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ABSTRACT

In an adaptive test, the test administrator chooses
test itesms sequentially during the test, in such a way as tc adapt
test difficulty to examinee ability as shown during testing. An
efféﬁt;vely designed adaptive test can resolve taue dilemma inherernt
in ccnventional test design. By tailoring tests to individuals, the
adaptive test can approximately achieve the high point precision of 1
Feaked test and can extend that high level of precision ovar the wide
range of a uniform test. As a result, a well-constructed adaptive
test should be more broadly applicahle than a conventional test of
ccmparable item quality and test length, since its precision
- characteristics make it useful for classification about ons or many
cutting points, as well as for measurement over a wide range. This
paper defines adaptive mental testing in relation to cenventicnal
mental testing, outline$ the major research issues in azdaptive mental
testing, and reviews the state of the art for each of the research
issues. The research issues are: (1) psychometric theory: (2) desigen
of adaptive tests; (3) scoring adaptive ‘tests: (4) the testing )
eedium; (5) itea pool development; and (6) advances in measurement
technology. (Author/RL)
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.{e) "by automate’l testing using a computer or a specialized stimulus
g;aqiammer to choose and admin ster test items. Research in adaptive
testing has emphasized compute r-controlled test administration.’

! ! Early research pertinent to adaptive testing was reviewed by
Weiss and Betz (1973), and by Wood (1973). sSubsecdquent research
been reviewed by this writer (MeBride, lv7ea). esearch in ad
‘testing has progressed from exploratory studies of item branc
tests (e.g., Seeley, Mortdn, & Anderson, 1962),
tion of a novel test’theory applicable to tailo .g.,
1970, 1974a), to the verge of operational ;mnlgmfntatlD of a large-=
scale adaptive testing system for personnel selection (Urry, 1977b).

s are attractive for
esent a Q reakthrough- in the
Ee;nnnlavy of psy;nalagl;al measurement, because they can yield more
: measurement over a wider .range w;th subst antLally fewer ltems
than can conventional tests. In other words, adaptive tests can achieve
higher validity of measurement than comparable conventional tests i -
given test l‘ﬂqth or, they can attain a given level of valldlty

stantially few it

From a psychometric viewpoint, adap
a number of reasons. Adaptive tests re

in
ms than a comparable conventional test (Urry, 1974) .

\‘_‘1

r

-
]

B “har aspects of adantive tests also make thLm attractive, par-
.ticularly if hey are campuﬁet admimistered. Tailoring test difficulty
ine

error variance caused by examinee frus-
(Weiss

, 1974), as well as by gﬁéssingé
reduce human error "in marking

and raﬁg;ulng the results \Tést Eémpxémlse

pr i potent 1g make:
it warthy of arch and development in the ;llﬁarv manpower setting,
" with the vaal af eventual lmpl ementation of an automated system for
test nd Séle:LiQn, classifica-
tion, i elevant research 5
alre and has bsén rFVLEWEd as cite d above. One outcome
of & i C zation of a number of
rese olved bEfoE de ciding whether to
impl -The purpose of, this report is
Lo pre ~to evaluate the state of the art
#ith
" -
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RESEARCH IS5UES

? sychometric Theory

Ea;ly adaptlv; tg&t;nq ‘egsearch showed that traditional test

the construction and scoring of

adagtlve tests (eiqi, Bayr@ff & Sealey, 1967). This was due to re=

guirements for item parameters that were invariant with respect to ax=

aminee group, and means of scoring tests in which different examinees

swered sets of items that differed in difficulty, number, and oth

spects as well. One resolution of this issue was provided by the

lier development of item’'response theory (Rasch, 1960; Lord, 195.
0, 1974a; Birnbaum, 1968) that provided the needed invariance

b

M
ﬂl‘

[t

properties for item parameters and test scoring capabilities.

Subsequent approaches to adaptive testing were developed that
did not depend on the rather strong assumptions of item response tl
Kalisch (1974) and Cliff (1976) both presented theory and méthgds for
aidaptive testing that are not based on the stochastic EESPDH = de
of item response theory. Gtha psychometric bases appropria
in adaptive testing may bé forthcoming. Clearly, one resear
to be addressed is the adequaiy of the psychometric foundati of any
proposed au;faaﬁh to the implementation of adapthL testlnq.

- Item Response Models

i

= M m 3

[V

ing research since 1968 has used item response
ic 2, or latent trait, theory) as ps
'tem response theory, several competing r

scored items have been proposed.
'n mathemat;ial form and in the number of parameters
n

nt for item-respons e behavicr. 3Some of these models

W
s
1

*

hese

[
ifclude the one- -par ameter Rasch logistic model (e.g., Wright & Douglas,
1375).; the twa-gasameter normal ogive model (Lord & Novick, 1968); and
) © “the ﬂhEEE%pa:ameter ngletls ogive model (Birnbaum,  1968). These models
- differ in mathematical complexity and -in the procedures reguired to im-
“plement them in practice. If adaptive testing research is to be based -
n item response theory, a consequent research issue is to choose from
“hmong the available response models the one best for the purpose. The
is for such a choice should include consideration of the appropriate-

violations of rele-
implementing them.

R

i o
competing models, their r@bustness under
umpticens, and the dlfflculty and expense of

ive irstlng by definition invelves sequential selection of
tems to be answered by each examinee. Numerous methods for

U‘h
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sjuentially choosing items have been p’up@é@d, These mtthndﬁg called
"strategies" for ddgtlvv testing, were reviewed by Welss (1974). 2ince
then, seavaral have come forth (e.q., Cliff, lg?&; Kalisch,

a number of Jdimensions, including math-

5ile;t1mn g1qazlthm5,

he varilous strategies on
1de the data needed to

al Il OL resedricit to comp
hometric nd practical merits to pro

‘r',\
4 rfi'.ﬂ

test termination--a rule for

ozl Lty b 1mpac 5Ld taL admlnlstratlvu
af} me ada egies also use fixed test
length as a stopoing rule: Te;ana te testing when the examinee has
om ed number of items. Other strategies for adaptive
i . allow test length to vary from one examinee to another
by basing thne termination decision on some zfitéri@n other than test
length 1 1 t il' 1
icy n e

ing purpose
some intui=

Test Entry

Aanother aspect of the design . of a s test entry level--
1 e ee must answer. In’
=]

prior ta tEEtlnq

jo
T
ce
i
L
o
"t
vl
w
[n
i
=

axaminees. For example, g LS. are sub-
stantially intercorrelated; an examlﬁee's score on an early subtest may
provide useful data for choosing entry level on a subsequent subtest.

The use of differential entry levels may permit us to improve
meazurement accdracy or to achieve a given level of measurement accu=-
racy in even fewer items than an adaptlva test that uses a fixed entry
level. Pesearch 1s needed to determine if these potential advantages
ntial test entry level can be achieved.

o

of diffaran

A
‘QW

coring methods, and others.,

=Xl
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coring Adaptive Tests

Because a
tional test in
that conventicona

T
E

Jur

est scoring methods may not

tive tests. it is, it may make little sense to

test by we;gh ng and summing the dichotomous item scores. 1f so, al-
ng 1 ye not

ternative scor methods are needed, which gives ri
research issue: What means of scoring adintive tests are avallable

and which are "best" in some important sense?

i r } 1
sropriate score eguating methods avallable far transfarmlnq adag Lve
£ c of raw or EDnv;rtEd scores of established

Conventional ability tests are typically administered via paper
and pencil, and constructed of multiple-choice items. Adaptive tests
using the same item types may be administered individually (a) by a

skilled examiner, /b) at an automated testing terminal, perhaps con-
trolled by a computzer; or (c) by means of specially constructed paper-

and-pencil tests.

estir y skilled examiners is impractica

scalé use. Tﬁus, only automated testing terminals and spe
bl pen ests merit serious consideration

media fsr adapt'
adaptive testin

mant for sequen,
il

o i
ng on a large scale. Whether paper-and-penci

ven feasible is prpblematic because of the require-
tem selection. Another research issue, then, con=
f group administration of paper=and-pencil adap-

-
rr
n<
o]

"‘1

automated test administration is not in quegy

ion of test items and the recording and process-
s can be done using modern computers with
:rminals, such as teletype, cathode ray
LATO) terminals.

i
espons
interactive visual d:.splay t
tube (CRT), or plasma tube (

W
el ITJ 1

computers and computer tarminals are presently

ive campar?d to traditional printed test booklets and
t may be preferable to base automated adaptive tests
are somewhat less sophisticated’and less costly than

r systems. Still another research issue surfaces
ative devices/systems may be used.for automated
a

s

£,

]

I,

)]

g
A ]

(1]

rr

w
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e e
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full-scale comput
here: What alter
adaptive testing,
eash? '

and what are the advantages and disadvantages of

16 S
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the items ta can;t;tute an adapthe tEhElﬂq item pDDl is

"iteria ED: item selectlan and for po ;l con-

for conventional test design,
ger than the 1

rigorous than those

1 must be substantiall ar e

4*1%# érnm it. %iﬁcu the degree to which an adap-
be size and qualltv

ngth of any

ive administration of traditional dichotomously scored test.
items nromises a significant gain in the psychometric efficiency of
e adaptive testing research has stressed the use of
for test administraﬁign, we should exploit the
u 1lities of computers to control test situations that
vastly different from the relatively s mple tasks that comprise p
and-pencil te I ility measurement y ari

e
T
i
=
T
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T
)
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i
=
m
n
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THE STATE OF THE ART

st;ng were (a) ggycn@metrli nd (b) pfa;tlc al. The
s concerning adaptive tests included the inappropri=
test theory, the lack of prescriptions. for their

‘or methods of scoring, and the need for assessing the

i
O]
jo N

1

[

properties. The practical problems included the need to
/e new média for administering adaptive tests and the difficulty
assembling the large pools of test items demanded Each of these
zms will be discussed below, followed by a b:lef exposition of
te of the art relevant to solution of specific problems,

e
pT]
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Discussion
Traditional, or classical, test theory is nadequat; to deal with

some of the psychometric problems posed by adaptive tests. The problem
irn classical test théi;y was to order persons with respect to an indi-
vidual differences variable on the basis of their number correct or
proportion correct on common oOr equivalent tests. The observed score
was assumed to differ from the "true score'" by a random variable that
was uncorrelated with true score. In adaptlve Lestlnq, dlfferent per-

1=

jo Bie]
-
rr
"—J
o

T
r
\[N

¥
. scores 1is qenerally an lnapprap -iat
s; additianally, measurement error ¢

5
f the variable being measured. A test

assumed to be Lﬂdepéﬂde
ry was needé; that could accommodate the special requirements of
t

se "theories" are actually statis-
st item responses in terms of the
ttribute being measured by the

I date deal with dichotomous
unidimensional attribute variable.

res paﬂdent 1
item, The.b—st d

i
o]
]
r
o W

item respo

In the language of ability and achievement testing, latent trait
methods treat the probability of a correct response to a test item as
a monotonic increasing function of the . alevant underlying ability. When
a~5¢ale for the ability is established, the latent trait methods provide
- codels relating response probability to scale position.
re iltem trace lines, or item characteristic curves (i.c.c.).

=
o
3
.
3

er
These ”ad

=
I H

o

za
ls

iy

T

Once a scaling of the attribute has been accomplished and all the
item characteristic functions are known, the location of an individual
on the attribute continuum can be estimated statistically from the di-
chotomously scored responses to any subset of the test ‘items. Such an
estimate 15 a kind of ."test score"; the advantage of using latent trait
methods for scoring is that all scores aré'éxpréssed in the same metric,
regardless of the length or item composition of the test. Thus, within
the limits of the method, automatic equating of different tests can be

effected merely bv using latent trait methods for scoring the tests,
This feature makes latent trait test theory an especially appropriate
?asis for adaptive testing. - .
L~ .
The prevailing trend in application of latent trait methods has
to scale the measured attrlbute in such a way that all item char-
eristic curves have the same fuﬂctlcﬂal form, differing from item
item only in the parameters of the item characteristic functions.
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Thua, once the qenéral functiﬁﬁal form has bEEﬂ g%tabli%hgd éJLh test

items bg the pafamater(;} Df its i.c.c. Laf attrlbuteg gg;h as abLL;ty
and achievement variables, where item trace lines should be menotenic
in form, several similar response models have been developed in detail.
These. include a one-parameter logistic ogive model due to Rasch (1960),
of which Wright (1968; Wright & Panchapakesan, 1969) has been a lead-’
ing proponent in this country; a two-parameter extension of the Rasch
model by Urry (1970); a slightly different two-parameter logistic ogive
model developed by Birnbaum (1968);*a similar model based on the normal
ogive, developed by Lord (1952; Lord & Novick, 1968); and a three-~
varameter logistic ogive model (Birnbaum, 1968)., All of these models
ress the probability of a correct (or keyed) response to a dichoto-

expre
mously scored test item as an ogive function of attribute level. Syn-~
tavtizally, this may be expressed

P (1/A) = F (a,b,c;A). ' (1)

The expression on the left of the equality is the probability of the
keyed (1) response to item g, given A, the attribute level. F (a,b,c:A)
is a general mathematical function in the item parameters a, b, and ¢

and the person parameter, attribute level A. 1In the ogive models, F
is an ogive function of the distance (b -A), a scale parameter a, and
an asymptote parameter, 2.

Where more than one item is administered, . the probability of any
pattern (V), or vector, of item scores may be calculated readily by
virtue of a local independence assumption. Thus

k u_ S l-u
P (v/A) = 1 [p (1/a)] ° [1-p (1/Aa)] 9. C(2)
gnil

Here P (v/A) is the probability of the pattern of item scores (l's and
37z2), given A; u, is the dichotomous score on item g. From P (V/A) we
may derive Ex?féhﬁléﬂ; for the likelihood of any given attribute level,
q;van the item response vector. This permits us to apply statistical
te:hﬂlquEE to the estimation of A, if the response pattern, v, and the
item parameters'are known (or Estlmated) beforehand. Thers are also
simple, nonstatistical techniques for combining item fespanses into
Sther indices of individual differences on the attributel (See Lord,

1974a, for pertinent discussion.)

1

Given that latent trait test theories in principle cgn satisfy
the special regquirements of adaptive tests, it remains to Fxpli@ate
“uch theories auLflzlently t@ pf@vide practical methédg‘faf é&timating

mdﬁlﬂg examinee LQCSELOD on the att:lbute Scale.

10
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State aﬁrthe Art

Statistical methods for estimating item parameters and attribute
levels have been developed for all the ogive models mentioned above.
Computer programs for item parameter estimation are available (commer-
éiélly or by private arrangement) from sources listed in Table 1. Most
of these computer ‘programs perform simultaneous estimation of examinee
"ability" and of the item parameters. The statistical estimation tech-
niques used by these programs range from simple approximations in FORTAP

‘(Baker & Martin, 1969) to maximum likelihood in LOGIST (Wood, Wingersky,

& Lord, 1976), FORTAP and BICAL (Wright & Mead, 1977), to Bayesian model
estimation in OGIVEIA (Urry, 1978).

1

m
[«
—
m

Existing Computer Programs for Estimating Item Parameters
of Latent Tralt Item Response Models

Response model P:Qgrém name Available from
l--parameter logistic BICAL B. Wright, U. of Chicago

(Rasch model) :
2--parameter logistic LOGOG R. D. Bock, U. of Chicago
Eiﬁpa rameter normal FORTAP F. B. Baker, U. of Wisconsin

ogi NORMOG R. D, Bock, U, of Chicago
3--parameter logistic LOGIST R. M. Lord

Educational Testing Service
3--parameter logistic OGIVEIA V. W. Urry
or Office of Personnel
ANCILLES . Management

Item parameter estimati@n procedures gcnerally entail simultaneocus
EgtlmaﬁLDﬂ of a person's ability. The task of ability estimation (or
test sasrlnq) in the context of .adaptive testing is less demanﬁ;;q. All
item parameters have been estimated beforehand; what remains is to esti-
mate ah;llty (or to score the tests in some other apprap:late way) from
knowledge Df the item responses and the item parameters. The state of.
the art of scoring adaptive tests is outlined below.

To summaflza, latent trait thegrles have been shawn te provide ap/

" propriate psychametr;c bases for adaptive testing (see Lord, -1974a;

Urey, 1977). \The%e thecr;gs have been WEllHEXPllGatEd for agpl;:at;ﬁﬁ

§

11
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tomously scored items.

v}

to tests of unidimensional attributes, using dich
Mathematical alqgorithms have been developed for scaling attribute vari-
ables and for estimating item characteristic curve parameters and examinee
ability or attribute level. These algorithms have been ineorporated into
computer programs that process raw item responses and yield the desired
parameter estimates. These computer programs are available from their
developers.

]

Generalizations of latent trait methods to measure-unidimensional
variables by means of nondichotomous test items have also been accom=
plished Samejima (1969) presented methods for extending the normal

ponse model to graded response items. She has since extended
y to ltEmS hav;ng caﬁtlnuaus regpanses (SamEj;ma, 1973)
d;v;dual abl;;ty fr@m anlnal :aﬁeg@ry respanses ta leyithDm@us test
items. Although they have seen relatively few applications, Samejima's
and Bock's algorithms have been incorporated into available Qémputer
programs. Using‘graﬂedi polychotomous, or multinomial-response test
items has potential for appreciable gains in psychometric informationi
compared to the information in dichotomously scored items,

A furcther advance in latent trait item response models is the ex-
tension of these moaels to handle multidimensional test items. Samejima
(1973) has begun work in this area, as has Sympson (1977).

The Design of Adaptive Tests

Choosing an Adaptive Testing atrategy "An adaptive test is one
that tailors the test constitution t@ examinee ability or attribute
level; given this definition, we are ‘confronted with the problem of
now to accomplish tailoring. This problem of individualized test de-
sign can be brought into conceptual focus by considering that, quEﬁ a
fixed large set of test items from which only a relat;valy small subs
is to be administered to an individual examinee, there exists a subs
that is optimal, in some sense, at any specified test length. The
items that constitute the optimal subset will vary as a function of
the individual's attribute level. The problem of adaptive test design
is that of selecting approximately optimal item subsets for each indi-
vidual examinee, Solutions to this problem are called strategies for
st j

w]‘:b m
rr

An aﬁaptive“tegtinq strategy cansisté; minimallv, of
item selection. and for test termination; a -1 procedure may also
se. an Lnteqral part of some strategies. . For

U

The term "information" here refers to information in the sefise pre-
sented by Birnbaum (1968) and. discussed below. :

ERIC
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a variety of adaptive test strategies, see Weiss (1974) or Weisgs and
Betz (1973). .

The essential rationale for adaptive item selection inveolves ad-
ministeririg more difficult items following successful performance and
casier items following less successful performance. If the test 1s
item-sequential, this translates to selecting a harder item after a
correct item response, and an easier item following an incorrect re-
sponse. (Choosing the appropriate difficulty increment is one aspecf

of the degign problem. Another central aspect is choosing the cri-
terion to be optimized. -

The purpose of mental testing usually is to order examinees with
respect to their relative attribute status. To achieve this purpose,
it is necessary to be able to discriminate accurately between any two
examinees, no matter how close they are in terms of the attribute. The
required discriminability has implications for the traditional diffi-
culty index of the items to be chosen: Using dichotomous items on
which guessing is no factor to discriminate best about a point, choose
test items for which the probability correct is .50 at the point in
guestion. If guessing is a factor, the optimal p-value will exceed
.5 by an amount that is a function of the effect of guessing. However,
if ‘the available test items also differ with respect to discrimina%inq
power, the latter also must enter into the determination of which item
discriminates best locally. The information function (Birnbaum, 1968)
of a test item provides a single numerical index by which test items
may be ordered with respect to their usefulness for discriminating at
a given point. In terms of equation, the information I in item g at
attribute level A is expressed as '

3/5A P (1/A
/ g( /R)

I, (A} = ;[F; (1/a)1[1- “P, (l/A)] o 3

That item is "best" for which the local value of Ig(A) is highest. For
a k-item test, the ‘best subset of k items is the subset for which Ig(A)
is locally highest. The implication:for adaptive test design is to
choose items so as to maximize Ig(A) at all points A, This maximiza-
tion is the goal of adaptive test design. Adaptive testing strategies
may or may not éﬁpliéitleSEEk to achieve this goal; and the gcal may
be realized to a greater or lesser extent by the d;fferent test

[

Etratéglas.l

LDEDEmaEIGﬂ function and the test score information function, beth th of
which index measurement ‘precision as a functlan of ‘attribute level.

L :
Analoqaua to the item information function are two others--the test
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Adaptive test strategies differ in a number of ways. One general
dimension of these differences is their item selection mode. Some
strategies ~rrange test items a priori by difficulty and discrimina-
tion inteo : logical structure, such as a one- or two-dimensional matrix,
and sele 't items sequentially according to examinee performance by
branching to a predetermined location in the structure and administer-
ing the 1tem(s) that reside in that location. Such strategies may be
called "mechanical" by virtue of their almost mechanical rules for item
selection. Examples of mechanical strategies include the simple branch-
ing strategies; the stair-step or Py:gmidal method used by Bayroff and
Seeley (1967) and by Larkin and Weiss (1974) and described by Lord
(1974@) ; the flexilevel tailored test devised by Lord (197la); the
simple two-stage strategy, investigated by Lord (1971b) and by Betz
and Weiss (1974); the stratified adaptive (STRADAPTIVE) procedure pro-

by Lord (1971c; 1974a).

Distinguished frem the mechanical, or branching, strategies are
daptive strategies that use mathematical criteria for item selection.
uch strategies typically estimate the examinee's latent attribute
tatus after each item response, then choose the available item from
which some mathematical function of that estimate and of the item param-
eters is maximized or minimized. Examples of mathematical strategies
include Owen's (1969, 1975) Bayesian sequential procedure, in which a
juadratic loss function is minimized; and Lord's (1977) maximum like-
lihood strategy in which the available item with the largest local in-
formation function is chosen.

W

1

st distinctions between mechanical and mathemati=
in the latter every unadministered tes:t item is
igible .for selection at any stage in the test, whereas in
t egy only a small number of itemsZ-as few as two--are
L igible for selection at any given stage. Another obvious distinction
that the mathematical strategies are appealing by virtue of their
legance, whereas the virtue of the mechanical strategies is their sim-
licity. 1In confronting the problem of choosing an adaptive strateagy,
one first must choose between elegance and simplicity.- Then, by elect-.
ing categorically either a mechanical or mathematical strategy, one
is faced with the further choicve of a specifiec adaptive testing strate-
47. The number of strategies proposed for use has proliferated faster.
than have research results useful to guide the choice.

AT e
N

=
B

The Test Length Issue. Confounded with the problem of choosing
a testing strategy is the proklem of ‘test length. Like conventional
ests, adaptive tests may be short or long; unlike most conventional
tests, adaptive tests may adapt test.lenqgth, as well as test design,
)

the individual.
The notion of variable length test seems to make sense, since the

examiner can administer as few or as many items_as necessary to measure
cach individual with a specified degree of precision. Furthermore, it

14 E?;f
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arent that if measurement precision is to be held constant, achieve-
-ision should require relatively few items for persons whos

'L ls near the central tendency of the population, and more

son d : tremes of the attri-

items
i ion iz to be held constant,

bute ¢
the regui
tribute le

nuum, Rauthv speak;nq, if
red adaptive test length sho
vel.

ength adaptive tests are Samejim

Among the proponents of variable a
(1377), Urry (1974, 1977a), and Waiss 973). Weliss advocates the use of
a simple stopping rule based on identifying a "ceiling level" of diffi-
culty for each examinee in conjunction with stratified adaptive (STRAD-
APTIVE) strategy. Samejima (1977) proposed that test length be varied
ich that a constant level of measurement precision (indexed by the test
formation function) be achieved throughout a prespecified range on the
tribute scale. Urry (1974) espouses using variable test length in con-
n with Owen's Bayesian sequential adaptive strategy in such a way
d a prespecified level of the valldltyl of* the test scores as
re of the underlying attribute; the squared validity may be in-
ed as a reliability coefficient.
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Given the intuitive appeal of variable test length, two problems: -
remain. One problem is to cdecide between variable versus fixed test .
length and which of the available test termination criteria to adopt.
The other problem is to verifyvy that thz anparent advantages of variable
test length are realized in practice. . :

State of the Art N
Choosing an Adaptive Strategy. One of the /first steps in imple-
menting a program of adaptive testing must be to choose an adaptive
. - . 5 e
testing strategy from among those available. This choice should be
an informed one, based on the results of research comparing the merits

Ey Yallﬂlty is meant the correlation between the test score (ability
stimate) ‘and the underlying true ability. This correlation is esti-
mated from the Bayesian posterior variance 'under Owen's method follow-

ing each item response by an examinee.
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of available methods. Very little research has be alony
these lines, howover, nstaad, most adavtive test has von=

centrated on comparing the psychometric propertics pecif adapt ive
test strategies against the properties of otherwise comparable conven-
i ] gns. Weiss and Betz (1973) reviewed the results of

Some live-=testing .research comparing
ported by Larkin and Weiss (1975). Or
however, and the results were eguivoc
as a basis for comparing adaptive stre:
analytic studies of the properties of vari
sampling computer simulation studies of
1971la, b, ¢) reported the results of
tive strategies, but made no effort to
that -directly compared = ra -
of Yale (1975) and McBride (1976b).

_Yale's Stuiy ccmpared five leading strategies in terms of the level
and shape o o unctions; in other words,
in terms of ent precision as a function of attribute
level. Vélé's rtlt;clal daﬁa were based on a response model that did
not permit guessing. Further, he presented data only for 24-item fixed-

lengLn tests. His results indica ed that under the Lgnd t;@ ns simulated
=1

es e
the Bayesian one. HEEfidE (19735) gxtended Val: 5 fébuiﬁs in a series
of simulation studies comparing the psychometric properties of two

ematical ] echanical strategies at six different
n r several fEallqth CQﬂdltlDﬂa, including the
e 1 ed that the two mathematical

nanical ones, especially
test fidelity. .
lengths (20 to
rior, but their

two mathematical strategies were Owen's Bayesian sequential
1<l a variant of a maximum likelihood strategy proposed by Lord
(1977). Differences in results e ght, but the

efficiency=-
»f items at

maximum likelihood strateyy was
the deqgree to which the methods
a fjiven test le2ngth=-and also iﬂ ;evaral other respects. -
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ﬂ;B“;de concluded that his data favored the maximum likelihood
rall, but that the choice among the four strategies should
ced by other considerati example, the :
the best of the four, in terms of iaﬁtive ~fficiency,
( n exami nees quan the test
-

5 .—:1nd~

i
ble wh;n ;lmulﬂt1HQ each dda stive strategy. In llv; taaLlnq, of
fallible ostimates of the parameters of tHe item charac-
available. -The use of fallible estimates should
ement errors over and-above those entering intd McBride's
sible that the effects of such errors could alter some
ns MeBride reached concerning the order of merit of the
he evaluated. Resgearch is needed extending his findings
11ibly estimated item parametevrsz.
o . . R R o
Vale's (197%) and weBride! (1976b) simulation stu udies are the
only ones available for comparing strategies. There is, hawevéf, a
;;z;blw body of rerrafzh results available for evaluati
idual addEElVE : CDﬁJEnﬁiGﬁal test Ufry and hlS

5.
974, 1977; 5chmiat

ol
=l
m
v
]
b
3
ju
o]
3
1M
et

daptlve t;st. Vale and Weiss (1275) re-
ctail the measurament propertics of the stradap-
(1377) recently nroposed the broad-range tailored

ihood strategy) and reported some data relevant to
its g;y:ngm tric ;famertiég. All of these investiyations have udtilized
omputer simulation methods to explore the behavior of
tratagig%. All have also taken different lines of
ntrated on different aspects of each strategy's psy-
so that ;L LS not pGSElblE to compare the strate-

model-zampling
the various ti

Working ;ndepandently and ‘motivated
ejima (1976), Urry (1974), and Weliss
variable length. Leord (1977), however,

oposing his broad-range tailored test.

framework of a maximum likelihood
formation function be estimated-
r

mejima (1977), working in th
i a
se. The test may be termi-

ateqgy, suggested that the test
) hoit

e

str n

for ﬁaih individual after each 1t
c -

b

]
E]

ormation function reaches,
g the test termination rule
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he likeliheod func - ;
function of an assumed normal distribu

mate is tne final updated value a r the 1

the mean of the norms '1fE5laﬂ priar die
bias may not be

¥ te :
i il
MoBride (L373) d;man:t rated, and may be undesirable for ap-
{such renc t in which the numeri-
of Urry (1977a)

7
3 Sympson (1976) reported developing two alternative methods,for
the oxamince parameter estimation problem., Onre method is a -Bayesian
method that consziders the examinee's entire vector of item scores at
22 '
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1Dth&r aﬁd tauﬂd one

ppropriate for adaptive -tests in
he samesdifficulty level. Although
s having variable entry levels,
tically investigated in .such a cuon-
tv of the first item in a vari-
‘ect of biasing test scores in the
-he examinece's ability.
score is ¢ lculate
corre ‘tly iaweaver,
almost - -ctly with
(Vale & WE;S%, 1975)i

Pfesting Medium. .

The adaptive test merits consideration as a pos
Ear angEntlsnAL gtandard;gﬁd qr@ug tests.

sible raplagemenﬁ
the test admin-

of examinees. Théré iz a ﬂt;ﬂ LQ identify,media that can maét th;g
requirement and to evaluate such media both absolutely and in a com-
parative sense.
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for adaptive

2licit in the

; 1= 2V
hi I stag ight E m £
of the first stage test would be to ro uté tﬂé examinee to an ap-
progriate level in the second stage. Each level would have the format
of a short conventional test; thus, no branching instructions need be
followed during the second stage. This notion was developed further
in a r de
adaptive testing
has T computer terminals
as t e f Le n e computer 1s a con-
venient and apt tool for automating testing, the-relationship of com-
puters to adaptive tests is sufficient but not necessary. Any device
Zaj le of storing and displaying test items, recording and scoring
responses, and branching sequentially from item to item can in prinei-
ple suffice as the testing medium. The computational power of a com-
puter may be highly desirable for implementing some adantive testing
strategies, but it is far from necessary for all. Further, t;sts based
dichotomous scored multiple-choice 'test items make such minuscule
’ e :Hpab llt” of a IDdLLH ;GﬁquEE that use of a Cémgutér

‘ The first conc a simple device for automated
Lo hava bééh ona m;i& at the Air Force Human
Technical Training Division (AFHRC/TT) Person—
haed a préﬁatypp pf@qrammable microprocessor termi-
personal communication).
desk calculator, with an array
pand to test items. Its display device is
several light-emitting diodes (LEDS) The unit is
direct an examinee to answer a response-contingent
guestions that are printed in a ;épa:ate test booklet
ording and scoring the examinee's response to the current
t-item, the microprocessor unit computes the location of the next
item; the LED displays that location as an item number; the® examinee
then turns to that item in the test booklet and responds by keying in
an answer on the keyboard. At test termination, the examinee's proto-
col of identification data, item responses, andttést score can be
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daptiv esting using traditional ite
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155 qnd Eafhaps Qf lmprav;ng the fldellLy b;tween tesgts
and abilities. The implications of computerized test administration
a patent;all; vast, as 1z the number of -research

for measurement are
issues, - -

sue is this: How can the capability of the computer
i re a d bacg r tesi lﬂfOFﬂdLLDn about individual
| Can test stimuli
to achieve improved mea-

be enriched, and/or feQEDHEE mades exaandf ,
sures of current ability variables? Caé nontraditional ability variables .
be identified and measured., vielding improvements in test: fideli cy‘énd
validity? Can advances in measuremer oceduras be made Ehat are ac-

n roce
companied by advances in practical utility? !

i

tate of the art

review of the Current status of- résearch in these
-scope of this paper. Only a cursory overview will

traditional ability variables, expanded stimulus aﬁd

made possible by computer administration. On the

»ral different anpf aches are pa ssible. One is to

traditional mul Lgl: cholce type ltems: Eamgg;ma
nave developed psychometric procedures to support

s

-methods. A more sophisticated approach is to accep

or free responses, to traditional test item stimuli

could type their answers in full on a typewriter-like keyboard rather
] D es

than chcose multiple-choice answers. Natural-language processing com-
puter programs would be used to check freo-forn por he
nominal correct answers and thus to scorc item pe
i (1977)).

sxample, Vale & W

a5t stimuli are %tatl: and usually monochrome; this

he printed medium in use. Presenting stimuli at

s ass o b
computer terminals makes 1t possible to introduce multicolored stimuli
and to use dynamic test—items. For exanple, the examinee may be per-
mitted to "rotate" in space a-thrée-dimensional figure presented on a
CPT zcreen to facilitate visualization. Cory (1978) has experimented
with the use of fragmentary pictures as test item stimuli, with the
examinee able to increment the proportion of the picture presented.

Computer administration has been suggested
ability variables not gonvenient to test in pape
(Wéigg, 1975) This will pérmit tésL d?S igners

zﬁquent;al analytlgal EuﬂEthﬂS as
of the brain. Spatial perception,

erm memory,

ment, integration of complex stimuli, cognitive infor matl@ﬁ—nfacesslng,g
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and other complex abilities may be measurable by explditing the power
and flexibility of the compur ¢ terminal as a testing medium. Cory
(1978) has conducted exploratory research ;ﬁVest;ggtlnq computer ad- *
anlstratiaﬁ Df some havel item types VqLEﬁtlﬂé (1977) has dlSLuSEEd

pEVLthuLGf abllLEtha w;miand qnd hlb associates (Lew;;, R;mland &
_Callaway, 1977) have used a computer to facilitate mfasurements of
brain activity éhat may be related to ablllty variables: Rose (1978)
is investidating measures of. cognitive information processing skills
) uban dynamic computer-administered probiems as test items. All of the
\‘effgrts just listed have shown some promise; but they must be considered
exploratory efforts zhat mdy or may not lead to develapments that,
supplant or CDﬂplQTEnt traditional methods of measuring psychological

abilities.
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