- . DOCOMENT RESOME

ED 191 882 : ' . TM 800 506
AOUTHOR ‘ Thompson, Jaret G.: Weiss, David 3.,

TITLE : Criterion-Related validity of Adaptive Testiﬁg
,,,,,,,,,,, Strategies. Research Report BO< 3.

INSTITOTION =~  Minpesota Univ., Minneapolis. Depts of Esychology.

SPONS AGERCY Cffice of Naval Research, Arlington,; Va. Personnel

and Training Research Pregrams Office.

PUB DATE Jun 80 o
CONTRACT N00014-76-C-0243
NOTE 40p. : o _ g
" EDFS PRICE HF01/PC02 Plus Pdétége.
DESCRIPTORS _ ¥Achievement Tests: College Entrance Exanications:
_ . *Computer Assisted Testing: *Correlation: Grade Point
- SR Average: Higher Education: Item Barks: Iatent Trait

Theory: *Multiple Choice Tests: *Predictor Variables.

Scoring Formulas: *Test validity: Vocabulary
Skills

IDENTIFIERS  *Adaptive Testing: American College Testing Program:

Bayesian Adaptive Ability Testing; Peaked Ability
Teste: Stradaptive Tests

ABSTRACT .
The ‘relative validi ty of a&aptive and conventionai

teetlﬁq =trategies using non-test variables as one set of extermal

riteria was investigated. 2 total of 101 colleye students completed

both a variatle length stradartive test and peaked conventionali test:

a secornd group of 131 college students completed a variable length

Bayesian adartive test and the same peaked conventional test. All

tests were computer-administered and ccnsisted of five-alternative
multlple-choice vocabulary items. Test scores were correiafe& with

mesting Service Program subtest scores. The data showed generally- .-

higher critericn-related -validities for the adaptive tests as

compared tc the conventional tests.: In comparing the twc a&aptive

 testing rrocedures, the data suggested that the stradaptive test °

scered by mean difficulty methods resulted in more valid ability

estimates thar the Bayesian adartive test. Conclusions muost be

considered tentative until supported by additiomal research. (RL)

;iii**************************f**************i*tiiiii R R o o ok ok ook ok K
*  Reproductions supplied by EDRS are the best that can be made
*®

from the original documents

.*-Miqw

iiiiiiiiiii * % iiiiiiiiiiiiiii*#*****************#**ii*****************




800 506

.1 -7¥’mm

CRITERION-RELATED VALIDITY

ADITOd: 30 NQILI50d INOKLVIMNOI
40 BLNLLLSNI IUYNOILYNI IVIDI4 40 LNAS
“IUSIY: ANIYVESSIADIAN 1LON Q0. Q3IFiLVILS

SNOINIJO 0 MIIA JOISLENIOD : LT DHILY
-NIDIHO'NQILVZINVYOBO BONOSHId IHL
WOodd 03A13238 SV ATLDVYX3 03INQ

OddIY:

DEPARTMENT OF PsycHoLOGY

UNIVERSITY oF MINNESOTA

N339 SYH LN3IWND0Q. SIHY

NOILVINQA |
40 ILNLILSNI TYNOILVN .
JYVIANIAM TNOILYINGT |
‘HLIVANH 40 ANBWLNYL IO SN |

MINNEAPOLIS, MN 55455 -

This research was supported by funds from the Navy
Personnel Research and Development Center, and
the Office of- Naval Research, and monitored
by the Office of Maval Research.:

Approved for public release; distribution unlimited.

Reproduction in whole or in part is permitted for

any purpose of the United States Government.

3



__Unclassified . . __

REPORT Docunsurmon PAGE BEROBE COMPLETIIS EaRM
1. REPORT NUMBER 2. GOVT ACCESSION NO 3. RECIPIENT'S CATALOG NUMBER
‘Research Report 80-3.
4. TITLE (and Subtltie) . : . S. TYPE OF REPORT & PERIOD COVEREO
€riterion-Related Validity Teéhﬁiéal Report

of Adaptive Testing Strategies
6 PERFORMING ORG. REPORT NUMBER

7. AGTHOR(Y) - 5. CONTNACT OR GRANT NUMBER(s)
Janet G. Thompson and David J. Weiss N00O14-76-C-0243
9. PERFORMING ORGANIZATION NAME AND ADC - 3 10. PROGRAM ELEMENT, PROJECT TASK
Department of Psychology il B A St
P.E.: 6115N PROJ.: RRO42-04
University of Minnesota S
T.A.: RR042-04-01
Minneapolis; Minnesota 55455 W-U.: NR150-382
1i. CONTROLLING OFFICE NAME AND ADORESS 12. REPORT DATE
Personnel and Training Research Programs - June 1980
Office of Naval Research 13, NUMBER OF PAGES
,Arlington, Vlrglnia 22217 31
Ta, MONITORING AGENCY NAWE & AODRESS(I! different from Controlling Office) | 15. SECURITY CLASS. (of this repori)
Unclassified

- 15a. DECLASSIFICATION/OOWNGRADING
SCHEDULE -

16. DISTRIBUTION STATEMENT (of this Roport)

Approved for public release: distribution unlimited. Reproduction in whole

or in part is permitted for any purpose of the Bnited States Government:

17. DISTRIBUTION STATEMENT (of the abstract entered in Block 20, 17 different ﬁ-om Ropori)

18. SUPPLEMENTARY NOTES

Office of Naval. Research.

19. KEY WORDS (Continue on reverae eide If necessary and identify by block mmlbar)

ability testIng branched testlng response-contingent testing
computerized testing tailored testing individualized testing
adaptive testing nrogrammed testing item response theory
Sequential testing automated testing latent trait test theory

20. ABSTRACT (Continue on reveree elde if neceseary and identity by block number)
Criterlon—related valldity of two adaptlve tests was compared w1th ‘a cofi—

in Group 2 (N;i3i) were administered a Baye51an adaptive test and the same

peaked conventional test. All tests were computer—adminlstered ﬂultlple—

choice vocabulary tests, Items were seiected from the same pool,;. but there was

group. The stradaptive test item tresponses were scored using four dlfferent

DD ; S, 1473 - eoiTion OF 1 NOV 85 IS OBSOLETE '
Q . $/N 0102-LF-014-6601 . _Unclassified -
: S SECTRITY c§ml FICATION GF THIS PAGE (Whan Data Bntered)

ERIC | - ~ AUG 18 e

Aruitoxt provided by Eic:



> .

__Unclassified _

_SECURITY CLASHIFICATION OF THIS PAGE (When Daia Entersd)

methods {two mean difficuitv scores, a Bayesian score,and maximum like’ihood)
with two different sets_of item parameter estimates; to study the effects on

criterion-related vaiidity of scoring methods and/or item parameter estimates:

Criterion variables were high school and college grade~pcint averages (PPA),

and scores on the American College Testing Program (A€T) achievement tests:

- Results indicated generally higher vaiidities for the adaptive tests,

at least one method of scoring the stradaptive tests resulted in higher

correlations- than the conventional test with seven ¢f the eight criterion

variables (and equal correlations for tne eighth), even though the stradap-

tive test administered over ZSZ fewer items, on the average; than did the

conventional test. The stradaptive test obtained a significantly higher

correlation with overall _college GPA (r=.27) than did the conventional test;

When math GPA was partialled from overall GPA; the maximum correlation for

the stradaptive test with an average length of 29:.2 items was r=.51, while

the 40-item conventional test correlated only .36. The data showed gener-

ally higher criterion-related validities for the mean difficulty scores on

the stradaptive test in comparison to.the Bayesian: and ‘maximum likelitliood

scores; the different item parameterfestimates had o effect on validity,

resulting in scores that correlated .98 with each other. |
5

Although the tiear 1ength of the Bayesian adaptive test was 48.7 items;,
the median number of items (35) was less than that of the 40~item conmven—
tional test. Ability estimates from this adaptive test also correlated’

higher with seven of the eight criterion variabies than did ‘scores on. the

on the average. The data also suggest that latent-trait-based scoring of

stradaptive tests may not be optimal with respect to criterion-related
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CRITERION-RELATED VALIDITY
oF AGAPTIVE TESTING STRATEGIES

-

Aﬁapt*ve administration of ability and achlievement tests promises cons:derabte
improvement in the measurement of 1nd1v1dual dlfferences. Some of these advantages
were demonstrated in a series of theoretical studies by Lord (e.g.; Lord; 1969;
1971a, 1971b) xllustratxng the potential of a&aptlve tests for measurement with

more equal precision throughout the range of ﬁeasured ability than was possible

with conventional tests of comparable length. Later simulation studies (e.g., Betz
) & Wélss, 197¢ 1975 AHbBrlde & W‘lss, 1976 Vale & Wflss, 1975b) that further var-

parxson tests supported these cheoretxcal results, demonstratxng that in comparison

to conventional tests, adaptive tests can measure with greater precision for a
.flxed number of items or with equal precision but using considerably fewer items.
This finding has been observed in the measurement of both ability and achievement
(e.g., Bejar & Weiss; 1978; BeJar, Weiss; & Gxalluca, 1977; Brown & Weiss; 1977;

Gialluca & Weiss, 1979).

__ Early live-testing studies comparing adaptive and conventional tests sought
evidence ‘for increased precision of measuzemeat in higher levels of reliability.
§§§§ﬁ§é of ﬁfﬁﬁléﬁﬁ in computing indices 5f lﬁtéfﬁél ébﬁéiétéﬁé? for édaﬁtr@é

vals to demonstrate higher levels of precision for'adaptrve tests. Data supporting
this hypothesis were obtalned in a number of studies on the measuremeat of ability

(Betz & Wflss, 1973, 1975; Larkin & Weiss, 197& 1975; Vale & Weiss, 1975) and
aaﬁf&éveie’ﬁt (e.g.; Koch & Reckase, 1979).

Although considerable research has thus beeu concerned with -uvestlgatrng ‘the
increased precision of adaptzve versus conventional tests, the validity of adaptlve
_testing procedures has also been of concern. The majority of validation evidence
has derived fidi;ééﬁﬁﬁtét simulaticn studies. In these studies, true ability (or

, achxevement) level is known, and an item characteristic curve (ICC) model in con—

Junctxon with a set of ICC Iten.patameters,ra testing strategy, and a scoting
method 13 used to ‘generite an es;nnated abllity level., Therestimated abllzty level .

pool, testing strategy, and scoring method: Batz from a number of scch simulation
studies (e.g., Betz & Weiss, 1974, 1975; Urry, 1970; Vale & Weiss, 1975) indicate
‘higher levels.of valldlty for adaptxve tests in comparison with couvéﬁtibﬁil tests.

The vaixdxty of 3dapt:ve tests has aiso been Investxgaced in te*ms of correla

tions of adaptive test scores with scores om convenriomal tests. Early studies o‘
this type were real-data simulation studies in which the administration of an adap-
tive test was 31mu1ated using a set of item responses obtained from the pribr
adm;nzstratxan of a conventional test; 1tems from the . conventzona; test were "re—

proceﬂn:e was determineﬁ by correlation of the score or the adaptive test with the

score on. the parent conventional test (e. g., Cleary, Linn, & Rock, 1968a, 1968b;
This procedure is not really'a dqnsns-:atlon of val-

| . 8




idity, however, since the obtained correlation is merely a part-whole correlatfon
that w1ll reach a value of 1.0 when the adaptlve test administered includes all

In other validity studies (e: g , Bayroff & Seeley, 1967; Hansen, 1969) two iz-
derendent tests measuring the same ability-—one adaptive anmd one conventional-—were
administered to the same group of testees. The validity of the adaptive test was

then evaluated by the correlation of scores on the two tests: Although tiiis ap-

proach implements currently accepted definitions of concurrent validity, it is ip~
sufficient evidence for the validity of the adaptive procedure. The problem with
this method lies in evaluatlng the appropriate degree of correlation to be expected

between the two measurements (Weiss & Betz; 1973). A very high correlation between

the two test scores would indicate that the twc tests were measur:ng equzvalently,
vat a demonstratlon of equivalent measurement is not 2 demonstration of the im-

provement of adaptive testing over conventional testing. If the correlation be-
tween scores on the two tests is not very high; however; the: qﬁéstiaﬁ of which pro-

cedure is measuring better can be raised: Thus, this approach to studyxng valrdlty
resuits in an unresolvable dilemma.

a3 a partlal resolutlon, the relatlve comstruct valldlty of adaptzve versus
conventional testlng strategies has been studied (Bejar & Weiss; 1978). Althougﬁ

this approach is useful, it requires the precise speczfzcatzou of a nomological net
for 1ts 1mplementat10n and may not always result 1n clear-y Lnterpretable results

For practical appllcatlons of adaptrve testing, criterzon-related valldlty ev—:

idence will be most appropriate. - However, the literature to date inciudes very few
criterion~related validity studies. Angoff and Huddleston (1958), using real—data
simulations; were the first to study the .criterion-related valldlty of an adaptive
test. They examined the correlaticms with grade—pOLnt averages of several two- -

stage tests in comparison to several comventional tests using items administered to

about 6,000 students from the College Entrance Examination Board's Scholastic Apti-
tude Test. Their results indicated that the narrow-range (peaked) second-itage

. tests of their simulated two-stage tests had sllghtly higher validities than did
the wide-range (rectangular) conventional tests constructed from the same item

pooi:

Lino » Rock, and Cleary (1969) also studied the cr1ter10n-related validity of

adaptlve and conventional tests. Their study used scores on the College Board
Achievement Tests in American History and English Composition,; with the verbai-

o . —

/mathematics tests of the Preliminary Schclasti~ Aptitude Test as extermal crite-

r:a. The»verbal portIon of the School and College Apt:tude Tests and the Sequeu-

,,777‘.7+ - — -

adaptive testing procedures. The comventionai comparison test was created from the
same l90—1tem pool. -

~ Liom et,al. (1969), found that the adaptive tests had higher corrslations with
the criterion tests than did the conventional tests shortened to the length of the
adaptive tests. This study had che limitation of using a simulated adaptive test-

ing administration mbde rather tham live adaptive administration. This makes it
dlfflcult to generallze the results to testees actually takzng adaptxve tests where

<
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order. Also, this study was confounded by item overlap between the conventional
and adaptive té§t§.

Waters (1974, 1976), in his adaptive test validation study,; also correlated
Scores on adaptive and conventional tests with another test; which served .as an ex-
terndl criterion. BHis criterion was the Florida 12th Grade Verbal Test scores.

Waters divided his testee populationm into six groups: One group of 55 testees was

administered a stradaptive test (Werss, 1973); and five smaller groups (N = §; 7;

9 13 and 10) were each ngen a dlfferent conventzonaI test. Gne—fzftr of the

normatzzed and pooted for ccmparlson with stradaptrve results._

conventional test validities; the results did show, h°V§Y%§3,P§at ‘the shorter
stradaptive teit proved more reliable than the longer comventional test: Thus,;
with fewer items administered, the stradaptive test produced validity coeffizients

"comparaﬁte to conventlonal test valldlty coeffxcxents

studies were all crirerion-related valldlty studzes. The Angoff and Huddteston

(1958) and the Linn et al.: (1969) studies were limited by the tests being scored as

if they were administered adaptively, lntroduclng limitations created by the simu—

lation approach, and by some of the same items being used in both tests.. Waters'

(1974, 1976) study eliminated one of these problems: He used live adaptxve testing

and did ‘not give the same subjects both the adaptive test and the conventional
test; even though one—fifth of the items were common between the two tests. How~

ever, since his study was an independent groups design in which the adaptive and

, conventional tests were administered to different- groups of testees; he may have .
introduced sample~specific error into his research design, partxcularty because of

the relatively small sample sizes used. An additional problem in Waters' study re-
sults' from the pooling of data from the five conventional subtests given. to five

different groups of testees and the comparison of the pooled score dlstrlbutlons

with the adaptive test score distribution.

A ptoblan-eharacter1st1c'of both the Linn et al. (1969) and Ehe ﬁéferé (1974,
1975) studies was the use of scores om a conventional test as an external criter-

ionm. Since one of the prea:c:ors was also a conventional test, this could have in-

troduced method variance in the correlation of the conventional predictor.test

scores with the conventional criterion test sccres, thus concervabty inflating

these valxd;ty'coeffLCLents‘ If such method varlance was present, 1: wbuld mot

masking gains -in relative. vaixdxty &ue to a&aptxve testlng ‘The Angoff and

Huddleston (1958) study, However, used grade-point average as the criterion but aid
not use actual adaptlve test adminlstratlon. -

o

;% e &

The present study was designed to Investxga;e the relative valxdxty éfﬁééépf

- tive and conventional testing strategies u31ng-nou-test variables as one set of ex-

_ ternal criteria. The study was similar to Waters' (1974; 1976) study in that the
{,adapc:ﬁe tests. were computer-adm:nlstered' it was similar to the Llnn et al. (1969)

uiToxt .mmnm
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étuay in that each group of testees took both an adapt;ve and a conventlonai test,

“but there was no overlap in the item pools used for the two testing strategles.

y ' : METHOD

ventional tést; in the second group students completea a variable length Bayesian

§§§Et}YE,59§P,(?Y?Ez,19755 and the same peaked conventional test. All tests were
computer-adm:nlstered and consisted of five—alternative multiple-choice vocabulary
1tem3 Test scores frcm each of the tests were correleted w1th hlgh ‘school grade—'

ican College Testlng Program suEtests.

Su@iectsuand DataACollectLon

Group 1 testees were admenlstered the stradaptive test and the conventronal
test. Volunteer testees were college students attending classes at the Unrvers:ty

of Mirmesota: Most were juniors, seniors, or graduate students enrolled in psy-
chology courses at the time of testing. A total of 101 students had usable data.
for this study. Data were collected -duricg the winter {51.5%) and spring (48.5%)
quarters of 1973. All students were given the comventional test followed by the

stradaptive test or vice versa. The order in which the tests were given was alter~

nated to control for sequence effects. Both tests were given in a single adminis-—
tration. '

Students in Group 2 were admznxstered the Bayesxan adaptzve test and the.con—

ventional test. Forty-three percent of the students in this group were given the
tests durlng spring quarter of 1973; the other 57% were administered the test
durlng w1nter _quarter of l97¢ , AS 1n Group l all testees were college student voI-

nlors, or graduate students emrolled in psychology coursas at the ttme of testrug.

-A total of 131 subjects had usable data. Testees were altermately given the coa—
ventlonal test foll6wed by the Bayesxan adaptive test or vice versa. -

All 1tems ngen.were multlple—cholce-vocabulary Ltems selected from the same

item pool (McBride & Weiss; 1974). Item pools for the stradaptive and Bayesiamn

tests utilized a subpoot that excluded the 40 items in the conventional test: All;'
tests were presented using cathode-ray-terminals (CRTs) acoustically coupled to a
't;me’shared computer. Items were presented with a number representing the correct
alternative; testees answered by typing the number of their choice. If testees did

" not know the answer and did not wish to guess, they were instructed to _Tespond witk

a question mark. Items answered with a question mark were scored as incorrect.
Tests were precaded by instructions on how to use the CRT; basic biographical data

were also.collected on the CRT prior to test administration (see DeWitt & Weiss,

1974).

resting ¢ .

Stradaptive Test

Item branching. The stradaptive test item pool codsisted of 141 items strati—

g



}geyg gfithe lowest dlfflculty level. Entry poznts for selection of the first item
to be administered to a testee were based on the student's reported grade-point av-
erage (GPA), as shown in Figure 1. Following entry into the stradaptive structure,

an up-one, down-oune branchlng rule was used: That is, a testee was admznxstere&
the next unadministsred item from the next lower stratum, or difficulty level, fol-
lowing an incorrect answer or the mnext unadministered item from the next higher

-stratum, or difficulty level; following a correct answer. Question mark responses,

which were treated as lncorrect responses, caused the testee to be branched to the

. next easier stratum.

' Figure 1
Stradaptive Test Entry Point Question o

_Entry

Stratum

(Not Seen

IN WHICH CATEGORY IS YOUR CUMULATIVE GFA TO DATE? © by Testee)
1. 3.76 to 4.00 cesesd9
2.. 3.51 to 3.75 ceeesl8
3. 3.26 to 3.50 - eeeees 7
4; 3.0t eo03:25 ... 6
S. 2.76 to 3.Q0 iesiasS
6. 2.51 to 2.75 3
7. 2.26 to 2.50 T ieeess 3
8. 2:01 to 2:25 = eeese. 2
9. 2.00 or less ceeieal

ENTER THE CATEGORY (1 THROUGH 9) AND PRESS THE “RETURN" KEY.

The stradaptive test was variable length: Testing was terminated when a ceil-

1ng stratum was identified for a testee (Wézss, 1973). The ceiling stratum was

identified as the stratum in which the groportion of correct responses made by the
teste' was .20 or less, foilowing the administration of five items in that stratum.

Thls is the proportiou of correct answers exvected as a rg?glgggfﬁg§n§gm guessing

on five~alternative multiple—chcice items. If a ceiling stratum was not xdentxfxed
after 75 items had been administered, testing was terminated.

Appendtx Table A shows the item pool used for the stradaptlv

test. Stratz.zncluded from a minimum of 10 items in Stratum 9; the most difficnlt’

stratim, to a maximum of 36 items in Stratum 2. The item pool was structured aand
item selection implemented u31ng a set of item characteristic curve (ICC) item
parameters available at the time that tests were administered; these are referred
to in Table A as original parameters. As described by Prestwood and Weiss (1977},
these pa-ameters were later recalculated for scoring purposes. All ICC item param—
eter estimates were based on conversions of the classical difficulty and discrimin-
ation ‘parameters to the ICC metric, as described by McBride and Weiss (1974) and
Prestwood and Weiss (1977). ICC lower asymptote (g, or guessing) parameters were
set iE .20 for ail items.

Scor1n  The: straﬂaptrve test was scored by a number of different scorzng

methods in order to compare the relatfve wvalidity of diffarent ways of scoring the

10




same pattern of item responses. Scoring methods that used the ICC item parameters
were applied using both the original and revised item parameters to determine the

effects of the item parameter revisiom on score validity.

__ Stradaptive test responses were scored for ability level with .two scoring

methods that used only some of the information in the ICC iter parameters. The
mean difficulty of all items administered (Mean Difficulty Administered) score was
expected to provide more stable ability estimates because it used difficulty infor-

mation from all the items administered to a tastee. A potential deficiency of this
score is that it is affected by inappropriate entry points: For example, if a

testee begins the test with items from a stratum of much higher difficulty level
than his/her ability; he or she will have taken more unnecessarily difficult items

than if the test had Séé&,Béguq:wiﬁh;i;gas,6fma§ﬁr6priaté,aiffiéﬁitjjiffﬁﬁi; the

Mean Difficulty Administered score would be higher than warramted for the testee.
‘To eliminate this problem, the mean difficulty of items answered correctly (Mean
Difficulty Correct) score was also computed. This score does mot take intc account -
spuriously administered items of high difficulty unless they are answered correct—
ly.

y- One potential disadvantage, however, is that it ignores information from items

not answered correctly.

ICC-based scoring methods (Bejar & Weiss, 1979), which utilize not only the

testee's entire response pattern but also.the difficulties, discriminations; and

guessing. parameters of all the items administered to a testee, should provide opti-—
mal scoring of any response pattern. To compare the relative validity of these

scoring methods; both Maximum Likelihood and Owen's (1975) Bayesian scoring methods
were used to score the stradaptive test item risponses. Bejar and Weiss (1979) - =

have provided descriptions and computer programs for these scoring methods.

& problem characteristic of Maximum Likelihood scorimg is that a scoré canndt
be determined for testees who answer every item correctly, who answer every item
incorrectly; or who have very unusual response patterns (2.g.;, amswering many dif-

ficult items correctly and many easy items incorrectly). In these cases the esti-
mation procedure fails to converge, i.e.; it converges on plus or minus infinity
(Ringsbury & Weiss, 1979). In the stradaptive data,; two testees had item response

patterns that failed to éaﬁ§§§gé7§§iﬁ§7;herniiimam.Eike;ihaqdfscdring procedure.

Their test scores; derived from this procedure, were deleted from the data analy-—

ses. _ ' . 2

e i el

The preceding four scores are all "point estimates” of ability level (Weiss,

1973). However, as Trabin and Weiss (1979) have showm, there is additional infor='
mation in test item response patterns beyond these point estimates. An individual :
whose response patterm fluctuafes between several strata is a more inconsistent re—

sponder than one who is administered items from only a few strata adjacent to onme
another. Consistency among Scores indicates either the stability of a testee's
ability estimate (Weiss; 1973; p: 26) or the tesree's fit to the ICC model. In

this study the standard deviatiom of item difficulties of all items administered
{SD Administered) was used as one consistency score. This score was chosen' from

among the svailable types of comsisténcy scores. to reflect the dispersiom of the
'aifficﬁ;tiesﬂdf allzitéﬁi,édﬁiﬁiétgggajigaf just .those items that were answered

correctly, in Srder to make more complete use of the item response patterns avail-=
able. 1In additiocm; the standard error of Owen's Bayesian score (SE Owen's :

Bayesian) was used as a second consistency score.
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A varictle length adaptive test based on Owen's (1975 McBride & -Weiss, 197¢
Bayeszan adaptxve testing strategy was admlnxstered to all testees in Group 2.7 1
item pool for this test consisted of 200 items selected from a larger pool (McBri

& Wéxss, 1974) after the conventional test items were excluded: Items im the poc

ranged in difficuity from b=~3.19 to b=2.95; all items had a values of :40 or
greater (see Appendix Table B). Items were selected and scored uslng only the
orzgxnal item parameters.

~ The Bayesxan adaptive test was begum with differential prior ability estimat
- (8), as shown in Figure 2. The prior 6s shown in Figure 2 for each of the levels
- of student-repotted grade—poxnt average (GPA) were chosen to reflect a posltrve i

test; the relatively lower § values for hxgher GPAs were desxgned .to take into

account chance successes resulting from guessing. The relatively large variances
of the prior 8§ values were chssen to reflect a high degree of uncertainty about t

prior ability estimates; Sc as not to assume a very ‘high - positive correlation be-

tween GPA and vocabulary aExlxty Testing was terminated either when the varianc

-of the posterior ability estimate was .09 or less, reflecting a standard error of
of .63 or less, or when a maximumi of 135 items had been administered. >

Flgure 2
Bayesxan Test Entry Point Question

 Initial Values Set for
Bayesian Ability Estimate (8)

" IN WEICH CATEGORY IS YOUR cunursmrvs | and Variance of 8

" GPA TO DATE? : )

1. 3.76°to 4.00 o ‘- 1.23 3.5

_ 2. 3.51 to 3.75 ' TS & | 3.0
' 3. 3:26 to 3:50° - ':50 2.5
4. 3.0l to 3.25 .18 2.0

5. “2.76 to 3.00 ° | e .09 2.0

6. 2.5l to 2.75 o . =31 - 2.5

7: 2.26™to 2.50 - =56 3.0

8. 2.0lto 225 . . . =85"7 3.5

9. 2.00 or less IR LS S 4.0

nNTER THE CAIEGOKY (l THRDUGE 9) AND PRESS THE "RETURN' KEY.

Conventional Test . = -

L%

-

The same 40-item peaked conventional test was administered to the groups of

- students who took the stradaptxve and Bayesian tests. Items were selected based ¢

a proportion correct oZ about .60, im order to adjust the average difficulty of tt
items for guessing and hlgh blserlal correlations w1th total score.

| . Appendlx'Table c shaws the LCC item discrimination and dlfflculty parameter
estimates for items in the conventionmal test. The standard-deviation of the- item-
dsz;cniqzes for this test was .1l1; which was consxderﬁbiy 1ower'ﬁhan those of

¢ N . . Y . Lo - .



erther the stradaptlve or Bayesian test item pools. The average itéem discrimina-

tion of the stradaptive pool (a=.745 for the orlglnal parameters) was slightly

-hlgher than that of the conventional ;est 63?.543), as was the average discrimina-
tion of the Bayesian pool (a=:796): The conventional test was scored by counting

the number- of correct answers (Number Correct score), omitted answers were scored

as incorrect. , : . : .

: 2z
-~ L]

P 7!’-7=1|7 7' e7 7:“' (7,;I V'q’ ar 'l al, l es

Because the tests being investigated were verbal ab111ty tests; the crlterlon
variables were chosen to reflect this ability. Four different variables were ob-

tained from student recor&s, but not all varrabtes could be obtzined for every

student in the two groups:

HIgh school GPA (HS'GPA)
. University of Minnesota overall GPA (UM=OGPA);
. University of Minnesota math GPA (UM-MGPA); which was used to partial out

WIN

~ the effects of numerical ability resulting in a partizl GPA (UM-PGPA);
&, Amerlcan College Testing Program (ACT) test scores. _

ted as the overall college GPA of the students through the sprlng of 1976 and
UM-MGPA was derived from the GPA. of all math. classes taken by the students at tﬁe

University of Minnesota.

77777§he-ACY ‘batte:; was administered to the students in either their junior or
senior years of high school. The test is designed to measure a student's ability
to perform "typical isntellectual tasks asked of college students."” The ACT resulted

in five scores: English; mathematics; social science; -natural scxence, and a compo-

site score. -
Bata for CWO of the criterion variables were avallable “prior to test adminis—

tration (ES~GPA and ACT scores). Data for the other two criteria were gathered

after the students had taken the conventional and adaptive tests: .

Data Analysis
quparlsoneofetheeAdaptlve and Couventlon 1 Tests

, 'l'he adapt:.ve and couventlonal tests were desxgned to compare the respect:.ve

cr1terlon-re§age§7vaixdztzes of g@eigestrng strategies agaznst the four external _
criteria. Comparative valldzty assessments were of specific interest. Predictor -
variables used were the gbility estimates from both adaptive tests and the conven-— .

tional test. Consequently, Pearson product-moment correlations were caiculated be—

tween ability estimates derived from the*adaptxve tests and the four externai cri~ -

- teria and Eetween the conventxonat test and these four measures.

, In addltlon, the mean, medlan, standard dev1atlon, skewuess, and kurtoszs were
"calculated for all ‘predictor varlables and the crlterlon var1ables. Although abxl-

o~

oo .
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data provided a relative comparison of how the different testxng strategies and
scoring methods described the individual differences among the students tested.

Té'&éiéfﬁiiérﬁhéiﬁét’Eﬁe_é&épiivefaﬁdfcénveﬁiibnéi tests were measuring the
same ability, ability estimates from the adaptive tests were correlated with scores
from the 40-item conventional test for all examinees who édﬁpleted both tests.
Correlations were calculated using both original and revised item parameters for

ail stradaptrve scoring methods.

zhéseidaga,alsa,pgaviaéa intercorrelations among Scores on the stradaptive
test for both the original and revised item §§§éﬁegegézinhxs comparison provided

information on the effects of using the original item parameters. Correlations of

these scores with the criterion variables also permitted evaluation of the effect
of the dxfferen: Ltem parameter estimates on criterion-related valldltv

. Ability estimates from both the Bayesian and stradaptlve tests were correlated
with test length. For the stradap:tive test this analysis was performed to deter-
mine if the scoring method interacted wtth—ftemfpool characteristics; resulting in——

different correlations for the various scores and test lengths. These correlations
were also ccmputed for scores derived from the two different sets of item para—

meters.

RESULTS

Characteristics of Score Distributions .

Table I shows descriptive statistics for scores for all tests administered in
both groups. oo ' :

Cbuventlonal test. Ihe ﬁ0~1tan couventlonal test perfbrmedAalmost 1dent1cally

two groups-. The average number—cozrect scores (Number Correct) were 22.60 and

-~ 22,82, with standard devratzané of 8.33 and 9.0l in Groyp 1l and Group 2, respec-;'
-tively. These mean scores were vety close to the predicted means for the group oa

‘which’ ‘the test was constructed. Ne either score distribution was. szgnzflcantly
skewed; although both distributions were significantly platykurtic, indicating a .

=flatness rn,the scores. in comparzsan to a normal distribution:

Scradaptzve test. The stradaptxve test admanxstered an average of 29 29

xtems, w1th a medlan of 21.7 The d;str1butlon of number of ltems admmnlstered (Nﬁﬁ- .

*  distributien that was more peaked than a normal dxstrtbutton,‘wtth a few very long

test lengths. The distribution of number-correct scores (Number Correct) for the .
straddptive test was skewed szmllarly to that of Number Administered but Wlth a )
mean of 14.90 and a median of 11.20. Both the means and medians indicate that, on
the average; the._ stradaptzve test ‘functioned almost optimally, adm;nlsterlng to the

' average student items’ that were answered . correctiy ‘about 507 of the time. The av-

. erage Number Admruxstere¢ in the iéEadaptIve test was 252 Iower'than the 40-item .~
,_length of the ccuventzonal test. A . - . s




B  ‘Table i
Descriptive Statistics for Scores from Conventional,
Stradaptive, and Bayesian Adaptive Tests

Test and Score N Mean Median SD Skew. Rurtosis

Conventional Test
Number Correct

Group T 100 22.60° 21.50 8.33 .13 =1.08%
Group 2 131 22.82 - 22.60 . 9.01 .C&4 ~-1.09%*
Stradaptive Test (Group 1) S

Number Administered. 161 29.29 21.00 26.03 2.50% 7.08%
Number Correct - ’ 101 lﬁ % 11.20 12.04 2.31%* § 58%*
er:.gmai: Item Parameters e . .

Mean Difficulty Administered 101 .26 .17 100 15 -7l -

}jeanfDL.f.fJ.cul.ty Correct 101 -.1o =18 1l1.06 (28 =62 "

Owen's Bayesian loi -.1i8 -30 .9% .31 .17

Maximum: Likelihood _ 100 =05 -.30° 1l.1& .8l%¥ 78

SD Administered . 101 .73 72 119 (68%* 1.31
'SE Owen's Bayesian : 101 &1 <39 :15 1.28%k 2.52%*

Revised Item Parameters - _ , - __

o1 .68 .57 1l:lo .16 =.75
. Mean Difficulty Correct - 101 .26 .17 1.12 - .31 -.58
i - Owen's Bayesian lolr - .23 12 1,08 41 .05
Maximum Likelihood . 99~ .30 2200 11l (49% .08
SD Administered lot .8 .80 223 - 47* .28 -
' SE Owen's Bayesiam = 101 .32 .29 .21 &4.47%% 23.36%%
Bayesian Adaptive Test (Group 2) - o ; '
Number Administered 131 48.75 35.00 29.71 .90%* =06
Number Correct 131 25.56 16.42 19.36 1.83%% 4. 03%x
Bayesian Ability Estimate 131 36 .06 1.17 .3& =62
- Variance of Ability Estimate - 131 .08 .08 .02 6.78%% 48.04%%

E

- mediam ability estimates for Owen's Bayesian and

,C

_*Statistically different from zero at p <.0S.
_ **Statxstzcally different from zero at p-< 01:

Mean abth;ty scores. using the orl.gmal item parameters were similar for Mean

'Bxffxcni;t:y Correct (-.10), Maximum Likelihood (=.05); and Owen's Bayesian (-:18)

" scoring methods; as expect:ed: ‘the average Mean D:ff:;culty Administered scores were

different from the other scores; due to some mapproprrate];y high entry point esti—

mates. ' Owen's Bayesian score resulted in the lmst mean ability estimate (-=.18);
s for Owen urt Likelihood. scores were

iden=ical (-.30). A1l ability estimate d:.strz.but:.ona were positively skewed; al-

Eﬁﬁugh only the Maximum Likeliliood score was significantly skewed. The distribu—

tions of the two latent-trait-based scores were i;eptokurtxc, whereas the mean dif-

ficulty scores were platykurtic; however; none of these kurtos:.s values were sig-—

‘aifisantly different from a normal distribution. In contrast to Number Correct

. from the conventiomal test; three of the four stradaptive ability scores using the

original item parameters better approximated a normal distribution. Both the SD

" Administered and SE. Owen s Bayes:.an scores resu];ted; in posttzvei:y skewed and peaked
-d:.smbut:.ons. .

Hs:;ng t:he revrsed; item parameters the" four stradaptxve ab:.l:.ty scores showed

near]:y equal standnrd &mat:.ons and positive skew. Owen's Bayesian score and the

e

=]
-
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Maximum Elkel:hqu score had significant positive skew (E <.05). The mean diffi=

culty scores were platykurtic, but not significantly so; whereas the Bayesian and
Maximum Likelihood estimates did mot- deviate from normal kurtosis. All medians of .

- the ability estimates were .smaller than their corresponding means. Again, the Mean
Difficulty Administered score had a;hlgher mean (and median) than did the other

three ability scores. The SD Administered score and the SE Owen' 8 Bayesian- score
had similar distributions with the revised parameters as they did with the originmal

item parameters. Both means and medians of all scores computed using the revised

item parameters were consistently higher than they were using the original item

parameters:

BkyeSLan adaptxve test. Mean test length for the Bayesxan adaptrve test was
48.75 items; an increase of 8.75 items (22%) $ver the length of the ﬁo-ltem conven—
tional test: The median test length for this test, however, was 35 items, a 12.5%
reduction from the conventional test length. Thus, sowe of the Bayeszan a&aptrve

" tests were quite long, resulting in a posztxvely skewed distribution of Number Ad-

ministered (50 students answered more than 50 items; and 19 students answered more

than 80 items). These long test lengths were ptobably due to the large prior vari-

ances used in selectxng the first item for the Bayesian test in conjunction with

the small posterior variance used to terminate the test. Both the mean and median -
of the Number _Correct in the Bayesian test (25.56 and 16.42, respectively) show

- that the BayeSLan test operated properly in administering items at a difficulty

level so that about 502 of the items administered were answered correctly. -

significant, platykurtoszs. The variance of the_abrlrty estzmates had a very

peaked dzstr1butlon, with a significant positive skew: _

: ﬁ:nermnjmabw terion ributions

Table 2 presents descrzpclve sggtgggxcs for the ériEé?x&E'GiEiéSiéé for both

groups. The means T%Y”QS-GR& in both groups were higher than means of either
UM~OGPA or UM-MGPA; which‘were nearly equal both withia groups and between groups.

The distributions. of HS;GPA and UM-OGPA had significant negative skew in Group 1,
but skew was not significant ln.Group 2. None of the GPA distributions differed

szgnzflcantly from normality in terms of kurtosis in either group, although there

‘'was a skight. ten&ency-towar& ptacyku:tosxs. The.standard deviations for all GPAs

.were, very'srmzlar.

1£€I'meaz scores raﬁgéd frqm 22 00 to 26.61 and were essentxaily-equxvalent for

the two. groups. Standard deviations varied from 3:52 to 6:47 and were also compar-—
.able for the two groups. All ACT scores were negatively skewed, with several sig-

‘Exficantly so. There was a gemeral ‘tendency for ACT scores to be leptokurtically
“distributed, ‘although most did not differ significantly from normal in terms of
‘Kurtosis. ane of the differences in mean scores between the two groups on any of

the criterion varlables vere statlstzcaliy sxgnxfxcan: (p. <.05):

laptive and-conventional tests. Product-moment intercorrelations . among

the'fou:'stradaptzve 'ability estimates and the corresponding consistency scores are

show int Table 3. . Intercorrelations are shown between scores derived from the

original. xteglggrggggggsfgngfghe revised item parameters of the stradaptive test,
and wrth Number COrrect on the ccuventzonal test. Also included are the students
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_Table 2 , .
Descrlptxve Stattsttcs for Criterion Varlables
' Group and Criterion N Mean ,H’e’diaﬁ SD Skew Kurtos:LS "
Group 1 , "
HS-GPA - 56 3.12 3.15 .68  -.72% =21
UM-MGPA™ .- .77 -2.81 3.00 .83 -4l -.62
UM-OGPA ° 101 2.380 2.90 .73 =.76%*% 37
ACT Score o e ) ‘
English 55 22.00 21.95 3:.52 =33 .26
.- Mathematics : 55 25.98 27.25 6 47 © =91%*% .35
Social Science = 55 24.93 . 25.42 4.50 <.82%% 1 .43%
Natural Sc:.ence. S5 25.42 25.57 5_ 76 . -.51 -.83
_ Composite . . 55 24.76 25.00 4.30 =46 -350
Group 2 . S :
- BS=GPA .71 3.17 3.1& .55 =.49 .01
. UM~MGPA 106 2.71 2.67 .76 -.08  -=.39
UM-OGPA * 131 . 2.81 2.83 .60 -.22 -.47
ACT Score _ _
"~ Emglish . . 72 22.08 22.30 4:23 -.21 1.76
- __. Mathematics 71 26.10 26:89 5.41 -.78 . - .47 .
7 Social Science “71 24.79 26.00. 5.04 -l.ll%* 72 "
Natural Science 71 26.6l1 27.91 5.00 ~1.55%% 3 18%%
Composite 71 26.99 . 25.44 3.93 -77 25

*Scat:tsttcatly different from zero at p <.05.
**Statzstzcally different from zero at p <.0l

*+— —g--- ———— g——— p——— ——— —

Although t:here were neus:;gn:.fzeant correlatzons Between the ent:ry po:.nt and
Number Administered and Number Correct, the latter two variables correlated .97.
This high correlation resulted from the lack of very difficult items in the strad-
aptive test (e.g.; Stratum 9, the most difficult stratum had only 10 items), which

resulted in the inability of the test to locate a ceﬁ;xng stratum for students With.

~ very high ab::h;:r Thus, for these students, t:he test would continue admm.stenng :
items that were ‘answered correctly. = )

i Using both the original and rev:;sei item parameters; the entry point variable
(reported GPA) had moderate and sxgn:f:;cant correlations with all ability scores;
the lowest were r=.31 and .26 with Owen's Bayesiam score for the original- and re—
vised parameters, respectively. Eattry point data correlated highest (r=.45 and

~ .46) with the Mean Difficulty Administered score. Although the entry point data

correlated nons:.gnlfzcantly with the SD Administered comsistency Score; the SE
Owen's Bayesian consistency score correlated s:.gmtflcantty (L'.33 and .44) with en=-

try point data. This latter resuit; however, is likely a reSult: of the same fac-

tors -that resulted in the correlation of .97 between Number Correct and Number Ad-
ministered.- Stradaptive entry point data also correlated I*=.34 with Number Correct
on the comnventisnal test; whereas neither Number Administered. nor Number Correct in -

‘the stradaptive test correlated s:.gm;f:.canti;y with Number Correct on the conven—

7 t:ionai; t:est.
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’ Table 3
Intercorrelanons of Scores fi udaptwe and Convennonal Teats (N-IOI) e
775core
Test and §core | 1 7 .3 & 5 b6 1 8 9 10 '11 2 1’3 B o1
Stradaptivs Test '
. L. Eutry Point
{Beported GPA) _ -
2, Number o -
o Admnuteted =01
¥ Number
" Correct -18 .97
Original Item Pameters . I
4. Méan Difficulty ' I
_ Maigistered .46 -07 04 |
5. Mean Difficulty R |
Cortect 43 -;06 ,06 | 1.00
‘ 6, Oven's | -
. Bayesian S QRN B S B T S i
1. Maxiouma = o e =
Likelihood 3 -05 .06 96 .96 1.00 w
N + 1 |
8. SD Admin- : S | - .
' igtered A & 50] .1 09 06 .01
9, SE Oven's R I
Bagesian 33 =% =30 715 1S 13 8 -4l
Revised Item Parameters
10, Mean Difficulty S R SNSRI
Adninistered 45 -0F 04| 100 99 %5 8| 1 5|
11. Mean Difficulty U I R N
A Correct 42 =06 .05)1.0c 100 .96 .94 .09 .76) .99
12 Oven's | I | S o
Blyemm o = 04 %6 97 9897 07 34| ;26 9
13, Maximum - e
* Likelihood 33 -06 03| 96 .96 .98 .98 .03 78] %6 % .97
. 14: 50 Mdain- D | i N R
. _istered - =15 .58 11 .33 1 26 . 9% -19 33 0 1 .3 c
15, 5E.Owen's . , N SRR S N 1 R R
Bayesian 44 -52 -451 738 9 36 6] 40 2| 38 40 38 B[R
Conventional Tt - ° = - | l | ™. ] N
6. Waber -~ . - .. | | S IR
Correct - K -“*07_.03! 85 .85 .82 .ao} 16 61| -8 .85 ____;_gg___izs_ ] __§1I




_ For both the ong:.nal and revised 1tem parameters, all s"radapt:.ve ability es—
timates correlated -96 or higher. Mean Difficulty Correct correlated .97 with :

eweu § Bayeszan score :.n both cases and 96 tn.th the Max:unum Lz.kelz.hood score, Mean

 m— —

txcali:y with the more complex latent-traz.t basecL scores.

’I‘he 'o'ﬁl? ’o’b’iii’o’iis effect of rev:.s:.ng the item parameter estmates was on the

correlations of the comsistency gscores with the ability scores. Using the original

item parameters, the ‘SD Administered score correlated nons:.gn:.f:.cantly with all

ability scores, and the SE Owen's Bayesian score correlated from .73 to .78 with

ability scores. For these same variables; using the revised item parameters; both -

the SD Administered and SE Owen's Bayesian scores correlated significantly with the

ability scores,; but correlat:ons ranged only from .23 to .40. The effect of the

. revised parameter estimates on these two consistency scores is seen in.the correla=— _

tion of .94 between original and rev:.sed parameter estimates for_ the SD’;Ad(ng:rxs/

" tered score, whereas the relevant correlation for the SE Owen's. an score was_ = -
only .72. -

Revzs:;on of the:- 1tem 'arzmete’r?t/zmates had do mportant effect on the abili=
ty 'scores. .’Iﬁ:,e:oorre ations of ability estimates using the two.sets of item pa- . :

r-estimates ranged from .95 to 1.00; correlations computed between the same

ility score using the two sets of item 'parameter estimates were .98 or 1.00.

'These correlations: were as high as the intercorrelations of dz.fferent types of
abxh;ty estmates using a common set of item parameters. : .

Convergent val:.d:;ty of the stra&aptrve aB:.l:.t:y scores is indicated by the:nr

reiat:.vely high correlat:.ons with the convent:.ona]; test. 'I'hese correlat:.ons, wh:.ch
were not affected by use of the different item parameter estmates, ranged from .79
to .85, with a tendency for the non-latent-trait-based: scores to correlate higher

e e

w:.th couvent:l.onal test scores than did the scores using latent trait scoring

methods. Correlzrions of the. _consistency scores with convent:.onai: test scores if

7 fered F - the two kinds of item parameter estimates.

Bayesian and comventional tests. Product-moment correlat:Lons of scores from

the Bayesian adapt:.ve test and -the conventional test are shown in Table 4. ggmlger

Administered in the Bayesisn test correlated highest (r=.9G) wrth Number Correct in
that test. Tln;s resulted from a lack of highly dxscrm:;natmg items of h:.gh diffi- .

Acui:t:y in the Bayes:;an ‘item pool similar to the correlation of the same variables

in the stradaptive test. Therefore, more items oE low d:.scrmnatlon vere neces— .
sary to reaca the fixed posterior variance termination criteriom for high abxhty

students than for low ab:.lz.ty students; for whom more highly discriminating items

-~ were available. This is further - supported by the correlation between Number Cor- .

rect and the Bayesian ability estimate (r=.89) and between the Bayesian ability es-— .
timate and }Itmber Administered (r".BiF) A high ‘and significant correlation (r=.85) °
was observed between the Bayesian ab:.l:.ty estimate and the convent:.onal test Number.
Correct Score, indicating tuat they were both measuring the’ same trait. Bayesian
test length (which; because Sf its high correlatiom with the Bayesian ability es—
timate, essemai:ly measured ability level) correlated moderately (r=.59) with Num—

- -ber-Correct on the conventional test, whercdas Number Correct on the two tests cor—
.related .72. The variance of the Bayesian ability. estimate, which was essentially

_ _f:.xed. for: alI but: the very h:.gh. ab:.l:.ty testees (for whom there were not. suff:.-

du . : i _Ii
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ciently dlscrlmlnatlng ltems avallable), correlated essentxally zero with ali vari-
ables. .

a

: . Table §
- , Intercorrelations of Bayes:.a.n Adapt:.ve
and Conventional Test Scores (N=131)

S v Score
Test and Score | : 1 . 2 3 4
Bayesran Adaptive Test
1. Number Administered o
2. Number Correct . .90
e T 3. Ability Estimate .84 :89 .
B 4: Variance of . 7 L S o i
-Abxlity Estimate - 07 -.08 .18
Conventional Test : I o _ .
Number Correct 59 0 172 -85 .10

Note. Correlat:.tms >.28 gignificant at p <.001;"
>.17. slgnz.fxcant at p <.05.

Intercorrelatmuf jﬁ Ee’i:;; on Vaztiabl es

~  Table 5 shows the mtercorrelatxons of the three GPA variables and the five
ACT scores for the two groups. As exp-cted;- the highest intercorrelatiomns with
each group were between the four subscores of the ACT and the ACT composite.
HS—GPA was most highly correlated with the-ACT math score in Group 1 and with

- HM—OG?A in Group 2, and UM-OGPA was most hzghly correlated with the ACT composv:e
score in both groups. UM<MGPA -correlated. highest with the ACT .social science .
score, and UM-OGPA correlated highest with the ACT composite score A= 43 and .51)

for Group 1. Both UM-MGPA and UM-OGPA correlated. highest among the ACT scores with

the ACT composite (z=- 33 a.nd; 53) for Group 2* The chree G?A measures appear to

: S::adipt:wﬂemg convent:.ona.l Table 6 shows the validity correlaz:z.ons for
_ the stradaptive and convent:.onil test:.ng Strategies. For all three GPA variables; -
‘the best predictor was reported college GPA; the stradaptive-entry point mfomg——

tion. . In the prediction of HS-GPA, the couventional test Numbet Correct score cor—

related .40 and the stradaptive ability scores correlated .from .41 to .45, with
essent:;ally no difference between scores derived from the two sets of item parame-—
ter estmates. Using both sets. of item parameter estimates; Fﬁan Difficulty Admin=-

- istered at:h:.X red the h:l.ghest val:r.d:.:y.. In predicting UM-MGPA; Number Correct on

. the convention &st correlated .31; and. the best of the adaptive scores (Mean

) Btffz;cuh:y Admxst{red using the Ee?::éé& parameters) correlated :32. Again, the
~Mean ﬁ:;ffzculty éﬂinmuste:gd: Score obtained the h:.ghest: ‘correlation among the
sttzdapt:we scoring me: X: hods, ‘closely followed by Mean Difficulty Correct; the two
. latent-trait-based sconng ’methods:Bayes:.an and Hax:.mum Lik‘el:.hood—-resulted in

- lower: val:.d:.tiéé -




. 1ab1e 5 S
Interco:relat1ons of Criterion Varlables For Both GrOups
; Criterion Variable
GPA i I , Acr Sééte '
Groap ‘and R B . ‘Social Natural
ct1ter1ou Variable N - - BS UM-M UM-0 - English Math :Science Science
56
17 - .46 -
lo} .63 .67
55 . .57 39 A4
M B WS . B S
* Social Science 55 49 - 43 43 .63 . .61 o
Natural Sclence 55 . .43 - .22% .37 .61 - .71 . .64 o
Composite : 3§ .66 40 - 51 .78 - .88 - .83 - .89
Group 2 o Lo . . : ‘ - : '
. HS~GPA - 11 -
AUH-HGPA .. 104 - 46
UH:OGEA - - 131 .61 .78
AﬂT ‘Score . - ST
-English - 77 T 40 .19 41 R
;w4ﬂﬂath IV ) B 1. .27 .37 - .40 .
- 8ocial Science ) N .46 J20% . 47 . .60 .40
. Natural Scizpce - . 7} . 46 31 .4l TO.47) .61 .63
eﬁhﬁ&ﬁiié B S ;53‘_.7.%33 ) ;53_ T_s74 . 77 - .82 .86

Eﬁllfcattélétiéﬁé.EXE sta Llsrlcally dlfferent from 0.0 (E.< 05) except those w1th an *.
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Table 6

Correlations of Cntenon Variables with Scores From Stradaptwe and _Ctmventmnal Tests

; Erltenon Variable -
.o ACT Score
- Social Matiical
- UM-H. Science Science

Test éﬁd‘§C6té

(=17) (=lo1)

- (#55)  (Ne55)

Stradapttve Test

Entry Point (Reported GPA)

: Nugber Administered -

Musber Correct

Original Item Parameters
Mean Difficalty Administered
Mean Difficulty Correct

- -Uﬁéij"élﬂéj"ééiéﬁ. :

Maximum Likelihood

SD Administered

SR Owen § Bayesian

‘Bevised Ttem Parameters.

Mezn Difficulty Aduinistered

Mean sz’héiii’t}’f}éffééf

Owen's Bayesxan

Maxinum Likelihood

-8 Admmlstered

SE Gven's- Bayesian

,.;' | Gonventtonal Test

 Nusber Correct

ST
0 . -
-03 -~

.30**
9%k
N
4%
1L

Ahwr D8k

-4 -6

12 =%

S8 53

S Shkk Sk
+ e ke 5
M S 5o

=06 -~ 12

A B L S
R o o0

ST 0 jle

BYLL Y

TR TV

-0l
.

S sp

. *statistically different from zeco at p ¢ .05;
iStatisticatly different From 2eco at p ¢ 01,

-— T e
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The most striking differences in validity tetween the adaptive and convention=

‘al tests were obtained om the UM-OGPA criterion (for which the largest sample size

was available). Number Correct on the conventional test correrated .14 w:.th

UM-OGPA; which was not significantly diffetent from zero. By contrast, us:.ng ‘the

revised item parameters, the correlations of all. stradapt:.ve scores were s:.gm.f:.-

cantly different from zero, ranging from r=. 18 to .27. Using the original para-

weters; three of the four stradaptive score correlations were significantly differ-

ent from zero, the exception being the Bayesian score. Thus, the best stradaptive

i §66riﬁg method (Mean Difficulty Administersd) accounted for 3.7.times the amount of
. criterion variance than did the conventional test Number Correct score, the second :

_ best stradaptive scoring method (Mean Bifficulty Correct) accounted for 3.2% more

common variance. It should also be recalleqd that the stradaptive test administered
25% fewer items, on the average, than did the conventional test. Thus; the higher
: val:.d:r.t:.es were obtamed desp:.te shorter test lengths._ : :

Correlations of stradapt:tve a.nd convent:.onai test: 'scores mth ACT scores were

gi.gn;lar to the correlations of the stradaptive and conventional scores-with HS=GPA

apd UM-MGPA. For all but ACT English, one or more of the stradaptive test scores

correlated higher than did the comventional test score: For Aef English, :Number

N Correct on the conventional test correlated .62, as -did Owen's’ Bayes:.an score on

the stradaptive, test with revised parameter estimates. - The. la.rgest difference in

correi;at:.ons betweeu the conventmnal test a.nd the stradapt:.ve test was w:.th ACT

exceeded by a.ll but Maximum Likelihooed scorrng of the stradaptive test, w:th corre-' .

lations ranging from .55 to .58. Im almost every case where stradaptive score val--

idities exceeded those of the conventional test, highest correlations were obtained R

_ with the Mean D:.ffxculty Administered score. Lowest correlations between stradap~
. tive scores and ACT. scores ‘were generally obtained with the Maximum hkehﬁood

i_‘sconng method _ o ) .

Results of s:.gn:fxcance tests on the d:.fferences m the valz.d:.ty correlat:.ons

o i. ' Mean Dz.ff:.culty Adm.n:.stered us:l.ng “both or:g:;nai and revised rtem para-
: meters correlated s:.gnrf:tcmtly higher (;& <:05) with UM-MGPA than did

rect on the conventional test correlated s:.gn:.f:.cantly h:.gher (_g <7 OS) _
with this criterion variable than dJ.d the Bayes:.an score &smE the or:.g:;-

nal item parameters. °

either Owen's Bayesian score or the Maximum Likelihood score. " Numiber Cor— g

ted significantly hzgher (p <.05) with UM-MGPA than did the Bayesian
- score; but it was mot s:.gn:l.f:.cantly higher than'the Maximum LikeliHood
- score. ‘Using the original item parameters, the: Maximum Likelihood score
correlated higher with UM-MGPA than did the Bayesian score. _
3. Mzan Difficulty Administered and Mean Difficulty Correct correlated higher
(p <.01) with UM-OGPA than did the Bayesian score, the Maximum Likelihood

score, or the Number Correct score on the convent:.ona.l test; for both the
original and revised parameters. :

4. Mean leﬁculty Administered correlated s:.gnzf:;cantly gg < 05? tg}gher}wrth .

" 'ACT social science than Eh.d the Max:;nmm hkei;xhood; score us:.ng the revzsed'

item parameters. - T ) s

|

'i’he datx in Table 6 shaw that none of the abll:.ty test . scores. correlated

s .

ES

"2. : Meam Difficulty Correct, also using both sets of item parametefs, _correla—

‘

of' o1

h:.ghly thh. ﬂH—OGPA' the highest correlatlon was r=,27. Since UM~0OGPA was an avert o




age across a wide variety of classes, frequently including substantial ncaverbal
material; high correlations with the vocabulary tests would hot be ‘expected. To'
determine whether the vocabulary tests correlated in the typu.caﬁy observed range
with a relevant GPA variable, the; effect of the mathematics grade an UM-OGPA was -
eliminated by computing the partial correlations of.test scores w:LthQJ'M-OGPA thus

'part:.all:.ng_v‘ out the effects of UM-MGPA. These results are shown in Table 7.

-

Tabtie 7° : 0 L : , -

Intercotrelations of UM-OGBA and ﬁﬁ-PGRA L
w:.th Scores from Stradaptive and Conventional Tests,
: v Partlallz.ng Out UM-MGPA ’
- - —— .
2 Crltefibﬁ Variable
e ' me-ocea - UN-PGPA
- Test-and Score A L L (N=1Gk) - (N=71)

Stradaptive Test
Original Item Parameters - . I
Mean Difficulty Admn:.stered L27%% :51%%

N Mean Difficulty Correct : 225 . 49k
" . Owen's Bayesian : $14 CL43%%
L Maximum Likelikood Sl W17 3%
* . SD Administered Ry . =05 - -..10
SE Owen's Bayesian LT T =2 L (36%
‘Revised Item’Parameters ' S -
Mean Difficulty Mmm.scered 2Tk .S50%*
Mean Difficulty Corregct . L 25%% Ggws
. Owen's Bayesian 2 UL LGk
I . Maximum Likelihood L S o18% o o L 45%%
' P SD Administered A - 04 . 19
“s* * SE Owen's Bayesian o Li8x 18-
g Convent:.onal Test - L
Numbe::“ggrrecc L : ' S T 36%%

 #Statisticaily different from zero at p <. 05.."

: **Statzstlcally different from zero at p <.0l.

9

B

As*ThBle 7 shows, the partial correlatzonsudf all scores with GPA were higher

than were the original correlatioms. -All ability estimate scores were significant— .

1y cot:ei;ted with UM-PGPA, using both original and revised item parameters for the : L
stradaptive test. In addition, the correlation: of Number Correct on the conven— . °

- c:.onal test with UM-PGPA was also stat:.st:.cally different from zero. Correlations
of “the stradapt:.ve scores with UM-PGPA were still’ substantially higher than Number-
Correct on the conventicnal test; the best stradaptive score (Mean Difficulty ecr—

rect with original item parameters) accounted, for 26% of criterion vaziance,

g -whereas Number Correct on the’ convencmnal tesc accounted for only 13% of cnter:.on
- var:.ance. : - - : - :

4

.Table 8 presents vah;d:;ty correlat:;ons for EEé; B

_ Bayes:.é.ii ifé’fs"ns"" (onx”’éﬁtiﬁiii., Table 8 prese
Bayesz;an adapc:we and conventional: ‘tests obtained from Group 2. On the average,

_the Bayesian -ability estimate forrelated more highly with the externmal criteria
‘than did Number C‘orref't on the cconventional test. The" Bayesian score_ correlated

s:.gm.fzcantly h:.gher (at _g_( 05) with ES-GPA than did the convent:.onal test score’

-




o Table 8
Correlatzons of Criterion Var:.ables w:;tﬁ Scores
from Bayesian Adaptive Test and Conventiomal Test

Bayes:. n Test . Conven-
_— : tional
Number Variance ~ Test
o i S - Admin- Number Ability of Ability Number
Criterion Variable N - istered Correct Estimate Estimate Correct
GPA ; - T 7 .
HS : 71 ahek 46k 51 09 .40k
MM - 104 L23%k . g0%k 22%% - 10 .16
. UM=0 131 12 .08 L16% - .13 13
ACT Score - L S o o
English - .72 G2k Lldk 48k (12 7 50%*
Math 7 . 28%% .32%% 34 . 10 .33
Social Scierce 71 J43%k J48%% (62%% 17 . 59%%
Natural Science 71 v 40k LO%k 50wk - .15 T i4ldk
Cmprj.te . 71 59%* Sl¥% T p2kk 16 57%%

*Statzstlcally d:.fferent Eom Zero at p < .65. -
**Statxst‘.tcaiiy dszerent: from zero at p <¢.0l.

: (z-‘.Sl versus r-.iFO) UH-HGPA was also more accurately pred;:;cted by the Bayesian

score (r°.22) than by the conventional test score (z=.16), but the difference was

not statistically significant: No significant d:.fferences (at B < 05) were found

between the validity coefficients for the Bayesian ability estimate and the conven—

tional test Number Correct score. iit predicting UM-OGPA and the five ACT scores.
However, with the ‘exception of KCT Englzsh the ability scores from the Bayesian

adaptzve test correlated higher with the cntermn variables than d1d the score on
the conventtona:]: test.

"Table 9
Correlat::.ons of UM-OGPA and HM-PG?A
m.t:ﬁ Scoggg from the Bayesian Maptzve

and szventlonal Tests,
Pa.mallzng Out UM-MGPA

_ Criteriom Variable

- . UM-0OGPA - UH-PGPA
- Test and Score (N-l.31) . (WIOO)
| S iayéaiﬁ Test o o
. - ., . : Ability Estimate .16% 4T -
' Convent:anzi Test . L L ’
: " Number Correct .13 il .
Fe L *Staustzcally &xfféféﬁt from zero at p <.05.

**Statxst:tca:ﬁ:y different fron: zero at p <.0l.

o - ‘Correlations of the Bayesian a.h:.lzty estimate and Number Correct: score on the
_’;-._' ctmvennonal \test w:.th UH-PGPA are shown m Table 9. As was found in the Group 1




-2l -

<o

aata Paftfafffﬁg‘uut—the—effects—0f—8M—MGP%rresuited—rn—hrghér—correiattousﬂvf—:::::

both test scores with the GPA variable. Correlations for both .test scores :n-

creased 31 and both partial correlations were significantly different from zero:

However, there still were no significant differences between the validity correla-
‘tions for the two tests.

DISCUSSION AND CONCLUSIONS

Testing Strategies

The major finding of this research was that the stradapt:ve and Bayes:an adap-
tive _testing strategies could predict to extermal criteriom measures as accurately,
-and in some cases more accurateiy, as. eauld the conventxonal test. In achxevzng
"these equai or higher levels of validity, the stradaptive test used approximately

25Z fewer items, on the average, than did the conventional test. The Bayesian

adaptive test used z0Z more items; on the average, than the conventional test to

achieve the same ~validity, although the median number of items _administered in the
‘Bayesian test was 12.5% fewer than in the conventional test. There were no signi- .

ficant differences between the stradaptlve and Bayesian tests in terms of their

correlations with the external criterion variables. The stradaptive test, usiag

the Mean Difficulty Administered and Mean Difficulty Correct scores, predicted to
overall college G?& at a significantly higher level than did the conventional test.

It may be argued that the differences in observed validities between the adap-
tive and conventional tests are a fumction of the higher item discriminations of :
items administered in the adaptive test and; consequently, that a comparxson be-

tween the two testxng strategxes that does not equate for . dlscrlmlnatlons is unfair

to the conventional test. What this criticism 1gnores, however, is that selectxng

items of high discriminations from a large pool 1is one of the important advantages

e = -

of adaptive testing and can not be denled to the procedure.

A conventlonai test comstructed to have discriminations equal to those items

selected by the adaptive test would have at a specific point on the ability scale

(1) good fidelity and poor bandwidth if it were a peaked test or (2) good bandwidth

. and poor fidelity if it had a rectangular distribution of item difficulties

(McBride, 1976). Either test would correlate poorty with a criterion variable if

there were any ramnge of individual differences in the group being measured. Thus,
. the. adaptzve test is desxgned to resolve this bandw1dth-fzde11ty dilemma by admin-

lster1ng to each individual a test of high fidelity (high item discriminatioms) at
or near the individual's estimated _ability level (i.es., in a narrsw bandwidth) w1th
the location of the- hlgh fidelity measurement adapted to each testee.

This. argument regardlng-hlgher levels of valldlty for adaptxve tests attribut-

able to higher item discriminations also does: nmot take into accoumt the somewhat
different flndlngs obtained with the overall college GPA variable between the

stra&aptlve and Bayesian adaptrve tests. Bath adaptive tests tend to select the

most discriminating items in the pool that are closest to the individual's ability

level. Given that the average discriminations for the two adaptive procedures were

51mzlar;7the 31gn1f1cant differences between them in predicting overall college GPA

in relation to the. conventional test - must have been due to thexr item selectxon

-—e— - ———a—— —— —— — = —

procedures; their scortng methods; or the interaction of these two test character-

lstlcs.
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The data in Table 6 suggest that the differences ir the validities of the

adaptive test relative to overall college GPA mlght have been due to scoring

methods. On the average,; the two mean dlffxculty scores used on the stradaptxve

test data had the highest correlations with all criterion variables. These two

scores, in ccmpan:scn to the Bayesian and Maximum Likelihood scores; are relatively
simple scores that do not use complex latent-tra:.tﬁbased calculations: The simple
average difficulty scores also do not utilize in their calculatzon the zl:.ffering

discriminations of items admnzstered._ The effect may be a score that is less sam-

ple-specific in that it is not optimized using explicit weights for both dz.ffz.culty

and discrimination. Similar to multiple-regression-weighted-composites,; such opti-

e — —45 - ————

- mally weighted scores may be sample-specific (in this case, highly dependent on the .

particular pattern of item responses and the specific values of the item _parameter

estimates), tresulting in lower correlations with complex external criterion vari=

ables such as GPA. Another t.xplanat:.on may be that the latent=trait item discrim—

ination parmeter is related to the First prz.nc:.pal component of an item set; and

its use inm scoring _may result in a "factor pute" score that would correlate lower:

with an external cnter:;on (which, like GPA, is likely not to be factorlally pure)

.than wouid a score that is factonally somewhat more complex.

‘test us:.ng the overall college GPA criterion was partially the result of the ugse of

estimated GPA to _begini testing in the stradaptive test. This'argument does not

- take into. account, however, the fact that the entry point information is not ex—
plicitly incorporated into the stradapt:.ve test mean difficulty scores; it serves

only as ‘a means of selecting the first item to be admn:.stered;. tEter that :r.t-,

all subsequent .item selectiom is based on the pattern of responses given by the in-

) &iﬁ&ﬁ&l Entry point information in the stradaptive test might have a minor ef—

fect on the Mean leﬁculty Administered score to the extent that the entry point

is an accurate estimate of the ability heing measured (Table 3 shows that it corre—

lated .34 with conventional test scores and from :26 to .46 with adaptive test

scores) but it would have no direct effect on Mean ﬂ::ffzculty Correct ‘scores,

since théy are solely a function of ability level. In addition, this- argument

would not explaim the lower val:.d:.t:y correlations for the Bayes:.an test as compare&
to the stradapt:z.ve test, since the entry point (reported GPA) was explicitly in-—

cluded in scoring the Bayesiam test as a consequence of its use as a differential
prior aBﬂ;x:y estmat:e. . . -

ﬂat:z; m ‘l’able 3 show- that the smpler mean d:.fflculty scores, however, ‘con=—

- veyed almost the same informationr as the more complex latent trait scores; mean

difficulty scores correlated .96 to .97 with Bayesian and Maximum Likelihood

scores.  The higher validities for the mean difficulty scores for most cntena in

con;JunctIon with these high correlations, suggest that the mean d:.ff:.culty scores

from the stradaptlve test may be as good for practical purposes as more complex
sconng methods. These results support those of Vale and Weiss (1975a, 1975b) who,

using other criteria and comparisons; concluded that Mean Difficulty Correct was a

very useful scoring method for stradaptive tests, Further research would be desir-

able to determine if these simpler sconng methods might be useful in other adap-

tIVE tests. . _ . H

The data in 'l'able 3 also-show correlatxons of ;97 and l 00 between Bayes:an

and ‘Maximum Likelihood ability estimates. These correlations, based on response
records a.veragmg a;bout 30 Itm -are slxghtly higher than the correlation of 95

.: -:. Iv.. - .;A : .': 29

¢

4
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obtained by iingsogrgiggdiﬁEiss (1979) in t@eér eoggarrgog 9§,B§?e§§a?,§?d Maxzmum

Likelihood logistic scoring of achievement test data using the -three~parameter
model:

Item ?iréﬁeter Estimates

TEe data comparrng the two sets of Item parameter estnnates used to score the

the parameter estxmatlon procedure suggested by Uzry (1976), wﬁrch corrected the

biserial correlations for guessing; produced scores that were essentially linear

transformations of the scores obtained by using paremeter estimates that did not.

The data presented in Table 3 support the earlier conclusion. Correlations between

- ability estimates based on the two sets of item parameter values were .98 for the

two latent-trait scoring methods. The validity data (Table 6) also show mo generai

differences in correlations of Bayesian and Maximum Likelihood scores with the cri-

terion variables when the scores were cbtained from the original and revised item
parameter estimates; there were, however, sl:.ght]_.y ‘higher correlations with the two
college GPA variables when the new parameters were used; with the differences

tending to be larger for the Bayesian score. Nome of the differences between vai-

idity correlations based on the two sets of item. parameter estimates were, however,

stat:stzcally sxgnlflcant. The data, therefore, support the. conclus1on that the
two sets of item parageter,estrmates are essentially linear °E§B§f°EE§°EQE§,9§,§§éﬁ
other; since they performed essentially equivalently in this study and correlated

highly in both the present study and the Prestwood and Weiss (1977) study.
. | | _ : . #

A mxnor\flndzng Erun this stu&y indicates that self-reports of college GPA

B have a degree of vat1d:ty. Data in Table 6 show that GPA reported in the intervals

~ verbal ab:l.lz.ty tests administered.

shown in Figure 1l correlated .59 with overall college GPA as obtained from univer—

sity records. These.data suggest thak, even when obtained under volunteer research
-conditions; some confidence can be had in student-reported GPAs: The data also

show szgnrfrcant correlations of reported college GPA with ACT scores—-correlations

which in some cases were not substantially differest from those obtaxned from the

H

The data show'generalty-hzgher, and in some cases sxgnxflcantly higher, cri-
terionrrelated validities for the ‘adaptive tests as compared to the conventional
tests. There 1s some: suggestion in the data that scoring of the ability test item

responses by the Bayesian and Maximum Likelihood latent~-trait scoring methods may -

~ have reduced the validities of the adaptive test. In comparing the two adaptive

testing procedures, the data suggest that the stradaptlve test scored by mean dif-. -
ficulty methods results- 1n more valid ablllty estxmates than the Bayesian adaptxve

test.

Thxs study has been one of the fzrst evaiuatzous of ‘the crlterlon-related val-
1dzty of _adaptive testing strategzes. _Thus, these conclusions must be considered
tentatxve unt11 supported by addztlonal research. Chatacterlstlcs of the 1tem

. ——

conventzonal test, an& characteristics of the sample may all have affected the re—

-Asuits. Yet the obtained fIndIngs ire consistent with a wide range of related re=
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search using different samples, tests; and procedures, which shows important gains

in—measurement—precision—and-accuracy-realized by the use of-adaptive, as opposed

to conventional; testing strategies:
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. Table B .

Item Discrimination (a) and

Difficulty (b) Parameter Estimates for -
the Bayesian ﬁapt:.vg Test Item Pool.

S Irewr———————Ttem

Item _ Item , :
. No: g . b No. a b Bo. a b So. ‘& b
" 100 .56 =3.55 95 .51 =-2.20 87 ..99 -1.10 302. .51 .37
187 45 =3.53 .76 .56 -2:19 36 1.23 =1.08 666 .55 ~ .42
8. .93 -=3.42 125 1i.10 -2.13 293 :.56. ~1.07 111 .48 456
135 .40 -=3.36 276 .41 «2;12 85 .76 ~1.07 375 .49 .46
.16 .70 -3.26 214 .42 -2.08 109 .89 -1.06 651 . .56 49 -
151 .41 =3.19 196 1.76 -1.99 ‘110 .58 -1.04 164 .41 .62
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81 .41 =2.95 96 1.14 -1.88 183 .60 =.9 656 .44 .71
65 .36 -2.94 8 1.43 =1.87 149 .7~ =.91 337 . .98 .73
105 .91 -2:.88 311- .66 -1.83 130 - .75 ~-.85 341 .37 .75
124 1.0r -2.87 14, .42 -1.83 33 .e4 =85 231 .45 .78
181 .% -2.83 642 .42 '-1.80 203 .65 ~-.8% 2% .70 .79
89 .67 -2.82 8 .77 -1.80 4 .67 -.81 321 .63 .79
198 .74 -2.81 13 1.56 =-1.78 128 .82 =-.75 397 .37 .83
1t 1.48 -2,81 - 88 .63 -1.75 37 .67 -.69 216 37 292
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628 .52 -2.73 190 146 -1.68 143 .77 -57 120 .72 1.07
42 3.00 =2.72 101 1.02 -1.67 265 66 -;Sg 288 .56 -1.11
.28 3.00 =2.72 127 .93 -1.66 391 .48 --.53 162 - .52 .17
T 25 3.00 -2.72 90 .82 =-=1.65 270 .86 —.52 217 .43 1.25
93 .48 -2.68 186 .92 -1.65 188 .71. =47 -140 .52  1.30
14 1.79 -2.67 129 1.08 -1.64 .145 .59 -.41 291 .4 1.31
262 .57 -2.58 227 .71 -=1.63 209 .64 - -.40 652° .60 1.33
643 .44 -2.56 189 .66 -1.60 104 .68 -.40 263 :.51 1.38
80 . .79 =2.55 9% .49 ~1.57 116 .38 =38 152 . .55 " l1l.40
184 .67 .-2:54 86 .77 -1.55 318 .40 ~.36 378 .49 1.4
1260 -2:54 191 1.40 -1.51 S6 .75 =.29 319 . .62 1.49
24 1.59 =2.54 640 .67 -1.47 629 .40 -.26 359 | .58 1.5
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3L ...66 -2.50 285 .71 -1.42 329 .87 -21 115 .45 1.88
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- .7 3.00- =2.42 112 .52 -1.30 347 11.07- .1& 297 .40 2.3:
106 .62 =-2.39 235 .56 =-1.27" 283 ..97 .15 328 .5 2.31
- 66 .80 -2.32 287 ..4& -1.27 266 .87 .16 385 .42 2.35
262 370 -2.29 1% 135. -1.23. 315 .83 = .17 309 .48 2.47
158 - .98 -2.26 43 .91 -1.21 264 .86 .21 298 - .43 2.62
‘22 1.07 -=2.23 117 .52 -1.19 &0 .66 26 627 .42 0 2.67
138 1.52 -2.22 185 .57 -1.17 340 .78 .30 . 388 .43 :2.86
649 . 44 -2021 . 206 .73 -1.15 271 .53 .33 664 .8 2.95
136 .96 -2.21 239 .77 -1.10 296 .91 34 29 42 3.38
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‘Table C .
~_Itém Discrimination (a) and leflculty (b)

Parameters for the Items in the Conventiomal

Test, in Order of Administration .

~ Item , ,
Reference No. » é_ i . § R
58 . 482 ' -.957
221 647 . =760
307 .562 ~.836
386 : 697 : .136
211 .609 - . =720
- 224 - .543 o -.785
.627 ; -.731
.568 -.726
1647 -.631
:582° . =i681.
.o12 - -.687"
.606 +.282 -
.400 : =739 -
- .338 T —-.897
.602 . T =526
.332 ‘ : -.928 .
472 -.618
.638 -.481
774 :172
772 ' o173
o1 . . =320
- .579 o =.296
T 2620 , ' -;282
57 =248
.505 T =23
:.627 , - =184
. .562 , -215
468 . -172 -
417 189
-«50L -.078
.607 .000
475 - -.035
.609 -247
436 S - .188
. .637 a1
- .383 S 1l.1527
.638 - 1.156
L3100 : . 979
<490 L .969
377 S .978 0
.543" : . <188
G112 - © .593
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