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A

Backgroundiand Purpose of the StUO

Most large scale testing programs are involved in either pf two sitvations

that necessitath a statistical process referred to as equating. In theirst
,

situation, multiple editions of a-lest have been copstructed to peasure a

. specific sptittude or abtlityat a defined level of proficiedcy. The Scholastic

1
.,

,
.

Aptitude Test (SAT) administered by Educationel Testing Servicefor the College
. i . . 4

Board.is an example of this type of teSt. The-variaa editiC41:2of bhe SA-
.

coneain_different questions but'are carefulry COnstructed 6 peas similar'
c .

! W.

in.difficulty,,an6 content,-as-Possible. In spite of'these etiOrtS, it is
, .

, ,,, . ..
..

usually impossible. to construct multiple forms that are of eicactly the same
.

-,. .

difficulty'qgvel. If some assessment of relative ability is te-Intade,for
,..,, .

%
. , . ,,, . .

-;, .

,

students taking di,fferent editions of the same test, ii 1.6 catleal that a
,-:,.,

,

methOd 0 equating, renderinvcomparable the,scores on multigeeditions of

the test, be establifshed,,,, When these,multiple editions ate testiog content at.
*. ,

e ...YU
,. .

e .

averysimilar'difficulty level (such as is the case for theSAT) the process

-,'
j .

..

,ts referred to in the.literature and in practice as horizontai equating. .

. !.._
. . . 4--

, - ----

In the second s4tuatiorr, the testing program is interested in establishiog
4

a single scaie that allows scores to 150'rcompared for variOus16Vels oe an

aptitude or abiWy. Typical examples are the many commercially aveilablel.
$ .

-...

test batteries that contain tests developed for several grade levels. Because

aggregate scores are,often loipared across levels (e.g. for program evaluation
,

, , . , .

f

.

..- :

s
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purposes) it-is a'crittcal that the scores obtained on the varids 1:Pereof
,

,...

.

th;e test be equated,.i.e., placed on a common underlying scale. Tiris type of'.

4 -
equat;ng is,usually referred to as vertical equating; its purpose being tb' .

- .
/.

place on a single scale, multiple editions of a test which are each designed"

to measure a differe.nt-level of the .22Es attribute.-
,

J
,

.

, ...
.

in this paper, the vertical equating situation that,Will be examined is'
, ..

'

the equating of the Prelimina ry Schola-stic AptiIe Test/National Merit Scholar-
f. -

.
i .

ship Qualifying Test (PSAT/NMSQT) tp the%SAT. The.pSAT/NMSQT, similar to the

1 - . , SS
SAT, is administe,

- '

red-by Educational Testing Service'for Ccille;6 Board and the

National Merit-Scho1arahip Corporation. The equating of the 1,SAi/i,IMSQT repre-'
,

sents afaily unique situation.in chat the useof
.

be equated-bóth vertiCa1ly. and:horizontally:

the scores requires the test,

PSAT/NMSQT scores are used 63i two phrposes) (1)to giVe-examinees,.an" '

idea of what the SAT is like and what scores they might exPect to obtain wile!)

they take the SAT; and (2*) as a-means. of screening candidates for qualifi-
,

, cation as National Merit Scholars. The first --pUfAise reqUires that sdores on

the PSAT/NMSQT be as comparable as possible to scoreq'on the S-AT (a Vertical

'
y -. .

equating situation). The second Rurpose requiw_thar scores on alternate
. -, _, ----...,

,

4.

editions of the Ps'AT/NMSQT be as comparable as- possibleSaWorizoval equating

situatton).. Onlythe vertical' equating of the PSAT/NMSICIT is.of interest for

.
. ,

this study. The reader,is referred to Cook, Dunbar and Eignor (1981) for a

discussion
I
of. the hOrizontal'equati.ng situation.

..._
...

; ,

,

There has been ,a good deal of discUssion in the literature as to: ,(i) ;he
,

,

- .

aOgopriateness of item response theory (IRT) as m thod to equate tests;

(2) the feasibility-of,using IRT equating,methods in.,a vertical equating situ-
,

atioh; and'(3) the"choice of IRT model (one-parameter vdtsus==thr4e-parameter).
4 - . ,
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for test equating purposes. The following is a brief review of some,of the

. relevant researCh.

:
Slinde and Linn (1977, 1978? 1979) inveitigatedthe problem of vertical

4 4,
%
(

.
'

equating of two forms designed 'for populations.at.di-ffeieiit'levels bf ibility.
-. _

Their'reSUlts suggested that linear,.q.dpetdenfile and IRT equating emtloying
.

_ t

the one-parameter logistic model may have limitations for the process of vert-_

ical equating. This was especially true when'the differences between test

difficulty and between abilitf levels of equating samples were Most_pronounced.

- Their studies imply that an IRT approach based on the more complex_three-

.
paeameter logistic model might provide mote useful. results

4

.equating'situations.

f

,

,

fot vectical,

Aarco, Petersen, and Stewart (1979) presented perhaps the'most compre-
.

. .

hensixe empirical study of-equating techniques yet to appear. For designs

like the PSATJNMSQT.design, they found problems with'tiaditional iliethOds

0.41ar to those,found in the Slinde and Linn stbdies. In parttcu ar, when

(
tests differing in difficulty were given to non-equivalent groups and4equated''

7

usIng an anchifir test design, traditional procedures appeared to break down.

. ,

. . .

In state of the presence-of possible, criterion bias confoUndiaig sbme of their
. .

. ,

results, the.authors suggested that the,three-parameter logatic model-would
. . _ .

. .

s .:

yield the most acceptable results under unusual or extreme design constraints..

i Av

' .

, -
However,:Marco,at al...found, as did,Slinde,and Linn, that the degree of dissi

v'"`,, 4,. . 1

V

41 ,-.- ,,1-
ilarity betwe4n groups and test forms-wifeto ,

eh these factors

1.

wege moderhte,4,traditionai methods, both'linearand equipercenAle, yAelded.
t,

4.)
A,

adequate ehhatings.

A.comparioj of he,stabili,ty:of results obtained from eraaitional and
, ,

IRT procedure's was ma4e by Kólen e1981), whoused a tross-validatioh group to

.3

.10

A
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,

establish a criterion lac the evaluation of seven IRT mettugs And two tradi-.,. ,

.

.

*tional methods (lineat and eqhipercentile).' Kolen, working with the Iowa Tests,
''..

of Eaucational Development; had some diffiC'Ulity el;aluating the results obtained.
.

,,: ',,,-

from application of the three-parameter logiatic model to equat new Level I
4

-
-tests'AVocabulaiy and quantitative thinking tests adminiatered to .9th and 10th

_ .

--graders) and new Level II testa (tests of ihe aame skills administered ta

4

Ilth and 12th graders)' to old tests of 'vocabulary and quantitative thinking

that consisted'of one level, administered to grades 9-12. He found that

"Although the'three-parameter estimated observed score method tended to pro-
104

44uce the most stable.croas-validation results at LeveltI of the tests, the

-results were, ofvp,nly moderate accuracy at/Level II. The three-parameter

.' estimated true scare equivalents method tended to pioduce the most stable
-, r

croas-validation results at Level I/ and results of mochirate stability at

Flevel ,,Kolerinoted ttat these results may b

4'culty in estimating the pauedo-guessing parafteter

bartially explained by difff-
.

ofhe three7parameter model
,

';'-, ana: by'problema related tO the transfOrmation of estimated true scores below the
.

,

chance s devel; he concluded that there. may be some doubt retarding the,,-
.

.

.

,

aothability of the three-Orametet/model in all equticing contexts. A. somewhat

,

4
surprising degree of stability was feund to holdfor conVentional equipercentile

procedutes, sufficient to lead Kolen to conclude that-they may be the most
. .

.

.
,..

viable'in practic e. for deigns whiCh invOlim equating tests differing Only

moderately in_difficultY4' ' . ,

More recently, Petersep., took,'apd Stocking (1981) investigated the rela-,
,

. .. . 4
. titre accuracy of qonventional versus' IRT equating.methods using scale drift,

; . 0
. . Y. , 0,..

a.s the criterion far evaluating these, methods. The'authora Used a cilain,of

?six verbal.;Amiabollat'bemat-ical farMS orthe SAT, each SOrteliRked to,the'

4raceed'1neand'o1ioWing icYm.:1*/ :an:ancho'c.i4t:- 'The destin ear:wed them'do
, - , .
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evaluate the effect of eqllating a,

The equating methods investigated

st toAtself via iive intervening forms.

4ere fogr eraditional methods (three lineAr

-

and one.equipercentile) and a three-pirimeter logistip IRT method that employed
, 0.1

1

three procedures.for linking parameter estimates so that estimated true formula
(

1,scores'- could be equated,

1

Results pf the study indicatelthat all three LRT linking methods
-

sUperior to the traditional methodk fpr the verbal portion of the test'. Foe'
-
A

the mathematical portion, only one,of the'IRT methods produped results as

were

satisfactory ap those obtained from two of the

centile equating yielded fairly unsatisfactor

mathematical sections.s It should be noped

three linear methods, .Equiper-

results for., both the verbal and

at the study involved tests similar

in level of dWiculty which'were given to groups-of'examinees

_differ greatly in their level of ability.; a situation
.,

traditional linear methods to vork well.

1.
` . - -4

,

. If*anything,,an inr-depth look at previous research comparing va ious

that did not

in whic uld expect

,

equating-4edures leaves the practitioner with little

1:1 :
-

Oh the one h1and, I approaches, especially those using

confirming evidence.'
I,

the three -parameter.

Sgistic madel, appear to provide the 'most accura'te results and hence seem

appropriate from an empirical perspective as weir as a theoretical one.
.k

On

the other 'hand, there is some question regarding the4 stability, although the

.
.

.
. L

comparatively small amoOht of scale drift associated,with,moitcofAhe IRV- -
/

*-- ,,-

. , '-', ,

calibrAion desIgns fpund by Pneterse et al. (1981 iS evidenceqd support of-,
,

. theit,applicatiph to,parallel forms of aptitude tests administered
,-4 V., . / ,.,-, '. :, , ,

.0 .
. .

/ ! .

A thet ard similar tgAility,.!;. LA additiOn,,it is important t9 note
f"

r

studies revie0ed indlcat

to groups

that the

that le preSent the effePts of diffetential re4a-
,

4',
Sr c

'-t
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At;

bilitY and difficulty of teet forms'4nd the effect of the nOn-equivalence of

examinee samples do not appear to be completely,understood.

- The puepose pf the.present study was tq examine tileresults ofapplying

the three-pa'rameter l6gistic.model tO the vertical equating of the,PSATJNMSQT'

'to the SAT. The results of the IRT equating method/were comgared to thosiev

. /.. . .

obtained from the conventional equating methods (lbear and curVilinelir) .,

. ,

. Eypiclly used to equate the tests.. In additporl, Ehe.-goodness 'of fit of the

PSAT/NMSQTend SAT data to the three-parameter logistic model:was studied.
... N....

Study ra g n

Description of the Tests

'

'Both the PSAT/NMSQT and SAT are.composed of multiple dkice items, *The
1

.tests differ in leng4 and difficulty, the PSAT/NMSQT contains 65 verbal. atd

50 mathglOpcal items whereas the SAT contains 85 verbal and 60 MatheMatical

items.

The PSAT/NMSQ,T cqnsists of two 50-minute 4ections. The verbal section

cOntaInvonly 5-choice,items; 'the mathematical-section contains a mixture of

4- and 5-choice items. Raw scores obtained on t ie PSAT/NMSQT are most typically

transformed to sealed,scores on the,CoLlege Boara 200 to 800 scale via li,near
, \

e4uating methods. ' For score ieporting purposes, the :final di,git of the.score is.

dropped'. PS T/Ni4SQT iaw scores are actually formula scores Anerated from

a corr ection for guessing. .Raw scores are computed by,number.TigHt scores using
. _

the formula R -,kW, where R is the number of correct respones, W is the number

of incOirect responses and k .. r1/A-1, A being the number of choices per ieem.

v

'
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rk

,

The SAT and its companion

(TSWE),'crsists oE Lix 30minu

matical sections, one TSWE sect

'41
I

7

.
.

test,.the Test of Standard Written English

te sections,: two verbal sections, two mat-he

ion, and one,experimental section cOntaining an

equating test or.pretest. The two'verbal'aections, one mathematical section,

and the TSWE contain 5choice items. the other mathematical,seetion cOntains a

mixture of 4 and 5choice items. Raw scores on the SAT are also typically

tr4nsformed to scaled acores on the College Board 200 to 300-scale by linear

equating.methods 1
. his scale is retained

escores,are formula scores incorporating

previously described.

for score reporting. SAT raw

the correction for guessing procedbre'

It.4hould be noted thatonly the mathematical sections of the PSATMSQT

and the LILT,.were used in this study...-. This is,because the d&screpancy in level

of diff;Culty between the PSATINMSQT and SAT mathematical sections is greater,

than the discrepancy in level of ditficulty'for the corresponding verbal sections.

Thus,'the equating'of the mathematical sections is the most,tepresentative of a

vertical'equating situat,ion.

Equaeing Desiel
.

. .

The PSAT/NMSQT is equated' to the SAT vsing what ia commonly referred to
1 ,

,

A

as an internal anchoT test design'(Angoff, 1971)t This destgn req- admin

isterin one form of the Eot-al test to ode group of.examinees, a second form to
,

d ,

a second group of examinees and a common set of items (anchor test), to both

groups. The anchor test may be

og it may be

included within the total /est (internal anchor).

administered separately (external anchor). The anchor test is

1 IkT equatting methods (curvtlinear) were introduced in January, 1982.
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constructd_to be a miniature but otherwise parallel.version of the otal test

and is used to assess the relative ability of the grobps of examinees taking the

two forms of the tea/ to be equated.

Standard practice in equating.new forms of the PSAT/NMSQT is to equate

each new form of,the eest to two old forms of the SAT through separate sets

of.common items. One can imagine each of the two new PSAT/NMSQT forms produced

annually as being composed of three sets of items: (i) items unique to-,that

form; (2) items in common with one old SAT form; and (3) items in common with, a

secon4 old SAT form. rt is important to note that both new forms (Form 1 and

Form 2) of the PSAT/NMSQT share items in common with the same two old,SAT forms.

However, there exists no item overlap between the *OT new forms, i.e., each new

loim is equated back to the same two old SAT forms b t through dtffesent sets of

common items. Final scaled scores are determined, for each of the PSAT/NMSQT new

forms by combining the results obtainea from the equati gs to the two SAT old

;orms, In order, to permi.t an examination of the indivi ual equatings, results

were dot combined for this study.

. Figure 1 contains a schema& diagram of the design used to equate the

PSAT/NMSQT to the SAT. As mentioned previously, PSAT/NM QT Form 1 and Form

2 are alternate forms of the PSAT/NMSQT, each containing a subset of items ia

6 )

common with each of the SAT old forms (hereafter desigaa ed SAT First_Old Fgrm

and' SAT Second Old Form). Equata,ng samples for all methods contained approxi

\
mately 3,000 cases selected randomly fromdata obtained atthe regular adminis

tration of each of the old and new forms shown in Figure 1. A total of four -

.,

random samples, one for each; of the PSAT/NMSQT new forms and one for each-
: ,

. .

of the SAT old' forms; were selectad. Table 1 presents samp e raw score summary
,. .;'i

C.4
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'PSAT/NMSQT

- Form
Math

Form
Math

,Form 2.
--Math

SAT

First Old Form
Math,Sections

: I

Second Old Form
Math Sections .1

First Old Form
Math Sections

Seco,nd Old Form

_ Math Sections

Figure li Scheria.tic Diagram.of .Design: Used

in Study for tquating FSAT/NMPT,,
Form l'and Form 2 Math to SAT'.

4
First and Second Old Forms.

;

1
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First
Equatikg

Second
Equating

V

Raw,Store Summary Statistics for Equating Samp1es
1

4

Form.

PSAT/NMSQT
oim

SAT First
'Old Form

. .

Totallest -, Anchor Test. Total Test/Anchor Test'
4'Mean S.D. Mean', S.D. Covariance

rref.7

.

3,367 19.82 11.27 7.79 4.92 51.58

3188 20.99 12.93 8.12 5.32 64.22

PSAT/NMSQT
Form 1

SAT Second
Old 'Form

336719.8211.278.304.84

2763 . 24.47 13.18 9.6 5.06

50.57

61.34

1
k

7- , 'PSAT/NMSQT,
3078 22:62 11.71 8.76 5.05

Form 2
Third

1

Equating
SA? First

31188, 20.9; 12.93 8.26 5.01
Old'Form

55.34

60.04

, -

PSAT/NMkgy
3078' 22,62 11.71 8.93 4.74 :51.60

. .Form 2
Fourth
Equating

SAT SeCond
2763 24.47 13.18 9.31, 4.87

, Old Forth

1
The PSAT/NMSQT contains 50 items; the 8AT contains 60 items; all anchor tests coritain 20
items with the exception of the anchor test used for the-fourth equating which contains
19 items. 4L

I
S.



,

-

statistics 'for th .e. total.te q and 'anchor tests for the four.equatings:
, .

:46

desd5ibed in Figure.1:.

4

Vflg
. 0

,

_TtleIfiar ihuAiing methc used in.this study both produce an equatidg
401 s

.transformation of the form,T(x Ax + B, 'where.T is the equatingotransfor-
..)

,e*

I- - # .

nmationl X-,is the test Score,!-_to WAch-it....-is iipplied, and A gtd Tateparameters

'*, .,

estimated from the data. Ttie Tudov,and Levine Uliequa&Iy Reliable Linear
. / ..

... . 0
2 '

equating models (Angofi, 1911, p . 575-5831 were'used in 'this study. These

models are based on univariate se action sampling,theory. Scores o he

*

relevant selection attribute (the attribute on which the equating.samples

vary).are dsumed....tO be

."
of the Tucker model fnd

'1
form In the case of the

collinear with'scorei On the anchor.test in the case

test and the test.with trUe Sco'res,On both the anctior

Levine model. Scores on -the anchor test,are-used,to

. .

estimate performande,'of tke combined group of examinees on both.,the old and,
A V.

new forms of the test; thus., simulating.by statistidal.methods; the situation

in fahich the same group of examinees take both formqkof the test.

The parameters A and B'of the equating transformatiOn ark estiMated by

that expresses the idea of'equatidg id standard_scOke
,

,

meatis,of an equation
),

t.ihere

means

using

;

. . 'I, -

,

;-(x 4')Ig (y m
4. x

x and yprefer to the ,test

Y
)/s

Y

scores to be equated, and M S refer to the
,

some group of examineeS. MethodsandIstallidard deviations of the scores

."1

e "

the above equation diffeein eheir'identif,ication oitthet,means and standard

deviations to be estimated. the 7uckeimethod is based on the estimated means

. ,

andstandard deviations of\observed sores for the tembine4 grOup whereas the
e' , ,' .

.

Levine Unequally geliable method d.s based qn the estimated means and standard
. .

.

, . 4
,

.

2
The Levine Unequally Reliable model was used for the PSAT/NMSQT'Form 1-SIS

Second Old FOrm equating. All other eqUatings'employed the-Tucker linear
,

t,
model.

. ..,
'1 3 ; .

.1

I

;"s.-
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12

deviations.O.f true scores for the combined.group. The formulas for

the A and B parameters

are given in Figure 2.

comPIng

for the Tucker and Levine Unequally Reliable models

- '

The equtpercentile model *maintains that scores on two teat foilAs are,

eqlgvalent if' they correspond tO the same percentile rank insome groUp of
i

eiamtheds.

anchor test

equated ale

TheliroCedule involves equating scores on each test form to the

A

separate', within.eachgroup. Scores on the two.,fOrms to be

then said to be equivalent ff thby correspond to
:-

the anchor tesi.

JFinally, IRT equating models

. .
. -

.

'forms as those scores Which correspond eo the same estimated level of the
f - ..E,

.

latent 'trait, ability, or skill underlying both tests. Item response theory

the saile score on

0

A .

characterize equivalent*scores op two test

. , 1

assmies that aoathematical function

\

response on an item.to an examinee's ability (Lord, 1980); The mathematical

relates the probability of a correct
r

function (IRT model) employed in,this study was the threeriarameter logistic

. .
.

; model!. The model states that

.

.
... .

i
.

the prahability of a correct response'to item i

1.7ai(9.-1`i)

es
P (0) = c + (1c

i
)

i 1.7a (e-b.)
....

1+e

sr

where, aif b and ci are three parameters describing the item and' 9 irerlresents

the ability level af'an examinee.

The item parameters and examinee abilities for the study were estimated

using the program LOGIST (Wood and Lor'd, 1976; Woad et al., 1976). ' The esqmates

are obtained by, a (modified) m4xbaum likelihood procedure which has been adapted

to accommodate omitted Aitema (Lord, 1974). The following cdnstraints were
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- 13 -

Tucker

2 4 -1/2
A' = (S2 + C2 (S2 - S2 )/S

4
) 1/2

2
+ C2; (S2 - S )/5 )

b yvb vc vb xa xva. vcY va va

B =, Myb + Cyvb (Nvc - Hvb)/S2
vb

- AM AC *(M - M )/S
2

xa xva vc ya va

Levine tJnequallyg.Reliafile

'1

1/2 2 2
)/(

2
A = ((S

2 2
2 - S )/IS 2

- S "
xa- x

"
a

S
vayb yub vb v
,

B = M
yb

(M
va

- M Vb )((S ;1) - S
b
)/(S 12Ib - S 127 "

b
))31 - AM

xa

, Notation:
..

..i
. ,,.._

New Test Fdrm -----,. _._ . X
Old Test Form ,Y

.

Either New or Qld Test Form P

Anchor Test V

Observed' Score -x, Y, v.
,Error Score .

..,.

x", Y"', v"
Group Taking Test X and Teqt V a

, 'Group Taking. Test Y and Test V , b .

Group Taking Test P and .Test.V _ g

.. Combined Group c or (a + b)
M

Standard Deviation ,..S,
Covariance ,-

S . C

/

Figure 2: :'-Formulas for Linear Conversign 'Parameters

1 r.:"
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4mposed =tin the estimatiog.process: a's were restFicted to values between 0.01

and,1.75 inclusivei 8's were testricted to a-range of -7.0 to 6.0, nd c's were

.._xestricted to values between 0.0 and .20. Additionally, each examinee was.

required to have responded to 17 items in order to inSure Stable 0 estimates.

The cOnstraints vere di;sen on the basis of previous experience with the data

and 4ere imposed to speed convergence of the ,Likelihood function and to maximize
*-

stability of the iteM parameter and ability estimaheL.

'Although a variety of equating techniquei exist once an IRT model,has been
7'

chosen, only estimated formula ;core equating,(Iord, 1W), Chapter 13)

was used for 4flis study.. Estimated true formula scOres and ; on two/teSts

_
measuring the same ability,.8, are related.by the equatiOns,

,

z P (e) 11- ar;d

n.

,

. n

n = E (e) '/A-1 ,

j=1.- 3, j=1..

fr (3)

:Where, A.is the number of choices per item, Pi(8)", and p.0), represent the
. 3

-

,, probability of a correct response for items.i'and j as tlly appear in the'(.
A .

^ A A

d'&'twotorarsto'beeclud'arli.-0:02-).equal 1 - Pi(8-) and 1 1- Pj(8), respec--- (6.0

tively. Using.expressions 3 and_4:_it is possible xo find an estimated true

.

formula score corresponding 4o an estioated-Efue-formula score n for inY

given 8.- .

.- ,.
, 4, ,

Expresaions 3 and 4 will not provide eqUated estimated true formula

scorea for soxeS on the two test forms of igterest thet-fall belOw the--chanca_

score level. Seyeral ways exoist for deltei-minfng the relationship in,-thia

4

AS,

3

4..
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regioic. Kolen (1981) used linear.iiltermlation. The method that was used for

this atud9 ihVolved estimating the mean ,and standard deviation of scores below
(

the chance score level for the tp forms of 'interest and using-the estimate()

values to establish a linear r ationship.

The means and standard d viatioris.of below chance score level scores were

edtimated'using the following expressions:

where, -

n
x n

c ---- and
i A-1 '

rn

S2

n
x

, E ci
.x A-1 A

c

1=1 , 41

M = the mean of PSAT/NMSQT'Scores below chance level,
x

SZ = the variance of, rSAT/NMSQT scores below chance level,

A = the number-nf cholces per item, and
.

c
i
= the psue-do guessing parameIewfor item i.

Equations 5 and .6 were repeated to otitain M and S
2'

the estimated mean_ Y , Y'

aild,Variance of below chalice level sCores for the SAT old form of ineerest.
_

_

Linear. parometers for equating PSAT/NMSQT scores below chadae level to SAT

scores below chance level were determined As follows:
,,.

; A =
x

(7)

.
B = M - A M

x
I (8)

Y
.

.
: ..- .

.

The linear parameters (A B are used to form'ehe following expresio-n:: i
. .. .

A

score (SAT):.A. A [score (PSAT/NMSQT)Y+ B (9)
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The item calibration plan for the IRT equattngs-is illustrated in Figure 3.

the entire mitrix showd in this figurekpresents a single LOGIST run.

\

Eacti of

the four.groups is,conceptualized as taking exactly th44-6ame tept. The test i$

_
a

,

conceptualized as containing eight,components designated by the pilumn headings.

r
Thiskdesign,places all item parameter estimates on the same scale and permits

i
V.

.true ormula score equating pf each.PSATOIMSQT-SAT pairing shown in Figure 5..

e resultg of the equetings Were evaluated SimplY by comparing the raw--1,'

, . .

t
4 , -

scaled-score tranaformations (tabled data.and graphs) obtained by thescore to

three equating methOdsN, Unfortunately, no objective criterion is alienable in .

'this stud7 to judge the adequacy of the equatings. Most Probably the a50Map--

t
.

pions underlying all of the models have been viOlated to soMe extent and their
t

. .
robustness in an anchor test situaeion isnot clearly underStood. .(See,hoi4ever, :

, .
.

,..

.

ikMa o, Petersen and Stewart (1979),and petersen, ,Marco and Stewart (in press)

for a detailed analysis of the robustness of many anchor-test design methods.)

In the absence Of-a true criterion for judging the equatings, an effort was made

to examine the goodness of fit of the,data to the IRT model. Tit, Method used

for this examination is described in the following section.

Assessment of Goodness of Fit

Researchers often attempt to asses the fit of an item respOnse theory

.

model to real data using a chi-square test or other similar approaches'(1right

and Panchapakesan, 1969; Wright and Stone, 1979). The problemi,adSociated with

. this approach have been discussed extensively in the literature (Rentz and

Rentz, 1978; Divgi, 1981; Rentz and Ridenour, 1978; McKinley and Reckase, _1980).

These problems have both theoretical and practidk implicaeions. From 4 theoret-

11ical point of view.a problem exists in that chi-square tests. ,

.

.

require expected
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Group.
.

.

.

.PSAT/NMSQT
Form'r-
Unique

,

Items
.

,

,

7

:-, n=10

PSAT/NMSQT
Form 1

SAT First
Old Form
ComMon
Irema
n=26

PSAT/NRSQT

SAT

e

Form 1 -
Second

Old Form
'Common. .

Items > ,

n=20,

Form 2

Ltems

k

. .

" PSAT/NMSQT
0.

Form 2 -
SAT First
-01d.Form
Common "
Items

n=20

PSAT/NMSQT
Form 2 -

SAT Second
Old Form ..

Common
Items

n=19 '

SAT

First

Old
.Form .

Unique-

Items
n=20

SAT
Second

Old

Form
Unique
Itema
n=21

PSAT/

NMSQT
Form 1

, .

.

: X
.-1 .

-

.

.

.

X
,

,

, -

.

X

..

-.Not

Reached

.

Not

Reached
Not

Reached '

.

.Not

Reached

.

Not

Reached

PSAT/
141-1QT

Arm 2
.. ,

'.,-

Not
Reached

,. ..

Not .

Reached
.7

Not

'Reached
.

'X -- -
t

.

X

t

. Not

Reached
/

Not

ReAched,

SAT
Firgt-

hid

Form

.

' ,

Not

Readied

.

,

,

\

-

X

- -

Not
,,

. .

Reached
.

Not

Reached

. Not%

'Reached

t
.

.

.

.
.

.

Not ,,...

Reached
,

SAT ,

Sec6nd

("1- '-
Form

- Not
Reached

.

.

.
.

Not ,

ached

.

.

;

, -

X .

.

-

Not

Repche*

.

`

..

Not 4

Reached
-

.

. -.

X

, ,.,..

)

.

Not

'Reached

.

r
,

,

; X

.

.qalibration PldmfoeIRT Eqd0ting of,ILT/NMSQT Form 1 and:Form-2,Math-eo the two SAT ,old Forms.
"The7entire matrIxrAfteeents 13....single calibration run. Cro:seep indicate iteats that:examinee -;

grOage- were-actually exposekl-to.. Eaci; PSAT/NMSQT and SAT sample contains allproximAelY 3,000 :
Oases.

.;
r

..

.
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values Ehat are availabri e only,when the parameterS"of te moe
.

h dl (Omai, bi,and
v . ,

-. -

c
i
, in Ehe case of the threecparameier.model) are known; in actuality, we haVe

1

18

. ,

ogly estimates of these patameters. These estimates are likely to behave

differently .from the known or true parameters in a statistical test. The

practical problems are related to the interpretation of the cliisquat values

and their associated probabllity leveis. These Problems will be discUssed iriA
subsequent sections of thirpaper. One alternative to the various chisquare

tests is the use of a graphical technique which involvesIthe comparison of the

2 regression Of the observed,praportion of people getting an itemcorrect on

:
est ated 6 (empirical regreslion) with the item responst function based on theI. . . ,..,

estim4te item,parameterb (estimated regiess'ionY(Hambleton, 1980; Stocking,
..

.% ...N. "

.1980). The resulting plots.are refersed to as item ability regreSsions."

4.
The problem with using iteurability regression plots to assess goodness Of

,pr
fit is that thepro.cess if,fairly subjective. TheaUthors found it quite difEi

.

cult to.examine 141 graphs (ow for eadritem reRresenEed Eh Figure 3)" iiake
-

consistent judgements regarding the goodness of fit Of eech item. For this

reason, it was decidecito use a fit statistic leading Cp a chisquare like ter

,in conjunction with the item ability regiession plots, It:should be emphasized
. .

that the statistic was used only to aid in the interpretation of the plots. No
,*

,

specific meaning was attached to either the size or the probability levels of

the values obtained from the application ,of the statistic. ' The fit statistic
A,

and the item ability regression plots will each be described briefly. in.the

remainder of this section.

The Fit Statistic

The fit statistic, referred to as Op is based on a statistic, Q1,

suggested by Yen (1981). e two,statistics are very similar; the basic

211

2
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t

difference being the manner in which examinees are grouped into cells based
0)

upon their ability estimates. For both atatistics, the initial step is'to

rank order examineea abilities. For Q1, examinees are divided into 10 cells .

--=-
.

I

--with approximately equal numbers ci:f- examinees in each.ce114 For Qi", examinees

are divided into 17 cells.as fallows. Examinees are placed into 15 equally

spaced intervals-forte between t3 and -3. Thoseexaminees wi1 th e greater than
,

..-

+3 are Rlaced into a si le cell And examinees with e less than -.-.3 Are placed
.

. 4,-

in atto.ther cell. Shoul y
fcell contain less then 5 examinees, J.i-is c.ollaPsed

.. . -7
,

.
. _

rwith the ad.rfacent cell c sest toe = 0. ,The only remaining diffeeenge betWeen
.:

. .

.',1.

,:...

-.

the tWo statistics is', zetr.,1-, the ob.served proportion of examinees in
4 r..1.0.1- .;. i'' ,

-,-4-' # . , -

a particu ell is aci3tOte -foI examinees omitting the item. Using yen's
, ,

notation5j value of:the fit statitic for item i is'

where,

tt.

17
N.(0 )

2

Q1j=
E J ij

E (1-E
ij

)

(19)

N. is the number of examinees iirt' cell j, oii is the observed proportion

of examinees in ceril that passes item i.(adjusted for omits) and,

s the predicted proportion of examinees in cell j that passes

item i,

I

N.

1. ^
(0 ) ,

k
j kej

22
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-- -t

, - '. 1 . \
. where Pi (13k)is the item resnse fundtion(equatioh, 2) for item,i. It should

i
P -

be noted that the summation i over examinees in cell j. Thedegrees of
.

'.....,

freedorrare the number of ind,e5endent data points .(cells) less the number of
. :, "1.,

.q e q

--item parameters estimated from these.data poi ts. The nuMber of estimated

'item parameters is not three in lil.cases.- In.s
.

instandes the lialue of

.

.
the item discrimination parpeter(ai,:wes set to the.upper bOund for.:

, ... *k

6

a values.
3 '

In other instances the value of the psuedoguesaink parameter' '

.. -

, .

(c ) was.set to A common value.
4

Fit statistics were determil ..

.
.

.
. ..

,

,
using Q

1
for each of the 141 PSAT/NMSQT and SAT items used in, this'ttudy.

.
.

. .

Item'. Ability Regresli.on Plots .
.

The'item abilily regression plots were obtained as follows. The ability

scale (e) is subdivided into 15 equally spated intervals for a'range of 3 to.

+3.' For eAch interval, equation (12Y. iis used to computd P the proportion bf
, - 'iji

people in intervsal j reapondiiirporrectly to item i "(adjUsted for omits). That

N* + N°
I 'is; ij

F.
pij - , where (12)

N
ij

N
+

is the numker of.examinees in the jth interval responding correctly
to item i,

is the number of examinees in the-jth interval chat omitted item i,
ij ei

A is the number of alternatives per item,

ij is the number of examinees in interval j that reached item i.

3Upper and lower bbunds.were aet for All item discrimination parameters
to prevent the ,estimates from becoming unreasonably,large or small.

4When LOGIST determines it cannot acurately estimate the'c parameter for
a certain item, due to insufficient information At lower Wlity levels,
it uses an estimate of c obtained by Combining'all such ilems; for this
study, c for 5choice and 4choice items.falling into this category was .

.067 and .1231.espect1vely.

23
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For each itemy 15 P's are plotted as squares whose areas are proportional

to N
ij

(these values constitute pie empirical item ability regression). Also

plotted wit,h each\ square is a line of length 4 171307./717 where P and Q are computed

from the estimated item response function. The resulting 15 line's are centered

on the estimated item respqrise function which alsd appears oa the plot, It

should be noted that although the line i A.-rough eatimate of the,.95 confi-
-

dence interval aroUnd the item tesponse function, it is not being used as a

statistical tes for several'reasons' (1) the use of 2 as a coeffidient instead

af 1.96; (2) the pse of the inappropriate symmetrid normals approximation to the

binomial confidence interval around,the response function (particularly a
,

problem for extreme values of P); and (3) the use of an interval based on

estimated item,parameters. Item ability..regression plots were obtainea for

each of.the 141 PSAT/NMSQT And SAT iteais used vin this study.

Results

Equating,.

Tables 2-5 list the rawscore to a-caledscrOre ,transformations for each

PSAT/NMSQTSAT pairing for each equating method.. The tables also include

discrepanciee for the linear and equipercentile equating results as compared "

to, the results obtained from the IRT equating. The discrepanciea were computed

by subtracting the scaled scores obtained using the traditional equating methods

from those obtained usingothe IRT method. The data summarized,in Tables 2-5 are.

presented graphically inFigures 4 and 5,Figpre 4 contains plots of the

24.
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RAW-SCORE TO SCALED SCORE TRANSFORMATIONS AND RESIDUALS.

RSAT/NMSOT FORW 1 tO SAT FIRST OLD FORM

I..71

- 2Z:-,
TMILE 2

1

"4

N

, ,
,

-.

s.,

4

.

.,.

s2
1

,

7-

,

,,

..

2

'

.1

',..,,

.

,i,
:

.

PAA
J SCORE

50
49
48

.
47,

.

46
45'

44
43
42
41

i 4C

39
4 38
r37
36
35
34
33
32
31

30
29

25
27
26
25
24 ..

23-

'22
21
20
19
18 '

17
-16
,15

14
13
12

11

10
,9

8

7
6

s

4

3

2

1

-,0

-1
.2
...3

-4
...5

-6
, 7

..8

-9
-10
-.11

.-12

-13
-..14

,
y

FREO

2 351
584
1302 P

- 746
2602

, 1686,
I

..-.

4889
2637

t .5236
7374
8984'

.9570
6619

11723
'1 13816

15480
13366

.

13900'
13608

20617
21755
16390
21831
24950
26092
23933
'19739
,26652.
28002
28040
21193
23506
27632
27738
25417
18302'
24898
26335
26252
19074
18440
22863
2312)
near
12586
169.*9
17149

' 15263
10138
2185
8516
6554
4238
1405
11,92

1179
570
231
66
70
21
3

0

. 0

0,

V 0.

.

'.

..

"

.

-

t

.

°

:

.
,

IRT ::

78.6
76.8
75.4 4,:

,

72.4
.70.9
69.4
681,0

'66.6'
65.3.
63.9
62.7
61.4
60.2
59.0
57.9
56.7'
55.6
54.6
53..5
52.5
51.5
57).5

49.6
48.6
47.71. "
46.B ::.:;.,"

45.9 ''.

00,
44.1
43.2
4.2g3

41.4
40.6
39.7
38.9
38.0
37.2
36.3
35.5
34.6
33.8 '

32.9
32.1
31.2 A
30.*4.\
29.5
28.6 r
27..7

26.8
25:9
25.0
24.1
23.2
22.3 '

21.3 :

20.1
19.0

.

18.1
1'7.1 "

16.2
15.2
14.3
13.4
12.4

L INEAR

720
714,
70.3
69.3.

68'..4

67.5
66.5

:65.6
64.6
63.7
62.8
61,8
60.9
60.0
59.0
58.1
57.2
56.2
55.3
54.4
53.4
52.5
51.6
50.6
49.7
48.8
47.8
46.9
46.0
45.0
44.1
43.2
42.2
41.3
40.3.
39.4
38.5
37.5
36.6

-35.7
34.7
33.8
32.9
31.9
31.0
30.1
29.1
28.2
270.3

26.3'
25.4
24.5
23.5
22.6
21.7
20.7
19.8
18.8
17.9
17.0
16.0
15.1
14.2
13.2
12.39

ESTIMATED SCALED SCOPE

!RT.-

..

LINEAR EOUIZ

6.5 772
5,6 75.7
5.1 74:2

1 4.6 73.0
4..0 71.8
3.4 70.6
2.9 69.4
2.4 68.4
2.0 67.4
1.6 66.1,
1.1 64.7
.9 63.2
.5 61.9
.2 60.8

0.0 59.7
.-.2 58.5
-..5 57.3

56.0
-.7' 54.8

53.6
-.9 52.4

-1.0 51.5
.....1.1 505

I.
....1.0 49.5

. -..1.1 48.4
" -1.1 47.4

1.0. 46.5
"..1.0 45.6,

44.6
-..9. 43.5
-.9 42.6
...9 41.8
-.8 41.0
-.7 40.2
-.6 '39.4

39.8
-. .5 38.1
....3 37.5
...3 '36.5
...2 35.6
....1 34.9
0.0 34.2
0.0 33.4
.2 32.7
.2 32.0
.3 31.2
.4 30.5

ft,
.4 29.8
.4 29.0
.5 28.3
.5 27.*
.5 2§.7
.6 26.2
.6 25.7
.6 25.1

' .6 24.4

0 '23.6
.2 23.0
.2 22.4
.1

.2

.1

', .1
' . .2

.1

1.4
1.1
1.2
.9
.6
.3

0.0
-.4
-.8
-.8
-.8
2.5
-.5
-.6
-.7
-.6

-.4

.1

..1
.2
.3
.3
.3

-.4
.6

..6
.5
.4,

.1

. -.1

-.2

.3

-.6
-05
'.8
.1.0

.-1.3

.1.5

2.5
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RAk SCORE 7C S4ALE0 SCORE' TRANSFORMATIONS AND RESIDUALS
PSAT/NMSQT FORM 1 TO SAT SECOND OLO FORM

8571'07E0. SCALEO'SCPRE

RAS,.

SCORE FRFQ IRT , 1INE4K ,

!RT.-

LINEAR
'

EQUI%

50 35/
884 75.

73..2

72.2
4.3
3.5

76.4
74.6.49

.48 1302 '74. 71.3 2.9 73.1
47 746 . 72.7 70.3 2.4, 71.8
46. 2602 11.2 69.4i ; 1.8 70.5 .

45 3686 eq.7 68.4 1.3 69.0.
44 4889 68.3 67.5 .8 67.5
43 2637 66.9 66.5 .4 66.2,
42 5236 65,6 65.5 .1 65.1 .

41 7374 64.4 64.6 .-.2 64.3
40 8984 63.3 63.6 ..-.3 63.4
39
38

9570
6619

62.1
61.1

62.7
61.7 4

..-.6

-.6
62.4
61.5

37 11723 60.0 60.8 -..8 60.7
36 13816 59.0 59.8 -.8 59.9 '

35 15480 58.0 58.8 .-..8 58.9
34 13366 57.0 57.9 .-.9 57.8
33 13900 56.0 56.9 --.9 56.8
32 18160 55.0 56.0 -1.0 55.8
31 20617 54.1 55.0 .....9 54.9.
33 21755 53.1 54.1 1.0 54.0
29 16390 52.1 53.1 -1.0 53.2
28 21831 51.2 52.1 -....9 52.3 '

27 24950 50.3, 51.2' r..9 451.3
26 26392 49.3 50:2 50.3
25 23933 48.4 49.3 -.9 49.3
24 19739 47.5 48,3 -..-8 48.3
23 26652 7 46.6 47.4 -.8 ,47.3
22 28332 45.6 46.4 .....8 46.3.
21 28340 44.7. 45.4 '-.7 45.2
20 21193'2' 43.8 44.5 .".7 . 44.4
19

, 23506 42.9 4345 "'o4 43.5
, 27632 ' ...4,42.0 42.6 -.6 42.5

17 27738.. ..;.- 41.1 41.6 ...,5- ''. 41.1 -

.16 25417-, 40.2 411.7
...'

.40.5
-^ 15 18302 39.3 39.7 . ..-:4 , .',:, 39.6,

14 24898 38.5 38,7 -.2-, . , 38.7
13 26335 37.6 ,t08 .37.8
12 26252 361.7 36.8 -.1. 36.9
11 1904, 35.9 35.9 0.0 36.1,
10 18440 35.0 34.9 :1 35.2
9' 22863-, '34.2 34.0 .2 34.3
8 23123.- 33.3 13.0 .3 33.4
7 20601, 32.5' 32.0 .5 32.4
6 12586 31.7. 31.1 .6 31.5
5 16949 30.9 30.1 ' .8 30.7
4 17149 ' 30.1- % 29.2 .9 30.0
3, 152631 29.2 28.2 1.0 p 29.3
2, 10138- 28.4 . 27.3 1.1 28.7
1 7185 27.6 26.3 ' 1.3 28.1

8516 26.7 25.3 ' 1.4 27.1
6554 25.9 24.4 1.5 26.1
4238 '25.0 23.4 1.6 25.5
1405 24.0, 22.5 1.5' 24.8
1792 23.1 . 21.5 1.6 23.7

"5 1179 . 22.0 20.6 1.4 22.8
570 20.8 19.6 1.2. 22:3
211 19.7 '' 18.6 1.1 21.8 o

El 66 18.7 1,7.7 1.0 21.4
-9' 70 17.7 16.7 1.0

-10 21 16.8 15.8 1.0 .

3 15.8, 14.8 1.0
-12 0 14.9 13.8 ,. 1.1

0 13.9 12.9 1.0,
0 12:9' 11.9 1.0

,

9 e

1

IRT.-EQULP :- ...

1.1
1.1-
1.1
.9
-.7

';.7
.8
.7
.3
.1

-.1
-.3
-.4 '

-.7
.-.8
-.p
-..8 '

-.8
-.8
7.8

-1.1
=1.1

7
-.1.0
-1.0

-.8
-.7
-.7
-...5

-...6-

-.6
=.5

"..1

;,.

....2

-....2

i.42 t '

-.2
-'.2

. -.1-,

0.0
. .1

.2

.2
.1

-.3
....5'

-..4 °

.....2

-.5
-.a
-.6
--.8

...1.5

-2.1
'..2.7
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TABLE 4

RAW SCOPE PI SCALETSCOQE TRANSFOMATIONS AND TirESIODAL
.0SAT/NMS0T'FRM / TO SAT FARST OLD FORM

.

RAW
SCORE

50
49
4'8

47
46
45
44
43

F9E0

725
1712
1197
1616
3344
4288
5098
2534

42 5300
, 41 6555

40 7474
39 7066
3p 5999
'37 8775
36 9605
35 1071%3
34 8389
33" 9981
32 11738
31 12474

,30 12497
29 , 9842
28 12997
27 14266
26 14556
25 12515
24 11752
23 14493
22 15102
21 15127
20 f 11257
19 13748
18 14666
17 14695
16 12839

10321
14 12863
13_, 1324i(
12 121;58
11 9108
10 9734

10728
8 10371
7- . 8676
6. 5687
5 7507'
4 6446

/*
r

3

2
5678
3398

1 3039'
0 1074

-1 2169
-2 1295

491
-4 608

365
-6 17o'

48
19

-9 23
-10 3
*IA 3
712
-13 1.

-14 0

"1
ESTIMATED SCALEO SCOiE

IRT-
19T -,.1.1MEAR LINEAR

78.6 72.1 "/ 6.5
77.3 - 71.1 6.2\
75.4 70.1 5.8
74.3 69.2 5.1
72.7 68.2

67.2 /II.:71.0
69.4 66.3 1.1
67.8 65.3 2.5
66.3 64.3 " 2.0.
64.8 = 63.4 1.4

62.4 '1.06334
6. . 6

60.7 20.: .3
p 594 _59.5 -.1

58.2 54.5 -.1
57:0 57.5 -.5
55.9. 56.6
54.8 5.'5.6 -.8
..2 54.6

552.7 5?..6
51.7 52.7 -1.1
50:7 > 51.7 .-1.0

\. 49.7' 50.7 =11
""*8.8 49.8 aT.0
\47.9 48.8. -.9,
Ni:6.9 47.8

'60.0 46.9 -.9 '

45.2' 45.9
44.3 44.1 -.6
43.4 43.9
42.5 43.0
41.7- 42.0
40.8
39.9 :0.01 .

.3.9.1 39.1 0.0.
38.2 ' .38.1 .1
37.4 % 37.2 .2:9
36.5 36.2 .3
35.6 35.2 '.4

34.8. 34.2 .6

33.0 32.1 .7

'33.9 33.3

32.1 31.3 .a
31.3. ' 30.4 .9 .

30.4 24.4 1.1.
29.5 (.28.4 1:1 %

.28.6 .27.5 1.1
27,7 26.5 1.2

. 26.8 25.5 1.3
. 26.b 24.5 1 1.5

25.1 21-.6' 1.5
24.2 22.6 . 12.1,

23.3 21.6. 1.7

21.'6. f.,17.:7 1.9
22.5 1.8

20.7 18*7 2.0

18.8 17.7
2.1

68 2.0
19.8

17.9 , 15.8 2.1
16.9 14.8 ' 2.1
16.0 13.9' 2.1
15.1 , 12.9. 2.2'

11:914.1
. 2.2

tOUI%.

77.0
75.3
4.3.9
72.5
71.2

MT-EQUIP

1.6
2.0
2.0
1.8
1.5.

69.6 1.4
67.7 1.7
660' 1.1
6.3 .5
64.6 . .2
63.4 0.0
62.2 -.2
61.1 ' * -.3
59.8'
58.7

.

-.5
57.6
56.4 -.5
55.3
54.1
52.9
51.9 . ..2
51.1

1

50.2
49.1
47.9 0.0
47.0 -.1
46.1 -.1
45%2 0.0

' 4,341- ,Vf 0.0
o'C3.4 0.0
42.5 lit 0.0
41.1 i 1
'40.7 .1
39.7 .2

.?
1"::.9 .1

37.4 0.0
3 .5 -. 0.0

.5 , ,1

34.7

.3iI.:

.1
..1

.1
31.9 .2
31.0 .3 .,

3d.1 .3
24.2 . 3

28.4 42
27.5
26.7 .1

' 26.0 0.0
25.2 -.1
24.2 0.0

' 23.3 0.0 (

22.6 -.1
'21.9
20.7 0.0
19:0 .8
1 8.1

17.8 .1
.

--13.2 11.0 2.2
12.3

-

10.0 . 2.3

9 7
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'RAW $C046 TC SCALE() SCOPE TRANSFORNAT1ONS ANO4RESIDUAL.5
,PSAT/NMSQT RANI TO SAT SECOND OLD FORM

4

. r

RAW
SCORE
..-..--

'

F.REO

*A'

IRT LINEAR

ESTI4ATED SCALED SCORE

"lilt--

LINEAR EOUI2
*

IRT-EOUIR

72.1
71.24

' 50
49

725
1712

77.5
76.2

5.4
5.0

76.9
75.4

.p

.8

. 48 1197, 74,4 .,'. 70.3 4.4 74.0 4'7

47 "1636' 71.1 69.3 3.8 72.4 .7

46 3344 71.4 68.4 3.0 70.8 .6

45 4288 69.8 67.4 2.4 69.3 .5

t .....
44 5098 \ .68.2 66.5 1.7 67.8
43 2534 66.4 65.6 4.2 6'6.4 .4

42 5330 65.4 64.6 .8 65.3 .4

41 6555 64.13. 63.7 .3 63.6 .4

49_ 7474 , 62.8 62.8 0.0 62A5 .3

..
AP 7066 , 61.6 61:8 -.2 61.5 .1

38 5999 60.5 60.9 -.4 60:6' 0.4
37 i.. 6175 r15.3 59.9 59.5 *.2
36
35

9605
10743

58.3
.57.2 5598.01

-..7

--.9

58.5
57.5

34 8389 56.2 57.1 '-.9 56.6
33 9983 55.2 56.2 -1.0 55.7 -.5
32 11738 , . 54.2 55.2 -1.0 54.8

31 12474 53.3 54.3 .1.0 53.,8

30 12497 52.3 53.'4 --1.1 52.8
29 9843 ,51.4 52.4 -1.3 .. 51.9 -.5
28 12997 50.4. 51.5 -1.1 50.9
27 49.5 50.5 -1.0 50.0.

26-
....1.f.266

48.6 49.6 =1.0 490
,25

,14556
12515 47.7 46.7 -1.0 48.1 , '

i 24 117.52'" 46.7 47.T -.1.0 47.3 -.6,
23 4 14493 .45.8 . 46.11 -.1.0 46.4,

22 15107 .44.9 45.h 45.6
21

,

15127 44.0 44.9 -.9 44.8 -.h
20 ' 11257 43:1 440. 44.0 -.9

19 13288 42.2 43.0 --.8 43.1 -.9

18 14666 41:3 42.1 -.8 42.0 -.7
17 14695 40:5 414 40.9
16 12838 3916 40-.2 -.6 39.8 -.2
15 40321- :18.7 39.3 38.9
14 'i2863 31fa *8.3 38.0

13 13244 ,36t..9 37.4 -.5 -.2
12 12458 34.3 36.4 .-.4 36.3
11 9108 15.2 35.5 "-.3 35.4 -.2

, ro ' 9734 34..3 34.6 34.6 -.3 '
9 10728 1 33.4 33.6 ..2 33.8 -.4
8 10371 32.6 32.7 -..1 33.3
7 8676 31.7 31.7 0.0 32.1

... 6 5687 80.9 30.8 .1 31.1 ,

5 T507 30:0 29.9 .1 ' 30.3
4 6946 29.2 .28.9 .3 29:5

a
3

2
...

5678
3398

'728.4

27.6
28.0.

27.0
-.4

.6

28.7
28.0

-.3

1 3039 26.7 26.1 . .6 27.3
0 3074 25.9 25.2 .7 26.6

-1 2169 75.0 24,.2 .8 25.8
-.2 ' 1295 24.2 23.3 .9 i25.1

. 491 23.3 22.3 1.0 24.2
-..4 608 22.4 21.4 4.0 23.3

. -5 35 21.4 20.5 .9 . 22.8
'

. 170 20.4 19.5 .9 22.4 -2.0
. 48 19.5 is 18.6 .9 21:8
-.8 29 18.5 17.6 -., 9 21.2 * -2.7

4:23 . ist.0 1667 .9

-..10 ' ,''''-'r .4 16.6 15.8 .8
'11 3 154F 14.8 .9

. =12- 0 :. 14,7 13.9 .8

,...13 1
1

13.8 13.0
,

.8
'. '0 12.8 12.0 .8

4
11,



PSAI/NMSOT FOR11 / SAT FIRST OLD FORM

0 -10 0 10 20 39
FORMULA SCORE

40 SO

so

-3
C 30 '"
0

20 IRT

10 i

111'1 .1 -

.-1O 0 I0 20 30 40 so
,F,okmucA sdoRe

PSAT/NMSOT FORM2 / SAT 'FIRST OLD FORM

ftla

,

26

C7°
0
Neo
V

Rso

E
040

3
C 30

R20

10

03

PSAT/NMSOT FORM1 / SAT ECONO OLD FCRM

'40

-40 0 10 20_ 30 40

FORKILA StORE
sq

PSAVF4M.SOT FORM2 .e SAT SEC0k) OLD FORM

d70

N
V

R SO

0 40

C30 -

R 20 .

tO

1

IRT

EOUIX

I 1 I I I 1 I I 1 I I I 1

-10 0 10 20 30 40
FORMULA SCORE

T

,

Figure 4: Plots of raw score to scaled score 'transformations resulting from
application of the three equating methods. c,

s .1f



cn

0

T

4

21-

or
-2

-4

-4

-4

PSAT/NMSOT FORMWSAT:FIRST OLD FORM EOUATIMO.RESIDUALS

-

..........

s

C. 4,

Om.

til
.//

I

-

1

.....

I I 1 I I

,LINEAR
EMI%

I I I

.

I

'lg. .a.. 0 to 20
FORMULA SCORE

40

.

40 SO

PIATANMSOT FORM2/SAT FIRST OLD FORM EOUATING RESIDW.LS

a Eo 1
41 4

*

-

I OS,

IRT
LINEAR
EOUIX

t

-10 to 20
.FORI4ULA SCORE

cs

PSAT/NMSOT FDRW/SAT SECOND OLD FORM EQUATING RESIDUALS
4

-
-,

-
..

,

...

.. '

-.

.

.'

' 4

'

.

..- . '
,- / " .

..

-
'

-(MI1.111(11.1

-

I#T

I

-----

. - EM U
4

0 ; t 0 20 30
FORNULA SCORE

40 SO

PSAT/NKSOT FORM/SAT SECOND OLD FORM EQUATING RESIDUALS

^

^

pc°

....... .,/
IRT
LINEAR
EQUIg

1 1 1 1 1 1 1 1 141 1 ,1 1 1

-10 to za 34)

FORMULA SCORE.

40

1

Figure Plots of differences between converted scores 4(IRT-Conventioh4 method).

resulting from application of three equating methods.

3 ri

C.

SO

(



-

.4 28

.:

)
..

i

rawscore to scaledscOre transformations obtained fc:$ the four equatings. Each

plot in ti gurelis fi.compares the results of the' conventional eqUatirt:methods
..

(linear and equipercentile). with the result/ of the IRT equating.
,

Plots such'es those shown in Flgure %tend to 'emphasize the similarities
. ..:..-

1
(/'

,.

- \

between the equatings rather than the differences. Plot.$ of reaiduals are often
la /

informative when used in conjunctido with plots of rawscore to scaledscore
/ i '

transfoimations. Figure 5 containt residual plots for the four evatings. the
/

IRT equating was used as"the co4arison equating and the difference between

scaled scores obtained-by each of the conventional* methods'andthe IRT method

was platted against raw scare. 2,3

Finally, theeffect on scaled score summary Statistics of each equating

'method is presented in Table 6. 'iThe data'presented in Tables 2-5 were usedto

compute these statistics. The frequency distributions given, in tables 2-5,a;e",

simply a convenient vehicle for converting the scaled scores into interPretable
,, .

summary statistids. Any reasonable freqUencY dis.tribution would suffice. The,

distributions selected were the PSAT/NMSQT Form 1 and Form 2 populatfons.
_

Examination of the data foun0 in Table 2 and.illustrated in Figures

,

4 and 5 indicates 'closer agreement (for scores above a formula score of 10)

between the IRT and equipercentile methods than the IRT and linear methods :
,,

for the PSAT/NMSQT Form 1 SAT First Old Form pairing. The IRT method tended
,

to yield highen scaled scores at the upper- end. of the score scale than*either of

the two conventional methods. The IRT transformations'-are slightlyhigher than
. .

the linear.transformations at the lower-end of the score scale and have a
,

.
.

i

tendency to be lower than these transformations through the portion of the score
, ,

,

,range where the largest number of obtained seores occur. Fairly close agreement

t * i ,, :; ' s.c
hetween the IRT and equipercentile eq4ating is observed fbr the middle portion,.

,
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-Table 6

Scaled Score'Summary-StatisticsAlesulting:Irom . :-

, Applidition of Three EqUating Methods

(

. Form

'Firs1 PSATAIMSQT
Equating , Form 1-'

SAT First .

Old Form

.

828815 ;

IRT

Mean S.D.

43.77 10.60

.-Second . PSAT/NMSQT'
Equating Fonn.1

'SAT Second
Old Porm

'Third
Equa4ng

828815 44.21 ' 10.38

PSAT/NMSQT
Form 2-
SAT Flrst
Old Fotm

462551 45.53 11.41

'Fourth PSAT/NMSQT
gquating Form 2-

SAT'Second
Old Form

462551 45.90 11.09

.4

A,Equipercentile Linear -

.

Mean S.D. Mean S.D.

43.94 10.4.2
.-'

44.10 10.54

'44.66 . 1033 -14.--50 10:79

45.52 11.38

1-

4543 11.32'

46.27- 10.93 ' 46.34' . 10.9.7

,

32

/



)

O.

°61

ef the_ieore range. Noteworthy discrepancies bccur at the lower end of the

score sca le 'where the equipercentile method yields higher scaled scores than the

4 J 4
1

(0

A

IRT.kethoa.

The differences betWeen the raw-score to scaled-score transformations

resulting from the different equating.methods dpplied 'to the PSAT/NMSQT Ford 1 -

SAT First Old FOrm pairixig are reflected in the summary statistics-koUnd.ln

Table 6. ScaleU score means for the IRT.and equipercentile methods agree fairly

tlosely. Mean scores resulting,from the linear: method are slightly higher-thai
, 7 .

those obtained using he IRT equating, reflective of the 14.werIRT transfor-

,Imations obtained for the major portion of thelscore reporting range._
a . .

0 .; ..- ' .

, Table 3 and Figures 4 and 5 contain informatton pertaining to' the PSATPTIMSQT
..

1--
,

Form 1 SAT Second Old Form pairing. Similar to the-results of the ehTting to

ale SAT First OldRotth, the IRT method tends-66-yield highe'r scaled scohjs than

dither of the conventional methods for the upper end of the score scale. The
, , . ,

v ,

f.
I RT scaled. scores are again lower thanthe linear scaled scordt'for the mid-

. - * ..
.

-

portion of the score range which contai/s the majority'of observed scores. IRT
.7 4

transformations do not,agree as closely with the linear transformationsobtained

_for lower scores as they did'for :the equating to the SAT First Old Form. In

this case the IliT transformations are somewhat higher in relationship to the

linear' transformations as compared to° the first situation.. There is a slightly
. .

".,

. . .
,

greater discrepancy between the IRT and equipercentile ttansformations for this

equating than that found for the equating to.the SAT First Old FOrm. In this

instance, the IRT method tended to produce icafed scores that ware consistently _

lower than those produced by the equipercentile method for all scores except

'

those at the upper, end Of the bcore range.

'

at'a

4
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,Examination of,the summary statistic's for this equating tontained in Tabi,g

'4

6 indicates a closer agreeMen between the Scaled score mgans obtained from the

linear and equipgrcentile mpthods than theLaled,score mean obtained from the

IRT method and eitiler the linear or equipercentile method. As was the case .

with the SAT First Old Form pairing, the IRT scaled score mean is lower Ehan

-

'that obtained from either the'linear or equipercentile methods.
4

-Inforimation relating to the equiting of PSAT/NMSOT Form 2 to the SAT First

Old Form is summarized in Table 4 and Figures 4 and 5.. Once again, it can be

noted that the IRT t;lansformationsate higher theh-either the linear or equiper-

centile eransformations for the upper ehd,of the score scale. It appears that

-

for the laid-portion Of.the'score range the IRT transformations sre lowa4 than

the'linear trangbfcmations but not for as great a range as previously observed.

IRT transformations hecome higher-than linear transformations at a point where a

large number of.z.observed.sCores are till occurring and continfie to be higher'

than the linear transformations po the bottbm of the distribution of'obeerVed

scofes. The IRT transformations agree fairly closely with the equipercentile

transforciations with the exception of the upper end of the score range.

Reierence to the data7tr this equating contained in Tahle 6 indicates

=that for the first time the IRT scaled score mean is slightly higher than that

obtained by the linear method. An interesting point to note'is the cloee agree-

fOr

. . ,

-
. .

ment between the scaled score means obtained from all three of the methods.

4 I , ,,.* . .

.iable 5 and Figures 4 and 5.summarize the results of the PSATAinSilT

,

Form 2-SAT Second Old Fvm equating. The typical pattern of the IRT eppting

.

resulting in higher scaled scores for'the upper end of the distribution is

observed, however, this discrepancy is not as great as previously observed for

- .', . .
.

, .

the IRT-equipercentile Comparison. The IAT method results in lower'scaled

3 4
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scores for the mid-portion of ,the score range,when bompared to tcaled scores

.obtained by the linear 'method. Equipercentile scaild 'scores aKe higher than
4

the IRT scaled scores for all scores except thote in the very upper portion of

4

the score range. As indicated by the data for thi equating given in table 6,

the Ikt scaled score mean is lower than either e linear or equipercentlle
-

scaled score mean..

.To summarize, in general, IRT equating, when compared to linear or equi-

t
percentile methods, yields higher scale& score values for the highest raw

,scores and to some...extent, (particultrly.when compared to the linear equating
, .

.

results) yields higher scaled score values for the lower faw scores. In the
NL ,

mid-portion of the score range IRT transformations tend to be slightly lower
" -. - -

than those Obtained by linear or equipeecentile methods.

..,,,Assessment of Obodness of Fit

The results of the goodness of fit analyses are presented in Table 7

and Figures 6-31. Table 7 contains the overall value of the chi-square

-statidtic as well as the contribution to this statistic of each of t'he,17

ability level intervals for the 141 items. Inspection of.the-indiiiidual

contributions to the overall value of Q for inlcceim is important because in.,

. ,

some Instances only one interval may contribute close to, or,over, half of

the total 'chi-square ialue.. Thit situation generally occurs for intervals

at the extremes of the ability coniinuum where the number of examinees in

the interval it small, thus'only a few_deviant response patterns*may cause .

the interval to contribute.greatly to the total chi-square value; Under

? these circumstances, simplyjusing the overall value to assess the goodness

of fit of the item would be inappfopriate,

,7.,

wv4
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Tal:ae 7 (coned)

v

.Item

Parameters

1 A
R

C

cr > 3.
1.6 . 2.8
)...-,

1'6
7e4

et 2.0 ,

.4 1.6'

1.2 ,.CI ;
0
cE .4
M .0
09 -.40

-.11
- H. -1.2
M -1.6M

1
-2.0

-2:R
<-3.

TOTAL CHI

Item
Parameters

,

r

-

.-

i Item Numbers

25'

zog15
3.5877
3.1547

0.18
0.18
0043
1.12
0.48
9.94
1.26
0.74
305
0.06
1.78
2.42
0.08

0R
.

0.
0. 26

0.31 t
0.28

23433

,

76

0.Q420
0.7047
0.2230

9.14
0.2E
1047
0.38
0.35
0.00
0.31
3.97
0.23
0.05
04)1
1.31
1.21
0.22
J.28
5.43
0.14

11.57

27

0.6449
^.4812
0.0251

0.54
- 0.04

3.05
0.14
0.02
0.26
03..6
0.93
0.10
0.63
'0.09
1.14
0.00
0.00

+ 0.13
0.13
'1.33

1.43

'-

-

.,
2R

0.7727'
1.0877'
0.1155

0,60
0.51
0.03
0.11
0.09,
1.01
1.80
1.65
1.26
0.04
'.0.34

0.03
0.03
2:44
4. 5
0.01
0.12

14.12

29

1.1525
1.0147
41.1055

0.07
- 1.16
- 0.11

0.09
0.09

t 0.49
4.09

- 3.71
0.71
0.00
1.17
1.75

- 1.78
0 .41

- 0.04
3.24
0.4R

15.60

,
30 31*

1.1607 .0.70i8
1.6639 -2.05711
0.1517 0.p673

0.7R 4: 0.03
4 0.47 - 12.31

O.R5 0.26
1.12 11.90
1.44 0.20
1.01 2.28
0.17 0.19
0.11 0.16
2.14 0.23
1.51 0.31

ft 1.40 4.51
+ 7.44 1.7P

0.07 - 1.51
4, .10 .9.RI0
+ 6.16 007.

0.11 0.03
- 0.14. - 1.75

24.00 48.44

Item Numbers

,

?2

0.5636
-1.1795_

,

0.0673

2.50
.-, 0.45

1.00
4 2.11

2.1
3.07
0.12
0.01
0.91
0.22

- 4.10
0.00
3.83
1.91*

+ 0.30
0.14
0..13

26.62

33

1.2316
-0.3188
0.1344

0.01
0.03

- 2.37
+ 0.00
-. 0.315

-, 3.52
0.02
0.03

+ 2.55
- 0.01
- 2.19

0.11
1.54
0.15
1.72
1.09
5.77

20.12

34

0.8148
-0.50R5
0.0673

0.09
+ 0.24

1.21
0.71
0.45
0.62
1;09
309'
0.01
1.79
0.09
0.03
0.01
2.41
042R

4: 17.1)1

12.27-°

35

.0.8458
-0.4746
0.1611

0.07
- 1.88

0.77
- 1.21
- 0.09

2.11
- 0.16

1.75
el 0.51
--L 0.73

0.17
- 0.66
- 0.00-

7.29
0.02
0.19
0.29

18.R3

36

-0.7010
-0.1348
0.1313

= 247
0.21
0.04

'- 0.11
0.42
,1.22.
0.71

- 1.50
- -0.77
- 0.10
+ 0.67

0.01
0.45

+ 0.71
1.91

1):90e0'

12.96

37 38 ;29 * 40 41 47 43 44* 45 46* 47 48,

0
cr

4
CI
0
rr
'm
co
0
ef

.40.4

M
0

A
ft

C

7 3.

28

1.2
.a

.4

.0
-.4
-.8

-1.2
-1.6
-2.0
-2.4
-2.8
<-3.

TOTAL 01

003182
-0.2901
0.0

0.12
r 0.34

014
270

- 0.00
1.8(
0.0f.

- 0.27
4.- 3.25

0.54
1.46

- 1.3/
1.91
0.87
0.72
0.27
0.04

15.1a

0.8168
0.3152
3.)R21

.

0.14
- 0.56

0.41
3.01
2.72
0.25
7.53
0.72.

+ 3.70
1.5.3

0.47
0.J4

- 0.00
0.04
0.03
6.06

^ 4.79

74.11

1.0499
-1.1494
)0221

0.01
C.02

- . 1.07
- 0.52
- 2.64
- 2.E4
- 6.6?
- 0.04

0.13
9.65
000

- 0.01
- 8.16
- 1.45
- 0.38

0.15
- .0.00

41.79

0,.4117

-111772
1.t224

- t

0.14
0.68'
0.00
0.02
1.11

+ 0.00
vs 0.00
-' 0.34

1.69
- 2.36
, 0.80

0.65
0.07
0.10
Q.60
0.39
0.20

10.11_

1.1561.
-0.5877
-0.1131

0.01
0.03
0.15
9.70
1.29
2.33
0.03
0.71
0.34
2.21

- 0.34
- 2.10

0.65
0.00
0.05

t 1..41

.4.01

25.13

0.4966
-1.0647
0.12,29

4 0.39
0.82
2.66
.3.13
4.57
a.07,
0.01
1.00
1.3
0.27
0.01

k 3.00
4.36,
0.04
0.79
0.76
1.71

26.41

1.4437
0.1136
0.7618

+ 0.05
0.18
0.01
1.50
0.76
0.03
0.20
1.11
0.38
1.45
1.27
0.59
1.30
0.78'

- 0.02
+ 4.09

1.14

16.37

1.1590
1.4690
0.1279

9.73
1.50
7.81
2.43
0.29
5.16
2.23
1.43
7.2
4.23
0.96
R.44
10.29
7.37
0.78
1.09
1.47

6,7.03

3.4335
0.1840
0.1?27

0.9
0.44
2.16
0.76
1.03
1.01
0.05
1.59

- 0.25
0.62
0.45
0.01
0.31
0.08
0.42.1
1417
0.01

9.56

0.5412
0.4577
0.005?

9.31
0.02
2.00
2.43
4.28
0.49
2.1
1.95
1.47

- 0.04
6.94

- 3.41
- 0.02

3.79
2.96

- 0.27
- 0.70

42.Rti

1.1786
0.7038
9.1425

0.09
- I.3R

0.26
0.01

- 0.65
= 0.23

0.05
1.1R

- 0.05
- 0.13
- 4.21

2.27
0.15
2.31
4.6e
0.12
144

19.61

0.7946
1.2962
0.1827

4.R1
0.07
0.35

, 0.28
5.88
2.53

- 0.62
0.05
0017
0.15

- 0:03
3.29
0.41
0.12
0.01
0.76
2.25

22.56

3?
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Table 7 (cont'd)

Parameters

1 A t

n
C

:=> .
cr > 3.
1.4 2.8 =
F..

P6
7e4

rr Z. , -
%4 1.61

1.2
t''' 40

03
:P

err .4
M .0
00 -.4

, 0
4

=1.2
M -1.6W

7
=2.41.0

- -2.111
=2:8 '

(=3. ,-.

TOTAL CHI

Item
Parameters

.

Item Numbers

25'

3.3915
3.5877
3.1547

o.ta
0.18
1).43
1.12
0.48
1?.9'4

1.26
3.74
3.:75

0.06
1.78
2.42
0.08
0.08
3.26
0.30
0.2M

23.11

7-

76

0.1420
0.7042
0.2230

.16
0.2* =
1.47 =
0.34 -
O.
0.00 *

0.31 -
3°7
0.23 -
0.05

=, 0,p1
1.3/
1.21

.4 0.27 -
3.24

At 5.43
0.14

11.57

27

0.6449
^.4812
0.0251

0.54
.0.09
43.05
0.14
0.02
0.26
0.63
0.93
0.10
0.63
)1.09
1.14
0.00
0.00
0.33
0.13
1.33

'1.43

r

'=

-4

2A
st.

0.7727
1.0477
0.1155

0,6)
0.51 =
1.03 =
0.10
0.01,

1.01 4:

1.80
1.65 ...

1.26
0.04
1).34
0.03
0.03 =
2./4
4:75 ...

0.01 *

0.12

14.12

Ii g'l

29

1.1525
1.0147
0'01055

0.07
1.16
0.31
0.09
0.09
1.49
4.09
3.7?
0.71
0.00
1.17
1.75
1.7A
0.41
0.04
3.24
0.411

15.60

30- 31*

1.1607 .0.70iR
1.7.635 =2.0541
0.1517 0.3673

-.' 0.74 0.03
+ 0.47 - 12.30
= D.R5 0.26
= 1.12 13.qo

1.44 0.20
1.01 2.28
0.17 0.19
o.nn 0.16

- 2.34 4 0.23
= 1.51 0.31
fr 1.40 .4.51

7.44 1.78
= 0.07 1.51

0.10 = .9.91
6.16 = 0.07
0.11 0.03

= 0.14. - 1.75

74.00 48.44

Item Numbers

?2

0.5636
-1.1745.
0.3673

2.50
...., 0.45
- 1.00
4 2.11

2.81
3.07
0.12
0.01
0.91
0.22
4.10
0.00
3.83
7.91.
0.30
0.14

- 0..13

26.62

33

1.2316
=0.3188
0.1344

0.01
0.03

= 2.37
0.00

.... 0.1.6

3.52
0.02
3.03
2.55

= 0.01
= 2.19
= 0.11

1.54
- 0.i5

1.72
1.09
5.77

20.02

34

0.11148
=0.5085
0.0673

0.09
0.24
1.21
0.71
0.45
0.62
109
3.19'
0.01
1.71
0.09
0.03
0.01
2.41
0.241

4-"! 0.05
0.01

12.27""

35

.0.84541
=0.4746
0.1611

-4. 0.07
1.09
4.77
1.21 '...

0.09
4. 2.11
= 0.16

1.75.
0.1 0.51
..../. 0.73

0.17
0.66
0.00
7.29
0.02
0.09
0.29

18.43

36

-0.7010
...0.11411

0.1313

= 247
0.21
0.04
MI
1.42

-4. 1.22.
0.71

= 1.50
= .0.77
= MO

0.67
= 0.01

0.45
-4. 0.71

1.91
= 1.96

0.00

12.16

37 3d ,Q * 40 41 47 43 44* 45 46* 47 48A '

A

A

C

4).4192
=0.2445
3.0

0.8368
4./057
0.1421.

1.0499
=1.1494
10221

0.4137
=1t9772
0.024

1.156n.
=4.5877
0.1131

Cr
) 3. 0.12 0.14 0.01 0.14 4' 0.01

4.I.4
2.m 0.34 - 0.56 C.02 0.68' 4 0.33

'I=. .2.4 0.14 0.41 - . 9.07 0.00 0.15
270 3.00 = 0.52 "' 0.02 0.70rr 1.6 , 0.C1 2.72 2.64 1.11 1.294.4

1.2 1.8/ 0.25 2.64 0.00 2.33
0 .5 c.et. 7.53 6.62 1 0.00 0.03
01 .4 , 0.27 1.72. 1.04 = 0.14 0.71

''M = 3.25 1. 3.70 4 0.13 1.69 0.14
' OQ -.4 0.54 1.5.3 * 9.65 2.36 2.20

0 -.8 n.46 0.42 0.30 .-. 0.80 0.34

.1rf.-1..

=1.2 1.39 - 0.04 0.01 4' 0.65 2.10
M ...1.6 1.01 0.00 8.16 + 0.02 0.6$
W =2.0 0.87 0.04 1.45 4 0.10 0.00

=2.4 0.72 + 0.03 0.38 4' 4.60 0.05
=2'.8 ''= 3.77 4., 6.06 0.15 0.39 t 1,41
<=3. 0.04 4.79 .0.00 0.20 .4.01

TOtA1 CkI 15.18 24.11 41.79 10.11. 25.13

3.4966
=1.(647
0.11.29

1.4437
0.4136
0.7614

1.1590
1.4690
0.1279

0.4335
0.14140
0.1?27

0.5417
0.4577
0.0052

1.176
0.7038
0.1475

0.7946
1.2967
0.1827

0.39 0.05 = 5.73 0.(9 9.31 ).09 4.114
0.42 * 0.18 " = 1.50 0.44 0.02 - 1.34, 0.07
2.66 0.01 7.41 2.16 2.04 0.26 0.35
3.13 1.50 2.43 0.76 2.43 * 0.01 , 0.28
4.57 0.26 '0.79 1.03 4.2R = 0.65 5.8R
a.02. 0.03 5.16 1.01 0.49 = 0.23 2.53
0.01 0.20 2.23 0.05 2.111 0.05 0.62
1.00 1.11 1443 1.59 1.95 A 1.111 0.05
1.43 0.38 7.82 - 0.75 1.47 0.ns + 0.47
0.27 1.45 4.23 4. 0.62 0.04 0.13 0.15
0.01 1.27 0.96 0.45 6.04 4.21 0:03

+, 1.00 0.50 R.44 '0.01 3.41 2.77 3.29
4.36. 4- 1.30 4 10.29 4 0.31 = 0.02 0.15 0.41
0.04 0.78. 7.37 0.08 3.79 2.31 0.12
0.79 0.02 0.78 0.42j 2.06 * 4.68 0.01
0.76 4.00 1.09 - 1417 = 0.27 0.12 0.76
171 1.14 1.47 0.01 = 0.70 144 2.25

26.41 16.37 69.03 9.56 42.419 19.61 22.56

\-
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it Table i (cont'd)

if&

Item
Parameters

, A

8

C

."..>

cr , > 1.
1.4 2.8
4. 2.4
W.

2.0
.4 1.6

1.,
CI
0 .8

rt 4, .4
M .0
CM
0 -.4

rt -.a
1.4 -1.2
41) -1.6
05 -2.0

-2.4
-2.8
<-3.

1.9j4L p41

Item
Parameters

49

0.7104..
1.6598
3.0913

1 1,88
- 1;iA

3.37
1.20
04-02'

+ 0.o2
- 0.90

0.84
1.16
0.11
0.83
0.11
0.09
2.59
2.51
0.00

+ 4.19

15.09

50 -

1.6240,
2.1597
0.1051

0.10
0.34
1.42
0.95

+ 0.50
0.16
3.80
4.5R
0.34
0.12
1.61

-4 0.14
1.03,

6.00
'0:02
0.28
0.35

16,47

51

0.7483
-1.9031
0.0673

'4 0.32
4 0.08

0.17
1,- 0.34

0.14
0.11

... 1.16
- 1.26
+' 0.16
4' 0.40
+ , 0.97

0.29
4 ,0.17
-, 7.57
- 1.81
-i 0.24
- 0.12

12.34

52

0.6568
-1.1465
0.1228

- 10.67
9.17
0.60
0.45
1.00
1.46
0.01
0.81

4, 1.35
0.48'

6.77
0.16
0.51
0.65

- '3.11
1./20

0.11

21.fr44

e'

51

0.8215
-0.5892
0.1228

0.06
0.18
0.61
1.99
0.09
3.36
ns77

- 1.90
0.54

4 7.96
+ 0.00

'21.773

4.06
0.39
1.11
0.60

21.39

61 63 63.
,

64* 65

Item Numbers

.

q

54 55

0.7496 0.7927
-0.0724 1.6959
0.0 0.1517

0.22 0.14

::::

0.33
0.77 0.03

0.07
1.77 . 0.66

0.16- 0.34
0.86, 1.07

4 1,59. 1.02
t 3.53 4. 0.11

2.6:7 0.19
0.01

L 0.44
0.72 0.13
1.67 0.7

- 0.19 3.21
, 0.15 4. 0.46

'0.09 0.12

24..95 8.76

Item Numbers

0>
Cr
F4
F=
F6

- rt
k4

11)

rr
M,
09
0
Ft

F6
M
M

, 3L"

8

C

> ?.
.

. 2.8
2.4
2.0
1.6
1.2

.14

.4

.0.
-.4
-.5

-1.2
-1.6
-2.,
-2.4
-2.8
<-1.

"TOTAL CH/

* '

-

-

-

-
-

-
.-

0.8078
0.9006
0.1661

0.47
8.39
1.95
1.63
0.32
0.95
2.04
3.18
1.37
4.61
0.06
1.91
0.89
0.59
0.56
0..36

1.a1

29.18

0.5592 1.0405
-1.7511 -0.8634

' 0.0673 0.000
.

3.39 0.01
- 0.72 0.05

0.17 2.33
0.37 0.00

-' 0.53 5.72
0.46 - 0.26
6.64 0.21
3.09 -, 0.31
0.18 0.41
4.98 + 5.04
1.11
3.2?.

0.26
3.40

0.04 1.72
1.05 - 0.00
1.78 0.42
4.31 p+, 7.52
0.54 t 0.01

26.37-e 24.131,

1.4447
-0.615f.
0:06'73

0.01
2.40
7.61
3.60
1.79
1.62

- 0.11.

- 2.48
- 1.56
- 0.70
- 2.06

4.45
2.16
1.25

,- 0.00
0,11
0.61

34.96

1.2287
-0.3991
0.0959

+ 0.02
0.06
0.42

- 0.00
0.05
-0.6?

- 1.25
- 0.00
- 0.09

0.03
- ).00

0.00
4 0.82

0.01
0.78
2.85
'4.00

6.00

66 67 ,

0.1303
-0.1491
0.1510

4 0.16
- 0.64
4 1.91
4 0.08
4 1.55
- 0.10
- 1.07
4 0.34
-. 0.39

0.77
- 0.67
4 0.13
- 0.02
4 2.34

0.52
- 0.95
4 1.16/

13.56

56

1:0331
0.1668
0.4376

' sr

0.9781
-0.3775
0.0131

58

1.1047
-0.1436
0.1052

59

0.9603
1.6202
0.1934

0.03 0.05 0.02 - 0.06
'. 0.19. 0.13 0.07 0.00-
- 0.81 - 0.37 0.35 -, 0.28

0.79 3.06 0.24 0.29
0.07 - 2.17 0.01 0.0e,

- 0.01 1.78 0.00 0.08
9.01 0.19 0.27 - 0.50

- 0.14 - 0.99 0.16 - 0.00
- 0.01 0.24 0.21 -4 0.09
- 0.31
- 0.18

- 1.06
0.11

0.11
0.52

- ..007
C:56

1.27 0.05 1.11 1.41

2.39 4 0.68 0.08 0.18
1.64 4. 0.21 0.00 .- 0.04
0.03 - 1.37 0.42 - 5.5Y

- 0.06 - 0.09 + 0.13 2.02
0.00 - 0.17 1.27 0.05

6.94 11.86 4.92 12.22
t

61 A9 70 71

.

, 0.7261. 0.7850
0.2110 0.1460

1.2901
-1.5460

0.7770
-1.2709

0.8947
-0.6691

0.1195 0.1999 0,1728 0.'1278 - 0.1228

0.47 0.92 0.01 0.08 0.06
1.25 -0.05 4.00 5.18 - 4.13
0.05 0,42 0.01 3.65 0.73

, 0.46 0111 . 0.07 0.49 1.08
0.31 2.27 - 2.07 1 - 0.07
0..02 0.98 ,-'24.80 0!1.3.3 - 1.12
0.03 2.28 - 0.01 + 0.07 = 2.23
0.04 0.04 - 0.21 0.04 1.17

+ 0.09 - 2.11 - 0.45 0.01 0.69
0.03'4+ 0.01 0.82' + 1.14 1.12'
0.18 4.69 1.10 0.01 3.47
0.50 2.15
0.53' 0.08

0.66
1.46

- 0.04
- 0.39

2.51
0.01

0.43 0.22 0.03 - 0.38 D.13
1.99 2.00 3,6-2-- - 0.09

- 0.14 1.76 0.22
'0.42

+. d.50 0.50
.4. 1.13 3,56 7.67 - 0.09 0.29r

0.25 ' 19.86 42.90 15.43 20.15

60

0.6932'
-0.2895
0.0673 .

0.22
.4 0.46

1.69
- 0.99
- 0.00

0.67
- 1.34
4'.0.19.
- 0.14

0.48
- 0.63

0.87
-, 0.00
- 0.15
-, 0.14

,0.00
- 0.82

9.00'

77

0.9985
0.0016
0:0867 ',

0.08
- 1.84
- 0.39
- 1.59
- 1.87
- 0.42

7.53 f
0.01
0.93
0.49

-. 5.29
- 2.23

1.24
.4 0.92

0.11
2,02
4,14

28.11
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Table 7 (vnt/d)

. '
A

Item Numbers

-

Item Numbers
Item, - ,

Parameters 73 *- 74 * 75 A 76 * 77 '78 79 80 81 82* 43 44
. t

A , 0.6/59 1.3059 , 0.9747_ 0.4008 1.4974 1.8694 0.8990 1.2773 0.7220 0.6362 0.3917 t.2686
8 I:0616 1.0112 1.9264 -0,4242

4
-0.5061 .0.4312 0.4073 1.3546 2.3811 -1.3631 -1.9549 -0.7481

C 3.2148 0.0415 3.1001 0.0673 V.3673 0.0737. 1.1701 0.1308 0.1367 )3.0673 0.0673 0.0933
. . .> > 3. - 0.32 .16 0.59 0.29 -,60.02 - 1.52 0.25 - 8.89 0.31 0.18 0,04 + 0.01

cr
H. 2.8 - 2.05 2.63 0.54 - na 4.l , 0.42, 0.96 - 1.453

-C))..;11 :

0.65 - 1.05 0.09 0.02
1-°' 7.4 0.48 0.43 0.6n -,, 0.65 0.18 - 1.23 = 2.67 0.84 4. 1.32 1.13 --, p.23
4 v2.0 - 5. 1.25 0.04 0.21 r 1.85 0.05 - 0.03 - -2.74 7.66 0:05 0.51

cr , 52 7.40
k.4 1.4 -141402 1.78 4 -0.23 0.23 3.92 - 40. o12 - 0.28 a.ao on - 1.12

.
2.98 - 0.74

1.2 ---17-0.74 0.74 0.01 4 2.95 0.79 0.00 0.25 0.09 - 0.26 2.19 2.56 0.16
CI .1 4.50 * 0.04 ,- 0.91 * 2.75 1.04 009 - 0.85 8.9% 1.9f 4., 3.88 2.91 - 0.02
M .4 0.12 .0.35 3.66 -,' 0.17 - 1.07 1-. 0.34 1.55 - 0.39 - 0.00 - 0.41 1.92 0.63

'M .0 3.11 3.59 -(4 1.15 1.01 - 1.85 - Q.1I 4., 0.30 - 0.63 0.03 1.89 4 1'062 - 4.28

o
cp.$13

1.ss 0.54 -:. 5.94 -4. 1.09 a. 0.10 - 0.97 0.58 - 3.59
1.93 3.41. 4. 0.49- co ...4

,.,
1.86 0.43 - 4.83 - 1.00 0.17 - 0.00 - 3.88 - 0.41

0.81 a 0:25,: 0.07
M -.5 4. 1..31

H. -1.2 4.19 3.31 1.95 0.00 - 0.27 + 0.04 - 1.06 1.53 4 1.75 0.30 0.29. - 0.31

M -1.6 1.70 4. 0.23 0.38 4. 3.72' + 3.16 0.00 1.28 4.03 ..4. 0.45 0.12 0.21 - 0.02
M -2.0 2.90 0.21 0.41 4.64 0.61 - 0.07 1.44 4.90 1.74 43.49 1.50' 0.12

-2.4 0.01 9.11 0.82 * 6.10 2.0? 0.78 2.98 2.21 (- 0:02 4.65 9.06 :- 0.41
-2.8 0.80 7.71 0.07 1.05 - 0.46 1.51 - 0.06 0.74 1.12 516 0.12, 0:35
<-3. 1.51 4.76 0.07 t.I0 1.31 1.12 8.89 1.08 1.35 3.5 0.08 4.09

. ,

JO7Al CHI 34,25 35.15 13.04 36.68 19.79 9.80 22.5,1 29.31 16.23, 41.08 30.?2 17.46
. .

. .

Item
Parameters 95 86 II/ 11A * A0 q0 * 91 ,92 93 '94 95 96,

. , ,
1 1.1055 1.2475 1.0439 0.4713 1.0227 0.8396 1.1620 1.6454 0..6285 1.1100 0.2828 ".0.8676
P -0.1601 0.4799 0.0428 -0.3102 -1.4264 r1.1614 -0.2679 0.1979 1.5850 0.4767 -1.7399 1.6064
C 0.1425 0.7593 0.1709 0.1673 0.1728 0.1228 0.2593 1.2053 0.1839 0.1690 0.0673,, 0.1702

'> > 1. . 0.04 3.05 1.08 -, 1.24 1.01 0.05 + 0.02% + 0.79 1.34 0.11 0.83 0.47
Cr

2.A 1.1:4 0.20 0.24 -. 0.4 0.02 + 0.12 0.07 - 0.11 0.14 + 0.36 0.06 - 0.61
I-4 2.4 - 3.16 - *3.22 0.00 0.12 4.I 0.11 - 5.78 0.33 - 0.50 0.87 - 3:29 - 2.72 0.08

2.3 1.14 - 0.64, 0.37 - 1.90 4. 0.43 9.05 - 1.28 1.64 0.11 - 0.73 - 0.71 - 3.26
n.34 0.04 2.50 - 534 - 0.34 - 10.89 * 0.64 0.15 0.13 0.04 0.72 0.76

k.

1.2 4.26 - 0.64 .04 - 4.50 - 0.57 --f 6.78 4.14 0.10 0.03 0.65 1.75 y- 1.92

M
.8 3.05 + 3.25 '4. 1.44 - 0.10 - 3.32 -44,In.42 - 0.37 .- 0.00 - 0.15 - 0.00 4. 1.14 1.27CI

.4 0.91 r 0.22 - 0.03 6.57 2.21 0.06 - 0.02 0.0M 0.85 1.01 - 1./5 6.24

M .0 - 1.49 1.12 0.43 r,10.94 1.32 7.64 0.23 0.18 -,,0.00 - 1.43 0.02 - 0.64
CO - 1.28 -. 3.91 - 2.93 -0.78 4- 0.01 10.78 - 2.90 0.59 - 2.47 - 0.56 ... 0.10, 7.60
0 ' -.1 I. 5 - 0.16 - 1.07 - 3.56 = 1.47 4.. 9.31 0.73 0.40 - 0.00 1.11 - 1.10 0.72
M -1.2 0. 1 0.93 7.54 1.05 0.6? - 3.16 1.25 0.00 3.56 0.68 0.03.- 4.16

I. 4 0.7i + 1.59_ R.01 0.34 - 24.21 - 0.09 0.72 1.31 2.63 0.16 2.93
W a2.0 0.4) W.14 102 - 0.10 - 0.02 - 4.96 0.85' 0.75 - 0.82 0.08 0.80 2.59

-2.4 9.35 2.91 4.'-6".01 n.60- 0.09 - 4.07 - 0.01 n.3I 0.12 0.27 0.00 0.18
-2.8 0.00 + 1.66 .- 0.11 0.53 1.67, 1"- 0.39 6.69 -, 1.77 0.11 - 0.54 + 0.26 0.77
<-1. 2.03, 0.85 0.34 r 2.10. 4.5.4 0.16 -- 0.05 + 2.37 - 0.91 - 0.09 - 1.46 - 0.25

'707AL CH1 24.39 27.21 19.79 50.17 16.07 107.04 I9.7 11.95 12.91 12.63 11.12 14.45',
t

.31*

.0
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Table 7 (cont'd)
,

c-

4

?

. Item
Parameters

A

, 8

C'---

9 ) 3.
2.A

1-...
2.4

1-4 2.0
rt 1,.6
,.4

1.2

Cl .8
03 .4

irr .0M
40 -.4
.,2

-..1
II ..1.2
1-4-' -1.6M
91

,-2.0
-2.4
-2.8
<-3.,

TOTAL CHI

4

Item,

Parameters
%-

is

'0
C

cr ) 3.

1-4 2.8
h" 2.4
1-4 2.0
r?

1.6
1.2

Cl .8,
0 .4
rt
(CI , .0

00 -.4
0 -.15
1-1

1-4 -1.2
M -1.6
W -2.0

-2.4
-2.8
<-1.

TOTAL CH1

Item Numbers

97 .

0.9017
0.1167
0.1008

,4. 1.51
1.38

'-. 4.44
- 0.59

1.32
- 0.40

0.05
- 0.09
4 0.05

0.1,1

- 1.73
- '0.79
+ 4:84
- 015

1.13
--,: 0.02

0.61

16.68'.

98

0.7074
1.0162
0.1031

- 7.32
- 0.03
4 0.12
4 3.02
..-' 0.28
4. 0.49

3.10
2.34
1.13

+ 2.11
0.43
0.22
0.27

4 3.54
2.35

4 0.01
0.01

.24..57

...

., 99

0.9323
.!-1.135I

0.0111

- 2.61
- 0.23

4.78
- 0.76
4. 1.48
4 p.71
4. 0.47

.0.02
- .0.17
4. 1.40
- 3.28

0.53'
0.01
0.17

4) 0.69
4 0.30
4 1.57

23.18

Is,'
t.2t84
1.9427
0.1134

- 4.35
:= 0.09
7 0.21

,4. 2.91
+ 0.00
- 0.10
4. 1.72
- 1.01

- 2.2.2

* 0.02
4 2.45
+ 6.66
4. 0.05
- 0.88
+ 0.92
4 1.09
- 0.07

% 23,67
,

101

, 0.4779
-2/1850
1.0673

0.07
+ 0.21
+ 0.72
- _4.02

0.27
0.00
1.12
6.32

4 0.35
4. 4.17
« 4.14
+ ('.15

3.82
0.19
0.26
0.28
1.70-

76.79

102 113

0.9738 0.5100.
-0.9235 -0.8485
0.0673 0.0673

4 *0.11 4 0.18
30.75 + 0.53

4. 0.15 0.03
3.09 + 0.05
0.38 - 2.39

+ 0.00 1.43
+ 0.05 4 0.34

1.11 + 2.96,
Xt.03 +7. 0.00

+ 2.82
0.33

0.75
0.87

3.01 4 5.40
0.81 4, 0.24
2.16 0.56

+ 0.34 : 5.15
2.22.... 0.10
-0.69 - 0.00

-10,4.94 71.12

Item Numbers

104

0.8343
-0.3070
0.0026

4 0.05
0.19
0.05

4. 0.38
1.25
0.03

4 1.08
4.07

+ 0.52
4 1.89

0.03
+ 0.22
- 5.75

0.36
4 2.27

0.26
4 0.28

18.69

105 , 116 -"I'--10/ 104
.4

1.3571 0.6919 1.1251 0.4250
1.7021 2.3840 1.2667 -0.8533
0.0908 0.0292 0.1283 0.0673

4 0.21 + 0.64 4,0.16 - '1.24
+ 1.15 6.04 - 0.22 - 0.00

1.03 0.17 + 0.03 7. 0.32
,- 0.00 0.27 - 0.85 - (.60

+ 0.00 0.01 + 0.51.,- 0.09
+ 0016 0.01 + 0.80 + 0.25

0.33 -, 0.62 4 0.62
?..:9 : 0.14 - 0.34 0.67

+ 0.31 '- 1.17 + 1.81 + 0.01
- 0.09 4 0.75 - 0.30 + 1.19

+ 3.28 + 0.12 - 3.31 4 4.14

- 0.46 1.03f + 5.97 0.34
- 1.27 + 0.49 ..., 0.34 4.33
- 0.00 0.42 4 0.07 3.13
* 2.22 4 ' 0.04 4 7.18 0.15
4 1.95 +" 0.51 + 0.92 4' 0.59
4 5.81 - 0.19 - 0.51 1.15

20.64- 6.22 .24.13 2644

119

1.7252
0.1542
0.2214

0.03
4 0.12
+ 0.60

0.88
4.98
0.21
0.34

4. 5.96
+ 0.00

5.54
0.06

4 1.20
+ 0.11
+ 5.21,
+ 0.06
4 1.17
4 2.69

28.96

110*

0.5737
-0.4150
0.J671

0.20
4 0.62
+ 0.64
4 4.58
+ 4.13
4 2.24

0.29
4. 0.17

0.57
1:21
1.91
5.93

+ 1.28

4
4

9.4Q
0.78

. 3.00

1.44

44.37

111

1.7729
43.9318
0.1728

1.70
4 2.3%
+ 0.,12

0.47
0.05
3.53
0.09

4 0.28
4 0.36
4. 15.79

+ 0.97
1.01

4 1.11
0.89
3.67
0.18
1.13 .4

19.39

112

1t5804
1.4062
0.1745

4 0.05
4 0.32

0.35
149,

- 0.00
+ 1.65
- 0.52
+ 0.14
+ 0.29
- 1.15
- 0.42
+ 3.81
+.. 0.02
4 1.23
4 4.29
+ 1.00

2.13

19.06

113

1.1986
1.54104
0.1695

+ 0.22
4.19
4.07

+ 1.21
+ 0.18
+ 0.79.

0.11
- 0.46

0.28
- 1.01
4 1.17
- 043.2

+ 0.42
4 15.45
4 0.03

0.12
0.17

30.23

114* 115

1.7500 1.7500
2.1176 2.3166.

.4 0.1443 0.0493
.

0.75' - '0.18
8.67 4 0.29
2.53 - '0.00

+ 3.84 + 0.12
- 3.08 - 0.09
4 0.01 4 0.07

2.81 - 1.67
- 5.27 4 0.51
.. 10.53 -+ 0.01
-' 0.91 - 1.76
4 0.47 0.26
+ 16.41 4 0.18
* 28.42' 4 1.23
+ 508 4 6.02
4 1.20 + 1.78
+ 2.08 + 1.13

0.24 3.19

92.99 9 17.51

116

0.8021
0.7R71
.4.405

2.64
1.78
0.06
0.01

4 0.46
+ 3.07

0.14
4 0.39
+ 0.101

- 1.36
- 0.43
4 0.17
4 1.05

0.09
0.40

4 3.20
4 ' 0.00

12.44

-
117 118

1.1056 0.6412
2.0503 2.6188
0.1474 0.1359

- 0.22 - 1.20
+ 7.71 + 1.19
- 0.93 - 0.813

0.00 + 2.96
- 1.00 - 1.73
4 0.26 4 0.08
- 0:07 - 0.02
+ 0.59 4 0.62
-. 1.03 '4. 0.01
- 0.50 - 2.10
4 0.23 4 0.15
+ 0.00 - 0.38
+ 0.11 4 0.27
4 2.10 4 7.10
4 4.09 --- 0.09
4- 0.56 4 0.36
4 0.18 + '0.01

13.47 19.34

119 170

1.3872 1.3113
2.0110 1.2148

9.0665 0.0913

4 0.41 + 0.07
5.00 + 0.24
0.18 + 0.01

+ 0.73 - 0.06
4 0.27 - 0.25
+ 0.59 4 0.20
- 4.38 4 0.83
+ 0.15 - 1.06
- 0.50 - 0.59
+ 0.22 + '1.24

- 0.05 4 0.05
+ 0.20 4 0.84
+ 0.37 - 0.95
- 0.00 4 1.45
+ 6.44 - 0.72
+ 0.07 - 0.03
+ 0.00 + 1.42

19.55- 10.51
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Table 7 (cont'd)

.0.. ..

- , Item_Nunlers
. Itei -3 '-r

Parameters 121 122 123* 124 126 .127 128 1i. 129 ,110-* :,,s I-31 - ----- 132

, .

125
Er

A ).6412 0.9770, 0.6204 1.3795 .9550 1.2157 0.911142 1.7500 0.9741 1.3966 0.6162 0.9537
R -7.2694 0.5815 -0.0772 -0.0218 1.4790 1.2520 1.4806 2.3647 -1.4698 -0.5017 -0.9196 0.4231

Cr
>

-4 1

C . -. 1.9673 1.'41441 --.0.0673 0.1691 0,2101 0.1115 0.1262 0.0716 0.1228 0.0809 0.122 0.1307

3. 4* 0.03 0.11. t 0.65 0.01 ,49 + 0.14 0.00 0.89- 0.00 0.00 0.15 0.12

8

2.41 + 0.06 - 1.70' 1.23 0.02 4. '1.10 +. 0.65 0.00 2.20 0.01 0.01 + 0.10 r 8.91 '

H. 2.4 0.22 0.05 2.08 0.12 + 0.01 0.42 0.01 0.01 I, 0.06 0.04 OAR 0.3.5

re 7..0 - 0.03 4.13 0.25 0.14 t 0.90 0.37 0.15 - 0.03 0.28 - 2.30 6 2:17 2.62
84. 1.6 - 4180 - 0.08 1.73 0.03 - 1.21 0.31 0.19 - 0.00 0.44 0,06 0.01 0.01

1.2 * .01 - 2.74 0.33 - 9.11 0.22 t 0.23 0.14 - 2.18 0.17 - 3.54 0.57 0.08
CI
O ' .8 - 0.37 0.46' 0.03 0.73 - 3.17 + 0.28 1.59 - 6.45 0.00 r 1.35 6 1.09 0.47
et .4 -. 1.50 C.61 0.02 - 0.72 - 0:26 0:37 0.04 - 6.77 0.79 o.po 0.03 0.54
M .0 - 0.43 - 0.98 2.99 0.00 5.19 - 0.63 0.30 *, 0.07 - 1.75 0.07 0.78 0.01
00 e,..

O _-.4 , 5.49 - 1.10 0.37 - o.01 0.33 1.71 1.11 - 0.30 /.47 8.17 2.19 0.18

rt '-.8 0.37 0.92 0.02 + 1.09 3.25 + 0.87 1.10 11:42 + 2.09 - 1.07 0.24 - 4.01

64. ' -1.2 1.61 * 5.84 008 0.05 - 0.46 0.00 - fA9 1.37 ,2.81 ... 7.04 '- 0.02' - 0.14
M -1.6' 0.41 6.07 0.28 0.05 - 4.13 0.83 2.87 0.23 0.10 - 2.98 6.44 .4. 2.23
M

-2.0 - 3.66 1.03 8.03 - 2.13 - 0.11 1.2 0.26 + 1.29 - 0.72 0.66 0.16 0.23
-2.4 - 0.46 0.28 .5.41 0.03 0.05 0.29 + 2.6 8 2.41 - 1.51 - 0.12' 1.32 0.23

- 4.76 - 0;14 6 10.63 0.62 ,, 1.66 1.06 4- 0.13 4.83 - 0.36 ,+ 8.65 6 0.02 .! 3.92

<-3. - 1.41 - 0.00 - 0.04 'a 3.35 -0 2.67 ,- 9.0,* 3.80 + 0.01 - 0.72 2.81 0.07 4' 0.95

701AL CHI 22.35 19.25 34.57 9.20 24.R6 10.11 16.53 41.27 10:67 39.83 16.04 25.03

.,

- Item Numbers
Item -...--

-133 134 135 136* l'17 13R 139 , 140 141
Parameters .

A -004..0.6340 '0k9182 i.193* 1.09R3 1.0864 0.7648 0.6656 1.2325 1.0404
6 11442 0.6640 1.8929 1.51143 1.6244 2.2051 1.8932 1.7917 2.5579
C 1.1197 0..2861 9.2393 0.1046 .1535 0.190? 0.1259 0.0326 .0.0466

>
cr ) 34 0.26 0.16 0.62 0.52 0%54 + 0.75 0.46 +, 0.52 3.03

,
2.8. . 1 .01 - 0.111 7.49 1.72 1.22 0.49 0.6564- o.n: 9 .74 0

P-4 2.4 0.08 0.04 + 0019 - 0.55 I' 3.64 0.46 - 1.47 1.72 0.00
1.6 2.0 0.01 - J.9I 0.01 9.00 0.19 4, 0.94 - 0.01 - 0.67 1.64-

1.6 0.47 9.12 - 0.27 005 0.02 r 0.77 =',,, 0.02 0.09 1.66
1.2 0.14 4- 9.69 - 1.36 + 0.67 0.01 0.00 0.22 0.12 6 0.15

48 3.63 1.00 61 0493 1.51 0.18 0.15 - 0.36 4.02 p.97
.4 2.66 0.02 0.78 0.45 0.11 0.00 0.44 0.06 9.23
.0 0.15 - 1.74 0.17 - 0.16 134 0.50 - 0.0? 4.71 0.00

0.26 0.35 - 226 1.72 1.99 2.84 * .0.25 13.25 0.0
L..111 0.89 o.of - 0.09 0.29 1.08 1.27 0.07 + 2.17 0.10

-1.2 0.17 3.67 + 0.47 0.91 0.13 0.07 3.12 2.47
-1.6 0.22 0.09 '1.57 0.1R a 1.42 0.40 0.10 1.78 7.55

;2.0 *. 0.00 0.40 0:4/ 1.91 + 0.06 - 1.11 Oa? 0.05 0.13
-2.4 0015 0.62 0.01 '2.40 0.8'f. 0.11 + 2.07 6.01 0.54
-2.8 + 1.14 1.73 - 1.37 4 23.05 0.57 0.17 1.01 2.16 0.95
<-3. 0.21 0.55 0.01 + 5.91 44 0.38 - 2;,10 1.88 0.40 0.53

,11

TOTAL c1i11 0.0 10.76 12.m0 40.37. 19.21 12.44 13.16 24.82 31.86

-1Items appear in.:ilia folliming order:

PSAT/NMSQT Form 1, items 1-50;
PSAT/NMSQT Form'2; items 51-100;
SAT First Old Form, items 101-120;
SAT Second Old Form,,items 121-141.

2
Asterisks next to item numbers indicate
parameter logistic model.

.11

items with questionable fit td the Epree-

,

t

0,1
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Figure .6:` PSAT/NNSQT Form 1 Item Ability Regression Plots
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Figure 7: PSAT/NHSOIT Form 1,Item Ability Regression Plots
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Figure 8: PSAT/NMSQPForm 1 Item Ability Regression Plots,
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Figure,9: PthkT/NMSQT Fcifia 1 Item Ability Regression Pltits



- 43 -

Figure, 10: PSATARISQT Form 1 Item Ability Regression Plots

.
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Figure 11: PSAT/NiSQT Form 1 Item Ability Regression Plots
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Figure 12: PSAT/NMSQT Fbrm 1 ItekALlity kegression Plots
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Figure 13; PSAT/NMSQT Form lItem_Ability_Regression'PlotS
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Figure 14PSAT/NMSQT Form 'Item Ability Regression Plots
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Figure 15: 'PSAT/NMSQT Form 2 Item Ability Regressiam Plots
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Figure-16: PSAT/NMSQT Form 2 Item Ability-Regresdion-P1oti
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Figurd 17: PSAT/NASQT Form 2 Item Ability:Regression Plots
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, 'Figure 18: PSAT/NMSQT Form 2 Item Ability Regression Plots
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Figure'19: PSAT/NMSQT POrm Titem Abiliy Regression Plots,
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Figu;ae 20: PSAT/NMSQT Form 2 Item Ability Regressign Plot
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Figure 21: P.SATAIMSQT Form i Item-Ability Regression Plots
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. Figure 22: PSAT/NMSQT Form 2 Item Ability Regression Plots
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FigUre 23: PSATiNMSQT Form 2 Item Ability RegreSsion Plots
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Figure 24: SAT First Old Form Item Ability Regression Plots
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Figure 25: SAT First Old/Form Item Ability Regression Plots
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Figure 264 SAT First Old Form Item Ability Regression Plots
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Figure 27! SAT First Old Form Item Abllity Regresqion Florss
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Figure 28: SAT Second Old Form Item AbAity Regression,Plots

, )

-3
5 CH

0
# 121

3

_



I

Figuie 29: SAT Second Old Form Item Ability Regression Plots
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Figure 30: SAT SeCond Old Form Item Ability Regressibn Plots
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Figure 31: SAT Second Old.Form Item Ability Regression .Plots
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It should be noted, when inspecting the information in Table 7; that

the interval contributions have signs attached to them. One of the weaknesses, '

of the use of chi-square like statistics td assets MOdel-data fit is.that the

statistics do not takeinto account whether or not the deviations of
;.!

observed valUes from expected values are in a single direction. .This is

particularly important as an erratic pattern of pluses:and minuses.may be

indicative of random fluctuations in the data, wheri'as a number of plUsess

(or minuses) ocurring in a row indicate that the empirical tegression.is

consistently above (or below) the estimated regression for specific ranges

of the ability cOntinuum:

, .

For-each item, the information obt ained from the Q3:-stat1sfic was used

in conjunction with the item ability regressidn pldt (Figures 0=-29) obtained
.

for that item to determine goodness of fit. The process consisted of first, 4.P.
:; .

,

inspecting the item ability regression plot.to form an opinion as to how

well the item fit the data. If the mid-points,of a eries of boxes, repre-

sentingtheempiricalregressionterval
centered on the respsnse function, the value of Q; (particularly the contri-

.-

butions of the abilityleveL,intervals and the sign of these contributions)

was inspected to form 4 judgement,as to whether the item was truly poorly

fitting. Secondly, the process was reversed and theQ; statistic for a

particular item was inspected and used as a flagging mechanism to determine

if the item ability reglession plot war.rante& close inspectidn. If the -

value of the statistic was .large in relationship to values obtained for other

items, the contributions of the ability level intervals was studied.

opinion was formed regarding the goodness of 'fit of die item and an attempt

was made to verify t4s opinicin by examination of the item abilipr reiression

4



-

4

plot. UsIng. t back and forth irocedureOthe authors were able to isolate

24"Items for whiCh.the goodness of fit to three parameter, model was

judged questionable. These items are indi ated in Table 7 by an aster sk

placed next to the item number. Several of these items will be discu sed

in the following'paragrapha.

,

Examination of the data contained in Table 7 indicates that the value

of W for itdm 1 (PSAT/NM$QT'Form 1) is Although selected ahiliti

level intervals

this statistic,

size. The fairly

t

(0,- 1.6, e 48) are contributing héavily to the'iralue of

other intervals are also making contributiOns,of considerable

-consistent-ilta,4ern of/Pluses and,minuses is indicative

of thefrahges on the ability,continuum for which the item fits poorly. The

value of.the c parameter for this item was set to .067. Inspection of the
or

item ability 'regressiod plot shown in Figure 6J1ndicates that 'had the c

parameter been allowed to assume a 16wer value, fit woul& have been,improyed

for lower ability levels. This wouldnot,

the uppersend of.the ability continuum,

, The item,ability regressiOn plot for item 5 (PAT/NMSQT Fdrm 1),.given
,*

however, have improved fit at

, indicates that the empirical regression falls above the esti--:
, .

._-;---
'nate regreSsion for ability levels-below r2. On the other hand', for alyility

, just.below 0 = 0 and ability levels above e = +2, the empirical
,

regression falls beloW the estimated regreision. The valuelof the Qi!
.

, statistic for this item (give4 in Table-17) is 32.71. \An exatination of ehe

contributions fot the' ability level'intervais verifies the-pateern Olat is

displayed by the item ability regressigNplot, ise., the observed data does
4,

, I

not fit a monitonically indreasing, function very well. One might question

why Ite 5 was selected and item 4 OSAT/NMSQT Form 1) was not, given that, .-
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the value of Qi! is slightly larger for item 4 thin for item 5. There are
1

two reasons for thiS. First, it would appear, from the item ability regression

plots, that item 4 fits the model better than item 5 (fewer boxes fell out

of the,interval defined by + 2 Secondly,..from_examination of the
3

ContrIbutions of the ability level intervals t8. the'overall'value of Qi
.1

for item 4it is'hoteworthy that only one category (8 = 2.8) is contributing

+ half .of the value of the statistic.
41.1,

The item ability regression plot fox item 18 OSAT/NMSQT Forth 1) shown

in Figure 8 indicates some poor fit at the extremes of the ability-continuum,

however, from the appearance of the plot it would not be e* that ihe

-value of Q11. would be as large as 223.64 (the latigestalue obtained for any

itei in this study). Examination of the'individual ability level interval

contributions to the.overall ahi-square value inditates thii the interval

containing responses of examinees with e greater than +3 has a value of

-145.15. Of the paelve exathinees in thig interval, only one answered the

ftem incorrettly inflating the contribution of this interval to the overall
*bee

statistit.unrea6onably. The-ttem,'was, judged to be- poorly fitting because
6

^ /

. .

of the fairly large contributions of the remaining intervals andi the,con-

sistent pattern of the plus and minus signs for these intervals.

The final example,of a poorly *fitting item that will be discussed is

item 44 (PSAT/NMSQT Form 1). The item abili*ty regression plot for this

item given in Figure 13 clearly ehows the non-monotonicity of the data.

The fact that this is a poorly fitting item may be verified by exatination

of the chi-square information given in Table 7. No single ability level

interval seems to_be contributing unreasonably to the overall value of 69.03.
,

, t-. .

Also, the consistent pattern of pluses and minuses reflects the non-

monotorficity observed in the item ability regression plot.
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, In summary, a few general comments can be made., First% the'majority_

'of items judged to have questionable fi to:the three-parameter model were:

PSAT/NMSQT items. itA.0 likely that this is an artifact of the Particular

- for= chosen. Were the experiment to be repeated with four different forms,

the greatest number of poorly fitting items might have been found in the

SAT forms:.

Secondly, it appears as though the majority' of PSAT/NMSOT and SAT

items judged as poorly fitting basically exhibited poor fit for the extremes

of the ability continuum, patticularly'for lower ability levels, This is

most probably related to the problem of obtaining an adequate estimate of

, -

the psuedo-guess ing parameter Cf the-three-parameter logistic model:

I.
Discussion..

4sdo

The equatingModels examined in this study are based on a number of

assumptions, most of which are violated to some extent. One of the assump-

tioag underlying all of the equating models is that the two tests to be *

equated are unidimensional (Morris, in press). Because the IRT equating

model SeSumes Unidimensionality on the item level whereas the linear and

equipercentile models useW for this study only essume unidimensionality

of test scores, one might'expect violations of this assumption'to have a

more serious effect on the IRT equating resUlts. However, unidimensionality

is a necessary condition for the establishment of a single common metric

regardlesá of.the equating mogel. Thus, it is difficult to say-What the

implications of Violation of this assumption are for any of the equatings.
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The e4Uatings,are certainly affected in,a differentlil manner by

availability of dat2 Insufficient data at low ability levels generally.

_leads to problems in estimeting the psuedo-guessing parameter for the three-

-Parameter logistic'model. It is 'alsglidiffitult to estimate discriniinatiorr.

. parameters apd difficul4 parameters for very easy or very difficult items

if adequate data does not eXist. Equil5ertentiIe equating methods are

I 1
particular/y sensitive to lagUlof-data at the extremes of the ability

_
continuum.--Scarcity of data at these extremes can lead to serious problets.,

in establishing-an equitable relationship"for high and low seores on the

two test forms. The linear equating method, which is-based on estimated r

means and standard deviations, can also be affected by the influence of

i7 mates. This was probably not a problem foroutlying values on these est

the present study, gj.van.that samPle sizes were quite large and should have

been sufficient to produce.stable estimates.

X
Differences in test reliability must also be.considered. tord (1980,

Chapter 13) states that in order to accurately equate Vab tests, i.e;. sroduce

r'scores on two tests such that it is a matter of indifference to 6xaminees

--
which test they take, the tests must be.stri-etly-Pirallel and perfectly

reliable. It is difficult to predict how the7various equating methods are

affected 'by differenees in test reliability (certainly a problet for this

17, .

study, given the differences in test length). libwever,the methods based

on true-g.score estiMates (IRT and_,Levine Uneq4ally Reliable) should be

_least affected by the problem.

l'helack of parallelism betweerithe, tests tobe equated has partl.cular

,impitCations for the linear method which requires, in ordei to adequately

describe therelationship between,scores onttwo'forms of a test, that the
N.

distributions of these scores differ.only in their means and standard

72 ,

4
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deviations. Lack of parallelism between two tests generally results in a

,curvilinear relationship between raw scorevlecessitating_an equating method

such as IRT or equipercentile to produce accurate results.

One must also consider the problems posed by the differencee in the,

level orability of the PSAT/NMSQT and SAT groups. The purpose of anchor

test,designs is to provide a mechanism to adjust .for these differences.

Marco, Petersen and Stewart (1979, in press) report that'as group differences

become More pronounced, the quality of the equating suffers. The results

of their study indicate that IRT metirds, based on item parameters that are

.group invariant, mey produce better results in this situation.

In the absence of an adequate criterion upon which tO judge the equatings,

one must rely heavily upon the argum(nts described above to draw any conclu-

.

sions"regarding the results of the present study. It is.apparent, fromf
examlnation of the equating results, that the relationship between ehe raw

scokes on the PSAT/NMSQT and SAT is curvilinear, particularly.for the upper

AO
and lower ends and somewhifor the middle f the score range: Therefote,

.the Tucker and Levine Unequally Reliable line r methods are piobebly inadequate.

for describing the raw score relationship between the PSAT/NMSQT and"the

SAT. Because the equipercentile method is so sensitive to scarcity.of data.

. .

at the extremes of the score range, the IRT method would appear to describe

the,curvilinee'r relationship in a more appropiiatelanner. This is mosl,
;

probably true for the upper end of.the score radge. A decision aa to witich

equating method (IRT or equipercentile) is most,effective-st.the lower end

of the debie range ia.difficult to make. Both methOds are affected by

scaicity of daea; Accuracy of the IRT method depends on how adequately the

c parameters were estimated. As indicated by the geodness of.fiE AsSessment,

73
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,

problems with the estimation of this parameter contributed, in some cases,

to the questionable fit of items.

It is.probably,safe to conclude)from the goodness of fit assessment

that, in spite of some-problems'relited to the estimation of_the psuedo-guessing

parameter, the data fit the three-parameter model fairly well. Certainly,

this aspect of the study sutf ed from some methodological problems. lbe

manner in which the ability ontinuum was divided into intervals for the

chi-square statis4c was a rticular problem. Some method of accounting
'44

for within interval variance, such as subtracting the liariance of the predicted

proportion passing the item for a specific interval from the denominator-

of the'chisquare statistic (Wright anti Mead, 1977),, should probablY have

been considered. Ultimately,, th decision as to whether-or not an item

fit the three-parameter modelyas a judgmehtal one. This could not be

avoided, given the present'state of the art.
-. .

Sevea1 of the Ptoblems encountered in the study are currently being

Investigated at Educational Testing' Seryide. The LOGIST program has recently

been revised to improve the estimates obtaintd for the psuedo-guessing

parameter. Although it was not possible to repeat the entire study (speci--

ficallyethe equatihgs), item parameter estimates and item ability regression

plots were obtained for-the same set of data using the reyised.program and

compared to those used for the present study. Substantial improvement was

found in the estiMates *Obtained for the d parameters for selected items,.

It ti planned-to revise the goodness of fit statistic in the hear future

so that some of the7problems epcountered with'its*pplication in this study

will be avoided. Hopefully systematic nse of this statistic in conjunction

with item ability regression plot:will provide information regardidg model-
/

data fit that can be studied on a continuing basis:
4

r
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To summarize, the conclusions that can be drawn,from the present study

regarding the appropriateness of the threeparameter model for a vdrtical

equating situation and the goodness of fit of the data to this model are

limited. There are two reasons for the limitations: (1) the lack of a

criterion for judging the equatings; and (2) the subjective nature of,the'

goodness of fit asessment. Further research is certainly needed. An

important direction for this research/to take is the direct assessment of the

affect of the number and degree,of poorly f ting items-on IRT equating

. results. This assessment should take into account such variables as equating

design, diffArences in groap ability and lack of parallelism between the

tests to be equated.

More generally, the extent to which IRT methods are'being implemented

in practical testing rWitmptions has dramatically increased over the past

several years. Tt is important that_researcbers interested in the quality

of the results of the many applications rigorously pursue the question of

goodness of fit and the possible implications of lack of fit -for the spectfic

applications they are interested in.
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