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Since 1982, IRT equating of new editions of the Scholastic Aptitude Test
(5AT) has been based, except for a small number of instances, on three-parameter
logistic mgdal item parameter estimates (see Lord, 1980) obtained from the
concurrent calibration of items from the new edition, two equating tests, and two

old editions of the test, using data from two samples taking the new edition of

the test and a sample from each group taking the old editions of the test (see

o

Figure 1). 1In a concurrent calibration design, item parameters for the three
total tests and the two equéting tests are estimated and placed on a common scale
in a single calibration run. The computer program LOGIST (Wingersky, Barton, and
Lord, 1982; Wingersky, 1983) has been used teo pérfafm the item calibration
needed. Scores on the new edition are then equated to scores on each of the
earlier editions, using IRT true-score equating (Lord, 1980) and the results
averaged. This type of IR equéting uses exactly the same data collection design
that was used for the traditiemal non-IRT equating of SAT-verbal and
SAT-mathematical done prior to 1982. The calibration design is based on the SA
braiding plan (Angoff, 1974) and is ccﬁsidefabiyilimitad in its flexibility.
Scores on the new test edition can only be equated to scores on old editions that

were administered with the same equating sections as those given with the new

edition. A more flexible equating procedure would take advantage of item



O

ERIC

Aruitoxt provided by Eic:

-2 -
parameter estimates from test editions given at a number of different BAT

administrations that are on one common scale.

The most flexible calibration design that could be used with the SAT would
be ; full pre-calibration design, which would lead to pre-equating of the verbal
and mathematical sections. Pre-equating refers to the process of establishing a
conversion from raw to scaled scores prior to the time the new test edition is
administered operationally. The process depends on the adequate pretesting of a
pool of items from which the new test edition will be assembled, the calibration
of these items using IRT methods, and the utilisétigﬁ of a linking scheme to
Plare the IRT item parameter éstimates on a common scale. The last step is,
perhaps, the most eritieal step. Unlike the concurrent ealibration n design, where
the necessary item parameter estimates are automatically on thé same scale
because there is only one calibration run, for the pfeigaiibratiaﬁ design, there
will be multiple calibration (LOGIST) runs and the parameter estimates will
initially be on the unique scales defined by the ability distributions of the

samples used in the separate LOGIST EUHEVCSEE Cook and Eignor, 1983). It is

|.u|-

possible, however, if the ILI model fits the dat ta, and there are common items

betwaen calibration runs, to determine a linear relationship that can be used to

transform item parameter estimates from one calibration run to the scale of the
parameter estimates from another calibration run. Hence, it is not the existence
of unique scales that presents a problematic hurdle for IRT pre-equating but,
rather, thé need to have sets of common items between calibratien runs that wgﬁld

ultimately allow placement of all pretest parameter estimates for items

constituting final editions of a test on one common scale. Further, feasibilicty

4
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studies investigating the possibility of Pre-equating the SAT (Eignor, 1985;
Eignor and Stocking, 1986) have provided results that have been, for the most
part, unacceptable. For these reasons, 4 somewhat less flexible caiibratiaﬁ
design than pre-equating, but certainly more flexible than the concurrent
calibration design presently used, was seen as worthy of investigation. This
design, which is called parcial pre-calibration, is described first in the
following paragraphs, and then the results of a feasibility study (Cook, McHale,
Eignor, Petersen, and Dafans; 1985) investigating the possibility of its use are
described. The current investigation involves further study of selected results
from the Cook et al. (1985) study.

The essential feature of a partial pre-calibration design is that the items
from the equating test have been calibrated and place? on a common scale prior to
their administration with a new edition of the SAT. (In full pre-calibration,
all the items in the new editiom have been calibrated prior to the adminisztration
and placed on a common scale, mot just an equating section.) In performing the
equating, data is collected from the sample who take the néw edition and also the
equating test, for which IRT parameters have been previously estimated. The
parameter estimates for the equating items, which are recalibrated with the new
edition and which already exist on the common scale from a previous calibration,
pv~ide the link necessary to place new edition item parameter estimates on the
common scale. With the existence of multiple equating sections containing items
on the common scale comes a degree of flexibility not offered by the concurrent
calibration design. A distinct advantage of the partial pre-calibration design
is that equating sections are interchangeable; any equating section with items on
the common scale can be administered with the new edition for equating purposes,

not just those equating sections that were given with the old editions to be used
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in tie :quat’ng as ?: the case for the concurrent calibration design based on
the 40 L-aj" ng pler., (Note that in order for partial pra-calibration to work
any o.! editions that might be used in the equating must also contain items on
the wommon sv-le.) In addition to this greater degree of flexibility, there is a
cems:i ATk ,.e eOst savings asseciated with the equating of the new edition in that
the ..1¢ ‘tions to be used in the equating do not have to be recalibrated with
the new adjtion, as is presently the practice.

Once the new edition parameter estimates are Placed on the common scale,
multiple equatings to all old editions with item parametérs on the common scale
become possible. In the comcurrent design, which uses equating plans laid out in
the SAT braiding plan, equating to only the two old editions that were
administered with the common item material is possible. The use of multiple old
editions in the equating process should ultimately improve upon current equating
practice and make s:arés‘maré consistent from. one administration to another. i

As mentioned Previously, Cook et al. (1985) conducted a feasibiiity study
investigating the possibility of using a pa:tiél pre-calibration design to equate
new editions of the SAT. In their study, item parameters needed for the
equatings were either estimated through a number of individual LOGIST calibration
runs done specifically for the study or obtained frem previous concurrent
calibration runs performed in the context of operational IRT equating. Each of
the calibrations, be they concurrent calibrations previously done or calibrations
donv specifically for the study, produced item parameter estimates on a scale
particular to the calibration run.” Parameter estimates from the separate
calibrations were then placed on one common scale. Among the equating tests
calibrated in any given calibration run in tnis study was an equating test that

#as calibrated in another run. Thus, two sets of parameter estimates existed for
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these items tht were on dif#Ferent scales because they resulted from two
different callirtation runms. The characteristic curve transformatien procedure
(Stocking andlrd, 1983) wass .Ligad to plg;é’tha item parameter estimates from the
"eurrent” runm the scale o= the paraméter estimates obtained in the previous
run. For thestudy, an exter—sive design was dave.lopad that permitted placing
item parametertstimates for 24 SAT-verbal editions and 24 SAT-mathematical
editions on aumon scale (mne for SAT-verbal, one for SAT-mathematical) defined
in November L when a parti_cular adition of the SAT, designated E8, was first

administered. Items from equ=ating sections that were calibrated along with the

. different editims of the SAT™ were also placed on this scale., Further details

and piletorial wpresentations of these calibration designs may be found in the
Appendix of tHs paper.

Once the ulibrations we—re completed and all item parameter estimates were
placed on the W base scale, —it was pﬂs%ible to equate the scores from any
particular eddtin of the SAT to the scores from any other editioen of the SAT
used in the s+tuly, For purpo==es of the study, the test to be equated was treated
as if it had mwr been equats=d previously. IRT true-score equating (Lord, 1980)
was then carridout to the s==ame two old editions that were used when the new
edition was equted operation==lly through a conciurrent calibration design.

Hence, an apprgriate critericon existed in all cases against whieh to compare the
results of thewperimental ecguatings; i.e., the operational equatings resulting
from the comcumnt calibraticons which were used for score reporting. As
mentioned prewvimsly, the stu@y -esign also permitted equating each new edition
to multiple (more than two) ol _d editions. However, the maximum number of old

editions used fr the equating— in the Cook et al., (1985) study was two.
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The results obtained from thee equatings in the Cook et al. study were
somewhat difficult to interprect. Some of the equatings agreed very closely with
the eriterion équa§ings .basledi on t3he concurrent calibration design and some
produced quite discrepant results. Cook et al. also found it difficult te
conclude, based on the rmsidual pl=ots iand tabulations they prepared, whether or
not a partial pre-calibration desizen appeared to be more feasible for SAT-verbal
than for SAT-mathematical, For bo=h tests, there were a number of equatings that
produced residuals greater than 20 scaled-score points. These results led Cook
et al. to question very serlously &he implementation of a partial pre-calibration
design for either SAT-verbal or SAM -mathematical.

A search for possible explanat—ion:z for why some equatings produced smaller
residuals than others inthe Cock =t al. study was not particularly fruitful.
For instance, whether or not new or— old editions of a test were linked to the
base scale by a Siﬁgl§ transformati_on or by several transformations, prior te
aquating, seemed to have little effFeect, Effr:rts to evaluate the effect of
particular equating tests that were= used more than once also resulted in
conflicting information. Cook et & 1. concluded their paper by listing a number
of  additional factors that could ha—ve possibly affected their partial
Pre-calibration results; several of these factors are investigated in detail in
this paper. In summary, ook et al . felt that it dic. not seem vwnreasonable to’
hope that if some of the factors af—Fecting the viability of the partial
pre-calibration design could be dete=rmined and controlled, equatings based on

partial pre-calibration woyld eventr 1ally previde ressonable results.

PURPOSE
The purpose of this study was t—o investigate, for selected equatings from

the Cook et al. (1985) stuly, factor—= that could have possibly affected their
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partial pfe*gﬂlibz\atién results. Flust:t, 2 series of icermn parameter

% .
transfo=xmaiion and. equatings were catiy-ried out in m att=mpt to determine if the

prl

poor re=sults fin tﬁe previous study ss-ere rs.}.atsd te the ‘it:tem parameter
transfomemation or té\ the {tem cglibraty. t:.cms Secorly, ==wo factors that could
influenc—e the transfaiimation Process ges-ere examined: 1) Eoossible differences in
the abiM ity lewls of \?:;he samples of ¢gxxaminees uselto cealibrate the items used
for linke<ing puposes, a\gld 2) the passjibdble existenct of di=.fferential item |
functior—ming of the 11111;;3(\::5 items for thehe samples umd to calibrate the data. T
results of tworecently %ampletsd studl Hes (Stockingand E=ignor, 1986; Cook,
Eignor, and Wingersley, 19\67) suggest vhcaat these two factowrs are viai:le candidates
for expl _ainingthe poor pj\rtial Pra-cgl: Libration resilts L mn the Cook et al. (1983
study. |

Sto—cking md Eignor (196) provideeed simulationresul —ts that have
implicat-=iens fir the Proces; of equatilgng when thereare L=airge differences in
ability T hetween gqquating salipl&-s- Theseze researcher vere interested in what

effects - the abllity levels v!f the sample_es used weullhave on three-parameter

logistic model prameter estipates gng S subsequent eatingsz results. Using 1LOGIs?
for estimmmation urposes, thy found thay_t difference in mes=an true ability between

samples mmiged in equating cmpecause diffs erences in th prec—ision with which

parameteXExs are stimated, evein when the test data fit the particular medel uysed.
The effec=t of this diffefentiial Precisicon in estimation ox=a test équat:iﬂgg can be
substant=5al if the samples belgiﬁ to havese fairly lap diftEéraﬁcés in true ability
‘ (i.e., a Adiffermce in méaﬂs-i:f oné or mmmore standaryddevizs=tions on the ability
scale). A moredetailed axplémat:iat; forexr why differmees I_mn mean true abilities
can causes differnces in the ;3f%§i§iéfl 0cof the parameter e== timates can be found "in

stocking and Edgor ¢1986; pp.11-13),
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Cook, Hgior, and W ingersky (1987) investigated the effects on equating
results of mmon item sections tThat ggntgiﬁad a few items whose item response
functions wer not well Ffit by thee zth:ée-paragfnetef logistic model and of common
item sectiomthat conta ined a fewms items on which the two groups taking the
common item wction resp-onded dif=Fferently. Their study was also carried out
using the t:hraesparsmét:éi logistice= item response theory model and Monte Carlo
procedures. fo thut the simulatec=l data reflected actual test datZa, the true item .
parameters wie¢ taken freom the est=—imated parameters obtained from LOGIST
calibrationsf item respoonses obt—ained from selected administrations of the
verbal sectims of the $mMT, These= effects were investiéat:eﬁ using both ‘he
concurrent cillbration arad the Eh%araetéristiq curve transformation linking
procedures fu varying niambers of common items, The effects of these common item
sections weristudied usiing a unif=orm ability distribution and certain
charactoristis of the PRrameter ee=stimates for the common items (i.e., the
pParameter estinates for t=he items all had small standard errors of estimation) .
gselected as stesult of t=he findir -gs of a previous study (Wingersky, Cook, and
Eignor, 198s),

Resultsof the Cook et al. (1=987) study indicated that equatings,
particularly those ﬂi;t:airged using == characteristic curve transformation design,
aré sericuslyiffected by~ the prese=nce =% linking items that funetion differently
for the two gups used t-o provide data for the equating and ‘calibration. This
is particulatly'true for =shorter 13 nking tests. They concluded that the quality
of an equatindepends, seomewvhat, ——n prior screening of linking tests and removal

of items thatfinction diz£ferently for the two groups.
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From the verbal and mathematical experimental equatings (i.e., equatings
based on a partial pre-calibration design) in the Cook et al. (1985) study, one
verbal and one mathematical equating was.chosen for further study. Each of these

equatings actually involved a pair of single equatings that were averaged, 1.e.,

]

a pair is an equating of one new test ecition to two old editions. The specific
verbal and math equatings were chosen because: 1) one equating in the pair that
were averaged gave excellent results ;héﬁ compared to the cperational concurrent
calibration critericn equating while the second equating in the pair gave
extremely discrepant results, and 2) the parameter estimates for the new edition
to be equated in each case came from the operational concurrent calibration run
from which equating results used fﬂ; score reporting were derived. This allowed
some 5§ééiai analyses, described in detail later in the paper, to be developed.
These analyses were used to explore the calibration runs in an effort to
determine if the discrepant equatings resulted from problems with the estimation

process or with the item transformation process.

o

In Figure 2, the équatiﬁg relationships among the editions chosen for
further study are depicted:; these relationships are defined in the SAT braiding
Plan (Angoff, 1974). Upper case letters and ﬁumﬁers desipgnate operational
editioens; lower case léttérs designate equating saétiéns, The equating sections
depicted in Figure 2 are those used in the concurrent calibration of the new and
old editions.
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Figure 3 contains portions of the SAT-verbal and SAT mathematical partial
pre-calibration transformation plans presented in Cook et al. (19285) ard in the

Appendix of this paper. 1In each case, the portion depicted centains the specifie

editions being investigated in the current study. In the Cook et al. (1985)
study, for both SAT-verbal and mathematical, all parameter estimates for the

editions to be equated were transformed to the scale defined by Edition E8 (run 1
in Figure 3), using the characteristic curve transformation method (Stocking and
Lord, 1983), and then the equatings were performed. For SAT-verbal, the E7 to CS
equating, after placing all parameter estimates on the E8 scale, gave inferior
results when compared to the criterion equating from the concurrent calibration
while for SAT-mathematical, the F3 t; E3 equating gave inferior results. Figure
4 contains residual or difference plots for the four individual verbal and
mathematical equatings being studied. 1In each case, raw (formula) score
differences (partial pre-calibration results minus concurrent calibration

criterion results) are shown for the range of possible raw scores.

In an attempt to explore possible explanations for the differences in
quality of the individual SAT-verbal and SAT-mathematical partial pre-calibration
equatings under study, additional item transformations and' equatings, making use
of data from the Cook et al. (1985) study, were performed. Most of the equatings

and transformations made use of parameter estimates for the editions inveolved

‘that had already been placed on the base scale (run 1 in Figure 3) as part of the

previous study (Cook et al., 1985).

il
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Item Parameter Estimate ransformations

The first set of experimental transformations and equatings carried out for

parameter estimates for editions used in the equatings on the same scale.
Reference to Figure 3 will be useful in understanding the desecription that
follews. 1In the previous study, SAT-verbal old edition B7 was calibrated in two
separate LOGIST runs, run 2 (which also contained new edition E7) and run 4;
Parameter estimates obtained In both runs were then plaééd on the scale defined
by run 1. Thke same sort of situation existed for ¢ .i edition G5 in that it was
calibrated separately in runs 2 and 3. After parameter estimates for test
editions calibruted in runs 2, 3 and 4 were Placed on the scale of run 1, new
edition E7 (calibrated in run 2) was equated to old aditidns C5 and RBR7
(calibrated in runs 3 and 4, respectively).

One was to assess whether or not parameter estimates for the separate
calibration runs shown in Figure 3 were adequately placed on their respective
verbal or mathematical run 1 scales is to compare the ﬁransfsrmad parameter
estimates for, say, verbal edition G5 as it appears in runs 2 and 3. That is,
compare the transformed parameter estimates for this edition resulting from the

specific transformations carried out for ths partial pre-calibration study. To

tiona

I

make comparisons such as the one just described, a series of add

parameter transformations and test equatings were carried out.
First, referring to the SAT-verbal part of Figure 3, the characteristic

was used for the partial pre-calibration study to place rums 2-4 on the scale of

run 1, was used to place runs 3 and 4 directly on the scale of run 2. For this

13
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linking test. Next, the linear parameters der;ved from the transformation of B7

item parameter estimates in run 4 %o the scale of B/ parameter estimates in run 2

_ =

were examined, along with the li near parameters obtained from the transformation |

of item parameter estimates for edition C5 in ruu 3 to the scale of item

parameter estimates for edition C5 appe aring in run 2. If the item parameter

Hy

estimates of the respective test editions were on scale together as a result o

the partial pre-calibration study transformations, the linear parameters of the

transformations obtained by this "direct link" approach should be very close to

those of a 45° line, i.e., a line with a slope of one and an intercept of zero.

w
Jn
=)
=
H
]
H
r
A
e
E‘h
=
=]
T
I~
J=
o]
jar
()]
£
1]
H
L
[r]
I
H
H
o
L7
o]
[~
rt
[n3
[»]
H
2
i
L]
rt
[
Lt
[
rt
im
"t
j=
1
3
]
H
rt
Hq
P
W—W

are summarized in Table 1.

I.'J..

carried out to gather additional information regarding whether or not the

transformations used for the partial pre-calibration study succeeded in placing
item parameter estimates for the separate calibration runs on their respective
verbal or mathe matical run 1 scales. Referring again to the verbal portion of

the calibration scheme depicted in Figure 3, test editions B7 and C5 were equated

to themselves using one set of item parameter estimates that were the result of
the previously described direct link transformations and a second set of item

parameter estimates that were the result of the transformations carried out for

the Parﬁiai pre-calibration study. For example, edition B7 appearing in run 4

i4
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that had been placed directly on the scale of run 2 (parameter estimates

resulting from the direct link transformation: subsequently referred to as run

4%) was equated to edition B7 appearing in run & (parameter estimates resulting

from the transformations carried out from the partial pre-calibration scudy).

[

¥ editions were carried out

S5imilar equatings to those carried out for the verba

Hy

or mathematical editions C3 and E3. These equatings are referred to in Table 1
as special equatings 1.

The results of speeial équaﬁ%ﬂgs 1 wére interpreted in the following manner.
If the transformations carried out for the partial pre-calibration study resulted
in placing the calibration runs on their respective ?érbal or mathematical zun 1
scales, special equatings 1 should provide equating relaticnships represented by

a 45° line. Any deviation from the expected results of equating a test to itself

were interpreted as indicating a problem.with the item parameter transformations

developed in the partial pre-calibration study.

The final set of equatings that were carried out to examine the

transformations resulting from the partial pr caiibraﬁign study are referred %o

in Table 1 as direct link equatings. These equatings did not involve equating an

1=

edition to itself, but rather involved equating a new edition to an old edition
of the test (e.g., verbal edition E7 to edition G5). For the new aditions of the
tégﬁ; the equatings used run 2 item parameter estimates that were a result of the
transformatiocns carried out for the partial pre-calibration study. Tran sfgfmed
parameter estimates for the old test editions used in these direct link

equatings wére obtained by the transfermations described previously, which used
the entire 85 item verbal or 60 1tem math test to place item parameter estimates
directly on the respective run 2 scales. The direct link equating results were

then compared to the equating results derived using the concurrent calibrations
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and partial pre-calibration study trvansformations of the same new and old
editions.

The following example should clarify how the direct link equatings were
carried out and how the results were interpreted. Consider SAT-mathematical new
edition F3 (run 2) and old edition E3 (rum %), where the E3 parameter estimates
have additionally been placed on the scale of run 2 by the direct link
transformation, i.e., E3 (run 5)*. An equating of F3 to E3 under these
conditions (referred to as a direct link equating) can be compared to the partial
pre-calibration equating of F3 to E3 done in the Cook et al. (1985) study and to
the Cook et al. criterion concurrent calibration equating of F3 to E3. If the
partial pfe=§alibratiqﬁ results are the outlier, this can be taken as a further
inadequate. Equatings such as the one just described for the mathematical new
edition-F3 and old edition E3 were also carried out for mathematical new edition

and old edition C3 and for verbal new edition E7, equated to old editions C

o

F

[ %]

and B7, respectively.

Another possible source of the discrepant pé:cial pre-calibration study
equating résﬁltsj obtained for the equating of verbal edition E7 to edition c5
and the equating of mathematical edition F3 to edition E3, is errors of

estimation for the item parameters calibrated in the separate LOGIST runs. The

.equatings designated in Table 1 as special equatings 2 were carried out in an

Referring again to the verbal portion of the calibration scheme depicted in
Figure 3, test editions B7 and C5 were equated to themselves using one set of

item parameter estimates that were the result of the previously described direect

i6
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link cransformations and a second set of parameter estimates resulting from the
transformations carried out fer the partial pre-calibration study. For example,

edition C5 appearing in run 3 that has been placed directly on the scale of run 2

subsequently referred to as run 3%) was equated to edition C5 appearing in run 2

(parameter estimates resulting from partial pre-calibration study
transformations). These equatings should result, once again, in a 45° line, if
the direct link transformation is viable and if errors of estimation did not
seriously affect the parameter estimaﬁas-af the items in the test edition as it
appears in the separate calibration runs. Since the direct link transformations
are based on a single transformation using a linking test containing 85 items, it
Seems reasonable to assume that any discrepancy from a 45° line obtained by the
equatings is related to estimation errors in the two calibration runs of
interest. Special equatings 2 were carried out for the two verbal and two

mathematical equatings investigated in this study.

Differences in Abjlity levels of Samples

As mentioned previously, Stocking and Eignor (1986) demonstrated the effect

that the ability levels of samples used in three-parameter logistic model
calibrations can have on subsequent IRT equating results. The results of the
Stocking and Eignor (1986) study may be of relevance in explaining the Cook et
al. (1985) poor partial pre-calibration results. If, for example, the ability
levels of the groups used in calibration runs 2-4, for the verbal test editions
identified in Figure 3, are widely "*sparate frgﬁ the ability level of the group
in calibration run 1, then these differences may be large enough to cause

problems for the calibration procedures used. For SAT-mathematical, an

additional relevant comparison would involve comparing the ability level of the

i



- 16 -
group in calibration run 5 to that of run 4. Raw score means and standard
deviations on the common item linking sections between the calibration runs
identified in Figure 3 were used to provide an indication of possible differences

in ability levels of the samples.

Differential Item Functioning in LiﬁkiﬁngEﬁES

As mentioned earlier, Cook et al, (1987) demonstrated the effect on IRT
equatings of contamination of 1inkiﬁ§‘itém sets through che presence of a few
linking items that functioned differently (DIF items) for the two groups used to
provide data for equating and calibration. In the Cook et al. (1985) study, the
presen&é of DIF items in the common item linking sections could have affected
equating results for the partial pre-calibration equatings as well as for the
criterion eoncurrent calibration equatings. If DIF items were present and did
have an effect on partial pPre-calibration results, one would suspect more such
items, or items exhibiting extreme differences, for the SAT-verbal and
mathematical partial pre-calibration equatings that provided inferior results,
i.e., E7 to C5 for verbal and F3 to E3 for mathematical.

For the partial pre-calibration runs, two separate sets of parameter
estimates exist for each linking item from each of the separate calibrations.

Plots of the item characteristic curves (with parameter estimates on a common

Wy

cale) from the separate calibrations were obtained. In addition, as a measure
of the discrepancy between the item characteristic curves estimated in the
separate calibrations for each common item, a weighted mean absolute difference
(MAD) value was calculated. Using all individuals in the larger of the two
samples taking each linking item, the absolute difference between the two item

response functions for each person (i.e., value of E)xwas obtainad and then

averaged over individuals.
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Referring to Figure 3, the following linking sections were studied using the
above described plot and index. For SAT-verbal, the commen item sections linking
runs 2-4 to run 1L (gw linking 2 to 1, gs linking 3 to 1, and gw linking 4 to 1)
were studied. For SAT-mathematical, the common item sectiun. linkin ng runs 2-4 to
run 1 (gh linking 2 to 1, gh linking 3 téil, hf + gt linking 4 te 1) and run 5 to
run 4 (gj) were studied. It should be noted that hf + gt constitutes a pooled
linking section containing twice the number of items (50) than is contained in-
the usual SAT-mathematical equating or common item section. Reasons for using a

pooled linking section to link these runs can be found in Cook et al. (1985) .

RESULTs

. Iransformation Runsg

Table 2 contains the linear parameters obtained from the previously
described direct link transformations. The two verbal transformations consisted
of placing item parameter estimates obtained in calibration runs 3 and 4 on the
scale of run 2 (see Figure 3) using the 85 items contained in either edition G5
or edition B7 as the linking test. Similarly, the transformations carried out
for the two SAT-mathematical editions consisted of placing the parameter
estimates obtained in calibration runs 3 and 5 on the scale of run 2 using the 60

item E3 and C3 editions as linking tests.

Insert Table 2 abaut here
The information provided in Table 2 indicates that verbal editinn B7 and

mathematical edition C3, appearing in runs 4 and 3 respectively, were very nearly

on the same scale as th:se same editions appearing in the verbal and mathematical

it
. ‘m‘
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calibration runs 2; i.e., the slopes and intercepts of the linear transformations
are close to one and zero. On the other hand, linear parameters obtained for the
transformation runs thatﬁpla;ed verbal editien C5 and mathematical edition E3
directly on the scales of the verbal and math run 2 calibrations indicate that
these editions were not adaquéﬁély pPlaced on their respective run 1 scales by the
partial pre-calibration study transformations. This information leads one to the
conclusion that the transformations carried out for the partial pre-calibration
study, designed to place the item parameter estimates for verbal calibratien run
3 and mathematical calibration run 5 on the scale of their respective run 1

calibrations, were not successful.

Figure 5 contains difference plots for the two types of special equatings
that involved equating a test edition to itself; these were described earlier in

My

the text and in Table 1. Only th: results of special equatings i are relevant
for the present discussion. Special equatings 1 involve equating an old edition
of SAT-verbal or SAT-mathematical to itself using item parameter estimates that
are the result of the transformations carried out for the partial pre-calibration
study and parameter estimates that are a result of the direct link
transformations. The difference plots contain discrepancies (in raw score units)
between special equating results and the identity transformation (special
equating results minus identity transformation) for the full range of possible

raw scores.,

The difference plots contained in Figure 5 for special equatings 1 are
designed to assess how well the partial pre-calibration study transformations

placed item parameter estimates for the editions used in the respective equatings

g
o
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on the same scale These plots show very different results for the old editions
involved in problematic partial préagalibratién equatings (C5 for SAT-verbal, E3
for SAT-mathwumatical) than for the old aditions involved in the non-problematic
partial pre-calibration equatings (B7 for S5AT-verbal, C3 for SAT-mathematical).
As can be seen from examination of these plots, equating editions €5 and E3 to
themselves resulted in fairly large residuals when compared to the identity
transformation. In contrast, residuals obtained from equating adiﬁi?ns B7 and C3
to themselves were quite small. The plots prowide a clear indicatiom (as did the
previously described tranzformartion runs) that the editions used in the
pﬁabl&m&tie partial pre-calibration equatings were not adeqﬁataly placed on their
respective run 1 scales by the transformations that were carried out for that
study.
Figure 6 contains difference plots for the final set of equatings summarized

in Table 1, referred to as direct lir.: equatings. The four equatings shown in

Figure 6 represent SAT-verbal new edition E7 equated to old editions C5 and B7
and SAT-mathematical new edition F3 equated to old editions C3 and E3. Recall,
parameter estimates for the direct link équaﬁings were placed on scale by a
single transformation using the respective 85 item verbal or 60 item mathematical

test edition as the linking test. The direct link equatings are compared to
equatings obtained using parameter estimates placed o¢n scale by transformations

carried out for the partial pre-calibration study and also to the criterion

Examination of the diff:.-ence plots shown in Figure & reveals that the

equatings based on the direct link transformations agree very closely with the

21
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critarion coneurrent calibration equatings. The outlier equatings are clearly
the SAT-verbal E7 to G5 equating aﬁd the SAT-mathematical F3 to E3 equating based
on the partial pre-calibration study transformations. These results not only 7
confirm previous evidence that the transfnrmatians for the partial
pre-calibration study failed to place verbal editions E7 and C5 and mathematical
editions F3 and E3 on scale together, they also (by their clese agreement with
the equatings bac:zd on the concurrent calibrations) subséantiate the use of the

concurrent calibration equatings as criterion equatings for the study.

Errors of Estimazieon

As mentioned previously, one possible source of the discrepant results
obtained by equating verbal edition E7 to G5 and mathematical edition F3 to

edition E3 might be errors of estimation that occurred during item ealibratioen.

x|

o explore this possibility, special equatings 2 (see Table 1) were carried out.
Recall, special equatings 2 involved equating a test edition to itself using one
set of item parameter estimates that were the result of the direet 1link
transformations and a second set of parameter estimates resulting from the
transformations carried out for the partial pre-calibration study. These
equatings shpuld result in a 45° line, if the difect link transformations are
viable and if errors of estimation did not seriously effect the parameter
estimates of the items in the test edition as it appears in the separate
calibration runs.

Fiéuré 5 contains difference plots resulting from equating a test to itself
for each bf the old editions used in this study; verbal editions €5 and B7 and
mathematical editions C3 and E3. The results of interest for this discussion are
those showing a comparison of special equatings 2 to the zero residual line. As

can be seen from an inspection of the plots, the residuals resulting from special

22

ERIC

Aruitoxt provided by Eic:



E

O

+ 21 -
equatings 2 are very small, indicating close agreement between the item parameter
estimates obtained for the respective test editions as they appeared in the

separate calibration runs. The results of special equatings 2 can be interpreted

as indicating that estimation error is not a plausible explanation for the poor
F

o
o]
A
il
o]
[« ¥

3 to E3 in the partial

equatings obtained for editions E7 tc

pre-calibration study.

One possible explanation for the poor results obtained for the

transformations carried out for the partial pre-calibration study might be

differences in the ability levels of samples used to calibrate linking items

on performance on equating sections used to provide the links between adjacent
calibration runs in the sections of the SAT-verbal and SAT-mathematical partial
pre-calibration linkage systems being studied. Means and standard deviations are
reasonably similar on the equating sections for groups used in the separate
calibrations, with one notable exception. Mean performance on SAT-verbal
equating section gw is quite different for the groups invelved in calibration
runs 1 and ésgabgut a third of a standard deviation different. 1In the Stocking
and Eignor (1986) study, at around this level of difference in ability the
researchers began to note some small differences in equating results due to
differences in the precision with which the parameters were estimated. Hence,
the Stocking and Eignor results could prove useful in explaining the poor Cook et
al. (1985) partial pre-calibration results except for the fact that equating
section gw, connecting calibration runs 1 and 4, provides the link that places
old edition B7 on the base scale (run 1). As seen in Figure 4, the partial

pre-calibration equating of new SAT-verbal edition E7 to old edition B7 provided
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excellent results when compared to the concurrent criterion. For the linking

sections involved in the inadequate partial pre-calibrations (gs linking runs 1

for SAT-mathematical), ability levels of the two groups used in the calibrations
and subsequent linkings were reasonably similar. In sum, it would appear that

differences in the ability levels of the samples used in calibration and linking
is not a major contributing factor to the p r partial pre-calibration equating

results under study.

Sinece diffexential item functioning (DIF) was found to be a major factor in
the adequacy of transformations carried out for the study by Cook, Eignor and
Wingersky (1987), the presence of DIF in the common item linking sections was
studied for the partial pre-calibration equatings. For this aspect of the study,
major emphasis was placed on the weighted mean absolute difference (MAD) index in
deciding on which items exhibited DIF to a degree that removal from the linking
section seemed reasonable.

Figures 7 and 8 contain ordered stem and leaf diagrams of mean absolute

differences (MAD) between item response functions for the SAT-verbal and

I

SAT-mathematical equating sections after application of the partial
pre-calibration study transformations. Careful consideration of the
distributions of these MAD values, in conjunction with plots eof the item
characteristic curves derived from the two calibrations for each linking 1Eem,l

led to the decision that a MAD value greater than .035 wculd provide an

- 24
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indication of DIF. This cut-off is represented by the dotted line in the stem

and leaf diagrams in Figures 7 and 8.

H

Use of the .535 cut-off as an indication of DIF led to the identification o

a small number of SAT-verbal and SAT-mathematical items that should possibly be

tem response

m
[N

removed from the partial pre-calibration linking sections. Th
fugctigns for these items (on the same scale), derived from the separate
calibrations, are presented in Figures 9 and 10. Consistent with expectations,
sections linking editions exhibiting poor partial pre-calibration equating
results (gs linking runs 1 and 3 for SAT-verbal, hit+gt linking runs 1 and 4 for
SAT-mathematical) contained a greater number of DIF items than did sections
linking editions that provided acceptable partial pre-calibration equating

results.

Insert Fig res 9 and 10 abaut hara

The study of the presence of DIF items in the concurrent calibrations proved
to be a difficult task in that only item parameter estimates based on the
combined group of examinees responding to the linking items were available (see
Figure 1). Thus, a summary index, such as MAD, could not be calculated. Because
no procedure that paralleled the one employed to remove DIF items from “he
linking tests used for the partial pre-calibration transformation rums could be
applied to the concurrent calibration linking sections, a decision was made not

to rerun any of the criterion concurrent calibrations with items removed. The
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implications of this decision will be discussed further in the conclusion

section.

,,,,,

\ITII
ﬂﬂ
[t
-
(o
]
[i1]
Y
i
By
o
el
fa)
™
i
ot
ol
]
I
(&
<
o
:I"
U
—
=]
Rt
ot
m
=
m
W
]
E
U
<
g
iu™

Partial Pr

Items in the linking sections connecting partial pre-calibration equating
calibration runs having MAD values greater than the .035 cut-off were removed
from the linkin, sections and the characteristic curve transformation runs were
redone. Figure 1l presents difference plots for thé partial pre-ealibration
equatings with DIF items removed (referred to as current partial pra-calibration
equatings) along with the previous ﬁattial pre-calibration results and the direct
link equating results. The criterion in these plots is again the concurrent

calibration equating results.

Insert Flgufe 11 abaut here

For the poor partial pre-calibration equatings (E7 to C5 for SAT-verbal, F%
to E3 for SAT-mathematical), removal of DIF items resulted in modest reductions
in raw score differences when gampérad to the criterion concurrent calibration
equating results. In other words, the current partial pre-:zalibration equating
results provide only a slight improvement over previous results that were
considered problematic. For the acceptable partial pre-calibration equatings
from the Cook at éli'(1985) study (E7 to B7 for SAT-verbal, F3 to C3 for SAT-
mathematical), removal of DIF items did not improve the partial pre-calibration
results much at all and in some places on the score scale, differences frem the

criterion concurrent calibration equatings were increased slightly.
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CONCLUSION
The purpose of this study was to investigate factors that may have led to’
poor partial pre-calibration equating results in a previous study (Coek et al.,
1985) and to attempt to improve on the poor partial pre-calibration results.

First, a series of item parameter transformations and equatings were carried out

e

related to the item parameter transformations or calibrations. Convinced that
the problem equatings were a result of the transformations, the authors then

calibrate the data,

Examination of summary performance data for samples taking sections linking
editions E£hibitipg Peoor partial pre-calibratien results led te the conclusion
that ability differences were not a major contributor to poor equating results,
Removal of DIF items from sections iinking editions exhibiting poor partial
pre-calibration equating results led to only modest improvements in these results
when compared to the concurrent calibration criterion equatings. These results
seem to run counter to those observed by Cook, Eignor, and Wingersky (1987) when
these researchers simulated DIF items in common item linking sections. However,
the DIF items used in the Cook, Eignor, and Wingersky study exhibited much
greater differences in item parameter estimates (and, hence, much larger MAD
values) than the items assumed to be demonstrating DIF in this study. In sum,
either or both of these factors do not appear to be the sole contributors to the

poor partial pre-calibration equating results in the Cook et al. (1985) study.
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One criticism of this study lies in the fact that no items potentially
exhibiting DIF were removed from the concurrent calibrations and subsequent
equating results. Had such items been located arid removed, differences between
the partial pre-calibration equating results (with DIF items removed) and
concurrent calibration equating results may have decreased more. However, it
should be recalled that the direct link equatings, based on entirely different
linking tests, agreed closely with the concurrent calibration equatings. Thus,
it seems reasonable to assume that new and old editions were placed on scale
properly by the concurrent calibrations (in spite of any DIF items that might
have been present) and that equating discrepancies from this criterion indigacé
poor results because the partial prascalibraciéﬁ transformations carried out with
and without removal of DIF items did not result in the editions being on secale
together,

The results of this study, which indicate that removal of DIF items from a

difficult to accept. It has long been common practice to inspect items for DIF
and to remove those exhibiting substantial differences when carrying out
conventional equating procedures. Cook and Petersen (in pPress) summarize
research conducted to investigate properties of linking items and how these
properties affect equating results. They conclude, using research by a variety
of invastigatars,.that one must be very careful thaé linking tests represent, as
much as possible, identical tasks for groups of examinees who take the new and
old editions of a test to be equated, i.e., the presence of differential item
functioning can have a serious effect on equating results.

A question of interest for the present study then is, why didn’'t removal of

the items exhibiting DIF have a substantial effect on the equating results?
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There are a number of possible explanations that can be offered for the results.
First, perhaps the procedures used to detect DIF were inadequate. Recall, DIF
was determined by the use of the MAD index and corroborated by visual inspection
of plots of item response functions. It is possible that a non-IRT approach,
such as the use of the Mantel-Haenszel (Holland and Thayer, 1986) or
standardization (Dorans and Kulick, 1986) statistics, may pravidéla better means
of identifying DIF items.

Secondly, the study carried out by Cook, Eignor and Wingersky (1987)

axamined the effect of including two items each éxhiﬁiting a substantial amount

of DIF in a single direction (i.e., both items biased against the same group) in
the linking test. Perhaps a more likely occurrence would be a small number of
items exhibiting DIF, but in opposite directions, thus having a neutralizing
effect on each other. Or, a typical situation may be a fairly large number of
items, each exhibiting small but consistent DIF in a single direction, and hence
having a cumulative effect on the transformation and, ultimately, the equating

results. It is possible that either of these two situations existed for linking

arried out in the

¥l

To summarize, the results of the specific investigations
present study did not provide an ezplaﬁaéian for the poor equating results
obtained in the partial pre-calibration study. This is particularly
disappointing since the results of two simulation studies (Cook, Eignor and
Wingersky, 1987; Eignor and Stocking, 1986) strongly indicated that the
problematic results could be related to either differences in ability levels of
samples used to calibrate the linking tests or the presence of DIF items in the

linking tests or both,

29



E

- 28 -
The result=s of the study dc provide an indication that th inadecguate

partial pre-calfidibration equating results from the Cook et al. (1985) == tudy were
related to the ffact that editions used iﬁ the problematic equathgs we=re not on
scale together a==as a result of application of the charactaristiicurve
transformation pcorocedure. It is apparent that some other factyor fa=ctors
besides ability level differences and the presence of DIF icemmst bee
Influencing the¢s=se transformations. Given that the characterisi curvr—e
transformation porocedure is a frequently used procedure by IRTpactit- foners
involved in equamting and differential item functioning studies this 1 = élgatly

an area where fu:mrther research should be emphasized.
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New Equating - Equating 01d Edi

dition 03X 4 Edition
Edition Test A Test B A B
Sample 1 X X
Sample 2 X X
Sample 3 X X
Sample 4 X X
Figure 1: Concurrent calibration designs for SAT-—rerbal and
SAT-mathematical. (The "Xs" indicate t—hie tests
taken by the respective samples.)
Verhal Mat®
nev e€ition E7 ' E3
equati mg section hg gw ib / \gh
old e ition c5 B7 E3 c3

Figure 2: Depiction of equating relationships among the
SAT-verbal and SAT-mathematical editions chosex for
further study.
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ES,gq,gy,hmihe
gs,hk,gg, gw

SAT-mathematical

2

E8,gr,gz,hn,hf,
gt,hl,gh,gx

02, g1

Figure 3: Portionsof S AT-verbal and SAT-mathematical partial pre-calibration
transfomticen plans containing specific editions under investigation
in thisstudy—. Upper case letters and numbers designate operational
editions; lowrer case letters designate equating sections. Parameter
estimates for— the partial pre-calibration equatings came from the
editions that= are circled. Numbers identify specific calibration
runs.
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Figure 6

of Raw-Score Equating Differences Derived from a Co omp
of Partial Pre-calibration Equating Results and Direct Link
Equating Results to Concurrent Equating Results for iAT—verbal and
SAT-mathematical Editions Being Studied
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Figure 7

Stem and Leaf Diagrams of Mean Absolute Differences (MAD) Between
Item Response Functions for SAT-verbal Equating Sections
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Figure 8§

Stem and Leaf Diagramz of Mean Abzolute Diffinnces (MAD) Batween
Item Response Functiona for SAT-mathematicllnstips See——ticns
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Figure 9

Plots of Item Response Functions for Items Removed from
=

SAT-verbal Equating Section
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Figure 10 (continued)

Plots of Item Response Functions for Items Removed from

SAT-mathematical Equating Sections
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Figure 11

s of Raw-Score Equating Differences Derived from a Comparison of Previous
Partial Pre-calibration, Current Partial Pre-calibration and Direct
Link Equating Results to Concurrent Equating Results fo

SAT-

verbal and SAT-mathematical Editions Belng Studied™
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(1985) equatings.

Current partial pre-calibration results involve same editions and linkings as previous
results except that items exhibiting DIF have been removed from common item linking
sections. Direct link equatings are described in Table 1.
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Table 1

Summary of Special E. uatings Performed to %buéy
Linking Problems and Eatimation Errors

: — — SAT<Verbal . - SAT-Mathematical

014 Editien -2 __B7 _ c3__ _E3 _

Tranaformation * €5 (run 3}3 plac~d B7 (run 4) placed C3 (runm 3) placad E3 (run 5) placed
on acale of run 2 on ascale of run 2 én acale ef run 2 on seale of run 2
using C5 items, 3 using B7 item=, uaing C3 items, uaing E3 items,
i.e., 5 {run 3)* i.ea., B7 (xrun 4)* i.e., C3 (rum 3)» i.e., E3 {(run 5)*

Faramster estimatas C5 (run 3)* to B7 (gun 4)* to €3 (rum 3)* to E3 (run 5)* to

for Equating 1 C5 (zun 3) B7 (run 4) €3 (rum 3) E3 (rum 5)

Parametar sstimates €5 (run 3)* to B7 (un 4)* to C3 (run 3)* to E3 (run 5)* to

for Equating 2 C5 {run 2) B7 (zun 2) €3 (run 2) E3 (rum 2)

Paramater estimates E7 (run 2) te E7 (run 2) to F2 (run 2) to F3 (rum 2) te

for Dirsect Link C5 (run 3)% B7 (rum 4)* C3 (runm 3)» E3 (run 5)*

Equating

all sditions used in these equatings have already been placed on the baas
3) as part of the Coc% et al. (1985) study.

gIhe run, identified in Figure 3, from which the parameter estimates were taken iz identified in
parentheses, l.e., C5 parameter estimates from run 3 in Figure 3,

i

The asterisk indieates that the parametsr estimates have been transformed to the scale of a
different calibration run identified in Figure 3.
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Table 2

Linear Parameters Obtained from Direct Link
Item Parameter Transformations

Test New Edition Bage Editien Common Items
SAT-verbal B7 (xrun 4) B7 (run 2} B7
SAT-verbal C5 (run 3) C5 (run 2) C5
SAT-mathematical E3 (run 5)  E3 (run 2) E3 .9042 -.0278
SAT-mathematical C3 (run 3) C3 (rum 2) c3 1.0073 .0148




Table 2

Equating Section Summary Data for Adjacent
SAT-verbal and SAT-mathematical Calibratioens

Equating Calibration o . Calibration
Section _Run Mean 5.D, Bun

gw 1 16.53 7.80 2

gs 1 16.11 7.82 3

Equating Galibr%tian
Section Run

gh 1

gh 1 8.85 5.54 3 8.40 5.51
hf+gt 1 19.68 ---c 4 20.01 ----

£ 4 9.91  6.11 5 9.23  6.14 "

lRefers to specific calibration run identified in Figure 3.

ZCQuid not be calculated from available data.
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Partial Pre-calibration Transformation Plan/T.inkage System

An elaborate linkage system was devised in the Cook et al. (1985) study to
allow placement of item parameter estimates on a common scale so that IRT
equating resulting from a partial pre-calibration design could be investigated.

Figures A-1 ané A-2 illustrate the design used for the verbal and
mathematical sections, respectively. Each figure depicts the linkages necessary
to place nine new editions, fifteen old editian%, and assoclated equating tests
on the base scale, It should be noted that upper csse letter and number
combinations indicate operational sections of the SAT, lower case letters
indicate equating sections, boxes with solid lines enclose old test editions, and
boxes with dotted lines indicate new test editions.

Lower case letter combinations, or occasionally, upper case letter and
number combinations indicated above the arrows in Figure A-1 and A-2, denote
common items that were used to piaéé item parameter estimates from separate
calibrations on a common scale via the characteristic curve transformation
procedure (Stocking and Lord, 1983).

For SAT-verbal, the calibration run containing new edition E8 and eight
equating sections, which were administered in November 1982, was used as the base
item parameter scale to which all other sets of item parameter estimates were
scaled. For example, item paramétgr estimates on a common scale exist for new
verbal Editioﬁ’E? and equating test gw from a previous concurrent calibration run
(which is fully depicted in Figure 3 in the text). Item parameter estimates for
gw also existed from the calibration run used as the base scale. The item
parameter estimates for gw that were on scale with those for verbal edition E?
were scaled to those that are on the base E8 scale (using the characteristic

curve transformation method). The resulting transformation was then applied to
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the item parameter estimates for verbal edition E7 to convert them to the wverbal

Ll

base scale. The item parameter estimates for each new and old edition listed in
Figure 2 were converted to the base scale in a similar manner to that justc
described for verbal edition E7. For some editions, more than ons scaling was
required to convert the item parameter estimates to the base scale. For example,
item parameter estimates fﬂr;editian_Fl were converted to the same scale as those
of edition E9 through equating test hy, which was then converted to the base
scale through equating test gq. Item parameter estimates for new editions F5 and
Fé were placed on scale in several different ways in the Cook et al. (1985)
study. Those for verbal edition F5 were placed on scale using items from either
equating section he or equating section gs or from the pooled he and gs equating
sections. In addition, new editions F5 and F6 were used to study the effect of
both full pre-calibration and pPre-equating in the following way. Approximately
50% of the items contained in both editions were Placed on the base scale as

pretest items administered with test editions D6, E5, and E6. The remaining 50%

!

of the items were plaéad on scale when they appeared in the finadl editions of F5
and F6, which were calibrated at their respective initial administrations. Item
parameter estimates from these different calibrations were assembled (after they
had been placed on the E8 scale) into pre-calibrated editions F5 and F6. The
editions were then equated (simulating pre-equating) to their respective old
editions,

The linking plan for SAT-mathematical (depicted in Figure A-2) is virtually
identical to the plan previously dascribed for SAT verbal. The only difference

between Figures A-1 and A-2 are the lower case letters used to designate the

equating sections.
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Figure A,;
1,2

S§AT-Verbal Transformation Plan

EQ.Fq,tg" :_. = "h? Fl,hy ng—‘ c2,ge
D6,C7,hk D6 D6,P5,F6 pretest items
EE;sq,zy,hi;ﬁ, hk T e
88,hk, g8, 5w : o, ??-hkrff,
D4,E6,28 F E6 E6, FS F6 pretest items
. ———
FE:EE =
\\ \ 77 77 —
k. C3,gg
- ES P
E5,gs — E5,F5,F6 pretest items —
Ch4,he
3 gt —— N ,
F§ he,gs,gi Fh,gi
4 o - o
F6,g5w E3,D2,gi
FS and FE p:e:es: items f;”

lﬂPPEf case letters and numbers designate operational editions; lower case letters designate equating sectiens,

zpﬁtted lines indicate new editions, solid lines indicate old edicions.

(1) ueing items eontained in equating sectien hej

ggﬂitiﬁﬂ F5 was placed on the EB scale three ways:
8; and (3) using items contained in pooled equating

(2) using items contained in equating se;:iun g
sections he and gs.
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Figurex A.2

SAT-HMathematical Transfermatrion P;anl'z

E7.gx -
C5,gt
B7,El,gx =
D5,gr
Cl,g=
——— ——m he e e
E9,gr bz fe—BE Fl,gf,hz p—BE c:z,gz,g
- D6 - -
D6,C7,h1 — DE FS FE pfe:n st items —
l T ir [ o " — e
v EB,gr.gz, hn,hf .
| 8t h1,gh, gx el
- B Eb e . _
D4 ,E6,gh — = E6,F5,F6 pretest items |
o 1
\ F3,gh i
v ——— S
3
\ _— _
C3,gh
LA — —_—
— . E5 - iy
ES5, gt e E5,.F5, FE ?fEEEEE izéms -
Fé, g ’
S |
E3,D2,g3
E P;e:egt i:ems E
lﬁpper cage letters and numbers designate operational edition i lover case letrers designate equating sections.
gnazzgﬂ lines indicate new edition solid lines indicate old editions.

BEdizian F5 was placed on the EE scale three ways: (1) using items contained in equating section hf;
(2) using items contaiped in equating section gt; and (3) using items contained in pooled equating
sec:ians hf and gt.
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