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. - Background jand Purpose of the Study . . B

v
) .
" [

- ) Most large scale testing‘programs are involued’in'either of two sitpations
that necessitat® a ‘statistical process‘refe;red to as equating. In thenfirst
. .o : . . ...,
) situation, multlple ed1tions of'aatest have been copstructed to measure a ' -
. specific aptmmude or ability at a defined level of proficiency. The Scholastic
. ;. : Aptitude Test (SAT) administered by Educational Testing)éervice for the College

~.

. Board‘is an example of this type of test. The various editions 'of the SAT 3;

contain different questions but rare carefully cOnstructed to be’ as similar °
S : » .
in difficulty and conteno as- possible. In spite of these efforts, it is ~ .o

e . .

usually impossible to construct multiple forms that are of exactly the same

-

difficulty legel.' If some assessment of relative ability 1s1;q—be'made for

. \
L stud nts taking different editions of the same test, it 1s critdcal that a
. e .
. method of eduating, rendering-comparable the _Scores on multiple-editions of

o N ot .. . . .
2y "3, “ o7 . \

the test, be cstablishedﬁA When these multiple editions are testing content at

v . e 0
» \ s

a verygsimilar difficulty level (such s is the case for the. SAT) the process ’ .
'-'is refetred to in the literature and in practice as hori”ontal»equating.
' In the second situation, the testing program is interested in establishing _ °,

a s1ngle scale that allows scores to Be' compared for various“levels of an ..
e . 1‘;”, aptitude or abili‘?.' Typical examples aré the many commercially available . - '

. test oatteries that contain tests devaloped for several grade levels. Because
L it 1 *

., |

_ aggregate scores are,often %ompared across levels (e.g. for program evalustion
i < . B . L ' ‘ v ! 2 L
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. burposes) it.is"critical that the scores obtained on the variods 1é?er§ of

¢ ) . .- . . ‘ N, [

the test be equatéd,_i.e:, placed on a common underlying scale. This t&pe of .

(equatfng'is\usually referred to as vertical equating; its burpose being tb" - . »

0 ~
- . . . e

place on a single scale, multlple editions of a test which are each de51gned

, to measure a different'level of the same attribute.-
4 ,‘ ~ ; P N

in this paper, the vert1ca1 equating situation that will be examined is .-

v

N

the equatlng of tﬁe Preliminary Scholastic Aptit e Test/Vational Merlt Scholar-

PREEY

[

Shlp Qualifying Test (PSAT/NMSQT)\tQ the SAT. The PSAT/NMSQT, similar to the . L

?
2 } -

" SAT, is administered by Educational Testing Service for College Board and the’

Nationai Mérit-Scholarsnip Corporation. The equating of the ?SAf/NﬁSQT repte4 ) "

.. : =\

sents a fairly unique situation in that fhe use of the scores requ1res the test
S

:-..(

, be equated both vertically agd, horizontally. ' ’ R

”

- {. t . PSAT/VMSQT scores are used for two" purposes: (1) te gi6e~examinees an’ )

- idea of what the SAT is like and what stores they might expect to obtain when

they,take the SAT; and (2) as a“means, of screening candidates for qualifl— . ‘

- P N

. . R L g —— e . .
© , cation as National Merit Scholafs. The first pu‘ﬁose requires that scores on

4

the PSAT/NMSQT be as’ comparable»as possible to scoreg’on the SAT- (a'V%ttica%**" . ‘ ,

equating 51tuation). The second purpose t requirg~_that scores on a1ternate BT

T

] ed1tions of the PSATVNMSQT be as comparable as possible (a‘horlzoqtal equating “ .

- 51tuaeton)h Only the verticar equating of the P%AT/NMSQF is of interest for .

;" A::ﬁ' Al 4'
[ .. this study. The reader s referred to Cook Dunbar and Eignor (1981) for a - . \

S : discussion of the horizontal ‘equating situation. ; ) K ‘ L e

oy -
= oas

" There has heen .a good deal of discussion in the literature as t ‘to: (dj'the.

M ¢

o, aﬁﬁ?Opriateness of ftaﬂ response theory (IRT) 4s a mithod to equate tests;

v 3 ‘o . ) PR
A ) (2) the feasibility ‘of using IRT equating me thods in 2 vertical equating s1tu- ) X
e I3 . .,

f \ ’ ation, and (3) the choice of IRT model (one-parameter vérsus—thtee-paraneter)

. — T
K ! . T




for test equating purposes; ¥he followi;g‘is a brief—review of'some‘of the

. relevant research. o, Rl - .

4. » 1

A I

- - - e - . - "

e Slinde and Linn (1977 1978, 1979) investigated'the problem of vertical

N

‘
~ i . — %

equating of two forms designed for populations at,different ievels of abillty.
.9

Their results suggested that linear, quipercentile and IRT equating emgloying

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

. ¥ . - ~

ical equating. ' This was especially true when' the d1fferences between tesf®

difficulty and between abiIit§ levels of equating samples were most-pronounced.

* . . -

- Their studies imply that an IRT approach, based on the more complex .three-

parameter logistic model might provide more useful»results forjvertifal’
T L * 4 ' 3
.. -equating situations, . _ ‘
Marco, Petersen, and Stewart (1979) presented perhaps the most _compre=

< *::.,.‘

' hensige empirical study ‘of. equating techniques yet to appear. . For cesigns’

li&e the PSAT/NMSQT design, they found problems w1th traditional methods

g;iag1ar to. those found in the Slinde and Linn sthdies. In partrc?lar, when

tests differing in difficulty were given to non—equivalent groups andiequated ‘
?

using an anchor test design, traditional procedures appeared to break down.

In spite of the presence«of possible criterion bias confoundiﬁg some of their

' results, the .authors suggested that the three—parameter logistic model would

* o . e
yieLd the most acceptable results unaer unusual or extrene design constraints.l }

P "“~«:... :
.' i

ilarity betweéh groups and and test forms were*ﬁo\

Wete modecate,,traditionai methods, both linearaand equipercent%le, yLelded
7

’ ]

adequate eqhatings. L ' . , 5

A comparison of the stabilipy of results obtained from traditional and

iy
%

IRT procedures was made by Kolen (1981), who used a cross-validation group to '
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establish a criterion for the evaluatlon of seven IRT methgfs and two tradr-

tional me:hods (11near and equipercentlle) Kolen, working w1th the Towa Tests

-

of Educational Development had some difficulty evaluating the results obtained o

from applicatlon of the three-parameter logisth model to equatk new Level I

tests (vocabulary and quantitative thinking tests administered to 9th and 10th
L

graders) and ney Level II tests (tests of the same skills administered to

., 11th and 12th graders) to old tests of vecabulary and quantitative thlnklng

[N

. %

P2

., that con51sted'of one level, administered to grades 9- 12. He found that B T

- "Although the'three—parameter éstimated observed score method tended to pro-
ot ~7 »
ﬁuce the most stable.cross-valldatxon resulfs at Level I ¢f the tests, the ,

;
r., \

Py N - .
* -results were of. only moderate accuracy at/Level II. The three-parameter i .
« , «x‘, .

‘ estimated true score equivalents method tended to produce the'most stable . ,

-

cross-validation results g; Level I and results .of moderate stabillty at
LR ""-a" ﬁ.’; ; v S

.- bevel 1.” ‘Kolén noted q&at these results may be’ partially explarned by dlffl‘

/ s .

.t culty in estimating tHe' psuedo-ouessing parameter of'the three—parameter nodel ..
¥ . 2w
< and by’ problems related to the transformation of estimated true scores below the
» ‘l > I , -’ )
V4

' chance sggre.level he concluded that there may be some doubt regarding the

¢ agg}f/ability of the three-parameter/model in all equdcing contexts, ‘A somewhat

y v
’ surprisino degree of stability was fdund to hold. for conventional equlpercentile

procedures, sufficient to lead Kolen to conclnde that they may be the most

..
. -~ . -

viable in practice for desions which fnyolbe equating tests differing only . ‘.‘

moderately in difficulty. e - , " , - o, N

. More recennly, Petersen, Cook. apd Stocking (1981) investigated the rela- ’

tive accuracy of qonventional versus IRT equating methods using scale drift $ ‘ o
rd ;. . .u)?'

, as the criterion fqr evaluating tﬁese methods. The authors used a chainfof

e . N , 0]

»

ST N

six verbal and sixmmathematdcal foxms oE the SAT each forM'linked to. tHe

-

e "preceeding and’ fol:lowing form b,y an»anchor test.‘ The design allowed them tto ' LY
\‘l ";"L - “ - " ~ - . . - ’ + . - - LI ‘; '. "

“ 7y . e " , 4‘\ R
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evaluate the effect of equating a@&est tojitself via five igtervening forms.

N t . v 1 ‘
The eQuating methods investigatedrﬁere four tradltional methods (three linedr . -

a )
- and one_ equipercentile) and a three-pérameter logistic IRT method thag employed

three procedures for linking parameter estimates so that estimated true formula
‘. (S . v %,
‘4 K ; N

e scores. eould be equated, 9 .
i 4 s N »*

‘
+
LB !

. \ C Results of the study indicate!’that all three IRT linking me thods Were

. - . -

superior to the traditional methodé:ﬁor the verbal portion of the test., For™

. A
the mathematical portion, only one'of the™IRT methods produced results as

" ; ‘satisfactory as those obtained from two of the|three linear méthods, Equiper-
‘ !

:, ’ centile equating yidlded fairly unsatisfactor results fon both the verbal and

B "_*

- mathematical sections.; It should be’ noted fhat the study involved tests similar
LN - /

»

in level of difficulty which’were given to groups-of “examinees that did not
1 \ »
S f differ greatly in their level of ability, a situation in which\%\e uld axpect
o e w .’ o

s traditional linear me thods “to work well, . - PP
o < ’ «
. If'anything,,an inrdepth look at previous research comparing va ious

* . ] L

’

equating pro!edures leaves the practitioner with little confirming ev1dence.
: [ W ’ . ., { )

~On the one hand, I approaches, espec1ally those using the three-parameter, .

» N 4 .l R

K . rdgistic model, appear to provide the ‘most accurate results and hence seen ' . e

. . -

appropriate from an empirical perspective as welI as a theoretical one. On .

4 M - . -~ b o .

e ', - the other hand there is some question regarding their saability, although the ' s A,J

:r::{-«i"":’f . . - ., _'f ﬁ e -

comparatively small amount of 8cale drifc ass0ciated with,most’of the IRE" “ow }

b

. ﬂ?:"ﬁ: s calibriéion designs found by Peterseg et al. (19%}) 13 ev1dence*in’support of
- . . - ( = g - I o od
- . . thelir, application to.. paralIel forms of aptitude tests adminlstered to groups

¥ l~ ,t P / ’ ‘~? PV N R o

S thaE are similar ig.ability., in addition, it is impoptant to note that the o

ESTRN

4& -~ .o

. )
" studies revieﬁed indicat uhat at, presen; the effects of differential relia—
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biiitj and difficulty of test forms-gnd the effect of the nori-equivalence of .

examipee samples do not appear to be completelyrundetstood. ’

. v . . -

The purpose ,of the. ptesent study was to examlne the" results of applylng
the three-parametet 15gistic .model to the vertical equating of the . PSAT/“MSQT '

9 - PR N )

‘to the SAT. The results of the IRI equatlng method/were compared to thos,e§
:, obtained from the conventional equating methods (lﬂﬁear and cuf%ilinedr) N

Eypicilly ustd to equate the tests., In addition, thergoodness of fit of -the -
éSAT/NﬂSQT~and SAT data to the thtee-parametet logistic model ‘was studied. ‘
. - ~. t

v .
[ - * . ~ M

v

.
Y LN
' N

- Study be&kign v _, Lt
o .

. R P R

v . »

. v

Description of the Tests
1Y

“Both the PSAT/NMSQT and SAT are _composed of multiple chéice items. 'The‘_i

.tests differ in length and difficulty, the PSAT/VMSQT contains 65 verbal and ! s
50 nathq";ical items wlrereas the SAT contains 85 verbal and 60 mathematical . ,F. ¢
iteas. - * - ‘ . o .
The PSAT/NMSQT cqnsists of two SO-minute dections. The verbal section - o o,
contains‘only S-choice,items‘ the nathematical'section contains a nixtute of | .

L)

4= dand 5-choice items. Raw scores obtained on the PSAT/VMSQT are most tynically

. - TN . -,

. transformed to scaled scores on thevCollege Board 200 to 800 scale via linear ‘

“ \ A
. N -

. ‘ejuating methods.* For score repotting purposes, the final digit of the score is,

L5

dropped. ?égf/NHSQT raw scores are actually formuld scores gEnerated from

»

number.right scores using a cotrection for guessing. :Raw scores are -computed by,
the formula R - kW, where R is the number of cot;ect responses, W is the number
L]

. . . . . . .
of Incofrect responses and k = 1/A-1, A being the number: of choices per ifem.

- > ) N
" »

»e
’ . '




Kl ! .
- 7- .

T, The SAT and its companion test, the Test of Standard Written'Ehglish
. ' ) ‘ > ¢ ‘
-y . . \ .
(TSWE), consists of. six 30-minute sections: two verbal sections, two mathe-

; \

' g - g o . . P
)v . matical sections, one TSWE section, and 'one, experimental section containing an
. | ' [y
. . . . ! ] . t
. equating test or pretest. The two’verbal‘sections, one mathematical secttion,

and the TSWE contain S-choice items; the other mathematical section ¢ontains a
_ ,

* nixture of 4- and S-choice ftems. Raw scores on the SAT are also typically
) - )

. . . . [

tr¢nsforhed to scaled scores an the College Board 200 to 800~sca1e by linear
/ . .
equating nethods \his scale is retained for score reporting. SAT raw . ,

s .
. -

peores are formula scores incorporating the correction for guessing procedure’

¢ ( ¢ . - . .
. prev10usly described, . . . ’ ] ‘.

. /

» . , M

. Ic. should be noted that only the mathematical sections of the PSAT/NMSQT

M .

and the SAT\were used in this stdgz,. This is because the discrepancy in level

of diffgtulty betweenAthe PSAT/NMSQT and SAT mathematical sections is greater,
S B

than the discrepancy in level of difficulty for the corresponding verbal sections.,
| . . ..

Thus, ' the equating ‘of the mathematical’sectigns is the nost.tepresentative of a

1]
s

vertical ‘equating situation.

~ , »

L
ol \
b o Equating Desigh * ’ R ,’ ’ . \
S ' The PSAT/NMSQT is equated to the SAT using what 1is, conmonly referred to
N
“a ' as an internal anchor test design (Angoff, 1971)‘ This design reqﬁtnd§ admin-

-~

istering one rorm of the total test to one group of- examinees, a second form to

v e
i s ]

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

V. . ( .
' - groups. The anchor test may be included within the total iest_Qinternal anchor) o,

‘ \ .
or it may be administered separately (external anchor). The anchor test is
Ay “ . . -

o B o . P

? ’ . .

“ 1IRT equaﬁing me thods (curvﬂiinear) were introduced in January, 1982.

.
2 -
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ERIC-

i
y * o ?, ‘o .
. 4
P o] . - ‘ , L () ) | o
_ L ,

.~
-

T




-8 -

constructéﬁ.to be a miniature but otherwise parallel .version of the fotal test .

L

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

two forms of the te;? to be equated.

.
>

Standard practice in equating new forms of the PSAT/NMSQT is to eqﬁate :

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

-

s

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

annually as being composed of three sets of items: (1) items unique to that

-

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

- sécon& old SAT form. It is important to note that both new forms (Form l'and

~
t

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

L . '
However, there exists no item overlap between the &3 new forms, i.e., each new
, ‘ i - .

form is equated back to the same two old SAT forms byt through different sets of

’

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

forms by combining the results obtained from the equatipgs to the two SAT old o

gorms, In order to permit an examination of the individual equatings, results

were not combined foE this studg.

t

. Figure 1 contains a schemag&c diagram of the designjused to equate/the N\

» ' PSAT/NMSQT to the SAT. As mentioned previshsly, PSAT/NMYQT Form 1 and Form . ) .

2 are alternate forms of the PSAT/NMSQT, each containing {a subset of items in !

" common with each of the SAT old forms (hereafter desighgqéd SAT First 0ld Fqorm . Iz
" ’ 4 v

\ and SAT Second Oid Form). Equgting s%ﬁ%les for all methods contained appfoxi-
4 ‘ N .

N : '
mately 3,000 cases selected randomly from data obtained at the regular adminis- .

tration of each of the old and new forms shown in Figure 1, A total of four -
_ a," . ’ R Vo N \}) *
random samples, one for each of the PSAT/NMSQT new forms anj one for each- 3

.

. -~ ' ) . . v ('Y ‘
of the SAT old forms, were selectad. Table 1 presents sample raw score summdri




i ’ .
! _ Form 1 : ' First Old Form :
.i . Math > . Math Sections ;
: .
- ' , f B ’ i {
! Form 1 : ' I Second 0ld Form -
Math —>. Math Sections 1!,
Z‘ XX 1; - : < =
_Form 2 . |" First 01d Form  |.
. --Math ‘ - Math Sections !
) ot |
Form 2 L \ - Second 0ld Form
Math > "o Mat:h. Secj;ions

Sche@étic Diagram of Design:Used
in Study for Equating PSAT/NMSQT.
Form 1'and Form 2 Math to SAT"
First and Second Old Forms.

7 . e,

[
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QTQ;le,l’,

'RawlSCore Summéry Statistics for Equating Samplesl
. 4 L =

r 4

Total ‘Test* -~ Anchor Test,_ Total Test/Anchor Test' .
Form - ) 3 Mean S.D. Mean. - S.D. ~ Covariance

-

& ' . . . BRI LN . -

.+~ PSAT/NMSQT 19.82 1127 ' 7.79 . 4.92 . 51.58

;Fifst Form 1

Equatipg o SR . ' .
. SAT First )

. . "0ld Form 20.99 12193 8.12 | 5.32 o 64,22

p -

PSAT/NMSQT : y 11.27 8,30  4.84
Form 1 . * * ) '

Second
Equating

_SAT Second . .
i 01d Form . . _13:18 9.5@ , .06

i A .

TN, (ESATAMSQT T 5078 22:62

Third R

Equating . L L
. \ SAT First - . s

| Old“Form - A8 = 20.%

: PSAT/MMAT  3078"  22.62 1171  8.93  4.74 © :51.60
Form 2 ;
Fourth . ‘ ' v
Equating 4

.

SAT Second
. 01d Form

2763 24,47 13.18  9.31  4.87 59:32 ., A

- . - , < v
- . -
-

The PSAT/NWSQT contains 50 items' the SAT contains 60 items, all anchor tests contaln 20
items with the exception of the anphor test used for the fourth equating which contains
19 items. A =

1

/-

2




: . . PR Y @-“\‘. .. B [ : " ‘
statistics “for the' total teé%q and anchor tests for the four-equatings ) .

.o . k-] 7. R) . . . d

s descgibed in Figure l.

T ‘,,She“Iinear equéting metho}fs used in .this study both produce an equafidg

i ~ - - .. R

-«
transformation of the form,T(x fym Ax + B ‘where T is the equating-transfor-

. 2 R
. + 4 -
'mation‘ X’is the test $core’ to’ giich.ittis applied and A and B are parameters .
. * . ? i ' .
.'estimated from the data. The TucHev and lLevine Unequa&ly Reliable linear

A @

equating models (Angoff 197l, PR 579 583) were used in ‘this study? These

models are based on univariate se ection sampling theory. Scores on the

4

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

7-4‘.\ .

vary).are assumed,to.be collinear with'scores on the anchor test in the case .

. < o ' LT,

L' . . D - . 8 , ) .-y .t ‘
of the Tucker model]%nd with trie scores on both the anchor test and the test
.form’inléhe case of ihe Levine model. Scores on ‘the anchor test are'used ,to

-
§ - M .

- eifimate performance of the combined group of examinees on both.the old and

new forms of the test; thus, simulating by statisti%al methods, the si;uatiom
" in thich the same group of examinees take both formq;of the :est; ! B l~,
The parameters A and B'of the equating transformation aré estimated by : : C

v v -

.

> -

means .of an equation that expresses the idea of’ equating in standard scq}e ot

Y, o~ . v -
B 8 ¥
— R e g
*‘3/_ . el PRORPORRY Ve Y Tk i Kb > e B S . m————
e o

L . -
- ~ oy - * Y . «

e

. . o - -
'

R

L
~~
&
!
B
~
oy
]

- r

- poo ’ ’ . ’ N
vhere x and y refer to the test scores to bé equated and M S refer to the «

. means and*standard deviations of the score;\)n some group of examinees. Methods

e -

- using the above equation differ’in Eheir identification q%sthe means and standdrd
" & .

-

! . deviations to'be estimated. The Tucker method “is based on the estimated means

and standard deviations of\observed scores for the csmbined group whereas the

) L4 ’

Levine Unequally Reliable method is based qn the estimated means and standard

< The Levine Unequally Reliable model was used for thé PSAT/NMSQT ‘Form 1- SAT
- Q . Second 01d Form equating. All other equatings employed the-Tucker linear

CERIC T medel 13 SR

A

- J “ » ~e . 2 !
. ‘.
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4 >

) deviations.df true scores for the combined.group. The formulas for com;:ting
' ‘ . ! -
the A and B parameters for the Tucker and Levine Unequally Reliable models .
are giuen in Figure 2. . . " - , C %

. -
4

' The equipercentile model maintains that scores on two test fo {s are

. .

equlvalent if they correspond td the same percentile rank in some group of

e -~ Y

-

‘. examineés, The procedure involves equating scores on each test form to the

- ?
’ -~

anchor test separately within each‘group. Scores on the two. forms to be

equated are then said to be equivalent {f théy cerrespond to the same score on

the anchor test. ‘ 0 s '
. { ) .
> : . . .
!Fgnally, IRT equating models characterize equivalent scores on two test

© 'forms as those scores which correspond to the same estimated level og the

- e

g (3 N - . L Be " . - -

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

) ‘ ' ] , N - ¢ , * .
assundes that a .mmathematical function relates the probability of a correct o,
' J.{;'y s ’ ’ v . ’ ’ t N
response on an item to an examinee's ability (Lozxd, 1980). The mathematical

14 . .

A

function (IRT.model) employed in,this study was the three—parameter logistic

-

;’ model. The model states that the probability of a correct response ‘to item i

(P{ﬁ'ﬁiz, g,given hL . S - .\__‘_ ) ‘ f\“ o
* - %
‘ - . L 7ai(e'b1) '

re ~

er ,' T A , . '. .
o ?i(ﬁ)_= c, + <l¢ci) 1'7ai(e-bi) (1=1,2,.0.,0) 3 7 .: (2)

1+e g . _ ¢

.
. . N
-
.
. . . . . ,
[ /~
. ’ 8 . .- R

- ‘ B P

where, a;, by, and ¢y are three parameters describing the item and 9 %edresents

’ L. .
-~ ¢

. A -
the ability level of 'an examinee.

’- y '.“ -
The item parameters|and examinee abilities for the study were estimated

-

“ using the program LOGIST (Wood and Lord 1976; Wood et al,, 1976).' The est%mates

4

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

S

-, he

to accommodate omitted items (Lord 1974)., The following cénstrainte were *

-

s R ]

\ -

. - 1.1 ‘ , t‘

-

.
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a be(SVc va)/va) (Sxa + Cxﬁhssvc
o - )/s2
ve vb vb

[
\

P -

.Unequallp Reliable

-

o2 2 2 2 g, N2 : T2k
sy - Syny) /4S5y = svnb)?_(fs%‘ - s 'a )/(s - Syng))

. 2 2‘ . 2 }i A

= Myb +. (Mva - MVb)((Syb - Sy"b)/(svb - S "b))

Not:at:ion.
““ i i
'New Test Form
0l1d Test Form ‘
Either New or Qld Test Form
Anchor Test
Observed’ Score
Error Score - *a
Group Taking Test X and Test V
, Group Taking- Test Y and ‘Test V .
. Group Taking Test P and Test.V .. _
Combined Group ’ .

4

%
-
<
-

’

y—

ONIEOMm O MR X < O pe -

Standard Deviation . i
Covariance - .

=

R

’

|3

. L :‘#' ST

%’.igure 2: Formulas For i.inear Conversio,n -Parameters
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dmposed on the estimation process: a's were restricted to values between 0.0l

and,1l.75 inclusivef 8's were restricted to afrange of -7.0 to 6.0, and c's were

-

. . - <
_restricted to values bétween 0.0 and .20. Additionally, each examinee was,

required to have responded to 17 items in order to insure stable § estimates.

- a )

- [ ’
The constraints were chosen on the basis of previous experience with the data
\ 3
and Were imposed to speed convergence of the likelihood function and to maximize

R LR} -

stability of the item parameter and ability estimates..

v
' l

Although'a variety of equating techniques exist once an IRT model has been

chosen, gnly estimated tjuerformula §core equating (Lord, 1980, Chapter 13)

was used for tﬁiS‘stcdyg Estimated true formula Scores £ and n on two/tests

- - —_ -

¢ ’

measuring the same ability, 8, are related by the equations,

/A-1l, and

. dhere, A.is the number of choices per item, 1(6), and P, (6), represent the

. probability of a correct response for items. 3 and j as th&y appear in the’

'_iively.f Using expressions 3 and 4, it is possible to find an estimated true

« two f?rms to be equated‘and Qile), Qj(e).equal 1 - Pi(&) and 1 - Pj(e), respec-

- .
PN - ~r_‘_.~ ° -

formula score § corresponding to an estimated’true formula score n for any

. given 6.° . ‘ S . ,

14
" d 1 !

v &,
Expressions 3 and 4 will not provide equated estimated true formula

.

scores for scores on the two test forms of interest that.fall below thé chance.

14

score level. Seyeral ways ewest for dgtetminihg the relationship in. +this ‘\ -
* > - U 3

- 2w, e
~ [ 3 hd
VY o’
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region Kolen (1981) used linear. interpqlation. fne method that was used for .

- '

this study ih’olved estimating the mean and standard deviation of scores belon\ o ﬁ

the chance score level for the t¥p forms of interest and using "the estimated ) i

‘ . .. . . ' . |
e - \‘__ . /7 . . ;

values to establish a linear rgiatiomship.

The means and standard d viations oﬁ below chance score level scores were

i " I

:, » : estimated using the following expressions. >, N S
D o ’ ‘. i N i ’ }
< '. nx . n ’ e '. e - '.:

“ . ‘ . - . =] . s .

e e o M = the mean of PSAT/NMSQT ‘scores below chance level,
. - X ,

-

Z-, the variance oﬁ PSAT/NMSQT scores below chance level,

A = the number of. choices per item, and _ . .

S ’ ' . - ! - . . 2,

Lt o a éi = the psuedo guessing parameten-for item {i.
* Ed - o -

' . . : . ' ,
o Equations 5 and 6 were repeatéd to obtain My and 33, the estimated mean

o and variance of below chance level scores for the SAT old form of interest.
! +
- Linean panameters for equating PSAT/NMSQT scores below chance level to SAT

. . . 5

scores below chance level were determined as follows."

. ) .’. S L
o gz o M

-~ . . . ' -

> ”I . - — R -
C . B = My A Mx L. - , (8)
- . e * & - \ .
The‘lipear paraneters (A 25; B) are used to form*‘the following expreséign: '/
' o v v -~ .

’ . .

,score (SAT) = A [score (PSAT/MMSQT)]'+B ., . )
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¢

C4 The item calibration plan for the IRT equatings is illustrated in Figure 3.

— 'ﬁle entire matrix showr! in this figurJnepresents a single LOGIST run, Each of

tHe four~groups is,conceptualized as taking exactly thé%same test. The test ds

. cogceptuali;ed as containing eight .components designated by the column headings.
L. C AT S L ' .
b Thisidesign.places all item parameter estimates on the same gcale and permits
A\ 1 A * g ’
_true Shrmula score equating of each PSAT/NMSQT-SAT pairing shown in Figure 3.»

e results of the equatings Were evaluated simply by comparing the raw-.'
B . 3 oo
. score to scaled-score t:ansﬁormations (tabled data.and graphs) obtained by the
4 , ! ‘ -
three equating methods~ Unfortunately, no obJective criterion is available in

’this study to judge the adequacy of the equatings. Most probably the agdump-
e- ) tions underlying all of the models have been violated to some extent and their
LA K - ] Y

robustness in an anchor test situation is not clearly'understood. .(See,_hoWever,:

»

Madco, 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

4- .

" to examine the goodness of fit of the data to the IRT model. T%? method used

/ for this examination is described in the following section. ‘f "

»
»

-

Agsessment of Goodness of Fit o . . X

. - €
-

Researchers, of ten attempt to asseSs the fit of an item response theory

! . . ?

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

. . ) » , ) (S
. . and Panchapakesan, 1969; Wright and Stone, 1979), The problems 'associated 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 practicﬁﬂ implications. From 4 theoret-

" u . ‘ical point of view a problem exists in that chi-squar"e tests require expected
“ P ) . s . , ¢ o - . .
' : 1 6 . .
L .

-n
~




- PSAT/NMSQT

Form'1 -
Unique
IItems

PSAT/NMSQT

Form 1 -
SAT First
0ld Form

Common

Items’

. nf20

PSAT/NMSQT
Form 1 -
SAT Second
01d Form
‘Common ¢

Items > |

s n=20,

PSAT/NMSQT

Form 2
Unique™
Items

S PSAT/NMSQT
”» .

Form 2 -
SAT First
-01d Form
Common
lgems
n=20

-

PSAT/NMSQT

Form 2 -
SAT Second
Old Form
Common
ltems

n=19

. First

ald
Form~*

Unique-

Items
n=20

SAT
Second
01d
Form
Unique
Items
n=21

PSAT/
RMSQT
Form 1

. =Not
Reached

—7

Not
Reached

Not
Reached

,Not

Reached °

—_—

Not
Reached’

PSAT/
NMSQT
~Fqrm Z

Not

Reached

Reached

Not

I

Not

Reached

7

Not *
Redched

SAT
Flrgt-
d1d
Form

. Reacled

~y

Not

“

)'Reached

Not _

Reached -

- *Reached

Not w
Reached

SAP ‘
Sec6nd

S0l L

Form

. Not. . .

" Reached

ached

Y -

Reached’

py
Not ~ °
Reached

Not

‘Reached

.

Figare 3:

ra

..

.

Calibration Plan~fnr IRT Equating of,

. The entire matrix répfresents a. aingle calibration run.

E)

PéAT/NMSQT Form 1 and:Form-2 Math to the two SAT old Forms.
ersses indicate items that  examinee -

‘groups were. actually exposed to.f Each PSAT/NMSQT and SAT sample contains approximately 3,000

tases,

)
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1

- .

values that are availabZe only,when the parameters3of the model’ ( ek,ai, by. and
. v o . ‘
c» in the case of the threegparameter model) are known; in actuality, we have

oply estimates of these 'patameters. These estimates are likely to behave
»

-
i
4

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

-
.

practical problems are related to the interpretation.of the c%i-squa%é values
and iheir?associated.probabllity levelsﬂ These broblems:will be disclissed in
subseduent sections of thid'paper; One alternative to the various chi—souare

.~ . y
tests is the use of a graphical technique which involves'Ehe comparison of the

- . ’
-

regression of the observed, proportion “of people getting an item correct on

-
. H

d i

estims:ii ) (empirical regression) with the item response function based en the

. v,

/
estimate item parameters Gestimated regression) (Hambleton, 1980; Stocking,

1980) The resulting plots are referred to as item ability regressions.‘
/ ! -

The problem with using item'ability regression plots to assess goodness of
. " ~
fit is that the .process 1ifs fairly subjectiwe. The authors found it quite diffi-

r —

cult to examine 141 graphs Cone for'each‘item reRresented in Figure 3) and make

, i
e ~\ ~ ~ e

~ consistent Judgements regarding the goodness of fit of each item. For this

reason, it was decided. to use a fit statistic leading Qp a chi-square like t%st

» ¢

in conJunction with the item ability regfession plots. It. shou1d be emphasiZed

t

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 1eve1s of

»

the values obtained from bhe application of the statistic, ° The fit statistic

’ ’

and the item abi1ity fegression plots will each be described briefly in the

v * '
remainder of this section. .

.

.« »
<

The Fit Statistic L . .

~

The fit statistic, referred to as Ql’ is based on a statistic, Ql’

- »

suggested by Yen (1981). "Shg‘tzo\statistics are very similar, the basic

e

2




- difference being the manner in which examinees are grouped into cells based
s ‘ a v - s
- upon their ability estimates. For both statistics, the initial step is'to .

L 2

- —with approximately equal ﬁumbers \f"examinees in each. celn. For Ql* examinees
° - o~ R |
are divided into 17 cells-as follows. Examinees are placed into 15 equally DS
N ’ . ‘
|
|
|
\

|
|
|
, ' _ .
rank order examinees abilities. For Q,, examinees are divided into 10 cells . }
1
|

. * N . .
spaced intervals -for 6 between +3 and -3. Those examinees with greater than

“ . . - «

+3 are placed into a sifgle cell and examinees with 6 less than =3 are'placed"

o«

. . - - . '?_- . ~ .’,
» in another cell. Shoul ny’cell contain less then 5 examineés, ft-is coflapsed

" {with the edjacedt cell é, sést toQ = Q. _The odly'remaining diffefeﬁqe between .

1

|

, \

the two statistics is} ‘;;fér?? , the observed proportion of examlnees in T T 4

- . - . ‘ > “‘ ‘El < ‘t."' . ‘

" ; h v ¢ ’ :

_#: ‘ a particy ell is adJuS!e {%%r examinees omitting the item. Using Yen's
o ) ’ notatidh, > e value of:the fit statistic for'item iis- 3 .

1
] where, ' ’ o .

I ’ v ) n
L . N. is the number of examinees in cell j, pij is the observed proportion

o TS
. ' of examinees in celI\j that passes item i (adjusted for omits) and,

- »

o Eij igithe predicted proportion of examirees in cell 3 that pagses

item i, |,



4

.

- where Pi (ek?is the item respdnse funcétion (equationm, 2) for item i. lt should

. - :
- be noted that the summation ip over examinees in cell j. The degrees of

“ ., i

.,-/'
. freedom are the number of ind%pendent data points (cells) less the number of

’ - "‘ N
Loy . '3 - e

~-item parameters estimated from these. data points. The number of estimated .

1 ~ Y
4 ™.

item parameters is not three in ?11 cases.- In.s instances the value of
L . the item discrimination parpmeter (a 7 was set to the upper bound for : v )

a values{3 In other instances the value of the psuedo-guessing parameter’ ' . .

o x(ci) was ‘set to a cgmmon value.4 Fit statistics were determin%d .

o 3using Q; for each of the 141 PSAT/NMSQT and SAT items used in’this $tudy.

v

-~ ., » - +

S Item Ability Regression Plots i : . s

-

The item abiliey regression plots were obtained as follows. The ability

.

< _ scalg (6) is subdivided into 15 equally spated intervals for a range of -3 to -
+3. For each intetvai, equation (12) is used to compute Pij the proportion of
e people in interval j responding porrectly to item i (adJusted for omdts) That
Sy . AR Y/ :
. ooriss P A1 7 Ghere ‘ T (2)
& , : . ] s = - ’ )
. : . ij Nij , .
) ] ) Nt ‘is the numker of . examinees in the Jth interval responding correctly i
' . 3 o item 1, - , >
Ngj is thé .number of examinees in the’ jth intetval qhat omitted item i, )
|
A is the number of alternatives per item,
L Ni " 1is the number of examinees in interval j that reached item i. - .
.1%'”( . j .m , . N ‘ ’c KN .

. o ’
. . . .
¢ > ‘. _—

3Upper and lower bounds-were set for all item discrimination parameters
to prevent the .estimates from becoming unreasonably, large or small.

- . ’ t ” -

. 4

4When‘LOGIST determines it cannot acurately estimate the'c parameter for . .
a certain item, due to insufficient information at lower apflity levels, , ' ’
’ it uses an estimate of c obtained by combining all such 4tems; for this
study, ¢ for 5—choice and 4~choice items falling into this category was ,
.067 and .123 respectively.

. R




.
- T
~.

. . * ’ ’ ’ ) A ‘ Ta ow \5/
For each itemy 15 P's are plotted as squares whose areas are proportional\' :

N « - K ' | ~. g -

. ) to Nij (these values constitute ghe empirical item ability regression). Also -

~ =

d plotted with each, square is a line of ledgth 4 VPQ/N s where P and~Q are computed

N . 3
from the estimated item response function. The resultipg 15 lines are centered

s ¥

on the estimated item respgnse function which also apﬁears on the plot; It

R - - * - .

- . should be noted that although the line igﬁa‘{ough estimate of tﬂe\.95 confi-

dence interval around the item tesponse function, it is mot being used as a

~
‘.

statistical test for'several'reasonsf' (1) the use of 2 as a coefficlent instead

»

"

of 1,96; (2) the use of the inappropriate symmetric normal, approximation to the

binomial confidence interval around~the response function (particularly a . .

~ v

problem ﬁpr extreme values of P); and (3) the use of an interval based omn

~

estimated item parameters. Item ability xegression ploté weére obtained for

each of the 141 PSAT/NMSQT and SAT items used in this study,

4 . -
e * e -

g Results ’ -

=, Equating, ) . i .

Tables 2- 5 list the raw-score to scaled-score transformations for each

'

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

® . . -
discrepancieé for the linear and equipercentile equating rgsults as comparad '

to. the results obtained from the IRT equating. The discfepancies were computed

by subtracting the scaled scores obtained using the traditional equating methods

" from those obtained using'the IRT method. The data summagizeidig Tables 2-5 are:

presented graphically id“Figures 4 and 3, Figyre 4 contains plots of the

‘.
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Aruitoxt provided by Eic:

o { =
N v ESTINATED SCALED SCCRE
Phn v - * o IRT-
SCORE FREQ LRT <" LINEAR LINEAR Eoul
N ) ———a—- I R ! e eme——- VD eemeemaea | cesee——-
59~ Y 351 ., 7B.¢ 72,1 . 6.5 _17%2
49 884 S 768 T1le2 5.6 75,7
48 1302+ T5.64 - 7303 5.1 , 1432
47, , 146 73.9 69.20 ¢ 4.6 72,9
46" 2602 72.4 £8.4 L 4.0 « Tl.8
45 . * 2686 .70.9 ‘7.5 3.4 . 10.6
44 4889 69.4 6645 2.9 69.4
43 2637 . " 6840 ,65.6 2.4 €8.4
42 ¢« <523¢ 4, 6646 6446 2.9 67.4
41 7374 .. 6543 61,7 le5 66.1
’4C 28984 63.9 © 6248 1.1 . 6447
, 29 9570 - 6247 6138 .9 63.2
23 66165 6l.4 60.9 $5 £1.9
37 11723 69.2 63.¢ o2 69.8
25 * 13816 59.0 59.0 0.0 55.7
25 15480 57.5 581 -.2 58.5
34 13366 56.7 57.2 -5 57.3
23 13960 * | ss.6 5642 -6 56.0
32 18362 ' 54.6 5543 L 54,8
31 20617 . 52,6 54.4 -9 53.6
30 21755 52.5 53.4 -5 52,4
29 1€350 51.5 52.5 -1.9, . 51.5
23 21831 5045 51.6 o "Ll 50:5
27 24950 49.6" 50.6 -1.0 49.5
26 26052 48.6 49.7 -i.1 48.4
25 22933 47.7¢, "'48.8 Y -1.1 ° 47.4 »
24 19738 © 4EJB 45T 4T7.8 -1.3 4645
22, © 26652 °45.9 % 46.9 ~1.0 © 4545,
r22 28002 . 45.0. 46.Q =1.0 - 44,6
21 28749 44,1 45,0 -9, 43,5
20 21193 43.2 44,1 -.9 42.6
19 23506 4243 , 43.2 . -9 41.8
18 ' 27622 41.4 42.2 " -.8 41.0
17 27738 40.6 41.2 R | * 5042
16 25417 39,7 40.3. -6 39,4
15 18302 38.9 19,4 -.5 38.8
14 24A98 38.0 38.5 -.5 38.1
13 26335 37.2 37,5 -3 17,5
12 26252 36,32 + 26,6 -.2 ‘8.5
11 19074 35.5 .35,7 -.2 . 35.6
10 18440 7 34.6 34.7 -.1 34.9
9 22863 33.8 * 13.8 0.0 34.2
8 231§; 32.9 32.9 0.2 33.4
7 22601 3241 31.9 .2 32,7 7
6 12586 % 31.2 k 31.0 .2 32.0
5 16945 3046 ,2\  30.1 .3 31.2
T4 17149 29.5 29.1 o ' 30.5
3 » 15263 ~28.6, 2842 o4 29.8
2 10138 27.7 2743 s © 2940
1 7185 26.8 26.3% .5 28.3
"0 8516 25.9 25.4 © .5 27.4
-1 6554 - 25.0 24.5 .5 26.7
-2 4238 ° 24.1 23.5 B 26.2
-3 1405 23.2 22.6 .6 25.7
-4 , 1192 22.3 " 21.7 -6 25.1
-5 1175 21.3 ¢ 20.7 L 2644
-6 » 570 ¢ 20.1 . 19.8 .3 23.6 .
-7 231 19.0 18.8 .2 23.0 °
-8 66 18.1 17.9 .2 22.4
-9 70 17.1 7 17.0 .1
-10 21 16.2 16,0 . .2
~-11 2 15.2 15.1. .l
-12 0 1443 14.2 7, .1
-13 .9 12.4 13.2 / . 2
-14 b 12.4 12.3 .l
v ;) .
< dJd ’
¢ ! ~ 7

-

. g - 22—, -, :
- TABLE 2 ‘

RAW SCORE TG SCALED SCCPE TRANSFCRMATICNS AND RESIDUALS
* PSAT/NMSQT FCR® 1 TO SAT FIRST OLD FORY

-.8
~e8
3

“ol

-.5

—eé
_=ef

~1.0
-1.2
=~1.3
-1.5
-1.5
-1.7
=2.1
-2.5
-2.8
-3.1
- =3,5
~4.0
4.3
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\ . T . TABLE 3 . - .
RAW SCORE TC SCALED SCOPE TRANSFORMATIONS AND RES[DUALS n,o ,
\ PSAT/NMSQY FORM 1 TO SAT SECGND OLO FORM . . o
N 1 . a ’
; N . ESTIYATED SCALED SCORE .
-.,--a------------{‘---------’ ..... - —— - —— o — - - —
RAW . . . IRT- .
SCORE . FREQ © IRT .. LINEAR . LINEAR EQUI% IRT~EQULP . - -
50 351 B & &8 73.2 4.2 7644, 1.1
49 884 75. 72.2 - 3.5 74.6 R
‘a8 1302 T4, . T1.2 2.9 73.1 ’ l.1
57 ' 746 T . 72.7 79.3 2.4, 71.8 9 .
46 2602 1.2 6904+ > 1.8 7C.5 . o7 L,
45 3686 &%.7 68.%4 1.3 £€9.0. Y I .
44 4889 6842 67.5 .8 €7.5 .8 ‘, "
43 2617 6645 65645 o 66,2 ‘ P B G
42 5236 6546 65.5 .l 65.3 , o3 o .
41 7374 64.4 6446 _ .2 64.3 ’ S '
40 8984 63.3 63.6 ~.3 63.4 S | ' .
39 9570 62.1 62.7 o ~.6 62.4 . =3
38 €619 61.1 6l.7 -6 615 Y S
37 11723 60.0 60.8 ~.8 " 60.7 -.7
36 - 13816 59.0 56.8 -.8 59,8 =8
35 15489 5640 58.8 —ef 58.9 ~.9
34 113264 _57.9 -+ S7.9 -9 . 57.8 -.8
33 139C0 5649 S6.9 -9 5¢.8 -.8
32 ’.8360 5509 5600 ‘loo . 5508 ‘08
31 20617 51001 55.0 ~e9 51009 "(08 ,
37 21755 53.1 54,1 -1.3 56,0 -9 .
29 16360 52.1 53,1 -1.0 53.2 . ~1.1
28 21831 51.2 52.1 -.9 5243 -l.1 .
27 210950 5’303 5102 .‘09 ‘51.3 "1-0
26 26292 49.3 5052 -9 50.3 ~1.0
25 23933 . 4848 49.3 -9 49.3 . -~.9
24 19729 47.5 | 48.3 -8 ) 48,3 . ~e8 - .
23 26652 " . 46.6 47,4 -8 47.3 -7 ~
22 . 280372 45.6 4644 -.8 46,3, ] -7
21 28240 46,7, 45.4 -7 45.2 T - =e5 L. s
20 211537 °  43.8 44,5 -7 .. 44,4 -ob
19 + 23506 42.9 4345 ~eb 43,5 ~eb
18 27632 ¢ ‘24240 42.6 ~.6 42.5 - <5 .
17 27738 . s~ dlel . 4l.6 ~e5 _tov. 4l.3 . © me2 ]

16 . 256417 40.2 40.7 L me5 YA L 40,5 2 =3 o o
- 15 , 18302 39.3 39.7 S o=de LI 39,6, T =e3 o RIS
14 - 24898 38.5 38.7 ° - . < . 38,7 - -2 . « (':‘”"
13 - 26335 37.6 7.8 . ~e2 . ' :37.8 . =.2 ‘

12 ., 2€252 36,7 36.8 -.l. 36.9 . w2
11 190764, 35,9 35,9 0.0 3601, - ¢ -2
10 18446 35.0 34.9 .l . 35,2 .2 .
9° 22863 - 34,2 34.0 o2 " 34, N 1 ,
8 23123 5 33-3 I '3300 «3 v 330- 0.0 ’,
7" 20601 T 32,57 32,0 « .5 32.4 S )
6 12586 31,7 31.1 Y o 3.5 . 2 . .
5 16949 30.9 20.1 .8 30.7 o2’ . i
4 17149 - 30.1 . 29.2 . «9 Y 30.0 . - o)
3 15263, 29.2 2842 1.9 29.3 c =l
2. 10i38- 28.4 - 27.3 1.1 . 28,7 ~.1
1 - 785 - 27.6 2643 1.3 28.1 ~e5
0 8516 2647 25.3 Y le4 27.1 -6
-l 6554 25,9 24.4 1.5 261 . Y
~2 . 4238 25,0 - 23.4 l.6 25.5 -.5
~3 1405 Lt 2440, 22.5 1.5 24.8 -.8
-4 - 1792 . 23,1 . 21.5 1.6 23,7 -6 .
~5 1179 . 22.0 20.6 l.4 22.8° [ =8
-6 570 20.8 19.6 “le2. 22,3 ~1.5
~7 231 19.7 < 18.6 l.1 21.8 o =2.1 :
-8 66 18,7 ™ 17.7° 1.0 2l.4 =2.7
-9 70 17.7, 16.7 1.0 , :
"10 21 1608 1508 loo »
~11 3 15.8, 14.8 1.0
~12 0 14.9 13.8 NI | .
“13 , 0 1309. 1209 1-0, “
-14 0 : l2.9 11.9 1.0 .
N L4 . . e /
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: ", TABLE 4
R

RAW SCOFE T SCALED" SCORE TRANSFNPMATIONS AND RESIDUALS
‘PSAT/NMSQT' FURM 2 TO SAT FIPST OLD FOD:
- - . . ‘a

ESTIMATED SCALED SCORE

>

¢ . S T PP r——— e S,
RAW . . 18T- )

SCORE FREQ IR L INEAR , LINFAR EQUIT | IRT-EQUIP
50 - 725 ., 78.& 72.} 645 77.0 1.6
%9 “1ri2, o 77.3 - 7.1 €. 2\ 7543 2.2
48 1197 75.9 70.1 5.8 73.9 2.0

Y 1636 7443 65.2 5.1 72.5 1.8
46 3344 . T2.7 682 ypb o5 71.2 1.5.
45 4288 71.0 67.2 {a.a . €5.6 1.4
b4 5068 ' 69.4 6643 3.1 67.7 1.7
43 2534 67.8 ° 65.3 2.5 664.8° 1.2
42 5300 L6643 64.3 - 2.0 65.8 .5
41 6555 64.8 >  63.4 I P * 64a€ - 2
40 7474 6344 62.4 " 1.0 £3.4 0.0
39 7066 €249 6l.4 o6 6242 -.2
| 5999 63,7 £0.4 .3 ' 6149 @ =2
37 . 8775 ¥ 59,4 .59.5 -.1 59,8 -.d
36 9605 58,2 54,5 -3 58.7 R
35 10742 57.0 57.5 -.5 57.6 -6
34 8385 W - 55.9 56,6 -7 5644 -.5

T 33’ 9983 * 54,8 55.6 -.8 55.3 =.5
32 11728 53.7 54.6 =9 J 54,1 -
31 12474 R 52.7 53,6 ~.9 52.9 <.2

.30 12497 v, S5l.7 52.7 ~1.) . 51.9 -.2
29 , 984C 5047 . 51,7 ~1,0 51.1 , -.b
28 12597 \ 49.7 50,7 <19 50.2 -.5
27 14266 "Y48.8 49.8 =.0 49,1 -3
26 1455¢ 14749 48.8, ~.9, 47,9 0.0
25 12515 \:6.9 . 47.8 T -.9 47.9 -.1
24 11752 < 46590 4649 -.9 46,1 -.1
23 14493 45.2.: 45.9 -7 45,2 0.0
22 15102 44.3 44.9 -.6 }P’ ‘¥ 0.0
21 15127 43.4 43.9 -5 3.4 - 10.0
20 ‘11257 L 4245 43,0 *-.5 42.5 g 8.0
19 12238 41.7° 62,0 -.2 41.% ] .1
18 14666 40.8 41.0 ~2. 40,7 . .l
17 14695 . 39.9 . 40.1 -2 39,7 . o2
16 128138 -39,1 39.1 0.0 - 3849- .2

-15 10321 38.2 + 38,1 .1l 38,1 .l
14 . 12861 37.4 N 37,2 2% 0 3744 0.0
13 13244, 36.5, 36.2 .3 36,5 . 0.0
12 12458 35.¢ 35,2 1 5.5 .l
11 9198 34.8. 34.2 .6 &%.7 .1
10 9734 33.9 33,3 .6 v 33,3 Lol
9 10728 £ 33,9 32.3 .7 32.9 .1

8 10371 32.1¢ 31.2- - 31.9 2
7~ 8676 31.3. < 30.4 5 . 31.0 .3
6- 5687 30.4 29.4 1.9. 30.1 .3
5 7507 29.5 ‘2844 - GRS 29.2 o2
4 .6946 1 . 28.6 ~27.5 l.1 " 2844 - 32
3 . 5678 ¢ 27.7 - 26.5 1.2 27.5 Y
2 3398 26.8 25,5 1.3 26.7 .l
1 , 3039 26.8 24.5 . 1.5 © 26.0 0.0
] 3074 25.1 23.6" 1.5 25.2 ~.l
-1 2169 ' | 24,2 22.6 1.8 24.2 0.0
-2 . 1295 23.3 2146 « 1.7 ¢ 23.3 0.0
-3 491 22.5 20.7 l.8 *  <22.6 -1
-4 608 21.¢ 19.7 1.9 *21.9 -.3
-5 365 20.7 1887 2.0 20,7 0.0
-6 170 19.8 17.7 2.1 1920 .8
-7, 48 ... 18.8 16.8 2,0 18.1 .7

, -8 19 51249 1548 > 2.1 17.8 .1

-9 23 xboq 1"08 Z.l "
-10 .3 16.0 13.9° 2.1 °
-11 3 15.1 , 12.9, 2.2, . :

12 ] l4.1 11.9 c 2.2 % B

-13 1 13.2 11.0 2.2 \\\, g ,

-14 0 12.3 10.0 2.3
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g TABLE 5

. - -~ .= :
“RAW SCOE TC SCALED SCORE TRANSFORMATICNS AND/RESIDUALS
_PSAT/NMSQT FORM -2 TO SAT SECCND OLD 'FOPH

ESTIMATED SCALED SCORE

“IRT- -
LINEAR LINEAR EQUIZ (IRT=EQUIP
v ""'"!""*"

76.9

7544

74.0

T2.4

70.8

69.3

678

€4

65.2

72.1
71.2
70.3
69.3
68.4
67.4
66.5
65.6
64.6
€3.7 63.6
62,8 €2,.5
6l.8 61.5 "
69.9 €0.5 '
59.9 b © 56,5
59.0 58.5
58.1 0 ) 57.5
57.1 5646
56.2 55.7
55.2 . 54.8
4.3 53.8
53.4 52.8
52.4 51.9
51.5 50.9
50.5 ‘ 50.0
49.6 y 490
48,7 48.1
47.7 . 47.3

. 4648 4644,

T 45,8 . 45.6

44.9 44.8
44,0° 44,0
43.0 £ 43.1
42.1 42.0
41.1 40.9
4022 39.8
39,2 : _ 38.9
93,3 ; 38.0°
37.4 ‘37.1
6.4 . 36.3
 35.5 35.4
34.6 34.6
33.6 33,8
32.7 33.9
31.7 32.1
20.8 31.1
29.9 T, 30.3
.28.9 2545
2800’ R 2807
27.0 28.0
2641 ; 27.3
25.2 26.6
2432 T, v 25.8
23.3 (2501
22.3 2462
2le% . 23.3
2045 . 22.8
19.5 22.4

© 18,6 21:.8
17,6 - - . 21.2
16‘.7 -
15.8 °

14,8

13.9
13.9

12.0
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' Figure 4: Plots of raw score to scaled score transformations resulting from
- application of the three equating methods. . N ‘
] .
- - ! ~ ' . a *
! - - * 3 . il
- P » ~ or
- 7 y - .
i ‘ ' K ’ "': » ~
" "y, * »
v ! N . , '2 \,’
«- v . . ’ . - }
N ’ - ar
Q ~ e " V n ' ’ ! '
ERIC "¢ .~ « = : ] L
. . : ’ \




Y - - L] -
i
.o . . .. oy
o ml N “ Tl . - 4 }
v ot ’ S e e ,
. : v e , el , .
- 27 -
. ’ - .
> - PP = H ” "
= . - et (N P 7
- PSAT/NMSQT FORNYYSAT, FIRST OLO FORM EQUATING. RESIDUALS PSAT/NSOT FORME/SAT SECOND OLD FORM EOUATING RESIDUALS
R - . 9% : ‘ ..
i 5 = " i , 5 - S - 1 ' !
[-§ o4 . 8- ..
L—, - - - 3 . K -~ o | . .
Q 4 e . n
H ‘; . . R . s, § 4., 1] "
& K = 3 \ .
- g " g - "
4 = . e o~ ACEN I . L de—
PS ISP ALLLLL TN . —~.l R z g sad s ,
§ L .,_./'-(____""."._".\',—-_/ B § N o~ S TP L .
- B . -~ ot e g -
-2 - - e s
g . ./ ) 3 2— / hd -
oy R [y IRT
-% L b+ ¢, cée-- LINEAR
& -4 . x - N ——— EUJIX. ¢
« L - . B ‘ y
[T - . & -
S gbt t 1+ 1 | d gLt 1 ¢ ¢t 4ovo1¢ 4t 1) 1
. -lq ,, 0 . . -t0 0., 10 20 % 40 S0
. ’ FORMXA SCORE ‘ .
- . ) )
“ . «
. f *
- - »
L. . . -~
o ¥
. . P .
- . . - ' . - M .
PSAT/MMSQT FORMZ/SAT FIRST OLD FORM EQUATING RESIDUALS . [psaT/tsar FoRM2/SAT SECOND OLO FORM ECUATING RESIOUALS
v 8 o P
-ow D o ] T "I = .
Q . Q .
o ef . % o
. § ‘: r. . ', . a ud ": (
. . - 8
& = . - - o . s
w > w v K
> 2k ceraels ‘ > %
' § ° . RSN & ef \ .
»O = " AT PO z/ b cecammman ~een D ’
Z O et it z gl s oo Pt
o L NS W P —_— et
o e ey we w - T e sme”
2 s : g / ‘
g0 & 82 /
§ - - . e IRT Y b . — IRT
. g " . -e-es LINEAR g L . ----- LINEAR
g . . EQuIX S ol -
= L —
a LSS W YN Y NN TS NN SN TS O U S S B SR - S NN SN NN SN NN SN B [l B B
~10 0 10 20 30 40 50 -1 ., 0 10 20 - 30 40 S0
FORMAA SCORE o . L4 . FORMULA SCORE < N
. : N ot
- — . . v .
. . »
b ’ N . , ;
‘ 2. . ‘ ’ . - . - . .,
’ ' .
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‘method is presented in Table 6. * The data presented in Tables 2-5 were used’to

., ! * "

raw-score to scaled-Score transformations obtained fos the four equatings. Each

ot «

plot in this figure compates the results of the conventiondl equating methods

>

.
'S

(linear and equipercentile). with the resulg{ of the IRT equating. . ' : SR
t ‘ - < ° . - ' -
Plots such as those shown in Figure 4 tend to emphasize the similarities

- A

{ ¢ . - L. -

hetween the equatings rather than the ¢ifferences. Plots of residuals are often

. » .t . e/
informative when used in conjunction with plots of raw-score to scaled-score
hat - ' / ] . A N

transformations. Figure'S conta;ns residual plots for the four equatings. The
; . . . -

IRT equating was used as the comtarison equating and the difference between - )

scaled scores obtained by each of the conventional methods*and the IRT method > f
N 5 ‘ » 2 . LA ';‘('
was plotted against raw scares 3 . . ,
. . v

Finally, the.efféect on scaled score summary statistics of each equating |

‘. 4

compute these statistics. The frequency distributions given in Tables 2-51a:ef O L

simply a convenient vehicle gor‘convertin the scaled scores into.interﬁretable

summary statistiés. Any reasonable frequency distribution would suffice. The_ {j

distributions selected were the PSAT/NMSQT Form 1 and Form 2 populations. »

-

" Examination of the data founﬁ in Table 2 and . illustrated in Figures %é' .

’

4 and 5 indicates ‘closer agreement, (for scorés above a formula score of 10) ;:
~ 'f
between the IRT and equipercentile methods than the IRT and linear methods *

7 .
- ( L

for the PSAT/NMSQT Form 1 - SAT First Old Form pairing. The IRT method ténded

'7/

, to yield higher scaled scores at the upper‘end of the score scale thaq,either of

Y
the two conventional methods. The IRT transformationS'are s1ightlx,higher than *
//
the 1inear transformations at the lower -end of the score scale and have a . -
/‘ . B .

e
tendency to be lower than these transformations through the p9rtion of the score oo

.‘\

,range where the largest number Df obtained scores ocCcur. inrly close agreement

N B
beQWeen the ng and equipercentile equating is observed gdr the middle portion

~ ’ \3 }.‘
- i -

~»
. o

-

\s
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- v ‘f'_l‘able 6 . )
. Scaled Score:'Summary“ Statistics"Resul't:ingff-rom“.*‘ Loelt ) g
s » Application of Three Equating Methods - L -
. . . T caot 3
‘s ) < ot ) 3 IRT -~ ., ~Equipercentile " _  .Linear - °
. Form N Mean S.D. Mean 5.D. Mean S.D.
" Z . . - '
"First PSAT/NMSQT 828815:- 43.77  10.60 43,94 10.42 44,20 10.54
" Equating . Form 1-' ) : ) : ' ”A :
i . SAT First . . ' )
0ld Form . - —
~Second . PSAT/NMSQT' - 828815 44,21 ' 10.38 . © 44,66 10.53 -44.50 10.79
Equatdng Form 1» . B ey : -.
* SAT Second .
0ld form
¢ - B ' " ’ 4
“Third . PSAT/NMSQT 462551 ©  45.53 11.41 45,52 11.38 45:43 11.32 |
Equat:.gng Form 2- ’ . o .
: SAT Pfrst [ #r : - . .
0l1d Form 2y . . .
“Fourth ‘PSAT[NMSQT 462551,  '45.90 11.09 46,27 10.93 - 46.54’ . 10.97
Equating Form 2- i -
SAT' Second ' \
0ld Form .
? A s »
e 7 . v —
° d B N
. RN 6 ) *
L -
' ¢ -
- oot .
L - e
X - )
., - ‘ *' l
- ’ %
. >‘ ) 32 . .
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¢

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

of the.score range. Noteworthy’discrepancies bceur at the lower end of the'

- %

@ ~

score scale Where the equipercentile method ygelds higher scaled scores than the - . .

IRT method. ' e T ’

The differences between the raw-score to scaled-score transformations .
? ’ . hd Lot

resulting from the different equating_meﬁhods applied to the PSAT/NMSQT Form 1 -

SAT First Qld Form pairing are reflected in the summary statistics -foundin

-

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

tlosely. Mean scores resulting from the linéar méthod are slightly higher'tha‘\

L4 v

v - »
those obtained using the IRT equating, reflective of the lywer -IRT transfor-
o -

xmations obtained for the maJor portion of the~score reporting range., - . g

-w.’c -

-

Table 3 and Figures 4 and 5 contain information pertaining to’ the PSAT/NMSQT
Form 1 <~ SAT Second oLd Form pairing. Similar to the results of the eq%?ting to
the SAT First Old'Form, the IRT method tends td yield higher scaled scores than

éither of the conventional methods for the upper end of the score scale.

The
X ) ’ ,. ‘ '. kY an. .
IRT scaled scores are again lower than .the linear scaled scorés‘for.the mid-

f : El ) . »

portion of the scorf range which contaims the majoritY’of observed scores. IRT L

“
,(

transformations do not agree as closely with the linear transformations obtained

~ ’ A

) - [ .

this case the IRT transformations-are somewhat higher in relationship to the | |

~

linear transformatiops as compared to' the first gituation, There is a slightly

' - i .
- . \ [

greater discrepancy between the IRT and'equipercentile teansformations for this , RS

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

t

instance, the IRT method tended to produce scaled scores that were consistently_

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

‘ N A

those at the upper end of the 3core range. ’ : »




o . ) ) . < )

_‘Examination of .the summary statistics for this equating tontained. in Table
) 4 N . - ¢

* 6 indicates a closer agreenent betwaen the scaled score means obtained from the

linear and equipercentile methods than the.éoaled,score mean obtained fron the .

- - IRT method and either ‘the linear or equipercentile method.k As was the case -
L a : . . ~— ) - R )

_with the SAT éirst 0ld ?orm pairing, the IRT scaled score mean fs lower than .

. -

~

> that obtained from e1ther the 11near or equlpercentile methods.

-

‘ Infornation relating to the equating of PSAT/NMSQT Form 2 to the SAT First

.
.

old Fong is summarized in_Table 4 and Figures 4 and 5.. Once again, it can be

>~

‘ ) , - . . N
noted that the IRT téansformaeionsvare higher thah‘either the linear or equiper-

. ( P

centile transformations for the upper end,of the score scale. It appears that ) ) \

. b .

* 7 for the mid—portion of the' score range the IRT ttansformations are lowe®t than

[

the’ 1inear transﬁ‘fmations but not_ for as great a range as previously observed. a

-
[N

IRT transformations become higher than linear transformations,at a point where a

~ v -~

large number of .observed scores are 3till accurring and continae to be higher”’

- $ *

' than the linedr transformations to the bottOm of the distribution of observed e ] ,

y : .

" scores. The IRT transformations agree fairly closely with the equipércentfle  re

-i transforﬁations with the exception of the upper end of 'the score range.
. Reference to the data.gor this eouating contained in Table 6‘indicates
. . ~
‘that for the first time the IRT scaled score mean is slightly higher than that

»>

obtained b§ the linear method. An interesting point to'note'is the close agree-
i - - N -

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

' <« 5T . - .

. " \ “,, . t . ¢ . - -
Table 5 and Figures 4 and 5. summarize the results of the PSAT/NMSQT "
Form 2-SAT Second 0ld Foym equating. The typical patterd of the IR& equating *° -

‘

o

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

! observed, however, this\disprepancy is not as great as previously observed for

- o . . s
. .

the IRT-equipercentile %omparison.f The IRT method results in lower ‘scaled

.




S,
M et

-

.’Q i . " N

-

b ’ '

. e .

scores for the mid-portion of the score range, when tompared to Scaled scores
’ ]

. obtained By the linear method. Equipercentile scalgd scores are hfgher than
. 6 } N - - ~

- A Ly

!

the IRT staled scores for all scores except thoSe in the very uppér portion of

\

. <
the score range. As indicated by the data fer;:if equating given in Table 6,
. . M ) ) o

e linéqr or eqﬁiﬁercenfile r

the IRT scaled score mean is lower than either

. .
. . . . )
scaled score mean.- . : ) : .

]

u Lt ' 4 )
To summarize, in general, IRT equating, when compared to linear or equi- ,

’

percentile methods, yields higher scaled‘§core valuéslfor the hiéhest raw .

v 4 .

. scores and to some _extent, (particularly-when'compared to the linear équating "
¢ N . 4 LY

P . -

, resylts) yislds higher sca}ed score values for the lower raw scores. In the

N

. mid-pertion of the séore range IRT transfofmations tend to be slightky lower ' Y
. B Ly ,“"‘:‘

than those bbtained by linear or equiperéentife methods.

. h M -
- .Assessment of Goodness of Fit . ™~ =% . T

»

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 statistig of each of theJl7

Co
ability level intervals for the 141 items. Inspection of.the individual

\ N 4 . - . T,
contributions to the overall value of Qf for én\igsm is important because in

s

some instances only one iiterval may contribute close to, or over, half of -
Pt N ‘oA ,

» -,

' ‘ ! , .
the total chi-square value. -Thi's situation generally occurs for intervals -

w3 -~ P
¥ . .

at the extremes of the ability continuum where the number of examinees in ' L

.
1 4 " *

the interval 13 small, thus’only a few deviant responsé patterns’may cause. ,

.
[—

Bt 4 . M L« . . .
the interval to contribute greatly to the total chi-square valug‘ Under -

~

- .

4 these'c;rcuméﬁances, simply<using the overall value to assess the goqdnegé

of fit of the item would be inappropriate. .

" . Har - .
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‘ c
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. : . - Table 7 (cont'd)
A . e .
- . ' A ’
- . \ ¥ v ’ 1
. -
0 s .
L~ , ' ‘
1 - : ‘. 4
. N v -
i ‘ . Item Numbers -
- — - -
25" 26 27 28 29 30 Nk 22 7 3 34 35 36
de + "
248915 0.9420  0.6449  0.7727' 11,3525 1.1607 .0.70Z8  0.5636 1.2326 0.8148 .0.8458 -0.7010
JA877  3.7042  ",64812  1.0877' 143267 1.6635 =-2.0581 . =1.1295%. =0.3188 =0.5085 =0,67%6 =0.1348
9.0547 0.2230 0.0251 0.1155 ©€.1055 2.1517 0.9673  0.3673  0.1344 0,0673  0.1671 0.1313
» ’ - ! ’
¢ 018 ¢ DilA ¢ 0,56 ¢ 0.60 T+, 0,07 = 0.78 ¢ 0,03 = 2.50 ¢ 0.0l ¢ 0,09 + 0.07 = 2.37
= Q.18 = 0,26 =.0.08 ¢ 0,51 - 1.16 & 0.47 - 12,39 - 0.45 ¢ 0,03 + 0,24 - 1,99 - 0.21
= 043 ¢ 14T = 03,05 - 9,02 = 0431 =~ 0.85 ¢ 0426 = 200 = 2,37 = 1.21 ¢+ 0.77 ¢+ 0.04
= lel2 = 0.3% - 0,14 = 0,19 & U9 = 1,12 = 12,90 ‘¢ 2.11 ¢ 0.00 = 0.71 = 1.21 ‘= 0.1l
= 0,48 ¢ 0,05 ¢ 0,02 - 0.00 ¢+ 0.,09-4+ 1444 = 0,20 + 2.8l = 0.36 = 0,65 = 0,09 + 9.42
+ 484 = 0,00 ¢ 0426 - 1.0l ¢ N9 ¢ N,01 = 2,28 + 3,07 =~ 3,52 ¢ 0.62 + 2,11 ¢+ -1.22.
¢ 1e26 - U3l = 0453 ¢ 1.80 ¢ .09 ¢ 0,17 - 0.19 ¢ 0.12 + 0.02 ¢ 109 ~ 0.16 ¢ 0.7l
= .74 = 20T e 0.73 + 2465 = 3,73 ¢ 0.0M = 016 = 2,01 ¢+ 0,03 =~ 3,19° ¢+ 1.75 - 1.50
= 3,95 ¢ 023 - 0.9 - 126 ¢ 0Tl - 2,36 s 0.23 - 0,91 ¢ 2.55 + 0.0l #] 0.51 - -9.77
= 0,06 = 0,05 ¢ 0,63 .- 0.0p ¢ 0,00 =~ 1.5l ¢ 0.31 = 0,22 =~ 0.0 ¢ 1,79 = 0.73 = 0.10~
+ 178 .01 - PO9 - 0,38 ¢+ .17 F o lesd v 4,57 - 4,10 -~ 2,19 - 0.09 ¢ 0.17 ¢ 0.67
¢ 2442 ¢ 1433 - 1el6 ¢ 0,00 ¢ 1,75 ¢+ T.64 ¢ 178 =~ 0,00 - 0,01 ¢ 0,03 - 0.66 -~ 0.01
¢ 0,08 ¢ 1,21 = 0,00 ¢ 04093 ~ 1,7% = 0,07 - 151 ¢ 3,83 ¢ 1.5 =~ 0.0 = 9.00- ¢ 0.45
¢ 0,087+ 0,22 - 0.00 ¢ 2:29 + 0461 4+ 0410 =~ 5,81 ¢ 2,910 = 0.15 = 2.41 + 7.29 & 0.T1°
+ 0426 ¢ Ge28 ¢ 0,33 &+ 43T75 - 0,046 ¢ 6416 = 0.07 ¢ 0.30 ¢ 1,22 -~ 0,28 + 0,02 + 1.91
= 0,39 4 5,62 4 0,13 ¢ 0.0l ¢+ 3.26 ¢ 0,01 ¢ 903 ¢+ 0,16 ¢ 1,09 ¢ 0,05 ¢ 0.99 -~ 1.96
= Q.28 ¢+ 0014+ T1.33 ¢ 0.12 ¢ 0,48 - 0414 = 1,75 = Oul3 ¢ 5,77 ¢ 0.01 ¢+ 0,29 ¢+ 0.00
23.33 11.57 9,43 14.32 15.60 24,00 4R, 44 26.62- 20,92 12,27 18,83 12.96
. o g .
A
] P : -, N
- ' - »
. /
’ . ‘ 5 Item Numbers
37 28 LI 40 41 42 43 46 % 45 46 % 47 48,
0.5192  0.8368 1.0499  0,4337  1.1560 20,4966 1.1437 1.1593 23,8335 9.5812 1.1786 0.7946
002903 347957 =1.1494 =1NW9772 -5.5827 =1.066T 0,413 1.469C 0.1860 0.,4577 0.7038  1.2962
2.0 9.3821  2.p2238  9.f224  9.1131 2.1228  C.2618  0.1279  0,1327  0.0052 9.1425  0.1827
. * ~ %
¢ 0412 & 0418 ¢ 0.01 + 0.2 ¢ 0,001 + 0,39 ¢ 0,05 = S.77 ¢ 0ef9 = 9,31 + 0,09 = 4,88
+ 0434 = 0,56 # £e02 ¢ 0.68° ¢ 0493 ¢ Q.82 ¢ QulB == 1.5 = 0.46 ¢ 0,02 = 1.38 ¢ 0.07
- 9.2 - 0.4l - 9,37 ¢ 0,00 + 0.5 ¢ 2,66 - 0.01 - T.AL ¢ 2,16 - 2.00 + 0.26 + 0.35
= 2470 - 3,09 - 0452 = 002 = 9,70 ¢+ 3,13 - 1.50 - 3,43 ¢ 0.76 = 2,63 % 0.0l ,+ 0.28
= 0409 = 2472 - 2466 ¢ 1.9l = 1429 ¢ 6,57 ¢ 0,26 ¢° 0,29 + 1,03 - 4,28 - 0.65 + S.88
= 180 = 0425 = 24646 4 0,00 ~ 2,33 ¢ 0.,02° - 0403 ¢+ 5.16 + 2,01 + 0.4 - 0.23 - 2.53
= QeCF ¢+ 2,53 <= 6.62 4') 0,00 = Q.03 <« 0401 =~ 0.20 ¢ 2,23 = 0.05 ¢ 2.8l ¢+ 0.05 =~ 0.62
=, 027+ 9,72, = 0,04 -7 0,34 ¢ 0,71 = .00 ¢ lell - 1443 - 1,59 + 1,95 + 1.18 -~ 0.05.
+3.25 4 3013 4 0413 4+ 1,69 ¢ 0,06 = 1483 = 0,38 ~ T.82 <~ 0,25 ¢+ 1,47 = 0.05 + Q0.n7
* DS54 = 1483 ¢ 9,65 = 2,36 ¢ 2,29 = 0,27 - 1,45 = 4,23 ¢+ 0,82 - 0,04 - 0.13 = 0.15
*# N46 = 0442 ¢+ 0,30 ~ 0,80 - 0,34 = 0,01 ¢ 1,27 = 0,96 + 0.45 - 6,96 = 6,21 = 0403
= 138 = 0,04 = 0,01 ¢+ 0,65 - 2,10 & 3,00 ¢ 0,59 ¢+ R.4b ¢+ ‘0,01 - 3.6l ¢ 2.27 + 3.29
= 1e99 2 0,00 - 8,16 + 0.02 = 2,65 + 4,36, ¢ 3,30 + 10,29 ¢ 0.3 - 0.02 & 0.15 = 0.4
= 0,87 = 0,04 = 1,65 ¢ 0410 = 0.00 = 0,06 = 0.78 ¢ 7,37 + 0,08 + 3,79 + 2.33 ¢+ 0.12
= 0.72 ¢ 303 - -0.38 ¢ Q.50 ¢+ 0,05 = 0,79 = 0,02 ¢+ 0,78 - 0,42 ] ¢ 2.96 + 6,68 + 0.01
= .27 #6406 + 0415 = 0.39 ¢ 1.4l = 0.76 ¢+ 4,09 + 1,09 - 1417 - 0.27 ¢ 0.12 ~ 0.76
= 0404 4+ 4.9 - 0,00 ¢ 0,20 ¢+ 4401l = I.TF ¢ L.l ¢ 14T = 0.0l - 0,70 + 1.86 + 2,25
15.18 24,11 41.79 10.11 25.13 26.61 16.37 69,03 9.56 42.89 19.61 22.56
- 4 ‘iv\ ‘.
.- T
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: . Table 7 (cont'd) .
- , 4 . “ A2
« NN
- PN 'f‘ v ’ A
. .
s ¥y .
., N ;
/ - . . Ltem Numbers -
= - ;
25" 26 27 28 29 k1 31k 2 0t 33 34 35 36
te . v :
248915 0,920  0.6449  0.7727' 1.3525 1,1607 .0.70Z8 0.5636 1.2336 0.8148 .0,8458 -0,7010
J.8877  0,7962  C.4812  1.0A77° 10T 1,6635 =2.0581 . =1.179% =-0.3188 -0.5085 =0,6746 =0,1348
J.1547  0.2230 0.0251 0.1155 041055 9J.1517 0.P673  0.3673  0.1344  0,0673  0.1621 0.1313
P . ]
¢ 0.8 % QULA ¢ 0.56 ¢ 0.60 ", 0.07 = 0,78 & 0,03 = 2.50 + 0.01 + 0,09 + 0,07 < 2,17
= Q.18 = 0,28 = ,0.08 & 0,51 = 1.16 + 0.47 = 12.39 = 0.5 ¢ 0,03 + 0.24 = 1,99 = 0.21
= 0463 ¢+ 1,47 =*3,05 - 9,02 = 0.31 - 0.85 + 0.26 - 1,00 - 2,37 - 1.21 + 0.77 + 0.04
= lel2 - 0.2% - 0,14 = 0,19 ¢ Y09 =~ 1,12 = 12,90 ‘¥ 2,11 ¢+ 0.00 - 0.71 = 1,21 = 0.1l
= 0,48 ¢ 0.0% ¢+ 0,02 - 0,07 ¢ 0,09 ¢ 1,66 = 0,20 + 2.8l = 0,36 =~ 0.45 = 0,09 & 9.42
6.9 - 0,00 ¢ 0,26 = 1,01 & 0,69 ¢ 7.0l -~ 2,28 + 3,07 ~ 3,62 + 0.62 + 2,11 + l.22.
+ 1,26 = U3l - 0,63 ¢ 1.80 ¢ .99 ¢ 0.17 - 0,19 ¢ 0,12 + 0.02 + 109 - 0.16 + 0.T1
- 3074 - 2007 ¢ 0093 ¢ 2,65 = 3,73 ¢ 0.07 - 0016 = 9,01 & 0,03 = 3,19' + .75 = 1450
= 3,95 ¢ C.23 - 0.9 - 126 ¢ 0,71 - 2,3 .+ 0.23 -~ 0.91 ¢ 2.55 ¢ 0,00l =} 0.51 - -0.77
= 0,06 - 0,05 ¢ 0.63 .- 0,06 ¢ 0,00 =~ 1.51 ¢ 0.31 = 0,22 =- 0,01 ¢ 1,79 = 0.73 = 0,10"
¢ 178 =L 0l = P,09 - 0.3% &+ 1,17 4 1.40 ¢ 6.5 = 4.10 - 2.19 - 0.09 & 0.17 + 0.67
02,62 % 14239 = 1416 ¢ 0409 ¢ 1.5 ¢+ T.44 ¢ 1,78 - 0,00 - 2,11 ¢ 0.03 = 0.66 - 0.01
+ 0,08 '+ 1.21 - 0,00 ¢ 0.03 = 1.78 - 0.07 = 1,51 ¢ 3,83 & 1,56 =~ 0,00 = 0.00- + 0.45
+ 0,08 '+ 0,22 - 0.00 ¢ z:ze ¢ 0,61 ¢ 0,10 - .8.81 ¢ 2,91° - 0.45 =~ 2,41 & 7.29 + 0.71 "
+0.26 ¢+ .28 ¢ 0433 ¢ 4T75 - 0,06 ¢ 6,16 - 0.07 ¢+ 0,30 ¢+ 1,72 - 0,28 + 0.02 + 1.91
= 0009+ 5,42 4 0,13 ¢ 0.0l ¢ 3.26 ¢+ 0.21 ¢+ 0,03 + 9,14 + 1,09 # 0.05 ¢ 0.99 - 1.9
S 0e28 0035 - T1.33 6 0412 ¢+ 0,48 = 0416 = L.75 = 0.13 ¢ 5.77 ¢ 0,01 + 0,29 + 0,00
23,93 11.57 9,43 14,32 15.60 24,00 48,46 26,62- 20,92 12.2™* 18,83 12.96
. P ’
'
il P ‘ -
" ' . ’ »
. . J -
’ . L ,l Item Numbers
17 28 29 % %0 41 42 42 "ok 45 “6 % o7 8,
04192  0.4368 140499 0264337  1.1560 09,4966 1.4437  1,159%  3.433§  0,5817 1.1786 0.79%46
“0.2903  3.395% ~1.1694 -IN3772 ~3.5827 -1.0647  0.4136  1.469C 0.1840 0.4577 0.7038 1.2967
2.3 9.3821°  2,0228  9.1228  9.1131  0.1228  0.261%  0.1229  0.1327  0.0052 0.1475  0.1827
. - * ~ 1
¢ 0,12 + 0018 ¢ 0.0l ¢ 0.7 ¢ 0,001 + 0.39 ¢ 0,05 = 5,73 + 0.9 =~ 9,31 + 0,09 = 4.89
¢ 0.34 = 0,56 » €,02 ¢ 0.68° ¢+ 0.93 ¢ 0.R2 ¢+ 0ul8~= 1.50 = 0.4 ¢ 0.02 - 1,38 & 0.07
= 9,7 - 0,41 = 9,07 ¢ 0.00 + 0,15 + 2,66 - 0.0l - T.81 ¢ 2,16 - 2.00 ¢+ 0.26 ¢ 0,35
- 2070 - 3,09 - 0,52 - 0402 = 9,70 ¢ 3,13 - 1.50 = 2.4 & 0.76 "= 2,43 + 0.01 ,+ 0.28
= 0.3 = 2,72 - 2,66 ¢ L.l = 1429 ¢ 457 ¢ 0,26 +°0.29 ¢ 1.03 - 4,28 - 0.65 + 5.88
"= LU = 0,25 - 2.66 ¢ 0,00 - 2.33 ¢ 0,02’ - 0.03 ¢ 5,16 ¢ 2.0l ¢+ 0,48 -~ 0.23 ~ 2.53
- C.0h ¢ 2,53 - 6,62 4 0,00 - 0,03 - 0.0 =- 0,20 ¢ 2.23 =~ 0.05 ¢ 2.81 & 0,05 - 0.62
=927 ¢ 0,72, - 9,06 -7 0,36 ¢ 0,70 - 2,00 ¢ 1.1l - 143 ~ 1,59 ¢+ 1,95 + 1.18 - 0,05
+73.25 4 3079 4 0413 ¢ 169 ¢ 0,26 - 1,83 - 0,38 - T.87 =~ 0.25 ¢ 1,47 = 0.05 + Q.A7
¢ D56 = 1453 ¢ 9465 = 2,36 ¢ 2,29 = 0.27 =~ 1,45 = 4,23 + 0.42 - 0,04 - 0,13 - 0.15
+ N.46 <= 0,62 ¢+ 0,30 -~ 0.80 = 0.3% = 0.01 ¢ 1,27 =~ 0.96 ¢ 0.45 = 6,9 = 64,21 = 0,03
- L33 - 9,06 = 0.01 + 0.65 - 2.10 & .00 ¢ 0.59 + 8,46 ¢ -0.01 = 3.41 ¢ 2.27 + 3.29
= 199 2 0,00 - 8416 ¢ 0.02 = 0,65 + 4,36, ¢+ 3,30 + 10,29 ¢+ 0.3% = 0.02 + 0.15 - 0.6l
= 0.87 - 0,04 =~ 1,45 ¢ C.10 = 0.00 = 0.04 = 0.78- ¢ 7,37 + 0.08 + 3.79 + 2,33 + 0,12
= 0,72 ¢ 0.03 - 0,38 ¢+ Q.50 + 0.05 = 0.79 - 0.02 ¢ 0,78 = 0.,42]|¢ 2,96 + 4,68 + 0,01
= 2.27 4 6,06 + 0,15 ~ 0.39 ¢ 1.4l = 0.76 ¢ 4,09 ¢ 1,09 = 117 - 0,27 + 0.12 - 0.76
= 0.06 + 4o79 = 0,00 + 0,20 ¢ 4.0l = 2,75 ¢ Ll.lé ¢ 1447 - 0,01 - 0,70 + 1.84 + 2.25
15.18 24411 41.79 10.11 25.13 26,41 16,37 69,03 9.56 42,89 19.61 22.56
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. “ . s Table 7 (cont'd) . b
. N .. ~§
~ ' - - . ) B e Pl
. ) -
v . ’ s 4
0 - rd
.. «
. K . .
Y .
.t . ) Item Numbers ’ .
& Item -
Parameters %9 50 st " s2 5 54 55 56 ‘5T 58 59 50
. s 0.7104.  1.£260. 0.7483  0.6558 0.8215 0.7696 0.7927 150831  0.9281 . 1.1067 0.9603  0.6932
‘ 8 146595  2.1S87 =1.9031 ~-1.3465 =-0.5892 =~0,0726é 1.6959 0.1668 =0.3775 =-0,1436 1.6202 =0.,2895
i c 3.0913  9.1051 0.0673 0.1228 0.1228 0.0 0.1S17 0.,4376 0.0133 0.[052 0.193& 0.0673
> : y ) .
& ¢ >3 % 1,80 = Q.19 '+ 0.02 = 10.67 ¢ 0.06 ¢+ 0,22 + G.lé ¢ 0,02 + 3,05 * 0.02 = 0.06 ¢+ 0.22
B 2.8 .= 3/2% = 0.6 1+ 0.6 + 0.17 + 0,15 ¢ D.51 = 0,33 4 0,99 + 0.13 + 0.07 ¢ 0,007 + 0.46
\ o 2.4 ¢ 2437 = 1.62 ¢ 0,17 + 0,60 + 0.61 - 0.77 ¢ 0,03 - 3,81 - 0,37 ¢ 0.35 - 0.28 ¢ l.69 -
“rr 2.0 4 1420 4 0,95 + 0,36 - 0.85 - 1,99 = TJLL = C.02 ¢ 0.29 ¢ 2,06 - 0,26 + 0.29 = 0.99
< 1.6 4 0602 ¢ 0,50 t 0.4 = 3,00 - 0,09 = 1,77 & 0.66 ¢+ 0.07 - 2.17 = 0.0l + 0.00%- 0.00
o 1.2 4002 - D16 4 01 =~ 1,46 = 1e36 = 9,34 = 0,26 = 0.01 ¢ 1.78 - 0,00 + 0.08 + 0.67
& .8 = 090 - 0.8C =4 3.36 ¢ 0,01 = 0,77 ¢ 0.8 = 1,07 + 201 + 0.19 ¢ 0.2? = 0.50 - 1.34
' o LI b 0.86 = 6.58 = 1.26 + O0.81 - 1.80.+ 1,59 ¢ 1,02 = 0.14 = 0.99 = 2,16 - 2.00 + .0.1%
o .0 - D416 & 0.36 ¢ 0,36 ¢ 1,35 ¢ 0,54 £ 3,53 & 0,31 - 0,01 + 0.24 ¢ 0,21 + 0.09 - O.l4
3 . —vh 4 2.l ¢ 0.2 +1 0,60 ¢ 9.4l + 7,96 = 2,6% - 0,19 = 0.0l - 1.06 - 0.11 - 4§§’ + 0,68
N— -8 = 0.83 + lebl +,0,97 = BH.77 & 0.30 = 2,56 = 0.0l = 0,98 + 0.3t - 0.52 + 1756 - 0.63
B -1.2 . 0.1 "+ 0.16 ¢ 0.29 4 0.16 = 2.18 = 0,01 =~ 0,66 + 1,27 + 0,05 + 1.1 ¢+ 1l.61 ¢+ 0,87 °
° “leb = 0,09 ¢ 1403 4 0.07 = 0,50 = 0.73 & 0,72 = 0,13 & 2,39 4 0.68 + 0.08 + 0.13 = 0.00
-2.0 ¢ 2.59 ¢ 6.3 = 2,52 = 0.65 = 4,06 ¢ 1.67 & 0.27 + 1,64 + 0,21 - 0,00 - 0.04 - 0.25
-2.4 4 2.51 ¢ 0.02 = .81 - 0.1 - 0.29 = 0.19 + 3,21 + 0.03 - 1.32 + 0.42 = 5,57 -, 0.14
~2.8 + 0,00 = 0.28 -, 0.24 = 1.80 = 1.1l = 0.35 ¢ 0,46 = 0,06 ~ 0.09 + 0.13 ¢ 2.02 + .0.00
<=3, + .19 =.0.35 = Q.12 + 0.1 4 0,60 = <0.00 = 0.12 + 0.00 ~ 0,17 + 1.27° '+ 0.05 = 0.82
- TOTAL CHI 15.09 18,47 12.34 23,48 23.39 26.95 8,76 6.9 11.86 4.92 12.22 9.00°
- . : REN ¢ ¥ +
- ” ! . ~ \‘
. ‘ < ) * )
% i
L] b
N - - LR -
Item Numbers °
Item —
Parameters 61 62 53 66 % 65 66 67 . 6% 49 70 71 72
. 3 3- . . 0.8078 0.5542  1.0605 0.6447  1.2287  0,8303 0.7261. 0.78450 1,2901 0.7770  0.8%47 o.9qe;\\\
8 C0.9596 =1.7510 =0.8634 =0.A354 =0,3991 =0.1497 0.2710 9.1460 =-1.5460 =1.2709 =-0.6691  0.0016
. ¢ 31661 ' 0.0673  0.0660 040677 0.0959 0.1510 0.,1195 0,1999 ' 0,1228  0.1278 - 0.1228  0.0867 .
: . ! - >
‘ E; > 2. + 9,47 = 3,39 & 001 + 0,01 ¢ 0,02 + U.16 ¢+ 06T = 0,92 + 0,07 + 3.05 ¢ 0.06 ¢ 0,08
e V278, = 8439 =.0.72 4+ 0,05 4 2.40 4+ 0.08 = 0.646 + 1.25 = .0.05 + 0.00 =~ S.18 = 4,13 = 1.8%
1~ 2.4 + 1.95 = 0,17 = 2,33 ¢ T.61 + 0.62 + 1,93 = 0,05 ¢ 0462 & 0.01 - 3.65 ¢ 0.73 = 0.39 -
B 2.0 + 163 = 2,07 4+ 0,00 + 3,60 - 0,00 + 0.08 + J.66. + o1l '+ 0.07 + 2.49 + 1.08 - 1.59
« 1obe = 0422 = 0453 = 5.72 + 1.79 + €.05 ‘¢ 1.55 = 0,31 = 2.27 = 2,07 = 2.30 = 0,07 - 3.87
v 1.2 4 0.85 = 0obb = 0.26 + 1.62 + D.63 = Co10 = 0,02 ¢ 0.98 =~ 26,50 =~ 0.73 =.le12 = 0.62°
g? R = 2,06 = 6.64 + .21 = 0.7% = .25 =~ 1407 = .03 ¢ 2,28 - 0.01 + 0,07 = 2,23 + Z.53,
ot o + 3.78 4 0.00 =, £.01 = 2,48 = 0.00 ¢ 0.36 = 0,04 ¢ 0,04 = 0.2l + 0.06 + 1,12 + 0.0l
o T0. 4 1437 + 0.18 = 0.4l ~ 1.56 = 04,09 =. 0,39 # 0,09 - 2,11 = 0.45 ¢+ 0.0l + 0,69 + 0,93
® - o 461 + 4.8 + 5,06 =~ 0.70 + 0.03 + 0,77 = 0,03+ 0.0l + 0.82 + 1,16 = 1.12° ¢ 0.49
= -.8 = 0,06 ¢ 1.701 = 0426 = 2.06 = ).00 = 0.67 + 0,28 - 0,69 + 1,10 + 0.01 + 3.47 =" 5.29
e -1.2 b 1.3 = 2420 = 0440 4+ 64,65 + 0,00 4 O.l3 - 0,50 ¢ 2,35 ¢+ 0,66 - 0.06 -~ 2.51 - 2,23
o “1.6 + 0.89 = 0.06 = 1,72 ¢ 2.36 ¢ Q.82 = 0402 - 0.5 - 0.08 =~ 1.46 = 0,39 + 0.0l + 1.24
@ -2.9 + 9.59 ~ 1.05 = 0.00 ¢ 2,25 ¢ 0.01 ¢ 2.3 ¢ 0,42 =~ 0,22 = 0.03 - 0,38 = L.13 + 0.92
-2.4 40,56 = 1.78 + 0,62 = 0,03 + .75 + 0.52 + 1.99 & 2,00 = 3,627 = 0.62 ¢ 0.09 + 0.1l
-2.8 = 0.36 = 6.3l 4, 7,52 ¢ 0.1l ¢ 2.85 = 0,95 = 0.16 ¢ 1,76 - 0,22 +.0.50 + 0,50 ¢ 2,02
. <=1, - 1,31 = 0.56 ¢ 0.01 & 0.41 + ‘0,00 + 1.8 .+ 1.03 ¢ 3.5 + 7.67 = 0.09 = 0.29 + &dlé
P 4 ' .
1 “TOTAL CHI 28.18 26,37 24,38 34,95 6.00 13.56 8.25 - 19.%6 42490 15.43 20.35 28.11
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- Item Numbers
. Item: - = . -
Parameters 17*% 74 % 75 s76 % r 18 79 80 .M 82% 83 4
- ’
: A T.6759 | 1.3059 , 0.97A7 . 0.4008 92,4974 " 2.869%  0.8990  1.2773  0.7220 0,6362 0.3937  1,2686
' 8 180616 71,0132 1.926% ~0.4242 ~0.5061  .0.4IA2  0.4073  1.3546  2,3R11 =1.3637 -l.9519 -0.7481
¢ 3.2148  9,0595  J.1001  0.0673 ' €,%673  0,0737, 02,1701 0,1208 0.1367 0.0673 0.08673 0,0933
E; > 3. - 0.32 ¢ 2416 ¢ 0,59 ¢+ 0.29 - _,0.02 - 1.52 ¢+ 0.25 - B.89 ¢ 0.31 ¢ 0.1 - 0,06 + 0,01
- 2.8 = 2,05 - 2.63 ¢ 0.8 - 0,21 ¢ 0,62, ¢ 0.96 =~ 1453 = 0.21 +# 0,65 =~ 1,05 ¢ 0.09 ¢ 0.02 - A
Fﬂ "2 + danb = 0463 - C.80 = 0,65 4+ 0.18 - 1.23 S 2,87 ¢ 04,21 ¢+ 0.84 '+ 1,32 - 1.13 -~ 8,23 ]
flang 22,0 L= 5.52 = 2.40 - 1.25 - 0.06 ¢ 0,21 + 1.85 ¢+ 0.05 =~ 0.03 ="2.76 ¢ 2,66 = 0,05 + 0.51 :
& 1e6 ¢ AW ¢ 1.TR o+ 0423 ¢ 0423 ¢ 3,92 =~ 10,72 - 0.28 ¢+ 0.00 + 0.00 -+ 1.12 = 2.38 - 0.7
1.2 ™% 0.74 - g.1h + 0,01 '+ 2.95 ¢ 0.29 + 0,00 ¢ 0.25 ¢ 0.09 =~ 0.26 + 2.19 - 2.56 ¢ 0.16
Q .4 ¢ 6,50 % G.0% = 0,91 & 2,75 + 1.06 ¢ 0509 ~ 0.85 + 8.9 ¢ 1.97 ¢ 3.88 - 2.91 - 0.02
8 e — 4.2 % L0035+ 3,66 = 0,17 = 1.07 J- 0,34 ¢+ 1.55 - 0439 = 0.00 ~ 0.8 ¢ 3,92 ¢ 0.63
‘D a0 = 3,71 ¢ 2459 =y 2,85 ¢ 0,01 = 3,85 = Q.01 ¢+ 0,30 - 0.63 ¢ Q.03 - 1.89 .+ V.67 - 1,28
02 =eb T 0.RT = 1486 = 0,43 = 483 = 1,00 ¢ 0.17 = 0,00 - 3.88 = 0,41 - 1.93 + 3,41, ¢ 0.49
] -0 4+ 1433 = 1,55 + 0.56 A%5.94 -+ 1,09 =~ 0.10 - 0.97 + 0.58 - 3.59 -~ 0.81 = 0425 ¢ 0,07
B -1.2 ¢ 6,39 = 2,31 ¢ 1.95 ¢ 0,00 - 0.27 + 0.06 <~ .06 ¢ 1,53 4 1.75 - 0.30 =~ 0.29. - 0.31 7
o Sleb = 120 ¢+ 0,23 = 0,38 + 3,72 & 3.0 ¢+ 0,00 & .28 & 4,03 A+ 0,45 ¢ 0,12 ¢ 0.21, - 0.02
® <20+ 2490 ¢ Q.23 = 0.41 oF 4,64 ¢ 0,61 = 0.07 .+ l.% & 4,90 ¢ 176 ¢ 9,40 - 1,507 &+ Q.12 )
~2.4 ¢ 0. ¢+ 9.8+ 0.2 ¢ 6,10 ¢ 2,03 ¢ 0,78 ¢ 2,98 ¢+ 2.21 »~ 0302 ¢ 4.65 - 9.06 - 0,41 E
=248 = 0,8C ¢ 1,77 = 0,07 = 2.05 - .46 ¢ 1,51 = 0.067 ¢ 0.T64 ¢ 1.12 ¢ 516 = 0412, ¢+ 0735
<-1, ¢ 1.51 ¢ 4,76 ¢ 0.07 ¢ .10 + %31 ¢ 112 ¢ 8,89 & 2.08 + 0,35 + 3,85 - 0.08 ¢ 4.09
© JOTAL cHY 34,25 ~ 35.15 13.04 36,68 19.79 a,20 22.53 29.31 16,23, 41,08 30,22 17,66 -
at * , - . ' : o
- * N H - K = I ’
B V- [ ' .
l N / . ) . . , {‘\
. : ' . ' o I
Ay -
‘ ‘ - » Item Numbers . ‘
Iten " : .
Parameters 35 86 w7 sak 8o 90 % 91 .92 93 . 94 95 96
[ - ¢ - ‘ ~ ,
A 11055  1.2675  1,0439  0.4713  1.0227  0.8396  1.1620 2.6856  0.6285 1.1100 0,2828 " 30,8676
) -0.1603  0,4795  0.0428 =0.3102 -1.4264 71,1618 =0.2679 0.1979 9.5850  0.4262 ~1.7299 09,6004
c 9.1425  0.2593 92,1709  0.0673  0,1728 0.1228  0.2593  .2053  0.1839  0.1690  0,0673, 0,1702
L . . . ! i y s ! N
= > 1, + 0,06 + 0,05 ¢ 2.08 - '1.26 ¢ .01 ¢ 0,05 ¢ 0,02+ ¢ 0,79 + 1.34 ¢ 0,11 + 0.83 ¢+ 0,47
B * 2.8 + 0413 ¢ 0,20 ¢+ 0,26 - 0.86 & 0,02 ¢ 0.13 ¢+ 0,07 - 0.11 + 0.1%4 + 0.36 ¢ 0.06 =~ 0.61
~ 2.4 - 3.3 - *3,22 ¢ 0,00 ¢+ 0,12 +' 0,19 ~ 6,28 + 0.33 - 0,50 - 0.8 -~ 3329 - 2.72 + 0.08
e 2.0 + 1.6 - 0466, = 0437 = 23,90 ¢ 0.43 = 9,08 - 1.28 + 3.64 - 0.17 = 0,73 - 0.21 - 3.26 - _
& 16 = D436 ¢ 0,06 = 2.50 = 5.24 = 0.3 = 10.89 4+ 0,66 = 0.15.¢ 0,13 ¢ 0,04 ¢ 0.72 + 0,76
; 1.2 ¢ D26 = DR+ D) = 4SO = 05T =t hJTB ¢ 4,14 = 04,10 = 0,03 ¢+ 0,65 + 115 - 1.92
Q- .8 + 0005 & D425 v+ l.46 = 0,90 - 3,32 ELI".#Z = 0437 .= 0.90 - 0.15 - 0,00 ¢ .16 + 1,27
8 o + 0491 ¢ 0.22 = 0.03 ¢ 6.57 ¢ 2.21 0.06 =~ 0,02 - 0.08 + 0.85 ¢ 1.01 = 175 ¢ 6.26
o , o0 = 1449 ¢ 1412 ¢ 0.43 ¢ 10,94 ¢ 1,32 ¢ T.66 ¢ 0,23 = 0,18 =,.0,00 =~ 1.63 ¢ 0,02 - 0i6%
02 meh =128 = 391 = 2.93 ¢+ =078 + 0.1 ¢ 10,78 = 2.90 + 0.59 = 2.47 = 0.56 = 0.10 - 7.60
o - - 15 - 0416 = L.07 - 3,56 < .67 ¢ 9,30 ¢ 0,73 - 0.0 - G0N0 ¢ Cull = D10 - 0.72
e “1e2 + 0,40 ¢ 0,92 ¢ T.56 = 1.05 - 0.62 = 3,16 ¢ 1.25 ¢ 0,00 ¢ 3,56 + 0.68 ¢+ 0.03- + 4,16 .
o -le6 ¢ 1eT5 ¢ 0,20 4 1e59. = ROL ¢ 0,346 = 26,21 ~ 0,09 ¢ 0,22 ¢+ 1.31 ¢ 2.6 4+ 0.16 ¢+ 2,93
» 2.0 = 046D ¢ 13.14 ¢ 1.012 = 0410 = 0.02 - 4,96 ¢+ 0.85" ¢ 0,79 - 0,82 ¢ 0.08 ¢+ 0.80 ¢ 2,59
-2.4 ¢ 9435 ¢ 2,91 +7GL0L - 0,607 - 0,99 ;- 4,07 - 0.0l + 0.31 ¢ 0.12 % 0.27 + 0.00 - 0.18
2.8 = 0,00 4 1.66 = Oull = 0452 + 1.62 Y- 0,39 ¢ 6.69 =, L.77 + 0.11 = 0.58 + 0.26 ¢ 0,77
<-3. - 2,93 ¢ 0.85 ¢ 0,26 ¢ 2,10, ¢ 4,59 ¢ 0.% = 0.05 + 2.37 ~ 0.91 = 0.09 = l.b6 - 0.25
v . . u
TOTAL cHI 24.39 4 27,21 19.79 50.17 14,07 107,04 19.%7 11.95 12.91 12.63 1112 38,65
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A

' “ LY 3
1]
- - . 3. ¥ : - * ¢
¢
; :
z ' ‘ - . *
> " . > .‘;
) ) Item ers ° -
Iten Numbers
Parameters 97, e8 99 U!?’: 101 1n2 103 104 105 - 196 ""“‘TO*K 18
A 0.90317 0.707%  0.5323  1.2¥84 , 0.4779 * 0.9738  0.5100. 0.8343  1.3571 0,4919 1.1251  0.4250
R 0.7167  1.04+2 =1.1351  1.942? =2,1850 -0.9235a -0,8485 =-0.3070 1.7021  2.3849  1.2667 -0,8533
, - 0.1008  0.1931 0.0111 ©O.1134 0,0473 0.0673 0.0673 0.0026 0.0908 0.0292 0.1283  0.0673
- [ s . .
g; > 30 T8 DSl = 1432 = 2.61 = 4,35 + 02.07 ¢ 0,91 + 0,18 + 0.05 + 0,21 + Q.64 +_0.16 - <1.24
b, ¢ 2R + 1238 - 0.03 - 0.2 .~ 0.09- + 0.21 = 30,75 + 0.53 ¢ 0.19 + 1,15 -, 0,06 - 0.22 - 0,00
1N 2.6 = 4,44 4 0.2 + DJTB ~ 0,23 ¢ 0,72 + 0.15 - 0,02 - 0,05 = 1,03 ¢ 0.17 ¢+ 0,03 - 0.32
P 249 = 0,59 4 1,02° ~ BR.76 i+ 2,91 -_4.02 - 3,00 + 9.05 ¢+ 0.38 ~ 0.00 - 0,27 ~ 0.A5 - §,60
{g 16 + 1432 + 0,28 + 1.48 + 0,00 + 0,27 = 0.38 - 2.32@ = 1.25 ¢ 0,00 =-. 0.0l ¢ 0.51 - 0.00
1.2 - 0.0 +%0.49 + 0,71 = .10 = 0.00 4 0,00 =~ 1,43 - 0.03 + 06 = 0,01 ¢ 0.80 + 0.25
A o8 F0.35 ¢ 2.1+ DAT 4+ 2,22 = 1412 ¢ 0,05 4 0,38 4 1,08 - 0,01 ¢ 0.33 = 0.62 ¢ 0.62
o oo ~ 0409 - 2434 ¢ 0,02 = 1.01 = 6.32 = ;yll + 2.065. = 4,07 = 1,99 4 0,06 = 0,36 = 0.67
g‘ .0 4 0,05 = 1433 = .0.17 = 2.72 ¢ 0,35 - X,03 +.0,00 + 0.52 + 0.31 "- 1.17 ¢+ 1.81 ¢+ 0.0l
0 - + 0.1 4 2,51+ 1440 ¢ 0,02+ 20T ¢ 2,92 - 0,75 ¢+ 1.89 - 0,09 0.7 - 0,306 ¢+ 1.19
[e] =8 2 317+ G643 -~ 3,28 ¢+ 2,35 % 4,14 ¢+ 0,93 = NAT - 0.03 & 3,28 4+ 0.12 - 3.31 ¢+ 4,14
:L, -1.2 - 0.79 - £.22 = 0.53 4+ 6,66 4 0,15 + 0.01 + 5.40 ¢ 0,22 - 0.46 - 1,031 ¢ 5,97 - 0.34
o 1.4 b 4uRe = 0,27 = 0,01 + 0,05 = 3,82 =~ 0481 # 0,26 =— 5.75 = 1,27 + 0,49 = 0.34 = 4,33
@ “2.0 - 0.15- 4 3.54 - 0.17 ~ 0.88 = 0.19 = 2.% = 0.56 - 0,36 = 0.00 = 0.42 ¢+ 0,07 - 3.13
-2.4 # 1l - 2,35+, 0,69 & 0.92 = 0,26 ¢ 0,34 = 5,15 + 2,27 + 2,22 .+ 0,04 ¢ 7,38 - 0.15
¢ =2.8 = 0.02 ¢ 0.0l 4 0430 ¢ 1.09 =~ 3.28 = 2,22, = 0,10 = 0.26 + 1.95 ¢° 0.51 ¢ 0.92 ¢ 0,59
<=3.. & 0,61 = 0.01 + 1.57 - 0,07 = 1.70- = -0,69 = 0,00 ¢ 0.28 + 5,81 = 0.19 = 0.51 = 115
TOTAL CHI 16.68-. -24.57 23.18 . 23487 26,79 ~#§.9a 20,12 18,69 20.64 6.22 2hel3 26474
. ’ X ' . . "
[ ! '
L ‘ , . , )
oo . Item Numbers . ° ;
+ Item- — - — = =
Parameters 179 110°% 11 112 113 114% . 116 116 117 1nn 119 . 120
A V2282 3.5737  2.2729  1,.5804 1 1.19%6  1.7500 1.7500 0.R021  1.1056 0.6412  1.3872  1.3113
3 0.1562 =3.4150 42.9318 1.4062 1.5804  2.2176 2.3164 0.7AT1  2.0503 , 2.6184  2,0110 1.2148
c 742218  Q.0672  0.1228  0.1745  0.1695 ¢ 0.1443 _o.oaqg~'<a,+f§5 [ 0.1474  0.1359  0.0865  0.0913
. - 4
E; > 3. +° 0,03 ¢ 0,20 = 1.70 + 0,05 + 0.22 =~ 0.75° = 70418 =~ 2,64 = 0,22 - 1,20 ¢ 0.41 + 0,07
- 2.3 +0.02 4 D62 ¢+ 2,30 ¢ (0332 = 4,19 = B.6T 4+ 0,29 = 1,78 ¢ 2,71 + 1,19 - 5.60 ¢+ 0.24
= 2.4 £ 0.60 ¢ 0,64 ¢ 0,12 - 0.35 =~ 4,87 & 2,53 -'0.00 - 0,06 - 0,93 - 0,88 - 0.18 + 0.01
F: 2.0 2 0.88 4 A,58 = 0.47 = }.49 4+ (.21 4+ 3,86 ¢+ 0412 - 0,01 - 0,00 ¢+ 2.96 ¢ 0.73 - 0.06
< 1.6 e %GR 4 4,13 ~ 0,05 = 0,00 ¢ 0.18 = 3,08 = 2.099 ¢ 0,46 = .00 = 1.73 + 0.27 = 0.25
: 1.2 = 0423 & 2,26 = 3.5 ¢ 1465 + D,79° 4 0,01 ¢ 0,97 ¢+ 0,07 4 Q.26 ¢+ 0,08 ¢+ J.59 ¢+ 0,20
0 W87 + CoDR = 0e29 = 0.08 = 0.52 = 0,15 = 2.81" = 1.67 =~ 0.14 - 0,07 - 0.02 - 4,38 + 0,83
ﬂ oo + 5.56 4+ 0,17 ¢ 0,28 ¢ 0,14 = 0.86 = 5,27 + 0.51 ¢ 0.39 + 0.59 ¢+ 0.62 + 0.15 = 1.06
o . <0 ¢+ 0,00 =~ R,ST ¢ 036 = ‘029 = 0428 = 10.53 _=- 0.01 + 0.18 - 1.03~+ 0,01 - 0,50 - 0.39
o0 s = 6.56 = 1.21 + 0,79 = 1.35 = 1.01 =°2.91 - 1.76 - 1.36 = 0,50 = 2,10 ¢ 0.22 ¢ 'l.74
g -8 e 0406 = leYl + 0,97 = 0.42 ¢ 1,17 4 0,62 = 0.26 = 0,63 4+ 0.23 + 0.15 = 0.05 ¢+ 0.05
R -1.2 4 120 ¢ 5,93 = 1,05 ¢ 3,81 = 0:32 + 16,45 4 0.18 ¢ 0.17 + 0,00 - 0.38 ¢+ 0.20 + 0.8
® ~1+6 v Oull 0+ 1.2 4 1 014, 0.02 + 0,32 » 28,42 + 1.23 + 1.35 + 0,01 + 0.27 + 0.37 - 0.95
B =2,0 ¢+ 5.23 4 9.40 - 0,89 + 1,23 + 1585 ¢ S5.38 + 45,02 - 0,09 + 2.10 ¢ 7.30 - 0.0 + 1445
- 204 T 0,06 F 0078 - 3BT 474297« 70403 4 1,20 4 1,78 + 0,40 ¢+ 4,09 = 0,09 ¢+ b6.46 - 0.72
-2,.8 4 1 17 4 3.00 =~ 0.88 ¢+ 1,00 - D412 ¢+ 2.08 ¢ 1,13 + 3,20 & 0,56 ¢ 0.36 ¢+ 0.07 - 0.03
<-1, 42,69 = 1.46 =~ 1413+ 2.13 - 0,17 = 0,24 = 3,19 ¢+ 0.00 ¢ 0,18 ¢+ "0.01 ¢+ 0.00 + 1.42
TOTAL CHI 28.96 . 44037 19.39 19.06 30,23 92.99 ' 17.51 12,44 13.47 19.34 19.55 10.51

e
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=T Table 7 (cont'd) : .
. 4
I3 o
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L >
.4
v ,
. s . N N \
L4 ﬂ - ’l b -
1
; ~' : - . Item Numbers
v Item - = T — > =
Parametsrs 12L 122 123 % 124 125 126 J127 128 % 129 130.% R 131 -~ 132
. v P
A 1.6432  0.9720- 0.5208  1.3795  J.9550 1.2157 0.9862 1.7500  0.9743  1,3966 0.6162 - 0.9537
] -7.269%  0.5315 =0,0772 =~0.0218 1.#790 1.2520 L.8806  2.36A7 =-1.4698 =-0.5017 =0.9196 0,4231
2 3 €. T7.96T3 09,2368 0,0672 0.1691 0,2101, 0.1315 0.1262 0.0716 0.1728 0.0809 0.1228  0.1307
> 4 )
A »’ 23, Y+ 0,03 & 0.11. & 0.65 ¢ 0.01 ¢ 1,08 + 0.18 + 0.09 + 0.89 ¢ 0.00 + 0,00 ¢ 0.15 ¢+ 0.12
. ;’; 2.4 s V06 = 1.79 + 1,23 ¢ 0,02 ¢ 1,10 4 0.65 - 0,00 + 2.20 + 0,01 + 0.01 ¢ 0.0 - 8.91
T 2.6 + 0422 & 0,05 ¢ 2,08 4 0.12 & 0,01 ¢ 0,62 "= 0,07 4 0.01 ¢ 0.06 + 0.06 - 0,98 <= 0,35
r 2.2 = 0403 ¢ 4413 - 0425 ¢ 0.76 ¢ 0.80 = 0,37 - C.15 =~ 0.03 ¢ 0.28 = 2.30 ¢ 2312 - 2,62
e 1.6 - 4d5D - C.J8 ¢ 1.73 ¢ 0,03 = 3,21 = 0.3l ¢ 0,99 =~ 0.00 ¢ 0.8 ¢+ 0,06 - 0.0l ¢ 0.0t
o 1.2 ¢ 0T = 2,76 4 0433 = D91 ¢ 0,22 F 0,23 - 0.7 - 2,18 ¢+ 0.17 - 3.54 =~ 0.57 + 0.08
& ‘.8 = 0.7 ¢ 0446 = 0.1 ¢ 0.23 = 3,37 4 0,28 4 1.59 - 6,65 & 0,00 = 1.35 ¢ 1.09 & 0,47
o oo = 1.50 ¢ C.6% & 0,02 = 0.72° =~ 0,26 = 0i37 = 0.06 = 8,77 ¢ 0.79 ¢ 0.00 - 0.03 + 0.58
o W = Ned2 = Je98 = 2,99 ¢ 0,00 + 5,19 = 0.63 = 0.30 ¢, 0.07 - 1.75 + 0.07 + 0.78 + 0.0l
3 -3 #5469 = 1.19 = 0,37 = 0,01 4 0.33 & 1.71 = 1lall =~ 0430 "= 1,47 ¢ 9,17 = 2.19 - 0.18
: " -8 € 0437 + 0,92 = 0,02 ¢ 1.09 + 3,25 & 0.87 + 1.10 ¢ 11342 ¢ 8.09 = 1.07 - 0,28 = 4,01
H Ll ' -1.2 ¢ =161 + 5.86 = 0.08 ¢ 0.05 = 0.46 ¢ 0.00 =~ 1,99 + 1,37 & 2.8 = 7.04 - 0.02: - 0.14
2 “leb® = 0.1 & 0eNT + 0,28 4 0,05 = 4,13 T 0,32 ¢ 2.87 ¢ 0,23 ¢ 0.10 =~ 2,98 ¢ 6,66 & 2,23
-2.¢ - 2,66 ¢ 2,93 4 8403 - 2413 = 0.1l = 1.82 ¢ U026 ¢ 1,29 = 0.72 & 0.66° - 0.16 ¢+ 0.23
A =2.6 = 0,46 + 0,28 +. SJAL ¢ 0,03 ¢ 0,05 = 0.29 ¢} 2.68 + 2.8l - 2.51 - 0.12 = 1.32 + 0.23
L =28, = 4.76 = 0516" # 10463 & 0,62 ~ 166 = 1406 +- 0.13 ¢ 4,83 = 0,36 ¢ 8,65 ¢ 0,02 o 3.92
<-3, = 1.6l = 0,00 - D08 B 335 -5 2067 - 0,08+ 3.80 0,08 =~ 0.72 ¢ 2.81 + 0.07 5 0.95
* % TOTAL CHI 22.35 , 19.25 34,57 9.20 24486 10.11 16.53 41,277 10467 39.83 16.0% 25.03
. v . . .
N - . - .
» bl
2 L] ~ -
’ -
" . o ’
‘ L i ‘. \ - E PR
. v ‘ Item Numbers .
Item I S -
- <133 134 135 136 % 137 138 139 . 180 141
Parameters , . .
' A e 0,6260 'OAN9182  [.192% 1,099  1,0868  0,7648  0.6656 1.2325  1.0406
L) 439462 0.66K0  1.8929  L.5863 1.626m 2,20S1  1.8932  1.7917  2.5579
¢ 71197 .2861  9.2393  0.1046 21535  0.1907  0.1259  0.0326 +0,0499 |
A > - D426 + 0416 ¢ 0.62 + 0,52 + 0,55 + 0,75 ¢ 0,66 ¢+ 0,52 = - 3.03
: e 2.8 4 2.01 = 0,74 q .01 .= 0u1M = 749 ¢ 1,72 ¢ 1,22 4 0,49 = 0.65
. . ol 2.4 ¢ 0,08 - 0,06° ¢ GCg19 = 0.55 7 b6 = 0,46 = 1lo67 & 1,72 = 0.00
4 2.0 = 5431 = 0401 ¢ QWP 4+ 0,00 - 019 + 0.06 = 203 = 0.67 & leb4-
< Cle6 = 047 & 0,12 = 0,27 = OGRS = 0,02 = 0.77 %5 0,02 - 0.09 ¢+ 1.6
3 1.2 + Uele + 0BH = 1,36 4 06T ¢ 3,01 =~ 0.00 + 0.22 - 0.12 + 0.15
‘ I <8 4 3,63 ¢ 0,90 ¥ 0493 & 151 = 0.18 = 0.95 - 0.36. - 0.07 - 0,97
: =4 oo - 2,66 = 0,02 + 0,78 - 0,45 ¢ 0.31 ¢+ 0.00 ¢ 0,46 = 0,06 = 823 | ‘
o Ce0 = 0425 = 1.T6 ¢ 0.3 = 0.16 = 0.3 + 9.50 = 0,02 + 4,77 & 0.00
0 ~.t - 0.26 + 0435 = 2326 = 1.72 ¢ 1.99 + 2.86 + 0.25 - 0.25 - 0.63
S Sef 4 0,39 ¢ 00 - 0,09 - 0,29 = 1.08 = 1.27 = 0407 + 2,37 & 0.10
. - ¢ -1.2 + 0,17 ¢ 3,67 + 0,67 & 0.91 = 0.13 = 0.07 ~ 3,12 = 2.47 + 5,25 !
. .o “leh = 0422 ¢ 0.09 ¢ .57 4 0418 + 1,62 + 0440 + 0,70 = 2,78 + 7.55 ‘
) ¢ @ =2.0 4 0,00 = 0.60 ¢ 046t e 191 ¢ 0.06 - 1.13 ¢ 0:22 - 0,05 ¢ 0.13 :
s S2.6 = 0405 - 0462 ¢ 0,01l +  2.40 ¢+ 0.85%%¢. 0.11 ¢ .07 + 6.01 - 0.58 .-
! -2.8 ¢ lelé & 1,73 = 137 "¢ 23,05 ¢ 0.57 ¢ Q.17 + 101 ¢ 2,16 ¢+ 0.95
<-3. ¢ 0429 - 0.55 & 0.01 & 5.9 4 0.38 - 246 ¢ 3.88 - 0.40 - 0.53
b g - 3"
TOTAL CHIt °.A3 10.76 12.80 40,37 19.21 ' 12,44 13.16 26.82 31.86
> * v . . ¢ . N -
l + h .
Items appear in thé following order: . . L
PSAT/NMSQT Form 1, items 1-50; oy
PSAT/NMSQT Form 2, items 51-100; ' .
SAT First O0ld Form, items 101~120; '
- SAT Second 0ld Form, items 121-141. . ‘ _
2 : . .
Asterisks next to item numbers indicate items with questionable fit to¢ the three-
e paramefer logistic model. ‘ . C o
. . . . i \ ._"* L
4 . ° . \ ’ )
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- Figure .6:* PSAT/NMSQT Form 1 Item Ability Regression Plots .
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Figure 7: PSAT/NMSQT Form 1:-Item Ability Regression Plots
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Figure 8: PSAT/NMSQIYForm 1 Item Ability Regression Plots.
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- Figure '10: PSAT/NMSQT Form 1 Item Ability Regression Plots
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Figure 11: PSAT/NMSQT Form 1 Item Ability Regression Plots
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12: PSAT/NMSQT Form 1 Item Ability Regression Plots
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’ Figure 13: PSAT/NMSQT Form 1 J‘.t:ém_ Abiltity Regression'Plots
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Figutd 147, PSAT/NMSQT Form 1 Item Ability Regression Plots -
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Figure 15: PSAT/NMSQT Form 2 Item Ability Regressiom Plots
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Figure 16: PSAT/NIISQT Form 2 Item Ability Regression Plots
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PSAT/NMSQT Form 2 Item Ability Regression Plots
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‘Figure 19: PSAT/NMSQT Form 2 Item Ability Regression Plots .
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Figur€ 20: PSAT/NMSQT Form 2 Item Ability Regfessign Plots. - P
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Figure 21: PSAT/NMSQT Form 2 Item #bility Regression Plots .
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» Figure 22: PSAT/NMSQT Form 2 Item Ability Regression Plot
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Fig{xre 23: PSATjNMSQT 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 26:

SAT First Old Form Item Ability Regression Plots
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. Figure 27¢ SAT First Old Form Item Ability Regression Plotss
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Figure 28: SAT Second 0ld Form Item Ab:{lity Regression Plots - .
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Figure 29: SAT 'Seconci 0ld Form Item Ability Regreéssion Plots
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Figure 30: SAT Second Old Form Item Abiliit& Regression Plots
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Figure 31: SAT Second 01d Form Item Ability Regression Plots \
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It should be noted, when inspecting the information in Table 7, that

. ~
i

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

. *

~of the use of chi-square like statistics to assess model-data fit is that the L

[N

statistics do not take 4nto account whether or not the deviations of ;

>~ ’ ™%
. , X

observed values from expected values are in a singie direction.  This is o

. [ )
particularly important as an erratic pattern of pluses "and minuses may be

] - .

indicative of random fluceuations in the data, wherfds a number of pluses

1

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

[

cbnsistentlj above (or“below) the estimated regression for spécific ranges

of the ability cBntinuumf' )
, ot N

N For each item, the information obtained from the Q -gtatistic was used S

7/

in conjunc;ion with the item ahility regressidn plﬁt-(Figures 6-29) obtained ° SN

1

for that item to deteymine goodness of fit. 6 The process consisted of first, ‘5f3

, ‘ : . © - . . .
" 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“series of boxes, repre- .

PQ/N. interval

senting the empirical regression, fell outside the i

v

centered on the response function, the value of Q1 (particularly the contri-
,[“ oqr f’f",”‘" '

fbutions of the ability level_ingervals and the sign of these contributions)

B A I A 2 A e,

. x ’ v
4 was inspecteéd to form & judgement as to whether the item was truly poorly

IS

fitting. Secondly, the process was reversed and the”Qf stdatistic for a

\ 1 B 4 .

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

if the item ability reg ession plot warranted, close inspection. If the

v

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

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

L 4
v

iopinion was formed regarding the goodness of fit of the item an& an attempt

1]

was made to verify tnis opinion by examination of the item abili;y regression

- .

. 8§




plot. Using thg&back and forth procedure#*%he authors were able to isolate

24 ¥tems for which the goodness of fit to v three parameterimodel was

A
.

judged questionable. These_items are indikated in Table 7 by an asterisk

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

i - .

in the following‘paragrabhs. ’ ’ B ;

Examlnation of the data contained in Table 7 1ndicates that the value
of ?; for item I (PSAT/NMSQT Form l) is 65. g%ﬂ\ Although selected ab11ity T
7 ' }
level intervals (6= 1.6, 6 = .8) are contributing heavily to the’Value of
% N

this statistic, other intervals are also maklng contributions of considerable
size. The fa1r_y conslstent—pgtgern of//luses and minuses is indicative

of the_raﬁges on the ability-continuum for which the item fits éoorly. The

‘

value of-the c parameter for this item was set to . 067, Inspection of the
. C " ” ’ : .
item ability regressiont plot shown in Figure 6“indicates that’had the c -

‘ ~

parameter been allowed to assume a lower value, £it would have been, improved

for lower ability levels. Ihis would. not, however, have improved fitc at

¢
.the uppery end of-the ability continuum. ’ W oa. -

, fﬁ h The item- abi1ity regression plot for item 5 (PSkT/NMSQT Form 1), given

s lndicates that the empirical regre581on falls above the esti—

A a TN e
d regression for ability levels below =2. On the other hand, for ability )

P

3leve1s Just below e 0 and ability leVels above 8 = +2, the empirical
\ ]

regnession falls below the estimated regression. The valuelof the Q1 N

. [ Y
« statistic for this item (given in Table*?) is 32.71. An examination of the

1

. contributions for the’ abllity level intervals verifies the pattern that is

A,

displayed by the item ability regressio\\plot, ise., the observed data does
& ‘v,
not fit a monitonically increasipg function véry well, One might question .

[ ' ¢ .
¢ +

why ltemff}ras selected and item 4 &BSAI/NMSQT Form 1) was not, given that - .

.
.
£
-
(@
"~
~

)
~ . . P
. ’




: the value of Qf is slightly larger for item 4 than for item 5. There are
H \ < N

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

i"\A. plots, that item 4 fits the model better than item 5 (fewer boxes fell out
e . N - .
of the interval defined by + 2 V?Q/Nj)t Secondly,.from examination of the

i contributions of the ability level intervals té the'overall‘value of Qf

~

7 for itfem 4,.it is hotewcrthy that only one category (6 = 2.8) is contributing

s,
's‘ ~

& avgr half of the value of the statistic. N '

-
4

-~ e
Yy

T The item ability regression plot for item 18 (PSAT/NMSQT Form 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 expectgd that the

value of Qf would be as ldrge as 223.64 (thelabgeséyalue obtained for any.

item in this study). Examination of the individual ability level interval ’

. A}
/ contributions to the overall éhi-square valué inditates that the interval . (
" . . containing responses of examinees with 6 gredter than +3 has é value of
g -145,15. Of theiﬁﬁelbe examinees in this interval, only one answered‘the

P . T )
{tem incorrectly inflating the contribution of this interval to the overall
- , .
statistic unreadonably. The.itemlwas—jadged to be poorly fitting because

& v

of the fairly large contributions of the remaining intervals an? the. con~-

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

x NN .
! The final example of a poorly fitting item that will be discussed is .

item 44 (PSA;/NMSQT Form 1). The item ability regression plot for this

-

item given in Figure 13 clearly shows the non-monotonicity of the data.
» &

The fact that this is a poorly fitting item may be verified By examination

' £ + . of the chi-square inforg?tionﬁgiven in Table 7. No single ability level
. . - _
! interval seems to _be contributing unreasonably to the qverall value of 69.03. .
: * . Also, the consistent pattern of pluses‘and minuses reflects the non-

monotorticity observed in the item ability regression plot.
, - ¥ - .

D I ]



"- forms chosen. Were thé experiment to be repeated with four different forms,

-, #% most probably related to_the problem of obtaining an adequate estimate of

L
v N .
. h Lt . vt ¢

,

Ve

. In summary, a few general comments can be made., First, the ‘majority
! T . -

vf items judged to have queétionable fitto the three-parameter model were

PSA@/NMSQT items. it‘is likely that this is an artifact of the particular

¢

]

.

the éreatest number of poorly fitting items mighi have been found in the ° ;

. SAT forms. . ' S ‘

'
f -

14 N : -
. Secondly, it appears as though the majority of PSAT/NMSQT and SAT
items judged as poorly fitting basically exhibited éoor fit for the extremes

of the abilitf continuum, patgicufariy‘for lower ability levels, This is C S

-

the psuedo-guessing parameéér:af:{hé\Eﬁfee“Parametef iééistic’modél; - N
, ™
v,
SR -.__..=. _ Discussion .
‘ . o> .

The equating models examined in this study are based on a number of -0 .
. . J o .
assumptions, most of which are violated to some extent., One of the assump-
[ [

tions undérlying'all of the equating models is that the two tests to be »

-

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

model éséum;s ﬁnidimepsionality on the item level whereas the lindar and
equipercentilg models uséﬁ for this study.only(aséume unidimensionality

?%‘test scores, one might’ex?eé; violations of'this assumption‘to have a .
more seyious effect on the IRT equating results. Héﬁever, unidimensionglit; ' \ .

s

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

regardlessé of the equating mqﬂel. Thus; it is difficult to say what the

1

implications of violation of this assumption are f%§/252 of the equatings.




- on true7score estimates (IRT andnLevine Unqually Reliable) should be

' " The equatings are certainly affected in a different;él manner by

'

availability of data(j Insufficient data at low ability levels generalli_

‘leads‘to problems in estimating the psuedo-guessing parameter for the three-

C - fbarameter logistic model. It is ‘a1sMdifficult to estimate discriminatioﬁ'
. parametersfand difficulty parameters for very easy or very‘difficult items
» * . [
if adequate data does mot exist. Equipercentile equating methods are
;'?l““ particularly sensitive to laci#of- d:ta at the extremes of the ability

*

continnum.’ Scarcity of data at these extremes can lead to serious problefis .

. . . [
in establishing an equitable relationship for high and low seores on the °

-

two test forms. The linear equating method, which is’based Jh estimated 7

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

e '
outlylng values on these estimates. This was probably not a problem for
the present study, gjven that sample sizes were quite large and should have

O‘ . . \
_been sufficient to produce stable estimates. "

- 13

4 L]

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

! - .
- - .

Chapter 13) states that in order to accurately equate twd tests, i.e. produce
. ‘ h .

“scores on two tests such that it is a matter of indifference to éxaminees

. 4 o

N which test they take, the tests must be_strictly'barallel and perfectly
reliable. It is difficult to predict-how the" various equating methods are
' . F -

affected by differences in test reliability (certainly a problen for this

-~ (

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

° !

,least affected by the préblem..

’

.

The “lack of parallelism between the, tests to :be equated has pafticular )

.- . o
‘\ ,impfications for the linear method which requires, in order to adequately
describe the relationship between _scores .on two "forms of a test, that the

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

.‘?2% . - ‘ o .




xt

T,

5 ' ‘ , o
{

deviations: Lack of parallelism between two tests generaliy results in a .

. '

_"}cur@iiiﬁéép’rélationship between raw scoreg necessitating an equating method
- . » [ v

such as IRT or equipercentile to produce accurate results,
¢ ¥

. One must also consider the problems posed by the differenceé in the ,

level of ability of the PSAT/NMSQT and SAT groups. The purpose of anchor
te§t,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 resuits

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

’ \,group invariant, may produce better results in this situation. o

A

v

e -

In the absence of an adquate 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 i%fapparent, fgpm

L]

examinatign of the equating results,. that thg relationshib between the raw

¢ . {

a -

scotes on the PSAT/NMSQT and SAT is curvilinear, pérticplarly-for the upper

. v

and lower ends and sggewhdgfgor the midd1ewof the score range: Thérefgfe,

.

. +

sghe’Ipckér and Levine'bnequally Reliabl¢ linear methods are pfobébly inadequate

]

for désqr{bing the raw score relationship between the PSAT/NMSQT and’ the

=SAT.I'Because thé equiﬁércentile'method is so sensitive to scarc;tj.of data’,

- . .
- [

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

’

the. curvilinear relationship in a more appropfiaté’hanner. This is most .

probably true for the upper end of the score rafige. A decisiqn.aa to wHich

7 . ~

equatiné method (IRT or equipercentile) is most, effectiveé at ‘tHe lower end
of the &¥ore range i5.difficult to make. Both metﬁdas are,affectéd by
on how adequately the

scafcity of data; accuracy of the IRT method depeﬁds

" * ¢ parameters vere estimated.  As indicated by the gobdgess oﬁ'fiE assessment,

. f
. , N

<



N

v | e o
’ -@,

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

to the questionable fit of items.

v

. It is‘probablytsafe to conclude: from the goodness of fit assessment

s .
\«

that, in spite of somerroblems‘reléted to the estimation of _the psuedo~-guessing

parameter, the data fit the three-parameter model fairly well.' Certainly,
this aspect of the study suffgyed from some ﬁethodolegical problems. The .
manner in which the ability tontinuum was divided into intervals for the
chi-gquare statis{gc was a particular problem. Some method of accounting

¥
Al

for within 1nterva1 v§riance, such as subtracting the variance of the predicted 4%

-

probortion passing the item for a specific interval from the denominator'

. of the’ chi=square statistie (Wright and Mead, 1977), should probably have

been considered. Ulti@ately& tht decision as to whether-ot not an item
! fit the three;paremeter model was a judgmental one. This could not be

-

avoided, given the presént‘state of the art. o .

; Several of the ﬂ!oblems encountered in the study are currently beifg - ,

Y

investigated at Educational Testing’Seryide. The LOGIST program has recently
73_ been revised to improve the estimates obtained for the psuedo-guessing

: barameter. Although it was not possible to repeat the entire study (speci-
N A

-

) ficallyethe equatihgs), item parameter estimates and item ability regreSSion
. . " \ %
© plots were obtained for ‘the same set of data using the revised program and

'

comﬁared to those used for the present siudy. Substantial improvement was - .
K} . ’ ‘. ;

found in the estimates 3btained for the ¢ parameéers for selected items.

) . ’
.

It/té planned: to revise the geodness of fit statistic in the near future

3

so that some of the’ problems encountered with itswapplication in this study
. . ] ‘ ~ v
wifl Be avoided Hopefully systematic use of this statistic in conjunction

with item ability regression plo‘wlwill provide information regarding model-

' ’
L ]
O . data fic that can be studied on 4 continuing basis.

1

74

R . z




¢

¢

To summarize, thé conclusions that ca; be drawn from the present study
regarding the appropriateness of the three-parameter model for a ;értical‘
" equating situation and the goodness}of fit of the data to this model are
fli;ited. There are two reasons for the limitatioms: (1) the lack of a

, v
.

criterion for judging the equatings; and (2) the subjective nature of the'

goodness of fit asSessment. Further reséarch is certainly needed. An

important direction for this research’ to take is the dipect assessment of the
affect of the number and degree of poorly fﬂéfing‘itgms?on IRT equating
results. This assessment should take into account such variables as equating

design, differences in group ability and lack of parallelism between the

1

x

tests to be equated. - ' : . -,
More generally, the extent to which IRT methods are ‘being implemented
in practical testing B>tuptions has dramatically increased over the past

several years. It is important'thatmresearchers interested in the qualit§
of the results of the many applications rigorously pursue the question of

, . 4 ' . .
goodness of fit and the possible implications of lack of fif for the specﬁfic‘

L

appliéations they are interested in. -
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