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Criterion—referenced testS'are uged to determiﬁb an éxaminee's

¥

i ’ status with respect to ‘some well- defined domain of behpv101 (Hambleton
. 3

ED205594

& Eignor, 1979; Popham, 1978) ‘ Construction,of a criterion—referencedu

teSt (CRT) uso;11y“1nvoiges (aniong other thinQEQ drawing a representative

{ I4

|
i

. R ! \ . o
.. sample of items from a pool of items which measuref the domain of
%, content of interest. Oq central fmportanee in the test development ¢

] . [
process is the determination of the numher of items to be included.
‘ o / _ \ ‘ ,

The ,length of the test (or subtests if several objectives are measured

.

‘in a test) is»directlygrelated to the usefulness of the scoreg. In’
S ' . .

genegal, sho&t tests iead-to less reliable and nalid scores than longer
R ; .

X .A ktests - Longer- tests, however, while generally resultlng in more

]

4 .t{ u
precfse esthates oﬂ ab111ty, require more testing time - and may cause .

y : a

A examlnee fatlgue if they become very long Also, sigge it is often the

: case that several obJectlves are assessed 1n a single CRT practieél
.,' . 3 . > z
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tonaideratione argue againat a 1arge number of ltems per ob]ective.

It ia important, therefore that criterton~referenced tasts contain
enough iteme to yield scores wlth deatred levels of reliability

and validity without requirkng excesslve amounts of tcsting time.

™ \

¢ In many 1nstancea, ‘the purﬁbee of a CRT is to provide an

, : ]
* astlmate of an examinee 8 domain score with reepect to an objective

(or competency) of interest. ' In- such a case, when the onrpose is"

wa

'to estimate a domain score the relegionship among domain scores,

errors of measurement, -and test length can be used to determine an

2

B “optimpm test length (Lord & Novick, 1968). : e 5

" The primary use of CRTs is, however, to assign examinees to

fcategories .or states reflecting levels of performance in relation .to

PN
.

" the objectives measured in a test. When mastery decisions are being

made 1t is possible to determine test length in relation to the g

number of misclassification errors which can be tolerated:i The purpose
of this papér is to describe a system, implemented with the aid of.a
computer whi&h .can be used to determine test lengths which will lead

to specified levels of classification errors. First, several procedures
for determining test lengths will be reviewed. After,the brief review,
the computer-assisted system for determining test length will be

presented.

‘Methods for Determining Test Length

Millman (1972, 1973} considered the rclationship between test

length, advancement scores, and the probability of misclassification
of an.individuab§yith a known domain score by using the simple binomial
. ) . .

o

“ny
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teat model. The ‘assumptions of thia model are well-known and can be

found elsewhere (Millman, 1972, 1973; Hambleton & Eignor, 1979; Lord

“

& Novick, 1968). Millman’'s tables provide the probabillty of Incorrect

classificacion of individuals with known domain aCorgu‘fof'aeve;a1 

’
i w

test lengths, advancement scores, and cut-off scores on the domaln score
. ‘ ,

scale. Z
, _ i
Y Wilcox (1976) related the work of Fhaner (1974) to Millman's

{ ¥

(1973) work. An indifferenée zone is used in the Fhaner-Wilcox
/ 3
mq;&od for determining CesF length. An indifference zone is that

aistﬂn?e ar;und the cut—qff.score in which it is assumed tﬁat'reia-l
tivei; litt1é’harm is.doﬂe whén examinees with domain pcoreg on that
ihter&gl qfe misclassified. ‘Certainly in most instructioth situations
such misclaséificaﬁions result 1n only short—éerm.assignment to

instructiondl sequences. Masters who are close to the cut-off score
v M L. ' ! ' . .
who are misclassified as non-masters may benefit from a short remedi-

ation sequénce. Non-masters who afe incoqrecfiy classified as masters
wili; in all likel}hood, be quickly identified. The more seriods'errors )
érg those’wﬁich‘miéclassify individuals wh§ are farther from the cut-off
séoré. The Binomial model ig utilized in the work of ?hééer and Wilcox
to determine test lengthg which reduce, to speqifiéd levels, the 1ikg_

lihood of miéqlassifigationl.of individuals at the ends of the indiffer-
/T .

. ' ‘ P
© ence zone. " o

t . - .
Two problems limit the usefulness of the systems described above.
First, 4 véfy good prior estimate of awm examinee's domain score is
. ]

" required with the Millman method. Since the purpose. of- the .test is
I - . - ]
to estimate the domain score, such a prior estimate will, in all .

.
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llkallho%*, not ha avaLLabLe or, 1€ .1t lg ﬂvatlahla. 1t may be
at “- v ,)’

meraciau. Second, Millman's wnxk deCermtneu optimal test langch ‘ ¥

“toruexamineea at a.single polnt on the ddhain score. acnlh. (Tha

¢

; aystem dBBL bad by wtlcox [1976] congidera only examineea ut two

o o

-—-l. b ’ S . »

"y

. points on the omafh acale ) Thnc iﬂ, the Nillman #ind Fhaner-Wilcox ¢

H 0 b

'methods determinu test length for apeclfic lndlviduala' the two methods dd'

a . Fod .
;" not consider the case when a graﬁirof axaminees 1is of intcreat. To
~ j . -
the extent that q“group of qmaminees with varying domain scores is

to be tested the two systems described above wili result‘in test
»

_‘1engtns which:are not optimal for*the'group. Us@ally, the resultant :ﬁv
Plt%sts.nilldbedlo;ée? than necessnry to‘achieve.adequatefqeyeie‘of'

Adecision hccnracy; S _ ‘j ; ,‘ _. ;ﬁ
;Z‘ ‘Many test developers want to detérmine test lenéths ;;ich wili

o"ﬁl '
¢ ac leve dgyired levels of reliability and validity for a group of . .
eXaminEes What is needed in c&ﬁl case 1s a system which incorporates

group iﬂformation into the decision regardlng test length. Eipnor and}

Hambleton (1979) and,Eignor (1979) utilized group 1nformation when ;4

e &

investigating the relatlonship between test 1ength and several '? _ ‘.

lcr1teriop—referenced measures of reliabllity and va11d1ty Usiﬂg the

K LY

'simple b1nom1a1 model and theucompound b1nomial~mode1 (often considered
» - L
a more plausable model tRan the simple b1nom1al model for eXplalnlng
»0 - L4

examinee performance), Eignor and Hambleton (1979) produced graphs of ’

several re11ability and validity indlces for tests of various lengths
c : . 4
' »forjfive substantially different domain score distributions (cut—off =
- .80). Several distribotions were?needed because measures of decision
cbnsistency5and deci&}S; accuracy are dependent opon the,lécation"of
. - . .

4 . ' ‘ . ’J . s /

Y . L. o " . . L S

. , . P g
3 . . u

k3



«-5« . " v, \ )
. .
. . « .
n

the dlntrtbutlnn of ubillLy 1n ralaclou tu the Lut~o£t acqre. Elgnor

-

and Hamblatnu claavly - damunaLrutudbchaL Lvlteqlnnﬂrufuxau(ad measurey

al
‘.,

of 1alLahlllcy und valldlty duuvaaaa an the dlatrihutton nl domatu -

acores moves Lowurd (or centers ovar) tha cuL~oEF ucwmu. Fggno; (l9/9)

congldered addlttonal tegt lenglha, domaln avore dtunr[hutlnna and

advancement scoras.’ The tﬂhlea and ‘grapha preaenred in thu ﬁcudlea Py

clted nbové ahould puqvidu useful guidelines for prnct}tionarﬁ_who

are concerned wtth determining\optimal test lcngrhu. Au'Ieust‘thfee

s

1hnltatlons exlst however, in the EignOr—Hnmbleton uolution to the -

~test , lengch determindtiog'problem. If a,;dsn developer feela that, . . i‘Hb. ]
the group of examinejs of intetest has d soﬂethnt dif%erent‘distrihution ku-m

.. of domain scores tha& those ‘cons: dered in: the two studiea, th L
' .Hambieton graphs will be of; {imi ed value. Similarlyiithe va u%,of \f( .
. the 1n£ofTaﬁdon provided bygthe fwo studles is reduceﬁ é%nsldenably%%ﬁi

IS

) wheq'gié? devel pers .nsdder tg;t 1engths and adnfncement scorfsw ,

;diﬁge;t E ﬁatho e're?orted /Third 1? the.item pool to be, used‘in : '
R ‘ ; oy ;
the,test is hot simllat co pne of&tne item pojf@“used in the Eignor— o '
Hamgleton soluhion the re;ul@s wifl be limited in vhlue: &ﬁ summan;,'ﬂn

a (\\ i Yo "" g

i ,theix tables are not su?fic1e tly flexible tg satis@§ the Ei?uirements
, t
in

4 . 3

of many,testlng situatlons o be:ter system WOuld be one\ ~>hich test .
i : ' . > | .
T developers could more closely 31mulate 1oca1 conditlons by q&nﬁrolling

. r L T g
: K .

the dlstrlbutlon of domain scores’ and the . :ange of item statlstics and

-»
¢ b

'then consider the consequences of varlous test lengths and advﬁgcement

-

scores on the statlstiCS of/interest : In the\next section of the paper

/ \ P

‘such a system is described.; o D P

4




EE

C

—

wh

TESTLEN!': A System for Datanuk
' . of Critevion-Referencad

L)

ving the TLength

Tests
One mathod by which opcimal test lengths can be.determined {s to
slinlate Local conditions on a computer, ‘the FORTRAN program TESTLEN
1y daglyned to allow udervs o

pectty local condicions and

gaveval poasible teat

-

rn.ﬂtmulntu tant parfnrmuuuu, By slmnlatin
lungthu dqd cubt~off Boonuuuuuxu can obtalo duttnates of vartous
utarluclca of tntarest, The values obtaluned|may then he used to maka

declstons regavdiog optimal test lengthu. Ap a rvesule, requivenents

¥

“for test devalopment ov ftam selectlon are elav!itled,

TESTLEN will slmulate parallel adminlstratlons of several
criterlou»re}ercnccd tuuta.‘ Characterlatfcn of the tests (Luat -
length, cut-off, dlatxlhutlon ot itcm pulumuturu) and chumuclulluticu
ot‘;ha exnminee pool (number of cxumtnnau, distribution of doma:n
.gcores) nrg,under user controls Also, under user controi 1s the aumber
of rcplicationa of each parallel form adnlnistration to be simulatad.

Multiple replications allow users to determine the stability of the
’ . . S

results. A brief description of the options .avallable in the program

s provided in this section of the paper. Detailed Instructions for

using the program can be found in Appendix A.

Using TESTLEN with Item Response Data

Y

If users have field tested a set of items, it may be desivable to

1 b

know the effects o decision consistency and decxsfon accuracy of forming

. parallel tests by choosing Specific shbsets of the items. If examinee

¥

reponses have been scored (1 if correct and o otherW1se) the data

may be used as input for the program. If data on an gxternal criterion

i

ISource detks may be obtained by writing to the authors at the
Laboratory of Psychometric and Evaluative Research, School of Education,
University of Massachusetts, Amherst, MA 01803. 1In order to cover costs
of duplication of source decks, computer cards and mailing, checks in
the amount of $25.00 made payable to the University of Massachusetts
»should accompany requests. by ‘ . ,

o K]
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la alwo avallable te way_ be fuput as wall. TFf an external mnedsure

ta not avallable, dectaion aecurscy ig wab computedt.
, ¥ X

Ustng TENTLEN With Ouly a '
Dedoription of the Exawinees %

It way be (hat a user has an fdea of the ralative poattion of
g < N

“the Héll(l%lln to be tedted tu relatton ta the ..tunl.my: ar tntevedst, byt

. - _ ]
does nat have tutformat fon about Lrem charagteriatiay.  Por axauple, {1

I .
might be koown that wathemat feal cttitg)t

. I
atea Lo i cuurge, but standard .ll()l:lll““l‘uf

tou hao always been a waak

concedd ety have always
bean purchased and ftem statistices hive not been collected, "l thte

cane a atmalatton which utiizen the bluomial teat model mlght he

-

chosien, ‘

[f a simulatfon which utilizes the binomtal model (s to be used,

the user may speclfy the number of examinees out of 100 thought to

be fu cach tenth of the domaln score scale, Alternatal the ugar
' »

may choose values to describe a beta distributton which approximates
’

the local domaln score dlstributfon. Beta distributfons are defined

on the interval [0, 1) which is the scale on whicli domain scores are

located. Examplesof distributious obtained for Ffive different beta
disﬁributions are located in Table 1. Other examples of beta distri-

butions and the statistics which describe them can be found in Novick

L i

and Jackson (1974, 112-¥13).

s

Using TESTLEN with Description of o .
Both the Examinees and the Items

" If users have information pertaining to item statistics as well

as an in@icatiqn'of the distribution of examinee domain scores the

. \

compound binomial model may be used for the simulations. Pertinent

-~

8
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o dtem slatlisatics wuuld tie the' tangs ub difftealitien ad Ll Leat

cusvelat e, TESTLEN aliwnlates thie compovind blbamial wadsl via
[ R ‘ -
the ader, twa, o theee paramater luglatle lateat ¢ialt duldala,
‘ »
howevar , baowladge of tatenl Grabi tlieuiy la et requiiad tu use
. s
the piagran. L the campoand hinumtal wedel ta chosen fay the
. +
. '., o '
atmilatton, the waer wual provide a descetptton of the trew pool (o
- -
e used tu atwalatlig peifovsanve.  Maat amethods Fai Jdetarmiolog
.
t:Cnf length do wot conalder charactertaticn of the (e ponl.  These
1

v . ; v i
thajacterlaites are, however, very fmport and s SOt e thiaya baelayg
3 AR
equal , hetevopeneons Ltem poals tequiye tanger teéstt than do hosogeneous
pocta to obtatn stml by tevels ar seliability and valtdtity.” 1o some

.

vanen, the (ocvoane 10 umber of (Uems cequired can be aabastant fal
‘ : . ¢

(Hambleton, MElls, & Stmon, 1980) .

.
a
B

’ ’
I the uaer deslves, traditional {tem atat{atlca (p's and ¢ 'n)
may be unad.  TESTLEN will teannform thene atat st ics fnto appropriata

Latent trvalt pavawetors.,  To this case, the distvibutfon of dowain

a

geores la gpeciffed o the same way as when the bioombal stmulatlons

-

t : .
are performed.  That fs, the uger may read In the number of examinees
. , :

out of MO fn each tenth of the domafn score scale or a beta distrf-

.

bution may b¢ spécified. ) ’ ¢
If latent trait theovy is familiar to the user,; latent.trait

parameters for items and examinees may be used. In this case, each
’

parameter (difflculty, dlscriminat.lon,'pse*.udo.ch;mc‘e', ability) may

.

be distributed wither normally with a specitied mean and standavd

deviation or uniformly in a specified range.
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¥

aavh veplicat Laug

tema-taat (auhtaar) covrelat Lana

N

1. Tleam b, a, aud ¢ valuea (lataent cvaflt atwmutat tais auly)
4. ithe numbary gf exawmluices
N, Jaclatlon vﬁ!‘ululalmu ¥ \

-

i k.:qipq
/. dactalon accurady

chianee dapgi eemnant

’ .
v

: - ‘
9. proportlon of examiness tn each mastery clanntficat fon

.

1

-

: 3
Veach situat fon the mean, vauge, and atandard deviatton of

declaton connistoncy, kappa, and decinton aveuracy acvoss the yeplf -
cations ave repovtad,

@

Figure Jd contatus a porve bou of an autput fram the program.  The !
v :
uluinl_ut'_h)n utilized the three parameter logist e lateat tealt model to
generate the regpouses of 100 examinees Lo vandomly pavallel f‘nrmu”
of a - ten-{tem test. The LOO g"x;xminee:s were distributed normally on
the latent ability scale with mean 0.0 and standard deviationl.0.:
) [tem difficulties were specified to range %r(;m ~2.00 to +2.00; discrimina-
tion ranged from +0.40 to +2.00; pseudochance values ranged from +0.15

to +0.25. /" The cut-off score was set at 0.00 (the center of the

8
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. . '“As can be seen in the figure, this'was the sacond replidation

/

of the situafion. The data at -the bottom of the-figure provide
information regarding the mean, range,.and standard dehlation of the

three statistics of primary interest (declsion consistency, kappa,

~
.

- and decision accuracy) for the two replications. °

3

s
An Example of a Practical Application BN | Lo
of Program TESTLEN ‘
TESTLEV can be used: early in the test development process to
prov1de useful data for decision—maklng. By s1mulating performance
at several test lengths with cutioff and adﬁancement scores of‘
intere;tz'developers can obtain estimates of the effect of these
factors on consistency and accuracy of the test_results. Estimates
of the proportion of examinees who will need remediation are also
obtained. i' 3 : - s
In order to illustrate an application of the program,snppose a
school districtfis developing a test which will be used |
as a diagnostic examination. Results will be used to place students
into an individualized curriculum. Fifteen objectives have been
identified as indicators by the'instrnctors of the course. All objectives
are to be tested with as many items as needed to reach consistent and
§ 'accuraté‘classifications at least 70 percent of the time. The test
ﬂg&st not,fhowever, require nore than 100 minutes to administer inclUding

]

: distribution and collection of materials. Randomly parallel forms
L < ’

€

o
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2

are to be aéveloped and administered to approximatel& 300 students

AN

each year. .

For the first-objegtive, it is desired to classify individuals as hav-
ing achieyed the objective if they have domain storés equal ‘to or greater-
thén 0.80. Past e*perieﬁbe would indicaté_that_studenfs gntering the

" course generally have domain scores greater than 0.50 and that they - -

- are distributed uniformly between 0.50 and 1.00. Unit tests have

f ,indicated that items range from easy’to moderate in difficulty (p-values
rangé from about 0.50 to abput 0.90)'and that discrimination indices are
ail around 0.40. There appeérs’to be‘littlé or no guessing on the.items.

) It canvyg seea from the description above that although thé

number of‘ite;; used for each.objective will vary, it is important to

'uge as few items as possiﬁle for each objective in- order to meet the

time constraints. Table 2 shows the results optained from TESTLEN

for 11 possible test lehgths and advancement scores for the first
objective. The domain scores for.the 300 examinees were distributed
unifo;mly between 0.50 and 1.00. Five replications of each test were
simulated. Means, ranges, and standard devi#?ions of decision ;on—
sisgency,.képpa, and dﬁcision accuracy for each ggstrlength and
adfancement sco?e are included in the table. It caﬁ beISéen that"

8 items with an éhvancement score of 6 correct would be needed for
this objéctive if desired levels of both decisiofi consistenéy and

" decision accuracy are to be obtained.

—

-

5

o

P
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Table 2 -

‘Measures of Decidion Consistency, Kappa, ‘and Decision Accuracy
Obtained from TESTLEN for 11 Test Lengths

and™Advancement Scores

' (n°.= .80, N=300, 5 replications) .
Test Characteristics | Decision Concistency ' Kappa Decision Accuracy
Number o o L . S - _ .
of . Advancement . ’ Standard ¢« Standard . Standard
Items | Scores | Mean Range Deviation | Mean ‘'Range Deviation | Mean Range Deviation
. . ) ' y . ;” " . ] . “.
2 2 ;58 .07 .026 16 .14 ..055 .65 .02 .007 -
3 2 .72 .08 033 17 .23 .084 .55 .02~ .009
'3 3 .59 .04 .018 .20 .08 .032 71 .05 .019
4 3 .68 .07 .031 .27 .12 .057 .64 . .02 .012
5 4 .66 .03 .012 .33 .08 .030 .71 .05, .023
6 5 .67 .06  .023 36 .1 L0477 |i74 05 .020
7 5 71 .06 023 | .35 .13 .051 .66 .06 .022
7 6 .67 .08 .032° .35 .16 .063 .78 .07 .028
8 6 72 .09 .035 39 .21 .084 .70 .04 .014
. 7 .70 .05 .019 .38 .10 .042 .75 .06 .029
100 8 .73 .06 .027 47 .11 .050 .80 .04 016
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Recommendationsvfor Use ) a-

3

v

The'pnrpdse‘of TESTLEN is to allow test .developers td determine

%
optimal criterion-referenced test lengths via simulation. ‘ In this

N

‘'section a<few general recommendations regarding use of the program

, are proviﬂed.

/
! P N

"It is not always possible to accurately specify charécterisfics
- e N
N < : . , : [
of examinees and item pools. In such cases test developers will
s > - ) = ) o

probably want to erf,oh,thg“side of conservatism since it may be

better to have a few extra items than to err on the short side and

have an unacceptable number of classification errors. The following

recommendations are intended to provide guidelines for producing con-
servative test lengths. First, use sample sizes similar to the number
of examinees to be tested. Larger samples will yield more stable

estimatdg of reliaﬁility and validity, but test developers need to

‘{‘ ‘\

b,
know=E§e expeptzé range of these statistics in thgirvsituatibn;
*Second, when in doubt about"fhe distribu;ibﬁ of domain scores, it is
better to égnte? the distribution close to the cut-off score. The

' closer the distribution isvto,the cut-off, the more classification

errors will result. Thus, more ttems wiil|be required -to reach ac-
: . . ' re . .
ceptable levels of decision consistency. Third, if characteristics

i '
e

of the. item pool are not established, specify heterogeneous pools.
Thi§'qill lead to more conservative estimates of test length.
TESTLEN simulates pgfallgl—fo;m administrations of criterion-

referenced tests. Some options of the program allow the user to choose

<

¢

N . ' R«' f‘i . -
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between randomly or statistically parallel tests. ~If two tests are

)

to be developed by randomly selec;ing'items from an isem pool, the,

user should specify rgndomfy parallel tests. va, however, ‘the tests
. are to be matched on item statistics, the user should chpose the
option for statistical parallelism. This option would also be chosen

AN + a

if only one test form is.to be deveioped.,\ﬁhposing statistical paral-

; _ - ' o S Uy
lelism for the sim&ﬂation would be akin to investigating a test-retest

- -

situation mith'one'form

- d
*

Most of the options included in TESFLEN rely oR a random number
\generator. Users, will possibly’have to: modify the program to conform

to the random number generator at their facilirx ‘Hsers should also

\ 5

determine the type of seed which produces best results with the random .

number generator. - B ., ) =

.
<

S . : ' . , .
s Finally, the test length determination problem must be solved
. f . . . N . . 4 .

for each objective (or competency) on the test for which mastery

decisions will ‘be made.

© Summary

In this paper, several methods for determinlng the length of
criterion-referenced tests. which are used to make mastery decisions

were reviewed. For various reasons,‘the methods wer%¢considered less
.. ) ’/’ )
than ideal. - A method which utilizes reliability and validity data

to determ{ne,test length, implemented via the use of a computer, was -

-

- presented. The method utilizes data which are relevant to the local

N
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-;:?gation to determine test lengths. Among the variables under user

= 4
b n

control ar? test model, number of items,"nuﬁber of- examinees, ability

distribution,' cut-off score, advancement score, and number of repli-

. b - ) :
. cations (parallel aninistrations) to. be conducted. Options also

. 'y ’ ’ / - ‘ .
exist to allow the utilization of actual, rather than simulated .
. i N . ; . '. 1 ® P <

\ .
response data. _ ' 4 -
. . .
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+ The purpose of this handbook is to provide step-by-step instructions

for using Program TESTLENt‘ It is assumed that the user has knowledge of

‘

format statements. That is, the user understands that a variable which

is specified to have a format of F5.2 is a real number with two decimal

places. The format IS,refers to a‘five place integ,r- With the exception

-of a random number generator, the ‘program is,pretty mych machine 1ndependent.'

NlthougH all opt10ns have worked satisfactorily no claim is made that the

program is error free

. A -
b3 < .

In order to*use this handbook the user’must answer certain questions
abouc the sirmulation- whiph is desired Based on the answers”to_eaéh ques—
tion, the user is referred to certain sections of the handbook where detailed

instructions for setting up input are provided. After the instructions

.an ‘example is\provided.
Input parameter cards are to be located on Unit 6.~ Qutput is written

to Unit l. The first card of any TESTLEN run cogtalns only one variable.

-

This variable (NJOBS, Format = I5) directs the program as to how many
different simulations or data sets are to be processedu The gser ,shou®d go

through the directions in this handbook once for each job specified

P . i ’ —~ B -
e~
. " Directions for Assembling Input Decks

[

I. What type of simulation is desired? - \

If currently available item response data is to be used, go to IIH
For example, data from a pllot administration might be available.-
Subsets of items can ‘be. organized into parallel tests and results

calculated. :

If a binomial simulation.is desired, go to III. The description of
the examinee population is under user control.

If a compound binomial simulation is desxred go to IV, The
description of both the examinee populatlon and the item pool

are under user contloi
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II. Utilization of Item Response Data

e - ) Y

._A. Is an external criterion measure available? An eXxternal criteriomn
is a measure ‘other than the test of interest which can be used to
‘ separate examinees into mastery categories. Another test or course
* grades might be used. The agreement between the classification of
examinees on the test of interest and on the external crltarlon can
be an 1ndication of the validity of the test.

’

If there is not an external crlterion, go to A.l.
h

* If the{é is an external criterion, go to A.2. .

A.1. The item responses should be located on Unit 11. _The input
deck should be set up as follows: - :

CARD 2: YINTYPE, NITEST, NEX, CUT, CUTS, NREP, N, IPAR

INTYPE(I5)
NITEST(IS)

[

1

THe number of items to be included in.
each form. For example, if respomses
are to be organized into two parallel
tests of 20 items,’' NITEST=20. NITEST
cannot exceed. 50.

it

NEX(I5) .= The number of.€xaminees (cannot exceed 1009).

-

I8

= CUT(F5.2) Set to 0.00. This variable is not used
: when an efternal criterion is not available.

CUTS(1I5) = 2
3 v of items an ‘examinee must answer correctly
(3. PO to be classified as a master on the test.
. ) Y
ﬁgEP(IS) =. The number of parallel administrations to
. ) be included in the current job.
. (b}
>N(I7) = Seed for the ' random number generator.ﬂ
. e
IPAR(IS) = Set to O. -
CARD 3: FMTIR
d»«\ ™~ .
) o FMTIR(15A1) = The format by which the responses are

to be read-from Unit 11,

Example: Suppose data is available on 20 items and an instructor
wants to separate the items into two parallel tests

of 10 items each. 200 examinees took the items.

The advancement score being considered is 7. The
items, are in fields of. 2 on the data tape., The deck
_would be as follows: .

PN
> g.i?

The advancement score. This is the number
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Card 2:  ====1-=~10-~200~0.00~--=7-=-=19834513~=~-0
Card 3: -(2012) . ‘ ' '

. A.2. 1Is the external criterion on the same file as the item

responses or is it on a different file?

S If the external measure is on the same file, go to A.2.a.

. If the external measure is on a different file, go to A.2.b.

A.2.a. The itemvrespdnses and the criterion measure should be
‘ on Unit 11. The criterion meagure should follow the last

CARD 2:

CARD 3

* response. The input deck should be set up as follows: ) {

INTYPE, NITEST, NEX, CUT, CUTS, NREP, N, IPAR , »

INTYPE(IS5) = 2
NITEST(I5) = The number of items to be included in ,
- each form. For example, if responses:
_.-are tp be organized into two parallel
] "tests of 20 items, NITEST=20. NITEST
- . cannot exceed 50.
NEXYIS) = The number of examinees (cannot exceed 1000).
&
CUT(F5.2) The cut-off score on the externmal .

o

critérion.  If, for example, the

2’ xternal criterion were grade point
‘average, the cut-off might be .3.00.
G : . N

.

o
CUTS(IS) = The advancement score, This is the
number of items an examinee must' answer
correctly to be classified as a master
“ + on the test. :
NhEP(IS) = The number of parallel administrations
' tg be included in the current job.
N(17) = Seed for the random. number generator.
IPAR(IS) . = Set to 0.
FMTIR

FMTIR(15A1) = The format by which the responses and '
’ the external criterion are to be read
from Unit 11.

a0

Aw ot
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Example: Suppose datﬁ 1s available on 30 items and a
district wants to separate the items into ‘two
parallel tests of. 15 items each. 300 examinees
took all of the items on two different occasions.
The external criterion is previous® course grades
and the cut-off is 2.75. An advancement score
of 10 is being considered. The item responses
-~ are in fields of 1 on the data tape with GPA ~

following in a field of 4. _The deck would be

- as follows: :

o

Card 2: ~m=m2-==15--300-2,75--=10~-—-28763547--—-0
" Card 3: 7(30I, F4.2) | *

'3

A.2.b. The item resbonsés should be located on Unit 11. The
external criterion should be ;§§ated on Unit 12. The
input deck should be set up as™#ollows:

CARD 2: 1INTYPE, NITEST, NEX, CUT, CUTS, NREP, N, IPAR

m?ﬁ

The number of items to be included in
each form. For example, if respghses
are to be organized into two parallel
tests of 20 itéms, NITEST=20. NITEST
cannot exceed 50.

AINTYPE(IS) 3

!

NITEST(IS5)

1t

NEX(15) The number of examinees (cannot exceed 1000)
The‘cut;off gcore on the external

criterion. If, for example, the

external criterion were grade point

average, the cut-off might be 3.00.

CUT(F5.2) .

!

CUTS(I5) The advancement score. This is the
number of items an examinee must '
answer correctly to be classified as

© a master on the test.

‘The nd@ﬁetfof parallel administrations
" to be ificluded in the current job.

R R N

 NREP(I5)

N(17) - = Seéd'for thg random number generator.

|

-  IPAR(IS) . sét to 0.
CARD 3: FMTIR

FMTIR(15A1)

[

The format by which the responses are
to be read from Unit 11,

' @]
A
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. CARD 4: FMTEX - o e
FMTEX(15A1) = The format by which the" external
criterion is to be read from Unit 12.
‘ Example: Suppose data is available on 16 items and a
’ - district wants to separate the items into two '
parallel tests of 8 items. 1000 examinees
tookthe items. The advancement score being
. considered is 5. The gxternal criterion is
teacher ratings; 1.0=master, 0.0=non-master. The
“deck would be as below:

\
4 .

Card 2: ~-=-3----8-1000~1,00-===5--==11234567~7=~0
Card 3: (16I1)
Card 4: (F3.1)

III. Simulations Utilizing the Binomial Model

A. Are the percent of examinees in each tenth of the domain score scale
to be read in or will a B¥ta distribution be used to describe the «

population?

If the user wants to read in the numher of people in each tenth of the
scale, go to A.l.

-

If a beta-distribution is to be.used, go to A.2.
A.l. The deck should be set up as follows:
CARD 2: INTYPE, NITEST, NEX, CUT, CUTS, NREP, N, IPAR

INTYPE(I5) 4 . :

fl

The number of items to be included in
each form. For example, if responses
are’'to be organized into two parallel.
tests of 20 items, NITEST=20. NITEST
cannot exceed 50.

. NITEST(15)

NEX(15) * = The numbér of 'examinees (cannot exceed 1000).

L

CUT(F5.2) The cut-off score on the domain score
scale. The cut-off score _,is a number
between 0.00 and '1.00 which represents
N - . the domain score at ‘which examinees are

considered toc be masters.

v - .

i

CUTS(I5) Y Theé advancement score. This is the
- o . ’ flumber of 'items an examinee must
-answer corregctly to be classified as
i mastéx\on the test. e
o —— .

. . .. . ‘q; N . .
O : ¢« v 5 f ‘
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. NREP(15) = The number of parallel administrations:
‘ - to be includad in the current job,

N(I7) .. - = Seed for the' random number' generator.
IPAR(15) = Set to O,
CARD 3: AREA(I), I = 1, 10

AREA(1) (F5.0) =.The number of ‘people out of 100 who
’ are expected to have domain scores .
on the interval [0.00,-0. 10]
AREA(2) (F5.0) = Themnumber of people out of 100 who
are expected to have domain. scores
on the interval [0.11, 0.20}. -

The%ﬁumber of people out of 100 who
) expected to have domain sdores
he interval [0 21, 0. 30]

AREA(3)(F5.0) =

AREA(4)(F5.0) . = ber of. people out of 100 who
ectgd to-have domain scores '

on the 1nterval [o. 31, 0.40].

AREA(5) (F5.0) = The number of people out of 100 who
T are expected to have domain scores
on the interval [0.41, 0.50].
AREA(6) (F5.0) = The number of people out of 100 who
are expected to have domain scores
o on the interval [0.51 0.60].

AREA(7) (F5.0) = The number of people out of 100 who
' ' are expected to have domain scoreS'
on the interval [0.61, 0.70].
= AREA(8) (F5.0) = The number of people out of .100 who
' are expected to have domain scores
on the interval [0.71, 0.80].

AREA(9) (F5.0) = The number of people out of 100 who
are expected to have domain scores
on the interval [0.81, 0.90].

The number of people out of 100 who.
are expected to have domain scores
on the interval [0.91, 1.00].

AREA(.10) (F5.0)

These 10 nuﬁbers must total 100.

Example: Suppose an instructor plans to test 500 examinees on a
10 item test. The cut-off score is to be .75 and the
instructor wants to investigace the effects of an .

A .
4 . . i

ZE :
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advancement score of 7. There la a small group of
students (about 10Z) who are definitely-very-low—
performers. The reast seem to be fairly evenly dis-
tributed in the top forty percent of the domain score .

~scale, Five replications of the simulation are.
desired in order to get a feeling for the range of.
_poasible values, the input deck might be as follows:

Card 2: ----4-==10--500-0.75--~-7--~-54395183~-~~0
Card 3: --—-o--r-s----s---—o----o--—40---25-——25---20---20

A.2, The deck.should be set up as follows:
' CARD 2: INTYPE, NITEST, NEX, CUT, CUTS, NREP, N, IPAR'
INTYPE(IS) =5

NITEST(I5) = The number of items to be included in
each form. For example, if responses:
are to be organized into two parallel
tests of 20 items, NITEST=20, NITEST

é ‘cannot exceed 50,

k?) . NEX(15) . = The number of eéxaminees (Cagnot exceed 1000).

CUT(F5.2) =, The. cut-off score on the domain score scale.
- The cut-off score is a number bewteen 0.00 dhd
©1.00 which represents the domain score at
which examinees are considered to be masters.
CUTS(I5) = The advancement score, This is the A2
‘ - number of items an examinee must h
answer correctly to be classified as
a master on the test.

NREP(I5) = The number of parallel adminiSﬁrations
to be included in the current job.

"N(I7) - Seed for tge random number generator.
- IPAR(15) = Set to o.éﬁ
. ” CARD 3: 1P, IQ | i
IP(15) = First descriptor of beta distfiﬁetion.
1Q(15) = Secohd descriptor of beta distribhtien?
Example: Suppose a test developer wants to determlne the effects
@ of using a 5 item test with a cut-off of 0.80 and an

advancement score of 4. Large numbers of examinees
- will take the test., Past experience has shown the bulk

SR . | 0y
Q S . . o ’ .o R )
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of the examinees to be located in the region of the
_ cut~off score with a few in the region .40 to .60,
. ‘Ten replications are to be conducted, Tha,ducg nay
be set up as follows:" ' ‘ I

Card 2:  ====5----5-1000~0, 80~--4~~~109812375--=-0
Card 3: =---fommu2 |

pA—

IV. Simulations Utilizing the Compound Binomial Moﬁé&

A. Are latent tralt parameters to be used or will classical statistics
be read in and converted to latent .trait values?s

If latent trait parameters are to be read in, go to A.1l.

.

If classical stétiatics (p-values, etc.) are to be convérte@, go to A.Z...

A.1. The user must specify distributidns which are desired for item
difficulty, discrimination, pseudochance, and ability (b, a, c,

o . ~and 0, respectively). Two options are available. Each vari-
' v able may be distributed (1) normally with a specified mean and
standard deviation or (2)’uniformly across a specified range. °

The input'deck should be set up as follows: ' A

'CARD 2: INTYPE, NITEST, NEX, CUT, CUIS, NREP, N, IPAR

- '~ INTYPE(I5) =6
NITEST(I5) = The number of items to be included in
each form. For esample, 1if responses
are. to be organized into two parallel

. v tests of 20 items, NITEST=20. NITEST
] : : cannot exceed 50. : ‘ _ -
NEX(I5) = The number of examinees (cannot exceed 1000).

CUT(F5.2) = The cut-off score on the domain score

‘scale. The cut-off score is a number

between 0.00 and 1.00 which represents

_ . 'the domain score at which examinees are

‘ considered to be masters. TESTLEN converts -
: this value to a cut-off on the ability

scale for the test which is generated.

CUTS(I5) = The advancemgnt'score. This is the
. . number of items an examinee must
§ . ‘ ' answer correctly .to be classified as
a master on' the test. ’

NREP(IS) The pumber of parailel administrations

to be included in the current job.

S . 28




CARD 35

" CARD 4

NCI7)

IPARCIS)

-AS- | . | Cet

‘.

\

Seed for the random number generator,

0 1f the two testa are to be randomly
parallel.

1 if the two tests are to be statistically
parallel (identical item parameters).

‘This option would be chosen if the ite-

pool is.large enough to permit building
identical forms or if only one. form is
actually to be developed and the second
form is used as a hypothetical.test for
simulation purposes only. :

IB BBOT BTOP

()

| )

.BBOT(F5.2)

" BTOP(F5.2)

.

IA(IS5)

ABOT(F5.2)

ATOP(F5.2)

]

1 if & normal distributioni*‘bitem difficulty
parameters (b values) is desired.

2 if a uniform distribution of item
difficulty parameters (b values) is
desired.

If 18=1, desired mean of item difficulties.

If. 1B=2, lower 1imit of range of item :

‘difficulties.

If IB=1, desired standard deviation of
item. difficulties. . :

o

If IB=2 upper limit of range of item

~diff1culties.

IA, ABOT, ATOP'

1 if a normal distribution of item discriﬁi-
nation parameters (a values) is desired. '
2 if ‘a uniform distribution of item discrim-
ination parameters (a values) is desired.

If IA=1l, desired mean of item discrimination
values.

If IA=2, lower limit of range of item
discrimination values. ‘

If IA=1, desired standard deviation of
item discrimination values.

If IA=2, Gpper limit of range of item
discrimination values.

~



« Card 6:
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IC, ch'o'r. CTOP

~=---1+0,00+1.,00

CARD 5:
IC(1S) w 1 1f a normal distribution of item
- paeudochance‘(c_valuea) is desired.
i I ) w2 ifa uﬂifpfm distributioe of item
. ' _pseudochance (c-valuea) is desired
CBOT(F5.2) = If IC=1, desired mean of item pseudo—
chance valuee.
. = If I1C=2, lower 1imit of range of item
~ pseudochance values.- .
t
CTOP(F5.2) = If IC=1, desired standard deviation
of item pseudochance values.
= If IC=2 upper limit of range of itemv
pseudochance values,
CARD 6: ITHET, THTOP THBOT
ITHET(IS) =1 if a normal distribution of ability
. (6 values) is de51red
"= 2 if a uniform distribution of ability
(6 values) is desired _ K
THBOT(F5.2) = If ITHET=l, desired mean of the ability
- distribution. :
= If ITHET=2 lower limit of range of the
ability distribution.
- THTOP(F5.2) = If ITHET=1, aé;ired standard deviatien.
L B of the ability distribution.,
= If ITHET—Z, upper llmlt of the range of
the ability distribution. :
Example: Suppose-a 7 item test with a cut-of f score of .70
- and an advancement score of 5 is being con-
sidered for use where 150 students will be
teSted on the objective. There is ome form of the
test. The range of item difficulties is -2.00 to
2,00; item discriminations range from 0.50 to 1.75
and guessing ranges from 0.15 to 0.25. Ability of
students is expected to be normally distributed with
a mean of 0,00 and a standard deviation of 1. OO
The data would be arranged as follows: .
Card 2t ~=mmf-ntn7==150-0.70~=-~5---~51287937-~-~1
Caxrd 3: ----2-2,00+2.00 :
Card 4: ~-=-=24+0.50+1.75
- Card 5: ==-==240.15+0.25 A
ol
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A:2, Are the percent of examinees in each interval of the domain
score scale to be read in or will a beta diatribucion be used
to dascriba the population?

[

If the number of people in each interval is to be read, go to A. 2 a,
If a beta distribution 1s to be used, go to A.2.b.

A.Z.a, The deck should ba abt up as fd%lowa: -

s

CARD 2: INTYPE, NITEST, NEX, CUT, CUTS, NREP, N, IPAR
INTYPE(L5) = 7

NITEST(IS) = The number of items to be included in
each form. For example, if responses
are to be organized into two parallel
tests of 20 items, NITEST=20, NITEST
cannot exceed 50, :

R ' NEX(1I5) . = The number of examinees (cannot exceed 1000) .

© CUT(F5.2) = The cut-off:score on the domain score
scale. The cut-off score is a number
between 0.00 and 1.00 which represents
the domain score at which examimees are
considered to be masters. TESTLEN con-
verts this value to a cut~off on the
ability scale for the test which 1& 
generated.

CUTS(I5) = The advancement score. This is “the 4
. number of items an examinee must answer
- correctly to be classified as a master
on the test.
NREP(I5) = The number of parallel admlnlstrations
to be included ifn the current job.
N(17) = Seed for the random number_generator.
IPAR(I5)» = 0 if the two.tests are to be randomly

-parallel,.

= 1 if the two tests are to be .statistically

parallel (identical item parameters).
This option would be chosen if the item
pool is large enough to permit building
identical forws or if only one form is

. actually to be developed and the second
form is used as a hypothetical test for -
simulation purposes only. ’

31
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CARD 3: LTM, NCH, PBOT, %?09 RBOT, RTOP

LTM(IS) w 1 4if" item difficultias vary, but all
: \' .+ dtem scrimination indicea are very
o similar in value and guessing is not
thought to be .a factor in test performance.
-2 if itéﬁ'difficulites and discrimination
vary, but guessing is not thought to be
a factor gp ceat performance,

L 3 if item difficulty and discrimination
vary and guessing is thought to affect
test performance. ‘-

Y

NCH(15). = The number of options pér item.

'PBOT(F5.2) = The lower limlt of .the rdnge of item
difficulties (p values) to be included |,
in the test. i

"PTOP(F5.2) = The upper limit;pf the.range of item
difficulties (p Values) to be included
in the test

RBOT(F5.2) = The lower limit of' the range of item
* discrimination indices (r values) to- be:
included in. the test . .

. RTOP(F5.2) = The upper limit of the rangé of item
discrimination indices (r values) to be :
included in the test (RBOT=RTOP if LTM=1) .
. : )
CARD 4: ITHET, THBOT, THTQP . . -

ITHET(15) 4

]

.- . THTOP(F5.2) = set to 0.00.

THBOT(F5.2) = set to 0.00, - ) L

CARD 5: AREA(I), I=1,10 - o L T
AERA(1)(F5.0) = The number of people out of 100 who
are expected ‘to haye domain scores
on the interval (0500, O. ;Olqlkaﬁ,

£9
4




Example:

Wl
|

~AL3-

4
AREA(2) (F$.0)
AREA(;)cvs;of
AREA(4) (F5.0)
AREAcs)(Fs.b)
AREA(6)'(F5.0)
AREA(7) (FS.0)

AREA (8) (F5.0)

AREA(9) (F5.0)

-

r-

" AREA(10) (F5.0)

N +

ara dkpected to hava domain scoras
on the interval (0.11, 0,20).

Tha :Embur'oz paople out of 100 who

The nunber of paopla out of 100 who
are axpacted to have domain scores

on the interval [0.21, 0.30].

The number of peaple out of 100 who
are expacted to have domain qcoroa
on the interval [0.31, 0.40).'

The nuuwber of people out of 100 who
are uxpecced to have domain scores
on ‘the intetval (0.41, 0.50].

The number of people out of }OO’who
are expected to have domain scores
on che-interval f0.51, O, 60]

The number of people out of 100 who
are expected to have domuln scorcs
on the interval [O 61 0.701}.

The number of pcopla out of 100 who
are expected to have domuin scores
on the iunterval {0.71, 0.80]. '

The number of people out of 100 who
are expected to have domain scores
on the interval [0.81, 0. 90] o

”The number of people out of 100 whag

are expected to have domain scores
on the interval [0.91, 1.00].

Assume an instructor is considering testing an objective
with-randomly parallel tests of 8 items. Items will

be four option multiple~choice items. The cut—off score
is 0.75 and the advancement score is 6. A large group of
students are performing at high levels and another group
is performing at a moderate level. The remaining students
are evenly distributed between the extremes. There is a-
wide range expected in both difficulty and discrimination
indices and guessing will probably be a factor. Five
replications are desired on a sample of 120 students. The
data could be arranged as follows:

w

_
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Card 21 m=mefea~dfine120-0. 75~~-~6~~~-5871g36/~~-~0
Card 31 ~mw=3eam<hw0, 30-0, 800, 25-0. 65
Card 4i ~==w4=0,00-0,00

Card 5: ~«m»o~~~~o«w~~omw«wo«~~20«~~15~w-~5~, =37m13men20

i ey Vo M bddae] A Radcies i oy

A.2.b. 'The duck should bo nrrungod as follows: o

¥R

CARD 2: INTYPE, NlTéST NEX CUT, CUTS NREP, N, IPAR
) INTYPE(IS) = ' 0

e numbar of items to be included in
-, Mach form. For example, if responaes

fare to be organized into two parallel
tests of 20 items, NITEST~20. NITEST

NITEST(I5) =

v\

L ¥ '
\ gannot. exceed 50,
‘ 1@; H
NEX(ISY é fThe number of examinees (cannot exceed 1000) . .
SRR S
CUT(F5r2) The cut-off score on the domain score
<aca&e. The cut-off score 1s a_number

ypb tw en 0.00 and 1.00 which represents
domain score at which examinees are
?; sidered to be masters. TESTLEN con-
verts this value to a cut-off on the
&% o ab lity scale-for cthe test which is
b N ’enerated. . oEE

e

umber of items an examinee must!
. nswer correctly to be classifiéd as
i a master on the test.

b &..

.¢“ R '3
NRE?Q

CUTS(IS5) ;gh ddvancement score. This is the

b

4% = The number of parallel administrations
' to be included in the current jdb

,&:ﬂ

N(17) ‘= Seed for the random number generator.
IPAR(IS) = 0 if the two tests are to be randomly
parallel. , <

= 1 if the two. tests are to be statistically
parallel (identical item parametérs).
This option would be chosen if the item

- pool is large enough to permit building
identical forms or if only one form is
actually to be developed and the second
form is used as a hypothetical test for
simulation purposes only.
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CARD 3: LTM, NCH, PBOT, PTOP, RBOT, RTOP

LTM(IS) “ 1 4f dtem difficulciue vacry, hut all
team diucrimination indices ave very
almilar in valua and guesaing i not
thought ¢o ba a factor {n test parformance, '

cw 2 48 ttem difficulices and diacrimination
. vary, but guessing ia& not thought to bae
a4 factor in taat performance.

3 4f ttem difficulty and discrimination
vary and guasaing is thought to affaect
tast performanca,

NCH(15) =« The number of optioha per item.

PBOT(F5.2) = The lowar limit of the range of item

‘ difficulties (p values) to be included
iun the test. )

PTOP(F5,2) = The upper limit of the range of item’
difficulties (p values) to be included
in the test. .\

RBOT(F5.2) = The lower limit of the ianga'of item‘

S discrimination indices zr_valucs) to be
included in the test. ' -

RTOP(F5.2) = The upper iihit of the ﬁange of item

discrimination indices dr values) to be
included in the test (RBOT=RTOP if LTM=l).

CARD 4: ITHET, THBOT, THTOP

ITHET(I5) .= Set ‘to 3

-

THBOT(F5.2) = First descriptor of beta distribution.
'THTOP(F5.2) = Second descriptor of beta distribution.

Example: Suppose the results of an administration of one
form of a 4-~item multiple-choice test (5 options)
with a cut-off score of 0.90 and an advancement
score of 4 are of interest for a group of 50 examinees.'
Items range from moderate to easy, in difficulty,
discriminations are all around .45 and guessing is
not thought to be a factor. The average domain score
is probably around 0.85, but a few examinees may be
at or below 0.50. Only one replication of the simu-
lation is requested. The data might be arranged as

below:
: o8
Card‘ 2: #~=el-mezf===50-0,.90---=4-~--11239867~~~~1
Card 3: -~==]1----5-0,50-0.90-0.45-0.45




