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A STUDY OF CONPUTER-ADMINISTERED STRADAPTIVF ABILITY TESTING

~

In the early years of mental measurement, teats of individual differences
were designed for.individuals rath¥r than, groups. ~Binet's intelligence -
‘ 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 with :items which were much top difficult..

But the expense of the individual test administration required by Binet's

approach forced test makers to devise 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 which 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. tonstructed, there was still
roon for considerable improvement. : )

-
-

The advent of interactive computers provided an economical path for
a réturn tor individualized testing. With their development came the means
to. construct tests to efficiently measure individuals who were not .
necessarily typical of“certain populations. A -variety of techniques have been
proposed for administering ability tests én interactive ¢omputer systems.
Weiss and Betz (1973) summarize the recent literature on adaptive, or tailored,
~ testing. : ’ .

A bgaﬁggp ﬁmise of adaptive testing is that the bgst test for :
measuring an individual 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 abilityiis not known until the end of the tebt has resulted
in a diversity of strdtegies for choosing the items to be administered to
a given individual-'(Weiss, 1974). These strategies can be divided into two
subcategories—-stwo-stage and multi-stage-strategies. The latter are of the
most interest here and can be further divided into two subcldsses: variable

branching progedures and fixed branching procedures. "
, . . : , ,

t

I4
Vériablé branching procedures include Bayesian and maximum likelihood P

approaches. :Bayesian strategies, such'as those proposed by Novick (1969)
and Owen (1969), may begin with some initial.estimate of the testee's ability,
such as grade-point average or the testee's own subjective ability estimate. .
Given this ability estimate, everyravailable- item in the item pool is examined.

\Then, on the basis of the guidelines set by the particular model in dse,
the best item is chosen to be administered:' Given the Tesponse to that item
and the. initial ability estimate, a new ability estimate is calculated and the -
procedure is repeated. * The test usuglly terminates when a desired degree of

. precisién of meagurement is reached. Bayesian strategies have as-their

" 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.efficdent .

. .
b [

o

\
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.use of an item pool. Their disadvaptage may lie in the failure of real items
and real individuals to meet the cﬂEcial agsumptions on which the Bayesian
models are based. JIn addition, the computing time required to search a large
.item pool might lqwer their utility in interactive testing on small computer
systems. ‘ e ’ o o

~ , )
The fixed branching procedures uge 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) 1f 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 résponse.

. Most fixed branching procedures are varlations of the pyramidal testing
strategy (e.g., Larkin & Weiss, 1974). A pyramidal test has its items arranged
in a triangular o(‘pyramidhl structure with item difficulties gt the peak
centered oq’the mean ability of the population of 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 stfatqu ig .first administered the item at the peak. If he answers it

correctly, he is branched to the more difficult of the two items, in the second
stage; if he angwers it incorrectly, he is.branched to the less difficult item.-

This process continues until the testee rea&hes the end of a fixed number
of stages. ' N :

S;ncg each stage of a pyraﬁidal 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.

* Conséquently, all the preceeding items at that difficulty level are not used.
This is a problem‘in 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 at g given difficulty level. to

Thus, the Bayesian strategies are p}omising because of their use of
prior information, optimal branching, item economy, and flexible termination.

#But it remains to be ‘seen whether ‘the assumpt&;ns on which such strategies

are based will be sufficiently met by real items and real individuals to
realize an advantage in utility. The pyramidal strategy has as its advantage
the 1ick of restrictive assumptions needed by the Bayesian strategles 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. :

T
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" Such a strategy was proposed by Weiss (1973) and was named the stratified
adaptive, or stradaptive, abilfty test., The sf;adaptive 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 ahd are equally spaced along
the ability continuum. Items within each stratum are ordered with the most
} discriminating items appearing first. Beginnirg with any rough ability
. estimate, a testeé can begin the test in any stratum and 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 items, or to one
with easier items, and is'administer:z 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 - o
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 respormding, 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 is .different 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 5
- characteristic of the pyramidal strategies. * ‘ ' ¢

.

The stradaptive test lacks the optimal branching of the Bayesian
. . strategies but retains their advantages of untilization of prior informationm,
" tallored termination, and efficient use of the item pool. Its further
" adVvantage is that it does not require the restrictive assumpsions 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 6btained from
Educational Testing Service, he administered 46 conventional tests and 53
stradaptive tests fo cglleg€ students. His design allowed for the
_computation Qf both parallel forms reliability and validity coefficients.
Validity was operationalized as g correlation between scores on his tests and
scores on a conventional test composed of gimilar items taken earlier. His

N major findings were that 1) the stradaptive strategy was able to attain parallel
forms reliabilities and validities comparable to a conventional test having
A twice as many ftems; 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

- than’ other scoring methods, with the average difficultxﬁof all items answered

correctly consistently being one of the highest. :

The present paper reports on the adminigtration df two different .
stradaptive tests to college students to study the stradaptive strategy's
psychométric characteristics, using an item pool and evaluative criteria
different than those used by Waters. Further details on the logic. and
rationale of stradaptive testing are given in Weigs (1973).

b
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METHOD / ‘ o

[ ' . Design

This study was part of a larger research program studying the utility
of computerized ability testing. One-goal 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 twsting are being evaluated in terms of other Pszghometric
characteristics, in an attempt to -identify those strategiés which are most
promising 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 8tradaptive’
) A vocabulary test were administered to .college students. The two ’st¥adaptive
forms differed in that one counted questian mark responses (i.e., omitted
items) as incorrert and the other ignored items responded to with question
marks. s

] All tests were esented using Datapoint 3000-cathode-ray-terminals .

(CRTs) acoustically cpupled to a Control Data Corporation 6400 time-~shared
computer. The testee) responded on the CRT keyboard to each .item presented with
either a number indfcating the multiple-choice alternative chosen or a question
mark if he 'did not know the answer and chose not to guess® (See DeWitt and =
Weiss, 1974, for details of the test administration software.) . i

Vo

This study was concerned with two major kinds of analyses. First, data
from the three tests were analyzed in terms of thé characteristics of their
score distributions, the correlations between stradaptive and conventional
tests, and the magnitudes of their test-retest stabilities. Setond .
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 ddta 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 discrimipating easy items but few. highly discriminating
difficult items), test scores were qprrelated with test length.

‘ Implementation of the Stradaptive Testing\Strategy

.
e d

Item Structure S ' e

\

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

e
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be referred to as Stradaptive 1 and Stradaptive 2, Stradaptive 1 is the
stradaptive ‘test 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 describeéd
by McBride and Weisd (1974), and norming item statistics for the 229 items
used here are given in Appendix Table A-1.

Summary statistics for the 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 5 centered on a normal ogive difficulty
(Loxd and Novick, 1968, pp. 376-378) of b=.007. The width of each stratum,
angd distance between the means of successive strata, was about 0.65 normal
ogive difficulty units. . . T

Stradaptiveé 2 consisted of 269 vocabulary items. This set of items
was composed of most of the original 229 items of Stradaptive 1, the 40
items which were originally used in the conventional test, and a few new items.
As can be seen from Table 1, .the:-4dtem structure of Stradaptiﬁe 2 was quite
similar to’ that of Stradaptive 1, both consisting of items arranged in nine
strata spaced about 0.65 difficulty units apart. Norming item .statistics
for'Stradaptive 2 are also presented in Appendix Table A-1.,

p ¥

The most important distinction between the™“two stradaptiv% tests is .
the manner in which question mark responses (i.e., omitted items) weref
. handled. In Stradaptive 1, a-question mark was treated as an incorrect
response. If caused the testee to be branched down one stratum, and was
countted as incorrect 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 tqo the testee for this purpose, along with the entry
gtratum resulting from his response (which, of course, was not on the CRT
screen) is shown in Figure 1. :

Several branching rules were diBcussed by Weiss (1973) with respect to
the stradaptive strategy and have been considered in discussions of other
adaptive testing strategies (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.stratum or an incorrect response to an item in the least
difficult stratum\_ .In those instances, the teste\\was branched to the next
item ih the same stratum. .

‘
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Table 1

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

. [

e

, Stradaptive 1 ’ Stradaptive 2

No. P , o No. v 7

of » Conventional Normal Ogive of - Conventional Normal Ogive
Stratum Itemﬁ[ P T, B a2  ltems ~ p .t b &
Stratum 1 35 - 35 .
Mean . ’ .949 .699 ~2.648 1.290 - .949 .699 -2.648 1.290.
5.D. L0643 210 .176  .925 1.063. .210 .176 .925
High .995 1.134 -2.393 3.000 ﬂ .995 1.134 . -2.393 3.000
Low .850 .376 ~2.980  .406 » _ -850 .376 , -2.980 .406

‘Stratum 2 36 . < o i3 .

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 Y63 .571 -1.287 .732 < .771 -.579 ~1.314 .749
s.D. . .060 .130 . .184 ,266 - .064 ,129 .202 .263 -
High .90 .813 -1.013 1,396 - .890 .813 ~1.013 1.396
Low ".628 .302 -1.627 .317 .628 .302 -1.653 .317
Stratum 4 30 46 L —— >
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 ©,  .498 .558 .007 .692° . .503 .531 -.020 .643
s.D. .043  .141 .189  .270 ' .062 .117 .196 .220
High .568 .794 .329 1.306 , .568 :79% .329 1.306
Low L4627 .331  -.285  .317 427,331 «.319 .317
Stratum 19 i 22 o , )

M - . ,382 .469 '.651 .549 .379  .455 .695 .527
5.D. : .038 .106 .185 .177 .036 .107 .206 .175
High . L4346 ,700 .977  .980 434,700 .977 .980
Low ' .305 .346 .337  .369 .305 .296 .337 310
Stratum 7 23 s : 25 :

* ‘Mean ; .295 .436 1.327  .456 . .296 .437 . 1.JA3 .460
S.D. .039 .083 ..183 .1l13 .0%9 ..084 + 182 .115
High .353 .618 ~1.630 .718 .353  .618 1.630 .718
Low .217  .323  1.004 .312 217 /323 1.004 4312

Stratum 8 15 15 | S ‘ .
Mean .200 .427 2,006 .482 . .200 .427 2.006 .482
s.D. .047 -.087 .206 .133 .047 .087 .206 .133
High L2764 .648 2,313 .851 L2746 648 2,313 .851
Low .110 .321 1.649 _.339 . .110 .321 1:649 .339

Stratum 9 10 . - 10
Mean - .168 .387 2.621  .427 ©.168 .387 2,621 .427
s.D. - 069 .,103 .273  .163 .069 .103 .273  .163 -
High .300 .643 3.113  .840 .300 .643 3.113  .840
Low .029 .253 2.320 .214~ , .029 .253 2,320 .214

»
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wé,’~» . Stradaptive Test Entry Poinb Question
' ) . . = , E ...,‘ S By
. o K o . » ! Entry Stratum
~IN gﬁICH CATEGORY'IS.YOUR CUMULATIVE GPA TO DATA? .(nbt seén
\ i . . . ) 3 *

"By student)

Al

1. 3.76 to ceresiensd
+2.-3.51 to 3.75 Ye, cseiseans8
‘ 3. 3.26 to 3.50 - P
- i 4, 3.01 to 3.25 - Y
5. 2,76 to 3.00 - .
. 6. 2.51 to-2.75 B PR
7. 2,26 ‘to 2.50. -, S SR N:
8. 2.01 to 2.25 viedeiien2
‘9. 2.00 OR LESS PR I
ENTER THE CATEGORY (1 THROUGH 9) AND PRESS THE RETURN KEY. : ~
Scoring the Stradaptive Test ' R - L

Ceiling and basal strata. Several methods of scoring-the stradaptive
test requirethe use of ceiling and basal strata: These two concepts were
borrowed from individual intelligence testing, primarily the. Binet test.

“The basal level of responding is that difficulty level of items at which o
the stestee answers. all:items correctly._ The use of the basal level assumes

' hthat all . less. difficult items would also be. answered: correctly, and,, there- ;‘
- fore,. ‘eagier items are not.administered once.a basal level has been'.
'g;estainshed.

e lCOrrectly.

Tt

The basal, stratum was defined for use “in the stradaptive test )
by Weiss " (1973) as. the most difficult stratum at: whiqh all items" were. answered -

- correctly but at least one itém was administered at’
© stratum, it .was assumedathat all strata were too dif

In the present datsﬂ AE. such a stratum existe
basal. “If no. strasdm*eﬁig ed i which all -items.

: was identified as

stered were answered
?least difficult
ult to be. called

.‘“taken as ‘basal.
‘there vas 1o, identifiable basal stratuti, "

were caused by subjects 1eav

: -che testee answers ‘no items correctly. S

basal and the hypothetical stratum.below the 1pwest act al—stratum was : _
4 the ‘résponse. record was«incomplete, :

ALl other- copditibns (e,
and. no;termination: criterion had. been
reached)” were considered abnbtmal ‘terminations’ and ‘thé subject waa eliminated.:
Most abnormal terminations were caused”bﬁ‘computer failures, althcugh,a few

¥ : ”,tments.j‘uf*'

Rnat Tével of difficulty at which
his definition of the! ceiling .

r.,ifstratum assumes. that he. would answer no items correctly ‘at any level of
- gregter difficulty.- .
: In the case of multiple—choice i@ems, the testee iﬁp

Consequently, ore difficult ‘items ;are not . administered.
ted to”answer some

e &,‘.

byl
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* items correcmly due so1e1y to chance successes. “These chance Successes
“are mosf’likely to oceur on items which are, too, difficult for a given testee.

Thus, for multipl%rchoice items, the: ceiling 1evel can be defined as that
level.of difficulty where the testee answeis correctly no more- items than
would be expected‘frdm random guessing ' : :

' In this study, which used five—alternative multiple—choice items, the

: ceiling stratum was defined as the least difficult stratum in’ which-five

or more.items were administered and ‘the testee answered 20% or.less correct1y
The five item minimum was established to allow a reasonably stable estimate

- of proportion correﬁ% at a given stratum for the critical ‘termination

criterion. If such a stratum existed, it waé*identified ‘as the ceiling stratum.

. If no such stratum existed,, but all items af the most difficult ‘stratum

had been administered thefhypothetical stratum immediately above the most
difficult stratumhwas taken as the ceiling stratum. * A1l other conditions
were constdered abnormal terminations and tpe testee was eliminated from .
all analyses.

~ Ability levél scores. Weiss (1973) proposed ten methods of -scoring the
stradaptive test to obtain ability level estimates., These ability level- o
scores are referred to by number in the figures and tablesw;hnoughout 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. - These scoring methods
are borrowed from the.pyramidal testing strategy (see Larkin and Weiss, -

"1974; Weiss, 1974, .pp. 12-36). Score 1 is the difficulty®of the most

difficult item answered correctly With the exqﬁption of abfiotmal terminations,

" this. score could always be*determined and was useﬁ as defined.

-

stratum were used as the testee's score.

_ Score 2 is the difficulty of the (N*l)th item, or the next item that would
have been administered had testing continued beyond termination. ‘This score-
could not be determined in two circumstances. " First, if termination was
caqged by running out of items in the next stratum to be drawn from, theré
obviougly was.no item from which to determine the score. Second if the
Nt% 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 (1.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 in an existing stratum, the average difficulty of. the items in
the *stratum (the stratum difficulty) was substituted as the testee's score.
In the second case, difficulties-of hypothetical st¥ata .65 units above
the most difficult existing stratum or .65 units below the ieast difficult

[y

\

Score 3 was defined as the most difficult non-chance item answered
correctly. This was determined from the difficulty of the most difficult
item answered in the stratum immediately below the testee's ceiling stratum.
This item existed and thus the score could be determined,- except in the

.v - 14
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. condition where;the ceiling stratum was stratum 1, the lowest actual ~
stratum, In this case the difficulty of the lower hypotheti,al stratum
‘was used. o . . oo ) L
B L e kL Z, ' T SRR -
Scores 4 through 6 can be referred to as stratum scores. - These
/. are stratum difficulty analogues to the three item difficul y*scores.
.Scére 4 was defined as the mean. difficulty of the items at the most
. difficult dgtratum.in which at least one item was answered cprrectly.
- . .Score’5 was defined as the mean difficulty of the. stratum containing: the
B v(N+1)th item (or hypothé%ical item if no item existed) Sc,regﬁ is the-
- mean difficulty of. the highest non-chance strfatum or the st atum’ ‘immédiately .
_below the ceiling stratum. These.three scores, barring abnoymal termination,’
‘were always determinable _and were 1mp1emented as defined. ". ; e

N Score 7, the intérpolated stfatum difficulty score, was an attempt
iR ‘to determine the exact stratum ‘difficulty. at which the. testee would fespond

L , at a chance level when that difficulty fell Between two availahle gtratum
(. difficulties. Algebraically, it was deftned ast : \ :
. A?D e-1 + S‘(P - .50) R R

irfwhere: 5; 1 -is: the average . difficulty of the (c-1)%h Stratum .and

¢ 18 the ceiling stratum. It is therefore, the average
difficnlty of all itemg available at the testee's highest
non-chance stratum, or the stratum just below his ceiling
» Stratum . ‘

W ' ‘Pc 1 is the testee's proportion correct at the (c-l)th stratun

Eal oL K and ] is D,—D {, if P i is greater than 50, ot D -1 c 2 f .
. s : - =
; ; ! T Pc i is less than .50, where D is the average difficulty .

. , . of the designated stratum. v oL -

»

- 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-1" stratum and the score could not be calculated.

In this’Study, this particular condition never occurred. Thus, with the’
exception of abnormal terminations, score 7 .was determinable for all
testees. .

-

e g Finally, three average difficulty scores were defined. Score 8 was
‘ 4> defined”as the average difficulty of all items answered correctly and was
cal¢ulable in all cases. Score 9 was defined as the average difficulty
of items correct betweeén, but not including, ‘the ceiling and basal strata.
The hypothesized advantage of this gcore over score 8 was tHat it would be
less susceptible to bias from inappropriate entry points. This score could
" 'be determined except when no.items were answered correctly between. the
o . ceiling and basal strata, a condition caused by the ceiling and basal
o=+ g¥¥Atd belng adjdcent. When this occurred, scoré 9 was not ‘calculated.
Score 10 is the average difficulty of.all_items\;nswered correctly at the

Ve




N o _loff
highest non-chance stratum and was calculable except when the ceiling
stratum was stratum l, a condition not encountered in this. study ‘

' 'f. Consistency scores Weiss (1973) suggested that the consistency ‘of the
response record, or variability of difficulties of items encountered by a
given testee, might yield information about .the confidence which could be

. . -placed on the point ability estimates obtained fromf®he first ten scores. --
S -Specificdlly, he.said (p. 26),‘"Individuals who aré more consistent should’

: : # ‘have more ‘'stable ability estimates, while those who are less congsistent
' .+ should have less stable ability estimates.' This hypothesis was studied

o using.five scores designed to reflect response cbnsistency. ’

£

p ' gLnsistency indices reflect the overall Variability of the

1 difficulte of the items administered to a given testee. Score 11 is i’\.

~ defined as”t standard deviation of the difficuhties of all items administered
v Except: for 'abnormal terminations, this score was always calculable. Score,

’ l;»is defined as the standdrd deviation of item difficylties of -all’ items '

'testees.' : S c
In an attempt to control for inappropriate entxy points, three indices R
" reflect consistency using an individual's ceiling. and basal strata. *SdoTN

, 13 is defined .as the standard deviation of difficulties/of all items @
-answered correctly between the ceiling and basal strdta. This score could
not be calculated for a given testee when less than two items were answered
“correctly bétween the ceiling and basal strataj a condition always caused
by the ceiling and basal strata being adjacent. - Scere 14 is defined as
the difference in average stratum difficulties of the- ceiling and basal.
strata. Scores ¥4 and 15 have an advantage over score 13 in that they are
calculable for all tzstees. v

A Sample Stradaptive Respoﬁ%e Record

<

(R " Figure 2 shows the stradaptive test performance of a college sophomore.
This test record is typical of the stradaptive test performance of college
students. The testee was first presented with an entry péint screen
(Figure 1) and indicated that his cumulative grade-point average to date
‘was between 2.76 and 3.00. He thus began the stradaptive test at stratum 5.
His answer to the first itemwas corfrect (indicated by a " in Figure 2),
which branched him to the first avajjlable item in stratum 6. Correct
adswers to.the s;gg;ﬂiﬁbd third ite resulted in his moving to stratum 8,
where he received the first item fr that more difficult peaked test. Since
the stage.4 item was too.difficult flor- ‘him, hig response wag incorrect ),
and he branched downward to the second item in stratum 7. The student theéf
aTternated between correct and ‘incorrect responses for the items at stages 6
through 8, followed by an incorrect,response to the stage 9 item. This _

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

S then essentially alternated between ' torrect and - incorrect responses from
stages 11 through 20. Item 20 terminated the stradaptive test since the

testing proceduge had, at that point located the student's. ‘ceiling stratum,

at stratum 8 hefhad answered incorrectly all five items.

answered correctly. In this’ study this score alse was aVailable for all s,

ST Y.
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' The Conventional Test : i . )
‘! . A .« - " - . ’ )

As in previous: studies in this series (Betz and Weiss, 1973, 1974;

Larkin an' Weiss, 1974), a conventional test.was administered by computer
to provide a comparison with the stradaptive tests. This was-a 40-item

e el

, peaked tegt for Which norming summary statistics are shown in Table 2. Item T
; : - - s :

5 S , Table 2 , ) o
B , ‘ _ Summary Statistics for Item Parameters of ' o ",P
‘ ‘ - ; the 40-Item Conventional Test ' . :

/ * - L B : { ’ 'l
- - . ' . . : "L:) -~
e o ) BaramEters - Mean L S.D. High ) Lq&i ,
' Traditional s : - -,
p, proportion ' . . | .
correct’ . .537 - .010 < .661 .267 |
» . bis, biserial r o I '
-+ . with total score 472 .078 o .612 C 0296 K
y ‘ . a ’ . ' : ‘ }
e Normal Ogive ) . .
. " b, difficulty -.188 | .592 - 1.155 _-.956 ;
a, discrimination  .543 ., .112 774 .310

aEstimated using formulas described by MqBride and Weiss (1974, p. 24)
. M ( ﬁ“ 1 e

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
i s the pool [of 369 items] that had difficulties closest to p=.55 and item

' total score biserial céorrelation coefficients closest to .45," (p. 15).

The score for the ‘conventional test was the proportion of items answered
correctly by each testee, .

. - Subjects .

. ,Subjects providing the data for this study wete college students. Some
bt sophomores were recruited from the psychology department 's ‘subject pool ,
- "but the majority of the testees were juniors, seniors, and first-year griduate
students from courses in psychologicul statistics and measurement. To obtain
' test-retest stability data, some subjects were tested and then retested
after an interval of ftom two to 11 weeks. Valsd test-retest data were
4 " collected on 180 testees for Stradaptive 1, 98 testees using Stradaptive 2,
. and 194 testees using the conventional test. To gbtain the best possible
. ,;aﬂw,diggxgbu;ipnalwgnq‘intgrcorgelational'data on the stradaptive tests, single
i - " % administration dath Were gdthered from other ‘facets of the research program's
LI ‘general data eollection yielding initial test data on 476 students for

~ =
-
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Stradaptive 1 and 113 students for Stradaptiive 2.
AnalegQ ' ) ‘ -

. Comparison of the Stradaptive Test with';Ze Conventional Test -

v These analyses were designed to investigate the characteristics of the .° -
b various scores derived from thé stradaptive test, in comparison to scores
derived from the conventiondl test. Of interest were the characteristics
of .their score distributions, as well as inter-relationships among scores o
~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 estimktes derived from the two testing _ .
i 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 obtiained from Stradaptive
/ - 1, Stradaptiver2, and the conventional test. The underlying ability distribution’
- /' of/ the population sampled was.not known. Therefore, scores derived from the
T different testing strategies could not be evaluated-on the basis of hoir well
they reflected the distribution of true ability. ‘A normally- distributed score .
~distribution is statigstically convenient, ho%ever, and for 'this reason alone,f,r/'
séores that depart radically ‘from normality are undesireable. . - .

'#% . 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.

, Internalfconsistencies were calculated in this‘study for both the con- |
ventional and adaptive tests. These data. were ‘then used as a basis for ‘
/statistically equating tWe discriminating power 8f the item pools to provide :
a more realistic comparison of the test-retest stabilit*p%“of thé two testing
. strategies. ° ’ . . ’ -

Calcﬁlationrbf the internal conéiétency‘reliability of an adaptive test
cannot use standard approaches beécause 1) all. individuals do not. encounter the
same items, and 2) those items they do encounter cannot be thought of as a

L

. random sample from the total pool. Some adaptive testing strategies, such as u’
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 »

restriction of range in ability. Larkin and W@isg (1974) were able to calculate
internal consistency for a pyramidal test using a scoring technique that -
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predicted a testee's response 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 agsumptions made by the scoring

" technique. : . \ )

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

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

(KR-20): o .
k 2 Y
. ngA ’ .
- K g=1 - B - [1]
o = 27 |1 - k- 2| ' - ‘
_(‘Zr,,s) o
\g=1 xg' g .
where r__ = internal consistency of the test K " L
'k = number of items in the test Yo g
ezg Z item variance?p(l-p);iwheré p=proportion correct
: : o -
and rxg £ corrglation‘of item response and ;otal scorg : . iﬁ?%&

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 thdt 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 point-biserial item-total correlation wasg.used 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, droppiug
when items are very easy or very hard. Thus, the biserial correlation 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 as follows: Substituting norm group item parameters into
Gulliksen's formula, a reliability coefficient was calculated for each person's

" get of ‘items. This reliatility was then inflated or deflated to a length of ¢’

29 items (the mean length of the stradaptive test) using the Spearman-Brown
formula. These coefficients were then averaged across all individuals

R Y
¢

2U
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using an r to 2z transformation. This yielded an internal consistency chef~

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.

L3 & - . P

©.

To determine the utility of this technique, it was tested empirically.
Internal consistency was calculated by E?uation 1 for four subsets of ‘10,
20, 30 and 40 items from the conventional test. The coefficients obtained ', °
were inflated to a length of 40 items and compared with each other and with .
a Hoyt intérnal consistency reliability coefficient ca1cu1ated on the tota1
conventional test.

L]

»

& Test-retest stability: the Ergblems. Test-retest stability coefficients
flere of prime interest in this study as a means of comparing the relative .
precision and practical utility of&Zcores resulting from the stradaptive
and. conventional testing gtrategies. Unfortunately, the conventional test was
constructed to match the psychometric characteristicg of a &wo-=stage test and
its match with the stradaptive tests was something less than optimal. The first
problem .encountered with the conventional test was the fact %hat it was 1onger
than the typical stradaptive test.: The average length of &tradaptive 1

‘was 27.75 items on initial testing and 31.35 items on tfetest. Average

13

lengths for Stradaptive 2 were 25.38 and 26.61 when questioa 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. _ o v

Also in favor of the conventional: test, with regard to estimating test-
retest reliabilities, 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 Wejfs (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 @=.717 for forms 1 and 2 respectively. However, since.the.
stradaptive item pool was constructed so that the most discriminating items
are’ 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 forms 1 and 2 respectively. This result clearly favored the
stradaptive tests. .

P
\,"A

The final inequity was that the gtability of the stradaptive tests was

-influenced to some degree by the use of initial ability 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 appﬁbaohed zero items, the stability approached unity. Although the

. phortest test contained nine: items, this factor still likely had Bome influence

on the testﬁ!etest stability of stradaptive scores. )

— ‘'
‘ . . .




, -
. Coe o , - -16~ . . :
- . "’_‘ ' _ . Y S N
o ‘ Test-retest stability: - the corrections, A_length of 29 dtems was

5”§  “ . staken as an appréximate average of the lengtha. of the stradaptive tests.
. + This*is eleven items shorter than the forty-item cenventional test. ‘

While the conventional test had all its items repeated on retest, the
- stradaptive -tests rarely had the initial item gset repeated on retest. <To
calculate the proportion of items gncountered in both initial test and retest
for Stradaptive 1, the smaller number of items within a Stratum, on test or
. : re;est,.wa&_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 df common items for Stra-
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 question ‘maxrk responses.
The proportion of items common on test and retest wag .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. - Eath pair consisted of one randomly elected test of
twenty-nine items and a second test containing the remainin eleven items
and eighteen of the first tests' twenty-nine items, This yielded five pairs
of twenty-nine item testsg, 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 ome 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 analogous .form,; the mean (r to
. 2 transformed) correlation bétween members of the five pgiré%has used.
. e & . . ' .
A direct correction for the effects of differences in item discrimination
‘'on test-retest reliability was not available. A .correction was dmplemented, -
however, based.on the fact that item discrimination has an effect on internal
consisteney reliability, which has an effect on validity. It was further
assumed that correlational validity is.in 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 Qeqirediihternal
. consistency: ' : T
‘ \

. | X

\

_ (1-mR _, , | (2]
~ (1-R)r - 4

/where. X _proportionate increase in length
' . r Z the original internal consistency :
‘ . R = the desired internal consistency ' I '
He also provided 'a formulaxfeq} 9-19, p. 98) to predict the change in validit;\\\§\»..
of one test 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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C : ’ e’ ’ !
where r;t = corrected test-retest correlation N
.. r., = origina$ test-retest cortelation ' = ~
‘ P = original internal consistencyd _ .
K = proﬁbrtiona&i“increase in test length from preyioué equation
" Equation 3 may be recognized \as a,variation of the Spearman-Brown formula. ' ',

- A

To correct for unequal discriminations, the conventional test internal -
consigtency calculated using the norming parameter method described earlier .
was substituted for the original internal consistency in Equation 3. The average .
internal consistency 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 for different discriminations 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 Fhe discriminations been equivalent. ,
It should be noted that the prééence of these many correctionsg precludes

the drawing of any strong conclusibns-from 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 egtimates, partial
correlations between test and retest administrations of the two stradaptive
tests were calculated, with initial ability estimate partialled. The partial
correlation is probably an undetestimate 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. This partialling 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 bé construed as common variance due td the underlying
ability, and any reduction 'in conventional test<retest correlation reflects

- how much the stradaptive reliabpilities were artifactually deflated in the

partialling process. . . / {
Both t6 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 test-retest interval: 0-15, 16-30, 31-45, 46-60 and over 60
days. Product-moment stability toefficients were then calculated using
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‘scores of those testees within each time.group from 5oth Stradaptive 1 and -

conventional tests, Stradaptive 2 data were.not included in. this analysis
because virtually all test-retest intervals fell into one of the above
gfoups (thus precluding trénd. analysis). 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). T

Cbr;elatiops between stradaptive and conventional tests. Stradaptive.l
scores were correlated with the forty ifem 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 scares were not correlated with the conventional -

. test scdre because no subjects were given both the Stradaptive 2 test and the
conventional test. ' . ' T : o

Further Analyses of the Stradaptive Tests ' ' ’ AR

‘ Intefcorrelations among stradaptive scores. Intercorrelations among scores .
on the stradaggive'test were calculated for the initial~administrationq"of Bt
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 suffigiently independent of each other in order to provide differential .-
information. . '

‘Utility of the stradaptive consistency scores in predicting stability.
The five conaistency 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-é;oup 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 approximately 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 high;y
inconsistent testees. > .t ‘

'« This analysis was performed on only three of the consistency scores=-=- \
;Eores_ll, 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

a4 -/
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_ - correct at each stratum. He suggested that analysis of these data to obtain
ability estimates might proceed along the lines of estimating normal ogive.
item parameters. ‘Such latent parameters were not estimated in“this. study.

. But, .to facilitate fufure research into the utility of such data, several
¢« . indices of the stability of the stradaptiwe test response record were computed.
" Thus, the stability of stradaptive test ,,length was determined from a product-
" moment correlatior-between number of items administered on initial test and

on retest. . ) : ' B '

-
»

- Il

No common index existed for overall stab
. curve data, as reflected in total number of fiems_answered within strata orv
. 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
A one analysis the number of items administered ih each stratum and, in the
second analygis, the proportions correct at each stratum. )
For this canonical analysis, there were usyally several strata in
which no items were administered and "thus proportions correct could not be
‘calculated: ‘To remedy this, the proportioms correct below the «ceiling
_ stratum were set to zero. Zero was used rather than the chance level
: . hecause, in thé 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. - B -

A complete redundancy analysis (§tewart'and Loye, 19683 We}ss,f1972)
was petformed on the canonical correlations. The jedundancy index of
greatest interest here is the redundancy of the retest given the initdal
test. This can be interpreted as the proportion of variance in the retest:
;o ddta prédictable 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 redundancy coefficient’bears
= some similarity to a test-retest reliability coefficient, but it expresses
. . the stability of chdracteristics of the response records. on ‘the stradaptive

tegt, rather than merely "the stability of summary scores as does the trgditiénal'j

.. stest-retest reliability coefficient. .

o Relative difficulties of items producing different kindé of responses. (‘

.*One objective of this study was to examine the effects of not penalizing’

* testees for honestly admitting they were not sure which multiple-choice
aniswer was correct. This comparison was possible since Stradaptive 1 was
designed to treat a "?" response as incorrect (thereby 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.

EY

- In addition to the test-retest datd 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 1f more difficult, how much more difficult. :

2
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- Score 8, the averagengifficulty-of all items correct, was used as a
Aegtimate of ability. The qifficu1t9 of each jtem administered to an
{ndividual wag deviated from that individual's ability level (operationalized

.- ag Score 8). These deviaté@‘difficultiesiwereﬁgrduped into difficulties.

of correct, incorrect, and question mark response items-and then .pooled -
over all individuals, for Stradaptive 1 and Stradaptive:2 administrations .

geparately. Both initial tést -and*rdtest dataivere useds Means of these .

deviated difficulties yielded the average distance from ability, in normal

ogive‘diffigp;ty units, of items generating the various .types of respgnses.
Sgandgrd deviations of the deviated iifficulties were also computed. ' ‘

. Test length vs. ability. Ability:scores derived frod“stradaptiVe:teécihg'
were correlated with test length. This analysis was designed to determine
whgther.there5wereﬁintera¢tioﬁb of scoring methods with characteristics
of ‘the item pool which resulted in different correlations of scoredﬂder?vedﬂ
from each method with the number of items required to reach’the termination® .

. eriterion. A‘:slight correlation was expected because the more discriminating

items available at the lower difficulty strata were expected to yield ‘fewer -
incorrect brarichings and thus faster terminations. ' o o

o i)

3 1
.
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'RESULTS . o,
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" Cpmpérisdn of theé Stradaptive and Conventional Tests

B S

1y . - .

Descriptive‘Statistiée ’ . ”, | .

Descriptive statistics for the initial testing of Stradaptive 14, i
Stradaptive 2, and the conventional tests-are shown in Table 3. Retast ~ "
data are summarized in Appendix Table A-2. *
and of consistency scores 1l 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’
uniQBisto'bé comparable to the other scoring methods. IR

The ten Stradaptive 1 ability gcores ‘show roug
Most of these ability scores had a significant positive skew -and all were:
‘significantly platykurtic. The distance cdnsistency scores,,scores’la and 3-

15, 'show higher means and larger standard deviations than the gtandaxd b
deviation consistency scores, gcores 1l;. 12 and 13. - All consistency scoxeésg
were significantly positively gkewed. The overall variability consistency .-

d 12, were leptokurtic, and the between ceiling and basdl

.gcores, . scores 11 an _ ! )
indices, scores 13, 14, and 15,‘rangedofrom normal to significantly p}aty{ i

kurtic.’

Means of Stradaptive 2 ability scores were congistently lower than
Stradaptive. 1 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 smaller=~ ,
number of subjects. None of the ability scores distributions devfated fBigni-

. ficantly from normality in :terms of kurtosis. Characteristics of the neis-~

‘tency score distribut

)
: '

hly equal standard deviations.

jons were similar for both forme® of the Stradaptive test.

Standard deviations of ability ipcores

-

v
» e




Characteristics of chre Distribut:ions for St:radapt:ive 1,
St:radapt:ive 2, and the Conventional Test on Init:ial Testing

. All statigtiés for the 29—it:em analogous form are means of s€atia;ic9'

. “calculated on five combinationstof “items. I CE
,*significam:ly different: from- zero at: p< 05. L »
R o f; b . |
: B T N .
! S TS |
" X , ;

LA

. Stradaptive 1. ' ) B i -
. N Mean ©.8.D. “Skew . Kurtosis
1 %76 © 1.073 -.080 -.785% ,
N 2 ' 476 © .560 402k = TL4% '
0 3 476 * 531 o .3 < 680%
i 4 ) 476 1.019 .306%. ~.893%
° 5, ’ 476 v 570 .350%  © —.680% -
"6 -~ 476 1370 . 172 T 797k
_ 7 * 476 440 ¢ L .220% = 157%
. , LAy o8 476 ... =.042 T.32%% A ~613%
Crpe T 9 . ,-+420 v ¥ 066 L340%, 77 -,507%
R e L T .339 .209. ] -, 770% °
: - Consisl nayz Scores S o CoL p .. N
_ Tl a7 .753 661k .780% .
’ 476 ...  .661 .570% 1.322%
;420 - 380 - F348% -.605%
. 5 476 1,925, a: . .569% - -.034
o N 476, : \5‘7.1*. , =.007 .
S " Stradaptive 2 " ]
T Score’ % < . N Mean S.D. . Skew Kurtosis
. : s
Y Ability chres. (o e v ’ S ST ‘
PO R £ Y (L 1.064° - 305, —-.527
B . 113 173 1.212 .537% 571
P 112 .167, 1.084 .636* -.048.
Y 113 748 7 1.047 176 .. - =871
Vo L eIy 113 .188 .0 1,179 .579%: .790  *
, g '%, 6 113 . -.006 - :1.120.  .355 © 170,
© 7 113 .085. 1,077, 445" .233
. -8 ‘ 113" '=,350. (-B53 T .442 -.376 .
T I 94 -.241 944 .622% 1126 \
g 112 -.004 1.077 .566% £,117
Consist:ency Scores . o
11 113 .752 .196 ,.9"78* ‘ (1.524% oy
12 o113 " .667 " .406 .785
13 94 . 1,389 ¢ W24 =491
‘14 . 113 1.815 1 ,523% - .113 X
15 113 - 1.788 .538% 171 -
. ] e :
- - - Conventional Test. L e e
" Score N Mean S.D. Skew: Kurtosgis =
hO-1tems 194 . ,..588 11209 -.110 . ~.945% ¢
29-—1t:em b © ’ ' " . dn )
 analogous form,. 194 .588 213 | <1290 0 -.884% %
S D. is mult:iplied by~:65. v

-
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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 symmetric around means of .588 and both were significantly flat. '
Because of differences in scoring methods, no direct comparisons of

means and standard deviations can be made between the conventional and

- stradaptive tests. The noticeable positive skew of the stradaptive scores

wasxabsent in the conventional test data.’ Platykurtosis was similar in .

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

",, 3

Internal Consistency T } ! . T

Table 4 presents the internal consistency of the conventional test

" ‘calculated using the item reliability formula, Equation 'l on page 11, from _ o

“subsets of 10; 20, 30 and 40 items. .Also“shown is the -internal consgistency 3
calculated from Hoyt § formula using all 40 items. Since the average length L
of the Stradaptive test was about 29 items, the estimated: reliability for ‘ o
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 éorrected. coefficients
 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 Using :the ﬁ%"
. Item Reliability Method, Compared with Intefnal
e T ’ Consistency Calculated Using Hoyt's Method v

AJ.
S
.

Number of Items

Internal Consistency 10 20 30 - 40 'Hoyta
" Of item samples ' .686 .833 - .887 .911 .893
' Corrected to 29 item . ' ) : e
. length . - .863 .879 .. .883 - .881 ~.858
) : . |
Corrected to 40 item ' o
length - .897 909 .912 .911 - ..893
& ' '
®Based on 40 items. a , : <

)

'Internal consistencies of the stradaptive tests calculated from the item
reliabflity formula are presented in Table 5. As can oe seen, they are
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-substantially higher than those of tﬂp conventional tést (as shoqn‘in jﬁble;é),ﬁ
a result due to the higher.;tem discriminations in the stradaptivé item pools.

. Table 5 2
Average Internal Cbnéistgnc:‘ of the

Stradaptive Tests (Unweighted »r to z
AyerageS’of Internal Consistencies) .

P v ~ 4@ :\
.Corrected~Lgng§h' Stradaptive 1 - . Stradaptive 2 Average
©29 items + - .935 B 942 - 938
40 items : . .952 T .957 954
¥
Test-retest Stability - A . -

Test-reﬁgst stability coefficients for the stradaptiﬁe tests are presented

" in Table 6. "Conventional test coefficients are presented'fh Table 7. These

tables contain zero-order product-moment correlations between test and retest,
partial corfblati?ns between test and retest with initial ability estimates held
constant, and eta coefficients. : . ' .

Zero-order étabilitiesaf‘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 5emainq;r

of the ability.ssqres fell between these. '

These differences between stabilities of the stradaptive ability scores
appear to be a furnction of the amount™of information used by the scores.. The
average difficulty scores are highest because they make use of information
gained from all items administered. The (N+1)th item and stratum scores, on

. the other hand,/are 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. ‘ " ' -

P -

<

~ As Tabl ‘6 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 1l and 12, ‘were highest at .569 and
.496 respectively. The stabilities of the scores representing variability between
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~ Table 6 - ’
] . . R A,'i 3 i - ’.
' Test-Retest Stabilities of Stradaptive Tests
- ' i . .
Stradaptive 1. , L L
- Zero-Order -~ = Partial © 7 Eta -
© Ability ' correlagioqg, . ' Correlation .: - Coefficient ,
‘ Scores. . ___(N=170) (N=167) - (N=170)
1 i . .838 T p . .838
2 . o .787 o C 74 . i"Lw- .805 .
3. L8455 : ©.833 - ST .89
4 - .833° S+ .810. . L . ,833
5 L7871 - _ CL773 b 78T
6 v : I.841 - .829 ' o (g .841-
7 . 872 ©o T .86l .878 -
‘8 «920 : - "o.901- f 2920 -
9. 912 3 .902 | 912
© 10 T .842 o .829 _ 4 . .85l
- Consistency T :
Scores o o < C a )
11 o .569 ‘ .577 . i .577 .o
- o .496 .485 ©..569
13 - . .252 | .234 - .327
14 .328 «324 : ‘ - 398
15 . . W32 , .318 - . 364
o) ~_ Stradaptive 2 . !
L '~ Zero-Order - Partial. . Eta
Ability - Correlation ‘ Correlation. -Coefficient
‘ ' Scores - - (N=79) (N=76) : (N=79) -
& 1 717 7 .678 © L .766%
2 .630 ’ .601 . . .647
3 s 741 -, 7 .733 .761
4 .690 ' 642 o .734%
5 . #6564 | 625 695+
6 .717 o .708 . .738
7 .741 . tL730 .778
.8 o .823 ) . .7890 -823
9 c 5 L7792 - - 811
10 Th6 L » .737 , .746
Consistency o ) ' '
Scores Cod <
11 . - W.510 : .510 ° ’ .553
v 12 T ' . +300 o _ »298 o 4385
13 , .110 ' +134 : .337
14 ' . .128 ‘ T an _ T W274
15 -.120 : ' .164 ‘ - ,152 -

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

*Cutviiinéérity'gignifiéant at p<.05 o R
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~ celling andvbasal strata, socres 13, 14 and 15, were too low to consider

those scores representative of a gtable trait. This does not necessarily

' imply, however, that the consistency scores will not be useful in other

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

Three zero-order correlations are shown in Table 7 for th; totél

. group who completed the conventional test: 1) the.test-retest coefficient

for the entire 40-item test; 2) the average test-retest coefflcient 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 consistencies'of the stradaptive and conventional tests. The

s

kd

, Table 7 *° '
e e

. ; . /); '_ l -
Test~Retest Stabilities of the Conventional Test

-

]

, - “Testees with initial Ability
- Total - Estimates Available (N=81)

A

Group . Zero-Order - Partial
Form . (N=194) - Correlation . Correlation
40-item ©oe13 - ~.900 . . .889
20-item analogdis form  .874 -t .ee8 - .856
29-item analogous form : ' .
corrected for - L \ .
internal consistency v.931 . . : cos - e

1 X , :
correcteij?aer‘was obtaineé by inflating the test-retest correlation
using the method described above, from its value given a conventional test
with internal consistency of .881 (the internal consistency of a 29-item .
test) to the value expected with a cbpventional 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 {nadequate for comparison. The latter value, while

'S

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

of the stradaptive test, rests on many corrections and agsumptions. 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 coirected

stability of the analogous form of the conventiondl test‘(r-.931) is slightly
higher than the highest stradaptive ability score stability (r=.920).
. . ‘ » . ’ “ ‘ B .

»

. 81




- removed valid as well as extrdneous variance, the reduction in correlations

e ' C 226 . C ;_ ’
. . o N - Gt

‘Partial correlations. Even though partial corrélatidnfanalfsis

4

wag slight. The average (» to 'z transformed) ability score stability

“correlation dropped from .842%0 .838 in the Stradaptive 1 data and from
.732 to .709 for Stradaptive®? (Table 6). Thé reduction in conventional' -

test stabilities shown in Table 7 was equivalent to that found in the :
stradaptive tests even though initial ability estimates'were not able ' \Q
to inflate the zero=-order coeyentional test stabilities. This suggests

‘that the artifactual inflating effect of .the intial ability estimates og S

stradaptive test stabilitieg was negligible.

Eta coefficients. No Stradaptive 1 score showed significant curvi- -
linearity in the relationship between the test and retest score distributions.
0f 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. ' : i '

- e ' ; :
Test-retest interval.. Table 8 presents test-retest stability coefficients’

_as-a function of the length of the test-retest interval. With the’ exception

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)¢¥ item and stratum scores. -Scores 1, 3, 6

'; and 7 appear to be 1N tle affected by test-retest interval. Consistency

scoresA14 andv15 showWncreasing stability over time..

The 29-item analogous form of the conventional test had a considerably
lower test-retest reliability (.828) than the best of the stradaptive
scoring methéds {score 8, r=.932) in the shortest (30-45 day) time interval.
In the '61-79 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 sgyadaptive scores. Again
however, the legitimgcy of the numerous corrections involved in these data
must be taken into. account. . -

. 'Although the distribution of test-retest intervals did not aliow inclusion -l
of Stradaptive 2 data in this analysis, an observation 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).
. [ . . . .

Correlations Between Stradaptive 1 and Conventional Test Scores

‘ Table 9 shows product—momthfcorrelaf&ons 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-retest stabilities were .942 and -

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

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

- . i
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B Test-retest Stability Correlations
. *  for Stradaptive 1 and the Conventional Test
by Test-retest Interval

x

Stradaptive 1

‘ * Test-Retest Interval

. Conventional Teat

Teat-feteat Inverval

Total Group -~ 31-45.Days 46-60 Days 61-79 Daysi
| | No. of Testees® . 194° T8 e 130 .35
No. of Days . . ' . 2 -
Mean .- 53.567 41,750 - 53.469° - 64.743
SD 8.149 - 1.266 . 3.611 4,010
- Skew - .=-.808 ' -.077 T ..073 < 1.855
‘ « K L ]
40~item test é .913 905 . J924 ' . .879
29-item analogous form  .814 : .828 886 ' .860
29-~item analogous form . : .
‘ corrected for in=- ' ‘ ' ,
- ternal corisistency = .931 .882 .943 ' .916

Sgumber of testees with valid data. Correlationa for some scoring methods are
tased on fewer testees.

'bWithin group Ws do not add to total group N because of a single case in :
the 0~15 day inverval.

' ' - CA11 atatiatica for the 29-~item analogoua form are means of atatistics from
' five combinations of items. \

é_ *otalmﬁ¥bup 3145 Daye® 46-60 Days 61-79 Days

No. of Testeeaa , 170 és . : 84 - 18
9 _ No. of Days . ' . -
. Mean . 47.870 40.333 51.311 64.722
s, 8.931 3.202 . 3.341 2.608
Skew =.401 L =347 L6690 .661
Ability Scores v &

1 ‘ .837 .842 T.818 .802°
2 .786 - .829 .78l .591
3 844 . .850 . .84l _.825
4 .833 ' -.857 : 783 .853

.5 .787 .828 .792 .. .550 .

! 6 .841 / .851 .832 . .825
7 872 .885 - 859 ~.858
-8 .919 .932 .914 .848
9 - , .91l 923 ¢ ﬁf 08 ~ .809
, 10 .86l . .853 . .. .835 .816
. Consistency Scores . : : .
11 . .569 o« .503 ..608 .587
12 ' s 4496 ¥ .555 .457 : .513
13, o .251 .285 .178 “ .354
1w 327 .250° .330 . .553
g 15 .321 236 - 331 .540
’ .;/

»
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different scalings of the scoring methods. L . SLE
, ~ ST ' ~ Lo
Table 9 . i |
1 - Correlations of Stradaptive 1 Scores with ' o
Conventional Test Scores’
(N=201)
-~ Score B - Correlation " Eta :
B R | e RN
6 Ability Scores’ . o . f - L
SRS ; , 182 E s .800 "
2. * . .768 - . #199% .
‘ 3 : 790 - ., G794 ¢
. 4 784 _ .795
5 \ 769 _ ) g .773( . *
6' -791 . ‘ . u798 ¢ ‘
7 .812 - .820-
8 .859 e .880%
o , "9 .860 & . 885k -
. S 0 - ' .800 e . .823
oW Consistency Scores K o ; I
I 11 . .08 : - .303
o 12 ' a7 . ~.355
A s ' . 4205 R <)

F15 .o | .200 K . 240

PO i

“3 Note: The N reported refers to the,maximum number of teéteéé with valid
" - data. -Correlations for son® scoring methods are based on fewer testees.
* *Curvilinearity significant at. p<.05

v oo

R Table 9 also shows correlations of the stradaptive congistency scores
- " with the conventional \test K scores. These correlations were uniformly low,
. tanging from .058 for score 11 to- .231 for score 13. One corsistency _ .
. - fcore showed a significant curvilinear relationshdp with the conventional o
= . test score. These data suggest that consistency scores.providevinformation'
" "; -dbout testees which is not contained in ability scores derived from the
cqnventional test. - ' )

Further Analyses of the Stradaptive Tests
i . v « N

A I
D

S o .
Intercorrelations among Scores v

" Product-moment intercorrelations among the fifteen stradaptive scores
are jpresented in the lower triangles of Table 10.:* In the Stradaptive 1
datg, it is apparent that all the ability scores correlated highly among
- themgelves (r=-,168 to .532). Closer inspection of the ability score inter-
correlations revealed four relatively distinct clusters. The three item
difficulty scores, scores 1, 2, and 3 formed three two-variable‘cluster%, each

.&§3!;1
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with their respectivevetratum difficilty scores, 4, 5, and 6. In addition,
scores 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 of the ceiling stratum via )

3 the. fun#tionally related highest non-chance stratum. Score 9 also is dependent
on the ceiling stratum but its further dependence on the basal etratum,
and the,fact that it is an average difficulty score, apparently lower its
relati6nship with this. clueter. ' ~

Y e

The final ability'ecore-clueter was composed of scores 8 and 9. The bond
between these two scores appears. to be that they are both average difficulty
scores; score 8 1s the overall average difficulty of all items cortect and score -

-9 is the average difficulty of all items correct between the" ceiling and .
baeal strata. , . N . ¢
} . ”u’J ) . - - : - e
Clustering among the consistency scores ‘wis even more obvious. Scores .
11 and 12, the overall variability scores, formed one distinct cluster and
scores 13, 14 and 15, reflecting. the testee's variability between ceiling and
basal strata, formed another.

Eta coefficiente are shown in the upper triangles of Table 10. . Althougﬁ
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, curvilinearity 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 eimilaritiegﬁgi-ecoring methods. .

: The intercorrefﬁtione and inter-etae for Stradaptive 2 were somewhat )
smaller than those of Stradaptive 1, but-the same pattérn observed in the' #*
Stradaptive ‘1 intercorrelations was apparent. Fewer significantly curvilinear
relationshipa were observed for Stradaptive 2 'but this is due to the emaller

' number of testees in the Stradaptive 2 analysis.

\
Utility of the Stradaptive~Coneietency Sdores in Predicting Stability

5

Table ll shbws the test-retest correlations for scores on the stradaptive
» and conventional Yests as a function of consistency score .intervals computed
"from initial stradaptive test records. Retest correlations are shown separately
for: 1) consistency score 11, ‘each testee's standard deviation of difficulties
v of items encountered; 2) score 12, the standard deyiation of items answered A
' correctly; and 3) score 13, the etandard deviation of difficulties for iteme .
- answered correctly between the ceiling and basal etrata. Ej '

E

Table 11 shows a etrong 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 l. On thie score, the very .
high consistency group '({mean consistency score of .517) had a test~retest
" - correlation of r=.940. As consistency decreased, test-retest reliability
aleo decreased monotonically,’ with the very low consistency group (mean-l 038) .

56 ..
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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

. 1 k Status on Consisten_y Score 11

" . _ z : Very - Very
: . High 'High,» Average Low Low
Mean Consistency Score ©W517 .625 .706 .815  1.038
Number of Testees in Interval .27 30 - 41 43 29
Stradaptive Ability Seere: 1 |.940 .849 . 847 .768 " .652
: ’ Al 2 |.875 .721 .799. .778 .751
3 1.956 .813 4878 . .826 ~,708
4 |.934  .840 .847 .731 .664
571.896" .722 2793, .756 .741
6 ].950 .798 .886 820  .704
. ) 71.970 .844 .902 - .831 .758
o '8 [.981 .927 -.915 *° .853 - .869
, ’ 91.983  .939 ©.907 ° | .899. .889
. : _ , 10 | .951 .792 .882 .822 .718
Conventional Test .979 .8%0 .918 .826 . .878
. - Status on Consistency Score 12
. Very ' Very
- . High High - Average Low Low
‘Mean Consistency Score : 379 .550 .656 .752° .955
Number of Testees in Interval® 30 39 40 .27 34
‘' Stradaptive Ability Score: 1|.892 .  .833 .909  .784 .724
) .- - & .764 .778 .850 . .823 .684
31 .913 .835 .900 .856 .697
41 .,895 .813 .903 .715 .781
, 51.783 .743 .870  .831 .670
by - 61 .908 .827 » 890~ .867 . .686
7] .943 .859 . .921 .870 .737
- ‘81.959 .920 .946 841 © .857
‘ 9] .968 .935 2926 . 876 .883 .
, . 101 .906 8§23 .89 .858 .700
" Conventional Test 2962 .852 .952 .620 . 904
" Status on Consistency Score 13
. Very - l Very
» High High " Average . Low Low
- Mean Congisténcy Score .119 .282 .376 488 .670
Number of Testees‘in Interval® 3% 17 29 30 31
Stradaptive Ability Score: 1| .853 741 . 804 .812 .825
, » . , 2| .775 .755 .776 .876 .773
- ST , 3| .746 .861 .871 .885, .810
) 4| ‘851 - .s00 . - .767  .801 - .838
. S -~ 5| .758 767 .780 .877 .812
, _ - 6| .750 .873 .862 .893, .783
. 71 .790 ‘890L‘¢- .906 .906 - .822
8] .921 .930 - .930 .924 .915
; 9| .892 .855 W47 L9211 .912
v 101 .746 - 873 ~ .857 - .887 . .808
‘ . Conventional Test - 908 .765 . - -.914 .926 .856,

aiI‘otal number of testees with valid data. Retest relisbilities for some
scoring methods are based on fewer cases. :

ERIC | g
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obtaining a test-retest reliability of ‘only r=.652, Similar results were,
obtained for the other ability scores using consistency score 11 as a

- moderator variable. Th¢ potential utility of score 1l is shown by the,
extremely high test-reffest correlations for the very high consistency group

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

that ‘the retest ability scores of testees whgse response records show '
1litfle 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 core, the very low consistency group is -
considerably less predictable on retest (r=.869 and .889; respectively). .

. v.oo
1

) When testees were subgrouped on initial consistency. from stradaptive score
11 ‘and retest reliabilities were computed using conventional test scoress, the
results were not of the same pattern. Although the retest reliabilities
were highest for the Very high consistency subgroup (r=.979), the very low
consistency group did not have the lowest reliability (»=.878)., However, the -
o . fact ‘that the very high consistency group had a.very higz/test—retest’ :
. " reliability suggests some generality to, the moderator e ect for consistency
scores as measured by score il. B . o . ‘

Congistency score 12 showed a meaningful moderator effect, for a number
of the ability scores. With the exception of ability scores-'2, 4, 5 and 9
the /very high consistency group had'the highest test-retest reliability, and
the very low consistency group had the lowest correlations. In no cage, .
however, was there the monotonically decreasing reliability coefficients J,' :
obtained for several scoring methods using consistency score 11 as the
moderator variable; for score 12, the average congistency group tended to
obtain a highg; reliability than the high consistency group. For ability
score 9, the only deviation from the monctonic trend was the low consis~
tency group (r=.883). No general trend in gstability correlations was
observed for the scores on the conventional test when moderated by
. consistency score 12, Conventional score gtabilities were, however, quite:
high (r=.962) for the very high consistency subgroup, as was found for score 1l1.
ST ‘ . . . _ _ ‘
Score ‘13 functioned very poorly as a moderator of test~retest stability.
For only two of the ability sgores (1 and 4) was the test-retest correlation
highest in the very shigh consistency group. For the majority of the other
Y ability scores, and for the conventional test, stability correlations were
highest for the low consistency subgroup. :
. Appendix Table .A=4 ghowa,test~retest reliability correlations as a
. » function of consistency ‘score intervals for Stradaptive 2. For this vari-
ation of the stradaptive test, the predicted patterm of atabilities did not
occur for any of .the consistency scores using any of the ability scores.
These results could be due to sampling fluctuations, or they could be due to
the differences between branching strategies used in Stradaptive 1 and 2.

Stability of the Stradaptive.Test Reepohse Records

. ) 4
Stability of within strata data. Table 12 .presents. the :edgndancy

‘analyses for total number of items answered within strata and proportion

‘ecorrect within strata, The latter data were_refertgd to as "subjgct ' »

{

Q o N ) ‘ . .
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) . .
characteristic
with respect to a get of items. : ’

Table 12

s

curves', possibly reflecting the dcalab

’ L

ility of the individual

~

Redundancy Analfsis for

Number of Itemé Adminiétéred and

_Proportions Gorrect: Within Strata -

Stradaptive 1. toL -

Number of Items Administered within Strata =~
Redundancy of retest given initial test
Redundancy of initial test given retest

Proportions Correct within Strata
4 Redundancy of retest given initial test
f _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
o ‘Redundancy of retest given initial test
Redundancy of initial test given retest -

414
439

.670
1668
319 .

.351

.528
T .471

*

4 For Stradaptive 1, 41.4% of the varia
“within strata was predictable on retest fr
correct within strata was more predictable
data, 67% of -the retest variance was predi

4

This result is equivalent to .an average mu

nce in number of items administered
om initial test data. The proportion
on retest,'however. For these
¢table from initial test scores.
1tiple correlation of'about .82 dn

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

from his initial test data.

’

.

For Stradaptive 2, redundancy for number of items administered within’

strata was .319,

support earlier findings that scores on

while that for proportion correct was .528.

These results
Stradaptive 2 are less reliable than

those on Stradaptive l.

However, it supports the finding with Stradaptive 1

that the proportions correct data are likely to be more usefdl than the

number of items administered within strata,

Stability’of total number administered. /Test-retes
total number of items administered in the two str

and r=.055 for Stradaptive 1 and 2, respect

accounts for the fact that proportions correc

items administered within strata.

4 )

‘ _
= 39 ..

e
S
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ively.

adaptiv

correlations of
tegts were r=,335

This finding partially

t were more stable than number of

[ 4
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RelatiVe Difficulties of Items Producing Different Kinds of Responses

. Table 13 gives means and 'standard deviations of scores in both nbrmal
ogive difficulty units and stratum units for deviations of item difficultiesg
from abtlity as determined from score 8. These distributions are presented
" as conditional on ‘the type of response given (i.e., correct, incorrect or.

question mark) . . e

The average deviation of items: 'sueged correctly from score 8 was. .,
0.0, but this is artifactual since, re 8 was defined as the mean difficulty
of all items answered correctly. From the standard deviations in stratum
units, it can Bbe seen that the dif ilties of 95% of all items answered

correctly fell within 2,25 strata “above or. ‘below the final ability estimate.g% '

It is also apparent that the difficulties of. inrzrrect items were slightly*w
greater than one stratum more difficult than coz ectdwesponses. Sioem

e E B e b
) - -;:‘5.'.';:-" AR .4
Table 13 * co
‘ Deviations of Item Difficulties from Score 8 * ) .
' for Three Types of Response .
| -
Stradaptive N ______ Stradaptive f’-«
Normal Ogive Stratum " ‘Normal Ogive Stratum
) Difficulty Units Units ~ Difficulty Units _Units
Response Mean S.D. Mean S.D: Mean S.D. Mean S'.D.
Correct -~ ,000 .745 .000 1.146 . 000 .733 .000 1.128
Incorrect  .724 .751 1.114 1,155 689 .730  1:060 1.123
Question : o . :

Mean difficulties of items responde& to with a question mark were
greater than mean difficulties of items answered incorrectly--.068 and
.125 units (or .1l and .19 strata) more difficult for the twa stradaptive
forms, respectively. Since the stradapﬁive sting strategy attempts to adapt
the item difficulty to the abilityxpf’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 angwered 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. ) - \

(r . : )

Test Length vs. Ability

Table 14 shows correlations of all scores with test 1ength (number of
items administered to each testee at initial test) on both stradaptive forms.
Also shown is the correlation of conventional test score with Stradaptive 1

T | P




e =35+

—

test length. All strgdaptive‘ability scores except scorgs_S-and'b,'the ,
average difficulty scores, correlated slightly with test length, on both -

forms of the 'stradaptive test. Consistency scores showed moderate to high
correlations with test length on:both forms. Stradaptive scores 8 and 9,
_and conventional test scores;-had eésentially zero .correlations with test
~length in all cases. . . s ' :

Table 14 B .

Correlation of‘StradaptiveTand Conventional Tesf,Scores_with '
 Number of Items Administered on the Stradaptive Test

- . . . PR T

L g

. ' o ’ : - Stradaptive 1 " Stradaptive 2
- _ Score L T (N=476) (N=113)
.. Ability Scores : o Tl .
1 263 el .t 379
2° .254 B - .302
3 .292 e .399
4 .258 ' : e .381
5 .253 4298
6 .301 T : ' .405
7 241 S - .332
8 -.020 ' .094
A 9 | " ~.046 .046
. ) 10 - ~.293 - : ~.398°
' Consistency .Scores D _ : : S
11 : . 449 o ) .375 K
12 . B . 455 T 415
13 e .727 - .693
. A4 o - .787 ‘ - .781
15T : .788 *.782

Conventional Test - - .037 ' ‘ - Ceees

Note. N's shown are number of testeés with valid data. Certéin scoring
methods have fewer valid cases. - -
: . o N

The most parsimonious explanation for the slight correlations of
ability scores with” test 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-33plain;;hq32e;o~corre1ations of
scores 8 and 9 with test length. . '”“*?,;',{f o .
An alternative explanation is that test léngth %§ 1ncreasgd by incon-
sistent response records (dué to test-testee interaction) which have a ceiling
stratum more distant from actual ability level only because the range of
jtem difficulties encountered was greater. Average difficulty scores would

3

;401 | .7' ?

-




f_t*showing positive correlations between test length and consistency scores

B score8. .14 and 15), and 2J the score intercorrelation- data, which showed -

L "_ o | & -36-

‘not be affected by this phenomenon, but maximum performance scores (e.g.,
scores ‘1 -and 4) and scores dependent upon the ceiling stratum. (e.g., scores
3, 6, 7 and 10) would be. This explanation is supported by 1) the data

(especially the indices of distance between the ceiling and- basal ‘gtrata, .

moderate positive correlations between consistency scores and' all- ability S e
scores, except scores 8 and 9 which correlated only slightly with- consistency '
scores. This explanation also suggests that there is an undesirable .
‘interaction between scoring method.and the termination ‘criterion, tather
_than. any deficiences in the item pool :

<o T SUMMARI AND coucwsxous -
v ' The most interesting distributional difference found in this study was
: that Stradaptive 2 scores had lower means than comparable Stradaptive 1
scores. This was surprising because Stradaptive 2 allowed testees to skip
. the more difficult items. Other distributional charactexristics worthy of
noteé were the close distributional similarities between scores on the
40-item conventional test and scores. on the five 29-item analogous pairs
of conventional tests, and the positive skew present in the stradaptive

' tests but not in the: conventional test. R

Although the distribution of underlying ability is not known for this
college population, it is not unreasonable to assume that it is not normally
.distributed. Rather, a college 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 expected 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 comparisan 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

“characteristics. But the many corrections required limit the conclusions
that can be drawn ‘regarding stability comparisons. . The results were rather
inéonclusive with the corrected conventional test stability being slightly
higher than the best scores of Stradaptive 1. .

daptive 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

- g2




»-gtabilities of the Stradaptive 1 scores did change with time while those of

.
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-interval would be expected to show trends for both tests. The.fact that the

. the conventional test did not may have been a function of the greater potential
"+ for memory. effects to inflate test—retest stabilities in- the corventional

test, in which-all 40 items were repeated on retest. . The’ systematically

) decreasing trend of test-retest stabilities has not been .observed-in other

- empiricdl studies of adaptive tests (e - Betz and WeissYy 19745 Larkin and

~. Weiss, 1974) ' . . ..

<

. 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 ghowed four<relatively

_ distinct ability score clusters and two.consistency score clusters. ' The

ability score clusters included; 1) maximum performance scores; 2) (N+1l)th

item.and" stratum scores,: .3), highest non-chance scores; and 4) average -

difficulty scores. Averagg difficulty scorés showed the highest stabilities

in this study. (N+l)tk item ‘and stratum scores showed the lowest: stabilities,

a finding probably due t the’small number of strata available which allowed

scores to change b 4" the total score range on the basis of the

response to the lastiit uadministered. The moderate stabilities of such

chance-influenced scores as the highest difficulty scores is favorable

in that it shows that the" stradaptive test can contain an individual testee

within items in the range: of his 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. '

t

The consigtency scores clustered into overall variability and distance
between ceiling and basal strata scores. Score ll, an overall variability
score, functioned ‘as a meaningful moderator of ability score stabilitles for”’
Stradaptive 1.  However, the stabilities. of the consistency scores were,
only moderately high, although there was a tendency for. the stabilities to
increase with longer time intervals. Stradaptive 2 consistency séores were
~ not predictive of test-retest ‘stability of ability scores, but these*

. results were:given little weight because of the other erratic results
- obtained from Stradaptive 2, : \

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
stradaptive test was relatively unstable on retest.

responses suggest that the question mark response is used by the testee n
when the testee is unsure of the correct response but rather when he has
- no idea what the correct response is and prefers mot 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. .

The relative difficulties of correct, incorrect, and question mark /}
o
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A slight correlation was obtained between test length and all ability
gscores except the average difficulty scores. This was explained as resulting
from scores being defined as a joint function of central tendency and
variability, the latter of which causes test length to increase. To confirm
this hypothesis, a computer simulation of thiis phenomenon is required. If
test scores can be changed by increasing the variability of the response oo
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 a2 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 agpects of the stradaptive testing strategy were not
inyestigated 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 of cor-
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 rélated to error of measurement to provide a basis for deciding
when to terminate the stradaptive test.

¥
4w A final refinement of the stradaptive test that needs investigation
isﬁthe development of an optimal scoring strategy for the stradaptive tegt.
Thé average difficulty scores were the most stable in this study but a
scoring technique based on. a more adequate theoretical rationale might have
superior psychometric characteristics, or more practical utility.
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e .HIVHO A-1
ZOAIUH omﬁ4n Hnnl u»mmnncﬂnw Avv and Discrimination (a) Hnni,wunnnanaﬂu for mnﬂunumnw<n 1 and 2

Stratum 1 Stratum 2 mnnvna- 3 Stratum 4 Stratum 5 Stratum 6 Stratum 7 Stratum 8 Stratum 9

b . a b e b Y b & b 2 __ b a b a b a. b a
-2.415 3,000 -1.989 1,756 -1.509 - 1.396 =.703 1.822 -.054 1.386 .728 .980 1.071 .718 1.893 .851 2.949 .840
~2.415-  3.000 ~1.779- 1.536 -1.233 1.347 -.734 .917 .144 1,068 .337 .912 1,155 .638 2.033 .638 2.467  .475
~2.453 3.000 -2.216 1.525 -1.084 '1.230 -.524 .862 -.132 .983 .651 .774 1.487 .618 1.928 .573 2.615 .434
~2.453° 3,000 ~1.679. 1.460 =~1.332 1.155 ~.683 .861. _ .151 .967 .788 - :703. 1.33%4 .601 2.313 .540 2.857 .425
-2.716 3.000 -1.869 1.426 <-1.636 .u..omw -.392 .826 -.082 .908 .791 .627 1.535 .582 1.788 .505 2.351 :418
=2.716 . 3.000 ~1.922 ~ 1.230 ~1.342 ~1.020 = -.746 .820° .161 .865 .486 .561 1108 .564 2.045 .493 2.666 .416
~2.716 -3.000 ~1.380 1,137 .l.._,.cwm .986 -.567 766 -.207 .865 .423 .550 1.395 .549 1.790 .486 2.320 .380
-2,665 1.790 ~2.127 1.097 -1.648 .922  -.851 -748. ~.254 .\mmn 2977 .524 1.171 .518 1.880 .46 2.368  .345
. - -1.636 1.081 - L i ’
-~2.535  1.587 +2.225 1.071L ~1.421 w9200 ~.473 - .710 © .208 .858 .368 .505 1.298 .515 2.070 .43% 3.113 .325
~2.807 1.482 ~~1.672 ~1.023, -1.207 .905  ~.399- .681 .165 .826 .968 .490 1.376 .512 2.132 .421 2.504 .214

-2.666 1.289' ~1.710  .986 -1.057 .890" -s905 .671 -.228 .B10 .461 .486 1.440 .4B7 2.307 . .400

-2.776 1.255 -2.262  .977 -1.3k1  .886 ~.998  .671  .300 .776 .457. .483 1.307 .kkD 1.649 .391
-2,469° 1,155 -2.208 - ,96% -1.308 + 871 ~.690 .665 _.172° .724 .650 .480 1,246 .427 1.819 .362
~2%34 1.008 -1.657  .927 =1.653 _ .822 ~.813 . .66% _.172__.772 .78% .kk8 1.004 .18 2.265 .352
: -1.648  .922 . - : o .
_ . -1.653  .822 o _ .
-2.865 - 1.008 -2.322 .796 <i.100  .770 -.562  .662 - .075 .756 -.708 .443 1.005 .405 2.179  .339 .

~2.9%3 .956 ~1.795 277h%  =1.55& .768 -.58 - .662 -.285 .750 .652 .431 1.263 -.387

-2.833 943 -1:804 .623 -1.068 .760 -.83 - .653 .136 .697 .615 .408 1.151 .383 .

-2.737 «933 <1.934 ° .740 ~1.433 760 =.739 647 .240 .664 .976 .377 1.359 .371

-2.884 912 -~2.285 .696 -1.405 -.748 -=.630 047 .173  .637 .829 .372 1.240 .360

-2.538 °° .879 ~-1.827 660 ~1.147 - .727 =850 .62 .18k 627 .747 .372 1.598 .3&9
) 542 259

_2.554" .788 -1.745  .627 -1.418  .714 =-.A80 _ .638 -.281  .620 .920 .369 1.210 .346
. -2.810  .742 -1.699  .590 ~1.627

710 -.404  .637 .246. 609 ..977 .310 1.473 .341

~2.499  <.685 .-2.191 .558 -1.472  .667 =.730 _ .627 _.001 _ .07 1.613  .341
~-2.817 .672 -<1.892 . ,S515 -1.603  .659 -.719 _ .609 =—.281 . 1.630 .322
-2.540 ° .669 -2.196 - .505 -1.331 ~ .623 =.525 . =296___.579 1.357  .312
~2.498  .662 ~1.711  .468 -1.037  .577 -.935 596 =—.248 571 :
~2.509 .637 "-2.211 439 -~1.174  .571 -.413  p88 . =215 .562
-2.393  .615 -2.082 .422 -1.269 .562 -.680 682 =~ .329 .52/ .
«2.578  .570 -1.804 . .418 ~1,07% °© .555 +.725 __ .568 -.233  .505 : o : :
.-2.980  .559 =-1.825  .417 ~-1.021  .538 =835 _ .562 <=-.319._.501 .
-2.732  .519 -2,120 407 ~1.013  .524 <=-.78% __ .543 ~-.078 _ .50L L
-2.769  .497 -1.921  .320 -1.307 .524° -89  .533 -.035_ _.474 - . : .
-2.675- .476 L 840  .313 -1.300 .521 -.686.  .512 —-,171 .A68
=2.559" " .443 ~1.187  .519 <=.956__ .482 _.188 436
12.946  -.406 ~1.568 487 -.525 480 ~.233 .434
. ' . ~1,265 - 440 ~.576 476 . .089 ;428 7
© 0T ~L59k. 383 -.617 - 472 149 . .A19 < C
S ST Te N L0348 9% 2395 .05 . .189 .A17 . . ‘ -
’ _ . -1.080  .317 -.363 . .%02 ~-.086 - .410 -
v . - v . ‘=738 JA00 | -.257 7 400 -
S -.581  .397 076 .387 .. <«
N : - © -.376 .379 .086 .37 ) -
- o . . -.896 - .338 -.045 .351 : -
. . . o =927, .332 =125 .317 . - . ’
. . t N ‘e 'Rumw N -WMM n ‘> ) _ R .
. : =673  .301 - .
1 / ~ N .-
‘Note:: Tralicized ..FE 3ppeared oﬂ.« in the mnn-munnudw\u »nnn voow. cnmnﬁhbom items ummn-num ouww in" the mnnumuwn_.ﬁ 2 item

pool,  All onvnn- ‘appeared “_.u both »n@l pools.
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. . Table A-2
Conventional Test Item Parameters
Py | | .
Traditional Normal Ogive
g : _ ) T ' b - a
L . .{ bis . _ . ,
Mean .537 .472 -,188  .543 -
S.D. .100  .078 .592 .112 :
Maximum  .661 = 612 1.155 .774
. Minimum  .267 .296 -.956 .310
: .661  .434 T ~.956 ‘%482
/ ' E ,656  .543 . =.739 TK647 .
.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 oL e
A R .634  .503 ~-.680 .582 ' :
N PR . .623  .456 -.686  .512 .
| , : - .558 - .518 -,281 '.606" -
| .608 .371 -.738 ' '
B . , S 613 .320 -85 f?ggg
~‘\. o .607 .516 -.525 .602
- .615 . .315 -.927 .332
.604 . .427 -.617 472
.602 .538 - -.480 .638
458  .612 172 774
i : 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
g : .542  .490 -.215  .562 ~
| : 4 529 .424 171 .468 :
) 471 .385 -.189 .417
\ o .514. .448 . . .078 ,E81
- Y L | .500 .519 -.001 ..607 - - ‘
- ' .506  .428 .035 .474
449 .520 .246  .609
\ o 470  .400 © .188  .436 '
VoL ’ 463 .537 .173  .637 '
. } . .340 .359 1.151 ,383
N .267  .538 1.155° .638
| “ ' .386 .296 .977  .310
4 ' .335  .440 .968  .490

¥ T .35  .353 .976  .377




Table A-3

Characteristics of Score Diutribuéiond for Stradaptivé 1,

Stradaptive 2, and the Conventional Test on Retest

* ) -

Stradaptive 1l

;-

Y

Skew

Score R N ~ Mean - S.D._ Kurtosis
Ability Scores . . R o
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 C =134 -, 871%
8 180 129 . 1.070 017 ~,785%
9 160 .276 ©t1L124 T .068 ~-,833%.
10 180 .607 1.241 ~-.154 -.846%
Consistency Scores : : .
11 180 @ - .746 .195 © J630% .232
. 12 180 .668 . . .228 . 550% 476
Tt 13 160 . .398 . .232 . Jh21% - -, 431
14 180 2.011 ,932‘ +675% .270
15 180 2(?)72 1,921 .662% 233
] , L Stradaptive 2
Score #/ N Mean S.D. Skew Kurtosis
. Ability Scores ¢ o B
k3 . 98 .809 ®1.126 ¥ - .350 - .789
2 98 .324 1.283 . 418 - .162
3 - -98 .302 1.215 .436 - .504 .
4 ’ 98 ,;2» 1.094 .274 -1.015%
5 98 . .315 1.261 Y75 ) - .11
6 98 .171 1.205 - .383 - .632
7 98 .256 1.153 479 - .539
"8 98 -.289 ' .956 .604% - .282
9> 83 -.137 .996 .667% .235
10 97 .114 1.187 .359 . - ,586
Consistency Scores » )
11 98 .761 ' 179 407 .339
12 - 98 .677 N .202 .291 - .269
13 83 .383 L k212 -.031 =1.308%*
14 98 ©1.898 .860l ' .217 - .933
15 9§ 1.918 849" - .207 - .914
, _ Conventional Test ,
Score N Mean S.D. : Skew Kurtosis
40~1items 194 \.619 211 ~-.195 - .796%
analogous form 194: .620 .213 n =.166 - ,870%

%5.D. is multiplied by .65.

bAll'ltntinticu for the 29-item analogous form

on five combinations of items.

*Significantly different from zero at p<.05. .
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| fi* S Table A-4

. R S, ' : . .

Stradaptive 2 Test-retest Correlations as a Function of
Initial Test Consistency Scores 1l, 12, and 13 .

Status oh Consiﬁtency Score 11

Very . C o . Very
__High High . ~ Average Low Low.
Mean Consistency .Score +524 .631 . 704 " .820 1.033
Number of Testees in Interval? .18 14 15 15 17
: Stradaptive Ability Score: 1 .376 -.823 4T .887 .598
L | , : 2 .007 .877 .535 .732  .588
o ‘ 3 .604 .826 .680 . 847 .603
X 4 ,219 .848 .733 .842 " ,592
5 .151 .895 .558 »769  ,586
6 .550 .823 .669 .858  .534
° 7 .592 .858 .698 .881° .563
8 .589 .876" .873 912  .764
9 .846 .860 . .786 ,918  .662
' 10 .569 .829 .689 .836 .62%
) Status on Consistency Score 12
Very . - Very
iy - *  Righ High ,Average +  Low  Low
e Hean Consistency Score .346. 552 .661 .765  .973
"% & , Number of Testees in Interval? 17 17 © 15 15 15
) Stradaptive Ability Score: 1 .330 .769 « +905 .867 _ .750
. ' 2 ,581 .590 .827 440 - .665
3 .469 .803 .910 .766  .,665
: 4 .306 .723 .876 . 844,769
£ ' : 5 .575 .632 874 .647  .656
6 .449 .798 - .915 .688 .666
7 .509 .819 .937 .700 - .669
8 .500 874 944 .846  .805 -
9 .718 . .809 955 . .785 .766
10 .471 .808 .916 ©.783 .679
. ' Status on Consistency Score 13
Very Very
* High High  Average  Low Low
Mean Conaistency Score .117 «255 +379 o472 .- .665
Number of Testess in Interval® 13 14 13 , 13 14
Stradaptive Ability Score: 1 .590 .758 ML .850  .848
v ' 2 .652 - 628 %605 730,717
3 .773 .808 4835 817  ,795
4 ,555 748 .783 .823 .876
5 .562 .669 642 ° ,802 ,714
6 .774 .736 .787 .824 .801
: 7 .685 747 .792 .870 ,797
v . 8 .732 .859 .807 .900 . .903
: 9 .715 .868 - +805 .958 .822 -
10

771 .816 827 .838  .799

%rotal number. of testees with valid data. Retest re%iabilities for some

scoring methods are based on fewer cases.
’ 4
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