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A STUDY OF COAPUTER-ADMINISTERED STRAD4PTIX1 ABILITY TESTING

.

In the early years of mental measurement, tests of individual differences
were designed for.individuals rath# than groups. -Binet's Inpelligerice

-.test, for example, was tailored to the individual. Using the-Binet approach,'
the examiner neither wasted time administering items which were too easy
for a testee nor frustrated the testee withitems which were much top difficult.
But the expense of the indiiiidual test administration required by Binet:s
approach forced test-makers to devisq an alternative measurement strategy
that required less administration time by a trained psychometrist. The

result was the group test.

In the process of applying group tests to the'measurement of
individuals, many of the advantages of individualized testing were sacrificed
for the.greater efficiency possible by measuring large groups of individuals

at one time. The result was tests whicli were too difficult for some testees,
and too easy for others, with measurement accuracy that varied widely as
a function of ability level. Although group tests measured well the average
member of the population for which they were. Constructed, there was still
rood for considerable improvement.

The advent of interactive computers provided an economical path for
.a return to individualized testing. With their development came the means
to. constrict tests to efficiently measure individuals who were not
necessarily typical of`certain populations. Avariety of techniqdes have been
proposed for administering ability tests on interactive computer systems.
Weiss and Betz (1973) summarite the recent literature onadaptive, or tailored,

testing.

A basic,p5mise of adaptive testing is that the bpst test for

meaemring an in ividual is a test with item difficulties peaked At the ability .

level of, that individual rather than at the.mean ability of a population.
The fact that ability is not known until the end of the teat has resulted

in a diversity of strategies for choosing the items to be administered to

a given individual .(Weiss, 1974): These strategies can be divided into two

subcategories-ttwo-stage and multi-stage-strategies. The latter are of the

most interest here and can be further divided into two subclasses: variable

branching pro4dures and fixed branching procedures.

Variable branching proceduies include Bayesian and maximum likelihood

approaches. Bayesian strategies,,such'as those proposed by Novick (1969)

and Owen (1969), may begin with some initial.esttmate of the testee's ability,

such as grade-point average or the testee's own subjective ability, estimate.

Given this ability estimate, every available -item in the item pool is examined.

Then, on the basis 'of the guidelines set by the partieular model in dse,

the best item is chosen to be administered: Given the 'response to that item

and the.initial ability estimate, a new ability estimate Is calculated and the

procedure is repeated.' The test usually terMinates when a desired degree of

precision of measurement is reached. Bayesian strategieshave asthetr

advantages the capability of using prior information about the ability of

an individual, the tailoring of test length as well as difficulty, and, by

examining all available items at each stage, the capacity to make very, efficient
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tage may lie in the failure of real items
cial assumptions on which the Bayesian
computing time required to search a large
in interactive testing .on small computer

The fixed branching procedures use a set of items which are pre-structured

by difficulty and/or discrimination. In these strategies, at any stage in
the test a testee is branched to one predetermined category of items (which
may consist of a single item) if he answers the'item correctly, or to another

%predetermined category of items if he answers incorrectly. Because branching.

from any item is dependent only on the response to that item, the item pool
does not need to be searched after each item response.

Most fixpd branching procedures are variations of the pyramidal testing
strategy (e.g.-, Larkin & Weiss, 1974). A pyramidal test has its items arranged
in a triangular oKpyramidal structure with item difficulties at the peak
centered o4 the mean ability of the populationiof individuals to be measured

(see Weiss, 1974, pp. 12-36). Difficulties increase or decrease with

distance to the right or left of the peak. An individual taking a test under.

this strategy is irst administered the item at the peak. If he answers, it

correctl, he is branched to the more difficult of the two items,in the second

stage; if he answers it incorrectly, he is branched to the less difficult item.."-

This process continues until the testee reahes the end of a fixed number

of stages.

Since each stage of a pyraMidal test requires a number of items equal
to the number of that stage, the pyramidal test requires a substantial number

of items,(n(n-1) for an n-stage test!). Furthermore, the pyramidal test is

very inefficient in its use of available items. A pyramidal test has items

at a-number of difficulty levels. With the exception of the individual who

answers all items correctly or all items incorrectly, a testee enters most

difficulty levels somewhere after the first item at that difficulty level.

Consequently, all the preceeding items at that.difficulty level are not used.

This is a problemin any real operationalization of the pyramidal strategy

because there is no good position in the structure to put the most discrimin-

ating items. At no point in the structure will these items be routinely'admin-

istered to testees whose sequence of item responses requires items to be

administered stip given difficulty level.

Thup, the Bayesian strategies are promising because of their use of

prior information, optimal branching, item economy, and flexible termination.

4` But it remains to be seen whether the assumptions on which such strategies

are based will be sufficiently. met by real'ite\ns and real individuals to

realize an advantage in utility. The pyramidal strategy has as its advantage

the lftck of restric4ve.assumptions needed by the Bayesian strategies but

lacks all the advantages of the Bayesian strategies--it makes no use of

prior information, its termination criterion is'inflexible, and it\makes

very inefficient use of an item pool. Clearly some compromise approach is

called for.
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Such a strategy was proposed by Weiss (1973) and was named the stratified

adaptive, or stradaptive, ability test. The stradaptive test is a collection
of short peaked ability tests, each of these tests being referred to as a

stratum. These strata are ordered by difficulty and are equally spaced along

the ability continuum. Items within each stratum are ordered with the most

discriminating items appearing first. Beginning with any rough ability

estimate, a tested can begin the test in any stratum land is administered the

most discriminating item in that stratum. On the basis of_his response, the

testee is branched either to a stratUm.with more difficult itemb, or to one

with easier items, and is administered the most discriminating item in the

_chosen' stratum. This process continues, with the testee being administered
the most discriminating item yet unadministered in each stratum, until some

termination criterion is reached. One termination criterion for the stradaptive

test is based on a criterion borrowed from Binet. Its goal is to locate the

level of chance respodding, and termination occurs once this "ceiling level"

is reliably located.

The stradaptive strategy bears some similarities to the Markov process

with a reflecting barrier proposed by Mussio (1973), which was essentially a

truncated pyramidal test. The stradaptive test isdifferent in that it lacks

Mussio's formal item structure, thus allowing, better item economy, and lacks

the common entry point and fixed number.of Items administered, which are

characteristic of the pyramidal strategies. '

The stradaptive test lacks the optimal branching of the Bayesian

strategies but retains their advantages of untilization of prior information,

tailored termination, and efficient use of the item pool. Its further

advantage is that it does not require the restrictive assumptions on which the,

Bayesian strategies rest.

,,Waters (1974, 1975) reported the results of a study of live stradaptive

ability testing. Using a pool of 250 verbal analogy items obtained from

Educational Testing Service,' he administered 46 conventional tests and 53

atiadaptive tests So college` students. His design allowed for the

.computation of both parallel forms reliability and validity coefficients.

Validity was operationalized as p correlation between scores on his tests and

scores on a conventional test composed of similar items taken earlier. His

Major findings were that 1) the stradaptive strategy was able to attain parallel

forms reliabilities and validities comparable to a conventional test having

twice as many items; 2) the reliability and validity of the stradaptive

scores was strongly,dependent on the termination criterion used; and 3) some

methods of scoring the stradaptive test'gave higher validities and reliabilities

thaeother scoring methods, with the average difficultyof all items .answered

correctly consistently being one of the highest.

The present paper reports on the administration Of two different

stradaptive tests to college students to study the stradaptive strategy's

psychometric characteristics, using an item pool and evaluative criteria

different than those used by Waters. Further details on the logic. and

garationale of stradaptive testing are given in Wei 0.973).



METHOD

.Design

This study was part of a larger research program studying the utility
of computerized ability testing. Onegoal of the program is to determine the
empirical relationships between ability estimates derived from the various
adaptive testing strategies, as well as their relationships with ability
estimates derived from a conventional test. In addition, strategies of
adaptive fisting are being evaluated in terms of other psyofhometric
characteristics, in an attempt to identify those strategies which are most
piomising for practical_ applications. As part of that program,' this study
investigated the stradaptive testing strategy.

A 40-item conventional vocabulary test and two forms of a Atradaptive
vocabulary test were administered to.college students. The two'stradaptive
forms differed in that one counted question mark responses (i.e., omitted
items) as incorrect and the othey ignored items responded to with question
marks.

1 All tests were esented using Datapoint 3000,cathode-ray-terminals
(CRTs) acoustically c upled to a Control Data Corporation 6400 time-shared
computer. The testee responded on the CRT keyboard to each item presented with
either a number ineCating the multiple-choice alternative chosen or a question
mark if he'did not know the ansver and chose not to guess*. (See DeWitt and

Weiss, 1974, for details of the test administration software.)

This study was concerned with two major kinds of analyses. First, data

from the three tests were analyzed in terms of the characteristics of their

score distributions, the correlations between stradaptive and conventional

tests, and the magnitudes of their test-retest stabilities. Second

characteristics of the stradaptive tests were investigated to provide a basis.

for refinement of the strategy. Among.the characteristics investigated
were the intercorrelations among the many methods of scoring-a stradaptive

test. This was done to determine which scores were redundant and could be

eliminated. The utilities of the consistency scores in predicting:test-
retest stability were also investigated. To provide data for future

,,development of subject characteristic ourves (described below), stability

of stradaptive test response records was Investigated.. The impact of ignoring

omitted items was evaluated in terms of relative test-retest stabilities

of scores derived from the two forms of stradaptive tests, and in terms of

.the relative difficulties of items giving rise to question mark responses.
Finally, to evaluate the adequacy of the item pool (i.e., the effect of

having many highly discriminating easy items but few highly discriminating
difficult items), test scores were correlated with test length.

Implementation of the Stradaptive Testing, Strategy .

Item Structure
.

For this study, two forms of the ptradaptive test were prepared and will

10



be referred to as Stradaptive 1 and Stradaptive 2. Stradaptive 1 is the
stradaptivetest used for illustrative purposes by'Weiss (1973),. It

consisted of 229 vocabulary items taken from a larger pool of 369 items,
with the restriction that items not overlap with those of a conventional
test constructed for purposes of comparison. The larger pool was described
by McBride and Weld (1974), and norming item statistics for the 229 items
used here are given in.Appendix Table A-1.

SumMary statistics forthe items in both forms of the stradaptive test
are given in Table 1.. As is'shown, the items in Stradaptive 1 were grouped
into nine strata with 'stratum S centered on a normal ogive difficulty
(Lord and Novick, 1968, pp. 376-378) of b -.007. The width of each stratum,
and distance between the means of successive strata; was about 0.65 normal
ogive difficulty units.

Stradaptive 2 consisted of 269 vocabulary items. Thisset of items
was composed of most of the original 229 items of Stradaptive 1, the 40
items whicli were originally used in the conventional test, and a few new items.
As can be seen from Table 1,the Itei structure of Stradaptite 2 was quite
similar tothat of Stradaptive 1, both consisting of items arranged in nine
strata spaced about 0.65 difficulty units apart. Norming item-statistAcs

for'Stradaptive 2 are also presented in Appendix Table A-1.,

The most important distinction between the'two stradaptive tests is
the manner in which question mark responses (i.e., omitted items) were
handled. In Stradaptive 1, aoquestion mark was treated as an incorrect

response. I caused the testee to be branched down one stratum, and was
counted as i correct when the scores were calculated. To investigate the effects

of not penalizing the testee for answering honestly when he was not sure of
the correct answer, question mark responses were ignored in Stradaptive

2. The Subject was administered the next item in the same stratum (i.e.,

branched neither up nor down) and the item to which he responded with a
question mark was not included in the calculation of scores.

The entry point or stratum in,which the test was begun was determined
for each testee using his reported grade-point average. The display presented

on-the CRT screen to the testee for this purpose, along with the'entry

stratum resulting from his response (which,, of course, was not on the CRT

screen) is shown in Figure 1.

Sever -al branching rules were discussed by Weiss (1973) with respect to
the stradaptive strategy and have been considered in discussions of other

adaptive testing stratelpLes (e.g., Weiss and Betz, 1973; Larkin and Weiss,

1974). The technique used here was the simple up-one, down-one branching

rule. A testee was branched to the. first unanswered item at the next more
difficult stratum following a, correct response, and to the first unanswered

item at the next easier stratum following an incorrect response. The exception

to this rule was when the testee gave a correct response to an item in the .

most difficult tratum or an incorrect response to an item in the least

difficult stratum In those instances, the testee was branched to the next

item iii the same s ratum. ...

.._



-6-

Table 1

Summary Statistics for Conventional and Normal Ogive Item Parameters for
Two Stradaptive Tests, by Stratum

Stratum

Stradaptive 1 Stradaptive 2

No.
of

/tents/

Conventional Normal Ogive
No.

of
Items

.Conventional Normal Ogive

p rbis
b, a. r

bis
b a

Stratum 1 35 35

Mean .949 .699 -2.648 1.290 .949 .699 -2.648 1.290.

S.D. .643 .210. .176 .925 .043 .210 .176 .925

High .995 1.134 -2.393 3.000 .995 1.134 -2.393 3.000

Low .850 .376 -2.980 :406 .850 .376 -2.980 .406

Stratum 2 36 33

Mean .863 .602 -1.926 .840 .863 .595 -1.951 .830

S.D. .070 .161 .220 .383 .073 -166 .212 .398

High .968 .869 -1.636 1.756 .968 .869 -1.657 1.756

Low .709 .299 -2.322, .313 .709 .299 -2.322 .313

Stratum 3 36 39

Mean .571 -1.287 .732 .771 .579 -1.314 .749

S.D. .060 .130 . .184 .266 .064 .129 .202 .263

High 490 .813 -1.013 1.396 .890 .813 -1.013 1.396

Low .628 .302 -1.627 .117 .628 .302 -1.653 .317

Stratum 4 30 46

Mean .631 .506 -.633 .648 .632 ,.499 -.666 .617

S.D. .055 .116 .192 .044 .098 .178 .236

High .731 .680 -.343 1.822 . -731 .680 -.343 1.822

Low .542 .259 -.998 .268 .542 .288 -.998 .301

Stratu 25 44

Mean .496 .558 .007 .503 .31 -.020 .643

S.D. .043 .141 .189 .270 .042 .117 .196 .220

High .568 .794 .329 1.306 .568 :794 .329 1.306

Low .427 .331 -.285 .317 .427 .331 ..319 .317

Stratum 19 22

..455 '.695.382 .469 '.651 .549 .379 .527

S.D. .038 .106 .185 .177 .036 .107 .206 .175

High .434 .700 .977 .980 .434 .700 .977 .980

Low .305 .346 .337 .369 .305 .296 .337 ../.310

Stratum 7 23 25

Mean .295 .436 1.327 .456 .296 .437 1413 .460

S.D. .039 .083 .183 .113 .059 .084 ' .182 .115'

High .353 .618 1.630 .718 .353 .618 1.630 .718

Low .217 .323 1.004 .312 .217 :123 1.004 012

Stratum 8 15 15

Mean .200 .427 2.096 .482 .200 .027 2.006 .482

S.D. .047 %087 .206 .133 .047 .087 .206 .133,

High .274 .648 2.313 .851 .274 .648 2.313 .851

Low .110 .321 1.649 ,.339 .110 .321 1:649 .339

Stratum 9 10 10

Mean .168 .387 4.621 .427 .168 .387 2.621 .427

S.D. .103 .273 .163 .069 .103 .273 .163

High .100 .643 3.113 .840 .300 .643 3.113 .840

Low .029 .253 2.320 .214. .029 .253 2.320 .214

12

O



`Figure 1 .

Stradaptive Test Entry Point Question

?Alm CATEGORY IS YOUR CUMULATIVE GPA TO DATA?

r

Entry Stratum

.(nnt seen
by student)

1. 3.76 to 4.00 9
2. 3.51 to 1:75 8
3. 3.26 to 3.50 7

4. 3.01 to a.2$ 6
5. 2.76 to 1.00 5
6. 2.51 to 2..75
7. 2.26 to 2.50 ... :.3
8. 2.01 to 2.25 ...4 2
9. 2.00 OR LESS 1

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

Scoring the Stradaptive Test.

Gelling and basal strata. Several methods of seciting.the-Suredaptive
' test:. require:the'use of ceilingend.basal strata; These two concept6 were
bortowedlom,indi-kduel intelligence testing; primarily theBinet test.
the bitsal level of responding'ia ti*,difficulty levgl of items at.WhiCh
the-:tesiee ansWers all,;- tems correctly. The use of the basal level:assumes
that all leas:difficultiteMs would elsabe.enswetecLcorrectly, and, there-
fcre,:e4Ster items are nOt_administered oncea basal level has been.: !'
established. :TheA2asel,stratum-wasi defined fOr Age in the stradaptive test
by,Weisd:M.013) as. the most difffcultgtratuMet1Whigh all Items

Illthe-Tresent clat4Atsuch.a stratum existedi t was identified As
basal. If no.strat64eitSeed in-whiCh all'Items;ed administered were answered,

, cgrrectly but at least one itemYas.administeroa at'06:1e-ast,difficult,
.,,.. .stratum, it Yas-:assumedu that. all strata were too diftionit to be called

basal and the hypothetical Aratum....below.the lOwek. actual stratum was
: _

taken as -basal. All other,,coeditiongthetesponae record was -incomplete,.
'there was AO identifiable'bataf stretuand nq;tetmination*iteiion had, been.

.reached)' were considered abniiimal..terminatiOnd:and the subject Was, eliminated.
Most dbnormal terminations were caused:*,:computerf0,11.1res, altlkonh)a few
were caused subjaCts leaving earlY,ito:"eet-Otharb --tments...'

.

TheCeiling level of :responding' t eI of:.diffidulty at which
the testee answers no items correctly. is definition of the ceiling,.
etratAm asSAmes.that he would ,answer no items 'correctly`' -et any level of
gre4ter 'cliffiCAlty.° Consequently, .gym. difOOUlt'iteme not.administered.
In the case of multiple - choice':. items, the testee ige*PeCted:toanswer some



-8 -'

items Cofrectly due solely to chance successes. :These chance successes.

are mist' likely to occur' on items which are_too..di:fficult for a given testee.
.

Thus; for multip1T-choice items, thelceilinglevel can be defined as that

levelof difficulty where the testee answers correctly no- mOre-items than
would-be expected' from random guessink.

: In this*udy,:Which usedfive-alteruative multiple- choice items, the

ceiling stratum, was defined as the least difficult stratum in'whichfiVe

or more-Items were administered andthe testee answered Mor,less_correctly:-.
The five item minimum was established to allow a reasonably Stable estimate

9 of proportion correct at a given stratum for the critical termination

criterion. If such a stratum existed, it wasr-identifiedras the ceiling. stratum.
If no such stratum existed but allitems.at the most difficult stratum
had beed adminiStered, therhypothetiCalatratum immediately.above the most
difficult stratum..as taken'as the .ceiling stratum, 'All'other conditions

were considered abnormal terminations and Ve testee.was eliminated from

all analyses

Ability level scores. Weiss. (1973) proposed ten methods of scoring the

stradaptive test to obtain ability level estimates., These ability level'
scores are referred to by number in the 'figures and tableSthroughout this

report. Score numbers and brief descriptions are shown together in the

sample stradaptive test report shown in Figure 2.

Scores 1 through 3 are item difficulty scores'. bsse,scoring methods

are bortowed from the pyramidal testing strategy (see Larkin and Weiss,

1974; Weiss, 1974,.pp. 12-36). Score 1 is the diffidurtyof the most

difficult item answered correctly: With the excrption of abnotmal terminations,

this score could always be'Adetermined and was used as defined.

Score 2 is the difficulty of the (N+1)th iteM, or the next item that would

hsve been administered had testing continued beyond termination. This score

could not be determined in two circumstances.' First, if termination was

called by running out of items in the next stratum tobe drawn ftom, there

obviously was;no item from which to determine the score. Second, if the

Nth item was in the highest stratum and the response was correct, or the

\ Nth item was in the lowest stratum and the .response was incorrect, the

(N+1)th item would be chosen from a stratum that did not exist (i.e., a

hypothetical stratum). In these cases, the effect would be the same as

in the first situation (i.e., there would.be no item from which to determine,

the score). In the first situation, where there was an insufficient number

of items inan existing stratum, the average difficulty of.the items in

thee-stratum (the stratum difficulty)' was substituted as the testee's score.

In the second case, difficulties-of hypothetical strata .65 units above

the'most difficult existing stratum or .65 units.below the least difficult

stratum were used as the testee's score.

Score 3 was-defined as the most difficult non-chance item answered

correctly, This was determined from thdifficulty of the most difficult

item answered in the stratum immediately below the testee's ceiling stratum.

This item existed, and thusthe score could be determined,. except in the' .



conditionwhere the ceiling stratum was'siratum 1-, the lowes actual
stratum, In this case the difficulty of the lower hypothetical stratunc
was used.

Scores 4 through 6 canbe referred to as stratum store'-These
are stratum difficulty analogueq'to the three itemAifficul r'scores,*
.S2-Ore:4 was defined as the meamdifficulty of the items at he most
difficult Stratum.in which at 1pait one itemwas answered c rreCtIy.
ScOre:5 was' defined as the Mean difficulty of the stratum c ntaining,the
(N+1)th item (or hYpothAicallteitif no.item existed). Sc re46.1s.the
mean diffiOulty ofthe highest non-chance stratum or the st atulm'immediately
below the Ceiling.stratum. Thede.three'scorea, barring abno al termination,"
'Were always determinable and were implemented as dAfined.

.

Score 7, the interpolated stratum difficulty score,' was an attempt
to determine the exact stratum:difficulty..at which the.testeewoUld respond
at a chancelevel when that difficulty:fell tbtween two availableetratum
diffiCulties. :Algebraidally, it was defined as:

AK)
c-1

+ S (P
C-1

- 450)

where: D As.the average diffiCulty of the (c-1)th 'stratum-and
c-I

c is the ceiling stratum,. It is therefore; the average.
difficulty of all items ayailible-at the testee's highest
non-chance stratum, or-the stratum just below his ceiling
>stratum.

P is the testee's proportion correct at the ,(c-1)* stratum
c-1

and S if P is greater than .50, or -D if
. c c-1' . c-1 c-1 c-2

P
c-1

is less than .50, where Lip the average difficulty .

of the designated stratum.
(

It was possible to calculate this score except in the condition where the
ceiling stratum was stratum 1. In that case, no proportion correct was

-available, for the "c-l" stratum and the score could not be calculated.
In this:itudy, thiaarticular condition never occurred.. Thus4-with the
exception of abnormal t?rminations, score 7was determinable for all
testees."

Finally, three average difficulty scores- were defined. Score 8 was
defined'as the average difficulty of all items answered-correctly and was
calculable in all cases Score 9 was defined as the average4difficulty
of items correct betwOen, but not including, the ceiling and 'basal strata.
The hypothesized adYantage of this score over score 8 was that it would be
less susceptible to bias from inappropriate entry points.. This score coup
be determined except'when no4tems were answered cOrrectlybetween,the
ceiling and basal strata, a condition caused by the Ceiling:and basal
strata-being--AdjaCeni. when this occurred, score 9 was not calculated.

Score 10 is the average difficulty 'of.allitemsLanswered correctly At the
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highest non-chance stratum and was calculable except when the ceiling
stratum was stratum 1, a condition not encountered inthis,study.'

Consistency scores. Weiss (1973) suggested that the consistency of the
response record,, or variability of difficulties of items encountered b3 a
given testes, might yield information about.the confidence which could be
.placed on the point ability estimates obtained froMthe first ten scores. -.

SpecifiClly, he. said (p.. 26), "Individuals who are more consistent should
have more stable ability estimates, while those who are less consistent
should have less stable ability estimates."' This hypothesis was studied
using -five scoreadesigned.to reflect response consistency.

,

Two consistency indices reflect the overall variability of the
.) difficult es o the items_ administered to a given testee. Score 11 is

defined as t standard deviatioriof the difficulties of all items administeted.

Except for abnormal terminations, this score was always calculable. Score,

124s defined as the standard deviation of'itei difficIlties of- alb:
answered correctly. In this-study this score else was available. for all

testees. '"

In an attempt to control for inappropriate entry points, three indices

reflect consistency using an individual's ceiling.and basal strata. 'Sar 4

, 13 is defined .as the standard deviation of difficulties' of ;.all items 0

*answered correctly between the ceiling and basal strata. This score could

not be calculated for a giveh testee when lead than two items wiFe answered

'correctly between the ceilingand basal strata:. a condition always caused

by the ceiling and basal strata being adjacent. Score 14 is defined as

the difference in average stratum difficulties of the-ceiling and basal.

strata. Scores 1 and 15 have an advantage over score 13 in that they are

calculable for all testees. .

A Sample Stradaptive Reaper e Record

Figure 2 shows the stradaptive test performance of a college sophomore.

This test record is typical of the stradaptive test pekformance of college

students. The testee was first presented with an entry paint screen

(Figure 1);and indicated that his Cumulative grade-point average to date

was betweeh 2.76 and 3.00. He thus egan the stradaptive test at stratum 5%

His answer to the first itemwas cor ect (indicated by a "+" in Figure 2),'

which brandied him.to t e first ava able item in stratum 64 CorreCt

aswers to .the sec nd third ite resulted in his moving to stratum 8,

where he receive the first item fr that more difficult peaked test. Since

the stage,4 item was too - difficult orhim, his response 1.Ya incorrect (7),

and he branched downward to the sec nd item im stratum 7. The student theta

alternated betWeen correct and,inco rect responses for the items at stages 6

,through 8, followed by an incorrect, esponse to the. stage 9 item. This

.
returned him to stratum 6 for his to th' item. With a few minor deviations,

then essentially alternated.between orrect and incorrect reaponses from

stages 11 throw Ttem.20 terms ated the stradaptive test since the

testing procedu e had,.at that point iocatad the student's ceiling stratum;

attstratum.8 he ad answered incorrectly all five items.
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The Conventional Test
A -

As in previous studies in this series (Betz and Weiss, 1973, 1974;
Larkin and Weiss, 1974), a conventional testi,was administered by computer
to provid a comparison with the stradaptive tests. Thid wasa 40-item
,peaked to t for Which norming.summary statistics are shown in Table 2. Item

Table

Summary Statistics for Item Parameters of
the 40-Item Conventional Test

Earamters Mean . S.D. High Lpw'

Traditional
p, proportion

correct' .537 '.010 .661 .267

his), biserial r
with total score

a

.472 .078 .612 :296

Normal Ogive
b, difficulty'
a, discriiiinatiOn

:-.188

.543 ,

.592

.112

1.155
.774

-.956 ,

.310

a
Estimated using formulas described by McBride and Weiss (1974, p. 24)

statistics for this test are Presented in Appendix'Table A-2. According to
Betz and Weiss (1973) who constructed the test, "Items were selected from

/ the pool [of 369 items] that had difficulties closest to p=.55 and item
total score biserial Correlation coefficients closest to .45," (p. 15).
The score for the 'conventional test was, the proportion of items answered
correctly by each testee.

:Sub ects

Subjects providing the data for this study were college students. Some

sophomores were recruited from the psychology department'srsubject pools,
'but the majority of the testees were juniors, seniors, and first-year Valuate
'students from courses in psychologiohl statistics and measurement. To obtain

test-retest'stability data some sajects were tested and then retested
after an interval of from two to 11 weeks. Valid test retest data were
collected on 180 testees for Stradaptive 1,. 98 testees using Stradaptive 2,

and 194 testees using the conventional test. To 9btpin the best possible
dl.egrillutional_pnd intercorrelational data on the stradaptive tests, single
administration datATere gaihered-froM'other latetaof the research program's
general data collection yielding initial test data on 476 students for

18
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'stradaptive 1 and 113 students for Stradapiive 2.

Analyses

Comparison. of the Stradaptive Test with e Conventional Test

These analyses were designed to investigate the characteristics of the
various scores derived from the stradaptive test, in comparison to scores
derived from the conventional test Of interest were the' characteristics

of.their score distributions, as well as inter-relationships among scores'
derived from the two testing strategies. In addition, the relative stability

of ability estimates derived froM the two testing strategies was considered

important, as it was in previous studies (e.g., Betz and Weiss, 1974; Larkin

and Weiss, 1974). Score stability was yiewed both as an indication of the
relative reliabilities of ability estinittes derived fiom the two testing
strategies and as an indication of. the practical utility of the ability estimates'

/for making longitudinal predictions.. -

/ .

Descriptive statistics. The mean, standard deviation, skewness, and

kurtosis were calculated for all score distributions obtained from Sttadaptive

,Stradaptive12, and the conventional test. The underlying ability distribution'

ofithe population sampled' was.not known. Therefore, scores derived from the.

different testing, strategies could not be evaluatedon the bests of low well

they reflected the distribution of true ability. -A, normally:distributed score

distribution is statispically convenient, ho4ever, and for 'this reason alone,

scores that depart radically'from normality are. undesireable. .

'0* - Internal consistency. In practical testing applications, internal con-

sistency is calculated as an approximation to parallel forms reliability.

Ability tests are typically constructed to maximize internal consistency. In

inter-strategy comparison research, such as is reported here,, the goal is to

equate internal consistency across strategies. Given a unidimensibnal trait,

the internal consistency is partly a function of the discriminating power

of. the items (Gulliksen, 1950). Thus* testing strategies which are equated

for.internal consistencies can then be meaningfully compared in terms of

stabilities, since all strategies will have equally good items.

Internal consistencies were calculated in thia\study for both the cam-,

/statistically

and adaptive tests. These data. were 'then usedas a basis for

/statistically equating, bite discriminating power gf the item pools to provide

a more realistic comparison of the test - retest stabilitiel'of the two testing

strategies.

Calculation of the internal consietency'reliability of an adaptive test

cannot use standard'approaches because 1) all. individuals do not -
encounter the

same items** and 2).those items they do encounter cannot be thought of.as a

random sample from .the total pool. Some adaptive testing strategies, such asN.

two-stage, allow internal consistency to be calculated on subgroups of items

(e.g., Betz and Weiss, 1973) but this is usually an underestimate due to 0

restriction of range in ability. Larkin and Weiss (1974) were able to calculate

internal' consistency for a pyramidal test using a scoring technique that.

/9
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predicted a testee'aresponse to all those items of the test which he had not
actually encountered. They concluded, however, that the resulting internal
consistency was an overestimate due to the assumptions made by the scoring

technique.

A different approach to estimating the internal consistency of an
adaptive test was taken in this study. Gulliksen (1950) presents a forMula
for calculating internal consistency reliability from item reliabilities
(i.e., the item-total correlation weighted by .the item variance). The formula

-(Equation'21, p. 378) is a variation of the Kuder-Richardson formula 20
(KR-20):

k 2
E s

g
r4c4 kkl 1 k 2

(E r s
eft=1 xg'

where r
xx

E internal consistency of the test

k .--: number of items in the test

s2g E item varianceio(1-p);: where prproportiOn correct

and r
xg

E correlation of item response and total scorn

This formula, as derived by Gulliksen, is strictly correct mathematically only

when it is used to calculate test reliability from the same sample of items

on which the item reliabilities were calculated, and hence offers no direct

advantage over the KR-20; But a reliability; coefficient can be obtained by

assuming that item-total correlations and proportion correct data obtained in

the norming study (McBride and Weiss, 1974) are acceptable estimates. of,

the item -total correlations that would have.been obtained if a representative

sample of the population of individuals had been given the items of interest.

As a further departure from standard usage of this formula, the biserial rather

than the pOintAilserial item-tbtal correlation wasused for the calculations.

Although the formula'was derived in terms of point-biserial correlations,

the point-biserial is affected by the difficulty of the items, dropping

when items are very easy or very hard. Thus, the biserial Oorrelation.is

more appropriate for use in an adaptive test, since item difficulties (and,

therefore, Item -total point-biserial correlations). will vary with ability levels.

In this study, the internal consistency coefficient was calculated for the

stradaptive tests aefollows: Substituting norm group item parameters ihto

Gulliksen's forMula, a reliability coefficient was calculated for each person's

Set'Of-items.' Thiel reliability was then inflated or deflated to a length afo

29 items (the mean length of the stradaptive test) using the Spearman -Brown

formula. These coefficients were then averaged across all individuals

2u
r.



-15 -.

using an r to transformation. This yielded an internal consistency coef-
ficient characteristic of a set of 29-item conventional tests assembled from
the stradaptiye item pool with test difficulties distributed as'a function.of
the underlying ability. .

To determine the utility of this technique, it was tested etpirically.
Internal consistency was calculated by luation 1 for four subsets of-10,
20; 30 and 40 items from the' conventiona test. The coefficients obtained
were inflated tea length of 40 items and compared with each other and with
a Hoyt internal consistency reliability coefficient calculated on the total

,

conventional test. .

..Test-retest stability: the problems. Test-retest stability coefficients
*ere of prime interest in this study as a meand of comparing the relative
precision and practical utility ofiscores resulting from the stradaptive
and conventional testing strategies. Unfortunately, the conventional test wad
constructed to match the..psychometric characteristics of a imo7stage test and

'fi its Watch with the stradaptive tests was something less than optimal. The first

problem .encountered With the conventional test the factkhat it was longer
than the typical stradaptive test.. The average length of Stbadaptive 1
was 27.75 items on initial testing and 31.35 items on retest. Average

lengths for Stradaptive 2 were 25.38 and 26.61 when question mark' responses
..

were not counted. When question mark responses were counted, those lengths

rose to 29.23 and 30.64. The 40-item conventional test had the clear
advantage'with respect to test length. -

Also in favor of the conventional' test, with regard to estimating test-
retest rtliabilities, was the fact that it had all forty initial test items

repeated on retest, thus inflating the test-retest correlation because of

memory effects. The existence of memory effects with these items was
demonstrated by Betz and WelKs,(1973), and Larkin and Weiss (1974).

Working against the' conventional test was the fact that its item
discriminations were lower than those of the stradaptive tests. The average

normal ogive discrimination for conventional test items Was a=.543. The

average discrimination for -.all the items in the stradaptive pools-were

a=.746 and a=.717 for forms 1 and 2 respectively. However, since,the
stradaptive item pool was constructed so that the most discriminating items

axe administered first, the average discrimination of the items actually,
administered was higher than the average discrimination of all items in

the item pool. The average discriminations of all dtems administered,.each

item weighted by the number of times it was administered, were a...841 and

a...879 for worm's 1 and 2 respectively. This result clearly favored the

stradaptive tests.

The final inequity was that the stability of the stradaptive-tests was

influenced to some degree by the use of initiallability estimates for entry

points.' The initial ability estimate obtained prior to the first testing

was used on both the initial test and the retest. Therefore, as the test

length apiAiaohed zero items, the stability approached unity. Although the

shortest test contained nine items, this factor still likely had some influence

on the test4Vetest,stability of stradaptive scores.
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Test-retest s tability: the corrections. klength of 29 Items was
.taken as an approximate average of the lengths.of the Stradaptive tests.
This'js eleven items shorter than the forty-Item conventional test.

While the conventional test had all its items repeated on retest, the
stradaptive tests rarely had the initial item set repeated on retest. To

calculate the proportion of items encountered in both initial test and retest
for Stradaptive 1, the smaller number of items within a stratum, on test or

retest, "wag taken as the number of common items in that stratum. This number

was summed over all strata and all individuals, and was divided by one half
the.total number Of'items administered on test and retest to all individuals

who took the Stradaptive 1 test. The proportion bf common items for Stria-

daptive 2 was calculated in the same way. But where the'Stradaptive 1 calcu-
lation gave, an exact figure for number of items encountered twIce,'the
Stradaptive 2 calculation yielded only an approximation. This was because
totals within strata for Stradaptive 2 did not include questionmark responses.
The proportion of items common on test and retest was .615 for Stradaptive 1

and .567 for Stradaptive 2.

Within the conventional test, memory effects and lengths were equated
simultaneously by preparing, froM the original set of forty items, five

analogous test pairs. Each pair consisted of one randomly elected test of

twenty-nine items and a second test containing the remainingreleven items

and eighteen of the first tests' twenty-nine items. This yielded five pairs

of twenty-nine item tests, each pair having 18 or 62% of their items in

common, thus matching the average proportion of items,in common on the

Stradaptive 1 retest. Items for one test in each pair were scored from

the initial test data and items for the other were scored from the retest

data. As an estimate of stability of such an analogouslorm,the mean (r to

.z transformed) correlation between members of the five pairOras used.

A direct correction for the effects of differences in item discrimination

on test-retest reliability was not available. At correction was Implemented,

however, based.on the fact that item discrimination has an effect on internal

consistency reliability, which tills an effect on validity. It was further

assumed that correlational validity isin some respects analogous to test-

retest,reliability. Gulliksen (1950) provided a formula (eq. 8-19, p. 83) for

calculating the necessary increase in test length to obtain a desired Internal

. consistency:

4

.
(1-r)R

K " (1-R)r

rwhere,K proportionate increase id length

s the original internal consistency
= the desired internal consistency

(2]

He also provided'a formula(eq. 9-19i p. 98) to predict the change in validity

of orietest in predicting another as a function of changes in the lengths of

both tests: In the case of stability coefficients where both tests are the

same and both lengthened the same amount, that formula becomes:
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where corrected test-retest correlation

r
tt

= test-retest corielatioh

r = original internal consistencyA

K E proportion e increase in test length from previoud equation

Equation .5 may be recognized s a.variation of the Spearman-Brown formula.

To correct for unequal discriminations, the conventional test internal
consistency calculated using the norming p4rameter method described earlier
Was substituted for the original internal consistency in Equation 3. The average
internslconsistency of the stradaptive tests, the calculation of which was
described earlier, was substituted for the desired internal consistency.
From this, the proportionate increase in length of conventional test required
to compensate lor-different disciiminations was calculated. Then'the average

stability of the five pairs of analogous conventional tests was inflated using
Equation:3 to the value expected:had either the tests been lengthened to compensate
or the discriminations been equivalent.

[ 3 ]

It shOld be noted that the presence of these many corrections precludes
the drawing of any strong conclusionsfrom this study regarding test-retest
stability. Several stability coefficients were calculated, however. Both

test-retest product - moment correlations and eta coefficients were calculated

for the forty-item conventional test and the five pairs of analogous forms.

Finally, to assess the maximum-inflation of the stradaptive stability

coefficient that could be caused by the initial ability estimates, partial
correlations between test and Teteat administrations of the two stradalitive
tests were calculated, with initial ability estimate partialled. The partial

correlation is probably an underestimate of the stability coefficient that would

have been obtained had initial ability estimates actually been held constant.
The reason for this is that the initial ability estimate has.both valid and

error variance associated with it and both the valid as well as-the error

variance are removed by-the partialling procedure. Thimpartialling problem

was discussed :in 'detail by Meehl (1970). For purposes of comparison,
the initial ability estimates were also partialled out of the conventional

test stabilities. The correlation between conventional test score and initial

ability estimate can be construed as common variance due to the underlying

ability, and any reduction'in conventional test-tretest correlation reflects

how much the stradaptive reliabilities were artifactually deflated in the

partialling process.

Both to make the stabilities more comparable and to observe the effect

of time on stability, testees were divided into subgroups according to the

length of the testretest interval: 0-15, 16-30, 31-45, 46-60 and over 60

days. Product-moment stability 6oefficients were then calculated using

23
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scores of futhose testees within each time. group from both Stradaptive 1 arid

conventional tests. Stradaptive 2 data were.not included in. this analysis

because virtually all test-retest intervals fell into one of the above
groups (thus precluding trend_analyais).and too few to analyze meaningfully

fell into a time period overlapping with a period from.the other two tests

'(thus precluding analysis within comparable intervals).

Correlations between stradaptive and conventional tests. St'radaptive.l

scores were correlated with the forty ;pm conventional.test scores for those

testees who completed both on the same occasion. This correlation was computed

to determine whether the stradaptive and conventional tests were measuring, the

same ability. Stradaptive 2 scores were not correlated with the conventional.

test scare because no subjects were given both the Stradaptive test'and the

conventional test.

Further Analyses of the StradaptiVe,Tests

intercorrelations among stradaptive scores, Intercorrelations among scores

on the litradavive test were calculated foi.the initial administrations of

both stradaptive tests. This was done to provide a basis for reducing 'the:

number of scoring methods. If several scores are to'be calculated, they must,

be sufficiently independent of each other in order to provide differential

informatiOn.

Utility of the stradaptive consistency scores in predicting stability.

The five consistency scores were'proposed as predictors of stability of

the ability scores. To determine whether a consistency score functioned in

this manner, subjects were first divided into five groups on the basis

of that score on initial testing, and then within -group stability analyses

were performed. Specifically, Stradaptive 2 testees were first ranked on the.

basis of a consistency score. This distribution was then divided into five

groups with approximate* equal numbers of testees. Stradaptive 1 testees

Were then grouped.on the basis of cutting scores established in the

Stradaptive 2 division. Stradaptive 2 was chosen for the initial division

in order to provide a sufficient number of subjects in each group to allow

meaningful analysis, since the total number of subjects who completed

Stradaptive 2 was smaller. 'After division into sub-groups; product-moment

test-retest coefficients were calculated within each of these groups,

ranging from a group of highly consistent testees to a group of highly

inconsistent testees. .

1.6 This analysis was performed on only three of the consistency scores--

slores 11, 12, And 13. The scores analyzed were chosen because they were

all standard deviation scores and this allowed a direct comparison of

scores 11 and 12, the overall variability scores, with score 13, a statis-

tically similar score based on Variability between ceiling and basal strata.

Stability of stradaptive test. response records. Weiss (1973) suggested

that ability scores might be estimated from a testee's stradaptive test

response record using "subject characteristic curves". These curves are

analogous to "trace lines" and are based on a testee's obtained proportion

2.4
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correct at each stratum. He suggested that analysis,of these data toobiain
ability estimates might proceed along the lines of estimating normal Ogive,
Item parameters. Such latent parameters were not estimated' inthiastudy.
But,o facilitate futnre,research into the Utility Of such data, several

indices of the stability of the stradapti'e test response record werecomputed.

Thus, the stability of stradaptive test,length was determined from a product-

- moment correlationAetween number of,items administered on initial teat and

on retest.. . .

No common indeX existed for overall stability of the subject characteristic

curve data, as reflected in total number of ilems.answered within strata on

proportions correct within strata. ,The form of.the.data, however (multiple

continuous predictors and criteria), suggested the Canonical correlation
model. Thus, canonical correlations between test and retest data were-

computed. Two canonical analyses were implemented, using as variables in
one analysis the number of items administered ih each stratum and, in the

second analysis, the proportions correct at each stratum.

For this canonical analysis, there were usu ally several strata in

which no items were administered and'thus proportions correct could not be

calculated: To remedy this, the proportions .correct below the-ceiling

stratum were set to zero. Zero was used rather than the chance level

because, in the stradaptive testing strategy,using an up-one, doWn-one

branching strategy., unless the testee runs out of difficult strata, he gets

no items correct at'his highest stratum.

Complete redundancy analysis (Stewart and Lo ye, 1968; Weps,':1972)

wasTetformed on the canonical correlations. The tedundancy index'of

greatest interest here is the redundancy of the retest given .the initial

test. This can-be interpreted as the proportion of variance.in the retest

data predictable from the' initial test data. It. is also interpretable as

the average squared multiple correlation of scores on each' retest stratum'

'with all scores on initial test strata. This..reaundancy coefficient'bears

some similarity to a test-retest reliability coefficient., but .it expresses

the stability of characteristics of the response records on the stradaptive,

test rather than merely'the stability of summary'scores as does the traditional

,test-retest reliability. coefficient.

Relative difficulties of items producing different kinds of responses. (-

One objective of thiECatudy was to examine the effects of not penalizing'

testees for honestly admitting they were not sure which multiple-choice

answer was correct. This comparison was possible since Stradaptive l,was

designed to treat a "?" response as incoirectjthereby branching to a less

difficult-item) while Stradaptive 2.treated the same respOnse as "no infor-

mation" and presented another item,at the same stratum.

In addition to the test-retest data showing the relative stabilities

of scores on the two forms.of the stradaptive test, an analysis was done*

to determine if the average difficulty of items answered with a question

mark was equal to a testee's ability, or more difficult than his ability,

and if more difficult, how much more difficult4

AI
,C0.10
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Score 8, the averageAifficulty of all items correct, was used as A

estimate of ability. The difficult)) of each item administered to an

Aindividual wag deViated frOm that individualsability level (operationalized

as Score 8). These deviated difficulties:were:.grOuped into difficulties.

of correct, incorrect, and question mark response itemscand then.pooled.

over. all individualsJor Stradaptive .1 and 5tradaptiVe2 administratiOns

Separately. Both initial test.andsrOtestAata Were-USed6 Means of these

deviated difficulties Srieided the average, distance froMagility, in normal:

ogive diffiCulty units, of items genetating the, various,types of responses.

Standard deviations. of the deviated difficulties were also computed.
I

Test length vs. ability. Ability scores derived frot'tradeptiVe.testihg'

were correlated with test length. This analysis was designed to deter-Mine

whethertherewereAntereOtioria of scoring methods with chatacteriaitidaL

of the item pOol which resulted in different correlations Of scoresfderrved,

from each method with the 'number of items required to react` the termination

criterion. Akslight correlation was expected because the more disCriMinating'

items available at the laWer difficulty strata were expected to yield'feWer '

incorrect branchings and qua faster terminations.
,

OSDLTS.

Comparison of the Stradaptive and Conventional Teats

Descriptive. Statisties
4

Descriptive statistics for the initial testing of Stradaptive

Stradaptive 2, and the'cOnventional tests-are shown-in Table 3. Rbtest

data are summarized in Appendix Table A-2. -Standard deviations of ebilityscores

and of consistency scores 11 to 14 are in normal ogive scoring units, and

are thus comparable. Score 15 is in stratum units but, its standard deviation

was multiplied by .65 (the width of a stratum in normal ogive difficulty'

units) to be comparable to the other scoring methods

The ten Stradaptive 1 ability scores ShoW roughly equal standard deviations.

Most of these ability scores had a significant positive Skew-and all were,

`significantly platykurtic. The distance consistency scores, scores 14 and

15, show highei means and larger standard deviations than the standard '4"

deviation consistency scores, scores 11; 12 and 13. All consistency scoresq,

were' significantly positively skewed.. The overall variability consiatepcy,

oscores,,scores 11 and 12, were leptokurtic, and the between ceiling and beset.

indiCes,' scores 13, 14, and 15, ranged.from normal to significantly platy -1 4

kurtic.'

Means of Stradaptive 2 ability scores were consistently lower than

Stradaptivel scores.' Standard deviations were also consistently smaller.

All ability scores were positively skewed, and although the values were-

higher than for Stradaptive 1, fewer were
significant due to the mallet,

number of subjects. None of the ability scores distributionsdevfatedp.gni-

,
ficantly from normality in-terms of kurtosis. Characteristics of the donsts-

*tency score distributions were similar for both formeof the Stradaptive test.



Cheracteristicsof Score D'ietributIOna for Stradaptive 1,
Stradaptive 2, and the COnvtational Test on,Initiei Testing

Stradaptive 1
Mean S.D. Skew KurtesiS

. Ability*bree
'476

2 476
3 476
4 476

476

'6 - 476
7 476

476
9

la. 475

- ConsiETAnC5r,---SOOrea

'476

476 t

13;1', 420

476
15r7 476

1.073 1.187 -.080 -.785*

.560 1x.468 .402* -.714*

.531 , 1.324 ,,680*

1.019 1.148 . 6 -.893*

,570 1.453 .350* -.680*

4370 1.274, .172 0-.797*

.440. 1.241 .229* -.757*

-.042 1.055 .324* /4 -.613*

.066 1.122 .3401,g, -.507*

.339 1.270 209 -.770*

.753 .186 .661* .780*

.661 .211- .570* 1.322*

.380 .219 .348* -.605*

1.925-4 07- .569* -.034

1.94
'cZ71*

,-.007

Skew Kurtosis

Ability Scores
113 ./74 1.064 .305, -.527

113 .173 1.212 .537* .571

3 112 .167, 1.084 .636* -.048.

4 113 .748 1.047 .176 -:871

-5'T 113 .18a - :1.179 .579* .790

113 -.006 .1.120
.355 .170

7 113 .085 1.077 , .445 .233

8 113 -.350 .853 .442 -.376

-k 9 94 -.241 .944 .622* .126

JA 112 -.004 1.077 .566* 4-:117

Consistency Scores
11 113 .752 .196 .978* 1.524*

12 113 .667 .225 .406 .785

13 94 .389._;: .195 .274 -.491

14 113 1.815 -,, .832. .523* .113

15 113 - 1.788 .822° .538* .171

Conventional Test

Scare

40-items 194 .588 -.209 -.110 -.945*

Mean Kurtodis

,29-ifoa b
analogous form, 4, 194 .588 .21

a '444,tt
S.D. is multiplied by,;65.

A11,statistios for the 29 -item analogous form are means

calculated on five combinationv.Of''1teis.
*Significantly different frmgzerO At p.05.

of statistics
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SCore distributions were essentially the same for the forty -item
conventional- test and the twenty -nine item analogous forms. Both distributions

were smmetric around means of .588 andboth were significantly.fiat.

Because of differences in scoring methods, no direct_ comparisons of

means and standard deviations can be'made between the conventional and

P' strddaptive tests. The noticeabAe positive skew of the stradaptive scores

was .absent in the conventional test data. Platykurtosis was similar in

Stradaptive 1 and the conventional test, but was not evident" in Stradaptive 2.

Internal Consistency

Table 4 presents the internal consistency of the conventional test

calculated using the item reliability formula,lquation Lon .page 11, from

subsets of 10,- 20, 30 and 40 items. ,AlscidhOwn-is the-internal consistency

calculated from Hoyt's formula using all 40 items. Since the average length

of the Stradaptive test was about 29 items, the estimated reliability for

a conventional,test'of 29 items (shown in row 2 of Table 4) is most relevant

for this study. No definite trend is. apparent in the Corrected coefficAents

as the number of items used is increased from 10 to 40. The coefficients

do appear to be higher than those obtained from Hoyt's method, however.

0

Table 4

Internal Consistency of the, Conventional Test
as EstiMated from Subsets of Items Usinvthe

IteM Reliability Method, Compared with Internal

Consistency Calculated Using Hoyt's Method

Internal Consistency

Number of Item)
-Hoyt

a
10 20 30 40-

Of item samples .686 .833 .887 .911 .893

4

Corrected to 29 item .

length .863 .879. .883 .88i '.858

)

Corrected to 40 item
length .897 .909 .912 .911 .893

a
Based on 40 items.

Internal consistencies of the stradaptive tests calculated from the item

reliability formula are presented in Table 5. As can be seen, they are

28
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sUbstantially higher than those Op conventional test (as Sholpsin able 4),

a result due to the higher item discriminations in the stradaptive item pools.

Table 5

Average InternalConais4encAll-Of the
Stradaptive Tests (Unweighted r to z
Averages of Internal Consistencies).

Corrected Length Stradaptive 1

29 items

40 items 46

.935

.952

Stradaptive -2 Average

.942 .938

.957 .954

Test-retest Stability

Test-retvt stability coefficients for the stradaptive tests are presented

in Table 6, -Conventional,test coefficients are presented in Table-7. These

tables contain zero-order product-moment correlations between teat and retest,

partial correlations between test and retest with-initial ability estimates held

constant, and eta coefficients.

Zero-order stabilities.-' Based on the zero-order correlations shOwn in Table

_6, the average,difficulty scores, scores 8, and 9, were the most stable ability

scores on both forms of the stradaptive test. Scores 2 and 5,.the (N .+1)th item

and stratum scores, were the least stable scores on both forms. The remainder

of the ability.scores fell between these.

These differences between stabilities of the stradaptive. ability scores

appear to be a function of the amount\of information used by the scores.. The

average difficulty scores are highest because they make use of informatiop

gained from all items administered. The (N41)th item and stratum scores, on

.the other hand,fare least stable because they are heavily,dependent on the response

to the last item. A correct response on the final item makes these. scores two

stratum units. higher (1.30 normal ogive difficulty units, or 20% of the score

range, based-on score ranges of -3.25.to 3.25) than does an incorrect response

to the same item., 4
0

As TablA6 shows, stabilities of the consistency scores were much lower

than those of the ability' scores. For the Stradaptive 1 data, the stabilities

of the overall variability scores, scores 11 and 12,.'were highest at .569 and

.496 respectively. The stabilities of the scores representing variability between

29
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Table 6

A
Test- Retest Stabilities of Stradaptive Tests

Stradaptive 1.

Ability:.
Scores.

.

Zero-Order
Correlation

(N=170) '''

Partial

(N=167)

Eta .

Coefficient
,(N=170)

1 .838 .814 .818
2 .787 .774 .805
3 .845 .833 -..849

4 .833' .810a
. .833

5 .787 .773 .787.

6 /.841 .829 ' *.84.1:-

7. .872 ..861 .87 .
8 .920 .901' .920..7

9 .

.912 ..902 .912
'-, 10 .842 .829 .851

-Consistency
Scores

11 .569 .577 . .577

.496 .485 .569

13 .252 .234 .327

14 .328 .324 :398

15 . .321 .318 .364

StradaptiVe 2

Ability
Scores

1

2

3

4

5

6

7

8

9

10
Consistency

Scores
11

' 12
1.3

14

15

Zero-Order
Correlation

(N -79)

.717

.630

e. .741
.690
.654

:717
.741
.823'

.746

.510

.300

.110

.128

.120

Correlation
('N -76)

Eta
Cbefficient

(N=79)

.678 .766*

.601 -.647

.733 .741

.642 .734*

.625 .695*

.708 .738

.730 .778

.789 .823

.792 .811

.737 .746

.510 .553

.298 .385

4134 .337

.171 .274

.164 -.152

Note: N's reported refer to the number of subjects with valid data.
Stabilities for 'some scoring methods are based on fewer subjects.

-
*Curvilinearitysignificant at pc'.05

30
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ceiling andAmsal strata, socres 13, 14 and 15, were;too low to consider
those scores representative of a stable trait. This does not necessarily
imply, however, that the consistency scares will not be useful in other

ways, such as moderating: test- retest reliability.of the ability scores.

Three zero-order Correlations are shown in Table 7 for the total

-group who completed the conventional test: 1) thetest-retest coefficient
for the entire:40-item test; 2) the average test- retest coefficient for the
five analogous forms (correlations for the five pairs were .876, .873.,
.871, .862, and .890); and 3) .the average correlation corrected to 'equate
internal consisiencies'of the stradaptive and conventional tests. The.

P'

Table 7 4'

Test-Retest Stabilities of the Conventional Test

Form

40-item

Total
Group
(N=194)

.913

29-item analog4A form .874

29-item analogous form
corrected for
internal consistency .931

N

Testees with Initial Ability
Estimates Available (N=81)
Zero-Order Partial
Correlation

.900

.868

Correlation

.889

.856

S.

6 4 .

corrected aluewas obtained by inflating the test-retest correlation

using the method described above, from its value given a conventional test

with internal consistency of .b81 (the internal consistency of a 29-item

test) to the value expected with a conventional test having an internal

,consistency of .938 (the average internal consistency of the stradaptive

tests). The first two coefficients, while statistically, more sound, are

psychometrically inadequate for comparison. The latter value, while

theoretically the Lost adequate of the three for comparison with the stability

of the stradaptive test, rests on many corrections and assumptions.. It is,

therefore, only a rough estimate of the stability of a conventional test

psychometrically equivalent to the stradaptive tests except for strategy

of administration. As can be seen from. Tables 6 and 7, the corrected

stability of the analogous form of the conventional test (r=.931) is slightly

higher than the highest stradaptive ability score stability (r-.020).

31,
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Partial correlations. Even though partial correlation analysis,
removed valid as well as extraneous variance, theredOction in correlations
was Slight. The average (r ttcz transformed) ability. score stability
correlation dropped from .84216. .838 in the Stradaptive .1 data and from
.732 to .709 for Stradaptivel2 '(Table 6). Th4 reductiou in conventional,'
test stabilities Shown in Table 7 was equivalent to that "found in the
stradaptive tests even ihOugh initial ability estimates were not able
to inflate the zeroorder conventional test stabilities. This suggests
that the artifactual inflating effect.of the intial ability, estimates on
stradaptivetest stabiiitiekwas negligible.

Eta coefficients. No Stradaptive score showed significant curvi-
linearity in the relationship between the test and retest score distributions.
Of the three Stradaptive,2 scores with significant curvilinearity, no low
order trends were apparent in the bivariate scatter plots. This suggests
that the'relatiOnship between stradaptive initial test and retest scores
is essentially linear.

Test-retest-interval.. Table 8 presents test-retest stability coefficients
asa function of the length of ?the test-retest interval. With theexception
of score 4, all Stradaptive 1 ability,scores show monotonically decreasing
stability with increasing time interval. The greatest decreases are observed

for scores 2 and 5, the (N+1)aitem and stratum scores. .Scores 1, 3, 6

and 7 appear to be 1%Ctle affecty by test-retest interval. Consistency

scores 14 and 15 showlincreasing stability over time..

The 29-item analogous form of the conventionaf test had a considetably
lower test-retest-reliability (.828) than the best of the stradaptive
scoring methOla (Score 8, r=.932) in the shortest (30-45 day) time interval.
In the '61 -Z.9 day retest interval, the 29-item analogous form had a retest
correlation of .860 while the retest stability of stradaptive score 8 was
.848 and that of score 9 was .858. The 29-item analogous form corrected for
internal consistency had a retest correlation of .916 in the 61-79 day
interval, considerably higher than any of the sliadaptive scores. Again

however, the legitimacy of the numerous corrections involved in these data

must he taken into, account.

Although the distribution of test-retest intervals did not altow inclusion
of Stradaptive 2 data in this analysis, an obsertiation worthy of note is

that the total. group Stradaptive 2 stabilities were uniformly lower than the

total group Stradaptive 1 stabilities (Table 7).even through the, mean
Stradaptive 2 test-retest interval was much shorter (24.6 vs. 47.9 .days).

I.

Correlations BetWeen Stradaptive-1 and Conventional Test Scores

Table 9 shows product-toment correlations and eta coefficients of

40-item conventional. test scores with Stradaptive 1 test scores, The highest

correlations, those of scores 8 and 9 with the conventional test., when

corrected for attenuation Using test-reteat,stabilities were .942 and

.938. Three of the Stradaptive 1 scores show significant curvilinearity in

their relationship with the conventional test - score. This is probably due to

O

32 9



4t1

..

-27

Table4

Test-retest Stability Correlations
for Stradaptive 1 and the Conventional Test

by Test-retest Interval

StradaPtive 1

total up

Test-Retest Interval
31..45 Days' 46-60 Days 61-79 Days

No. Of Testeesa
No. of Days

170 6 84 18

Mean 47.870 40.133 51.311
62.76gSD 8.931 3.202 .3.341

Skew -.401. -.347 .449 .661

Ability Scores o

1 .837 .842 .818 .802'

2 .786 .829 .781 .591

3' .844 .850 .841 .825

4 .833 .857 .783 ''.853

5 .787 .828 .792 .. .550

6 .841 / .851 .832 .825

7 .872 .885 4,...859 .858

S .919 .932 c;.914 .848

9 .911 .923 0 Pr'11,08 .809

10 .841 .853 Am .816

Consistency Scores
. 11 .569 .503 ,.608 .587

12 ,/ 1496 / .555 .457 .513

13 .251 .285 .178
,

.354

14' .327 .250 .330 .553

15 .321 .236 .331 .540

Conventional Test

Total Group

Test-retest Inverval

31745,Days 46-60 Days 61-79 Days

194bNo. of Testees
a

194

No. of Days.

2,8

.

,

130 . 35

Mean 53.567 41,750-- 53.469" 64.743

SD 8.149 1.266 3.611 4.010

Skew .808 -.077 ,.073 1.855

740-item test .91,3 .905 .924 . .879

29-iteM analogous forme' .874 .828 .886 .860

29-item analogouslorm
corrected for in.-

fernal consistency .931 .882

.

.943 .916

dumber of testees with valid data. Correlations for some scoring methods are

based on fewer testees,

bWithin group)Ne do not add to total group N because of a single icase n

the 0-15 dy/inverval.
c
AI

i statistics for the 29-item analogous form are means of statistics from

five combinations of items.



different scalings of the scoring methods.

Table 9

Correlations of Stradaptive 1 Scores with
Conventional Test Scores"

Score

6 Ability Scores
I I1P'

2.

3

4

5

6.

7

8
9

10
Consistency Scores

11
12
13
14.

15 ,

,.

-

(N.u201)

Correlation Eta

, .782 .80Q

.768 .799*

.790 '.794'

.784 :795

.769
.

.773/

.791 ..7981

.812 .820.

.859 4' .880*

.860 th .885*.
k

.800 . . .86

.058 ...303
. .170 .

;355

.231 . .346

.205 :531*-

.200 :240

Note: The N 'reported refers to the' maximum number of test*: with valid

data. Correlations for some scoring methods are based on fewer testees.
*Qurvilinearity significant at.p.05

Table 9 also shows correlations of t'he stradaptive consistency scores

',ath the conVentionalNtest,scores. These correlations were uniformly low,

.,ranging from .058 for score 11 ta'.231 for score.13. One consistency

Score showed a significant curvilinear relationshtp with the conventional

test score; These data suggest that consistency scores provide, information

about testees which is not contained in ability scores derived from the
conventional test.

Further Analyses of the Stradaptive Tests
,1

Int'erdorrelatiOns among Scores

Prpduct- moment intercorrelations among the fifteen stradaptiVe-scores

are,; resented in-the lower triangles of Table 10.. In therStradaptiye

dat0,it is apparent.that all the ability scores correlated highly among

-themselves (r-...168 to .532). Closer inspection of the ability score inter-
correlations'revealed four relatively distinct clupters. The three item

diff4b1tY scores, scores 1, 2, and 3 fortiled three two-variable clusters, each

34
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with their resgectivestratum difficulty scores, 4, 5, and 6. In additiOn,
, stores 3 and 6, the' highest non-chance item and stratum scores, formed a

tight cluster with scores 7 and 10, the interpolated stratum difficulty and
average highest non-chance.item scores. The common feature tying these latter
four scores together seems to be their'close reliance on the ceiling stratum.
Only these four ability, scores make explicit use 0 the ceiling stratum via

4 the funOtionally related highest non-chance stratum. Score 9 also.is-dependent
on the ceiling stratum but its further dependence on the basal stratum,
and the fact that it is an average difficulty score, apparently lower its
rela nship with this cluster.

The final ability score.cluster was composed of scores.B and 9. The bond
between these two scores appearto be that they are both average. difficulty'
scores; score 8 is the overall average difficulty of all items correct and score
9 is the average difficulty of all items correct between 'the ceiling.and .

basal strata.

Clustering among the consistency scoresWAs even more obvious. Scores ,

11 and 12, the overall variability scores, forMed-one distinct cluster and'
scores 13, 14 and 15, reflectinvthe testee's variabilitybetween ceiling and
basal strata, formed another.

Eta coefficients are shown in the upper triangles of Table 10. Althoug.

eta is an asymmetric statistic, to conserve computer time etas were calculated

in one direction only, the rows being the independent variables. Due to the
large sample size, curvilineaKity was significant in most cases. But the actual
differences-between eta and r were small and the same clusters of scores emerged,
thus yielding the same conclusions as the product-moment correlations regarding
the similaritieLtscoring methods.

The intercorreAitions and inter-etas for Stradaptive 2 were somewhat
smaller than those of Stradaptive 1, but-the same pattern observed in the'

Stradaptive l. intercorrelations was apparent. Fewer significantly curvilinear
relationshipS were observed for Stradaptive 2'but this is due to the smaller

number.of testees in the Stradaptive 2 analysis.

Util/ity of the Stradaptive Consistency Stores in Predicting Stability

Table 11 shbws the test-retest correlations for scores on the stradaptive
and conventional-0st° as a function of consistency score.intervals computed

from initial stradaptive test records. Retest correlations are shown separately

,for: Wconsistency score 11,.each testee's standard deviation of difficulties
4 of items, encountered; 2) score 12, the standard deviation of items answered

correctly; and 3) score 13, the standard deviation of difficulties for items.

answered correctly between the ceiling and basal strata.

Table 11 shows a strong moderator effect on test-retest reliability for

consistency score 11, and, to .a lesser extent for score 12, with _no general

moderator effect for score 13. For consistency score 11, the strongest

moderator effect was observed for ability score 1. On this score, the very

high consistency group (mean consistency score of .517) had a test-retest

correlation of r.m.940. As consistency decreased, test-retest reliability
also decreased monotonically,'with the very low consistency group (mean- 1.038)
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Table 11
.# .

Stradaptive 1 and Conventional Test Test-retest Correlations as a

Function of Initial Test Consistency Scores 11,.12,and 13

Mean Consistency Score
Number of Testees in Interval

a

Stradaptive Ability Seere: 1
2

3

4

5

6

7

8

9

10

Conventional Test

'Mean Consistency Score a
Number of Testees in Interval

Stradaptive Ability Score: 1

4
.5

6

7

8

9

10

Conventional Test

Mean Consistency Sclore

Number of Testees 'in Interval
a

Stradaptive Ability Score: 1
2

3

4

5

6
7
8

9

10

Conventional Test

Status on Consistency Score 11
Very
High High Average Low

Very
Low

.517 .625 .706 .815 1.038

27 30 41. .43 29

.940 .849 .847 .768 .652

.875 .721 N, .799. .778 .751

.956 .813 7"11.4a878 _ .826 .708

.934 .840 .847 .711 .664

.896 .722 :793 .756 .741

.950 .798 .886 ' .820 .704

.970 .844 .902 ; .851 .Z58

.981 .927 -.915 .853 .869

.983 .939 .907 ' .899. .889

.951 .792 .882 .822 .718

.979 .810 .918 .826 .878

Status on Consistency Score 12

Very
High High Average Low

Very
Low

.379 .550 .656 .752 .955

30 39 40 . 27 34

.892 .833 .909 .784 .724

.764 .778 .850 .823 .684

.913 .835 .900 .856 .697

.-895 .813 .903 .715 .781

.783 .743 .870 .831 .670

.908 .827 .890" .867 .686

.943 .859 ,.921 .870 .737

.959. .920 .946 %841 .857

.968 .935 .926 :876 .883.

.906 .823 .894 .858 .700

.962 .852. .952 .620 .904

Status on Consistency Score 13

Very
High High 'Average . Low

Very
Low

.119 .282 .376 .488 .670

34 17 29 30 31'

.853 .741 .804 .812 .825

.775 .755 .776 .876 .773

.746 .861 .871 .885., .810

.851 .800 .767 .801 .838

.758 .747 .780 .877 .812

.750 .813. ..862 .893. .783

.790 .890i: .906 .906 .822

.921 .930 .930 .924 .915

.892 .855 947 .921 .912

.746 .857 .887 .808

.908 .765 .914 .926 .856,

&Total number of testees with valid data. Retest reliabilities for some

scoring methods are based on fewer cases.

37.
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obtaining atest-retest reliability df'only Similar results were

obtained for the other ability stores using consistency Score 11 as a
moderator variable. Th potential utility of score. 11 is shown by the

extremely high test - retest correlations for the very high consistency group

for ability scores 8 d 9 (x=.981 and .983, respectively).. This indicates

thatthe retest abili y scores of testees w4se response records show
little variability on initial testing are almost perfectly predictable from

their initial ability test scores. :Using these same ability scores and

score 11 as the consistency score, the. very low, consistency. grOup is'

considerably less predictable on retest(r=.869 and .88g, respectively).

. .

When testees were subgrouped on initial:consistendyjram stradaptive score

11 and retest reliabilities were computed using conventional test scores; the

-result's were not of the same pattern. Although the retest reliabilities

were highest for the, very high consistency subgroup 6)=.979)0 the very low

Consistency group did not have the loWest reliability (x =.078). However, the

fact that the very high consistency group had a,very hid test,-retest,

reliability suggests some generality to,the moderator ef, ect forconsisteney

scores as measured by scare 11.

Consistendy score 12 showed a:meaningful moderator effect for a number

of the ability scores. With the exception of ability scoree,1, -4 5 and 9

theVery'hiih consistency group had.the highest test-retest reliability, and

the very low'consIstency group had the lowest correlations. In no cape,

however, was there the monotonically decreasing reliability coefficients 2 '

obtained for several scoring methods using' consistency score 11 as the

moderator variable; for score 12,'the average consistency group tended to

obtain a higher reliability than the high consistency group. For ability

score 9i the only deviation from the monotonic trend was the low consis- .

tency group 6)=.883). No general trend in stability correlations was

observed for the scores on the conventional test when moderated by

consistency score 12, Conventional score stabilities were, however, quite)

high (r=.962) for the very high consistency subgroup, as was found for score 11.

Score 13 functioned very poorly as a-moderator of,test-retest stability.

For only two of the ability_scOres (1 and 4) VAS the test- retest correlation

highest in the veryihigh consistency group. For the majority of the other

ability scores, and for the conventional test, stability correlations were

highest for the low consistency subgroup.

Appendix Table.A..4 khows test-retest reliability correlations as a

function of consistency'scors intervals. for Stradaptive;2. for this vari-

ation of the stradaptive test, the:predicted pattern of stabilities did not

occur for any of.the consistency scored using any of the ability scores.

These results could be dne to sampling fludttitions, or they could be due to

the differences between branching strategies used in Stradaptive 1 and 2.

Stability of the Stradaptive Test Response Records

StabilitYof within_strata data. Table12presents the redundancy

analyses for total number of items answered within strata anclprOportion

correct within strsta; The latter.data were referred to as "subject
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'

characteristic curves.% possibly reflecting the acalability of the individual

with respect to a set of items,.

Table 12

Redundancy Analysis for Nutber Of Items Administered and
Propertions Correct: Within- Strata

Stradaptive 1 . 11,

Number of Items Administered within-Strata
Redundancy Of retest given initial test .414'

Redundancy of initial test, given retest .439

Proportions Correct within Strata

1
Redundancy of retest given initial, test
Redundancy of initial test given retest

Stradaptive 2
Number of Items Administered within Strata

Redundancy of retest given initial test
Redundancy of initial test given retest

Proportions Correct within Strata
Redundancy of retest given initial test
Redundancy of initial test given retest

.670

.668

.31.9

.351

.528

.471

For Stradaptive 1, .41.4% of the variance in number of items administered

within strata was predictable on-retest from initial test data. The proportion

correct within strata was more predictable on retesto'however. For these

data, 67% ofmthe retest variance was predictable from initial test scores.

This result is equivalent to .an average mdltiple cdrrelation of'about .82 \in

predicting an individual's proportion correct within a stratum at retest

from"his initial test data. ,

For Stradaptive 2, reduhdancy for number of items adminiitered. within

strata was .319, While that for proportion correct was .528. These results

support earlier findings that scores on Stradaptive 2 are less reliable than

those. on Stradaptive 1. However, it supports the finding with Stradaptive 1

that the proportions correct data are likely.to e more usefl than'the

number of items administered within strata.

I
Stability of total number administered. Test-retes correlations' of

total number of items administered in the two stradaptiv teats were r-.335

and r -.055 for Stradaptive 1 and 2; respectively. This finding partially

accounts for the fact that proportions correct were more stable than number. of

items adiinistered within- strata.
i,:): ,

1
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Relative Difficulties of Items Producing Different Kinds of Responses

Table 13 gives means andtandard deviations of scores in both normal
ogive difficulty units and stratum units for deviations of item diffidultiea
from ability as determined from score 8. These distributions are presented
as conditional on the type of response given (i.e., correct, incorrect or.
question mark).

/
The average deviation of item.dred correctly from score 8 was.

0.0, but this is artifactual sincesPore 8 was defined as. the mean difficulty
of all items answered correctly. ,born the Standard deviations in. stratum
units, it can be seen that the dif 4ties of 95% of all items answered
correctly fell within 2.25 straia4abe'e orThelow the final ability estiMate-.;.
It is also apparent that the` difficulties Ofinc rrect items were slightly
greater than one stratum more difficult than Co ecte4esponses.

Table 13

Deviations of Item Difficulties from Score 8
for Three Types 'of Response

§tradaptive f.
Normal Ogive Stratum

Difficulty Units Units

Stradaptive
,Normal Ogive Stratum.

Difficulty Units .Units
S".W.Response Mean S.D. Mean S.D% Mean S.D. Mean

Correct .000 .745 .000 1.146 .000 .000

Incorrect .724 .751 1.114 1.155 t'.689 .730 1.060

Question
Mark .792 .775 1.218 1.192 .814 .791 - 1.252

1.128

1.123

1.217

Mean difficulties of items respondel to withs, question mark were

greater than mean difficulties of items answergeincorrectly--.068 and
.125 units (or .11 and .19 strata) more difttcult for the two stradaptitie
forms, respectively. Since' the stradaptive etsting strategy attempts to adapt

the item difficulty to the ability0" the testee, and since the question'mark
responses appear to indicate. that items responded to in that way are even more,

difficult than those items answered incorrectly, it is obvious that the testee
should be branched to a less<difficult item following a question mark response.
Discarding these item responses is an inefficient strategy for dealing with

question mark responses.

Test Length., vs. Ability

Table 14 shows correlations. of all scores with test length (number of

items administered to each testee at initial test) on both stradaptive forms.

Also shown is the correlation of conventional test score with Stradaptive1

40 1
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test length. All stradaptive'ability scores except scores 8 and 9,.the

average difficulty scores, correlated slightly'with test length, on both

forms of theatradaptive test; COnsistency scores showed moderate to high

'correlations With test length:opc,both forms. Stradaptive scotea8 and 9,

and conventional test scoreahaa essentially zero_cortelations with test

length in all cases.

Table 14

CorrelatiOn oNtradaptive':and Conventional Test Scores with
Number 41 tems Administered on the Stradaptive Test

Score

Stradaptive 1 Stradaptive-2

(N =476) (N=113)

Ability Scores
1 .263. 1779

2'. .254 .30
3 .297 ,399

4 .258 .381

5 .253 .298

6 .301 .405

7 .241 .332.

8 -.020 .094

,9 -.046 .046

10 .293 .398'

consistency.ScOres
11 .449 .375

-12 .455 .415

13 .727 .693

14 .787 .781

15' .788 '.782

Conventional Tess .037 I

Note. Ws'shown are number of testees with valid data. Certain scoring

methods have fewer valid cases.

The most parsimonious explanation for the slight correlations of

ability'scores.Widetest length is that the less discriminating items at

the upper strata cause-greater variation in the test record, which in turn

causes the test to take longer to satisfy the-`termination criterion. This .

explanation is supported by the correlations of consistency scores with test

length. This explanation fails, however, to-eXplain the,aero -correlations of

scores 8 and 9 with, test length.
.

-An alternative explanation is that test length is increased by incon-

sistent response records (due to testtestee interaction) which have a ceiling

stratum more distant from actual ability level only because the range of

item difficulties encountered was greater. Average difficultyscores would

11
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not be affected by-this phenomenon, but maximum performance erns (e.g.,
scores 1 and 4) and scores dependentupon.theceilinOtratum.(0.4 scores

6, 7 and 10) would be This explanatiOn'is supported by 1) the data
Showing:poeitive,corfelationt,between test length and consistency scores
(especially the indices of distance between the ceiling and basal strata,
ecoret44 and 15),, and 23 the .score intercorrelationdata, which showed
moderate positive correlations between consistency scores ancVall-.ability
scores, except scores 8 and 9 which correlated only slightly witn-consistency
scores. This explanation also suggests that there is an undesirable\
interaction between. scoring Method_and the termination 'criteriOn, rather
than.any deficiences in the item pool

SUNNARX.AND CONCLUSIONS

The most interesting distributional difference foun d in this study was
that Strddaptive 2 scores had lower means than comparable Stradaptive 1
stores. This was surprising because Stradaptive 2 allowed testees to skip
the more difficult items, Other diStributional:characteristicS worthy of
note were the close distributional similarities between scores on the
40-item conventional test and scoreson the five 29-item analogous pairs
of conventional tests, and the positive skew present in the stradaptive
tests but not in the,conventiOnal_test,

4

Although the distribution of underlying ability is not known tor this
college population, it is not unreasonable to assume that it is not normally
.distributed. Rather,' aoollege population is likely to be positively skewed.
in verbal. ability, since low ability testees'would not qualify on entrance
'examinations which are highly verbal. This suggests that the stradaptive
test better reflects the distribution of verbal ability ;in these testees,
than does the conventional test. Furthermore, regardless'of the distribution
of ability in the population, the positive skew in the stradaptive scores
suggests the capability of making finer discriMinations among high ability
testees than does the conventional test. And, it would be expedted that a
college population would include a number of very high ability testees
whose scores would skew the distribution in a positive direction.

For inter-strategy comparisons it is important that-internal consistencies
of all tests be equal. In this study, the stradaptive tests had more

.discriminating items and thus higher internal consistencies.

Additional differences between the stradaptive and conventional tests
confounded the comparison of test - retest stabilities between tests. Differences'

in lengths and memory effects were corrected for by creation of analogous
conventional test pairs matching the stradaptive tests on psychometric

Tcharacteristics. But the many corrections required limit the conclusions
that can be drawn:regarding stability comparisons. The results were rather
inconclusive with the corrected conventional, test stability being slightly
higher than the bestscores of Stradaptive 1. 7

qt.radaptive 1 ability scores showed a decreasing trend in stability with
time hile stabilities for the conventional test showed no trend with time.
However, the differences between time intervals were short and a longer
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interval would be expected to show trend's for both tests. The fact that the
stabilitiesthe Stradaptive 1 scores did change with time While those of
the conventional test aid not may have been a, funotiOn of the greater potential
for memory effects to inflate teat- retest stabilities in-the conventional
test, in which all 40 items -were repeated on retest! The" systematically
decreasing trend of test- retest stabilities. has not beenobserved-in other
empiric'sl studies of adaptive tests (e.g Betz aneWeiss1974;'larkin and -

-. Weiss, 1914).

In contrast to the few'meaningful inter - strategy comparisons provided
by this study, much was learned about how to build.a stradaptive.test.
Intercorrelations between the stradaptive scores showedfour relatively"'
distinct ability score Clusters and two: consiStency score. Clusters:. 'The
ability score clusters included; I) maximum performance -.attires; 2) (N 4-1)th

item.and.stratud scorei,-_3); highest non-chance scores; and 4) average:
difficulty scores. .Average difficulty scores shoved the highest stabilities:
in this study. (Nil)thitem'and.stratUm scores shoWed the lowest stabilities,
a finding,probably:d0e.the small number of strata availSble which allowed
scores to change b. Ock. the total score range on the, basis of the

response to the laSt4t administered. The moderate stabilities of such
chance-influented ecoreSag the highest difficulty scores is favorable
in that it shows thsf:the.stradaptive.test can contain an individual testee
within items in the:rangeofhiS ability.. That the scores dependent on the
ceiling stratum were only moderately stable may have been due to their
joint dependence on central tendency-and variability.

Theconsittenty scores clustered, into overall variability and distance
between ceiling: and basal strata scores. Score 11, an overall variability
score, funcifoned:as a meaningful moderator of ability score stahlities'fory

stradaptive 1. However, the stabilities orihe consistency scores were
only Moderately high, althOugh there was a tendency for - the stabilities to

increase with longer time intervals. Stradaptive 2 consistency scores were
not predictive of test - retest stability of ability scores, but thesw
results were:given little weight because of the other erratic results

obtained from Stradaptive

Stabilities of the total stradaptive response records, 'as assessed by:
the redundancy analyses,'were somewhat lower than the stabilities of the
best ability scores but-higher than those of the consistency scores.
The proportions correct within strata were more stable than-the numbers
administered within strata. Total number of items administered in the
stradastive-test was relatively unstable on reterSt.

The. relative diffitulties of correct, incorrect, and question mark

responses tuggebt that the question mark response is used by the testee no ) :,-

when the testee is unsure of thecorreet response but rather when he has

no ides-what the correct response is and prefers:41ot to guess randomly.

Items which were responded to with a question mark were even more difficult,;

on:the average, than those which the testee answered-incorrectly; This

result, when combined with the stability data for the two forms of stradaptive

tests, suggests Stradaptive 1, in which question mark responses Were counted
as incorreCt'responses, is a better testing strategy than'Stradaptive 2, -

in which question mark responses were ignored.
, .-
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A slight correlation was obtained between test length and all ability
scores except the average difficulty scores. This was explained as resulting
from stores being defined as a joint function of central tendeinty and
variability, the fatterof which causes test length to increase. To confirm
this hypothesis, a computer simulation of this phenomenon is required. If

test scores can be changed by increasing the variability of,the response
record, which will probably be manipulated by changing,the item discrimination,'
all but average difficulty scoring methods (i.e., score 8 and 9) will have to
be discarded.

This study did not provide ,a clear answer to the question of interest:.
whether a conventional or a stradaptive testing strategy provides better
measurement. A future study aimed at answering this question must control
extraneous variables such as item discrimination, memory effects, effects of
initial ability estimates and test length.

Two interesting aspects of the stradaptive testing strategy were not
investigated in this study. First, the usefulness-of an initial ability esti-
mate was not determined. Monte carlo simulation methods would be appropriate
to determine how much information is added to a stradaptive test-by initial'
ability estimates when the ability estimates have differing degrees ofocOr-
relation with underlying ability. The other important aspect of the stradaptive
test that was.not investigated in this study was the utility of flexible
termination. What must be determined in future study is what variable, if any,
is sufficiently rdlated to error of measurement to provide a basis for deciding
when to terminate the stradaptive test.

A final refinement of the stradaptive. test that needs investigation
isfAthe development of an optimal scoring strategy for the stradaptive
The average difficulty scores were the most stable in this study but, a
storing technique based on a more adequate theoretical rationale might have
superior psychometric characteristics,' or more practical utility.
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Table A -2

Conventional Test Item Parameters

o.

411.

Traditional Normal Ogive
rbis b

Mean .537 .472 -.188 .543

S.D. .101 .078 .592 .112

Maximum .661 .612 1.155 .774

Minimum .267 .296 -.956 .310

.661 .434 ILA482

.656 .543

.-.956

- .739 're647

.659 .490 -.835 .562

.469 .572 .136 .697

.646- .520 -.719 .609

.646 .477 -.784 .543

.651 .531 -.730 .627

.640 .494 -.725 .568

.634 .543 -.630 .647

.634 .503 -.680 .582

.623 .456 -.686 .512

.558 .518 -.281 '.606

.608 .371

.613 .320 "4.4t1

.607 .516 -.525 .602

.615 .315 -.927 .332

.604 .427 -.617 .472

.602 .538 -.480 .638

.458 .612 .172 .774

.458 .611 -.172 .772

.557 .448 -.319 .501

.559 :501 -.296 .579

.559 :.527 -.281 .620.

.549 .496 -.248 .571

.542 .451 -.233 .505

.539 .531 -.184 .627

.542 .490 -.215 .562

.529 .424 .171 .468

.471 .385 -.189 .417

.514 .448 . .078 .01

.500 .519 -.001 :1607

.506 .428 .035 .4/4

.449 .520 .246 .609

.470 .400 .188 .436

.463 .537 .173 .637

.340 .359 1.151 .383

.267 .538 1.155 :638

.386 .296 .977 .310

.335 .440 .968 .490

.365 .353 .976 .377
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Table A -3.

Characteristics of Score Distributions for Stradaptive 1,
Stradaptive 2, and the Conventional TeRt on Retest

Stradaptive 1
Score N Mean S.D. Skew Kurtosis

Ability Scores
1. 180 1.250 1.172 -.334 / -.635
2 180 .854 1.410 .107 -.760*
3 180 .793 1.286 -.066 -.822*
4 180 1.200 1.141 -.578* -.539
5 180 .870 1.396 .010 -.671
6 180 .629 1.246 -.176 -.817*
7 180 .697 1.206 -.134 -,.871*
8 180 .129 1.070 .017 -!.785*
9 160 .276 1.124 .068 -.833*.

10 180 .607 1.241 -.154 -.846*
Consistency Scores

11 180 .746 .195 .630* .232
12 180 .668 .228 .550* .476
13 160 .398 .232 .421* -.431
14 180 .932 .675* .270
15 180 .072 1.921- .662* .233

Stradaptive 2
Score N Mean S.D. Skew Kurtosis

Ability Scores
6

1 98 .809 '1.126 I .350 - .789
2 98 .324 1.283 J.418 - .162
3 98 .3 2 1.215 .436 - .504-
4 ; 4 1.094 .274 -1.015*
5 98

'98
.315 1.261 .441 - aii ..,

6 .171 1.205 .383 - .632
7 98 .256 1.153 .479 - .539
8 98 -.289 .956 .604* - .282
91 83 -.137 .996 .667* .235

10 97 .114 1.187 .359 - .586
Consistency Scores

11 98 .761 .179 .407 .339

12 98 .677 .202 . .291 - .269

13 83 .383 .212 -.031 -1.308*
14 98 '1.898 .860. .217 - .933

15 98' 1.918 .849- .207 - .914

Conventional Test
Score N Mean S.D. Skew Kurtosis

40-items 194 .619 .211 -.195 - .796*

*
29-item

analogous form
b

194. .620 . .213 -.166 - .870*

-S.D. is multiplied by .65.
bAll statistics for the 29-item analogous form are means of statistics calculated
on five combinations of items.

*Significantly different from zero at p4.05.
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Table A-4

Stradaptive-2 Test-retest Correlations as a Function of
Initial Test Consistency Scores11, 12, and 13

Very
High

Mean Consistency.Score .524

Number of Testees in Internals 18
Stradaptive Ability Score: 1 .376

2 .007
3 .604
4 .219

5 .151

6 .550
7 .592
8 .589

9 .846

10 .569

Status on Consistency Score 11

High. Average
-

Low
. Very

Low
.631 .704 .820 1.033
14 15 15 17

.823 .747 .887 .598

.877 .535 .732 .588

.826 .680, .847 .603

.848 .733 .842 .592

.895 .558 .769 .586

.823 .669 .858 .534

.858 .698 .881 .563

.876' .873 .912 .764

.860 .786 .918 .662

.829 .689 .a.56 .621
1it

Status on Consistency Score 12
Very Very

High
Miiii-U6niiitency Score .346.

Number. ef Testees in Intervals 17
Stradaptive Ability Score: 1 .330

2 .581
3 .469

4 .306

( 5 .575

6 .449

7 .509
8 .500

9 .718

10 .471

High ,Average Low Low
.552 .661 .765 .973

17 15 15 15

.769 , .905 .867 .750

.590 .827 .440 .665

.803 .910 .766 .665

.723 .876 .844 .769

.632 .874 .647 .656

.798 .915 .688 .666

.819 .937 .700- .669

.874 .944 . .846 .805

.809' .955 .705 .766

.808 .916 .783 .679

Very
Hi :h

Mean Consistency Score .117

Number of Testees in Interval 13

Stradaptive Ability Score: 1 .590
2 .652

3 .773
4 .555

5 .562
6 .774
7 .685
8 .732

9 .715

10 .771

Status on Consistency Score 13
Very

Hi :h Average Low Low
.255 .379 '.472 , .665

14 13 13 14

.758 :qv, .850, .848

.628 .;';60$ .731 .717

.808 ,205 .817 .795

.748 .783 .823 .876

.669 .642 .802 .714

.736 .787 .824 .801

.747 .792 .870 .797

. 859 .807 .900 .903

.868 .805 .958 .822

. 816 .827 .838 .799

*Total numberof testees with valid data. Retest rqiabilities for some

scoring methods' are based on fewer cases.
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