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'FINAL ROORT:

COMPUTERIZED,ADAPTIVE PERFORMANCE EVALUATION

Objectives

The original objectives of this researcli'program were concerned with.(1)
te deve14,pment of a.psychometric basis for the ccnstruction, development, and
evaluation of criterion-referenced performance tests for use in the measure-
ment of achierment and (2) the (1,-.velopment of psychometric methodology for
cumputerized adar6ive performance simulation tests.'. A perfOrmance simulation
test. WAg defined as an interactive 1)rOblem-solving test in a particular area
of achieveme'nt.

-t

4search in pursuance of these objectives began ip February 1976 and con-
tinued through January 1979. Technical .reports,were coMpleted during the pe-

.

riod February 1979 through January4980.

Appioach.

Literature RevL. _
Research began with a review or the literature on the, problem of the mea-

sutk.ment 6f performanee and achievement. Analysis of the literature concerned
wIth tfie measurement of achievement led to a restructuring of project objectives.

Figure 1 summarizeS the several approaches to the-measurement, of achieve-
nt4 or perforthance that were identified in the review of the 1iteratt4re. As

Figure 1 shows, the meaturement of achievement was determined to be considerably
more complex thantthe related problem of ability measurement. The mast promi7
nent trend in the-achievement measurement literature is the use of pooulation->

or norm-referenc-ed techniqUes borrowed from the field of ability measurement.

lh general, these techniques hme"been based on classical psychological test
theory, with t* result that the obtained measurements and statements of
achievement Or performanCe have differed for a given individual based on the
particupr norming gtoup to which the individual has been"compared. In addi-

tion, the use of .cl,assical test theory for achievement measurement makes,it
difficult to apply adaptive testing techniques, because of the re:eatively large
numbers of items required.for adaptive testing methods based on classical itefA:

T:lebry (Weiss, 1974).

Th6 second m/ ajor trend identified it n the achievement measurement litera-
,

ture why?that of; contAnt- or criterion-referenced measurement. The problem of
.icriterion-refereneki testi% (also known as mastery testing) fs quite.different

f.rom that of al-a.lity testing. As a result, a serious limitation of the area of ..

ci.iterion-rererepced measurement is that the'psychometric rationale for it

was relatively undeveloped. 11 addition, virtually no methodologies had been
developed fof the 11.,,plicatiog of adaptive testing techniques to ,the problem of
cHterioni-referencei.measuremeni.., Thus, an imporeant objective of the project
was_e4.46kise adaptive testing methodologies uniquely applicable to the.prob-
lem of criterion- (or content-) referenced measurement.



6

,

1.10

?.

4
FIGURE 1 .

1 .

4

APPRO4CHES TO ACHIEVEMMTERFORMANCE EVALUATION
,. .

.

[

.

POPDLATION' OR NORM'%ERENCED
'4..

INDIVIDUAL'S REI...ktliE POSITION T OTHER INDIVIDUALS

BASED ON TRADIT,IONAL.pSYCHOKETRIC THEORY

RESUL/S DIFFER,SING.DIFFEREgt HORNING GROUPS

L.. ., LONTENP OR CRITE ION-REFERENCED --,...

-,....\

i i REFLEC )TS PROPORTION OF CORRECT I

.I.
,.

! RESPONSES TO TEST trems
i

1 A , APPROACHES

I/
\ _IA

tiff O'ER POOL
I \

fit :..,: SAO ON TEST pEM POOL ADEQUATELY : L------f

..:,

' NEPNEANTING THE DOMAIN'OF INSTRUCTIONr\
I

PERFORMANCE

ACHIEVEbENT/

REGuiRES CAREFUL CONCEPTUALIZATIA OF : \14 \ MEASUREMENT
. r-- -

I

-.. _
UNDEvELOPED PSycHOMETRIC RATIONALE

I

1 .

ie LI

A ..,

r--- .1.
. I ImENEFERENCED, i

46

REFLECTS INDIVIDUAL'S PERFORMANCE 'AS
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MEASUREMENT
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FROM TEST. SCORE.TO TIME

.
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STAGE-REFERENCED 4

REFLECTSIPISSIGNMENT TO STAGE

ACCORDING TO SUPERIMPOSED

STAGE THEORY
t

SPECIAibCASE OF TIME-RUERENCED

LIMITED PSYCHOMETRIC METRODOLOGY

,

The lIterature ieview identified a second important problem undquely chary

.icteristic of achievement measurement, which was not characteristic of ability

measurement. Tliis problem was the fact that the mpasurement of achievement fre-
quently occur:-> as a result of an individual's exp9ture to a'restricted environ-

mea't., such as a class 'or a training 'ourse. Typ;al of these-environments is -'s!,

a r.!lakively short time-frame in wh'ch the cha -e in an indiAdal's observed \..

ich:ev'ement level is to occur. TOu an !Apo. tani. problem in the area of achievR4

ment theasurement is measuring aR i dividual's achievement level over relatively

ihort periods of timF, includinguelanges in that achievement level as a function

t mqii.

Such an approach to measurement can be called "time7referented" measure-

ment; which evidenCes several important problems. Among these are the problem

of measuring c.hange in an individual's achievement level from one- point in time

to another relatively close point in time. Similar to the area of criterion-

referenced measureri,ent, there was very little psychometric rational:e..available4

fn the literature 'for the measurement of individual gain as required by a time-

referenced measurement perspective. P

A spficial case of.time-referenced measurement is that of "stage-referenced"

mvaNurement. In stage-Teferenced measurement, a particular theoretical struc-

ture describing stages of achievement is superimposed on the measurement problem.

ThuA, the achievement measaxement problem becomes that of-determining whetber

an individual is progressing in achievement levels according to the particular

stage theory describing levels of achievement in the specified achievement do-

main. similar to the problems of time-referenced'and criterion-referenced mea- 1

surement oftachievement,' there was very little psychometric rationale available

in the literature fcrithe stage-referenced meatirement of achieveme.,t.



I.

. ,

The reYiew of .the literature also 4deWtified several other prOblems that
are characleristic 'Of the measerement of ackeyement, as compared to the mea-

t suxement of ability. One of theat is that the go0.s of aohievemeftt measure-

.
ment are freqeeritly embodied iR the specification of.particular achievement
domains. Frequently, these achUvement dovains are relatively specific; and

.
.. in the process of constructing achievement"teats.to measure these domains,. .

only a limited number of test items can be' nerated due to the specificity
ot the domains. Thus,the measur6ment of aqievement frequently requiees i
multidimensional approach measuring specifircontent.domains using relhtively
small numbers of test itemp in comparison to those tised for the measurement of
ability. As a result, traditional adaptive testing models developed in the
ability testing acea may not be directly-applicable to(the measurement of :

achievement. The literature Chus suggested that it might be necessary to de-
velop adaptive testing strategies for the measurement of achievement that-were

.

sp eifically designed to opewte efficiently with a large number of small'content
d mains. ..

9 t

-Finally, the review of the literature and some subsequent analysis of in-
structienal. environments indicated that the measurement of performance by com-
puterized adaptive similation,techniques.was considerably more complextban
had originally been anticipated. Additionally, the review indicated that there
was v,irtually.no pgychometric rationale available in the literature for the
meaaurement of per46rmance by aimulation. Although there were some agplica-
,ions ,of performance simulation to the measurement ef achievement, anaTYsis,of

athe methodologies and attempts to apply those methodologies In0-elevant instruc-
tional environments jndicated that the measurement of achievemiX by .performance
.dmularion was sertnusly situation-bound. That is, it was extremeAy unlikely

lny generaliable.methodologies could be developed that wculd be trans-
erat.)la.. across instructional situations of different types. Consequently, after
some preliminary trial work with performance simulations, the objective of de-
veloping a psychometric rationale for the measurement of achievement by pekfor-
mance simulation was abandoned until more generalizable methodologies could be
identifiad.

Ihe review of the literature thus led to a redefinition'of projectgoals.
ihe revised project-objectives were oriented around the development of adaptive
testing. strategies designed to address the unique problems of the teasurement
of aThievement. The approach used was to first examine the applicability of
adaptive testing strategies developed in the ability tegting domain to rele-
vant problems in the achievement testing domain. Then, further efforts were
oriented toward the development cf adaptive testing techniques speqfically
designed tor the unique demands of achievement testing, and an invegtigation
of some of the unique problems of achievement testing And'analyais of some of
the. psychological aspects of the achievement testing environment.

Results

t.

ATIlications of item Characteristic Curve Models and Adaptiye Testing Strategies

N

ICC models. The first technical report fram'the project (Research Report
77-5) -i-nVestigated the question of whether item characteristic curve (ICC) the-
ory 'methods utilized in ability tegting were applicable to data derived from

4
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the meaqmirement of achievement. This re rt described the ICC calibration of

an achi-e'vement testing item pool. Data ised were derived from a general bi-

)ology cglirse at Ne University of Minnes ta. The item pool was' a multiple-

choike set of items written by course instructors. In addition to analyzi7hg

the applicability of Icp item calibration,techniques to this.item pool, the

dimensiocality of the pasl was examined in ordQr to determine whether uni-

o

dirt4nt,ional ICC theory was applicable to the measurement.of this-domain of

ac:hievement. Results showed that the pool was generalfy unidimensienal and

that it Was possible to derive appropriate ICC parameteis°froM this.pool.

Ad42.Cive_reestihl. strateOes. Using this Item pool, the next question in-

. vestigatedswa whether adaptive testing techniques developed for the ability

testing.domain were applicable to the measurvflent of biology achievement (Re-

'scvlreh Report 77-7). A btratified-adaptive (stradaptive) test Vas administered

to a group of srudent and compared with a conventional classroom.test deriVitd

from the:mme item pool,ns well as with an improved conventional test devel-

oped trom ch pool. TestS were compared in terms of information (precision oi

meaburemvnt). Results showed that; as.expected, the adaptive test provided

mea:lurement of greater precision than did the conventional tests.' The results

arto indicated that the adaptive test provided measurement of equal precision

with considerably fewer numbers of items than did the conventipnal. tests.

When tile average number of items administered in'the adaptive test/was equal

to that of the conventional tests, adaptive test scores we're.more precise than

either the classroom converitional test or the improved conventional test.

AlthJligh the demomitration of improved precision of meapurement from

daptive testing in comparison to conventional testing is' supportive of the

,etteral value of adaptive testing for measuring achievement, the Otstion of

the relative validity of the two techniques was also important. Tn Research

Report the comparative validity of adaptive and conventional kcilievement

zo-itA wah tudied. since ft is very difficult in the achievement domain to ob-

nacriterionagainstwhirt,the rl:elative validity'of two testing techniques

ne valuated, the problem was approached by comparing the respective con-

'11 caliditv of the two testing techniques. -The results of this study showed

Lue construct validity of the adllitive tests was effectively higher than

,dt. the conventional tests, since equal validitie_s were aadeved for the

tt-stinv. strategies, but the adaptive te:tts required 25% to 35% fever

ti;'.ut did the conventional tests.

ihus those studies demonstrated the applicability of ICC techniques pre-

applied almost exclusively in the area of ability testing, las cvellas

Ll'apt_ive testing strategies developed for ability testing, to the problem oP

ichievemenr t,Ysting. Results indicated both higher precision of measurement

and bi3Oter ettective leqels ot validity for the adaptive test.

IcC scoridg methods. he process of examining the problem of the appli- .

cAbility ot ICC theory and adaptive testing techniques Co the measurement of

achievement led to the'development of a.set of computer programs for scoring

achievement test data with ICC models. Since these programs were written as,

eneral purpose programs,.they were made available in Research Report 79-1 for

.1ther %sehrchers who desired to use ICC methodologies in scoring achievement

nor at, ty topts.

la the process of implementing the reliability aAd validity studies compar-

Inc, adaptive and conventional testing strategies, decisions had to.be made about
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the appropriate ways'of scoring the achievlent test data using ICC models:.
These decisions Fete necessary for both the conventional tests and the adaptive
tests. Thus, a _relevant question concerned the relationships amongachievement
level estimates,using the one-, two-,,and three-parameter ICC models', as well
as the. maximum likelih?od normal, Maximum likelihood.logistic, and Bayesian
methods for scoring ability test data with ICC models.

. To coMpare these scoring methods and models with each other, live data-
from an aehievement test were scored by all combinati6ns of I'm models.and
methods. The results (Research Report 79-3) indicated that highly. similar
achievement.leverestimates were derived from the one- and two-parameter data
but that when..the third (guessing) parameter was added to the scoring proce-
dures, the similarities among achieveMent level estimates decteased. The data.

also indicated that the'three-parameter model resulted in less similar achieve7
ment level estimates for adaptive test data than for conventional test data.
However, at the same time, there were fewer convergence failures for maximum
likelihood scoring in adoptive test data than there were in conventional test
dat(. A

Lnique Problems of Achievement Testing

In addition to studying the applicability of ICC models and adaptive- test
procedures derived from ability testing to the problems of achievement testing,
the ptoject was coneerturd with the development of solutions to some of the

proalems raised in achievement testing,as well as the analysis of the
implications of some other unique characteristics of achievement testing.

Multikle content areas, As indicated previously, one problem character-
.

istic ot achievement testing, in contrast to ability testing, is the neceasity
t.) measure an' individual's achievement levels in a number of content areas at
thC same time. In addition, in many cases the number of items available in
a 4.ontent area is very restricted, resulting qn relatively short tests that
would not permit the, application of many standard adaptive testing strategies.

Con.;equontiv, an adaptive testing strategy designed specifically for
Achievement test batteries was developed (Research Report 77-6). This strategy
ia one that is applirable.to achievement tests composed of any number of short
subtests. The strategy,is designed to utilize both intra-subtest adaptive item
selection as well as Inter-subtest adaptive branching in order to reduce test bat-
tery length to a minimum for each individual. The testing strategy utilizes a
maximum information ICC-based ilem selection technique combined with Bayesian
scoring to adaptively select items within a subtest until there are no teems

left that provide more than trivial amounts of information about an individual's
achievemelit level. Having obtaineA an achievement level estimate from one sub-
test, that estimate is then used in a hivariate regression equation to obtain

a prior achievement level estimate in the hext subtest in the test :)attery.
The,adaptive testing strategy then adaptively selects items in the next subtest,
using the prior ability estimate, until no further items are available for ad-
ministration in that subtest. At the end of the second subtest,,multiple re-
gression is used to obtain a prior achievement level estimate toibegin testing
in the third suhvst, and the process is repeelted until all subtests have been

Administered.
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Result's-of applying this adaptive testing strategy.to an achievement'test
'battery in a military testing elvironment, using real-data.simulation tech-
niques, indicated an average 50% reduction intest length for the individuals
tested, with, no loss in the qualfty 0 the obtained measurements. Test length-
reductions. varied.from 18% .to 80% across individuals. Thus, considerable re-
ductions in number of test items administered were achieved while maintaining
the quality.of ,the -measurements dbtained from the conventional test. ....

Mastery_ testing. Once thl methodologies required to adap0.vely measure .

mastery within a criterion-referenced framework are r_.'c the same as those avail-
able for the measurement of ability levels, an adaptive testing strategy for
making mastery decisions was developed (Research Report 79-5). This testing
strategy utilized ICC theory and methodologies in conjunction with a maximut
information adaptive testing technique and Bayesian scoring. The testing strat-
egy was designed to use a prespecified and flexible mastery level.for cemparison
with each individual's performance.

The adaptive mastery tesLipg strategy was' compared with a conventiOhal
maste,ry test in a military traking environment, using .rea;1-data simulation.

Wheni'the results'for the two-testing strategies were compared, the adapive'
mastery testing strategy reducedothe average testlength from 30% to 81% over

Al mastery decisions examined!, with modal lest length reductions up to 92%,
vet it reached the same decision as the conventional test for 96% Of trainees. ,

Thus, agaiA, comsiderable savings'in the number of test items administered were
observed for the adapuive test, WhiLe it made decisions which were highly similar
to those made by the conventional, test.

Dimensionality of.achievedent over time. As indicated above, a unique
prohlem'ib the area of the measurement of achievement is hat of measuring a
person's change in achiemement level c.ver a relatively short period bf time.
It ICC theory is to be used in the measurement of achievement', it will gain
its hi,thest (icgree of potential usefulness if it can be used to measure the
growt:Cin one individual's achievement P6ve1 from the, beginning of instruction

10 later points in inStruction. However, the implementation of this paradigm
for the measurement of individall v.owth requires 'the demonstYation that an
lehievement test given at two or more'points in time iiteasures the same achieve-

ment dimension And that the dimension measured is a undimensional variable.

Research Report 79-4 reported results addressed to this question.,
;

Dimensionality was investigated within the pret,est-test p'aradigm for mea-

serin4 change in achkevement levels and within the test-posttest paradigm,for

measuring retention. :iata indicated that there were some questions about the

utility of the pretest-test paradigm, since a comparison of the ICC parameter
estimates obtained from achievement test items at two points in time 4 weeks

apart suggested a change in the dimensionaLity of achievement ovqr that period

of instruction. These results mvre also supported by the results,of factor

iii ses. Theqlata did, howevers support the test-posttest paradigm to measure
retention, since a regression comparison of students' achievemeat level estimates

did not indicate any differenceS in the achievement metric-up to 1 month after .

the completion of instruction. 'However, additional research is necessary J.n

order to further verify and examine these conclusions.

Effects of knowledu of result's. The advent of computerized adaptive

-*testing also brings with it the-potential. of administering to stUdents during

.I 0



1
,an achievement testing environment, it 'is pos,sible that the information gainL,

;
ed from feedback on prior it,ems'may affedt'a student's performance on subse-

;
quent items in the test. A bAic assumption of ICC,Jtheory is that of local
independonqe, that is, that the response of a student to a'givenAst item is
the result.qnly of the underlying achievement variabie,and not of other

, 'variables; If knowledge of results from prior 4ems in an achievement test
affected a student's performance on subsequent items, the assumption of local
independence would be violated.'

Res,earch Ilport 80-1 was concerned with this issue. In two studies, .

data derived from two groups oftuclents (one of which received immediate
knowledge of results while the other received no.knowledge of.result ) on
'computer-administered tests were'compared with each'other. The.res tl indi-
cated essentially no systematic differences iniachievement level eat mates or
in the dimensionality of the students' responSeA as_a result of the adminis-
tration of immediate knowledge of results. Thus;,the data indicated that
this added benefit of computerized administration of uLhi@vement testsdid
not affect the assumptions under which ICC thebry could be,applied in the
achievement testing environment.

.
r -7-

the prOcess of testing 1mmedi4te feedb)ack as to the torrectness or incorrect- ,

.ness of theft' test responses. Previous research in the ability testing domain,
(Betz & Weiss, 1976a, 1976b; Prestwood & Weiss, 1978) suggests that' the ad411117 ,

istration of immediate knowledge of rgsultS for each test item during the
proceszs of testing reduces the effects of'extraneous variibles on ablility test

' scores. However: if immediate feedback is to be administered tocstudents in',

Major FITAlap_

a

Swrunari?.ed belod are the major findings from thi's research program., with
reierence to the research reports in which these findings are reported. Tn
,addiviori CO these major.findings, the original research reports should be con-
:wIte0 Cor additional iwportant resulLs and conclusions.

1. rhe successful application of ICC theory to achievement
testing requites that the item'pool be reasonably uni-
dimensional. Analyses of a lhrge item pool,.constructed
by the instructional staff of a university level course,
indicated that the pool was essentially unidimensional
(Rese,trch Reports 77-5 and .8071).

)0

When ICC item parameters were estimated from tHis item pool,
the majority of the items resuLted in parameter'estimates
that wore suitable for.operaEional.testing purposes (Research
Report 77-5).

3. ril ICC parameter estimates obtained'from this item pool re-
. fl'ected sUfficientfy high levels of_discrimination and a

sufficient range of difficulty to be usgful'in adaptive
testing (Resea,.ch Reports 77-5, 77-7,.and 784+).

4. Using operational achievement tests from_military instruc-
tional environments, dt was possible o obtain usable ICC

t item parAmeter estimttes even.in narrowly defined content
domains (RPsearcil Reports 77-6 and 79-5).

11
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5. the Jtem parametex data indicate that-sote,caution mightbe
necessary, howver, when eStimatin4 ICC item parameters in

achievement test data. Relatively high'discrimination paraL-
peter estimates in conjunction with high guessing.paraméter
estimates (Research Reports 7/-5, 77.6, and'79-5) may re-

flect a restrictiot,t in range on the achievement variable.

If,the efeect of instruction is to eliminate individual
dyferences in measured achievement, ICC parameter esti-
matos of discrimination and guessing obtained on'groups at :

their peak of ilistruction will,be artificially nflated.
Additional research on this problem is necessary.

. k I.

6. ICC theory and methods, combined 4th specially designed

-adaptive testing sttategies, can be useful in substantially

reducing the number of items administered to'trainees in
ar chievem6nt test battery compos,KI of a number of specific

content domains (Research Report 77-6).

7. Aoth Adaptive testing techniqUes and ICC theory and methods

are.usetill in reducing test lengths fcir test's used to make

matery d&:.itions (Research Report 79-5).

8. In a variety of applications to 'the problem of achievement
testing--including.measuring achievement with a large uni-

dime.ftsiolal itempoQi, measuring achievement levels in a

number ot specific content domnins,..and measuring achieve-

ment'against a'*defined mastery.criterion--adaptive tes'ting

techniques using ICC"theory can ..substantially reduce the .'

numbers ot items required in an achievement test without

reducinv the quality of the measurements,(Research Reports

77-6 and 79-5)

Aelptive testing can improve the quality of,achivement
measurements in terms of both precision and validity while

reclu(' inhe numbers of items Tequired ,Research Reports

;7_7 and 78-4).

(U. ICC test' scoring methods (Research Report 79-1) Can be

trliitfullv applied td. achievement testing data (Research

Report 7Q-1). However, maximum likelihood ICG scoring is

les,; ugtful in conventional tests because of its non--

convergence problem when the test is too easy or too

diffic,ult for a testee. Although non-convergences occur

much less freqUently in adaptive test data, use of the

three-parameter ICC model with different scoring methods

tends to r,esult: in'somewhat different achievement level

estimates. More research on this problem is indicated.

II. Because LA its ability to equate testings and link item

pools onto a common metric, ICC theory has the potential

-of oftering solutions to the problem of measuring gains'

in achievem..nt levels during the process. of"instruction.

However, examination of the dimensionality of an achieve-

ment test item pool from pre-instruction to,the peak of
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'.instructior. sho*ws 91anges in the dimensionality of achievet
mnt Auring instruction (Research Repoit 79-4). These results,
if veryied with other data, sl.ggest potdntial p.roblems in
the applielihility oS unidimensional ICC theory to the mgasure-
mcnt of inUividual'grdwth in lchievement levels due to instrUction.

12. The use P ICC.methods to measure retention f41owing instruc-
tion was supported.by.the daea (ResearA Report 79-4). These

'results,shoy that the same achievement Variable was measure&
up to ,r%)nth'after ingrrUction as was measured at the peak of
instruetion.

IL lhe.post-insuction data (Research Report 79-4) also support
the'use ot codputefized.adaptive.testing in operational in-
structional enviydnments. Since,these,data indicate that
t-4e same achievement variable is measurable up to a month
after the end or instruction, instruCtional environments with
A limited number of testing terminals oan obtain similar
mea:%uretiwuts from trainees when tests are administered on
different days.

1.. Fho use of unidimensional ICC theory in achievement tAting-
L; further .supported by,the la.CI of effect.on dimensionality

4
ot the adminfstratio4 of-immeai te knowledge of results
duri.n, the proceSs of achievement testing (Research Report
s0-1).

Y)Implications for Ftdther Research

indings and experiery.!e of this 3-ye2r research program strongly sup-
AA0 of ICC theory and'methods and computerized adaptive testing for

the mei4orement of achievement. However, many new quesitions were raisdo,by
tn. re,:earcn 040me of whi.eh were described above) and some of the original

,-ui.itions addressed are t ill in need of further research. Portions of the
te.;e.arch Aescribed below are being pursued under a contract entitled "Com-
puterizes! Adaptive Achievement Testing," NRI50-433, with the Personnel and
iviining Research Programs of the Office of NavarResearch,.with funds from

ioten-W dvanced Research Projects Agency, Army Research Institute, Air
ot :,cientific Research, and the Office ot Naval Aesearch.

1:1t Branching

Althou%01 Research Report 77-6 demonstrated that an adaptive testing
s:rAtegy using in.ra-suhtest adaptive item selection in conjunction with

intr-suhtest-adaptive branching could substantially reduce test battery
length in one achievement test battery,, the generayty of this finding needs
tt. e examined. In addition, the relative effjc.ifincy of alternative approaches

inter-subtest branching needs to be studied.

The scoring strategy ilsed -\in Research Report 77-6 was based on the maxi-

mum information item selection strategy using Bayesian scoring. However, the

.)f Bavesian scoring, which has a tendency tAregress achievement estimates

ttlward the mean, may_uuslt in the premature termination of the intra-subtest
item selection, partiC"N4.1.;4y 'when used in conjunction with the minimum



information te'rmination criterion. Thus, a relevant.area of research is that

of the evaluation of intra-subtest item selection strategies that Ilay elimin-

ate this problem and identification bf situations under which use of BayeEian

.scoring in conjunction with maximum inkOrmetion item selection is less than

opLimal.

A second problem in intra-subtest adaptive item sqp.eetion for inter-
.

subtest branching stcategies is that ofthe termination criterion. Research

to date has utilized a.termination criterion based on minimum information at

the current estimated level of acgievement. However, if Bayesian scoring is

to be used, it is possible to terminate on the basis of a minimum posterior

Bayesian variance of the achievement level estimate. The relative performance

of these two termination criteria as well as their interactions with the intra-

subtest item selection strategy, needs to. be inveseigated.

With regard to branching between content areas, previous research has

identified one means of ordering subtests for inter-subtest branching and tas

'relied e.iclusiyely on.linear multiple regression as the inter-subtest achieve-

ment level estimation technique. Other prediction strategies are available

for making predictions between content areas and there are other, ways of or-
e dering subtests to be used in inter-subtest predictions. In addition, the use

of linear multiple regressioa equations brings up the questioh of shrinkage

with regard to the application of -regression equations based on one sample of

individhals whiten utilized on another sample flora the same population. The

ofiect of overestipation and shrinkage needs to be investigated within this

-Inter-subtest branching strategy.

Finally, previous research has indicated that thereis wide variabilitYk
N.

in the range of-reduction in number of items administered across subtests.

Thus, a relevant question is the nature of the subhests resulting in

larger or smaller reductions due to the-use of the inter-subtest branching

strategy. This latter question is most efficqntly investigated bY monie'carlo

simulation studier; in which charactel-istics of ehe subtests are systematically

plmensioualit% ot Achievement Over Time

As indicated above, ICC theory has the potential of permitting_the mea-

surement of individual growth in achievethent"over time in instrUction. But the

initial results in Research Report 79-4.suggest that tbe achievement dimension

chaliges from pretest to end-of-courseunit testing. Thus, further examination

ot this problem is indicated.

he investigation of the dimensionality of achievement over time is being

studied in a number of achievement domains,'including domains that are primar-

ily cognitive as well as those that are primarily conceptual. Obtained data on

,achieveaent measured at various points .in time will be factor analyzed. In

each case, items will be parameterized,by ICC models and the change of these

p.lrameters over time will be studied. In.addition, achievement'level estimates

hiised on factors identified at '.:elevant points in time will be obtained and the

relationship among these achievement level estimates over time will be studied:

The relative saliency of'factors identified at different points in time. will

also be analyzed to determine whether the same factors are evident at differ-

ont points in time but at different levels of saliency. If the latter

4
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hypAhesis is supported by the data, it may then be poss...ble to'investigate
inter-time branchit, taking into aceotint the releva4 saliency of 91t9sp' dimen,

..,sions at different points in time.
. c...,

i
J

Depending oa the resu,lts of the analyses.of tichievement level datilat
different points ih time over a number of instructional contexts, adaptive
testing strategier for inter-time branching will be developed hnd'evaluated.
If the same dimension is found to exlgt with different saliencies"at differ-
ent points'in time, the utitity of the 'nformation providea at the prior point

.

flin time with respect to adaptive testitA at latee points in time will be
studied .by live testing and by real-data simtilation. 'One obvious approach 10: 5; .
would be'to simply use the correlatfon'of achievement level estimates on a,

.'normative group ,from earlfer points in time with latdr points.in time as '

entry wlintc into rater tirile achievement level estittlation. When data are
1available at.more than one prior point in time, the use of multivariate pre- .

diction strategies becomes relevant, apd the'relative advantages of different '

scrate4ics wilt need to.be investigated.. N
!

1
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Ad.apt iy.o. MA._st.er_ Tes!...i2:11
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An adapt,ive resting 4trategy for making mastery d&isiens was dZveioped in
keselrch Report P1-5. ,Although the data in that report j.ndicate some"promiSe
for thi:i IAX-hased mastery testing approach, considerable additional study of
its ootenuial as a solution to the mastery tetsting problem.is appropriate. \

Pir,t,'the adaptive mastery testing (AMT) strategy needs to be Studied
in .In..liti'onil mastery test!t, In addition, its operating eh- acteristics need
to ro rvimtred in comparison wi th competitive strategies fo Lmastery,testing,
iv!ddinv strategies based on Waldian decision theory.

I
V_

i
.

. t, .

..
,,1) 1'110 :;:ritegv also needs to be examined in a wide variety of classification

,A

,4 Vtt 1,s:1A.. In one opplica,tion 4 the AMT strate,y, error may 11. associated'
primar:i: with the criterion,- as ould Ie ,the case where the Items in a mastery
test Ar- all 'of similar difficultan4 iscrimination; hOnce, the maximum in-
%ormition 1i the item pool is concAlt ateki around the criterion cutoff value.
, a a m, 1 e r! real i tit IC s it uat ion, errors are associated with both the criterion
And t individual being measured. These different 'approacheNto sdaptiv

r testing shoul; he compared in both real-data-simolAion studiesand
monto car10 simulation t;tudies. The real-dam simulation studies will dse ex-

. isting dAta administered in a kmventional test forMat, from mastery tests
utili;!ed in military and educatiOnal environments, to determine the operatingr (

chAr.neristics ot these two majof ayproaches to AMP as well as to evaluate the .

outcomes when both the criterion and the individual are meal&ed with error. 111)

:litferential results are obtained using these strategies in real-data simula- '

t ion, it will then be appropriate to design monte carlo gimulation stnclieS to
model the relevant parameters of the situation (e.g., levels of item difficulty,
discrimination, and nuMbers ofAtems', as.well as various degrees of error on
the criterion) and eo compare Akese.results with results obtained by.competing
strategies-

A Ci.u...112;trea of research with regard to AMT is Ow generalization of the
methodologiesto the muar....gubtest maste'ry testing .prohilem. Similar to the
-solti-subtest achievement testing problem, decisions made with regard to one
sabres! may he related to decisions made with regard to another subtest. Thus,

r.
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research Vs indicated for detektpini4 how much infOrmation.derived from one

subtest in a mUlti-subtest mAstery test cAn be uged in adaptive testing in

other subtests. For examplb, achievemenv. tel estimates generated from sub-

tellits.in one content area can.be used to begiii adaptive testing in,another

content area. In some cases, only very few items'ill be necessary to male

tne mastery decisions ifl later subtests because:of the'intercorrelations among

the mvtery decisions and/or aChievement level estimates derived from other

. content areas.

Adapt iyy tie 1 f..-1,Z.02:er_ony.ed Test lull

Thu review ot the achievement measurement Iliterature ipdicated the lack

ot a coherent framework for the measurement ot achievement. Approaches to the

me.isuremenr of achievement such as norba7or population-referenced.tsting and
criterion-referenced (mastery) testt5g opeaxedoto haveinothing'in cbmmon with

oac.h ot11er and littleior no implication for what appeat4 to be the tnpdrtant

prorilem In'the measurement of achievementAhat of, measuring indiyidual improve-

ment in achievement lovels during the process of, or as a resu4 bf, instruc-

tion: lhe .itivities of the present research program)lave led -o the motion

oi Adaptive Sea-Referenced Testing (ASRT) , which appears to r6 resent a co-..

heren't 1ramete6rk for the measurement of achievement. ASRT can incorporaw-,P

into t tramework the notions.of inter-subtest branching, intelr-time 4

,f..thching, And mAstery testing.

.VPT LJ. onty poshihte by combining computerized adaptive testing and Id

theory. It' involyes the measurement of gr()wth on an individual basis, incor-

N porati:.g knowledge of the stqdent's level of performance at an earliff point in

thle, k,-;liTh is used-as a starting pornt f-or measurement at a later Pbint fn

c'me. ASKT is kiesiTtled to track an individual's growth in one area of achieve-

molt 1 function of time. It thus &in be used to Identify the degree and

extentlk,f icarni,ng as it occurs And the point.at which learning occurs or fails

durin4 the process of instruction. The genetalization Lof unidimen-

,:elf-referenced testing to the pultidimensional case (i.e., where more

t1:1 ef.e (-)ntent area is'heing measured) incorporates.tbe inte!r-test branching

-pr:.:,1e-n. the obiective is to ntilize, on an individual basis, inforTation

gi;hed hoth on other tests and at prior time periods for the measurement of

w-ot..th in learning (achievement).

ASI. oniyie in that the sequence of measn.rements taken to meapure each

in,!1%fidual's learning history is based only on that individual's prick pe. or-

mante It earlier points in t>ime in the same content domain. It is also des

,pert'c(oniquelv within both computer-assisted and computer-mdnaged instruc-

tion. if properly implemented, it should he an extremecyPowerful approach for

me.t:-otrin-4 achievement in these contexts, permitting a coptinuous evaluation of

oudent prress and a. non-normative dvfinition of "when!learning has occurred_

and how moch has kven learned," while redu,:ing testing t1me to a minimum for

each student.

0
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;) Research Report 77-5
for the Adaptive Measuremcnt of Achievement

Is'aac I. ear, David J. Weiss, and G. Gage KingsbLery
September 11977

The aPlicability of item characteristic curve (ICC) theory to a multipleC
choice test item pool.used to measure achlevement is described. The
rationale for attempting to use ICC theory in an achievement framework is
summarized, and the adequacy for adaptive testing of a conventional class-
room acttieyement test item' pool in a co lge biology class is studied. ,Using
criteria usuallY*plied to ability meavurement item pools, the it*
culties\nd discriminations in this>ac !evement test pool were founa to be
,oimi/ar to those used :in adaptive_tes ,g pools for ability testing.. Studies

of the diniensionality of thd000l indleate that it is primarily unidimen-
siorial. Analysis of the ite% parameters of items administered to two
.different samples reveals the possibility le a deviation from lInvariance in

the discrimination parameter, but a .high degredof invariance for the diffi-

culty parameter. The pool as a whole, as well as two subpools, is judged to
he akrquate for.use in adaptive. testing. It is also concluded that'the ICC
model is not inappropriate for application to typical college classroom
achievement tests sLmilar to the one studied.

Research Report 77-6
:e Stratt,gy for Achi.00nment Te8t Battorixe

Joel M. Brown and David J. Weiss
October 1977 .

An adaptive teting strategy described for use with achievement,teEits

that ,,,or multiple content areas. .The testing strategy combines adaptive

item ,ction both within and between.the subtests in the multiple-subtest

battery. A real7data sirmilation was conducted in order to compare the

results from computerized adaptive testing with those from conventional .

paper-and-pencil. testing, in 4,erm13 of test informatron and test length.
patA foL4the simulation consisted of test -results for 365 fire-control tech-

nicians on a paper-and-Oncil administration of a 232-item achievement test,
which was divided into 12 subtests, each covering a different content area.
Correlations between subtest.scares from adaptive and conventional testing

were 90 or higher far il,of the 12 codeent dreas. An.information analysis

showed that for all 12.subtests, the subte'st information curves from adap-

tive testing wore essentially Identical" to the corresponding subtest infor-

mation,curves d.rom conventional testing. On the average, the number of
items .administered with adapiIve testing was half as many as was required

with conventional teseing; 'the shortest adaptive test battery used 18% of

the.total number of items in the copventtonal.test, wpile the longest used

19. The adaptive testing strategy, therefore, provided a considerable-re-

,iett,t fon in, test length and virtua11y ho loss in Precision of measurement when
jmpared wjth the conventional adminis'tration of the achievement test battery..

ci
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Research Report 77-7

An !n:sormaton Compafison ofeonventional and Adaptive Pepts
in the Measurement of Ciassrocm Achievement

ItAac I. Bejar, David J. Weiss, and Kathleen A. Cialluca
Qctober 1977

The information provided by typical and improved conventional classroom paper-
ana-pencil achievement tests is dompared with the inforMation provided by an
,adaptive test covering the same subject matter. Both tests were administered .

, to over 70n students in a general biology course. Using the same scoring
method, adaptive testilg was found.to yield substantially more precise esti-
mates ot achievement level than the conventional test throughout the entire
range d't' achievement, while,at the same time reducing the length of the test.

The comparison of the imkoved conventional tesit with the stradaptive'test
also indicated that the.scoree derived froth the adaptive test Were more pre-
cis-e, even in the range of achievement where the improved test was designed
to be optimal. ,An analysis of the effects ot. expanding an adaptive test.tem
pool indicates that even.-when slightly More discriminating .items are added\to
the pool, improved precisi,on of measurement can result. A comparison of re-
sponse pattern information values (observed information) with test information

values (theoretical informatiotn) shoWs thee the/observed information consis-
tently underestimates theoretical informationialthough the pattern of-sresulti
from the two procedures is quite similar. It is concluded that the adap-
tive measurement of classroom achievement results in scores that are less
'likely td be confounded by errors pf measurement and, therefore, are more
likely to reflect a testee's true level of achievement. In addition, the re-

;hiction in rumber of test items administered by the adaptive measurement of
aehieyement can result in additional time spent in instrhctioni .

Research Report 78-4
V.1/:Irir7.ce i0avti:w Aohii??ylment Ttinr
Isaac 1. Bejar and'pavid J. Weiss

November 1978
..ollt4truct validit.Pes of conventional classroom paper-and-pencil and adap-

tive aehievement tests werecompared using data from'two independent groups of
2.69 Au1 '2 30 college students. Two adaptive achievement tests were Computer ad-,
ministered to each group using the stradaptive testing strategy; each group

completedetwo conventional classroom paper-and-penL1 achievement tests.

Alt achievement tests were dran from the same\poor-of achievement test items
on whieil item characteristic curve (tCC).p.arameters'had been determine.d.

students were also administered two stradaptiv&vocabulary tests. -All tests
were meored by maximum likelihood estimation using the three-parameter logise

tie model. A nomological net was specified, describing the relationships of
the achievement tests to the achievement 'construets and their relationshipg
with the .,ocabulary constrpct and the vocabulary tests. The parameters of the

net were estimated by fitting the obs,erved intercorrelations among the test'

seores.to th nomological net, usint the methodology of linear structural
equations. Maximum likelihOod estimates of the parameters cf the nomological .

net indicated essentiajly equal validities for the conventional and adaptive

tests in four comparisons. However, the validity of the adaptive tests was (
eff.ectively higher than that of the COnventional test's, sinde equal validities'

were Achieved with from 25% to 31% fewer items. The data also permitted an
nalyts of the effects of verbal ability on achievethent test performance,
separately for the conventional and adaptive tests. -The results from a con-
firmatory maximum likelihood factor analysis showed a larger influence of

8
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verbal-ability on achievempt test performance at the first administratiori-af

the adaptive test.; This result was atiributed to a nek.,:lsity to learn how to

use the compuMr equipment with verbal instructions, whach may have further

reduced the valioki.ty of the adaptive tests. Combined with the facts that the

adaptive tests, were obtained under volunteer conditions while the conventional

tests wdre obtained under "motivated" grading conditions,ethe results of this

study indicate that computer-administered adaptive tests can provide more

valid measurement of achievement than conventional classroom paper-and-pencil

testa..

Resea,K,Fh Report 79-1
T,:qt.Data with Item Characteristic Curve podels

Isaac I. B jar and David J. Weiss
ebtuary 1979

Three computer programs are bescri ed for scoring test response data using item

characteristic curve (1CC), or latent trait, models. The rationale and math-

ematical basis of both maximuth'likellhood and Bayesian ICC scoring methods are

presented,. as well-as some data comparing the two methods of scoring. The

three computer programsAAre designed for Scoring conventional (linear) test

data (LINDSCO) in aichotomous response format, adaptive test dichotomous data

(ADADSCO), and conventional,(linear) test data scored by polychptomous ICC.

models (LINPSCo),. Options available in these three general purpose programs

are described, and examples of the input and output are given for each program.

Complete FORTRAN listings of the three programs'are included.

Research Report 79-3
No;z.1:: Amcng AcAiovment Lovel E.Itimates from Three

\

!!.cr: ChG.raoteritio C1Pi)0 aforing Methods

G. Gage Kingsbury and David J. Weiss

April 1979 t

'this study compared achievement level pstimates from three item characteristic

eurve (ICC) scoring methods using the one-, two-, and three-parameter ICC

midels. The three scoring methods were maximum likelihood normal, maximum

likelihood ft) gtiC, and Owen's (1975) Bayesian'scori,ng method. Data included

'all possible response patterns from a' hypothetical five-item test, as well las

response patterns from live admintstration of a conventional classroom and a

computerized adaptive .acjiievement test. For the conventIonal and adaptive

test data, correlations among achievement level estimates were examined as a

fltnction of test length. ResUlts for all data sets showed a high.degree of

similarity 'Among 0 esttotates for the one- and two-parameter data, with.slight

decreases in correlations as information on the discrimination paramet-ti was

used in scoring. When the third ("guessing") parameter was used in scoring

the item resp.onse data, correlations among 0 estimates were reduced, particu-

larly for the adaptive test data. The data also showed an increasing tendency

tor, the maximum likelihood methods to result in convergence failures as the

'third parameter of the ICC was used in scoring. In general, however, the

adaptive 'Lest data were less likely to result in convergence failures than

were the conventional teat data. The data alSo illustrated how each of the

three scoring methods tend to utilize ICC parameter information in arriving at

estimates and the relationships of these eeztimates to a number correct scor-.

ing philosophy. Advantages and disadvantag0; of each of the scoring methods

re discussed. It is suggested that future research examine the relative

validities of scoring methods and model combinatinns.

20
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Research Report,794-ip

YfIr'e.ct of Point-in-ime in Thstruction on the'Measurment of Achievement
C. Gage Kingsbury and David J. Weiss

, August 1979
Item characteristic curve (ICC) theory has potential. for solving some of,the
problems inherent in the pretest-test and test-posttest paradigms for measur-
ine ct*iang'in achievement levels. However, ifachievement tests given at
different points in the course of instruction nip different achievement di-
mensions, the use of ICC approaches and/or change scores from these tests is
not desirable. This problem is fnvestigated in two studies designed to de-
termine whether or not achievement tests administered at different times during
a sequence of instruction actually measure the same achievement dimensions. To

investigate possible changes in dimensionality between different points'in in-
struction, aspects of the dimensionality of achievement °test data were examined
prior to instruction, at the peak of instruction, and up to a month following
the peak of instruction. Data used were conventional and adaptive achievement
test data administered to students in a general biology course at the Univer-
sity of Minnesota. Results raised wstions bout the utility of the pretest-
test paradigm for measueinkchange in achievement:devels, since a comparison
,ot ICC parameter estimates indicated that a change in the dimensionality of
achievement had occurred within the short (4-week) peCktd of inatructibn. This

.change was also observed using a factor analytic comparfson. Use of the test-
posttest paradigm to measure retention was supported, since a regression com-
parison of students' achievement level estimates did not indicate.any signifi-
cant change in the achievement Metric up to 1 month after the peak of instruc-

ftt

the significance of this result for the use of adaptive testing
technoo4y in measuEing achievement is 'described. Implications of these

1ic; dad the u se of ICC theory In the measurement cif achievement, as well as
:-o.me potential limitatiens in terms of generalizability of these results, are
1 1 I - ti

Research Report 79-5
7: !e 're t r7; t t P Natl tevy Dcia i:ons

4

G. Gage Kingsbury and David J. Weiss
September'1979

!a an attempt to increase the efficiency of mastery testing'while maintain141g
a hieh level of confidence for each mastery decision, the theory and technolo-
gV of item characteristic curve (ICC) response theory (Lord & Novick.; 1968)

and adaptive tet-ting were applied to the problem of-judging inlividuals' com-
petencies against a prespecified mastery level to determine whether each indi-

. vidual is a "master" or a "nonmaster" of a'specified content domain- Items

trom two conventionally administered classroom mastery tests administered in A

military training environment were calibrated-using the unidimensional three-,
parameter Logistie ICC model. Then, using response data originallY obtained
from the c-.)nventiondl administration of the tests, a computerized adaptive
mastery testing (AMT) strategy was applied in a real-data simulation. The AMT

procedure used ICC theory to transform the arbitrary "proportion correct"
mastery level used fn traditional mastery testing to the ICC achievement metric

in order to allow the adaptation of the test .to each trainee's achievement
level estimate, which was calculated after each item response. Adaptive test-
ing continued until the 95% Bayesian confidence interval around the trainee's
achievement level estimate failed to contain the prespectfied mastery level.
t that point testing was terminated, and a mastery decision was made for the

trainee. Results obtraned froth the ANT procedure uere compared to results

21
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obtained from the tradit.ional mastery testing paradigm in terms of the reduc-
% tion in mean test length, information characteristics, and the correspondence

between decisions made by the two procedures for three different mastery levels
and for each of the two tests. The AMT procedure reduced the average test
length 30% to 81% over all circumstances examined (with modal test,length re-
ductions of up to 92%) while reaching the same decision as the conventional
'procedure for 96% of the trainees. Additional advantages aad possible ap-
plicacions,of AMT procedures in certain classroom situations are noted and
dig,cussed, ,and further research questions are suggested.

*0

Research Report 80-1

-
Dmvdiatc 1(nowlcdj of Rcsults on Achievement
Prrfrmanc and Test: DimenaionaYty

Kathleen A. Gialluca and David J. Weiss
January 1980

fhese tWO studies investigated the effects of administering immediate knowledge
ot results (KR) concerning the,correctness or incorrectness of each item re-,
sponse on a compute'rized adaptive test of Biology achievement. In the case of
incorrect responses, ;,lie correct answers Iv provided to the student. The

results of these studies indicate that the provision of informative KR d-id not
systematically increase total test scores, as mould be expected if Students
wen using informatib.from previously administered items to help them answer

suhsequent.items. . Furthermore, provision of informative KR did not alter the,
dimetWonalit4 of the achievement tests administered, indicating.that the
latent trait model assumption of local indeliendence among the iteMs was not
ltft..ted to itly significant degree.

'ft
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