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TIRODUCTICH

Vor cecacucs, peychonetricians have ween striving to cnhance
oujectivity, accuragy, wia erriciency of naental measurcacnt. She
WOSL Laportant  aevalopwents  in recent years are  probably the
latent trait ticory  and  its  applications, particularly,

i

conputerizeu  tailorea  testing. Availability of” a large
ncLogeneous  item pool  (of 200 or nore itens) 1is usually
preroquisite for  tailored testing and/or soie ocher more awvanced
apd - ications ol the latent trait theory. Also riquircd is that
all  the itaas in the pool be precisely calibrated on a  single
contaon wcale, Since it is not feasible to adninister a very long
test to any single group of cxaminees, items for a pool are
usuaily collected from several item sets which are calibrated on
inuependent groups. (Therc are also some other factors that
aictafe collection or iteams from multiple item sets on independent
groups, for  instance, for updating an item ool or for
tonstructing teste with comparability across time.)  Unless
wuivalent groups are used in calibration, some conversion is
wually needed to  link item parameter  estimates obtained f£rom
separate groups,

Linking two sets or separately calibrated items can be
accoplished  through either a common group of examinees who tuke
both tests or throtigh a set ol common items (known as an anchor
test) taken by different groups of examinces.  Since usually it is
incorwenient‘ to use a common group of persons for linking, the
anchor test approach becones the primary means for linking ang is

thie concern of the present stuly,

I
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There are many pesychometrical models subsuied to the latent
rait taeory. One of the nore popular model is PRasch's one
arancter logistic (1PL) wodel. Iieview of psychomectric literature
revaals that ﬁl'dxough 1FL model as attracted a large mumber of
cquating studics,v only a few linking studies have been conaucted.
djuating  ana linking are synnietrical procedures and have sore
siilarities; nevertheless, there are also nportant difrcrences.
best ofall, cquating dcals  dircctly with accuracy of iwgsurcd
dbiiity gcores, whercas linking dgo.ls directly with precision oﬁl
colibratec iten  estinates which eventually afrect accuracy of
Lmeaoured ability scores.

In vone equating studies, efrect of length of anchior tosts on
Lccuracy  of cquated  score was  investigated, but no consistent
resulls were reached.  This isg primarily duc to lack of a good
criterion ior cvaluation of equated scores,  Ix the llonte Carlo ‘
wcthod 1o uwsed, the criterion problaa is solved but the results
lay not ceoniory to  reality. A better solution is  to craploy

several test romas to  constitute a circular chain and through

concecutive aruating the initial test foma will be finally aguated

to itoclf, Consistency of ability scores then becomes an
evaduation  criterion. Since it is estropely laborious, this

approach is seldom usct by researchers.

&5 far  as linking is concerned, cutfént knowledge about
anchor test  length  and cher characteristics is limited. Prom
their »,itc:;r calibration experience using the clasgical toot rodel ,
PeBride and Veiss (1974) claimed that 40 to 60 anchor items nay be
necdad Lo calibrate an item pool, Dased on theoretical values of

standard errors of item estimates, Wright considers a sample cize

T2s 4
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Oa Gub peroons and ananchor test of 10 te 2 itens as suidiciont
Jurowoil linkdng situstions. YWrignt contenas thet ten anchor
lemes by be aucguote I e dtaas are good (Lrighic, 1977).

Ihile noct linking ctudies dealt culceptually  withh linking
proviwas, one  aapirical stugy  (Nadiiide & Recliage,  1661)
ivestigated elficets of sample size ang anchor  test langtin on
precision o itan pacancter cstimates. There were three loevels in
et lengtie— 5, 15, and 25 itass. Correlation between  linked

(rtinates and estimates obtained from the original total suapal e

Moy wsed as an evaluction criterion. Obtaineu correlacion valucs

wider  arl conditions werce close to  wnidy. Pespite trivial
aificrences awony the ocorrelations , -results generally  indicatea
tie longer the anchor test and the larger the sauple size, the
Letter the precision. Only  in one condi tion was the five-iten
cnchor  better than the fifteen-item anchor. The invsaucigators
thug  thougnt  a  Lfive-item anchbr night be - adequate, but a
1;'i1"'l;een—itcm ancnor was suggested.

Hawever, thic correlations wsed to evaluate calibration and
linking results @ be adfected by distributions of iten pardanceer
cstimates and Goes not xuccesSarily rerlect mgnitude OL crrors
introducceu throush estimation and linking processes. lioreover,
Lactors other than size of samples and length of anchor U.SLL also
neea to be  identified and investigated to provide quidelines ror
congtruction or anchor tests for liﬁking and guarantee that
aesirea precision oi item calibration can ke reachod.

In itaw calibretion, misfit oi’_ an item to the Rasch nodel can
be due to aberrant test-taking behavior or a faw persons ]LIIJL as

it can be due to a yeneral flaw in the itew itselr. It is
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conjcctured that impoct of  irregular person responses can e
scrious when cuatinee sample size i swall ond that even large
Gaades may not obiiterate contanminating inrlucnce of irreyutar

peroon responses  (Wright & Stone, 1979, e 82). low previous

studies ueul with person it problas and no one has livestigated

Loy rawoved of  ndsiitting  persons  afrects calibration of it
POols,

e  purpose  of  dhils study  was  tiofold, Ohe wvas to
iwisclgate to what  extent characteristics of anchor tests  nay
Lricet  precision or iten calibration. fThe othier purpose was to
cotlivetke  to  what extent precision off itcm culibration nay be

crivctea y  rauoval  of  persons whose response patterns deviate

rrGi wviat  are nomally  expectea  rrom 1PL model. Three
characteristics Of anchor tests were wder congsideration, nancly,
test langth, test  width, and test height, Thegee thirce

cuaracteriveics correspona, respectively, to number of anchor
iteng, range and average of difficuliies of the anchior itens

(Wright & Stone, 1979, p. 133)
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Lesigl of tae L‘tucay
|

1he twmaﬁ\u‘xtals oL tiie design of this stuwy cun be [erceivea

& simdlar  d magori's (1971) Bguating Design IV or Erjuating
Lesicn VIL Thel essentials of these designs arc as rfolloys:

.z

est (Forw) X is  adainistered to Group &; Test (Formy) Y .o
Gaauinistered to |Group B.  'lests (Formg) X and Y have a sct of
itaws in comohr (i.e., an  anchor test). The anchor tesc is

|
duainistered to |both Grouwp A and B ahd is used to adjust

uirfrercences that|exist between thie two tests (foms).

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

were o differpnt tests (i.e., analog of ejuating a test to

itsely). This kind of treatment was first used in eguating

researcn by Levine  (1935). A number of wore recent eguating
studics also usqu it (c.g., Green, 198U; Ilar'go, Petersen,' &
Stevart, 1979; Pettie, 1981). -

ihe present rgsearch was conducted in a fashion of an ox pos:

racto e;:perimult. Tonanchor test items calibrated with groups at
two uifferent grade levels were linked onto a base metric thirough
22 diticrent anchor| tests. ‘he anchor tests differed iron ane
another prir.\ariiy in test height, width, and/or i(‘:ngth.. At the
two grade levels, a pair of random samples of 1000 examinecs ;aach
was drawn  from a data babc The cxaminee sampling was replicated

tiirce times without keplacament, Calibrating and linking with

cachh  pair - of sdmples were performed “under two different
situations. In oje situation, misfitting persons -were not
screened and the iptact samples were used. ©  In the other
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situation, wdsiitting peroons were decoited and excluded from the

S groups.  Since tiere were two  situations, three replications of

caswgle palre, and 22 anchor tests, the toial nuwber of
calibrations ic 2 % 3 % 2 * 22 = 264, Fipal results of iteu

coiibration were avaluated in tenn of fiaclity of item cstimatcs.

Data Doce

the  data basé used in the present stuay was taken from  the
netion-vide nonmaing  data  oi tie Otis-Lennon School Nbility
Yoot (OLSAT) , Fom R, Intcnucdiate level, The Intermediate level
wag  aesigned for students in grades 6, 7, and 8. ‘huere are 80
itcus at this lovel in the Fom R of the Otis-Lennon test. Thigs
foms anu lcvcl' of the tést was nomed in fall, 1977. The sixth
and tie seventh graders' responses on the iteus were used inAthis
research as the data basc.. There are responses from 11,776 sixth
grawe students  and 11,020 seventh grade students in the data base

(Otis & Lennon, 1979).

Preliminary Analysis

The ‘si::th axid “the seventli grade students in  the . data base
vere treated as one population. All the items in the data base
vere calibrated with this population twice, once with the'intact.
ropulation and once with data of ﬁqn~fitting personos deleted.
These analyses yielc;Jed irnﬁonnation“ regarding difficulty (DIEFT),
standard error oo difficulty (SIDERR), mean gquare fit (LSFIT),
and  slope of itcm response cl;xaracteristic curve (i.e.,
diccrimination) for cach iter. Table’l and Table 2 show the item
difficultjr and i:elated information from these casibrations. The

| |

s- 8 {
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i1t didficulty vadues ang the metric ti‘lusl derined, as s in
table 1, werc taken as iten paraseters ana as the base metric for
subseuene analyses vien all sanple data were usca, Table 2 shows
Sidlar lncormaiion ior subsequent analyses rrom which misfitting
Peroons were rekoved from sauples. )

The population was then separated according to subjects!
yrade levals  into  two subpopulations. ALl thie items in the data
e were calibrated with cach of the two subwopulations
regardless of mistitting persons. Iten dift‘icuity values obtained

Y

from these two calibrations were plotted against each other to

screen o © wossible outliers. An outlier was loosely defined as

son the piot, a point that owviously deviated frow thie best
" ’
Litted straight line of unit slépe. The reason to screen ond

climinate rusfitting itens with this particular mrethod rather than
enploying slope ang/or mean sguare £it values was that mistitting
itens could be better sjudgea from such dircct fitting results than
fron sone indicators (Ct. Rentz, 1975) .. Slope and mean sguare” £it
values indicqte item misfit in tem of extent rather than type.
Gotn of than lack definite criterioh vadues for identifying
misfitting itens. Figure 1 presexﬁs the screehing plot. lo itdn
vac oeen as an outlier; thus, all ‘d’le 80 items in the data bag

vere retairced.

Construction o Anchor Tests and llonanchor Tests

Construction o anchor tests and ndnanchor  tests was based on

itan parameters obtained frow the calibration with the total

’L;opulation without excluding misfitting persons. Ttems  were

separated into two gets., One sct contained 50 items and  served

_.7..". 9



O

ERIC

Aruitoxt provided by Eic:

as an  itea pool for constructing anchor tests; the other et
Ccontained the rawdining 30 items and was equally devided into
tiree subsets ror oonstri.ictiiz‘xg nonanchor tests,

énchor . items were selected according to difficulty paradcter
values, guch that difficulty velues ror 40 itens spanned thie range
of -2 to + 2 logits and were approximately équally spaced in
that interval.,  Another 10 items were chosen: approximately
~lally spread in the range of - (.5 to 0.5 logijts., o |

lwenty two anchor tests were constrl;‘.cted. One anchor test
<. priced all the anchor items. A second and & third anchior teit
consisteu ,respectively, of the five and the ten best fittir.,
anchor items, best fitting in the sense of having rean Fjuare it
values and slope index vedue;' near mity . The other 19 anchor
tests uiffered from one another in the design of test height,
widtl, and/or length. Test height, width, and length are
Synonynis, respectively, for average iten diﬁficulty, ‘fange of item
dirfeulty, and number of items in a test . The 19 designed anchor
tests centered around one of t':he.following three height levels: -
LU;GJ,:mdlﬂ logits. At the - 1.0 and' 1.0 height 1levels,
there were 1.0 and 2.0 width levels., At the 1.0 width level,
tuere were two length levels—-lengths of five or ten items. At
the 2.0 width 1level, there were three length levels--five, ten, i
and twenty items. At the 0.0 height level, there were three width
Jevels— 1.0, 2.0 and 3.0, At cach of these three width lc\}els,
test lengths were five, ten, or twenty itonls., Table 3 listg

these sixgcifications of the -anchor tests and the actual height of

cach constructed anchor test.,

1u
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Mo nonanchor tests were constructed from the 30 itens
reserved for  thisc purpose. One subtest of ten itens was used in
L

botl: :cnanchor tests, These cormion itens were conbined with e

or the other two ten—item subsets to form nonanchor tests for the

6th and 7th graders, respectively.,
Table 4 lists the itons assembled into cach anchor test as yell

as 1uto  nonanchor tests. The numerals in the table are the sane

as accual item nuabers in the Otis-Lennon School Abil ity Test.

bxanineez Samples cnd Calibration Procodures
A pair of randon samples of 1006 examinces cach was drawn
trom the sixth and the seventh grade subpopulations, This

creminee  sampling process was replicated three times (Wwithout
3

replacaent,  resulting in tovee different sample pairs.  Sampling

craminees rrom the subpopulations was perfomed in two stages. 1in
the first stage, random _riumbers were gencrated using a uifom
random number function and the numbers were attached to !e::a-m_i'nees’
aata records, For cach o the tvo subpopulations, three
indcpendent  semples, each of a size slightly over 100€, were then
produced by sgpecifying three mutually exclus,_i{re ranges of the
Lanuaon numbcrsf In the second stage, exacL;ly 1000 examinees!
recordg vere randorly taken rrom each sample, A conputer witware
syatan, SAS, was utilized to accompli;;h tre samplixig of examinees
(CE. Loy, 1982; Council, 1980, p. 152).

Ttens in cach of the Awo nonanchor tests, along with items in

cach of the 22 anchof tests, were calibrated with regpective

ciamlneed samples i3 cach sample pair. lNonanchor test iteas

calibrated with lower grade level samples as well as the onanchor

-9 - 1i
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items calibratec with higner grade level sanples were then piaced,
tirougiy different ancnor tests, onto the vase wmetric, the linkea
itend  estiaates obtaireu ﬁ:om environmaents of  disiferent anchor
tests ana rrom cacn saaple were compored with thelr  itew
araseter .. inis was done  for  boti  intact-sample  and

creluaing-uisil tting=sauple situaticns.

uxclusion of Lisfitting Persons

Statistical procedures for identifiring misfitting persons are
illustratea in Viright ar;d Stone (1979) . According to thea ( p.
166 ), the perzon-iit statistic . 1s more or less nornally
aistributed but vith wider taiis. fGhey 001usicer a rejection level
of about 2.0 as conservative and 3.0 acceptable, The present
st.u.ag-' usec¢  t=2,5 as the critical valu: to c-étect anua exclude

nisfitting personS.

Translation or Itaw  Estimates

Cbhve: sion 1s needed to place item  estinates from difrerent
Gata sets onto  a  conmwod metric, Retionale - and metlwd “for
transiating Rosch item dirficulty estinctes and/or examinee

apility ' estimates from one test scale to another test scale have

been aescribea by Rentz  and Bashaw (1975, 1977). iore
o ]

illustrations oi 1linking together (wo sets of item estimates
thrbugh an anchor . test can be found in lead (1961), Kreines and
licad (1979), and Wright and Stone (1979). With the Rasch mociel,
wichever o  separately calibrated tests Doth measure the same
trait and both f£it une model, the te..»t geale cdefined for them will

have the same wits, but aifferent origins (Rentz & Dashaw, 1977,

‘o 10 -~ . 12 .
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FEESTRRE S Ol CLoWae Lol 1o dionen tw ACIVUO L GO ALO LCUUIC WUk,

e Gl DlGde L Lo be djustueu. Aajuotnant 1o PRLL LG
cetenly by Rliadig e dlfievenee (L Log wnils) betvicw: U
Coelagu G Wil ltas alddicaltics o the Bose Letric ke Wi

Ve Ge @l itaae difficultics on the  test  vealio bacing
sewelune Uhe Wiierae 1o When Wed as an awiitive conccont Lo
Shadiblate Wl nohanchor  iuwgy  cotinates frow Ue ceale beiing
ot bt OLO UG muar ectric,  Linking two cets of itud cotisates
o e Moreesisting"  base  nctric  io just  the sne  as linkiig
Cosulaer WO TLoLl, cxcept Wo, roatier dien o, sell of cotlnatesn

Blua G0l dinslaied onto e particular base netric,

volultion lctoo ana Criterion

"ol reoults or dtun calibration  (i.e., linked  iton
Gliileuivy cuthiotes)  wert evalusted in tem of ridelity or itus
cotinctos wita an aboolute  criterion, Pidelity deals with
clicrepancles eten  cach  set of linkeu iltem estinates ana the
Joldictern. Uhe eriterion for evaluation was  distance  frow an
shooluie wadue ol zero.  bistance  is used here for va.ltﬁc-s oL
sitel iy diverepancy, irrespective of aritisictic signs,.

hheorctically, giserepaney  values shoula be close to zero is
iuge calibratlon  and  Llinking can e donw perfectly. Altiiouyh
Alecct colibration actually never can be eiaocted, distance prom
s Vadle Gl ZCL0 Gl proviee some uwsetul ingoration with regara to
cyaluating Linad calibration resul b, Degeriptive stativeics
SuCh G nean,  stancard  deviation, windna,  and maxinwa or the

alstance  values were  calceulated. In  awlition, nwanu ob

-11 - 13
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Docliaeidenn 0w dlted ddiiloully Qe reialou Lo ODGtiui el
Clins Wl ldbig d CUlpAel progras Caliva WRLGG nore waactdy, Juie
LU0 varelon e lae WRILD prograa wags GaplOyCue WG proyradn vas
clepasiva o8 W DOwclt Lt W provice  o0tn radlitional  ita.
heddpedo slaniotics oo Bocch nouel walyses,  Whe TRIAL prograda
Clid ML perlon=LiL woyels wvidle  cstilisacing ilas akd abilicy
pvbdoclert, Unconuitioned wasdnga likelincou procedurcs orf Wrigit
il Dahenagakesun (190Y9)  anu liright  anu Head (1976) have been
auep G Lo the TRIAY prograw {(fote 1) . Progras written willn €08
VOt Usew L cajating translation  coustants,  in linking
.

wiikleully oLl 0L the ponancaor  test  itaens to the base

seerie, ana i perronaling t.e ovaluation.

- 12 - 14
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TEGULTYS

vispde Slees

Lo baccn colibration SpoLses 1ro Wiy pPerson Who arcuers 1o
Lt correctly (o gero test score) or  all  itous correctly  (a
PATLOCU tesl  seore)  are not  uwsea.  In tie present stuay, total
W 0L pCTLONS renoved Irow any  sample due to zero or perrect
seere in o @y calibration never excccued  sevan. In the
callbrations with  removal of dsfitting persong, the nudbers or
wisritbing persons rawoved frol gamples varied from 34 to 132, but

Lost were oewveen 5U to G0,

Ivaduation or Fidelity Discrepancy
fn ocxanination of weans ol discrepancy valucs coes not reveal
Ay gystenatic bias in the linked iten estimates resultea  rom

ancuor test characteristics or person fit szituations.

Lvciuation of Pidelity Distance

Pesults off cevaluation on ridelity distance are shown in Table

5 to Table 8, In these tables, characteristics of the anchor
teots are tic same as those in Table 3. Comparisons oi the

statistics across tests and samples for each grade and cach
situatiar do not show any systematic efrect of anchor test
characteristics on the final calibration results. Comparicons
aerosg situations  for each grade seom to indicate that remeval of
wistitting percons makes calibration results clightly worce, iff

there are any differences, than 1o raaoval ,

-13 -
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DISQUISSION

Lo fave diat ancior  test characterzotics  ala not saow
SGYLLIAtlc cricets  on Linal calibration reculis was oonsiucrou to
Le prooably aue o ke or both ol the moliowlng two reasons:

A. he OLSHD data fit the Rasch nmogel very well, ang/or

be Uhere exists an innceren: liuwitation on the precision og

calibration that can e «;‘iLt;a.i.l’(:(.i with the wethou used in
tie present study.

theoretically, wicn data fit the nodel periectly, linking
resulic  should b the sane ru;afdless oL any aifterence in the
characteristics o anchior tests. In otdier words, it should 1ot
satter what ltaes constitute an anchor  test if data rit the nouel
periceetly.

‘ihe computer  program TRUA produces two itas £fit statisticss
LiuCx OL mGan zguare it and  index of glope values. Overall Fit
or & oet ol data w Hie nodel can be  evaluated through the values
oL tiwese  indices, iowever, due to the algorithm in the progran,
the values obtained for the index of slope from each calibration
are very rough indicatdrs ol item fit. ‘lhic mean sguare it value
for cach item is a more accurate index but not a periect ane. The
values of mean muare fit for the OLSAT items indicate a good
overull f£it of the OLENT data to the Kasch model.

An alternative approach to evaluate fit of data to thie model
is by oxamining plots of item difficulty values obtained from two
subgroups of cxaminees., If there is a goou fit then the points in
a plot should fall along a 45 degree angle line. Main, this
approach is merely a rough way of evaluation of fit. The fit of
the OLSAD data to the kasch model can be congidered excellent if

16
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e valuate overall it od e cate w e sodel by Wy  on ot
12U o in Figure 1,
hrougn callbrotion anc linking PrOCOLUres, SoLe  @rrors  are
Lnevitaoly introwucea  into iton paraucter estinates. It has long
bean o that random sampting  does  not necessarily  generate
Jdvaddant groups. From the reprications or the sangilles in the
precent stwy, it was found  that  sample fluctuation nay cause
substantial  errors cven when saaple size is as large ac  1000.
Also roticea vas that sonetines estinates cn irUiQidual itens also
rluctuate, The linking method used in  this study makes
adjustiients on  estinates for nonanchor itcis in each design
Ciramstance by mnerely a single additive constant. While this
simple wethod very accurately adjusted estimates for most items in
oSt cases, it was not unexpected that it would have faiicd te
perfom well on sone  items in scome cages. FPesults from an
evaluation or fidelity discrepancy on individual items scaned to
indicate that such failures were random events.  Since the crrors
rrom these major oources were randoi and incvitable, systamatic
crror  brougnt about by anchnor tcst. characteristics, if any , may
ot be casily detectable. It should be noted that rrith aapirical
wata it iz very dirficult to i::oldte cach cource of crror. Dut
tor @l practical purposes, the concern ig ucually the magnitude
0L total error associated with cach itaw rather than  the
alptinction of dirferent crror cources.
the fact  that  rawoval  of micfitting perLons scr".u;
aetrlacntal to calibration results wag attributed o dle or both

or the following two possible reasons:
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$ie i;;f:p;u*;;;ion in ranges of itun cotinates and scales cerincd

by wie wtisates, and/of

ig;proyriatuncuu or the person fit statistics.

i the present stwy it was found that  itaa  cstimates and
seales derined by tiie estinmates were  “stretchod out" to alxn
Loree tenths (in loyit units) en both easy and hard ongg whesn
wisiltting  percons  were  cucluded  frow  calibrations. n
ciandnation orf  rawoved persons reveals  that  nest misgitting
L&-rzrm_;. vere at thie low ability ena, 'but there were also come
siuficting persons at the high ability end and some others in the
icalc, It i our conjecture that expansions in the iten
cstiiates {equivalently in the scales) allow  somewhat larger
Crrors to be introwuced into the cstimates.

Vhethier person £it statictics t is an appropr ate neasure for
ldentirication of nisfitting persons is a quest on for which we o
rot lmve a ready answer  at  the present  time. The person tit t
inae:  is & swmiary  indicator of rduritting responses for cach
LLeroon. It is easy to use, but from a giance at sone itoms
misansverca by a number of nisfitting persons, we suspect that the
perwen Lit t incex may not be a valid way to screen irrceqular
response gatterns.'.

OQOUCLUSTIONS AD SUGGESTIONS FOR FURTHITR STUDIES
taged on the findings from this study, it scens two temporary
concluciong can e drawns

1. Liiking can probably be doie quite effectively over a wide

range ot anchor test designs, and

- 16 - 18
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2o kaioval ol wdsfitting peroone using  person [it © incex way

vors detrinmentaliy.

Soue: further  stuuics arce  certaildy necded to betier alariiy
tic wiicels or anchor test designs and  person rit on linkings,
the  OLSAD test  used  in tndls stuwdy is an unanbiguously
anluinensional test. The data seem to fit the wodel very well.
For st achievuucht: tests, dinensionality may not be  so
wimbiguous  and model~data  £it may not be very good, In such
cases wicther the findings from this study can still hold necds to
be livestigated. After all, achieveaaiont testing is the arca w
vidch latent trait models are niost likely to be appl 1eu thether
tnere exists  an inherent limdtation on the precision that can be
attaired with the linking method used in this stwdy can be
invectigateu by applying the method to a variety of larger sanipil e
sizes.  IE errors obtained with some larger sample sizes approach
ncarly *he zane wmagnitude , a clear limitation can then be
coxiciuded. Different 1.1&3.'sures of ixsfson £it and their effects on
iinking also ieed to be more thoroughly studied before we can
rimly declare who arc misfitting persons and whether they should

or siwuld ot be renoved froa calibration.

pama
&

-17 -



Peterence lote
Lo Rentz, Lo ke (1963). IRIAL iten analysis: Docunmentation ror

LUGRALL conpater progran (Vercion or 11 June 1983) .

<0
Q

ERIC

Aruitoxt provided by Eic:



herercneey
Lol Ve B (1971). |scales, doms and wuiveladt scorcs, T o
<UL Ly Gie il 4 . AJCu._._\....J, OIS Qilu u;‘Uqu.LUL &OLLQ- Ii 1.

L. Uthoriaike (I¢.) Bducational weasurcant (2nd U, )

Haoulngton, D.C.: | Anerican Couwncil on Laucation.

Sowicil, Ko A, (Ddl) . (LS80) . SAS applications guide, 1984

1

cuicion.  Cary, W.

Green, J. Co (1980). 2n imvestigation of two linecar cGuating

«:  OAS Institute Inc.
methods wiere abilities vary. Unpublishea doctoral
dissertation, Florilda State University.

Kreines, D. C. & liead, B J. (1979). Eguating tests with the

Fasch model.  Paper| presented at the annual meeting of the
Hational Council on Iic-asurément in Education.

Levine, R, S. (1955). Equating the score scales of alternate
foms aduinistered to samples of different ability
(RE-55-23) ., Princeton|, N.J.: Educational Testing Service.

barco, G. L., Petersen, M} S., & Stewart, E. E. (1979). A test
or the adequacy of cyrvilinear score ayuating models.
Paper presented at tile 1979 Computer Adaptive Testing
Conference, llirmeapolis.. |

I;cb‘x"ide, J. R.y & Veiss, D J. (1974) .‘ A word knowledge itomn
ool " for acaptive ability measurement (Rescarch Report,
74~"2) - University ol |Hiinesota, Psychometric l:ietl'xods
Prograu.

ilckirdey, R L., & Reckasc,| . D. (1961). A comparison of
procedures ror construpting lafgo itam pools.  Colunbia, lio.:

" liiggori University, Tajlored T sting Researclh Laboratory.

1

ERIC

Aruitoxt provided by Eic:



O

ERIC

Aruitoxt provided by Eic:

cdy o Je (1561) . pasic ideas in item barking.  Paper prescntca
at the amual peeting of tie National Council on leasureaonc
in Baucation,

Otis, £ Sey & Lawmon, R. 1. (1979). Otis~Lemmon Sciiool 2Diligy

" fdust. Harcourt Bruce Jovanovich, Inc.

futtle, A0 L. (1981). Rasch wodel anchor test gyuating and jxroon
£it:  An eramination of acixie\)e.xex‘;'h wot ayuating and jerson
£ite Unpublished dbctora'l disserwition, the Filorida Stave
University.

Day, Ao de (Bal) . (1980) . SAS user's guides: Basics, 11982

i

caitioan. Cary, L.C.: SAS Institute Inc.

Lentz, Co €. (1975). In imvestigation of the invariance
propertics of the Rasch model parameter estinates. .,U{lplis"ned

- doctoral dissefmtion, University of Georgia.

fencz, Re Rey & Bashaw, We L. (1975). . Equating rcading tests with
the L*SCh“ﬁxiel (Vols‘l & 2). Athens, Ga.: University or
Ceorgia, Educational Pesearch Laboratory.

entz, Ro R, & Bashaw, W. L. (1977). "The national reference
scale for reading: An application 01 the Rasch model.
Journal oy Ec_iucational lieasurcuent, 14, 161-~179,

irignt, B. D. (1977). Solving measurement problans with the Racch

model.  Journal of 'Eduvcatioxml lMeasurement, 14, 97-116.

Vrignt, Be Do, & licad, R, J. (1976) . DICAL: Calibrating itens

with the Pasch wodel (Research Memorandum o 23) University

_‘or Chicago, Depurtment of Edu.ation, Statist:i_wl Laboratory.
brigul, B. D., & Panchapakesan, 7. (1969). A procedure ior. .

sanple-free iten aﬁalysis. Educational and Pgoychological

lcasurcuent, 29, 23-48.



:
SLlGe, b Doy & Stone, ih L. (1979 . Lot test cesigu: A

.

LEdWao00i LOr Lascen weesurdaait,  Chicago: [HSA Press.

Q - al-
ERIC |

Aruitex: provided by Eric



FIGURE 1: PLOT OF ITEM DIFFICULTIES OBTAINED FROM 6TH .GRADERS AGAINST
ITEM DIFFICULTIES OBTAINED FROM 7TH GRADERS
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TABLE 1 :
RASCH CALIBRATION OF CLSAT USING TOTAIL POPULATION

ITEM DIFF STDERR MSFIT SLOPE
1 -2.593 0.023 1.04 0.67
2 -1.698 0.018 0.80 S 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 0.50 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 -C. 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 1 0.95 1.17
28 - 0.533 0.015 1.03 0.89
39 -0.025 0.015 1.13 0.61
40 , 0.118 0.015 N.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 G.179 0.015 0.98 1.06
52 -0.191 0.0i15 0.9¢ 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

, o8 0.023 0.015 0.95 1.13
59 3.937 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

773 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 PLRSONS

ITEM DIFF STDERR MSFIT SLOPE
! -2.902 0.029 1.06 0.72
2 ~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 -2.367 0.024 0.67 1.58
13 -1.861 0.021 0.73 1.56
4 -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
17 ~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 0.01€ 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 .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




ITEM

41
42
43
44
45
46
47
48
49
.50

51
52
33
54
55
56
57
58
59
60

61
62
63
64
65
66
67
68
69
70

71
72
73
74
75
76
77
78
79
80
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.669
.138
.582
.053
.135
.331
.061
.004
.244
.598

.178
.226
.662
714
.266
.923
.139
.026
.010G
.362

.894
.631
.315
.785
.534
.276
.432
.595
<734
.346

.090 -
.989
704
.240
.404
.802
.968
.525
.240
.339

TABLE 2 cont.

SIDERR

0.016
0.018
0.016
0.016
0.016
0.016
0.016
0.016
0.0156
0.016

0.016
0.01u
0.016
0.016
0.016
0.017
0.017
0.016
0.017
0.016

0.017
0.016
0.018
0.019
0.018
0.016
0.018
0.016
0.016
0.018

0.021
0.020
0.025
J.022
0.023
0.019
0.020
0.024
0.022
0.022

MSFIT

1.05
0.96
1.16
0.97
1.10
0.92
0.97
0.94
1.12
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1.09
1.06
1.00
0.97
0.90
0.91
1.08
0.97

1.04
0.75
0.78
0.99
1.31
1.09
1.29
1.15
1.10

1.30
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.79
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.00
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.16
.74
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.30
.08
.13
.27
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Table 3

Characteristics of the anchor tests

Actual Test Height

Anchor Without With t = 2.5
Test No Specifications Person Fit Person Fit
01. All Anchor items (50L) 0.002 . 0.006
02. Five best-fit items 0.272 0.288
0. Ten best~fit items 0.062 0.072
04. -1.0H / 1.0wW / 5L ~0.976 ~1.065
05. -1.0H / 1.0wW / 10L -1.078 -1.083
06. -10H / 2.0W / 5L -(.999 ~-1.135
07. -1.0H / 2.0Ww / 10L -1.001 -1.108
08. -1.0H / 2.0W / 20L -0.999 ~-1.110
09. 0.0H / 1.0W / 5L 0.017 0.014
10. 0.0H / 1.0wW / 10L 0.032 0.029
11. 0.0H / 1.0W / 20 L 0.023 0.030
12, 0.0H / 2.0W / 5L 0.020 0.021
13. 0.0H / 2.0W / 10L N0.012 0.014
14. 0.0H / 2.0W / 20L 0.003 0.008
15. 0.0H / 3.0W / 5L 0.036 0.068
16. 0.0H / 3.0W / 10L 0.038 0.061
17. 0.0 H / 3.0W / 20L 0.033 -0.031
18. 1.0 / 1.0W / 5L 1.022 1.142
19. 1.0H / 1.0W / 10L 1.017 1.131
20. 1.0H / 2.0W / 5L 0.983 1.086
21, 1.0H / 2.0wW / 10L 0.988 1.104
22, 1.0H / 2.0W / 20 L 0.991 1.104




Table 4

Items in Anchor Tests and Nonanchor Tests

Anchor Tests

2, 4, 5, 8,9, 12-17, 19-21,
55-61, 63-71, 76, 77, 79

01
02 26, 40, 51,
03 4, 26, 28,
04 9, 15, 17,
05 8, 9, 14,
06 4, 12, 20,
07 4, 5, 8,
08 2, 4, 5,
0% 20, 34, 46,
10 20, 24, 26,
11 20, 24, 26,
12 20, 34, 42,
13 14, 17, 35,
14 8, 14, 17,
15 9, 17, 34,
16 9, 17, 19,
17 8, 9, 14,
18 46, 57, 61,
19 46, 56, 57,
20 34, 46, 57,
21 34, 50, 55,
22 34, 40, 46,
Nunanchor Tests
Grade 6
3, 7, 22,
Grade 7
3, 7, 22,

55,
30,

20,
15,
28,
12,

8,

49,
37,
28,
50,
37,
21,
61,
20,
15,

70,
59,
65,
57,
55,

38,

38,

59
35,

42
16,
42
16,
9,

66
39,
29,
57

40,
26,
76

29,
19,
76
61,
79

61,
56,

43,

43,

40,

17,
19,
12,
40,
30,

42,
30,

50,
21,

63,

67,
57,

44,

44,

51,

19,
20,
13,
46,
34,

57,
37,

51,
25,

45,

45,

24-26, 28-30, 34, 35, 37, 37, 40, 42, 46, 49-52,

55,

20,
21,
14,
51,
35,

60,
39,

61,
26,
67,

71,
60,

54,

69,

76,
61,

62,

62,

67

25
49
16,
60
39,

68
42,

76
37,
76

79
63,

75,

75,

40,

64,

32,

19,

65,

21,

49,

55,

58,

67,

10,

47,

50,

56,

59,

€8,

11,

48,

51,

57,

61,

69,

18,

53,

52,

58,

65,

70,

23,

72,

30,

55,

60,

66,

71,

73,

37,

58,

61,

69,

76,

31,

42.

60,

68,

70,

77,

33,

75,

52

66

69

76

79

36

80

30




TABLE 5
EVALUATION OF TIDELITY DISTANCE OVER 20 NONANCHOR ITEMS
GRADE 6 WITHOUT PERSON FIT

------------------------------ SMPL=1 - ommmmmm e a._.
TEST HEIGHT WIDTH “ENGTH MEAN SD MIN MAX
1 0.0786 0.0507 0.0001 0.1749
2 0.0776 0.0615 0.0096 0.1964
3 0.0757 0.0550 0.0106 0.1734
4 -1 1 5 0.0906 0.0708 0.0035 0.2475
5 -1 1 10 0.0978 0.0830 0.0622 0.3012
6 -1 2 5 0.0768 0.0710 0.0010 0.2360
7 -1 2 10 0.0784 0.0616 0.0093 0.2157
8 -1 2 20 0.0846 0.0703 0.0079 0.2339
9 0 1 5 0.0844 0.0686 0.0010 C.2460
10 0 1 10 0.0764 0.0596 0.0094 0.2044
11 0 1 20 0.0781 0.0493 0.0103 0.1657
12 0 2 5 0.1183 0.0814 0.0096 0.2984
13 0 2 10 0.0825 0.0682 0.0049 C.2449
14 0 2 20 0.0793 0.0556 0.0046 0.2016
15 0 3 5 0.0756 0.0605 0.0004 0.1854
16 0 3 10 0.0792 0.0506 0.0118 0.1592
17 0 3 20 0.0880 0.0661 0.0043 0.2227
18 1 1 5 0.1246 0 0856 0.0002 0.3062
19 1 1 10 0.0797 0.0525 0.0048 0.1868
20 1 2 5 0.1239 0.0853 0.0012 0.3068
21 1 2 10 0.1036 0.0687 0.0238 0.2438
22 1 2 20 0.0804 0.0513 0.0010 0.1700
------------------------------ SHPL=2 ~em e eeea
TEST HEIGHT WIDTH LENGTH MEAN SD MIN MAX
1 0.0720 0.0536 0.0001 0.1589
2 0.0840 0.0530 0.0092 0.1642
3 0.0692 0.0513 0.0012 0.1378
4 -1 1 5 0.0834  0.0555 0.0001  0.1851
5 -1 1 10 0.1363 0.0756 0.0106 0.2726
6 -1 2 5 0.1027 0.0612 0.0136 0.2176
7 -1 2 10 0.0789 0.0532 0.0016 0.1656
8 -1 2 20 0.0745 0.0516 0.0063° 0.1872
9 - i 5 0.0930 G.0546 0.0052 0.1852
10 0 1 10 0.0826 0.0530 6.0080 0.1630
11 0 1 20 0.0698 0.0524 0.0013 0.1483
12 0 2 5 0.1083 0.0588 0.0238 0.2028
13 N0 2 10 0.0801 0.0521 0.0064 0.1674
14 0 2 20 0.0919 0.0537 0.0067 0.1787
15 0 3 5 0.0901 0.0549 0.0034 0.1716
16 0 3 10 0.0745 0.0556 0.0009 0.1739
17 0 3 20 0.0695 0.0451 0.0161 0.1699
18 1 1 5 0.1102 0.0617 0.0250 0.2190
19 1 1 10 0.0856 0.0596 0.0083 0.2077
20 1 2 5 0.0707 0.0464 0.0120 0.1740
21 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 memmccc e e
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 J.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 0.2078
10 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 0.1888
13 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
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TABLE 6
EVALUATION OF FIDELITY DISTANCE OVER 20 NONANCHOR ITEMS
GRADE € WITH PERSON FIT

------------------------------ SMPL=] == o mmme L.
TEST HEIGHT  VWIDTH LENGTH MEAN SD MIN MAX
1 0.0879 0.0671.  0.0069 0.2609 -
2 0.1199 0.0815 0.0140 0.3820
3 0.1125 0.0818 0.0066 0.3944
4 -1 1 5 0.1197 0.0868 .0.0002 0.3762
5 -1 1 10 0.1123 0.0765 0.0299 0.3411
6 -1 2 5 0.1030.  0.0887 0.0034 0.2666
7 -1 2 10 0.1047 0.0877 0.0007 0.3237
8 -1 2 20 0.1081 0.0766 0.0155 0.3055
9 0 1 5 10.1040 0.0767  0.0152 0.3012
10 0 1 10 0.1074 0.0785 0.0026  0.3594
11 0 1 20 0.1197 0.0940  0.0027 0.4417
12 0 2 5 0.1208 0.0916 0.0198 0.2938
13 0 2 10 0.0949 0.0783 0.0015 0.2905
14 0 2 . 20 0.1037 0.0737 0.0253 0.3313
15 0 3 5 0.1061 0.0654 0.0294 0.2756
16 0 3 10 0.1095 0.0758  0.0146 0.3694
17 0 3 20 0.0973 0.0716 0.0086 0.2787
18 1 1 5 0.1270 0.0956 0.0196 0.3416
19 1 1 10 0.0986 0.0714 0.0128 0.3052
20 1 2 5 0.1534 0.1077 0.0076 0.3916
21 1 2 10 0.1229 0.0803 0.0299 0.2911
22 1 2 20 0.1022 0.0885 0.0016 0.2886
------------------------------- S P LAl = mm e e e e
TEST HEIGHT WIDTH LENGTH MEAN SD MIN MAX
1 0.0819 0.0556 0.0026 0.2006
2 0.0850 0.0420 , 0.0210 0.1560
3 - 0.0822 0.0610 0.0019 0.2039
4 -1 1 5 0.0913 0.0536 0.0136 0.2044
5 -1 1 10 0.0884 0.0543 0.0048 0.1858
6 -1 2 5 0.1180 0.0849 0.0094 0.2844
7 -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 0.1520
10 0 1 10 0.0863 0.0491 0.0087 0.1833
11 0 1 20 0.0946 0.0711 0.0071 0.2781
12 -0 2 5 '0.0967 0.0554  '0.0146 0.1794
13 0 2 10 0.0816 0.0423  .0,0045 0.1675
14 0 2 .20 0.0891  0.0551 . 0.0266 ___0.1964
15 0 3 5 0.0880 0.0489 0.0184 0
16 0 3 10 0.0845 0.0552 0.0014 0.1724
17 0 3 20 0.0854 0.0507 0.0049 0.1768
18 1 1 5 © 0.1000 °0.0633 0.0094 0.2014 .
19 1 S 1 “10 - 0:0921°0,0630 0.0020-0:1860——
20 1 2 5 0.0849 0.0515 0.0032 0.1852
21 1 -2 1¢ 0.0839 0.0543 0.0050  0.1620
22 1 2 .20 0.0818  0.0555. 0.0029 0.1740
.33
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TABLE 6
EVALUATION OF FIDELITY DISTANCE OVER 20 NONANCHOR ITEMS
GRADE 6 WITH PERSON FIT

------------------------------------ SMPL=3 == mmm o mm o e

TEST HEIGHT 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 0.3036
4 -1 1 5 0.1133 0.0728 0.0026 0.2556
5 -1 1 10 0.1141 6.0717 0.0015 0.2485
6 -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 0.2560
10 0 1 10 0.1264 0.0731 0.0105 0.2985
1 0 1 20 0.1498 0.0830 0.0236 0.3664
12 0 2 5 0.1156 0.0766 0.0036 0.2546
13 0 2 10 0.1106 0.0753 0.0095 0.2345
14 0 2 20 0.1267 0.0759 0.0353 0.3193
15 0 3 5 0.1089 0.0714 0.0008 0.2602
16 0 3 10 0.1313 0.0789 0.0071 0.3109
17 0 3 20 0.1136+ 0.0705 0.0070.  0.2590
18 1 1 5 0.1122 0.0731 0.0118 0.2628
19 1 1 10 0.1153 0.0774 0.0007 0.2463
20 1 2 5 0.1329 0.1121 0.0018 0.3362
21 1 2 10 0.1217 0.0703 0.0085 0.2435
22 1 2 20 N.1126 0.0728  0.0056 0.2384
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TABLE 7
EVALUATION OF FIDELITY DISTANCE OVER 20 NONANCHOR ITEMS
GRADE 7 WITHOUT PERSON FIT
S - eeeecccaaas " SMPL=1 mmeme e ..
TEST HEIGHT WIDTH LENGTH MEAN SD MIN MAX
1 0.1010 0.0717 0.0114 0.3226
2 0.1037 0.0756 0.0022 0.2848
3 0.0994 0.0728 0.0024 0.3236
4 -1 1 5 0.1079 0.0775 0.0085 0.2785
5 -1 1 10 0.1400 0.0929 0.0136 0.2%64
6 -1 2 5 0.1174 0.0930 0.0004 0.3966
7 -1 2 10 0.1024 0.0763 0.0015 0.3395
8 -1 2 20 0.1045 0.0779 0.0173 0.3443
9 0 1 5 0.1017 0.0749 0.0110 0.3180
10 0 1 10 0.1016 0.0738 0.0050 0.3080
11 0 1 20 0.10'" 0.0702 0.0081 0.3091
12 0 2. 5 0.10.. 0.0738 0.C040 0.3330
13 0 2 . 10 0.1021 0.0760 0.0172 0.3372
14 0 2 20 0.1000 0.0732 0.0032 0.3238
15 0 3 5 0.1259 0.0915 0.0028 0.2722
16 0. 3 10 0.1078 0.07¢8 0.0036 0.2606
17 o 3 20 0.1131 0.0893 0.0109 0.3861
18 1 1 5 0.1041 0.0787 0.0084 0.3524
19 1 1 10 0.1093 0.0875 0.0080 0.3750 -
20 1 2 5 0.1045 0.0788 0.0080 0.3540
21 1 2 10 0.1018 0.0738 0.0079 0.3331
22 1 2 20 0.1039 0.0807 0.0063 0.3557
--------------------------------- = SMPL=2 s s
‘EST HEIGHT WIDTH ENGTH MEAN SD © MIN MAX
1 0.0995 0.0667 0.0120 0.2290
2 0.0988 0.0677 0.0104 0.2294
3 0.1023 0.0657 0.0064  .0.2504
4 -1 1 5 0.1025 0.0716  0.0029 0.2741
5 -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 0.3123
8 -1 2 20 0.1113 0.0795 0.0120 0.3130
9 0 1 5 0.1063 0.0713 0.0100 0.2840
10 0 1 10 0.0987 0.0681 0.0071 0.2301
11 0 1 20 0.0998 0.0644 0.0030 0.2240
12 0 2 5 0.1040 0.0671 0.0012 0.2612
13 0 2 10 0.0992 0.0768 0.0087 0.2563
14 0 2 20 0.0993 0.0678 0.0032 - (.2398
.15 0 3 -5 0.1062 0.0893 " "0.0022- " -0
16 0 . 3 10 0.1011 0.0733 0.0096 0.2464
17 0 3 20 0.1150 0.0790 0.0188 0.3062
18 1 1 -5 0.0997 0.0806 0.0034 - 0.2664
19 1 1 10 . 0.0997 0.0688.  0.0207 o0,
20 1 2 5 0.0993 0.0709 0.0206 0.2426
21 1 2 10 0.1007 0.0781. 0.0001  0.2599.
22 1 2 20 0.0999 0.0744 0.0051 - 0.2519

28727
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: TABLE 7 :
EVALUATION OF FIDELITY DISTANCE OVER 20 NONANCHOR ITEMS
GRADE 7 WITHOUT PERSON FIT

T T T pupap— e eieeeas SMPL=3 = m el
TEST HEIGHT  WIDTH LENGTH MEAN shD 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 0.2531
4 -1 1 5 0.1000 0.0714 .C.0091 0.2379
5 -1 1 10 0.1050 0.0878 0.0024 0.2776
6 -1 x 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 0.2151
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_ - 0.7702
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
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EVALUATION OF FIDELITY D

TABLE 8

GRADE 7 WITH PERSON FIT

------------------------------------ SMPL=1

TEST

HEIGHT

WIDTH

N =

NN

RN WWWARNRN -

LENGTH

5
10
5
10
20 .
5
10
20
5
10
20
5
10
20
5
10
5
10
20

----------------------- es-esmeeeooo- SMPL=2

TEST

O 00NN W -

HEIGHT

s e s 000000000

WIDTH

NN WWWRNRNDRN DR N

LENGTH

10

10
20 -

10
20

10
- 20

10
20

10

10
20

OOOQOOOOOOOOOOOOOOOOOO

ISTANCE GVER 20 NONANCHOR ITEMS

MEAN

0.1177
0.1242
0.1157
0.1118
0.1155
0.1304
0.1170
0.1164
0.1201
0.1225
0.1242
0.1149
0.1091
0.1147
0.1384
0.1284
0.1175
0.1259
0.1361
0.1226
0.1173
0.1215

SD

.0749
.0923
.0751
.0886
.0958
.0986
.0722
.0766
.0815
.0848
.0848
.0789
.0809
.0771
.1158
.0984
.0824
.0873
.1017
.0873
.0884
.0919

MIN

.0365
.0200
.0214
.0116
-0056
-0010
.0312
.0288
.0214

.0065.

.0049
.0268
.0075
.0228
.0018
.0112
.0221
.0040
.0114
.0008
.0082
.0090

MAX

0.3545
0.3010
G.3094
0.3094
0.3616
0.4360
0.3468
0.3308
0.3374
0.3075
0.3059
0.3552
0.3565
0.3248
0.3508
0.3098
0.3711
0.3760
8.4204
0.3948
0.3838
0.405:

S e = e ettt d N, C,t e m . —————- -

MEAN

.1094
.1046

. 1044
.1088
L1170
.1315
L1152
.1070
.1102
.1075
.1133
.1025
.1038
.1016
.1070
L1124
.1082
.1037
:1090
1027
L1110

.112437

jeNeoRBoNoNoNoNeol

0
0
0
0
0
0

0
[F
0
0
0
0
0
0
0

SD

. 0694
.0662
.0679
. 0697
.0815
.0885
.0607

.0662
.0647
.0748
.0802
.0677
.0781
.0702
0878
.0777
.0681
.0705

.0749
L0642
L0684

0676

.0084
.0160
. 0062
.0187
.0048
.0377
.0022
L0172
.0091
.0015
.0024
.0017

.0110
.0013
.0030
.0038
.0025

.0060

.0098

.0024 -

0040+
:0068

OOOiOOOOOOOOOOOOOOOOOOO

MAX

.2218
L2126
.2380
.2728
.3377
.3302
.2537
L2478
.2602
.2741
L2775
.2356
.2287
.2034
.2630
.2483
.2270
.2328
.2625
L2220
.2312
.2300



TABLE 8 ,
EVALUATION OF FIDELITY DISTANCE OVER 20 NONANCHOR ITEMS
GRADE 7 WITH PERSON FIT

------------------------------------ SMPL=3 moome e oL
" TEST HEIGHT WIDTH 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 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 0.0913 0.0676 0.0013 0.2227
12 0 2 5 0.0997 0.0698 0.0008 0.2688
3 0 2 10 0.1052 0.0632 0.0063  0.2753
14 "0 2 20 0.6901 0.0596 . 0.0035 - 0.1955-
15 0 g 5 0.1031 0.0685 *  0.6020 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 C.1287 0.0843 C.0162 0.3638
21 1 2 10 ¢.1035 0.0735 0.0040 0.2770
27 1 2 20 0.0978 0.0722 0.0060 0.2590
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