Model Conformity

L] . .
Problems of.assessing '"model-data fit" were discussed. The most

]

reasonable recommendation is that "fit" be determined by the degree

to which specific objectivﬁty is observed. That is, 1if various

) & .

n




samples &ie%d similar‘results, then invariance wigh regard to samples

»

is present, which, in turn,, implies adequate fit for equating purposes.

. r
.

* &, Such studies were conducted by comparing multiple rardom ‘sample’s. - .

o 3

. . e 4
of size 500, 1000, 2000, and 4000; by comparing results of calibrations .
- \< - " A ':-

‘A

6ver.511 occurences of a tesq‘in the sampling design; by studying the.
V diff-rences in calibrations for racial and intelligence level subsamples
for all tests; and ﬁy additionally stud?ihg STEP calibrations far
N ) )

subsamples diVided‘by sex, grade: §choof system size, and school .

bercentage of‘yelfareofamiligéz .

3 -
o

‘Our general conclusion from these studies was that results were ,

adequately stable to supﬁort the use of the Rasch Model in equating

these tests. . ’ ot

Methodology of Multiple Test Equating ' °
. - . p 3
a1 // .
Our procedures for developing equating .constants and their
- - v

- a

standard errors were presented i%‘detail. The specific methodology

is easily modified. for other possible sampling designs.

Methodology was also presented for using reference scales and
for ui}ng-user~developed new tests composed of any items on any of

the tests included in our analyses. V. ——
- . * e . ,* ) )
Equating Tables . .

- We present equating tables for both vocabulary and compreheﬁsion s
t
. - ’ . {
that allow a user to determine for a particular primary test form

an eguated score corresponding to any raw score.obtained on any of

the other 13 primary forms or on the appropriate Secondary:(patallel)

L)
form. ’

. 5 N : )‘
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- Due to the importance of assignment error, we present all N
‘ " . 1 )
: possible assignment errors. . Moreover, we attempt to solve the . : )
‘ . . ) L] . |
“-problem of assignment erroE‘by recommending, and providing a reference
scale (our National Reférence Scale) for interpretting all obtdined s

-

test scores on a common scale.

-

. Test Calibration Data ‘ « /

-

For edch of the 28 tests separately for vocabulary, comprehensiocn,
e L} -

.

: . and total scores we present for each possible raw score the percentage

. - -

“of children earning that score, tHe score's corrésponding ability
. \

estiﬁate_(unédjusted), ﬁhe'standard error of measurement for that

/ . '
ability, our National Reference Scale score, and the NRS score standard
- ¢

N\ .
error. Also presented is the total test Kuder-Richardson formula 20 . .
& . . o ®
reliability estimate and the tesg's équating constant. )
- r’ . .o
“Ttem Analysis Data

o N

- ~

.- For each item of each of the 28 tests, separately for vocabulary

comprehension, and total scores, we -present the following item data:
/ . ®

. difficulty (percentage correct), log easiness estimate, the corresponding.
standard err;; of the easiness éstimahe, the point-biserial of the item
with gbility estimates, the ifem characteristic curve slope, and an
’ item mean square fit index. ) '
‘ We present for each of the éB tests-f. r each §ocabulary, o
comprehéﬁsion, and total scores summary da;a on all of the various
: item indexes. The sumaari?s include frequency distributivns, means, )
* standérd deviatiéhs, skewness indexes, kurtosis indexes, medians,

o .

" and semi-interquartile wvanges.
°

EMC o hd . > . , b -' . . ) .

s . .
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:~ + In addié&on, th relationsﬁip of theée difficulties, easinesses,

-

>~ . —
. ... - point-biserialg, and Qlopes to the item mean squatre fit indexes is -
- displayed graphdcally For ’all tests. "/)‘ ’ e
N : * - £ 2 ' °
. ” N ’ " ' -y
. Rasch Project - Anchor Teést Project Differences Yy ,
. - ' BT -
The major -objective of our preject &a§‘£o;r6feguate'Anchor.?est v . .

.

Project data usiug techniquég.of Rasch Theory. Thus: tﬁé bﬂwidus

«
-

difference in our work is. that we™used Rasch Model test calibrations . >

. « - and equatiﬁg methods while the Anchor Test Project used a'variety

-

. of equipercentile and linear model methods. However, there weze
£ . -

other important methodological and‘outputjdifferehces which will

- .

. be outlined here. U M o
Equatings Raw Scores o

. g

IS

Results from the Anchor Test Project were basédt on data divided

[ o4

by grade level. Thus, they developed equating on somewhat different

»data’ than we used, as we kept togetﬁer all data on a specific test.
o . . ’ * . ’ *
* + They present equating tables separately for each grade and include

. . -
. .

ini each table only the sgven tests considerad by test publishers as
"qppropriate for that grade. Our tables allow a user to administer

out~of-grade-level tests’and equate tle obtained score to an appropriate >
> 3 d

Gt

in—leve} test. .

-

Moreover, the Anchor Test Project did not provide tables for ’
. .. , .
. equating priﬁ%ry to secondary forms. Our tables allow for the
\conxersion of secondaty forms into primary forms.

Reference. Scales

\ *

. The Aachor Test Project tables providé no way to avoid assignment
™
{

ERIC . ' | -




>

~ .
" -

v

errors or to-equate scgres across test levels. . Our National Reference

Scale solves both of these problems. With it, any of the 28 tests™’

can be given to any child and the resulting score,can be interpreted

) ’ ~ *

free of assignment error. - : . .

* Specifically, the NRS ailows consSiderable opportunity to evaluate
: P ,
reading programs that involve growth over reading levels. Thus, data

* . 7 - ”~ o
. . .
over a several year period can be evaluated on a common metrid, allowing
9 3 "

.

the opportunity for growth’to be revealed. Such scaling is a necessary
prerequisite to assessing growth without resorting to grade equivalent
scores and their-‘accompanying technical peaknesses.

I .o

> It would be extremely valuable to obéafh data for eéxtending the

<

NRS downward to readihg recadiness levels and upward to junior high
o ¥, -!“’,_ v

»
- -

school levels, Moreover, the freedom to use any of 28 tests as
. - :A.

escentially Pparallel forms of each other can be quite Vvaluable in the

. o .0
evaluation of programs requiring periodic assesswe%g:)
* .
L]

»

Comparisons. of Tables ° ) ' ‘
: . . , /

Direct comparisons of equating tables of the two projects was

¢ presented for selected test pairs us{ng subsamples of subjects who

.

‘. were administered both tests iif each test pair in the same order of

testing. For each raw score on the base test three equatéd scores
x .

. were obtained: the recom?ended Anchor Test Project’value, the
recommended Rasch Project value, and a subgroup conditional mean.

The reader can scan the tables to determine how similar the various

. .
"

results are. Several such tables are presented which differ in

* regard to model-data fit and grade level. In general, tables are

1, - \ . 8," ’ )




. . . . {
. / -~ d g,g
»
/ ~ .

quite similar. Often both proje&ts yield the ‘same equaged value,

many values differ by 5he or two points, dﬂd only rarely are values

~

different by more than three points. ese differences are small ~
T o o '
relative to standard errors of measuremept. - )

/ { - .
- . . / N
- A discussion of the difficulty/bf‘comﬁaring results 18 also

presented. - There is no 1egitimate way to say whith ds "best'™,
B <
The definition Bf "best" will Eg largely dependent upon the

theoretical orientation of éﬁe reader. Af least, with a strong*
. /

7

model, such as the Rasch model, one can gather information on

s

whether or not the tesults should be used. The equipercentile

method does not lend itself to such tests.-
1] . o

Coﬁg}usions and Recommendations

’ > - 44
A
The followlng sections of this report contain some conclusions
MY

and recommendat& gﬁrelative to any future equating effort{ that -

might’be ugdertaggi‘ The tOpics dlscussed include tephnical issues

4 * ¢
as well g% design and cost considerations, o
AY
// /.
Raw Score Equating . -7
. ~ ‘.‘

' There are three ways to achieve comparability between the scores
on two or-more tests, The first is to construct parallel forms, a

.

brdEess that is q&ite rigorous, resulting in isomorphic test score
sd¢ales which by definition are equal. This procedure can only be

accomplished at the test construction level and is mentioned here

}

®
only to complete the context for the discussion that follows. The

other two methods”are the ones we have been concerned with in this

<
study. They are rav 'score-to-raw score equating and raw score-to-
¢

Y

. 9

S




. . , s, _:. N . "o
" reference scale equating; we will:hall them raw score equating &nd -
A4 ‘ ’ ) . - »

TN . reference scale equating, respectively. : N
N . . \ . R . ~ ) h
R In reference scale equating, each.test to Be equated has 'its

s o> S . . .0 .
. K N

score scale translated into a single reference scale whose units ° e

- N . . [ Y . . - . ES
may or may not be similar to its raw score scale. Two examples of

these are the CEEB{S Scholastic Aptithdq Test scale of 200 to 800

1

- and our own National Reference Scale for reading (see Volume I,

!

Final Report) with an'effective score range.of 144 to 263 (for the .

., S tests, included here).” 1In equipéfbentile equating the scale of . .

Y ’ - B 1
’

4
percentile ranks is the reference scale, linear equating used a z-- .

\ -

. ' score scale and Rasch equating is based on the log ability scale.

~

* ., Regardless, then, of the specific méthod”éf equating, each procedure '
] N \

has at least an implied refer%nce scale, and these reference scales, :
"~ 2™ )

have their own unique properties. For example, the percéentile

o .5

ank scale 'is a descriptidbn o& the performance of the ca11brdt1ng
.- sample; and, as such, would differ from spmple to sample. On therJ

. L other hand,'the'Rasch ability scale does.not depend on the calibrating
. /o .o . ' \
gsanple; its values are invariant with respect to calibration by

.

differing samples. Thus, regardless of specific method, tests to :

be equated are in fact translated Into a particular reference scale

whether that is the end product or not.
An additdional step is taken with raw score equating. What °
happens is that twol raw $cores are assigned to be equal when they

r
correspond- to the same reference scale score. Furthermore, when an :
D .
£
equivalent raw score on one test must be assigned an equivalent .
i »

. : 10 | »




. . . .
- score on another test even when the difference between referemce -

’ -
“ . v %N

scale- scores is large, the result is what we called "assignment"

* 4 . ..
_ . . errox"”. The magpitude of this error exceeds all other equating

\ R ‘errors by aksignificgng amount, as we hxve 11lustrated in our final

report (secion 541, particulérly Table 5.1.1). This factor alone
’ ’ ) ‘ 1 : < ] ~ ’ »
argues against raw score equating and, indeed, that is our rec?hmendation. .

'

Vertical Equating

.
-~
‘e,

Another "dvantage of feference scale £quating is that it permits:

v . . *
, the definition of a test scale across several levels of a test battery. Lol
\ .
A common scale that spans several grade levels would permit the . ¢

measurement and description\of growth and change. ﬁqugﬁing’seVﬁ(ér.

“ 4
levels of the test battery by means of a common reference scale is .
" ! [+ 4

called vertical equating and it is an important capability. Our - . X
. R ) . N R '\c,
National Reference Scale accomplishes this for the tests used and )

v

/ \ ) .
covers grades 4-6. We believe that the measurement of growth was N

. \ - ‘ . s
a serious omi'ssion in the original conception of the Anchor TeSt LY
o @ . ! . n

design and ought 'to be included in any future equating efforts.

Esaliation of the Equating Process T

Tn spite of our efforts to arrive at something thdt ﬁight be
called a "standard error of equating", or for that matter the efforts

of the Anchor Test Study's authors, a solytion remaing elusive. Iﬁ f
) y \,
. is scemingly a simple matter to compute "standard errors" based ou

~

replications or to gompute some root-mean-squared dégiation from ’

- ®

expectation; however, to conclude from that procedure the superiority >
of one method over anothdr focuses on dnly the ”cohsistency" progerty

of an estimation. It is pe‘hap in this case more important to focus Y

] 11 \ . .

. .

. ~ -
. *
o 2
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P » .

on_the'property of bias to which neitﬂet we not the Anchof»Teet Study
o N . .
directed ourselvesd The issue 'is like making claims'for‘tést

S .
‘reliability without dealing with validity.

- - .

&
Additional research needs fo be done to find a satlsfactory Way xﬁp

>

to compare and evaluate equating method§. Qt rhe presé:t time, the

i ——

fact of the matter Is that the Rasch Model procedure and ;he\equipercentile

procedure are not styictly oomparable. These two methods, along with

linear equating, are baéed on'different definitions of an equated score.
' . —_— .
Perhaps éach does a good job of equating under its own deflnition but

h 3 )

it'is 1nappr0priate to compare methods that attempt to do different
A\l s
thngs‘ Aq!;he same’ ¢1me, it stilleseems to be quite a meaningful ,
' 1

qucst@on to ask;s "If ,a person scores 43 on test A what would his

°
‘-

score be if he had taken test B?" Thete may/ihdeed be séveral answérs

to that queqtion or perhaps we need to reﬁormulate the quest1on before

we can get‘a satisfactory answer. Additional rosearch needs to‘be .~

- 4
.

done before these answers will be clear. ' - -
F » N .

Egﬁgihie_gsgign§ and Requir&d Sample Sizes - !

. N .
The size of the sample will probably ge twe single most important

factor in detcrmining cost of ‘any future cquating s}udy; however, ‘the

-

particular design that might be used is intimately associated with
the sample size question. In the case where it is iuﬁossibie*to
] \ .
¢
administer gil tests to be equated to all examineea it would seem

that SOmg‘sampling procedure 11&9 that used for the Anchor Test Study .

would be most feasible. Angoff (1971) discusses several designs

-, . ’

for data collection and Brigman (1976) has specifically compared

. e

12




. , three desigds similap to nhe AnchorﬂTest Study design, we will rely

on he “work in making -some observations“?bout designs. ' :‘

. B Briﬁman (1976) compared the "1l matrix" dcsign (where tests are

admxnfstered in all possible ‘pairs as was done in the ATS) with two

. .
. -

. reduced’hgdéls called a,"chaip" design and a "vector" design. These.

- ) - — KY ‘ . .
- - EN{ee dé?ig;;“are jllustrated below:, . . e .
L, ‘ - ' . o
\‘ \ * -
> - - bd i
. I — A
- ) - Figure 1 Three Designs: fer Egpating .
[ *-0“
’ o 1)
= . e I ™ ®
s T S hh bk hhiblh
T, x/x x x X T, x/x X o X T, x/x x o o ;
T Xx x/x*x x - T, x x/x x o "+ T, x x/x x X
s N2 o2 o \ 2 :
¢ T x x x/x x T,. 0" x x/x x ™ o x x/x o -
. 3 . 3 3 »
T x/x
, X X X x/x T, ¥ © X x{? T, © ‘x o (x .
L] N N
e — ‘ e had . #
N . d
i( The siﬁyations depicted call for the equating of 4 tests. The
. X . . 3

4
"x/x" means that a partisylar test is given along with its secondary
3

X . formi. In'afi instances the row index test is administered first;
o . A
)
° and, since the matrices are symmetrical, it is obyi?us that when
' ’ ’ ———

ever a particular test pair is administered Fhe designs call for 2 !

rep]ﬁcaxions with order-of-administration baianceq.,” -
. KO M . ¥

As pointed out earlier Rasch Model: Equating depends entirely ' ' '59
, # , .

. . . _ '
®on the ¢stimation of the "equating congtant”, the translation
. “ - A -
- °

) . '13 | o
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14

., \ ' . .
factor whic¢h when added to tlWe ability seale of one test in a test-

‘EEE*erigip of both tests in that pair. The estimation
. AN v ¥ ) . -
of this:constant requires only an estimate of the difference in ~

g

péir equalizes

A

“ . ¢ . ot
average item diffidulty between the two tests and constitutes the

amount of adjustment néqessary. Brigman .found no essential differepce .

. -7
between equating constants estimated from each, design, ~

The importance of this finding_is that any of these designs
. - - ]

could be chosen gor purposes other than adequate estimation ‘of the

equating constant. For éxamplc,\the %hain dcsigﬁ‘might be best for

53

the vertical equating ofvdifferent lévels of a test battery since

sdjacent lev '1s could be administered-to the same group whereas . -

nonadjaccut levels wdu}d be inappropriate (granted of course that

we elmimatg cells T, ~ T, and T, = T, from the design). On the
other ha the vector design would be appropriate for'?n‘equating

study-Tike the Anchor Test Study since one test sould be administered

i A

.

-

in combihatiod with_all‘others at considerable reduction-in the

number of cells for which data were collected, 12 in the case of ™ °

.
N .

the Full Mafrix design and 6 for the Vector design (ignoring

v

diagonals in the above example). s

. .
%

In her study Brigman also investigated samplé size, using cell

.

sizes of 125, 250, and 500. Again thére'was no differenca. Our ocwn
work indicates that samples of 500 rroduces sufficient stability but
" that stabi]iiy did increase up tc about 1000 and then began to lgvel ¢

. ' LN
off.. OQur conclusion about a required sample size is based on a per

cell size of 500.to 1000; 500 would be ingdeduéle, beyond 1000 would

v
.
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.

- be,wasteful, and no one would believe 125.

o . Estimafes of Cost

. ( It is not possible to estimate dollar cost% for any future
* [ < 1)
equating efforts; however, it is possiﬁle #ddentify cost factors ’

-

that will determine dollar amounts. Two factors appear tc us to be
AN . ‘
. important: (1) the amount of data that need to be collected and

o (2) the exteant to which the ggntractor's data processing capability
N - g

has been developed. Any project will have a core of personnel which
" .

t -

. [
should be relatively constant actoss projects; however, projects may

, vary in personnel due to the two factors mentioned above. The same ok

is true for supplies, materials and operations. ‘We believe that | ‘,_

.

considerable savingé might be realized by funding equating studies
* .o ‘
in phases and we would like to deal briefly with one of these.

r ) , ' -
Equating Prerequisites : '

~

Y

‘ .
We have stressed the spoint many times that equating with the

N

- -

"Rqsch Model is simple and straight forward Egovidé% there ig an
- - -

acceptable degree of model-data fit. Evaluation of model-data

fit ought to be separated.from actual equating and furthermore,

the funding should be separated. Model-data fit is the central

. .
o

question whencver the 'Rasch Model is to be applied to existing,
tests. Studies of this sort' could be made without collecting

additional, daca 1f for exampie publishers could be persuaded to

. > let a contractor use data they already have, an arrangement which

we have fq&ﬁ% sticcessful in the past. If fit-studies prove successful,

A !
then there nced be little concern for elaborate and costly sampling .

¢

plans for an equating phase.
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