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i ] Abstract .

’ This paper presents procedures for equating simul- .
Q) taneously several tests which have been calibrated by
the Rasch Model. Three multiple test equating designs
(}a .are descoribed. A Full Matrix Design equates each test
’ to all others. - A Chain Design links fests sequentially.
>0V) A Vector Design equates one test to each of the other
tests. TFor each design, the Rasch model test equating : -
constants were obtained for four reading vocabulary c
s V) tests. The standard errors of the constants based on
T - _ each design are also provided and the appropriate use
of each design is discussed. ) ’ ‘ .
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Angoff .(1971)  has stated that for test scores to “ . )
be ieaningfﬁ;, the instrucents of reasurexent nust meet
three reguirerents. ‘Tirst, an a%propriqte scale struc-
ture must be defined so that the scores may be ccmmuni- .
cated, i.e., the scalingibrécess. The second requirerent
is that special noims or interpretive guides must ke .

prepared for the user of the scores,.i.e., the process

- - >
of norming. The third requirezent for a test score to -

be meaninéful is that provisions be made for the mainte- .

b

nance and perpetuation of the scale on which the original ]
test scores are reported, i.e., the process of equating o
or calibration. ;

» -

A generai definition of .test equating is a psycho-

]

metric process which converts_the system of units of one

test to the.systen of units of a second test such that\ ] -

+he scores derived from the two tests after conversion

if

will be directly equivalent. Two rgstrictiohs ares

4

-
L]

implied by this definition: (1) the measures (tests or

3

005 890

forms) must measure the same characteristic, and (2) the

conversion must be unique, a transformation of the system

? -

I
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of units oniy, except for randcn errors associated with

the unre3iadility of the data and the errors.associated )
d - - P - >
e ]

with the rpethod used for determining the transformation.

The-second restriction indicates that the resulting

- > -
conversion should Pe indepenéent of‘thsépersons from -
whon the data were cbtained to develop the conversion;

and thus, the conversion should be freeiy applicable to

all situations, i.e., saZmple-frees test calibration.

.7 Angoff (1971) has made one of the few definitive

- - . ‘ -, N

efforts to provide those in psychometrics with a discussion .. ’
b !

of?eqﬁating versus calibration of tests, a discussion of
the equipercentile and linear models for test eguating
and/or Ealiﬁkation, and sampling designs for the equating
of fwo tests or the calibration of a test to a reference
- P -

‘scale. MHost practical applications of test equating

. >

have involved the equating of two tests or the calibration
of one test to z refierence scale. It is obvious why

this is true when one reviews the complexities of the

sampling design and the procedures associated with equi-
percentile and linear equating of multiple tests within
one study as evidenced in the Educational Testing .

Service's Anchor Test-Study: Final Report (13872).

j -
A third model, the simple logistic model 6r Rasch

model may also be used to equate or calibrgte tests. The -

> »

-
-




Rasch nmodel provides the researcher with a mathematieal

mcdel that reduces the complexities of the sampling -

designs and eguating or calibration procedures, especially
when eguating multipie tests ih.one siudy.

In 1969 Panchapakesan successfgllylégplied the.,

simple logistic model (Rasch.rodel) to the problem of
eqguating linked test forms and tests administered to
matched samples. To eguate scores on two tests,

?anchanakasan estimated a constant which represented the

difference in the origins of *he scales of the iwo tests.

-

This additive constan{ could be useg to eaquate the scores
on one test to the scores on the secondrtest. The use
of the Rasch model for équEE;ng multiﬁle tests in one
study was not attempted ﬁ;til 1973 in the federally

funded Rasch Project (Rentz, Bashaw, Cartledge, and

Brigman, 1975).

-
-

The purpose of the present syudy was”éo-develop and
‘illustrate the procedure 76 r obtaining Ra§éﬁ'mbdé1‘;ést
equating constants for.three multiple test e%gatlng :
designs. The three de51gns included in thls research
differed in the number of independent samples and the
number of éombinations'of tests used to determine the
Rasch model test equating constants. Bcch,of the d351gn§
requires a different manipulation of the ‘data to‘obtaln

the set of Rasch model gest’equating constants.

-
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$ ° Rasch's Structurzl Mcdél for Items of a Test

- -
-

-»

. Georg Rasch is a Danish mathematician who has been

instruvental in the develorment and investigation of
- ) »

mathematical foundations for “objective measurement”
especially in the domains of educational and psychologi-

cal testing. Rasch (1986a) has stated that "specific

=

objectivity” exists when:

The comparison of any two subjects can
be carried out in such a way that no
1 other parameters are involved than those
of the two subjects (p. 10%) and when....
any two stimuli can be compared indend-
entiy of all other parameters. than those
of the two stimuli. (p. 105)

>

IngRasch’s 1950 book, Probabilistic Models for-Somé

Pntelligence and Attainment Tests, he presented a

- detailed discussion of three "models for ’measuring”.

Rasch (1961) stated that: i : ™

Each model specifies a distribution

function for the potential respons s ’

of a given person to a given stimu«4s

of a cértain set of allied stimuli, and
. y this distribution. function depends upon

- a parameter characterizing the person and -
a parameter characterizing the stimulus.
(p. 321) ‘ ’ -

An important property of these models when analyzing
data is.the ability to detach the person parameters from

the stimulus parameters and visa versa. .

In the field of educational and psychological

measurement, "A Structural Model for Items of a Test"

g
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has bheccme known as the "Rasch model”. 1In the develop-
ment of the Rasch model three assumPtions'were made.
"Rasch (1966b) has listed the assumptions as. follows:

i . . - - .
{a) To each situation in which a subject
- (s=1,2...n) has to answer an item (i=1, i
2...m) there .dis a corresponding proba-
bility of & correct answer (Xsi=1‘ which
we shall write in the formy

» .‘ / i B
- - 2si ' .
Pr (XS- =1)=___" 5, (.; >-0). - <
i~ + 3: siZ
) 1 S -
(b) The situation parameter Agj is the ¢
product of two factors
. .
Agi = Tg B3 ) 3

where wg pPertains to the subject and w;
o to the itém.
“(¢) @Given the values of the parameters,
TTdIl anjwers are stochastically independ=
ent. (p. 50)
Rentz, Bashaﬁ, Caﬁtledge and Brigman (1975) have

defined three "antecedent, conditions” which are necessary

for model fit when analyzing data with the Rasch model. ,

1Y

rd .
These conditions are implications of the assumptions of

the model. The first condition is that the item pooi to

be analyzed must be unidimensional. The second anteced-

ent condition Fs that of equal item discrimination; -the
rate of increase in the probability of passing an item
‘as the ability increases must be equal for’all items.

The third antecedent condition is that guessing must be

-

1 -
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apeent ‘ :
.absent or minimal in the item responses ta reduce the -

probability of passing an item by chance.
' In a X987 presentafion to the Invitational Conference . R

on Test Problems, Benjamin Wright operationalized-and
demonstrated the Rasch model's claims of objectiviiy.
The 'two basic outcomes, or consequent conditions. of the

Rasch model with which Wright péalt in his presentation

-

were: (1) the calibration of test items independent of

the sample of subjects, and (2) the measurement of a

person on the latent trait independent of the particular

- ”

items used.
Wright and Panchapakesan (1269) have described

estimation techniques for the Rasch model parameters,

Ty and w;; where w;, the item parameters, are invariant

over different samples, and 7g, the person ability para-
/

2

meters, are invariant over samples and item sets. Assoc-
L] - 1

iated with their work are computer programs which can

be used fo perfonm Rasch analyses of test data; one
program is comnonly referred to as the MESAHAX program .
wrltten by ergnt and Skirmont (1972) and employed in

the present study. Another is called CAEFIT, written

by Wright ‘and Mead (1975). . ..




Equating Tests‘with the Rasch Modét.
. = " -
- A '
‘To employ the Rasch model for equating tests, two |,

general ccnditions must be met: (1) the fests to6 be h
> ¥ : )

- e .o

-equated must be parallel, and Qi) ?he tests must provide

"an acceptable fit with the model. ' Equated or equivalent -

e e

scores when using the Rasch model can be defined as

/ .

scores on, two tests whig¢h give fise to the same estimate
L]

- - - V e 2 P
of ability. . ,) .. .
- -/‘/ - -~ - - “ '
When Rasch model,gna1y51s of an n-item test 1s

performed, n Rasch item easiness estimates are obtained
L 3

on a log easiness scale with a mean of zero. The MESAMAX |

program provides.easiness estimates that are positive

»

for the easier items and negative for the harder itehs.

Also, for the n-item test, n - 1 Rasch ability estimdtes
will be.obtained for the raw scores on a scale of log,
ability (ability estimates are not obtdained for a raw

score of zero or a maximum raw score of n). The ability

estimates are positive for the higher scores and negatives;

L 4

for the lower scores. o " ‘ iy
. The zero point on the log easiness sca}é is an .

i -—

arbifrary origin. The origin is fixed in, the computer
program by setting the, mean item easiness ‘to zero. This
zero point simultéﬁeously'ﬁixes the zepo*innt'dh the

log ébilit? scale. Thusy the zero point is:apbitnary ’
in.fhe sense that it is defined by fﬁe set bf'items that’

4
.

-
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are anzlyzed. Equating can be: considered as adjusting

‘- - .’i : .
these arbitrary origins fgr sets of tests to a common o .

. t 4 .
origin. ) - _ _
» . . U

: There are two methods of obtaining Rasch model test

equating -constants. The first method, the item diffi- .

L}

. culty method, uses the Rasch mode} item parameter esti-
mateg as #he initial valués in thé éroced res for . x‘. .(1
obtaining the constants in a test equating study. The

" second method, the aﬁilixy method,'uséé'the’Rasch model

ability parameter estimates as the initial values in the U i
‘ - ~ Q -
procedures for obtaining thg constants.

For the it%m difficulty method, the two sets of

, item data foriafpair of tgsté are poole&{and calibrated

| s e et

'T"f*LfuasaOnewtestwo§~#I~+~n§-items5 Thus, the nj + nj items

3 x
are calibrated on a singie scale of log easiness with a ~
. . ' : . ’ ' -~
mean of zero. Since, as in the following examples two
4 -

tests are administered -to the same group of subjects’,

« any difference in thé average item easiness estimates

of the two tests represents the difference in the scale

-

« origins of the two tests. This difference in the scale ¢
- - f

: ’
L4

origins is an additive constant that may be used' to

_ equate ?he two ability scalés associated with the
© ' » S
. separate tests, i.e., it is a Rasch model equating ] '

constant. ‘ ' \




#

. For the 'ability method of Rasch model equatiqg; . S poe
" each test is analyzed i;dependently.- Since Ehe;two’;' v - o

. %estsﬂgs in the su§?eqﬁ;nt eﬁam?les are édministerédlto 3
‘thé/:saﬁe group of gubj"ecfs, the ,averé‘ge' ;5 the ability T

estimates of the two tests will be equal iif the scale o

A~ . 2 . . L
.
.

origins of the two tests are the same. ‘To obtain an

Qstima%é,of thé difference in thé Scale originss &n . ",

- . - - ~ B A
. Aaverage Rasch model ability estimate is calculated fér - '/}

- H . - ° » \

each test. :Tpe difference in the two. averages féprésents
z T - - - =

the difference in the origins of the scales of the two

_tests. As in the item difficulty method, the différenéﬂ;

7, ”e

value is, an additive constant that may be used- to éduate" ST

-

* N . \ . .« -

the two‘a%ilify scales associated with tMe individua
2 st - - , e .
tests, i.e., it is a Rasch model equating constant. . .

- . . — » t -~

- L 4

r The Designs and Procedures ) <ot . . - .
y - * : Y ‘ - ‘ z

; Multiple lest equating is .defined as the process ‘of ' o
’ . ¥ Q ’ ’ v .'”"
* simultaneous’ equating of moye than two tests or the , - :
* 1 , . ' ; AR B RS
\process of .simultaneous calibration of mqre than ©ne .
\ SR . - ' .

tést to a reference scale. Multiple test equating designs

14

e

°

.

ﬁay'péjséén as exéénéions of éimp}e tesfifquat%hgldes%gns ,*‘ ’ f
and are deféned by the present aufhoré as thé.écheméta . . ‘
) for the aéhiniét;atioﬂ and data coilegtiqn that are DN {fké
requ}feé.to équﬁfﬁ moref;hggatwo %ests‘op éaIi%rate mqpe

% -~
o (O % 4 ’
. - L3 . v . .
A s
- »

~ . . R . ., o, .
than one test to a reference scal€?1n*a~81ngl? stud&. . ) .
7 - 4 ’ ‘ = 4 —_

14
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. - the eduatihg procedures to estimate the Rasch model ~ -
; g E )

i
'

-*‘may belemployed_in‘a nuItiple testlequating study. The
- * ’ <,

. "test equating matrix would represent two administrations

. _ ‘ - - . 0

The present research focused on threge desigms that

-

- . . . b= ¥ . - '
purpose and the desired produdt of the equating study

. . o . 4 2 . ¥ .
dictate the choice of the ‘design. The designs reflect

¥ M . - ~x

1 . -~ . N

the test data that must be collected and the steps dn_.

N
.

equating constants. .
- Y < .
. . - . . .

For the purpose of describing the three multiple ~

.

PR

test equating designs and the'associated,procedures for
- ; i

.

N . . . " N t . W
obtaining the Rasch mode& equating constants, a multiple

\ . ‘
test equating matrix was used. The symbols that are;
" i

o/
used in the follow1ng discusSion are defined in Tahlé 1

in the Appendix. ( .

For k tests, a multiple test equating matrix is a’ .
k X k matrix. The elements, or celis, of the matrix,

t

Tij's, represent allApossible test pair combinations

that could be administered to independent groups of *

subjects: For a cell in the multiple test equating .
matrix, the row index corresponds tq\the test that would '/“
~

be administered first to the\group of\subjects and the

. PES
v

column index corresponds to the test that would be “'3‘3

s

'administered second. The diagonal cells in the multiple

-

- 4 . - >

of one test to a single group of subjects. Data for- the
. ‘ ¢ oo

“~
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diarcnal cells may or may not be collected in a study. .

The cellz, or test pair ccobinations, below the diagonal L

-

=f tre multiple tect equating matrix repwresent the

§ Lt P

tions akrove the diagonal of the matrix. If the reseigiéer
zelects not to collect data for the ?iagonal cells of
‘ !

the multiple test eguating mctrix, the matrix consists

of kz - ¥ celis or test pair ceonbinations as seen in

-

Figure 1. ' ' -

» 3
In the Anchor Test Study and the Rasch Project, :
onie of the tests to ke equated was selected as an anchor, ~
- % -

or tase, tect. Tor convenience of describing the

assczciated procedures for cbtaining the final Rasch
model test equating constants? thé‘base test was.always
assigned to the first row and the first q?lumg of the
multiple test eguating matrix.

The Full Design for Mul¥iple Test Equating

*

The Full Design for multiple test equating is .
defined as an equating design in which all test pair
combinations in the muitipie test equating matrix are

administered. The data obtained on all tes%;pairs are .

used to estimatg the final Rasch model test equating’

.-

constants.” An illustration of the Full Design is the - .

' . ¢

Al

-
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the multiple test equating matrix (See Figure 1). The
f;Ii‘Design with test-parallel form combinations on the
diagonal wqé used in the ATS and Rasch Project.

To estimate the final Rasch model test equating

constants for the FTull Pesign, ,the researcher may use o
either the item difficulty method (item easiness estimates) or

the ability method (person-abiliiy estimates) to obtain
the initizl estimates of the differencé in the scale

‘origins, of a2 test pair in a cell of the design. MESAMAX

" . anglyses are performed for each of the cdells in the Full

rﬁesign."Fob each test pair, the average of the test

that was administered second in the test pair is sub- ~

‘tracted from the average of the test that was administered
first.in the test pair. These differences in the averages

are the Rasch model cell equating constants, denoted by

-

Ci5> where i corresponds to the index of the test that

was administered first in the test pair and j corresponds

to the index of the test that' was éﬁministeréd second in

-

-the test pair. The next step in the-equating process is
to organize Fhe cii's into their appropriate cells in
the ‘multiple test equating matrix with zeros inserted
in the empty diagonal cells of the matrix.-

To obtain a single Rasch model equating constant

for each test in the Full Design, the sets of cell .

-
. «




" equating constants aré first combined to yiela marginal

equating means. These means are obtained by sumning the

-

cij’s in each row in the matrix dnd dividing by k to S

obtain the row marginal means, c;.'s, and by surming the

cij's in each column in the matrix and dividing by k to

obtain the column marginal means, c,j'S- The two marginal

means for a test correspond to the order of test adminis-

tration with the row marginal mean reflecting the effects

of .he test when it was administered first in a test pair

and the corresponding é¢olumn marginal mean reflecting the . T

_# - - — ]

effects of the test when it was administered second in a

test pair. ] : -

The next step in the procedure is to combine the -

marginal means for a test in the Full Design. This is ' .

done by averaging the row marginal meédn with its corres- .

ponding column marginal mean for each test. To do this,

the signs of the column marginal means are reversed. The

average of the row and column marginal mean, (c; * €,5)/2,

are the preliminary Rasch quel equating constants, Ei's,

for the Full Design. -

The last step in the process for obtaining Rasch

model equating constants for the Full Design is %o édjust

the preliminary equating constants for the,k tests to

the base test. To do this, the preliminary equating

»

i
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. ?onstaht of the base test ié‘subtracted frcn each of the
kX preliminary equating constants for the tests in the .
study. This will yield k Rasch model test equaiing V(
constants, Ci’s, that may be usedffo eqbaﬁe the abili%y

estimates of the base test‘to the ébility estinates that
would have been obtained on the fcale:of ability that is
ass;ciated wifh any other test ;n the study. !

'g?bu: standardized reading vocabulary tgsté appro;

priate {5; fifth gradeaétudents were selected to

illustrate the procedure associated with each design in

this study. These four tests were taken from the follou- "

v

ing reading achievesient batteries: (1) California

Achievement Tests (1970)--Reading, Form A, Level 3

(CAT A3);.(2) Io;a Test of Basic Skills (}950); Fform S,
. Level 11 (ITBS 5, 11); (3) Metropolitan Réaging Tests . .
- (1970); Torm F, Intermediate Level (MAT }I); and (%)
SRA Achievement Series (1971), F?rm E, Blue Edition
(SRA EB). The CAT A3 was selected as the base test in
all of the ?fesent illustrations. Using thé data
collected on these four tests in the Anchor Test Study; _
random samples of 5900 subjects were drawn from each _ .

test pair cell in -the multiple test equating matrix.

Rasch analyses were performed for each test pair. Using .
¥ i

the item difficulty method, an estimate of ﬁhe mean item ‘.
F - T - -
easiness was obtained for the set of items jin each test.

- T
- £
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- Table 2 shows the cell equating constants and the

intermediate va¥fies used to obtain the four final Rasch .

Model test equating constants. This illustrates the
E - R
procedures for equating muitipie tests in a Full Design. )
) ) “ :
The€e equating constants are values that sould be added

to the ability estimate corresponding tg a raw score
that was obtained on the base test to determine the -

equivalent ability>(equated"score) on a second test.

] »

. . Insert Table 2 about here .

ol

» i ) - -
. B

- -

The Chain Design for Multiple Test Eauatigg

The Chain Design for multiple test equating is
defined as an equating design in which adjacent test
pair combinations in the multiple test equating matrix

are linked. The k tests in .the multiple test eqﬁating

gtudy are numbered from 1 to k with the base test begin- - -
ning the series. For the Chain Design, the cells in
the multiple test equating matrix that are used in the

equating study are T155 T23> Téu""ik—igk and the cells - -
- . 3 - ) - R

R ?

of the counterbalanced test orders of these‘test pair
combinations located below the diagonal in the multiple

test equating matrix. For k tests, the Chain Design

- rd

PR | ¢ h‘f .
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»
2,

requires that data for X + kX - 2 test pair combinations *»

be 335inis;é§gd and used to estimate thé Rasch model o
test equating constants. TFigure 2 illustrates the Chain ”
Design in the’multipig test equating matrix for k tesis.

f- -
.

E Insert Figure 2 about here .

-~

To estimate the finél Rasch modél test equating
- constants éor the Chain Design, the resedrcher may use A
either the item difficulty method or the ability method
to obtain the initial estimates of the difference in
.the séale origins of a ées@ pair in a ceil in the design.

MESAMAX analyses arvre perfdrmed for each of the k + k - 2

celils in the Chain Design. For each test pair, the

average of t?e tést that was administered second in the

:

test pair is subtr;ctéd from the average oi t%e test
that was administered first in gié test pair. These

" differences in the averaées are Rasch model cell equ;ting‘
constants, denoted by Cijs whefi i corresponds to the
index of the test thatfwas‘agmihistered first in the Lo
testﬂpéir and j corresponds to the index of the test

that was administered second in the test pair. The next

step in the equating process is to organize the c;;'s L

”

-
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into their appropriate cefls in the multiple test equat-

-

ing matrix. . .

®

To cobtain a single Rasch model equating constant for
each test in the Chain Design, the "two cell eguating

constants for a test pair combination, 5 and Cs542 are

combined to obtain a preliminary equating, constant for

each of the k tests in the Chain Design. To,do this,‘khe
- <

signs of the test pair cell equating constants foy'the -

cells above the diagonal of the multiple ‘test equating -

< -
natrix are reversed. The average of the two c¢ell equat-
4

ing constants for a test pair in the Chain Design,

(c~j + c-o)IZ are the prelrmlnary equating constan;s,

— a

;'S fOP the Chain Design.

The last étep in the process for ob¥aining Rasch

*

model equating constantsvfor.each of thé tests in the

Chain Design adjusted to the base test; consists of

<« -

adding together all of the preliminarv equating constants
for the tests that link a particuiar test to’/the base
test. Thus, the final Rasch model test eduating constant

.1..’-‘ - — — -1 — e
fOI‘ tESL l’ Ci, 1s _the S)um Of Ca, C(i-l), C{i-’_z),...cla

This w111‘y1e1d k Rasch niodel tes@gequatlng constants,

»

C;'s, that may be used to equafe the’ ablxlty estlmates

of the base test to the ab%llty éstimates that would have

been obtained on the scale of ability that is associated

4

with any other test in the study.

Y

P




Table 3 presents the cell equating constants for .

the four tests in a Chain Design. Each of the constants

may be added to the ability estimates of the base test

to determine the eguivalent a2bilities on the equated .

® -

stests.

»

; -
Insert Tadble 3 about here

The Vector Design for Multiple Test Equating

The Vector Design for multiple test equating is
defined as an equating design in which all tests in the
?quating study are adrministered in combination with th; _
base test. In the muitiple test equatiﬂé matrix, the -
base test appears in the test pair combinations of “the ‘
first row and the first column ofmfﬁzwﬁatrlx. For the
Vector Design for k tests, the cells in the multiple

test equating matrix that are used in the equating

study are le,l213, Tlu’ .« e . le and'the ceils of =
the counterbaléuéed test orders of these test pair combl-
na?;ons. For k tests, the Vector Design requires that -
data for k + k - 2 test pair combinations be used to
estimate the Rasch model. test equating constants.

Figure 3 ill&gtrafééithe\Chain Deaign in the mu}tiple

test equating matrix. for k tests. . >

-
! - 2

e
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To estimate the final Rasch model test equating ‘ — .
Fonstants for the Vector Design, the researcher may use ‘ .
.either the item difficulty method or the ability method :
to obtain. the initial estimates of the differenée in

- ‘)__'
the scale origins of & test pair in a cell in the-design.

MESAMAX an%;yses are performed for each of the .k + k - 2
“cells in the Vector Design. For each test ;iir? the
aqerage-for the test that was admiﬁistered second is
) subté%gpgg"fégp‘gpg_avenageuoﬁmthe test that was adminis- -
tered first in the tegé pair. These differences in the g
avegéges are the Rasch.modél cell.éguating thstants, -
.4henoted by‘cij'gg where i corresponds to thg index of )
the test that was administered first in the test pair ‘ }
and j corresponds to the index.of the test that was . -

1 4 H -
administered second in the test pair. The next step in

the equating process is Eo organize the cij's’into ?heir "
apprépriate cells in the multip;g.tift equating}matpix.
To obfggn a single Rasch model‘equéting coﬁstant
for a test in the Vector Design, say test i,,the_%ﬁo
cell equating constants for the test pair combination, -

1 and cy,, are combined to obtain the final Rasch model

P

—~—
e B -




. test equating constant for test i. This:is done for
each test in thé study. To combine the cij's for a test
pair, the signs of the test paif cell eguating constants
for the cells in the row vector of the éesign are
reversed. The average of ‘the two qell‘equating cgpstaqts
fpr:a test pair in the,Vector De§ign, (cli + §£11/2, are )
the final Rasch model test equating constants, C;'s,
that mgy be used to equate the ability estimates of the
ba§e test to the abi}ity‘estimates ‘that would hgve been .
obtained on the scale of ability associated with aﬁy

other test in the étudy.
Table % presents the data on the four reading;vdcabu—.

lary tests in a Vector Design. As in the frevioﬁs two

multiple test equating designs, %ﬁe final equating

cénstant for a particular :eSf is the value to be ‘added

to thé Rasch ability, estimate based on the ability scale

of the base test (CAT A3) to obtain the equivalent

estimate on the ability scale of the particular test. -

———— . — - - . - —— — " D - —————— > - - -

- z >
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Rasch Model Equating Errors

’

According +o Angoff .(1871), Donlon and Angoff (1971)

-
Py

and Rentz, et al. (1975), the major source of error in A

. ~y .

test equating is the unreliability of the test data, i.e., =~ . |
the standard error of measurement. An.analysis of the B ;
estimated error in equating in the ATS found that the

errors of equating would be a trival factor relative to o

- +the error of measurement.

Rentz, et al. (1975), have identified three sources

bd %

or srror that are associated with test equating with the .

> Rasch model: (1) the error of measurement,, {(2) the error
of the equating constants, and (3) the "éssignment" error.
For Rdsch calibrated'tests, the standard error of measure-

ment appears to be approximately 0.2 or more log ability

units or 2.5 to 3.5 raw score units foé typical length

-

tésts.
The.second source of error in Rasch modeikééét
equating is associated with the equating con§tanté.
; Depending on the equating design, the data;masipﬁlation
procgaures, and_the number of testé, ‘the ‘estimates of‘

the various errors of the equating constants are based

. - & -
on the standard errors of item easiness estimdates .and.
. the formula for the addition of’uncorrélated_variaﬂce,

V (fajxj) = Ta;2 v (x9).” ' ¢

hy . . L3 - - - /
- . :
‘ - - - - T
‘ 2 .

: ‘ 3 3 v

L . i .




Aruitoxt provided by Eic:
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The MESAMAX computer program provides the standard

- -
*

errors associated with each item easiness estimate. The

first step was to obtain the average variance errcr of

the items in a test. This yieldedién average error for

each test in a test pair combination. The next step was.

1
-

to-add the two variance errors for a test pair to obtain

a variance error associated with the cell equating

constant. To obtain the variance errors associated with °
.-

the final equating constants, the variance errcr for

-

each cell was combined in the same order as were the cell

equating constants. Finally, the standard error for .each

. final equating constant was obtained by taking the square
root of the variance error associated with the final

equating constants. The standaf@ errors associated with

" the final Rasch model test equafing constants for each
: X ’ ‘ .

quign‘are presented in Table 5. | . ‘ .

"

The errors associated with the equating constants

were minor in comparison to other types of errors. For

-

the Rasch.Pfojé§fithe variance error of‘equatipg,coﬂstants

was in the order of 0.0% log ability units, or*

~
=

)
- - R H -
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approx1mate1y ten to fifteen percent of the standard

- %

error of measurement. This agreed with the estlmates

P4

of therstandard errors. of eqpating provided by Donlon -

-

and Angoff (1971) for the SAT. -
The third source of error, the assignment error,

is associated with the assignment of equivalent raw

scores on two tests. If.a common log ability scale was
‘ - ) ' n' " -
used in reporting equivalent scores, there would ‘be no

#«~ assignment error.

.t Thus; the major source of:error in test- equating -~

is still the error of méasﬁrement of the raw data. The

secongd largest source~of{errorvin the Rasch Project was
3 .

r

ihe assignment ‘error which could be eliminated by
"ealibrating” all stests on a single log abllety reference

scale as opuosed to raw-scope-to-raw<score equatlng. of

»

the three sources of error in the Rasch model equating,
*» * , ’ —
the eérrors associatzd with the equating constants are

minimal., Estimation procedures for the variance errors

of the equating constants are presented in the Rasch

Project final report. ) - - o
e . o

N1
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- study increases. Also, all of the tésts included in

% .
Discussion and Summary -

-

kd

-
-
-
R

The purpose of this study was to develop and illus-

trate the procedures fbr obtaining Rasch model test,

-

equatlng constants for three multiple test equatlng

. e e o < e 2 — iyt
s e B it

. e

PO R.

deszgns. A multlple test equaflng,magrlx was defined

P

and- three multiple test equating de51gns, Full, Chain, ° .
. - - - h Y

»

and Vector; were déscribed in terms of the mafrix. The

_procedhreg for obtaining Rasch model test equating ' -

constants. were delineated in.a general form for each

3 - - = - -

-

design. The Full Desigh closely-parallels the design - .
that ‘was eleoyea in the ATS and Rasch PrOJect. This . -

d951gn 1ncluded all possible combinations of two tests
and the counterbalanced testing order combinations. '
~ -

_0bv1ously this de51gn would be the preferred de51gn for

s . 7

equatzng a set of k. tests since it cdontains the maximum ) -

information in terms of test pair combinations.  But .

-
L)

the ful} Design Pequires 1arge‘numbers of subjects and

research funds as the number of tests inciuded in thé

. 2 { * ~
the Full Design must Le appropriate_for a common level .

£

or age group. . o » - . B

~

The Chain Design and Vector Design provide alterna-

tives for the researcher who is limited in his resources.
The Chain Design is particularly useful in a setting.
s T T )




where the tests in the equaﬁing study are seguential in
the %gvels or age groupz for which they are appropriate,

- e.g., the Seguential Téstsng Educatioﬁal Progress (STEP).
The Vectcr Design is déeful in, a setting similar to the
Full Tesign where limited resources ave available and
thé tests in the aquatiné study are appropriate for a

ccm;cn léyel or agé group. ) ’ C= o

éﬁe investigation of the-use of the Rasch’mbdél in
the area of test equating dbegan with_?anéha?ékesan in

1969 and reached a major point with the Rasch Project in

1375. The sinplicity of the Rasch‘moééi‘ié character—

ized by the fact that only a single value, a test equat-

ing constant, is refipired to adjust the scale of one

-

test to the scaje of a second test. The presgnt study g
has provided the general procedures and examples for
obtaining the Rasch model test equating -constants for

three multiple test equating designs. These procedures

are adaptable to any number 35 teéts that mighf be
included in a multiple test:equating stuﬁy.

' To illustrate the procgsures for obtainéng the
Rasch model test equating constaﬁts, multiple'test equat-

ings of forr tests were performed. Random samples of

500 caa?s of test péir’dafa for each cell in thg_multiple
test equating matrix were drawh from the data collected

for the AT5 and Rasch Project. A set of fcur Rasch model

PN .
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test equating constants were obtained for each of the -

. designs in the present study. Since;each design has

its own utility, no statistical comparisons of the sets

L

of constants across designs were approg;iate

Angoff (1971), Donion and Angoff (1971) and Rentz,

et al. (1975) have pointed,out‘tha;'the maj?; source of

- - - -d
error in test equating is the usual standard error of

measurement due to the unreliability of the individual -

tests. However, the error associated with the eguating

" constants must be examined. Adapting the procedures

developed by Rentz, et al.. (1975} to the three designs

in the present study, standard errors of the equating

constants were obtained for each Aésign with 500 cases

of Gata in each cell. Table 5 presented the standard

é,errors of the equating constants. Using the procedure

tor obtaining crude estimates provided by Rentz, et al.

[

(1§75), the standard errors of the equating constants

for the Full Design with four tests was .0106. "The

standard errors reported for the Full Design are all

within .0006 of the crude estimate: For the Chain Design

the crude estimates for the standard errors were .0173

for the first linked test equating constant (ITBS 5,11),

.0245 for the second linked test ;qnating constant

(MAT FI), and .0300 for the third linked test equating -
M . ¢ ) .

b
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constant (SRA EB). A1l of the crude estimates of the
standard errors for the constants in the Chain Design
were within .0008 of the reported values for the stanéaf&x”
errors of tne equéting constants for the Chain Design in
Table 5. For the Vector(Design the crude. estinate of
the standard error of. the equating cconstants was .oiﬁa,
and all ez the reported'vaiues are within .0611 of the
crude estimate. TFor the Chain and Vector besigns, the
standard error of the eguating constant %br the iase test
is zero since no estimates are directly obtained for the
eguating constant for the base test.

irfrom an examination of the standard errors of the ;f‘F"f
equating constants reported in Table 5, it is obvious -
that th% standard -errors are smaller for the constants
based on the Full Design. The standard errors of the
equating constants for the Vector Design are only slightly
larger than those for the Full Design. Hoﬁe;er, %hea

-

standard errors of the equating constants based on the

wt

. ¥ -

. Chain Dééign increase as the number of links in the chgin-
between the base test and the test td be equated increase,
Employing the<h62 defined by Donlon and Angoff (1971).as

the increase in the equating error and using the standard

error of the eqaating constant for ITBS 5,11 of .0179,
the expected standard error of the second Iink would be

.0245 and for the third link would be .0310. A The standard .

-

29 o )
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error value cbtained for MAT FI was .0240 and for SRA EB

was .0290. Considering the concern generated bé'the

continuing drop in the national‘nonmé ¢n the SAT in

recent years and the nbober of links in the equating of

_each ney form to the oiiginal i9ul nonmative_cr reference

Torn of the test, a“strong possible explanation for the

droé may be tied to the equating €rror in each new forn -

>

* of the test.

The preseat research<£as provided those interested
in test equating the procedures for obtaining Rasch
mbdel test equating constant; for three mnltigle‘test
equating designs. Tﬁe next s{ep in the appiica;ioﬁ of
the Rasch model to the test equating domain is in the
area of test calilration of multiple tests to a ccmron

3 -
reference scale. Calibration would seem a preferable

process to equating if for no other reason than the
potential of reducing the errors associated with raw-
score-to-raw-score equating, i.e., the assignment error,

. and the errors associated with the equating constants.
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Table 1
/’_5*3 .
- Symbols and Definitions
k . the number of tests to be egiiated
n. — the fwrber of items on test i
T.. - test pair (i,j) with test i ¥
~13 administered first
c.. Rasch model cell equating constant
13 for equating test 1 to test 3, with
test i aéministered £irs
c; ith roa mérginal mean of the e..'s
i- . — Lo ij
c, jth column marginal mean of the cij's
<, " Rasch'model preliminary equating
= constant for test i
Ci Final Rasch model eauatzng constant

for test i




Tésts 172 3 . . - k-1 k
1 T2 Tz - . . T Tax
2 To1 Tpz . 3 . Toxar Tax
3 T31 T32 _ - . P T3,k.3_ TBk
F 4 -
- . - - ( - /[ - : ’ - 1 )
1 3,1 Teoa,2 Tx-1,3 - . Teeix -
<3 ’ Lred ‘ ’ f? Fa _' -
k % Tk Tk - 0 Tk
Figure 1. A Multiple Test équating Matrix for K Tests
N— -




- ’ - 3
b Table 2 L S
Cell Equating’ Constants for the Full Design 7
F~ 3 ’ i - - ’ i S

- - -

Tests- ©  CAT A3 ITBS 5,11 MAT FI  SRA EB c;. - €

CAT-£3, . | 0 573 ’.'z;‘zo -.150.  .235%
I7BS 5,311  -.585 0 -.113 -.496  -.2985
MAT FI -.458 '

SRA B _.007 .558  -,u22° 0 .21470

-] - -02590 -36”’5 -183’4’ : '-,‘ "02523
.2573 ~-.3315 ~-.1655 ., 2488

o ol6

[~}
|
.
3)]
~)
w
.
=
=
W
.
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o
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Tests i 2 3 .5 @ - - . k-1

-

x - . Ty k-1 .

»

Figure 2. A Chain Deéigﬁ for Multiple Test Equating for K Tests

.
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- °  Table 3 -
Cell Equating Constants in.the Chain Design
Tests CAT A3 ITBS 5,11 ¥AT FI SRA EB
CAT A3 .673 . = - )
1TBS 5,11 -.585 - 2.113
s MAT FI .226 . -.363
SRA EB 422 . :
c. ~ 9 -.629 .1695 . <3925
i : .
A £ -
£
ci .0 _¢829 -ol'}GO -0067
“ .
i \ » hd J
I <
\ .
1] r N - :'
‘ ) 1]
- / * ‘ !
-~ G ] )
35 :
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Figure 3. A Vector Design for Multiple Test Equating for
X Tests -
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Tdble 4

N\

Cell Equating Constants for the Vector Design

 Tests  CAT A3 ITBS 5,11 MAT FI SRA EB
® -
CAT A3 .673 420 ~.150
* ITBS 5,11 ‘ .58y -
MAT FI © -.458
SRA EB - .007 &
c; .%o —.139 -~ ~.079

b
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Table S

each Multiple Test Equating Design

Standard Errors of the Equating Constants for

Standard Error of The unatlng Constant

X

Design CAT A3 ITBS 5,11  MAT FI SRA EB
Full L0111 .0108 .0108 © ° .0109
Chain .00002 .0179 .0240 *.0292
Vector ;0000° .0179 .018%4 .0182°
J - ,

@Since no direct Sperations. were performed to gstlmate “the
Rasch model test equatlng cons

equating constant for the basewgest is .0000.

the’Qhaln and Vector Designs, the sfandard error of the |

+tafit o the base “test in
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