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L. MOW IGG I

Vor sec c. s, pc;ycnometricicuis have been striving to enhance
objectivity, accuracy, and efficiency of mental measurement. The

l.vost imi:ortant developtacnts in recent years are probably the
latent trait tdicory anu its ajpllCations, par Li cul arly ,

c.omputerilled tailored testing. Availability a large
nomogencous, it pool (of 20U or more items) is usually
prerequisite for tailored testing ..inCVor some other more advanced

ications oi. the latent trait theory. Also required is that
all the items in the pool be precisely calibrated on a single
CO: mon :Xale Since it is not feasible to administer a very long
test to any single group of examinees, items for a pool are
usually collected from several item sets which are calibrated on

independent groups. (There are also some other factors that
ctictatQ collection of items from multiple item sets on indepclident
groups, for instance, for updating an item pool or for
constructing tests with comparability across time.) Unless

c.iuival.c.Ilt groups are used in calibration, some conversion is
usually needed to link item parameter estimates obtained from
sepdrate groups.

Linking two sets of separately calibrated items can be
1 c cocarlisheei through either a cone ion group of examinees who take
both tests or through a set of comrnon items (known as an anchor

Lest) taken lyy different groups of examinees. Since usually it is
inconvenient to use a =anon group of poisons frJr linking, the
anchor tEst amiroach becomes the primary moans for linking and is
the concern of the present study.



There are many pcychomtrical models subsm.cld to the latent

trait theory. Ole or the more popular model is Racch's one

i...-trameter logistic (1PL) model. Review of pcychometric literature

reveals that although 1FL model has attracted a large number of

ecivating studies, only a rew linking studies have been conducted.

aivating anci linking are syuaetrical procedures and have some

similarities; nevertheless, there are also important differences.

i:est of ail, equating deals directly with accuracy of :oe4sured

scores, whereas linking deals directly with precision of

calibrated item estimates which eventually affect accuracy of

:A.zalre6 ability scores.

In some equating studies, effect of length of anchor tests on

accuracy of ecduateu score was investigated, but.no oonsistent

results were reached. This is primarily due to lack of a good

criterion for evaluation of equated scores. If the Monte Carlo

i.tethou is used, the criterion problem is solved but the results

miay not conform to reality. A better solution is to employ

several test forms to constitute a circular chain and through

consecutive csluating the initial test forty will be finally aluated

to itself. Consistency of ability scores then becomes an

evaluation criterion. Since it is mtrcnely laborious, this

approach is seldom usc-i by researchers.

As tar as linking is concerned, current knowledge about

anchor test length and other characteristics is limited. Fro;

their item calibration ei,-dc:ience using the classical test. model,

i7cBride and Weiss (1974) claimed that 40 to GO anchor items may be

needed to calibrate an item pool. Based on theoretical values of

standard errors of item estimates, Wright considers a sample size



persons and an anchor test at: L.j 25 items as suiLiciult

ter most Ili tking . ,dright contends that ten anchor

1.,.ay ade<juate .L the items arc good (Bright, 1 977).

t:hile most linking studies dealt conceptually with linking
, one empirical st Mr" Red :ase , 1901)

investigated eififects 01 sal:Iple size and anchor test length on

;rceision G.L: item pararaeter estimates. There were three levels in

length 5, 15, and 25 items. Correlation between linked

eLtimates anti CStiME1CCS obtained from CNC original total sample

!ti.-Ls wed as an evaluation criterion. Obi-alined correlation values

under all conditions Irere close to unity. Despite trivial

diturences among the correlations , results generally indicated

the longer the anchor test and the larger the sample size, the

better the precision. Only in one condition was the five-item

anchor better than the ii teen -item anchor. The inv:stigators

thus thought a tive-item anchor might be adequate, but a

Leen-item anchor was suggested.

However, the correlations used to evaluate calibration and

linking results be attected by distributions of item parameter

estimates and COCS not necessarily reflect magnitude oil errors

introduced through estimation and linking processes. Lioreover,

ifaetors other than size of samiAes and length of anchor tests also

need to be identified and investigated to provide guidelines for

construction Of. anchor tests for linking and guarantee that

desired precision of item calibration can be reached.

In item calibrz.tion, n>is it ot an item to the Patch model can

be due to aberrant test-taking behavior or a f etyz persons just as

it can be due to a general flaw in the item itself. It is



conjectured that impact aif irregular person responses can ix
serious 'when examinee sample size is :17: Ill anti that even large

sal.O.c.--:s t- ti,.- not dJliterate oantaminating influence of irregular
parson responses .((iright z< Stone, 19'19, p. 82) . Pew previous

stc:dies deal with [Aar son ifit problui-t anu no one has investigated

nod ruaovad. of misf..itting persons affects calibration di: itc4.1

pools.

The purpose of this study M11; t1101:01O. WO was tO

ilIVU:;:.iyatC.'. tO what extent characteristics Of anchor tests may

sheet precision at item calibration. The other purpose was to

ustL,tate to 1;Tat extent precision of iteii calibration may be

aLfecteu by rutoval of persons whose response patterns deviate

f rai,; what are nor ally expected from la, model. 'Three

characteristics of anchor tests were wider consideration, namely,

Lest length, test width, and test height. ThcA:e three

characteristics correspond, respectively, to nuavber of anchor

iia21,-is, range and average of : aifliculties of the anchor items

('..:right & Stone, 1D79, p. 133)
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Desi,..,n o1 'CUL: study

The Luadal\aentals of the design or this study can be perceived

as similar td Lngorf is (1971) Ec.juating Design IV or Dquating

De.Jicin VI. The essentials of these designs are as follows:

Test (Form) 1: is auainistered to Group A; Test (L orm) Y J-
.

administered to Group D. Tests (Fonas) X and Y have a set Of

itaas in comm 1 (i.e., an anchor test) . The anchor test. is

-administered to both Group A and B and is used to adjust

differences that e=ast between the two tests (forms) .

In the pres nt study, a nonanchor test was treated as if it

were two differ ,alt tests (i.e., analog of equating a test to

itself) . This rind of treatment was first used in equating

research by Levu = (195) . A number of ore recent equating

studies also us u it (e.g., Green, 198U; Ilareo, Petersen, 6,

Stewart, 1979; Pettie, 1981) .

The present: r ,search was conducted in a fashion ot an ex post:

facto experiment. Nonanchor test items calibrated with groups at

two different grace levels were linked onto a base metric through

22 different anchor tests. The anchor tests differed from one

another primarily in test height, width,, and/or length.. At the

two grade levels, a pair of random samples of 100U examinees each

was drawn from a c to base. The examinee sampling was replicated

three times without eplacement. Calibrating and linking with

each pair of uaples were performed 'under two different

situations. In ol e situation, misfitting persons were not

screened and the intact samples were used. In the other



situation, udsfitting persons were detceed and e;:ciuded tram the

groups. Since

sa:::ple pairs,

there were two situations, three replications o:

and 22 anchor tests, the total nather of

calisrations is 2 * 3 * 2

uilbration were

Data

22 264. Final results. Of item

svaluateo in terra of tioelity of item estii ai:os.

ine data base used in the present stuuy was tal:en from the

On-1;ide ilonling data ot the Otis-Lennon School Ability

Test(OLSAT), Form R, Intemaediate level. The Intermediate level

was ecsigneo for students ,in graoes G, 7, and 8. Inere are 80

items at this level in the Form R of the Otis-Lennon test.

Lon:, ano level of the test was nonmed in tall, 1977. The si:zth

ZU t;i10 20.7CrIth

research as the

graders' responses on the items were used in this

data base. There are responses from 11,776 sixth

graue stujents and 11,020 seventh grade students in the data base

(Otis & Lennon, 1979) .

Preliminary Analysis

The si;:th and -the seventh grade students in the . data base

were treated as one population. All the items in the data base

wore calibrated with this population twice, once

population and

These analyses

standard error

with the' intact

once with data of non-fitting persons deleted.
0

yielded information regarding difficulty (DIFF),

difficulty (STDERR), mean aluare fit (MSFIT),

and slOpe of item response characteristic curve (i.e.,

discrimilTation) for each item. Table 1 and Table 2 show the ibaa

difficulty and related information from these calibrations. The



itum difficulty values ano the i:;etri.c then defined, as shun.: in

Table 1, were taken as item paral.:eters and as the base metric for

(-2.1 Dal-Liu:3 when all sample data were used. Table 2 shuas

similar infomaLion -for subsequent analyses from which misilitting
persons were reuoved from u.amilus.

'the population was then separated according to subjects'

grade levels into two subix)pulations. All the items in the data

uuso were calibrated with each of the two subpopulations

regardless of misfitting persons. Item difficulty values obtained

from these two calibrations were plotted against each other to

screen of uossible outliers. An outlier was loosely defined as

,on tote Blot, a point that: o'L.A.riously deviated from the best

fitted straight line of unit The reason to screen acid

eliminate 1:u.sfitting items with this particular method rather than

employing slope aria/or mean aluare fit values was that misfitting

items could be better judged from such direct fitting results than

from some indicators (Cf. Rentz, 1975) .. Slope and mean s:Auare' fit

values indicate item misfit in term of extent rather than type.

Both of them lack definite criterion values for identifying

misfitting items. Figure 1 presents the screening plot I o itkla

cras seen as an outlier; thus, all the 80 items in the daLa base

were retained.

Construction of Anchor Tests and Nonanchor 'ruts

Construction of anchor tests and ndnanchor tests was based on

item parameters obtained from the calibration with the total
population without excluding misfitting persons.. Items were

separated into two One set contained 50 items and served



as an iteyi pool for constructing anchor tests; the other set

contained the remaining 30 items and was equally devided into

three subsets for constructing nonanchor tests.'

Anchor .items were selected according to difficulty paraloeter

values, such that difficulty values for 40 items spanned the range

of 2 to 2 logits and wore approximately alually spaced in

that interval. Another 10 items were Chosen' approximately

%.1ivaily spread in the range of - 0.5 to 0.5 logits.

rik-lenty two anchor tests wer.:1! constructed. One anchor test

prised all the anchor items. A second and a third anchor te:t

consisted ,respectively, of the five and the ten best fitting

anchor items, best fitting in the sense of having mean scluare fit

values and slope index values. near unity . The other 19 anchor

tests differed from one another in the design of test height,

width, and/or length. Test . height, width, and length are

synonyms, respectively, for average item difficulty, 'range of item

difficulty, and number of items in a test . The 19 designed anchor

tcsts centered around one of the following three height levels:

1.0, 0.0, and 1.0 logits. At the - 1.0 and 1.0 height levels,

there wore 1.0 and 2.0 width levels. At the 1.0 width level,

there were tao length levelslengths of five or ten items. At

the 2.0 width level, there were three length levels--five, ten,

and twenty items. At the 0.0 height level, there were three width

levels-- 1.0, 2.0 and 3.0.
. At each of these three width levels,

test lengths were five, ten, or twenty items. Table .3 lists

these specifications of the -anchbr tests and the actual height of

each constructed anchor test.

8



TVio nonanchor tests were constructed from the 3U items

re:servw for this purpose. One subtest of ten items was uses in

both J...)nanchor tests, These corxilon items VICrc cor:ibineci with one

of the other two ten-item subsets to form nonanchor tests for the

Gth and 7th graders, respectively.

MUG' 4 lists the items assembled into each anchor test as well

as into nonanchor tests. The numerals in the table are the same

actual item numbers in the Otis-Lennon School Ability Test.

Exal-,line,2 Sarnia es and Calibration Procedures

A pair of random samples of 1000 examinees each was drawn

from the sixth and the seventh grade subpopulations. This

examinee sampling process was replicated three times ,without

.replacement - resulting in tee different sample fairs. Sampling

examinees from the -.11Dpopulatio.n5.3vias performed in two stages. In

the first stage, random numbers were generated using a uniform

random number function and the numbers were attached to examinees'

data records. For each of the two subpopulations, three

indei:;endent samples, each of a size sJ...ightly over 1000, were then

produced by specifyiric; three mutually exclusive ranges of the

raneo,-,-, numbers. In the second stage, exactly 1000 examinees'

records were randomly taken from oach sample. A computer software

system, SAS, vlaS utilized to accomplish the .sampling of examinees

(Cf. Nay, 1982i Council, 1(80, p. 152).

Items in each of the alb nonanchor tests, along with items in

each of the 22 anch tests, were calibrated with respect,tve

e;:amince samples - each saral4e pair. Nonanchor test ite.as

calibrated with lamer grade level samples as well as the rmanahor

- 9 -



items czalibrated with higher grade level samples were Ulu.), placed,

through different anchor tests, onto the 'LZ:.:31.' metric. the linked

item estimates obtained from environments or different anchor

tests and from eacu sa;aple wore compc..red with their item

this was done for both intact-sample arra

ck:ei Ly-misf ituations.

1.'zciusi0n 01 Lisfitting Persons

Statistical procedures for identifying misfitti.ng persons are

illustrated in Wright aria Stone (197') According to thaa ( p.

lGb ) , the }.-xn-fit statistic is more or less normally

distributed but with wider tails. They consider a rejection level

of about 2.0 as conservative and 3.0 acceptable. the present

stuiv uscu t=2.5 as the critical valu to detect and exclude

persons.

Translation of Item Estimates

Cf.)nve. ;ion is fleQUOCI to plaCO item estimates from dif'.fe.rent

datzt `sets onto a coramon metric. Potionale and method for

translating Easel' item cliff ty estimates and/or examinee

ability. estimates from one test scale to another test scale have

been deseribeci by Pentz and BasiFtw (1975, 1977) . Fiore

illustrations of linking together two sets of item estimates

through all anchor test can be found in Head (1981) , Kreines and

Bead (1979) , and Wright and Stone (1979) . Viith the Pasch model,

whenever two separately calibrated tests both measure the same

trait and both fit the model, the test scale defined for than will

have the same units, but different origins (Rentz & Dashaw, 1977,
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;;L:LiA(AA .-.111cA Criterion

f(J.2..111:.2 o. it.i Calibration (i.e., linked itezi

cati;.lat.es) wer`e eva.luated in tent of fidelity of

with .1.11 zAb2olute criterion. Fidelity dealt; witit
k:twi.:en each L oi. linkoo item ef.tiftate2 and the

'Zile criterion for evz-tivation WL41.; ICC: rol.i an

'2.(!r0. bi2tance 1.2 u2cO here tor value et
o1CrejiilCy, irreJ1ACtiVe

'.beoreLically, oinerek.ancy value 0110111U be cio2e to 1:Q1:0

CZLI ibrati.C1-1 Z.111(1 linkiny can be done i.erfeetly. Alt.hough

ez:libration actually never can Lx.: u:i.ected, di2tance tre1

value ot zero call L;rovioe LxiLle u2ctul. ihroriaation with re(jard to

calibration re2ult::;. lieceriptive
-Alen iLall ttanoard deviation, I-Anil:1u,', and mazihittlit of the

diLtande valueo were cAulculated. In aLtlition, liv..:L1112
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1:11;(.11-,1S

LaL.cil any person who art;wers IN

correctly (a zero test score) or all ituas correctly (a

per Lta: Lest score) are not used. In the present study, total
nuxber oi. perl...ons retIcried fro.,1 any sample due to zero or perfect
:;core in any calibration never exceeded seven. In the

calibrations with ruilerqa.1 of tdstitting the umbers or

misfit:Ling persons rcs,loved from samples varied from 34 to 132, but

most were S.KAAILCII 50 to 0(i.

f=iluation of Fidelity Discrei-.)eney

itn examination of mine of discrepancy values does not reveal

any uystematic bias in the linked item estimates resulted .rom

ancnor test characteristics or person fit situations.

Evaluation of Fidelity Distance

flesultz of evaluation on fj.delity distance are sham in Table
5 to Table 8. In these tables, characteristics of the anchor
tests are the same as those in Table 3. Comparisons of the

statistics across tests and suulaes for each grade and each

situation A not show any systematic effect of anchor tent

characteristics on the final calibration results. Comparisons

across situations for each grade seem to indicate that remcval of

biistitting persons makes calibration results slightly txirse, if
there are any differences, than no removal.

1)
-13-



llISCIJSSIOZi

Li lat. anenor ttst Ci rzieter st ids did ix.)t:

U.L.L t.t.t5 011 111W. calibratiov results was opnsidered Lo

ue izeoably due to one or 'both a,: the following two reasons:

The 01,LiRi' data Lit Liu 1-:Zil,C11 Ii1(Xlel very well, and/or

riliore exists an inneron; limitation on the precision of

calibration that can be attained with the method used in

the present study.

Tlicoretically, whez .iaLu fit the model puriectly,

results should be the same regardless of any difference in the

characteristics of anchor tests. In other words, it should not

i,iatter what itJails constitute an zthchor test if data kit the ILKxlei

perfectly.

The computer program produces two

index of moan aluare fit and index of slope values. Overall fit

of a set of data to the uodel can be evaluated through the values

of these indices. however, due to the algorithm in the program,

the values obtain2d for the index of slope from each calibration

are very rough indicators of itaa fit. The mean aguare fit value

for oach item is a more accurate index but not a perfect one. rfle

values of mean aluare fit for the OLSAT items indicate a good

overall fit of the OLSAT data to the Rasch model.

An alternative awroach to evaluate fit of data to the model

is by examining plots of itohi difficulty values obtained from two

roups of (=minces. If there is a good fit then the points, in
a plot should fall along a 45 degree angle line. Again, this

approach is merely a rough way of evaluation of fit. The fit of

the OLSAT data to the Rasch model can be considered excellent it

- 14 -
16



overall fit (AL L.e cata to tie ..iouci by 1.ay o ta.e

L:Liibrot.i01; ant, liniinj procedures, some errors are

inevitai..)11- introduced into iteza i.arameter estimates. It has long

bsell that random sampling does not ne ce:Js r ily generate

livaleht groups. From the replications of the samples in the

1:orent stun, it Vial; found that sample fluctuation may cause

substantial errors even when sample size is as large as BJCifJ.

Also reticed ias that sometimes estimates cn individual items also

fluctuate. The linking method used in this study makes

adjustments on estimates for nonanchor items in each design

circumstance by r,:erely a single additive constant. While this

simple method very accurately adjusted estimates for most items in

ust cases, it was not unexpected that it would have failed to

perform well on some items in some cases. Pesults fraa an

evaluation of fidelity discrepancy on individual items seemed to

indicate that such failures were random events. Since the errors

rrom these major sources were random and inevitable, systematic

error brought about by anchor test characteristics, if any , may

not be easily detectable. It should be noted that ,!1t1 empirical

date it is very difficult to isolate each source of error. But

for ail practical Purposes, the concern is usually the magnitude

of total error associated with each item rather than the

distinction of different error sources.

The fact that raavval of mistitting persons seoas

cietrilaental to calibration results was attributed to ale or both

of the following two ins:Able reasons:

- 15 -



i. 1].1,:in-ision in ranges of item estimates and scales dorind

by tile ancVor

Airopriateness CL the person fit statistics.

Li the present: study it was found that item estimates anO,

scats ucrincu by the estimates were "stretched out" to z-,LK)i

Llree tenths (in logit anit:;) on both easy and hard enciS wh:.;31

persons were e:;c1 udeci iroiii calibrations. An

nuination or removed persons reveals that iciest inisfittizig

ison were at the lc ability end, but there were also some

i.kisritting persons ifiL the nigh ability end and some others in the

It is our conjecture that expzuisiolls in the item

estimates (equivalently in the scales) allow somewhat larger

errors to be introduced into the estimates.

Whether person fit statistics t is an approprf ate measure for

ioentirication oi mistitting persons is a que:-. _on for which we do

not have a ready answer at the present time. The person Lit t

inue.;: is a stze,iary indicator o:i: misritting responses for each

person. It is easy to use, but from a glance at :33Lie items

misanswered by a number of misilitting persons, we suspect that the

pers,n fit t inde:.: may not be a valid way to screen irregular

response patterns.

WIKLUSIONS Nil) aJGGESTIONS F011 FURTlill STUDIES

l'ased on the findings from this study, it woos two tuaporary

conclusions can be drawn:

1. Lining can probably be dole quite ,effectively over a wide

range ot anchor test designs, and



2. i;:u,loval of ,isfitting persons using person fit t inue may

\ork

Soi.ie further studies are certainly needed to better clarify

or anchor test designs and person fit on linkings.

Thc OLSAT test used in this study is an unambiguously

unidimerisional test. The data scua to fit the model very well.

For most achievuaent tests, dimensionality rainy not be so

ulniabiguous and model-data fit may riot be very good. In such

cases whether the findings from this study can still hold needs to

be investigated. After all, achievement testing is the area to

which latent trait models are most likely to be applied: Whether

there exists an inherent limitation on the precision that can be

attained with the linking method used in this study can be

investigated by applying the method to a variety of larger SaliTie

sizes. If errors obtained with some larger sample sizes approach

nearly the same magnitude a clear limitation can then be

concluded. Different moasures of person fit and their effects on

linking also 1Yeed to be more thoroughly studied before we can

firmIy declare who are misfitting persons and whether they should

or siioulu 110t be removed from calibration.
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FIGURE 1: PLOT OF ITEM DIFFICULTIES OBTAINED FROM 6TR.GRADERS AGAINST
ITEM DIFFICULTIES OBTAINED FROM 7TH GRADERS

LEGEND: A= 1 ITEM, B= 2 ITEMS, AND C= 3 ITEMS
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TABLE 1
RASCH CALIBRATION OF CLSAT USING TOTAL POPULATION

ITEM DIFF STDERR MSFIT SLOPE

1 -2.593 0.023 1.04 0.67
2 -1.698 0.018 0.80 1.41
3 -1.111 0.016 0.80 1.52
4 -1.554 0.017 0.98 0.93
5 -1.763 0.018 1.18 0.61
6 -2.127 0.020 0.71 1.40
7 -1.211 0.016 1.01 0.89.
8 - 0.894 0.016 0.85 1.42
9 -1.428 .0.017 1.10 0.69

10 -0.931 0.016 1.01 0.86

11 -1.263 0.016 0.88 1.24
12 -2.019 0.019 0.65 1.69
13 -1.606 0.018 0.71 1.66
14 -0.568 0.015 0.88 1.31
15 -1.211 0.016 0.83 1.41
16 -1.298 0.017 0.90 1.13
17 -0.773 0.015 0.91 1.23
18 -1.684 0.018 1.04 0.79
19 -1.103 0.016 1.05 0.80
20 -0.425 0.015 0.88 1.33

21 -0.701 0.015 0.92 1.15
22 -1.096 0.016 0.78 1.62
23 -0.746 0.015 0.91 1.21
24 0.241 0.015 1.06 0.81
25 -1.361 0.017 0.90 1.11
26 -0.112 0.015 0.98 1.03
27 -1.172 0.016 0.89 1.23
28 -0.007 0.015 1.01 0.90
29 -0.140 0.015 0.94 1.15
30 -0.416 0.015 1.03 0.91

31 -0.408 0.015 1.06 0.79
32 -0.092 0.015 0.87 1.38
33 -0.729 0.015 0.90 1.27
34 -0.003 0.015 0.93 1.19
35 -0.066 0.015 0.98 1.05
36 -0.980 0.016 0.90 1.18
37 -0.275 0.015 0.95 1.17
18 0.533 0.015 1.03 0.89
39 -0.025 0.015 1.13 0.61
40 0.118 )10.015 0.99 1.03



TABLE 1 cont.

ITEM DIFF STDERR MSFIT SLOPE

41 0.625 0.015 1.07 0.79
42 -0.992 0.016 0.91 1.21
43 0.530 0.015 1.19 0.50
44 -0.050 0.015 0.96 1.08
45 -0.122 0.015 1.08 0.68
46 0.499 0.015 0.91 1.23
47 -0.049 0.015 0.96 1.12
48 -0.004 0.015 0.93 1.20
49 -0.243 0.015 1.10 0.65
50 0.491 0.015 1.23 0.37

51 0.179 0.015 0.98 1.06
52 -0.191 0.015 0.90 1.29
53 0.572 0.015 1.13 0.61
54 0.704 0.016 0,84 1.47
55 0.236 0.015 1.00 0.98
56 0.844 0.016 1.03 0.87
57 1.028 0.016 1.03 0.89
58 0.023 0.015 0.95 1.13
59 0.937 0.016 0.98 1.04
60 0.311 0.015 0.91 1.33

61 0.783 0.016 1.05 0.84
62 0.601 0.015 0.94 1.14
63 1.194 0.017 1.16 0.67
64 1.626 0.018 1.17 0.72
65 1.365 0.017 1.08 0.72
66 0.259 0.015 0.95 1.11
67 1.302 0.017 0.97 0.95
68 0.555 0.015 0.91 1.23
69 0.621 0.015 1.11 0.62
70 1.202 0.017 1.04 0.87

71 1.864 0.019 1.23 0.51
72 1.856 0.019 0.85 1.19

'73 2.434 0.022 1.08 0.53
74 1.976 0.020 1.21 0.47
75 2.127 0.020 1.45 0.25
76 1.599 0.018 1.21 0.54
77 1.716 0.018 1.42 0.20
78 2.223 0.021 1.42 0.31
79 2.028 0.020 1.24 0.53
80 2.042 0.020 1.46 0.33



TABLE 2
RASCH CALIBRATION OF OLSAT USING TOTAL
POPULATION EXCLUDING MISFITTING PERSONS

ITEM DIFF STDERR MSFIT SLOPE

1 -2.902 0.029 1.06 0.72
-1.845 0.021 0.82 1.42

3 -1.268 0.018 0.83 1.44
4 -1.715 0.020 1.07 0.75
5 -1.850 0.021 1.27 0.56
6 -2.456 0.025 0.77 1.18
7 -1.299 0.018 1.06 0.81
8 -0.996 0.017 0.87 1.40
9 -1.489 0.019 1.16 0.64

10 -1.028 0.017 1.05 0.75

11 -1.376 0.019 0.91 1.16
12 -:.367 0.024 0.67 1.58
13 -1.861 0.021 0.73 1.56
14 -0.642 0.016 0.91 1.27
15 -1.364 0.018 0.85 1.30
16 -1.473 0.019 0.96 1.01
11 -0.854 0.017 0.93 1.17
18 -1.813 0.021 1.14 0.72
19 -1.198 0.018 1.12 0.69
20 -0.481 0.016 0.90 1.27

21 -0.775 0.017 0.95 1.11
22 -1.248 0.018 0.79 1.56
23 -0.855 0.017 0.94 1.10
24 0.245 0.016 1.07 0.75
25 -1.558 0.019 0.97 0.91
26 -0.134 0.016 1.00 G.99
27 -1.317 0.018 0.94 1.15
28 0.024 0.016 1.00 0.92
29 -0.158 0.016 0.95 1.13
30 -0.427 0.016 1.04 0.88

31 -0.428 0.016 1.08 0.69
32 -0.127 0.016 0.90 1.34
33 -0.819 0.017 0.92 1.23
34 -0.012 0.016 0.95 1.16
35 -0.037 0.016 0.97 1.11
36 -1.104 0.018 0.94 1.04
37 -0.303 0.016 0.96 1.12
38 0.552 0.016 1.03 0.85
39 -0.005 0.016 1.12 0.56
40 0.120 0.016 1.00 0.98



TABLE 2 cont.

ITEM DIFF STDERR MSFIT SLOPE

41 0.669 0.016 1.05 0.79
42 -1.158 0.018 0.96 1.06
43 0.582 0.016 1.16 0.50
44 -0.053 0.016 0.97 1.06
45 -0.135 0.016 1.10 0.58
46 0.531 0.016 0.92 1.26
47 -0.061 0.016 0.97 1.09
48 -0.004 0.016 0.94 1.20
49 -0.244 0.016 1.12 0.59
50 0.598 0.016 1.17 0.41

51 0.178 0.016 0.99 1.01
52 -0.226 0.010 0.92 1.24
53 0.662 0.016 1.10 0.65
54 0.714 0.016 0.87 1.46
55 0.266 0.016 '.00 1.00
56 0.923 0.017 1.00 0.93
57 1.139 0.017 0.97 1.00
58 0.026 0.016 0.96 1,.13
59 1.010 0.017 0.95 1'.10
60 0.362 0.016 0.89 1.42

61 0.894 0.017 1.00 0.95
62 0.631 0.016 0.94 1.16
63 1.315 0.018 1.09 0.74
64 1.785 0.019 1.06 0.90
65 1.534 0.018 1.00 0.90
66 0.276 0.016 0.97 1.08
67 1.432 0.018 0.90 1.13
68 0.595 0.016 0.91 1.27
69 0.734 0.016 1.08 0.70
70 1.346 0.018 0.97 1.01

71 2.09 0 0.021 1.04 0.78
72 1.989 0.020 0.75 1.52
73 2.704 0.025 0.78 1.01
74 2.240 'J.022 0.99 0.82
75 2.404 0.023 1.31 0.42
76 1.802 0.019 1.09 0.72
77 1.968 0.020 1.29 0.35
78 2.525 0.024 1.15 0.65
79 2.240 0.022 1.10 0.73
80 2.339 0.022 1.30 0.55



Table 3

Characteristics of the anchor tests

Anchor
Test No Specifications

Actual Test Height
With t = 2.5
Person Fit

Without
Person Fit

01.

02.

0_.

All Anchor items (50L)

Five best-fit items

Ten best-fit items

0.002

0.272

0.062

0.006

0.288

0.072

04. - 1.0 H / 1.0 W / 5 L -0.976 -1.065
05. - 1.0 II / 1.0 W / 10 L -1.078 -1.083
06. - 1.0 H / 2.0 W / 5 L -0.999 -1.135
07. - 1.0 H / 2.0 W / 10 L -1.001 -1.108
08. - 1.0 H / 2.0 W / 20 L -0.999 -1.110

09. 0.0 H / 1.0 W / 5 L 0.017 0.014
10. 0.0 H / 1.0 W / 10 L 0.032 0.029
11. 0.0 H / 1.0 W / 20 L 0.023 0.030
12. 0.0 H / 2.0 W / 5 L 0.020 0.021
13. 0.0 H / 2.0 W / 10 L 0.012 0.014
14. 0.0 H / 2.0 W / 20 L 0.003 0.008
15. 0.0 H / 3.0 W / 5 L 0.036 0.068
16. 0.0 H / 3.0 W / 10 L 0.038 0.061
17. 0.0 H / 3.0 W / 20 L 0.033 -0.031

lg. 1.0 H / 1.0 W / 5 L 1.022 1.142
19. 1.0 H / 1.0 W / 10 L 1.017 1.131
20, 1.0 H / 2.0 W / 5 L 0.983 1.086
21. 1.0 H / 2.0 W / 10 L 0.988 1.104
22. 1.0 H / 2.0 W / 20 L 0.991 1.104



Table 4

Items in Anchor Tests and Nonanchor Tests

Anchor Tests

01 2, 4, 5, 8, 9, 12-17, 19-21, 24-26, 28-30, 34, 35, 37, 37, 40, 42, 46, 49-52,55-61, 63-71, 76, 77, 79

02 26, !,0, 51, 55, 59

03 4, 26, 28, 30, 35, 40, 51, 55, 59, 67

04 9, 15, 17. 20, 42
05 8, 9, 14, 15, 16, 1/, 19, 20, 21, 25
06 4, 12, 20, 28, 42
07 4, 5, 8, 12, 16, 19, 20, 21, 28, 49
08 2, 4, 5, 8, 9, 12, 13, 14, 15, 16, 17, 19, 21, 25, 26, 28, 30, 37, 42. 52

09 20, 34, 46, 49, 66
10 20,

it 20,
24, 26,
24, 26,

37,

28,
39,

29,
40,

30,

46,

34,

51,

35,

52,

37,

60

39, 40, 46, 49, 50, 51, 52, 55, 58, 60, 6612 20, 34, 42, 50, 57
13 14, 17, 35, 37, 40, 42, 57, 60, 61, 68
14 8, 14, 17, 21, 26, 30, 37, 39, 40, 42, 50, 52, 55, 56, 58, 60, 61, 68, 6915 9, 17, 34, 61, 76
16 9, 17, 19, 20, 29, 50, 51, 61, 63, 76
17 8, 9, 14, 15, 19, 21, 25, 26, 30, 37, 40, 46, 58, 59, 61, 65, 66, 69, 70, 76

18 46, 57, 61, 70, 76
19 46, 56, 57, 59, 61, 63, 65, 67, 69, 76
20 34, 46, 57, 65, 79
21 34, 50, 55, 57, 61, 67, 68, 71, 76, 79
22 34, 40, 46, 55, 56, 57, 59, 60, 61, 63, 64, 65, 67, 68, 69, 70, 71, 76, 77, 79

Nonanchor Tests

Grade 6

3, 7, 22, .38, 43, 44, 45, 54, 62, 75, 1, 6, 10, 11, 18, 23, 27, 31, 33, 36

Grade 7

3, 7, 22, 38, 43, 44, 45, 54, 62, 75, 32, 41, 47, 48, 53, 72, 73, 74, 75, 80



TABLE 5
EVALUATION OF FIDELITY DISTANCE OVER 20 NONANCHOR ITEMS

GRADE 6 WITHOUT PERSON FIT

SMPL=1

TEST HEIGHT WIDTH -,ENGTH MEAN SD MIN MAX

1
0.0786 0.0507 0.0001 0.17492
0.0776 0.0615 0.0096 0.19643
0.0757 0.0550 0.0106 0.17344 -1 1 5 0.0906 0.0708 0.0035 0.24755 -1 1 10 0.0978 0.0830 0.0022 0.30126 -1 2 5 0.0768 0.0710 0.0010 0.23601 -1 2 10 0.0784 0.0616 0.0093 0.21578 -1 2 20 0.0846 0.0703 0.0079 0.23399 0 1 5 0.0844 0.0686 0.0010 0.246010 0 1 10 0.0764 0.0596 0.0094 0.204411 0 1 2U 0.0781 0.0493 0.0103 0.165712 0 2 5 0.1183 0.0814 0.0096 0.298413 0 2 10 0.0825 0.0682 0.0049 6.244914 0 2 20 0.0793 0.0556 0.0046 0.201615 0 3 5 0.0756 0.0605 0.0004 0.185416 0 3 10 0.0792 0.0506 0.0118 0.159217 0 3 20 0:0880 0.0661 0.0043 0.222718 1 1 5 0.1246 0 0856 0.0002 0.306219 1 1 10 0.0797 0.0525 0.0048 0.186820 1 2 5 0.1239 0.0853 0.0012 0.306821 1 2 10 0.1036 0.0687 0.0238 0.243822 1 2 20 0.0804 0.0513 0.0010 0.1700

SMPL=2

TEST HEIGHT WIDTH LENGTH MEAN SD MIN MAX

1
0.0720 0.0536 0.0001 0.15892 0.0840 0.0530 0.0092 0.16423 0.0692 0.0513 0.0012 0.13784 -1 1 5 0.0834 0.0555 0.0001 0.18515 -1 1 10 0.1363 0.0756 0.0106 0,27266 -1 2 5 0.1027 0.0612 0.0136 0.2176

7 -1 2 10 0.0789 0.0532 0.0016 0.16568 -1 2 20 0.0745 0.0516 0.0063 0.18729 ,
1 5 0.0910 0.0546 0.0052 0.185210 0 1 10 0.0826 0.0530 0.0080 0.163011 0 1 20 0.0698 0.0524 0.0013 0.148312 0 2 5 0.1083 0.0588 0.0238 0.202813 0 2 10 0.0801 0.0521 0.0064 0.167414 0 2 20 0.0919 0.0537 0.0067 0.178715 0 3 5 0.0901 0.0549 0.0034 0.171616 0 3 10 0.0745 0.0556 0.0009 0.173917 0 3 20 0.0695 0.0451 0.0161 0.169918 1 1 5 0:1102 0.0617 0.0250 0.219019 1 1 10 0.0856 0.0596 0.0083 0.207720 1 2 5 0.0707 0.0464 0.0120 0.174021 1 2 10 0.0734 0.0532 0.0079 0.1759

22 1 2 20 0.0717 0.0520 0.0020 0.1740

31.



TABLE 5
EVALUATION OF FIDELITY DISTANCE OVER 20 NONANCHOR ITEMS

GRADE 6 WITHOUT PERSON FIT

SMPL=3

TEST HEIGHT WIDTH LENGTH MEAN SD MIN MAX

1 0.0919 0.0585 0.0026 0.1756
2 0.1132 0.0649 0.0316 0.2556
3 0.0952 0.0606 0.0002 0.2072
4 -1 1 5 0.0948 0.0683 0.0023 0.2373
5 -1 1 10 0.1065 0.0822 0.0152 0.
6 -1 2 5 0.0993 0.0712 0.0138 3.2,
7 -1 2 10 0.1027 0.0658 0.0030 0.2370
8 -1 2 20 0.0959 0.0726 0.0046 0.2466
9 0 1 5 0.0932 0.0595 0.0172 0.207810 0 1 10 0.0925 0.0595 0.0022 0.2088

11 0 1 20 0.0961 0.0593 0.0001 0.1980
12 0 2 5 0.0933 0.0582 0.0178 0.188813 0 2 10 0.0924 0.0605 0.0034 0.2116
14 0 2 20 0.0920 0.0576 0.0040 0.1759
15 0 3 5 0.0934 0.0596 0.0020 0.1880
16 0 3 10 0.1052 0.0555 0.0150 0.1960
17 0 3 20 0.1139 0.0613 0.0342 0.2442
18 1 1 5 0.0921 0.0640 0.0136 0.2174
19 1 1 10 0.0917 0.0614 0.0195 0.2205
20 1 2 5 0.0961 0.0855 0.0016 0.2434
21 1 2 10 0.1049 0.0578 0.0024 0.2056
22 1 2 20 0.0977 0.0589 0.0073 0.1987



TABLE 6
EVALUATION OF FIDELITY DISTANCE OVER 20 NONANCHOR ITEMS

GRADE 6 WITH PERSON FIT

SMPL=1

TEST HEIGHT WIDTH LENGTH MEAN SD MIN MAX

1 0.0879 0.0671. 0.0069 0.26092 0.1199 0.0815 0.0140 0.38203 0.1125 0.0818 0.0066 0.39444 -1 1 5 0.1197 0.0868 .0.0002 0.37625 -1 1 10 0.1123 0.0765 0.0299 0.34116 -1 2 5 0.1030 0.0887 0.0034 0.2666
7 -1 2 10 0.1047 0.0877 0.0007 0.32378 -1 2 20 0.1081 0.0766 0.0155 0.30559 0 1 5 0.1040 0.0767 0.0152 0.301210 0 1 10 0.1074 0.0785 0.0026 0.359411 0 1 20 0.1197 0.0940 0.0027 0.441712 0 2 5 0.1208 0.0916 0.0198 0.293813 0 2 10 0.0949 0.0783 0.0015 0.290514 0 2 20 0.1037 0.0737 0.0253 0.331315 0 3 5 0.1061 0.0654 0.0294 0.275616 0 3 10 0.1095 0.0758 0.0146 0.369417 0 3 20 0.0973 0.0716 0.0086 0.278718 1 1 5 0.1270 0.0956 0.0196 0.341619 1 1 10 0.0986 0.0714 0.0128 0.305220 1 2 5 0.1534 0.1077 0.0076 0.391621 1 2 10 0.1229 0.0803 0.0299 0.291122 1 2 20 0.1022 0.0885 0.0016 0.2886

TEST HEIGHT WIDTH

SMPL=2

LENGTH MEAN SD MIN MAX

1 0.0819 0.0556 0.0026 0.20062
0.085.0 0.0420 0.0210 0.15603 0.0822 0.0610 0.0019 0.20394 -1 1 5 0.0913 0.0536 0.0136 0.20445 -1 1 10 0.0884 0.0543 0.0048 0.18586 -1 2 5 0.1180 0.0849 0.0094 0.28447 -1 2 10 0.0889 0.0525 0.0066 0.1844

8 -1 2 20 0.0845 0.0422 0.0113 0.1513
9 0 1 5 0.0869 0.0435 0.0230 0.152010 0 1 10 0.0863 0.0491 0.0087 0.1833

11 0 1 20 0.0946 0.0711 0.0071 0.278112 0 2 5 0.0967 0.0554 0.0146 0.179413 0 2 10 0.0816 0.0423 0.0045 0.167514 0 2 20 0.0891 0.0551 0.0266 0.1964
15 0 3 5 0.0880 0.0489 0.0184 0.170416 0 3 10 0.0845 0.0552 0.0014 0.172417 0 3 20 0.0854 0.0507 0.0049 0.176818 1 1 5 0.1000 0.0633 0.0094 0.2014
19 1 1 10 0.0921 0.0630 0.0020 0.186020 1 2 5 0.0849 0.0515 0.0032 0.1852,21 1 2 1C 0.0839 0.0543 0.0050 0.162022 2 .20 0.0818 0.0555 0.0029 0.1740

33



TABLE 6
EVALUATION OF FIDELITY DISTANCE OVER 20 NONANCHOR ITEMS

TEST HEIGHT

GRADE 6 WITH PERSON FIT

SMPL=3

WIDTH LENGTH MEAN SD MIN MAX

1 0.1102 0.0595 0.0180 0.2250
2 0.1460 - 0.0919 0.0030 0.3540
3 0.1326 0.0728 0.0264 0.30364 -1 1 5 0.1133 0.0728 0.0026 0.2556
5 -1 1 10 0.1141 0.0717 0.0015 0.24856 -1 2 5 0.1131 0.0893 0,0024 0.3064
7 -1 2 10 0.1168 0.0690 0.0092 0.2528
8 -1 2 20 0.1097 0.0707 0.0028 0.2168
9 0 1 5 0.1109 0.0718 0.0030 0.256010 0 1 10 0.1264 0.0731 0.0105 0.2985

11 0 1 20 0.1498 0.0830 0.0236 0.366412 0 2 5 0.1156 0.0766 0.0036 0.2546
13 0 2 10 0.1106 0.0753 0.0095 0.234514 0 2 20 0.1267 0.0759 0.0353 0.3193
15 0 3 5 0.1089 0.0714 0.0008 0.260216 0 3 10 0.1313 0.0789 0.0071 0.3109
17 0 3 20 0.1136- 0.0705 0.0070 0.259018 1 1 5 0.1122 0.0731 0.0118 0.2628
19 1 1 10 0.1153 0.0774 0.0007 0.246320 1 2 5 0.1329 0.1121 0.0018 0.336221 1 2 10 0.1217 0.0703 0.0085 0.243522 1 2 20 0.1126 0.0728 0.0056 0.2384



TEST

EVALUATION OF FIDELITY
GRADE 7

HEIGHT WIDTH L

TABLE 7

ISTANCE OVER 20 NONANCHOR ITEMS
'ITHOUT PERSON FIT

SMPL=1

NGTH MEAN SD MIN MAX

1 0.1010 0.0717 0.0114 0.32262 0.1037 0.0756 0.0022 0.28483 0.0994 0.0728 0.0024 0.32364 -1 1 5 0.1079 0.0775 0.0085 0.27855 -1 1 10 0.1400 0.0929 0.0136 0.28646 -1 2 5 0.1174 0.0930 0.0004 0.39667 -1 2 10 0.1024 0.0763 0.0015 0.33958 -1 2 20 0.1045 0.0779 0.0173 0.34439 0 1 5 0.1017 0.0749 0.0110 0.318010 0 1 10 0.1016 0.0738 0.0050 0.308011 0 1 20 0.10'' 0.0702 0.0081 0.309112 0 2 5 0.10.. 0.0738 0.0040 0.333013 0 2 10 0.1021 0.0760 0.0172 0.337214 0 2 20 0.1000 0.0732 0.0032 0.323815 0 3 5 0.1259 0.0915 0.0028 0.272216 0 3 10 0.1078 0.0798 0.0036 0.260617 0 3 20 0.1131 0.0893 0.0109 0.386118 1 1 5 0.1041 0.0787 0.0084 0.352419 1 1 10 0.1093 0.0875 0.0080 0.375020 1 2 5 0.1045 0.0788 0.0080 0.354021 1 2 10 0.1018 0.0738 0.0079 0.333122 1 2 20 0.1039 0.0807 0.0063 0.3557

SMPL=2

';'EST HEIGHT WIDTH .ENGTH MEAN SD MIN MAX

1 0.0995 0.0667 0.0120 0.22902 0.0988 0.0677 0.0104 0.22943 0.1023 0.0657 0.0064 ,.0.25044 -1 1 5 0.1025 0.0716 0.0029 0.27415 -1 1 10 0.0991 0.0838 0.0024 0.2746
6 -1 2 5 0.1514 0.0977 0.0312 0.3808
7 -1 2 10 0.1149 0.0801 0.0137 0.31238 -1 2 20 0.1113 0.0795 0.0120 0.31309 0 1 5 0.1063 0.0713 0.0100 0.284010 0 1 10 0.0987 0.0681 0.0071 0L230111 0 1 20 0.0998 0.0644 0.0030 0.224012 0 2 5 0.1040 0.0671 0.0012 0.261213 0 2 10 0.0992 0.0768 0.0087 0.256314 0 2 20 0,0993 0.0678 0.0032 0.2398

15 0 3 -5- -0:1062 0'.0893 00022 0,-2872-
16 0 . 3 10 0.1011 0.0733 0.0096 0.2464
17 0 3 20 0.1150 0.0790 00188 0.306218 1 1 -5 0.0997 0.0806 0.0034 0.266419 1

_ 1 10_, 0.0997 0.0688 0.0207 0,238320 1 2 5 .0.0993 0.0709 0.0206 0.242621 1 2 10 0.1007 0.0781 0.'0001 0.259922 1 2 20' 0.0999 0.0744 0.0051 0.2519
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TABLE 7
EVALUATION OF FIDELITY DISTANCE OVER 20 NONANCHOR ITEMS

GRADE 7 WITHOUT PERSON FIT

TEST HEIGHT WIDTH

SMPL =3

LENGTH MEAN SD MIN MAX

1 0.0982 0.0615 0.0223 0.2263
2 0.0974 0.0650 0.0072 0.2202
3 0.1039 0.0625 0.0269 0.25314 -1 1 5 0.1000 0.0714 C.0091 0.23795 -1 1 10 0.1050 0.0878 0.0024 0.2776
6 -1 2 5 0.1206 0.0749 0.0092 0.3102
7 -1 2 10 0.1142 0.0718 0.0035 0.2935
8 -1 2 20 0.1139 0.0705 0.0013 0.2917
9 0 1 5 0.1265 0.0762 0.0264 0.3166

10 0 1 10 0.0926 0.0698 0.0028 0.2248
11 0 1 20 0.0965 0.0622 0.0161 0.21:1
12 0 2 5 0.1019 0.0614 0.0090 0.2460
13 0 2 10 0.1086 0.0645 0.0211 0.2709
14 0 2 20 0.0996 0.0616 0.0223 0.2313
15 0 3 5 0.0994 0.0612 0.0224 0.2336
16 0 3 10 0.0904 0.0796 0.0002 0.2422
17 0 3 20 0.1331 0.0805 . 0.0028 0.3262
18 1 1 5 0.1075 0.0665 0.0032 0.9702
19 1 1 10 0.1009 0.0613 0.0132 0.2418
20 1 2 5 0.1210 .0.0719 0.0212 0.3012
21 1 2 10 0.0999 0.0613 0.0056 0.2394
22 1 2 20 0.1003 0.0609 0.0110 0.2400



TABLE 8
EVALUATION OF FIDELITY DISTANCE OVER 20 NONANCHOR ITEMS

GRADE 7 WITH PERSON FIT

TEST

1

2

3

HEIGHT WIDTH

SMPL=1

LENGTH MEAN

0.1177.

0.1242
0.1157

4 -1 1 5 0.1118
1 1 10 0.1155

6 -1 2 5 0.1304
7 -1 2 10 0.1170
8 -1 2 20 0.1164
9 0 5 0.1201

10 0 10 0.1225
11 0 1 20 0.1242
12 0 2 5 0.1149
13 0 2 10 0.1091
14 0 2 20 0.1147
15 0 3 5 0.1384
16 .0 3 10 0.1284
17 0 3 20 0.1175
16 1 1 5 0.1259
19 1 1 10 0.1361
20 1 2 5 0-1226
21 1 2 10 0.1173
22 1 2 20 0.1215

TEST

1

2

3

HEIGHT WIDTH

SMPL=2

LENGTH MEAN

0.1094
0.1046
0.1044

4 -1 1 5 0.1088
5 -1 1 10 0.1170
6 -1 2 5 0.1315
7 -1 2 10 0.1152
8 -1 2 20 0.1070
9 0 1 5 0.1102

10 0 1 10 0.1075
11 0 1 20 0.1133
12 0 2 5 0.1025
13 0 2 10 0.1038
14 0 2 20 0.1016
15 0 3 5 0.1070
16 0 3 10 0.1124
17 0 3 20 0.1082
18 1 1 5 0.1037
19 1 1 10 0.1090
20 1 2 .5 0.1027
21 1 2 10 0.1110
22 1 2 20 0.1124

37

SD MIN MAX

0.0749 0.0365 0.3545
0.0923 0.0200 0.3010
0.0751 0.0214 0.3094
0.0886 0.0116 0.3094
0.0958 0.0056 0.3616
0.0986 0.0010 0.4360
0.0722 0.0312 0.3468
0.0766 0.0288 0.3308
0.0815 0.0214 0.3374
0.0848 0.0065 0.3075
0.0S48 0.0049 0.3059
0.0789 0.0268 0.3552
0.0809 0.0075 0.3565
0.0771 0.0228 0.3248
0.1158 0.0018 0.3508
0.0984 0.0112 0.3098
0.0824 0.0221 0.3711
0.0873 0.0040 0.3760
0.1017 0.0114 0.4204
0.0873 0.0008 0.3948
0.0884 0.0082 0.383E
0.0919 0.0090 0.405.

SD MIN MAX

0.0694 0.0098 0.2218
0.0662 0.0084 0.2126
0.0679 0.0160 0.2380
0.0697 0.0062 0.2728
0.0815 0.0187 0.3377
0.0865 0.0048 0.3302
0.0607 0.0377 0.2537
0.0662 0.0022 0.2478
0.0647 0.0172 0.2602
0.0748 0.0091 0.2741
0.0802 0.0015 0.2775
0.0677 0.0024 0.2356
0.0781 0.0017 0.2287
0.0702 0.0024 0.2034
0:0878 0.0110 0.2630
0.0777 0.0013 0.2463
0.0681 0.0030 0.2270
0.0705, 0.0038 0.2328
0.0749 0.0025 0.2625
0.0642 0.0040 0.2220
0.0684 0.0068 0.2312
0.0676 -0.0060 0.2300



TABLE 8
EVALUATION OF FIDELITY DISTANCE OVER 20 NONANCHOR ITEMS

TEST HEIGHT

GRADE

WIDTH

7 WITH PERSON FIT

SMPL=3

LENGTH MEAN SD MIN MAX

1 0.0892 0.0638 0.0046 0.1996
2 0.0978 0.0685 0.0090 0.2470
3 0.0952 0.0660 0.0011 0.2531
4 -1 1 5 0.0991 0.0711 0.0092 0.2542
5 -1 1 10 0.1128 0.0719 0.0061 0.3069
6 -1 2 5 0.1169 0.0707 0.0172 0.3262
7 -1 2 10 0.1103 0.0667 0.0008 0.2822
8 -1 2 20 0.1002 0.0704 0.0069 0.2671
9

w
0 1 5 0.1262 0.0812 0.0168 0.3768

10 0 1 10 0.0957 0.0734 0.0155 0.2575
11 0 1 20 0.9913 0.0676 0.0013 0.2227
12 0 2 5 0.0997 0.0698 0.0008 0.2688
, 0 2 10 0.1052 0.0632 0.0063 0.2753

14 0 2 2C 0.0901 0.0596 0.0035 0.1955-
15 0 '-i 5 0.1031 0.0685 0.0020 0.2740
16 0 3 10 0.0919 0.0688 0.0142 0.2478
17 0 3 20 0.0962 0.0618 0.0129 0.2361
18 1 1 0.1262 0.0756 '0.0190 0.3330
19 1 1 10 0.1054 0.0749 0.0026 0.2904
20 1 2 5 0.1287 0.0843 0.0162 0.3638
21 1 2 10 0.1035 0.0735 0.0040 0.2770
2: 1 2 20 0.0978 0.0722 0.0060 0.2590
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