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COMFIDEMCE INTERVAL ESTINATION OF KRZO--
SOME MONTE CARLO RESULTS

Garrett K. Mandeville
University of South Carolina

Introduction

Educational researchers are generally aware of the fact that, unless the
measurements used to draw inferences in the study are of sufficient reliability,
these inferences mav vell be meaninagless manifestations of randorm variation. Thus,
for standardized tests normative information as presented in the test manual will
be cited whereas for instruments vhich the researcher has constructed, internal con-
sistency reliability coefficients such as Cronbach’s coefficient alpha (ra)
{Cronbach, 1951) or its form when items are scored dichotomously, the Xuder-Richard-
son 20 (520) (Kuder and Richardson, 1937) are freauently presented.

Only rarely, however, do researchers concernh themselves with the fact that an
instrument does not have a sinale reliabhility but that this index is also a function
of the population tested. Ve find, for example, that some standardized tests which
are quite reliable when used for measurinc middle-class children are virtually use-
less with Head Start populaticens.

It occurs to this writer that similar phenomena may be operating in situations
vhere deviations from standard teaching methods or other variations in treatments

used or ponulations sampled, may cause normative information supplied in a test
manual to be wholly irrelevant. In educational exreriments or quasi-experiments,
then, it is the feelino of this writer that adeguacy of test reliability should
not be taken for cranted but should be constantly checked and that this should be
done separately for samples which differ on maninulated independent variables.
Since, in many research studies, moderately small samples are being cathered,
point estimates of a relichility index do net provide enough informaticon to the
researcher who is concerned about whether the instrument 1) is reliable enouch
for his purnose, (if he has just constructed it), 2) is operatina as reliably as
reported in the manual (if it is a standardized test) or 3) exhibits consistency
of reliability for different groups beinc tested. It is the feeling of this
writer that the simple device of presentation of a confidence interval estimates
of the reliability for each exnerimental aroun of subjects used in the studv
would be verv useful data to include in the reportina of research results. If
the arcument develoned above is loaical, the next question to be addressed is:
"that procedures to recommend for confidence interval estimation of the re]iabiTity
vhen samples are small"?
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Pestrictina the ¢iscussion to inferences ahtout Poq the norulation value of
the Kuder-Picharcson 20 reliatility coefficient. little informatiorn will be found
on this .toric in the literature. The commonly accented nrocecure, vhich utilizes
the F distribution, lacks emnirical or analvtic support vhen the sarnles are srall.
The only other rrocedures for makinc inferences ahout Pap vhich tis vriter has -
found, were civen tv Pavne and Anderson (1968). These investicators ornirically
derived an extensive set of tables for testira that o,, is zero tut, unfortunately,
thev cannot be used for interval estimation. Thus, a studv of the robustress of
the confidence interval procedures for small sarnles annears to be the most
reasonable first ster in anv attemnt to solve this nrobler. It is thke coal of this
investiaation. to nresent fairly extensive ilonte Carlo results vhich vill indicate
the conditions under wthich this procedure can bhe used. '

The Literature
Foldt (1965, 19C9) has nresented derivations Fased on the twio-factor random
model 6f aralysis of variance (A"OVA) which provide tests of hynotheses and confi-
dence intervals in tre one sample case anc tests of hynotheses in twe samnie proklem§
involvino L In the first narer, Feldt clearly poirts out tke prehlems vhich arise
in usina this model to describe dichotomous test item data. Assumptions vhich are
obviously violated are those of normalitv, homnscedasticity of errors, and indenen-

dence of the suhiect effacts and errors. ‘

Another nroblem area is the fact that in cormon testinc nrocedure a fixed
test is used. Thus, the two-factor model is not strictly anpronriate, the samnlirn
beine Tyne 1 (Lord, 1955) as Feldt has also nointed out. The amnlicaticn of these
nrocedures to dichotomouslv scored, fixed test item data micht then te considered
susnect hut, bv and larce, the impression ohtained from the literature is that.,
because of the well-known robustness of AMOVA nrocedures, useful results can be
obtained.

Mtheuch Feldt did present sore empirical results whic™ were in ceneral aoree-
ment with the theoretical nredictions, thev were verv limited. Usinc data from a
studv by Baker (1962), Feldt obtained the distribution of 200 ¥og values for samplec
of 15, 30 and 60 suhjects. The emnirical nercentiles of the distribution of L%
comnared favorahly vith those derived from the F distribution.

Untfl a recent article by "itko and Feldt (1969), this vriter could find no
vesults which considered the effect of item difficulties on the distritution of
Yog* fitko and Faldt, hovever, shrved that the samnling distributinns of Taq are
similar for two different distributions of item difficulty and that this was true
for five tests with pzo's rancina from .55 to .86. For the thirteen item tests
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simulated, the item difficulty distributions were concentrated around .5 or

spread evenly over the rance .2 to .8. Althouch exhibiting the similarity of the
two distributions, the results aiven in the Mitko and Feldt paper do not allow a
straiahtforward comparison of the empirical results with those expected from the
F distribution. !hen this is done, it can be seen that the lover empjrical per-
centiles are slightly laraer than those predicted from the F distribution for Pag
larger than .5. This means that there is a deficiency of small values of Yoq- In
Table 1, which follows, are some comparisons of the empirical percentiles of Yog
oresented by Nitko and Feldt and those exnected on the basis of rormal theory.
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Lack of substantial evidence that the F distribution nrovides a useful model for
estimation of Paq with moderate sized samples caused the present writer to under-
take the research presented in this paper. In light of the distributional problems
confronted in attempting an analytic solution in the small saﬁp!e case, a Monte
Carlo investigation was undertaken. '

Description of the Tests Sinmulated

One of the wavs that tests typically vary, 2zd therefore a useful parameter
to consider in a simulation study, is the distribution of item difficulty. In the
study presented here, the following three distributions were considered: homogeneoys
with difficulty parameters from .3 to .7; heterogeneous with difficulties from .1
to .9:; and homogeneous with difficulties ranainc from .1 to .5. In the discussion
to follow, these tests will be abbreviated as HOM, FET, and HARD, respectively.
The actual difficulty indices used for ten item tests are given in Table 2. Twenty
and thirty item tests were simulated by usina two or three items at each difficulty
level.

----------------------

In this study, Ppg Was not taken as a parameter. Instead, an approach which
assumed that the binary response vector was obtained by partitioning a multi~
dimensional space and applying this partition to-a multivariate-normal contifuous
vector of "latent variables" was used. This data seneration model is consistent
with the popular normal oaive scaling model described elsewhere (e.q.,lord and
ilovick, 1968, p. 365-373). Once the success proportions had been designated, the
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other guantity needed in this data ceneration scheme vas the matrix of intercor-
relations of the latent variables asscciated with the dichotorous item responses.
Three ratrices vere used in the main hndy of the study and all three vere natterned
i.e., all nairs of latent variables had the same intercorreiation. These constant
correlations vere taken to be .1, .3, and .6. The cortination of the three correla-
tion structures and three difficulty distributions led to nine test structures.
These nine test structures were increased to 27 tests actually simulated bv con-
siderine tests of 10, 20, and 3G items each and the ranae of LPT for these 27 tests
was .36 to .05. Since the rain concern was the distritution of r,, for small
samples, data for 30 subjects vere sinulatec throuchout the studv. In order to
simulate some actual tests, additional runs vere made vith four tests described bv
Poss (196€) and vhich ranced from 12 to 18 jtems ir lencth. These tests, referred
to as ', %, Y, and 7_in the Poss naner, vere sirulated bv usinc the item difficulties
vhich were aiven and ahbtainina the item intercorrelation matrix from the vector of
factor loadinas of each item on the common factor. The P20 for each test vas
larcer than .90 and the item difficulties were tynically in the .3 to .7 rance.

The utilization of item narameters which characterized actual tests vas felt to be
jmnortant because of the difficulty in oceneralizinc from the constant correlations
used in the rest of the studv.

Procedures

Let the assumrtion be made that a binary data matrix is available renresentinc
Ehe resnonses of I' subjects to k items. TS and !y ¢ will refer to the mean
sauares in the ANOVA correspondina te the sutJect and item bv subject interactions.
The quantity F Eab = NQS/PCIxc = (] "—Qn)-] is then readilv comruted. The population
analogue of F Eob will be referred to as F Foon in accord ith earlier nctation of Feldt
(19265) and is related to Pap b} Foop” =(1~ pqo) ]. The statistic used in the investi-
gation was \.’~—~_0[_/_1_,op The comnutation of F p Was carried out bv using the corre-
lations in the latent variable correlation matr1x and the item success proportions
in a series exnansion (Kendall % Stuart, 1961) relatine the correlation in the
hivariate normal to its nhi coefficient,

If the two-factor random model is apnronriate, Feldt has shown that V should
be distributed accordine to the F distribution with }-1 and (I'-1)(k-1) decrees of
freedon. Thus, values of this statistic were cast into a freouency distrihution
with boundaries vhich vere the deciles of the annronriate F distribution. In
addition, 90% and 95% open-ended (lower) and closed confidence 1imits were obta1neé
accordino to standard nrocedures derived Ly Feldt.

For clarification, consider the followina nrotahilitv statements which serve
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as the basis for the confidence intervals:
(]) E(&<p20) = J-a .‘-:here QL = ]-(]’&O)E‘l_u

(2)  PrlCy <ppy <Cpp) = 1-a vhere ) = 1-(1-ryg)Fy /5

and Loy = T-{1-rp)E 2
“‘ote that (i) and (2) refer, resnectively, tn onen-ended and closed confidence
intervals vhich are often of interest for Pon- For each net samnl2 gencrated the
three boundarv noints gL, E?L’ and EZH vere cerputed For each of o=.10 ard .0N5.
Counters were advanced if any of the inecualities rresented in nrobability state-
ments (1) or (2) were violated. Thesc frequency counts vere later converted to-
sample nronoftions “or cornarison tith the thecretical protalilities. In tables- te
follow, these three empirical proportions are denoted as F,, EQL’ and E, % re-
snactivelv, anc the sum of the last two is simply 52, One thousand data sets were
generated for the ten item tests., 500 for the 20 and 30 jter tests. For the four
tests from the Poss studv, vhich ranged from 12 to 18 iters in lencth, 1000 data
sets vere cenerated. )

The population 020'5 and the averace oy for the 500 or 1060 values cenerated
are presented. in Table 3 alono with sample estimates of the skewness and kurtosis
of the test score distributions. Summary statistics for the overall fit of the
empirical and theoretical distributions are aise aiven in Tatle 3 in terms of x2
coocness of fit statistics. These vere computed usina the ten catecories based

on the deciles of the annropriate F distribution.
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It is the writer's oninion that althouch the results for short tests where
the latent item intercerrelation is low (.10) are not of much nractical interest,
that for the majoritv of the tests simulated, the test parameters are similar to
those obtained in nractical testine situations in education. For examnle, the
svmmetric score distributions (FET and HM') exhibit varvine deorees of nlatvhurtosis
as is commonly found in achievement and antitude test score distributions. Fxcep-
tions mav be the HET test with p=.60 which is nearlv rectancular, actually sliohtly
U-shaned. Similarlv, the skewed distribution for the PARD test with p=.6 is a
rather severe J-shaned distribution vhich would he uncommon in most educational

* See footnote to Table 4 for interpretation of these nroportions.
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sottinos.

foain referrine to Tabie 3, ve observe that the viell-¥rovn necative bias of
Yoq @S an estimator of Pap (c.c., see Lord and Movick. 19€8) 4s not verv sericus.
The averace valua of Yo for the sarmles cenerated is tvnically sliabtlv smaller
then o,y vhen that narameter is -smell, fut the hias hecomes trivial vhen o, is
larcer then about .7.

A5 recards the y2 statistice renorted in Tatle 3, the 1riter does not viev
their sianificance as particularly imnortant. hut thev are rresented to incicate in
ceneral hov well the distribution of V annroxirates the F distribution. Fer nine
of the 27 tests sirulated, the coodness of fit statistic vas sicnificant at the
5% lavel, indicatine oross lack of fit of the emrirical to the theoretical distri-
bution. As tho reader surelv realizes, vhat is rore irnortarnt is the fit in the
tails of the distrihutions since this aoverns the acecuacv of the inferential
nrocecures. Comments cencerninn the y2 resvlts, ther +i11 be included with the
discussion on the accuracv of the cenfidence irterval cstirmation, the resuits of
vhich, for thie main Lodv of tests simulatnd, follow in Teble 4.

PESULTS
In evaluatina the results of this invasticatinn, it is uvseful to censider the
samplina variation which can be exrected when the Linomig1 distritution is the an-
nronriate model. Presented in the table helow are the standard errors for a samrle
nreportion frem nonulations vith n=.10 and .05 and lased on samnles of size 500 an<
1000.

Prief takle of standard errers of nronortirns

Provortion
.10 .05 _
sample 500 .013 (.013) .nnog (.01n)
size 1000 - .0095(.01n) ' .00ce (.n07)

The values in narentheses atove arc rounded versions which were used to deter-
mine intervals within vhich a resultine nronorticn miakt he einected to fall ahout
€69 f the time if the thooretical nercertiles were correct. Yhen the empirical
nronortions F] and E? in Takle 4 are comnared vwith these intervals, it is found
that all n® thr YET tests for p=.1 are vithin the Vimits imposed. The riore nlaty-
kurtic PET tests with p=.3 and .€ have a rather larce number of entrics, actuallv
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19 of the 24, vhich are outside of these limits, The interestina fact is that all
of these 19 ernirical nronortions are belew the norinal velues. Thus for these
tests the nominal confidence coefficirnt tends te underestimata truth. e.o., nore
than 96% of the "95% confidence intervals” cover the truc narameter. !her nercent
relative error defined as the atsolute error divided by the nominal «, is considerej
it is found to varv from 142 for .SC confidence coefficient. p=.3. oren interval
(E] = .N86) ton €2% for .95 coefficient, p=.6 (FZ = . n19). Maturally, percert rela-
tive errcrs are larcer for 982 thar 57% romiral intervals ard, excludira the noorly
behaved results for the 10 item PFT test with p=.f, cenerallv are belov 2°%. It

is worthy of note that for each of tﬁé’fivé_VET tosts vith sionificant x2 values,
E,, exceeds E, indicatina a shortace of lov values of ¥ (and ryn). (There is cne
oxcention to . this trend for p=I€. ¥=20, 105 -confidence coefficient). "This fact is
in keenino with the rermarks macde earlier in refererce to Feldt's findincs vihich
sungested that the lower nercentiles of the ernirical distritutions vere sliahtly
larcer than those for the comparisnn F distritution. In the four sienificant x2
values for p=.3 and .6, the larcast contribution to the x2 is the contribution from
the lowest cateoory. There is no nrorceptatle relation hetween test lencth and the
adeguacy of the estimatien nrocedurcs.

Movine to discuss the HOM tests. we find that some emnirical nrorortions excaes
the one siama limits at all levels of item intercorrelation and deviate in hoth
directions from the nominal values. Of the nine velues of [ vhich were "sionifi-
cant", seven exceeded the nominal value indicatine true confidence less than nor-
inal for these oren-ended intervals. !'ith the excertion of the .95 conficence
interval for p=.1 and 30 items (E] = ,N70), the other relative errors vere 24% or
less for thase intervals, indicatina, for examnla, that aenerally no fewer than
94% of the 957 intervals cenerater covered the true narameter. Thus, althouch at
variance with the conservatism associated with the estimation nrocedure for the
HET tests., the results for conen interval estimation for tests satisfving the MO
model still appear to have practical imnlications.

For closed intervals, 8 of the 18 values of F,, vere cutside of the one sioma
limits, and, contrarv to the results for E1, seven of the eioht vielded "sianifi-
cantly too many" intervals vhich covered the true parameter. The relative errors
shoved a definite increase as the item intercorrelation increased and were rather
larce (34% and 44%) for the test with p=.6. It i1l be recalled that the score
distritution for this test is virtually rectancular, hovever. Fxamination of the
E.,. and EZL entries indicates that where any differences between these tvo fioures

2H .
exjst, EZH’ vhich represents the nronortion of tires trat the interval totally
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axceeds the true narameter, is usually larcer than E. . This is reascnatle from
the results for F} and indicates that the errirical ﬁ;stributions terd to have too
much density in the upper tail and toc little in the lorver tail.

For the HPRD tests, the results for onen irtervals are similar to those for theo
HOM tests in that all 13 "sionificart” values of E1 vere larcer than the rorinal
values. However, yfasreas for the H0i* tests the relative errors ''ore usually
smaller than 20%, for the !FRD test theyv rance up to €7°% for norinal .25 coeffi-
cient, 30 jtem tect with p=.3 (E]=.n84). Tha nytreme J-shared score distribution
for p=.C nrovi“es tco fev "nroner intervals £or each of the six corhinatiors of
confidence coefficient and nurter of items and the relative errors annear to in-
crease with the larnth of the test. Closes intervals for the FAPD test are some-
vhat hetter tehaved for the rore nracticai situations of p=.1 and 3. The larces®
relative error amona the six F. values which ware rore than one siema fror the
nominal value was 32% vhich ochred for the same sirulation as the G8% fer the
onen interval. Ms a matter of fact, the .08 nronorticn of overestimates of Pan
combined vitl: nrecisely the correct number of underestirates (.050) to vield
Ez = .134. For p=.6, the relative errors arc rather laroe (229 to 58%) anid re-
flect too fer intervals coverina the true value. The primary reason is excessiv~
values of EZH‘ fn the other hand, the lower tail of the V distribution anpears to
fit the F distributior cuite well. Tie sicnificant x2 values of 17.¢ for the 30
jtem FARD tests with p=.3 and p=.G are nrimarily cue to tlie excess of ohservations
in the ton catecorv: in each csse , the contribution from those cateccries nro-
vided the laraest contritution to x2.

The combined results of the four tests from the Rcss naner follavt in Table I,

- e em e me A e e o W W e e om =

i'2 ohserve that tests W and X are ocuite hormogenecus with resnect to difficul-
ty, the o values beinc much sraller than for the MM anc HARD tests simulated.
Test Z, on the other hand, has an iten difficulty shread similar to these tuo test
rmodels. The averane latent item intercorrelation for all four tests is larger thar
6 and the laroest value of .76 characterized test X. The strona inter-item as-
sociations cause all 020'5 to be above .S0. The test distributions for these feur
are interestino and vill be related to the sirulated tests already discusced. The
easiest one to comnare is test Y which is similar in form to the p=.60, HOM test
except that it is slichtly more platvkurtic (in this case more U-shaned). ‘hen a

"comparison is made acainst the results for the 10 item test in this cell, they
are found to be very similar. 0nen intervals do not cover the parameter as offen AS
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the rorminal coofficient advertised vhile a shortare of entries in the lover tail
caused closed interval construction nrocedures tc te on thr ceonservative sice.

The rerainina three tests are noderatelv necativelv skewed. In terms of
skermess anc kurtosis, test W and Z arnear similar. but the scors distributior for
test Z is sorewhat more rectanoular. 'either cof these tvio distritutiors has an
interior mode.

The results for test 7 follow the sare ageneral lires of those for the 20 item
M test with p7.6, i.e., E; values are 2 1ittle tee larne and Ey too small. It
would seem as thouch the correspondino 10 jtem test would te useful for comrarine
to test ¥, but it scon becomes evident that test '' alonc vith tast X vield the
stroncest necative findinas in the studv. Pelative errors of as muck as 10C%
(actually sliohtly larcer) exist for these tvin tests. Althouch ouantitatively much
more deviant, the results follow the aeneral trend of the hichlv correlateod MY and
FARD tests, ramelv that there are too many values in the umner tail of the Y distri-
bution and too fer ir the lower. The test X scor~ distribution is U-shaped and
veryv extreme. _

It appears as thouah the selection of real tests to simulate mav not have heen
particularlv well chosen. The raticnale for selecting these vas one of easy avail-
abilitv- the informatirn necessarv for the generatiori scheme utilized vas readily
available. Unon locl'ina at the innut values for the four Poss tests. the onlv
narameters vthich varied tetieen tests W and 7 was that of difficulty distrikution.
kecause of this thc writer decided to make simulations for tests vith all iters
of the same difficulty. These runs were made simulatina the ten iter tests with
p=.6 and vielded the results aiven in Table 6 telovr. |

TABLE €
Results for % =Consiant A 1
. ~ Y T
mooe B B Fm Fyu B T 1

5 | .101 125 103 o066 037

.05 | 066 053 035 018
.3 L0 148 158 Q9F 052

. - ;-05 109 081 055 026
1 10 1 213 382 160 222

; ]
L .05 1160 31 127 184 |

87 .87 .00 -1.38

.

67 .86 .81 -~ .55

.83 .78 2.3% 5.67

For n=.5 the test score distribution is U-shared similar to test Y from the
Ross paner and the HN* test for p=.3. Relative errcors for onen iatervals are
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arcund 30%. The secon test sirwlated, with ==.3, cenerated 1 score distributicn
similar to that of test '’ and the confidence interval results for these ivo tests
are very sirilar. Onen irtervals have relative errovs annroachine 1607 2nd the
over nonulated urner tail caused the clicse” intervals te be in error bet-een 509,
and 707 more often than the nominal coefficient vould suacest. The situation he-
comes much warse for the very difficult test with »=.1. The test score distrihu-~
tion is extreme, hovever, with FAZ of the "total scores" aenerated beina zero.

The vriter set hirself to the task cf deterniinine the extent to viich interval
estiration ¢f P20 @sina standard procedures basec on the F distribution could be
relie¢ on for moderate sized samnles (M=30). Pesults for tests with items snread
evenly over a wide rance of difficulty and vhich, therefore, resulted in a svmmetriC
test score distribition were in nood acreement wit# “nominal" results. For tests
in which iters vere stronalv associated, test score Adistributions vere nlatvkurtic
and the nominal confidence coefficient tvpically underestimated the true nronortion
of correct statements. iiost statisticians find this conservative annroach at
least tolerable. 'hen the items werz2 spread over a narrover rance of difficulty,
hut were still centered at .5, there vas a tendency for toc few open intervals
to be “correct’. The relative errors. hovever, were small, ceperallv less thar 247
For closed intervals the conservative nature of the HET tests rearpeared. Tasults
for test Y from the Poss maner and the tests sirulated witk n=.5, both of vhich had
syrmetric score distributions were in acreerent with these results. Therefore,
vhen the test score distribution was svimetric, the most serious results were in
the direction of conservative procedures. The ract that fewer than the nominal b/
of the open intervals coverad the true narameter for the hiahly asscciated HOM
tests does not seem tco serious in that the % error vas cenerally small.

In the situations simulated where the score distritution was skeved, it vas
virtually always true that too few onen intervals covered the true narameter and %
arrors ranced up to and sometimes exceeded 100%. The most severelv skewed score
distributicns, with no interior mode, occurred.for the HARD tests with p=.6, three
of the four Ross tests and the tests with constant difficulty narameters of .3 and
1. A somewhat conservative rule which could ke used for onen intervals in these
cases would be to use the 97.5th percentile of the F distribution to corstruct
onen ©5% ‘ntervals. The only situation vhere suci an adiustment nrocecure would
not be either conservative or within reason vas the ==.1 {constant). p=.G test
for which the score distribution was aimost sinoular. For closed intervals in the
case of a skewed score distribution, it is difficuit to rmake any recormendation
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hased on the data at hand, unless the items are onlv moderately associated (p<.3).
If this is the case, then the standard nrocedurs i1l yield relative errcrs nrabab]

smaller than akout ~ ~  'hb~~ the items are more stroncly associated, hovever, the
resulting scor become severely skeved and while the upper tail of
the V distribu. tc , norulous, the situation in the lover tail is less rre-

dictable: for the three Ross tests the lover tail is too “1ight", for the n=.7
distriblition. it is about rich% and for the w=.1 distribution the procedure falls
comnletely anart. Refore summarizing, let us enumerate specifics of this investi-
aation which necessarily limit the aeneralizations. They are:

1. Sample data from thirty respondents vere simulatec.

2. YThe number.of items randed from 10 to 30.

32, The normal ocive item characteristic curve related the tra1t Feine measuregl
to the probability of d'correct resnonse.

Latent resnonses were samnled from multivariate normal distribution.
Tests simulated had a "sinole factor' structure.

For main body of results, latent ijtem intercorrelations vere cnrstant
Cnly 90% and 95% intervals vere considered.

If a researcher has test data which has these characteristics, he mav wish to

N Y O

cons1der the followino recommendations:

1. For tests with item difficulty distrihutions vhich are widelv soread
akout a median of .5, use the procedure hut realize that it will tend to
be conservative.

2 For tests with item difficulty distributions which are more homaoeneous
at-out a median difficulty of 5. use the procecure realizine that there
will be a sliaht tendency for “too few" onen intervals to cover the true
parameter if the items are stronoly associated.

3. For extremely skewed test score distributdons the safé recommendation is.
to construct onen intervals usino the 97.5th nercentile of the F distri-
bution for nominal 25% intervals. The procedure vi11 tend to be conserva
tive.

4. For mildly skeved test score distributirns no 1anket recormendaticn is
possihle hased on the data. Fowever, if item 1ntercorre1at1ons areﬂpode§r
so that the resultina score distribution has ar irterior mode and [¥. ’
is no more thanr atout .4 or .5, the data suonest that the standard nro-
cedure will lead to relative errors of no rore than 20% to 30%.

It is not surprisina that in situations vhore the item difficulty is fairly

homoneneouskanﬂ d1ffereht from .5 and the items are hiahly related that the usual
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robustness of the F distribution is not sufficient to rrovide serviceal:le inference:
(The reader is referre¢ to "andeville (1969) for an extensive investination related
to hynothesis testina in repeated measures dosicns whera the reneated measure is
hinarv). Yovever, in most of these cases where the annroximation did not nrove usc
ful, true Poq vas rather laroe (areater than .8C). In situations vhere true Pan
was 1ess thar .80, the parametric nrocedure did provide useful results. Since the
concern of a researcher for the reliability of his measurements is usuallv inversel
related to pzo,'the practical value cof these results appear oreat.
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TAPLE 1

p Partial Comnarison of Thenretical and Emnirical 20th and C5th
Percentiles of Yo Nistributions Penorted by fMitko and Feldt (17G9)

Theoretical Empirical . Theoretical , Fmbiricai

Test p20's* 5th Percentile | 5th Percentile § 10th Percentile |10th Parcentile
I+ T1 p L 1 11 _ I 11 7
.54 558 .356 352 .364 L L4N8 A1 .49

9 .690 551 b 550 561 586 564 504
%770 7 .66€ 671 .G75 €93 700 .700
.825 .82¢ .746 755 .753 JICE 773 772
.864 .865 .304 810 .8n° : .82n 824 804

*An averace of the tvo p,n entries in a rov vas used in the computations
to obtain the theoreticg? nercentile.

+1 and II refer to Mitke and Feldt's "Concentrated" and “Spread out” item
difficulty distritutions, respectively.

TABLE 2

Item Difficulties ('n.) for Three Ten Item Tests Simulated,
Average Difficultids and Standard Deviations of the
Ttem Difficulty Distributions

TEST|} * 7 p - o

T 1 .2 3 .4 5 5 6 7 .8 .9 50 205 |
wom | .3 .3 .4 .45 5 .5 .55 .6 .65 .7 | .50 122
WARD| 1 5 .2 .25 3 .3 .35 4 45 5| 3 122




Descrintive Data and Chi-sauare Foodness of Fit

TABLE 3

Statistics for the 27 Tests Simulated

computer run. For normal Yy = 0, Yo

0.

See Scheffe (1959), p. 331

FET HOM HARD
” = = yi T = = = v4 - = = —5
o 1Kl epg Ty f1 Y2 X P20 Tp Y1 Yo o X P2 0 Ty Yo %
1C 36 0 .30 01 -.22 5.8 40 .36 -.02 -.42 13.9 || .37 .33 .42 -.14 11.5
Jany 20 b3 50 -0 -.25 28.5*%(] .57 .54 .02 -.2° 4.8 || .54 S1 0 L42 -.06 4.5
30 .62 .60 02 -.20 2.8 .66 65 -.01 -,30 13.2 {{ .64 .60 .37 =11 1.0
1n .65 .63 .01 -.56 8.5 .70 .67 ..01 -.80 8.1 .67 .65 .61 -.25 5.5
.30 20 Je .78 -.01 -.52 11.8 .82 .81 -.01 -.78 12.0}|..80 .79 .59 -.26 8.0
30 85 .85 M -61 23.2%({ .87 .87 ..01 -.77 20.3*| .86 85 .64 -.19  17.e*
10 .82 .82 -.01 -.96 51.5* .86 .86 .00 <1.27 14.2 .85 .84 .75 -.53 12.0
.60 | 20 N .80 -.01. -.98 28.2*|]| .93 .92 -.03 -1.26 6.0 |} .02 .01 .76 -.49 21.3%
30 .94 .93 00 -.99 17.2%| 95 .95 -.02 -1.26 14.5( .94 94 .77 -.48 17.6*
L
*x.um = 1€.9
The estimates of skevmess and kurtosis of the total score distributions were
computed using the sample moments obtained for all the scores cenerated in a

O

Aruitoxt provided by Eic:

E



TABLE 4

Emnirical Probabilities cf Incorrect Confidence Statements
for Cnen~Ended and Closed Confidence Intervals on Pop-

I HET(. 1 <.9) | HOM(.3eT<.7) ~ rano(aen, <.5) 1
p f;i o i By Fo Byt Byl By By By B lf T2 P Ep
| 10 %.1n 095« 106 052 054 100 103 0G0 043 [ 107 088 053 035
" |.05 [ 052 055 025 03] 060 041 029 012{N53 049 028 021
...E.lo o0 N6e 0B6 084 096 096 082 054 | 194 988 066 056
A0 i.os 056 052 030 022 042 046 Mg 28| 066 066 032 02
|10 é 102 094 656 031 108 120 070 050|090 094 050 044
. |.05 | 056 058 03¢ 024 070 064 038 026|050 038 014 024
4@.10 007 070 036 034 108 099 050 042 | 116 110 08¢ 051
" on los6 om0 o019 o1 0s0 nas 025 020|050 054 028 026
10 |os n72 036 036 120 noz rag  raa | M2 114 oea 050
01200 6 Loz o036 o018 0@ 048 cag ol6 o1 |064 048 ms 030
| 1.10 {106 070 044 026} 084 072 M5 024 {140 134 084 0S50
1 05 {os 032 o8 M4l ose 03co2a 014 |ooa ose oaz oz
i 0 | 065 048 028 020 123 091 050 032 |126 133 070 0€3
é 105 lozs 010 013 o006l 059 048 038 0070 079 0e3 036
r .10 foea 076 048 928 112 100 060 040 |120 122 072 050
- | 1 os 02g €30 016 014] 060 046 030 O1G |072 078 046 032
i | 0 10 1106 066 038 028) 116 066 038 028 {146 128 €78 050
1 .05 o3z 026 o1z o6l 038 028 018 €10 078 076 044 032

) —_

* Decimals omitted in body

+ A reversal of the imnlication of statements on race 5 has been rade for nmnemonfc
reasons so the E2’ is the nronortion of times that the total interval .was "too
high", i.é., C2L>°20' Similarlv EZL indicatés the nroportion of times that the

g N 11} N " g
interval was "too low", i.e., C2H<920.




. TANLF 5

Tas+ characteristics and simulation results for tests !,X.Y, and Z
Test characteristics include nurber of items (X). averace difficultv (%), standard deviation of the
¢ifficultv ¢istribution (o ), averace item intercorrelatien mwu an¢ pepulation pgq. The averace sample
relirhility estirates Ammov and skevmess and hurtosis of the score distributions A¢d and wmv are also
repcrted. At the richt are emnirical nrohabilities of incorrect oren and closed, nomiral 20% and 55%

confidence intervals.

Tost

=
Q
D1
°
J
<
i
D
[}
<
o
i~
o)
R
™
—t
m
~N
m
)
-
m
D
-

10 142* 138 Q9% 042

i 12 .62 .062 .67 810 .9% -.42% -1.18 .05 096 080 061 019

.10 161 13¢ 104 026

iilJ-‘
K 16 .54 .03 .76 .85 .95  -.20 1.3 ,d5 | 104 077 068  00¢

0 | 117 081 058 023
Y 13 .A9 004 70 %20 927 . o 2,620 .05 | 058 032 029 010

S (¢ 105 e 057 n2r

o~

16 .58 J2e .65 .£3: .93 ~.35 -1.21 .05 057 041 033 nog

* Decimals omitted in badv,

Aruitoxt provided by Eic:
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