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ABSTRACT

An application ¢f the tvwo-paramenter logistic (Rasch)
model to tailored testing is presasnted. The model is discussed along
with the maximum likelihood estimation of the ability parameters
given the response pattern and easiness parameter estimates foix the -
items. The technique has been programmed for use with an interactive
computer terminal. Use of the prccedure is described in a flexible
achievement testing setting. Results are presented showing the number
of items needed for good estimation. The independence of items used
and ability estimation is shown. Applications of the system to
intelligence testing are discussed. (Author)
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I. ntrcdiduction

Tailored testing (Lord, 1279) can L2 defined as an evaluation
procedure that atteunpts to administ2r a test to an individual
composad only of itens of arn appropriate level of difficulty and

N £

only as many items as are na2eded for the vurnose of the test. lost
currently used napar and mnencil tesits do not meet these
specifications. . fired set of items is administerad to every
individual rezardless of wheiher the itoms are too hard or too =2asy
and every verson takes every itemn. Ideallv, a tailored testing
prpcedure would select items Ffor each individual from a large item
pool, possibly adwinisterinyg a different set of itens to each
individual. A preset stoppiag rule would terminatz a testing
session when enough information had been gainad oa an individual,
possibly adrministering a different numbers * of ditamz to eaca
individual.

Tailored testing proceduras have made their annearunce mainly
in response to problems with conventional testing situations.
These problems include: incificient use of examinee time, linited
test feedbzck, improper level of ites difficultiszs, adainistrator
variables, answer sheet eliects, tire limits and nany others.

¥ Paper oresented at the 1974 annual meeting of th2 American
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Reviews of the 1liter iuire »y Linn, Rock, and Cleary (1969) and
Weiss and Batz (1973) giva extensive coveraga to these problems so
they will not be discussecd here. 5ince tailored testing procedures
generally are untimed, can yive immadiate feedback, give items of
anpropriate difficulty level and solve many other testing problens,
they seem the obvious solution to difficulties in the traditional
test setting, Current research 1in the area has vielded maﬁ?
different kinds of tailoring procedurecz uader as many different
names. The purpose of this paper 1s to opresent y=t another
tailoring procedure along with a computer program for its
implementation. The capabilities and limitations of the proczdure
will be explored.

‘The model chosen as a basis for the tailored testing procedure
oresentad here is the 2asch simnle logisiic model (Rasch, 1959).
This model 1is thought to be a natural choice for tailorad testing
because of its simplicity, the estimation of the ability parameters
independent of the item parameters, and the astination of item
varameters indepandent of thz sample. These »nroperties allow items
to be calibrated on various different groups vielding comnarable
results, and then using a different set of calibrated items to
estimate each individual's ability waile still yielding ability
estimates on the sane scale. The details of the »nrocadure will be
presented in Section II of +his paper.

The actual implementation of the tailored ta2sting emplovs the
capabilities of a time-sharing computer system. Tarough the use of
computer terminals test items arae adudnistered, and an interactive
computer programs has been written to select items and estinate

ability varameters as the administration is talzing place.

Q
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Theor2tical Mranayynrk

(o]
.

The tailuored toasting vrocedure oresented in this »naver is
based on the Rasch sinmple logistic model (Rasch, 19460), This nodel
states that the propabilitv that person s will get item i corrzact
is a function cf two varameters: ths ability of thes person, As
and the casiness of the iten, =.. .lore smecifically

si
(AS Ei)

S P{x .} ’ ¥ . =20,1,
S1 1+ 1 F. S1
S 1

]

where Xsi = 1 if the item is answere.. correctly and Xﬂi =0 if the
D

item is answered incorrectly. Both narcneters, As and :i , ranyn
from 0 to »., If As = 0, pa2rson 3 has no ability and obviously the

probability of a corrzct response will be zero. As A apnrdachus
it S5

infinity, the nrobability o7 a correct resnonse a»nrdaches 1,0, If

El = 0, the probability of a corrazct resnonse is zaro and thesrefore
item i is extremely AJdifficult. As T, annrcachas i:7inity, the

: i
probability of a correct resncnse anvuroaches 1.7 wand haence the iten
is extramely easv.

This mnodél 1is a special case of the genars! three iten
parametar logistic nodel developed by Birnbaun (1353), The three

parameter model is gJiven by the fellowing fornula

(l - c.)e S L
P{¥ . =1} = c. + 1
St * a (0, ~ b,)
l + e
o r
EMC REST Copy AVAILABLE

Aruitoxt provided by Eic:



-

where c, is a guessing poranieker, a; i3 a discrimination paraneter,
i L
bi is a difficulty varameter, and 0 iz the ability parameter for
individual s, The simmle logistic model can be obtained from the
0 b,
i

. . S "
above formula by setting ¢, = 9,e = A, € = Li, and a, = 1.9.
=

From the relationszhin of the simple logistic model to the
three parameter logistic wmodel, two of the assumntions of simvle

model can easily be determined. First, the simols logistic model

assumes that the probability of a correct rosnonsce Dy guessing 15

zero (c,
i

equal discrimination (a, = 1), Jeither of these as3umntions 1is
i

9), and second, all of the iteas are assumed to be of

actually justified in practice. Multinle choicz2 items are used for
the tailored testing procedure so there is a guessing prohability
and unless items are sczlected very carefully there will be sone

variation in item discrimination. Ilowever, Ross (1966) has found

[#]

that guessing has little effect on th Rascai model and

0}

Panchapakasan (1969) and lHambleton (1969) have shown that scne
variation in the discrimination paramcter will not affect the fit
of the model.

Two other assump:ions alzo need to be nade whan using the
Rasch model. Tirst, the nodal is bhased on the assuaption that a
unidimensional latent trait is beinc measurz24 and second, the model
assumes local independence (i.e., for any given operson, responses
to one item in no way effect responsss to anothar item). These
last two assumptions are relatively casily wmet with car2ful test
construction pnrocedures,

1,

Once the theoretical model had besn decided unon an? the
assumptions had beecn evaluatad to determnine applicability of the
model, the major problen bhecame the actual invlementation. !lore
Q
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specifically, estinmation procedur:zs necded to be determined for the
ability and easiness narameters. oS2veral techniques had already
bean developed for the estiction of the paraneters on a paner and
pencil test and thesge techniques were raadily amplicable to the
calibration of items fcr use with the tailorad esting wnrogran.
Tha currently available techniques can 2 classified into three
categorizs, TFirst there is the orijinal Icast sguares "eveball!
‘mproach that Rasch used in his original presentation of the model
(Rasch, 1960)., Second, 3rocks (1964) used least square rejression
techniques to guantify the raphic techniques used by Tasch and
finally, Panchapakesan (196%) daveloped a maximum likelihood
technique tha*t has bean progra:med forx us2 on a conputar (lright
and Panchapakesan, 1969).

Basedl on information given in Janchawmakasan's dissertation
(Panchapakesan, 1969), the maxiras likelihood techinique seems to
yiald superior results and hence was used for iten calibration in
this study. The actual computer nroqrar used for calibration was a
greatly modified version of a program obtained from Jerry Durovic
ot the Hew York 3tate Civil Service Dapartment,

Since the abilitv paraneters of the simple logistic model
neaded to be astimated in real time after each itenr had been
administered to an individual, »nrocedures doveloned for use with
standard groun tests were no longzr appropriate. L3 an alternative
én algebraic maxinui likelihood solution was attamnted, but
solution of the necessary equations raquired finding the roots of
high order polvnoaials and hance the algebraic procedure was

dropped. Instead, a computer onrojram was written that searched the

{-ee

likelihood function for its naxinum. On trial runs, the progran
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was found to converge fairly rrnidly on the maxinun (anproximately
seven iterations required) and honce it was reas lz to use the
procedure for r=2al tim: egstiation of ability. in pnractice,
operating system ..ane lags zre wuch more noticeable than the time
required to estimate ability raraaeters.

Along with ability pararneter estimation, a procedure was also
ncaded to deteraine a lover bound on the ability estimate to be
used for classification vournoses., Sincz the likelihood function
was already being used to estimate ability, the area beneath the

o
likelihood function was found uzing nunmerical integration and the
lower 5% point of this distribution was set as the lover bound on
ability. This procedure 1is eguivalent to a 3avesian p.Hcedure
assuming a rectangular onrior with bounds from zero to on~ hundred,

A final theorstical problen recquirad a solution befcre the
tailored testing procedure could be implencntad, That problem was
how the items to be admiuisterc. to an individual were to be
chosen. Lord (19790) presented many possible schomes for item
selection from a fixed stensize, un and down mothod to variable
scepsize Robbins-¥unro process. ‘ieiss & o=z (1973) havze also
praesented an extensive sumarry of technicucs for item sclection.

Yhe particular taechnique chosen for iwplementation involves
first estimating a person's ability wnaram2ter and then picking an
item for administraticn with easiness warametaw greater than or
equal to the racirrocal of the ability parameter, "his ovprocedura
results in the selection of an itan with a traditional difficulty
index of 53 or ceasier . If no ability varameter estimate is
available an item with easinass paramncter 1.9 is seleactzd and a
fixed step orocedure is used until beth correct and incorrect
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responsaes have Dbez2n  obtained. The procedure is  discussad in
greater detail in Reckase (1974).
IIr, ethod
As described in the previous sections, ths purnosc of this
paper is to present the results of a studv into the »nractical
application of tailored testing. In this saction the actual data

collection orocedure will
the subject sample used.
pilot study for a mnore

being »lannad.

valuable information concerning

testing model,

The sample used

from a graduate-undergraduatc razasurems

of

Ss ranged from college juniors to 2nl

were approximately evenly
During the
basis in two ways.

ne was first

statistics and measurewmnent concapis.

a small

elaborata

for this

Missouri who volunteaeraed to »Harticinate

e@xperinent

Vhen an 5

administer

be described, including a dascription of
The results vrasentad here are bascd on a

2valuation that 1is cuxrently

While the sample is snall, the data genarated give
X g g

+he usefulness of the tailored

study was corosed of seventa2en Ss

nt course at the University

in the exvsriment. The

vear raduate students and
Y g ;

divided btetween nalas and fenalas,

al
each 3 evaluated on an individual

as

arrived for *th=2 exnmerinasntal session

a?d a fifty iten mltiple-~choice exam on

The test was aduinistered in

room, to mininize interruntions and distractions, without

any time limitations. After completing tha »aper and pencil test,

the
terminal and signed on to
testing
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Th

S was taken to a second room containing an IBI 2741 tynewriter

an I37i 370/165 comnuter for the tailorad

e program acces3sed then typed out



E

-8~
instructions and guizzaed the S £or his student nuaber and the

subject code for the subject matter area to be tested. The B
stayed with the S until all questions had been answered and it was
clear that the § understood thc operation of the terminal. The Z
then left the room and the administration became s~2lf-paced. The
testing situation continued until a decision was rzached or until
the item pool was depleted. The instructions to the 5 and a samnle
item are shown in Figure 1. .

The paper and vencil test us=d as a pretest was calibrated on
250 students in an undergraduate measurazment cours using the
maximum 1likelihood program developed by "Iright and Panchavakesan
(1969) described in Section II of this Pan=2r. The subject matter
area, statistics and measurement conceots, was chosen because the
greatest number of itens were available in ths tailored testing
item pool in that area. TForty statistics and measurement items had
bheen stored in the tailored testing data sot  for use and were
available for this study. The items in the item pool were
calibrated on 250 to 966 students from an undergraduate measurement
¢ arse over a peariod of two vears. Details of the item storage
format are given in Reckase (197%).

From the two testing situations described above the folldwing
data were gathered on each $ including (1) the rar score on the
paper and pencil test, (2) the corresponding ability estimate, (3)
the letter grade classification for the subject on the test, (4)
the final ability estimate basz2d on the tailored tosting procedure,
(5) an estimate of the lower linmit on‘the ability estimate, (6) the
letter grade assigned, and (7) the number of iteris administered by

the tailored testing nrocedurz. These measures were then analyzed

O
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to answer three Questions. First, do the tailored testing
procedure and. the pawver and pencil tesc yield comparable ability
estimate: second, do thc tailored testing procedure and the paper
and pencil test classify the 85 in the same way as to letter grade:
and third, how many items weras needed by the tailored testing
procedure to converge on an ability estimate?

In order to answer the experimental questions the following
statistical procedures were used. To commare the ability estimates
obtained by the two techniques, both the Pearson Product moment and
the ¢&wearman Rank correlation were comnuted 3ince the scale
properties of the ability scales are unclear. The similarity of
classification was determined using Kendall's t statistic (Siegel,
1956) and the number of items neaded for convergence is shown by
the distribution of the values and summary statistics iﬁéluding the
mean and standard deviation. These results with themraw data are

presented in the next section.
Iv., =Zesults

The data for +the analysis compmarins the abilitv estiunates
obtained using each of the methods are shown ih Table 1 along with
the other measurcs obtained in the study. 7“he 2carson Product
Yloment correlation between the two sets of ability estimates is
0.61 and Spearman rank order correlation is 2.73. If the ability
estimates are on a ratio or interval scale, the former wvalue is
more anpropriate, if the scale assunptions ars not met the rank
order i3 more apovropriate. In order to interpre£ these
correlations, the reliabilities o¢f each of tha procedures is

ERIC
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»required, The Kr~20 reliability of the paner and wencil test is
available and is 0.72, but no dcta is available on the reliability
of the tailored testing procedure, Botn of the correlation
coefficients ara significent. beyond tha 0.95 level. Summary
statistics ou the ability estinmates including the mean, median and
standard deviation are given in Teble 2. There are no significant
differen<ts befween any of these statistics,

The similarity of the grade classifications of the tv7o methods
is suwiarized ia the two-way table given in Tabla 3, At
statistic showing similerity has Leen computed on this data
vielding a value of 0.37. This statistic is significantly
different Zrom zero berond the 0,361 level.

The results concuerning the nwbeer of items required to
classify a S into a grade category are shown in Table 4. Given are
a frequency distribution for the numbe¥ of items needed and the
following descriptive statistics: he near., median, mode, standard
deviation, and range. From these data it can be scean that the
distribution is highly nasitively skewéﬂ with a median valus of
ty _ive. This should be comparad to th=2 Cifty items used on the

paper and pencil test.
V. Discussion

Interpreting the rezults of this study is somewhat problematic
because it is difficult to decide what results are desireable.
Should the taeilored testing procedure ideally vyield ability
estimates and grade classification.identical to those obtained by

the 1less than perfect raper ahd pencil test or should the ability




E

-11--

estimate be different, reflecting a perhans "better" tailored
testing procedure? It seems that at the verv le~st there should be
some similarity between the methods since they are trying to do the
same thing; but if the tailored testing nreocedure is nore accugaig,
the similarity should not be too great in light of 0.72 reliability
of the paper and pencil test.

The correlational data obtained in this study show that the
two methods yield similar results, but that the ability estimates
are far from equal and the grade classificotions are the sane for
only two-thirds of the Ss. This leaves onen the possibility that
the tailored testing procadure is an improvement ovar the
traditional test, but needless to say, several other possibilitias
ara ayailable to explain the moderate correlations.

First, the iten administration progra: terminates the testing
session once a grade of A has becn obtained., This occurred aftor
as few as six items had been administered, which is hardly an
adequate number for gecod estinaticn. If the administration of
items had Dbeen allowed to continue after the assignmant of an A
g. ade, rore accurate esﬁimates would nrobably have »Deen obtained
and the agreement of the estinates with those of the paper and
pencil test might have been better. |

A second source of error in the estimation of ability is in
the number and quality of itens in the iten woonl. The ite:l pool
used for this study containe. only fortv itoms, some of which were

of poor quality. Recent simulation studies seem to indicate that

about 250 items are required for good estimation. If the item pool

is small, the simulations show that the oprocedures used in this

O
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study will tend to coverestinatz ability. In light of the sinulated
results, the forty item pool seens to have done anazingly well.

Another difficulty related svecilfically to the grading
procedure is the technidue for estciaating the lower limit of
ability. The lower 5% pbint on the likelihood distribution is at
best a rough indication of lower limit. DBayesian orocadures based
on various different fanilies of prior distributions are currently
being studiad as alternatives.

Although the procedure is beset with the problems Just
described, the end result has for the moszt part been positive. The
procedure has been shown to work and most of thoe problens discussaed
can be overcome by reprogramming and by increasing the size of the
item pool.

A 1ore positive outeome of this study is the determination of
the number of iteins required to classify Ss into grade catagories.
As 1is shown in Table 4, the distribution is higalv positively
skewed with a median value of twelve items., This is a substantial
reduction fron the fifty items 1in Che standard test, although
acsiinistration of the tes£ is slower since each item is typed out
during the testing session. The tine needed for the administration
of thirty tailored items is about egual to the tine needed for the
fifty item Dvaner and. pencil test. The use of faster cathod ray
terminals will greatly improve test administration time.

In sumnary, the tailored testing prococdure described in this
vaper has been shown to yield similar, but not equivalant, results
to those of a conventionzl test in both the estimation of ability
parametcrs and the asignment of letter grades. These results are
obtéined using substantially fewer itens than the conventional test

ERIC
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while administering Jdifferent items to each individual. Problens

encountered in the overation of the »rocedure were also discussed
including the size of the item pool, 1limits on the ability
estimates, and oroblems with the storwing rule, Overall; the
procedure has been shown to be a viable tailorsed testing mnethod,

worthy of further research and refinement,

O
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Figure 1

TERMINAL TESTING PROCEDURE

YOU WILL BE PRTSEITED JJITH A SERIES OF TEST ITE IS, ROISPOND TO
EACH ITE:1 BY TYPIUG THL APPROPRIATE LITTZIR AND PRESSIHNT Tdhl
RETURN KEY., ITE'S WILL BE PRESENTED UITIL A CLZAR DECISION

IS REACHED COWCIRMNING VHETHER YOU ARZ A30OVE OR BELO? A C GRADZ.
IF YOU 7II5H TO CONTIWNUE Ol FOR A HIGITP GPADE, IWSTRUCTIONE

WILL BE GIVZN AT THAT POINT, IF AT AJY TI'LE YOU JISY TO S”OP
B3EFORE A DECISION HAS HZIEN !JADE, TYPE THE ";ORD STOP AFPTES
YOUR LETTER RESPO:ISE AND PRESS THE RETURN IV,

PLEASE TYPZ YOUR STUDENT ITUMIBER AND PRIS3 THE RETURY X&V
IF YOUR STUDENT HNWU.IBEP CONTAINS OJLY 5 DIGITS
START IT WIWH A LEaDIJG ZZRC T0 HMAXE SIX DICGITS

100000

INPUT: ID = 100000

TYPE THE CODL CORRESPONDIIG TO THE ARZA ¥YOU AR® T0O BZ TESTED OH
SM FOP. STATISTICS AWD ImASURL IEIT
DT FOR CLASSRON EVALUATION TICHIIIOUESE
ST FOR STENDARDIZED TESTS

AFTER TYPI!IG THE PROPEZR CODE, PRESS THZ RETUR?T KEY

s

INPUT: TEST CODE = S

1
A PSYCHOLOGIST IO WAJDTS A (TASURS OF THE EXTEIT TO THICH
SCORES I A GROUP VARY IIGHT C7 ICHIVABLY CIOOSE AMY ONE OF TiE
FOLLOWING EXCEDRT
(A) TIE RAUGL,
(3) TEE VARIAICE,
(C) THT STANDARD DEVIATION.
(D) HE DIDIAN,
TYPE RESPONSE LETTEZR AND PRESS .TUR

CORRECT
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Surmary Statistics

or Ability Fstinmates

Paper and Pencil Tailored
Test Test

Mean 12.62 11,99
Median 5.330 11.516
Standa.d

Deviation 13.00 .10.55
Reliability

KR-20 0.72 -
Correlation

Pearson

Product 0,51*

Moment

Spearman p 0.,73%%
* p <0.05

¥% p <0,01



Table 3

fimilarity of Grade Classification

mailored Test Classification

A B C D
t

A 3 1 1 0

Paver and i
n 2 0 1 0

Pencil
Classification c 0 0 2 1
D 0 0 0 1
Kendall's 1 = 0,57#%%%*

*k% pn <0,001



Table 4

summary of the Mumber of Ttems Required

for Tailored Testing Procedure

Frecuency Distribution

lumber of Items Freguency
Required
l -5
6 - LU 8
11 - 15 3
16 - 29 1
21 - 25 1
26 ~ 30 2
31 -~ 35 1
36 -~ 40 1
N = 17
Mean = 15,59
Median = 12,00
Mode = 6.90
Standard = 10.14
Deviation

Range = 6-39
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