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COMPARISON OF THREE DIFFERENT ITEM

-

BANKING METHODS FOR LONGITUDINAL TEST EQUATING

o "

>

~Introduction . . .

‘Classical test theory has been found to have a number of deficiencies
(Hamilton et al.,; 1978). One such shorcoming is in the area of item

d

difficulty and item discrimination statistics. In classical test theory these
/
statistics are not invariant across groups-of examinees of diff;rent aBility.
That is, the item statistics gathered are useful only for popuftions similar
to.those on whi,chA the statistics were gathergd. In addition, compérisgns of
examinees on an abiity trait that can be measured By a test are Jimited to
situations where the tests used are gitl’fer the same or parallel. Also,
examinee performance on a test item can not be predicted; and jesting

problems such as test- designe<item bias, and test equating found no

adequate solutions.

« ]

- r~

-

In contrast to classical test ‘theory, the Rasch on.e-paraméter latent-
tr;‘{t m’ydel\ has item parameters which are said to be sample Invari;nt
(Wright, 1977). Because item parameters from different calibrations are
linearly related, they can be put ontd a single common scale and "the
measures iTplied by scores on all such tests are automatically equated and

no further collection or analysis of data is needed" (Wright, 1977, p. 106).

Moreover, because all the items are on a common scale, they can be used

‘to make up new tests which would be equated on the commbon scale.

! .
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However, with each ’equafing there is a standard error of equating
which, although\ small in comparison to the standard error of measurement
(Angoff, ‘i97l; Bryman, 1976), i§ transmitted to every score. The cumula-
tive effect of this error can becom quite large in a }or'mgitudinal testing
program. In addition, when equating tests using items calibrated by /rﬁeans
of the Rasch latent-trait model, the items used as the common cdre in the

linking .process will have two difficulty parameter values--one from the

previous testing (its value in the item bank prior to testing) and a new

value from the calibration on the form to be equated to the existing bank.

- ’

. . .

. - :
The procedure that should be utilized in maintaining an item bank has
- . e

been the subject of some controversy. Researchers from 1978 to the '

present disagree as to which difficulty calibrations should be in the bank--

-

the original; the most re&:enk or some cébmbination. The reason given to

keepy the ongmal calibrations “in the bank (Mead, 1981) is that these

calibratlons act as an anchor. On the opposite snde, the argument

presented (Rentz, 1978; Cook, Eignor, Peterson, 1982) is that if changes in
learning/teach‘ing have occurred, the item calibrations should reflect them.

Thus, this viewpoint advocates that 'Ltqm difficulty calibrations should be

=

updated, after _each use. " Ridenour (1980') has recently argued that one

should (nsnder as much 1nformanon as poss1ble when mamtalmng the
t
underlying scale in an item bank. One should not follgw a set routme,

always either using the orfiginal i;em difficulty jor updating: the calibration

H




to thé most recent value, but shauld consider all information and choose

the most apptopriabe value. . .

3
v
. ’

L Toa

The purpose of this,study is to investigate the cumulative effects of

-

three different item-bank maijntenance procedures on a series of
B ‘- ’ >

longitudinal equatings of tests measuring the same characteristic. Many

testing programs are run on the basis of future tests being equal in
b ' N

difficulty to the first test administered. s Thus, it is important that thé

item-bank maintenance procedure chosen not cause the difficulty

calibrations of the items %8 be artificially inflated or deflated resulting in

succeeding tests being, in reality, easier or harder than the first. L

-

Methodologx .
‘.

Data. During the fall of 1978, the Commonwealth of Virginia began its

Minimum CompetenC)\' Testing Program with the administration of state-
: . o,

" wide reading and mathematics tests to all.tenth-’grade students. To date,
* there have been:twelve administrations of these tests either using new

equafed editions or, in two cases, reusing earlier editions. The data for
t P -

a

this study came from selected administrations of the reading ‘test. The-

> .
one-parameter latent-trait model (Rasch) has been used throughout the

"“program to obtain the item calibrations. BICAL-II (Wright, Mead, Bell,
1977) was em'ployed tor the first administration and BICAL-III (Wright,

Mead, Bell, 1979) for all subsequent administrations. -

e

—
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The calibrations on the Fall 1978 test (0001#*) were made on a lO,.gQO_é
. student random sample drawn from a tested populanon of approxnmately
20,000 students.. "These sixty items and their dlfflcult‘y value cahbratxons

on this administration constitute the initial item bank.

\
»,

The subsequent administrations of the test chosen for the stur:!y are
ihe ones in which these sixty items appéar agair;. For the purpose of
monitoring their calibrations, these items have been placed on opératior-mal
tests as expérime_ntal items.* They were spread over seven forms on the
March 1980 administration (00013), over five forms on tHe March 1981 .

, ' v admlmsfratlon (0005), and over four forms 02;1 the March 1982 admnmstra—
. s -
tion (0008) Usmg the operational items as the ommon core,\a number of
te§t forms were used durmg the March administrations to momtor the

>

difficulty values of some older items and to gather statistical infprmation

- R -

on newly acquired items. These forms are péckag/ed in sequential.ord
- with packages begiriniqg with as many. ';iifferent %orm numl;ers,as forms§
being admini;t'er‘ed. The tests e given to the students in the_order in
which they appear in tl;me package.‘ ‘There were eight test forms in fhe
March 1980 administration and twenty test forms in each of the March
- ' * 1981 and 1982 administrations. The calibrations on thes;e t!ﬁr'ee administra-’
N tions (0003, 0005, 0008) were on a 10,000 student random sample:drg.wrfq
Y N » . . .
- . "5. l' . / .

* Administration Number

I’.
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Vo
from a tested populati'on of approximately 19,000 or; the March 1980

administration and approxi}nately /80,000 tenth-grade students on the

\' Mérch 1981 and March 1982 administrations. The entire original, Fall

8, test was reused for the October 198] administratioh (0007). The

calibrations for this administration &ere on the entire population,

approximately 3,300, made up of ‘twelfth-graders who either had failed the

test preViously or were transfer students. . -

In addition to multiple calibrations of the items on the Fall 1978 test,
the sixty items that were used as operational items on the March 1980 test

have been used on March 1981 and 1982 tests, -a few as operational items

but the majority as experimental items, also for the_purpose of monitoring

their calibrations.
4

‘3‘ . v

Procedure. The sixty items from the first administration of the reading
test (‘0001), and the BICAL-II calibratio.ns of these .items constituted the
initial bank in this study. The items on subsequent administra.t.ions 003‘,
0005, 0007, 0008) were linked to t-he bank in the order of their administra-
tion. Items included in all linking procedures were those whose difficulty
value calibration on the form to be equéted was not éignificéntly different
from the difficukty valu’e in the bank as tested by the*evaluation statistic

\ -
given in Best Test Design (Wright and Stone, 1979). A computer program

(BLINKY), developed in-house, has been used to link the items to the existing




-6- .

’ Y
bank. This‘program is based on the linking procedures for a complete web

<

discussed in the chapter "Constructing a Variable" in Best Test Design

(Wright and Stone, 1979).

The item-bank maintenance procedures used in this investigation are

the following: In the first procedure (Method I), the difficulty values of the -

items previously in the bank were updated to the new values after each
test administration wherein these items appeared. In the second procedure
(Method II), item bank difficulty values were.not ghanged after use on

tests, but those items whose difficulty values were sufficiently modified

that they were not in¢luded on the link were permanently removed from-

" the bank./ -

-
~

In the’ third procedure, item bank difficulty values were not altered

after use in tes\ts if these items were'useyd 0}1 the link. If the items were
not employed in calculating the linking constant, because there was a
significant change between the dlffnculty value in the bank and the one on
the te,st to be equated, a decision concerning which ifficulty value would

be put into the bank was then made. In Method Illa, (automatic update),

the difficulty values of the items taken off the link were automatically

updated to difficulty values on the test to be.equated and put into the
bank. In Method IlIb, (studied/considered ,update‘), a determination

concerning the di'fficulty value to be put into the bank was made in the
. 4
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following manner: If this calibration was the second calibration for the

it&n; then the average of the difficulty value in the bank and the present
§

calibration was the value placed in the bank for future use. If the item was

i

taken off the link on the third or subsequent calibration, the difficulty
’ . . »
values of the item obtained in each previous calibration was examined. If

two or more difficulty values were close, the average of these was used as

the new difficulty value placed i the bank. If all calibrations were

1 \

significantly different from each other, the item was t‘hen checked to see
_if ‘it had been rewritten and, if so, the latest calibration was placed in the
,bank. If the item had not been modified, the fit statistics' in the BICAL
calibrations for each administration were inspected. If the item had large

fit statistics on one calibration, then the average of the difficulty values

. <

for the other tu"p'administrations was the value placed in the bank. If the

4

item had large fit statistics on two calibrations, then the difficulty value

>

of the third calibration was placed in the bank. If no basis could be found

-for the large difféi?ence in difficulty values on these administrations, the

if

most recent difficylty value calibration was placed in the bank for future

use.

A . ~
Data analysis. Several methods were employed to compare outcomes of

the different item-bank maintenance procedures. Comparisons were made
L4

on the difficulty values of the items in the various banks resulting from the

linking procedures stated above.

.
Y

- ..
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Graphs of the difficulty value parameters of the item;'\\g.

Y
n the original

e

.

bank were made by plotting the values estimated in the %ginal bank

fag",{

%

against those in the bank at the end of the procedures. . :
ity
Comparisons were made in the correlations of the difficul‘tfy value
. N
.
parameters of the items in the original bank and the same items at 75¢\end
A
) 4

of th banking procedures. The means and standard deviations of "ﬂ;ese’

S

3
]
s

items were also calculated and compared. Moreover, the means of%the
N LY
‘-&

difficulty values of all the itemsg in the banks resulting from these differ%;p(

proc\du—res were compared, adjusting for the deletions made during tﬁ,e’\

-

A

v !

Using the items; th;t were placed on the March 1982 (0008) test and
their difficulty pafameter values in each of the banks at the completion of
the above })roceddres, . calculat ons' were made to estimate ability
par’ameters'. These calculations are similar to those in ‘the BICAL-IIL
computer program except that the item difficulty values are held constant
while the maximum likelihood calculations are made for the ability values
only. 'Since‘ theabilvity \}alues of the group who actually were administered

the test (administration 0008) were known, comparisons of the various’

effects for the different procedures could be made. ..
- . 4

-/
S

N
|
i

. kY
Method II procedure. L 1
I

4
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Results™

>

Table 1 presents the means and standard deviations of tge item
difficulty values of fifty-four out of the original ,s'ixty items that comprised
the original bank¥ (Six of ‘the original items have been rewritten and, for
that reason, were not used in this study). The procedure’ used in Method II
required that the itém difficulty values remain approximate-ly’ the same
and, -if an item was not used in calibrating the-linking-constant because
there was a significant change in its value on the test being equated and its
value in the bank, the item was deleted from the-bank for all future use.
Fourteen out of the original fifty-four items were deleted from the bank in
the linking processes in this method. The mean (in logits) of the difficulty

values of the fifty-four items was 004 with a standard deviation of 1.38 in

“the original bank, .083 with a standard deviation -of 1.27 at the end of the

linking process using Method I, .112 with-a standard deviation of 1.15 using

Method IIIA, and .022 with a standard, deviation of 1.25 using MethodflllB.

“Also in Table I are the correlations of the initial difficulty values of
these. original fiffy-four items with the difficulty values existing in.the
banks after equating by means of Methods I, IIIA, and IIIB. The slopes’of

the regression lines are also shown in Table 1.

-~

An outpdt of the computer program used in this study to obtain

ability scores is the pairing of the number of items correct score with an

1z
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ability score in_logits. ‘Fofr these tests the passing score was Set at
at{a}ning at least 1.12 logits. Table 2 coﬁtains the ability scores necessary
for passing calibrated from the difficulty parémeter values of the orig{nal
fifty-four items as they were in the original bank and as they were in the
banks at the end of the l}nking processes using Method I, IIIA, and IIIB.
This ability score necesséiuj; for passing for the values in the original bank -
was }.158, at the end-of Method I was 1.178, at the-end-of Method IlIA was
1.156, and at the end cgf Method IIIB was 1.222. Thus to obtain a passing

score of at least 1.12 logits, Methods I and IIIA would give the same

a

attainment of number correct items as was true in the original bank, but
Method IIIB would require one maore correct item. _ ]

Figures 1-3 are graphs of the difficulty values .of the\origlinal fifty-

four items with the values in the original bank plotted against the values in

. ~the bank at the end of Methods I, IIIA and IIIB. Figures 4-6 are graphs of

the ability scores calibrated using the difficulty values of the original
s
fifty-four items derived at the end. of Methods I, IIIA and IIIB ‘plotted

against the ability values derived from using the original difficulty values.

Figures 7-9 are' graphs of the ability scores derived from the difficulty .

. values at the end of Methods I, IIIA, and IIIB plotted against each other.

The means of the difficulty values of all 804 items in the final banks
“

By Methods I, IIIA, and IIIB and the means of the difficulty values of all-
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¢

& jtems in the final banks.minus the values of the thirty-two items that were

’ déletedﬁby Method I are presented in Table 3. . ' “

-

>

The items that, comprised the test for administration 0008 wére

selected from each of the banks resulting from Methods I, I, IlIA and HIB.

The means and standard deviations of the difficulty values of these items

in the corresponding banks are shown in Table 4. Al$o shown are the ability
. .
passing scores, in logits,” given that a value.of at léast 1.12 logits is

P~ .

_required. The number of items correct for thé corresponding logit score is

-

also shown. Figures 10-15 are the graphs of the ability scores, calibrated

- from the difficulty values of the 0008 administration items after they were

equated to the banks resulting from each of the methods, plotted against.

¢
each other. In Table 5 are the equating constants needed to equate the

test given in administration 0008 to the existing banks by each of the

.

methods.,AThes.e‘ constants range from -.617 to -.569.

*

In Table 6 are the number of items removed from the calculations for

deriving the linking constants for each of the methods in each of the'links.

-

Since the first link was the same for all methods, the items removed from )

the calculations were the same. However, for Method I the number of

—

items taken off the second link include nine items previously removed from

the calculations in the first link, those takén off the third.link include

seven items previously deleted from the first two links, and those taken off
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the féurth link include one item which was removed from the first two
links and one item removed from the third link. During the Method II

. process, if an item was removed from- the linking constant calculations, it

was permanently removed from the bank and thus entered into no further

calculations. During the calculations of the linking constants in Method

IIIA there were.nine items taken off the second link tHat had also been

removed from the first link, six items taken off the third link that kad been

.

removed from the first two links, and one item removed from the fourth

link that had been rerfiaved from the first and second links. For Method

IIIB in the second link two items were removed that had been taken off the

first link, in the third link one item that had been removed from the first

two links and one it#m that had been taken off the first link were removed,

and in the fourth link one item that had been removed from the first link

and one item that had been taken off the first three links were taken out of -

3

the linking calculations.




Discussion

The purpose of this gtudy was to investigate the cumulative effects

of three ‘drzferent item-bank maintenance procedures on a series of

\\

longitudinal equatings of tests measuring the .same characteristic. One
" way to compare these ciifnulative effects was to choose a,set of items
comprising a test and to rnake various comparisons using both the difficulty
values in the banks resulting from the different linking processes and the

ability scores calibrated from these difficulty values.

" For this study, the iterhs used on the test for afministration 0008
w‘e‘ref chosen. The means of the diffiéulty.values of these items in the
different banks at the end. of.the linking processes _i’i’able 4) were
compared. These \ranged from -.798 for Method IIIA to' -,846 for Method
I1IB. Abili‘ty scores were calculated using the difficulty values found in the
banks resulting from e’ different processes. Since an abiiity score of at
least 1.12 logits must be attained in order to pass, the ability valtiesyneeded
for a passing score ranged from 1.148 for Method IIIB to 1.195 for Method
IIA. Ehr each number of items correct score there is a corresponding
ability score. Although for this {est‘ thehe was variability in the ability
logit score, the number of items correct needed for passmg was 1dentical

for all methods. Figures 10-15 are graphs of the ability scores (at each

number of items correct value) cahbrategi frorp the difficulty values of the

items in this test at the end of the procedures. There was some variation
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in the low and high ability scores but very little variation in the middle

scores. Although the procedures used in Methods-IIIA ;ir{d IIIB were the

v . mogt similar, the difficulty value means and the ability scores derived from
’ L -

these difficulty values show the greatest difference:

L4 . .
~

’ -

The differences in the means of the difficulty values among the

methods and the differences in ability score logits necessary for! the

passing score seem to indicate that, although at this stage there ‘seems 10"

be no difference ambng the methods in the determination of a passing "

~

. score on a test, significant differences .may 'show up in subsequent

longitudinal equatings. However, since the diffictlty, values of the items

chosen for the test produce passing ability scores whidh are equated to the

same number correct score, no comparisons can bé made of the effects of

v

' .usiné each of the different procedures. iy

- -

. . . .o
Another way to compare thé cumulative effects of the different

' item-bank maintenance procedures was to use the original fiftx-four items,,.
and compare the difficu-l'ty values and ability score values in the origi‘hal,
.bank to those vélues at the end of Methods I, IIIA, a‘nd IIIB‘. Method Il was *
not ipcludéd in these compar'isons because,. in this proéedure, an item
. either retained the difficulty value in the original bank or was deleted from
the bank permanently (as, fourteen"oi:iginal items were), if the difficulty
value of the item on the test_io be équated d}ffered signifig;ntly from the

bank v_alue.
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The means of th‘e difficulty values of these fifty-four items in the ' - ‘

original bank and at the end of the procedures are given in Table I. The . ) : o -

. means of the difficulty y.alues :;n the end of tﬂe proﬁéddres‘range from 022

to .112 iompared tg .004 in the original bank. The values in the bank

.following’ the Methad II1B procedur; have a correlation of .990 with the

original bank values, while the correlation of. the Methods I and IIIA

resulting values with the original bank values are .956 and .954

respectively. Figures 1-3 are graphs of the difficulty values oj the original

. fifty—fou'r i‘tems at the end of .Mqthods I, I-IIA and IIIB' plotted against t.l':e .
difficulty values of these items in the original bank. In Fi;ure 1 except for
a few outliers the difficulty values of the items are close to a line which
has a slope' of 1 and a vertical axis -intercept of 0. In Methods IIIA and IIIB
the difficulty value of an item retained its original value unless the
difficulty value in the original bank and that_ on -the test }o \be équated
I ’ differed so significantly that the value was not used in the link. In tpat
case, the item was given a new value. Comparing Figures 2 and 3 it is seen

that Metl’}pd IIIA resulted in the new difficulty values being further from. a
line with slope 1 and vértical axis—int‘ercept of O‘t‘han those given in

. Me}ho\d 11IB. | .

As seen in Table 2 Methods I and HIA require ‘e same number of

items correct score as was needed in the original l’)‘ank, while Method IIIB
V4 J . '
requires one additional item correct. Morgover, the ability passing score
.‘:—«/ )

. #
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resulting from the values in Method IIIA is the 'plosest to that"'a_f the
“original bank (1.156 to 1.158). Figure 4 shows that the abi’lity scores (at
each numbef™of items ,cor;’ect value)-are less when derived from the
.original' bank difficulty values than they are when calibratet from those

difficulty values at the end of Method I. Figures 5 and 6 sho}i'\ that for

s

,‘ ability scofe values less than | and 0 respectively, the ability scores

-

4‘f.ierive':‘l'from the original bank difficult‘y values are less than those derived

from the results of Method IIIA and IIIB, but for larg‘er' ability scores, the

. v

opposite situation is true.

. .
(\/\ .
. ' 1 LA

7
Figures. 7-9 show the graphs of ability scores derived from the

difficulty valg’es of~ghe original fifty-four itc_em's at, tht; ond of‘ Meth'ods I,
IlIA, and IIIB plotted against ;each other.“‘\For ability scores‘ be low 0y those
scores derived from Method I difficulty values are less than those
calibrated fr?m Method IIIA ,valdes; howrever, fo; ability scores above 0,
the reverse is t\rue. The ability scares derived from the ,Method} process
are greater than those calibrated from the difficulty values in Met'hod I1IB,
while the abilit).' s‘cbres derived fr;m Method IIIA are greatet: than those

i

from Method IIIB.

Although the Method IIIA difficulty value mean differs more from the
original bank difficulty value than those resulting from Methods I and IIIB,

the Method IIIA ability score necessary for passing »\js the closest to the

18
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original value. Method IIIB

*

degree with the item difficulty values in the original bank than did those

resulting from Methods I or IIJA. However, tie Method IIIB ability score'.

necessary for passing differed the most from that calibrated fc;r the

—

original item bank and requi\red a 'number correct scor;e one greater than
Methods I, IIIA,+and the original item bank.i These results‘\are not as
Consist?ns;s those obtained using theN items of the test in administration
0008. e o

.
« . ‘
13 » - -

Table 3 contaias both the mean item difficulty values of all the'items

.

in the various banks and the_ mean item difficulty of all except the thirty-

t\\}% items that were deleted in the Method II process. The values resutting

item diffitulty values correlated to a greater —

/

f#m the Method IiIB, procedure have the ldwest mean. Those items that

.

weft deletdd m the Mefh‘od_y Il procedure had’a smaller effect on Method

IIA than on Methods [ and HIB.

« D

.

From the preceding discussioh it.is clear that there are slight
) )

differences in the item jbanking procedures for th¥ c;riginal fifty-four
. p N

. . . 3 .
items. However, these differences did- not manifest ,thémselves

6 . 4 -
significantly when*the difficulty values ifi the different banks of the items

chosen in such a manner as to comprise a test equated to the original Fall
T'6

"' 1978 test were compared. For this reason it must be ¢oncluded that on the

| v
basis of this study there are no sigrificant differences in the different
. A /‘

'
“ }
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item-bank maintenance procgdures studied for longitudinal equating. > {
However, it may be that four longitudinal links are insufficient and that
q . :

differences in the procedures
° a ‘ ’ )

may become significant as the number of
links increase.
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Summary Statistics and Correlations of Difficulty Values

< ;Original Bank

TABLE |,

for the Fifty-four Original Bank'Items

; Method I  Methodl ,Method IlIA Method IIIB

Mean .004 - 083 * o2 N o

Standard devnanoa 1.38 - L27 * 115 1.25

Corrétation w nﬁ ' e

Original Bank Va}ues - 956 © .95 990
"y

Sﬁﬁzb&gressm N 88 * 795 894

*No values here, because 14 items were deleted from the bank, all other items retamed their

+ %5 . !
PR . -
‘u’, 1
v, * '.: *
g Lov Ty : ) TABLE 2
. 'E . Fifty-four Original Bank Items
~ : :f : ‘ A .
- ; Original Bank Méthod I Method II Method IIIA Method IIIB -
. . . f" * -~
Number of Items Cortect , -
Needed for Passing -/« 38 ; 38 * 38 39
. Ability Passing Score 5 N
(Logits) % 1.158 1.178 . * 1.156 1.222
' o .
3 .
o4 ,E {
by .
' ; ‘

ori mal bank dnff It values
g #CU y
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TABLE 3
/ Mean Difficulty Valueg of Items in Final Banks )
Method I Method Il  Method IIIA Method IIIB -
LY . l” ] L4 .
All Items -.238 * -.230 -.264
) ) .
All Items Except the , )
32 Deleted in Method II -.213 -.228 -211 258
z/ i g
o~ .
N TABLE 4 .

‘ | Summary Statistics of All Items Used in Administr;t_ion 0008

Method |

Mean of Difficulty Values -.803
Standard Deviation of -

Difficulty Values T 143
Number/o’f Items Correct

Needed for Passing - ¥
Ability Passing Score L

(Logits) 1.{90 -

-

Method I Method IIIA Method IIIB

~

- ‘08.38 "'0798 ) ‘0846
g ‘ ]
1.43 1.43 1.43
49 49 - 49
~ . ’ Al
1.156 1.195 1.148




Me;hod I

)
-.574
\

Method Il

-.609

21

TABLE 5

Equating Constants in Final Linkage

Method IIIA

-.569

TABLE 6.

Method IIIB

-.617

Number of Items Removed from Linking Calculations

/

Method 1

2

13

20
9

23

65

13

Method Il

Method 1IIA

13
17
7
13

. 50

Method I1IB

13
10
3
13
9,
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