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1:1. ABSTRACT

A two-stage adaptive test and a conventional peaked test were con-
structed and administered on a time-shared computer system to students
in undergraduate psychology courses. Comparison of the score distribu-
tions yielded by the two tests showed that the two-stage test scores
were somewhat more variable than the linear test scores, and that the
distribution of two-stage scores was normal, whereas that of the linear
test scores tended toward flatness. The two-stage test had higher test-
Iretest stability than the conventional when the effect of memory of the
items was taken into account. The relationship between the two-stage
and conventional test scores was relatively high.and primarily linear
but left about 20% of the reliable variance in the conventional test
scores unaccounted for. Further analyses of the two-stage test showed
that the difficulty levels of the measurement tests were not optimal,
and that 4 to 5% of the testees were misclassified into measurement
tests. The relatively poor internal consistency of the measurement
tests in comparison to that of the routing test and the conventional
test was apparently due to the extreme homogeneity of ability within
the measurement test sub-groups. The findings of the study were in-
terpreted as favorable to continued exploration of two -stage testingprocedures.

Suggestions for possible ways to improve the character-
istics of the two-stage testing strategy are offered.
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AN EMPIRICAL STUDY OF COMPUTER-
ADMINISTERED TWO-STAGE ABILITY TESTING

The growth and refinement of time-shared computer
facilities has made it feasible to consider new approaches
to the measurement of abili ties. One such approach in-
voLves varying test item presentation procedures according
to the characteristics of the individual being tested; this
approach has been referred to as sequentiaL testing (Cron-
bach and Gleser, i)57; EVNNS, 1953; Krathwohl and Huyser,
195U; Paterson, L962), branched testing (Bayroff, 1964),
programmed testing (Cleary, Linn, and Rock, 1968a), indi-
vidualized measurement (Weiss, 1969), tailored testing
(Lord, 1970), response-contingent measurement (Wood, 1971,
1973), and, most recently, adaptive testing (Weiss and
Betz, 1973).

One model of adaptive testing is the two-stage proce-
dure. This testing strategy consists of a routing test
followed by one of a series of second-stage or "measurement"
tests, each of which consists of items concentrated at a
different level of difficulty. The purpose of the routing
test is to give an initial estimate of an individual's
ability so that he may be routed to the measurement test
most appropriate to his ability. Cronbach & Gleser (1957)
appear to have been the first to suggest the use of two-
stage testing procedures. Weiss (1973) describes several
variations of the basic two-stage strategy and compares
them with other strategies of adaptive ability testing.

The first reported study of the two-stage procedure
was an empirical study by Angoff and Huddleston (1958).
They compared two-stage procedures with conventional "broad
range" ability tests of verbal and mathematical abilities
from the College Entrance Examination Board's Scholastic
Aptitude Test. The two-stage test measuring verbal abilities
consisted of a !10-item routing test and two 36-item measure-
ment tests; their two-stage mathematical abilities test
consisted of a 30-item routing test and two 17-item measure-
ment tests. Nearly 6,000 students from 19 different colleges
were tested, and all testing was timed. In the procedure
followed, routing did not actually occur (i.e., the routing
test was not scored prior to the administration of the
measurement tests); rather, tests were administered in
sufficient combinations to allow a determination of the
effects of actual routing, had it occurred.

Results showed the measurement tests to be more reliable
in the groups for which they were intended than conventional
broad-range tests. Predictive validities of the measurement
tests, using grade point averages as the criterion, were
slightly higher than those of the conventional tests. Their
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data also showed, however, that about 20% of the testees
would have been misclassified, or routed to an inappropriate
measurement test.

A series of studies of two-stage procedures was reported
by Cleary, Linn, and Rock (1968a,b; Linn, Rock, and Cleary,
1969). These were "real data" simulation studies, using
the responses of 4,885 students to the 190 verbal items of
the School and College Aptitude Tests and the Sequential
Tests of Educational Progress. The total group was randomly
split into a development group and a cross-validation group.
Four 20-item measurement tests were constructed by dividing
the total score distribution on the "parent" test into
quartiles and finding the 20 items which had the highest
within-quartile point-biserial correlations with the total
test score.

Cleary et al. studied four different procedures of
routing individuals to the measurement tests. The "broad-
range" routing procedures consisted of a 20-item routing
test with a rectangular distribution of item difficulties.
Based on their scores on these 20-items, individuals were
routed into one of the four measurement tests. The second
strategy was a double-routing or two-phase procedure. In
the first phase, scores on 10 items of median difficulty
(p=.5) were used Lo divide the group into halves. The
second phase used two additional 10-item routing tests;
scores on these sets of 10 items were used to divide each
first-phase subgroup into halves, yielding a total of four
groups. The third routing procedure, called the "group
discrimination" procedure, used the 20 items with the lar-
gest between-quartile differences in item difficulties.

The fourth procedure, called "sequential" routing,
utilized the framework of the sequential sampling proce-
dures developed by the Statistical Research Group (1945)
acid Wald (1950) and a specific procedure developed by
Armitage 1950 . In this method items would be administered
to subjects one at a time. After scoring each item, "likeli-
hood ratios" were computed and a decision was made either
to assign the examinee to one of the four measurement tests
or to administer another item. If the examinee had not been
classified after all 23 routing :items were administered, he
was assigned to the group yielding the largest likelihood
ratio. Cleary et al. also used a 3-group sequential proce-
dure with a maximum of 20 routing items.

Scores on the two-stage tests were initially determined
by scaling the measurement tests using linear regression
weights to predict the total score on the parent test. A



later study (Linn et al., 1969) added the routing score
information to the scaled measurement test score.

Correlations between the two-stage test scores (based
on a maximum of 43 items) and scores on the 190-item parent
test were almost as high as the reliability estimates of
the parent test. Scores from the sequential routing pro-
cedure correlated highest with total score, followed by
40- and 42-item .onventional tests, the group discrimination,
broad range, and double-routing procedures. Since the best
short conventional test was found to require about 35% more
items to achieve the same level of accuracy as the 3-group
sequential procedure, it was concluded that two-stage tests
can permit large reductions in the number of items administered
to an individual with little or no loss in accuracy.

Validity results, in terms of correlations with external
criteria of scores on the College Entrance Examination Board
Tests and the Preliminary Scholastic Aptitude Tests, were
even more favorable for the two-stage tests than were corre-
lations with total test score. The group discrimination and
3-group sequential procedures yielded the highest correla-
tions with the criteria. With the exception of the double-
routing strategy, all of the two-stage procedures had higher
valid4ties than conventional tests of equivalent lengths.
In most cases, the 40-item two-stage tests had higher vali-
dities than 50-item conventional tests, and in five com-
parisons they had higher validities than did the 190-item
parent test. Thus, it was demonstrated that two-stage tests
can achieve high predictive accuracy with substantially
fewer items than would be necessary in a conventional test,
although the data of Cleary et al., like that of Angoff and
Huddleston, showed a misclassification rate of about 20%.

Lord (1971d) presents results from theoretical studies
of two-stage testing procedures. All of his analyses were
based on the mathematics of item characteristic curve theory
and the following assumptions: 1) a fixed number of items
administered to each examinee, 2) dichotomous (right-wrong)
scoring, 3) normal ogive item characteristic curves, 4) a
unidimensional set of items, 5) all items of equal discrimi-
nations, 6) peaked routing and measurement tests (i.e., all
items in each subtest were of the same difficulty), and 7)
linear (i.e., non-branched) routing and measurement tests.
Lord studied about 200 different strategies, varying the
total number of items (15 or 60), the number of alternative
measurement tests, the cutting points for assignment to the
second-stage tests, methods of scoring both the routing test
and the entire two-stage procedure, and whether or not random



guessing was assumed (for a 5-choice item, within the
60-item tests only). Lord compared each two-stage strategy
with a peaked conventional test of equivalent length in
terms of information functions, which indicate the rela-
tive numbers of items required to achieve equivalent pre-
cision of measurement. Precision can be defined as the
capability of responses to a set of test items to accurately
represent the "true ability" of hypothetical individuals.

Lord found that the linear test provided better measure-
ment around the mean ability level of the group, but that
the two-stage procedures provided increasingly better measure-
ment with increased divergence from the mean ability level.
The finding that the peaked linear test provided better
measurement around the mean ability level has been supported
by Lord's other theoretical studies comparing peaked ability
tests with tests "administered" under a variety of adaptive
testing strategies (Lord, 1970, 1971a, 1971c); thus, the
peaked test always provided more precise measurement than
the adaptive test when ability was at the point at which
the test was peaked. However, as an individual's ability
deviated from the average, the peaked test provided less
precise measurement, and the adaptive test provided more
precise measurement.

The importance of these findings is that they indicate
that the most precise or accurate measurement for any indi-
vidual will be obtained by administering to him/her a test
peaked at a difficulty level equal to that individual's
ability level. Thus, test items should be of median, or
p=.50, difficulty for each individual, rather than of median
difficulty for a group of individuals varying in ability.

But ability level, and thus the appropriate level of
item difficulty for an individual, is riot usually ',mown in
advance; it is the test's function to measure it. The two-
stage strategy provides one method of adapting the difficulty
of the test to the individual's ability level, in an effort
to achieve more precise measurement. The routing test gives
an initial estimate of an individual's ability level, and
he/she is then routed or assigned to that "measurement" test
which is peaked at a difficulty level close to his estimated
ability.

Lord's theoretical study of two-stage testing procedures,
based on the notion that a short routing test can be used to
find the optimal peaked measurement test for any given indi-
vidual, as well as the studies of Angoff and Huddleston (1958)
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and Cleary et al. (1968a,b; Linn et al., 1969) show con-
siderable potential for two - stage tests, in terms of in-
creases in Internal consistency reliability, validity, and
precision of measurement. However, only Angoff and Huddle-
ston's was an empirical study, and even this study was not
able to account for the effects of actual routing. The
purpose of the present study, then, was to begin an empiri-
cal evaluation of two-stage testing procedures; the study
involved the development, computer-controlled administra-
tion, and comparison of a two-stage test and a peaked con-
ventional test.

METHOD

Design

This study was part of a larger program of research
involving a series of empirical comparisons of a number of
major strategies of adaptive testing. These studies were
directed at answering two major questions: 1) Does adap-
tive testing show any advantages as compared to conventional
ability testing procedures? and 2) Are some strategies of
adaptive testing superior to others? To answer these ques-
tions, the studies were designed to permit the investigation
of 1) the psychometric characteristics of tests administered
under each adaptive strategy, in comparison with conventional
linear tests, 2) the test-retest stability of ability esti-
mates derived from each strategy, 3) the relationships between
ability estimates derived from different adaptive strategies,
and 4) the relationship between ability estimates derived
from conventional testing and each of the adaptive strategies.

The design involved the construction and computer-
controlled administration of tests using each adaptive
strategy and a conventional linear test. So that data con-
cerning the inter-relationships between strategies could
be obtained, the tests were administered in pairs such that
each combination of two tests would be administered to a
large group of subjects. To obtain test-retest stability
data, tests were re-administered to the same ind:i.viduals
after an interval of about six weeks.

In the first phase of the research, a two-stage, a
flexilevel (Lord, 1971b), and a conventional linear test
were constructed. Each test consisted of 40 items drawn
from a common item pool but selected so that there would
be no overlapping of items between tests. The tests were
then administered two at a time to a total group of about
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350 individuals such that each combination of two tests was
given to about 100 individuals.

To examine the possibility of fatigue or practice
effects or an interaction between test sequence and test-
ing strategy, the order of administration of the tests within
each combination was randomized on the first testing so
that each test would be administered first to approximately
half the testees and administered second to the other half.
Retests were administered in the same order as the subject
had initially received them.

Computer administration was necessary only for the
adaptive tests, but the conventional linear test was also
computer-administered to control for the possibility of
"novelty" effects resulting from an atypical mode of test
administration.

Although the first phase included the administration
of a flexilevel test, the resiO.ts of its administration will
be reported in a later paper. The present paper is con-
cerned only with the evaluation and comparison of the charac-
teristics of the two-stage and the linear test and with the
relationship between ability estimates derived from the two
tests.

Of interest, first of all, were the characteristics of
the score distributions yielded by the tests. It was ex-
pected that the two-stage test, because it adapts the diffi-
culties of the items to the ability level of the testee,
would utilize more of the available score distribution than
would the conventional test. On a conventional "peaked"
test, item difficulties are appropriate for individuals of
average ability but may be inappropriate for testees who
deviate from the average ability at which the test is peaked.
Scores of hi-11 ability individuals may be artificially de-
pressed if the items are too easy for them, and scores of
low ability subjects may be artificially inClated if they
correctly guess the answers to the large number of items
that will be too difficult for them. In the two-stage test,
however, high ability subjects would be routed to more diffi-
cult measurement tests, thus giving more "top" to the test,
and low ability subjects would take measurement items more
appropriate to their ability level, thus reducing the effects
of random guessing. That the probability of random guessing
decreases as item difficulties get closer to the subject's
ability level has been suggested by Lord (1970), Owen (1969),
Urry (1970), and Wood (1971), among others. Thus, because
the two-stage test adapts item difficulties to the testee's
ability level, two-stage test scores should have higher
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variability than scores from peaked conventional tests. In
addition, the score distributions were examined to determine
whether the tests yielded skewed, rectangular, peaked, or
non-unimodal distributions.

Another psychometric consideration was the internal
consistency reliability of the tests. The purpose of the
routing test is to assign each individual to that measurement
test composed of items most appropriate for him. Thus,
routing, if it is effective, should form subgroups of indi-
viduals for whom the assigned measurement test is composed
of items of appropriate difficulty. For 5-alternative
multiple-choice items, appropriate difficulty corresponds
to a p-value of approximately .60 (Cronbach & Warrington,
1952; Guilford, 1954; Lord, 1952); items at that difficulty
level maximize internal consistency reliability. Thus,
maintaining item difficulty near this level for all or most
individuals in the group should lead to increased relia-
bility of the measurement tests in comparison to that of the
routing test or the linear test, in which items are of median
difficulty only for some individuals in the group. Angoff
and Huddleston (1958) found this to be the case; their
"narrow range" (measurement) tests were more reliable for
the groups for which they were intended than were the con-
ventional "broad-range" tests. However, the routing process
should also create subgroups of individuals more homogeneous
in ability. Because lower ability variance will decrease
internal consistency reliability estimates, the effects of
more appropriate item difficulties may be counteracted.

Thus, in comparing the internal consistency reliability
of the measurement tests to that of the linear and routing
tests, it was important, first, to evaluate the extent to
which routing led to more optimal measurement test item
difficulties; this was done by determining whether item
difficulties in the measurement tests changed in the direc-
tion of p=.60 from their values as determined from the norm-
ing studies. Second, the extent of sub-group homogeneity
was evaluated by examining the score variability within each
measurement test.

Lord's (1971d) theoretical demonstratiaithat the pre-
cision of measurement of two-stage tests was nearly con-
stant over the whole ability range implies fewer random
factors in the ordering of individuals in two-stage tests
than in conventional tests. In conventional tests, which
are most precise at average ability levels, scores of indi-
viduals near the extremes of ability will be highly affected
by random errors, and the ordering of such individuals will
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be determined in large part by random factors. Because of
the more nearly constant precision of two-stage tests, the
scores for individuals at all levels of the ability dis-
tribution are more to be based largely on underlying
ability rather than on random factors; two-stage tests
should thus yield higher test-retest stability coefficients
than conventional tests. One complicating factor, however,
involves differential memory effects. A subject re-tested
on the conventional test will repeat the same set of items.
A subject retested on the two-stage test will take the same
set of 10 routing items but may take an entirely different
set of 30 measurement test items if he is routed differently
the second time. In comparing the'stability, then, of two-
stage and conventional tests, it was necessary to account
for the differential effects of memory.

Some studies of two -stage testing procedures (e.g.,
Cleary et al., 1968a,b; Linn et al., 19b9) have evaluated
their results in terms of the accuracy with which two-stage
test scores estimated scores on a conventional test. The
focus of adaptive testing, however, should be on im7,roving
the measurement characteristics of scores derived from
adaptive tests rather than on estimating conventional test
scores. If it is true that two-stage tests yield more pre-
cise measurement at the extremes of the distribution than
do conventional tests, the ordering of individuals in the
tails of the two score distributions should be different.
Thus a relatively low correlation with scores derived from
a linear test would provide evidence that the two-stage
test was ordering individuals differently but would not
indicate which ordering had the higher relationship to the
trait being measured. Direct evidence pertaining to the
latter issue must, of course, come from the examination of
each test's relationship to independent ability criteria.
Indirect evidence may eventually be derived from determin-
ing whether the intercorrelations of a number of adaptive
tests, all of which would be constructed to achieve more
nearly constant precision throughout the ability range,
were uniformly higher than the correlation of each with a
conventional test. Analyses pertaining more directly to
this issue will be reported in later studies in this series.

Test Development

Item Pool

The item pool used to construct the adaptive and con-
ventional tests of verbal ability consisted of 5-alternative
multiple-choice vocabulary items. The items were normed on
a large group of college students, and item statistics of
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difficulty (proportion correct) and discrimination (biseral
correlation with total score) were obtained. Using a biserial
correlation of at least .30 as a selection criteria' 369
items were available for use in constructing the tl tests
to be administered in the first study. Table 1 descLbes
the available item pool as a cross-classification of levels
of item difficulty and biserial correlation coefficient and
shows the number of items available in each cell of the cross -
tabulation. It may be noted that the pool consisted of con-
siderably more very easy than very difficult items, and that
the more highly discriminating items occurred at the easier
levels of difficulty.

Two-stage Test

The two-stage test was composed of a 10-item routing
test and four 30-item measurement tests. Testees were
assigned to one of the four measurement tests on the basis
of their scores on the routing test.

Items for each subtest were selected to approximate
the characteristics of the theoretical items used by Lord
(1971d) in his study of two-stage testing procedures. In
describing the characteristics of the theoretical items,
Lord used parameters based on assumptions of the normal
ogive model in item characteristic curve theory (Lord and
Novick, 1968). The characteristics of the real item pool
used in this study were specified in terms of the tradi-
tional item parameters of'classical test theory (i.e., pro-
portion correct as an index of item difficulty, and item-
total score correlation as an index of item discriminating
power). The normal ogive item parameter values- ,uggested
by Lord were used to select the levels of item d-ificulty
and discrmination of the measurement tests. The 'outing
test item difficulties and discriminations were :elected
by other criteria. Following the selection of tme routing
and measurement test items, their difficulty and discrimina-
tion values were converted to the normal c..;ive rarameters
for use in the scoring equation.

Using Lord's notation, normal ogive parameter "a"
represents item discriminating power and is related to
the biserial correlation between item response and latent
ability. Since latent ability estimates were not available
for item norming, normal ogive item parameter estimates used
in this study were computed using total norming test score
as an estimate of latent ability. Although Lord assumed
equally discriminating items in his theoretical two-stage

.tests, he admits it is rarely possible to construct real
tests with equally discriminating items. In this study,
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items were selected whose discriminations clustered as
closely as possible around the desired values.

Item parameter "b" /apresents item difficulty and is
essentially a normal distribution transformation of 1-p,
although its exact value is dependent on the value of "a".
This conversion makes item difficulty more easily interpre-
table, since positive values correspond to more difficult
items and nee94-ive values to less difficult items. Lord's
two-stage proceddres used peaked routing and measurement
tests, i.e., all routing items, ard all items composing a
particular measurement test, had a constant "b" value.
Using real items, it was not possible to construct per-
fectly peaked subtests;mther, desired values of "b" were
se_,lected for the measurement tests, and the items were
selected to distribute closely around the desired values.

Routing test. The 10 routing items were selected to
have a mean item-total score biserial correlation of approx-
imately .57. This value was selected to be somewhat higher
than that chosen for the measurement tests in order to im-
prove the assignment of testees to measurement tests.

The difficulty level of the routing items was selected
to fall at the median ability level of the group taking
into account the probability of chance success on an item
as a result of random guessing (Lord's parameter "c"). Lord
(1953, 1970) found that optimal measurement could be achieved
at a difficulty level somewhat easier than the value of
(l+c)/2. Since the items used in this study had 5 alterna-
tive responses, "c" was equal to .2, and (l+c)/2 was equal
to .60. The mean difficulty level of the routing items was
set at .62, slightly easier than p=.60. Thus, ten items
with p-values distributed closely around .62 and biserial
coefficients as close as possible to .57 were selected for
the routing test out of the 369 items available.

The first row of Table 2 summarizes the characteristics
of the routing items. The mean, standard deviation, minimum,
and maximum values of the traditional item parameters are
presented. The mean "a" and "b" values were calculated for
use in the scoring equation and are presented after their
corresponding traditional item parameter values. It may be
noted that the mean biserial correlation (.57) is very close
to that desired, but the standard deviation (.07) and range
of these values (.43 to .71) show that the items were not
equi-discriminating. Similarly, the mean item difficulty
fell at the desired point (p=.62), but the 10 items, varying
from p=.57 to p=.68, did not form a perfectly peaked test.
Item difficulties were normally distributed, with a slight
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tendency toward flatness rather than peakedness. Appendix
Table A-1 shows the characteristics (p-value and biserial
coefficient) of each of the 10 routing items.

To make assignments to measurement tests, score ranges
. on the routing test of 0 through 3, 4 and 5, 6 and 7, and

8 through 10 were used respectively to assign testees to
each of four measurement tests. The lowest score range was
the widest since it was expected to include many "chance"
scores.

Measurement tests. In selecting the measurement test
items, a mean item biserial coefficient of .45 was desired.
This value corresponds to an "a" of approximately .50,
which is the value of item discriminatory power used by Lord
in his theoretical studies of adaptive testing (Lord, 1970,
1971a,c,d).

In choosing the difficulty levels of the measurement
tests, Lord calculated a value equal to a(b2 - b), where
b
2
is the difficulty of a particular measurement test and b

is the routing test difficulty. These values were distributed
relatively symmetrically around zero and ranged from -1.5 to
+1.5 when six measurement tests were available. Because
four measurement tests were used in this study, values of
+1.0, +.40, -.40, and -1.0 were selected for a(b2 - b). The
corresponding mean item difficulties of the four measure-
ment tests were p=.26, p=.46, p=.73, and p=.88. Thus, in
constructing the most difficult measurement test, the 30
items having "p" values closest to .26 and biserial co-
efficients distributed around .45 were selected; a similar
procedure was followed in constructing the other three measure-
ment tests.

The resulting characteristics of the four measurement
tests are summarized in Table 2. It may be noted that the
mean item difficulties of tests 1 and 4 were slightly
different from the desired values; this was due to the
necessity of taking item discrimination as well as item
difficulty into account. However, the resulting values of
a(b, - b),- which were +1.09, +.39, -.40, and -1.13, were
good approximations to the values specified beforehand. As
with the routing test, item difficulties of each of the
measurement tests were normally distributed around the mean
value. Also, the mean biserial correlations for the two
most difficult measurement tests were lower than those for
the two easier tests. This was due to the relative scarcity
of difficult items having high biserial coefficients as was
indicated in Table 1. And while the mean biserial levels
were relatively close to the .45 value desired, the standard
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deviation and range of these values show that it was not
possible to construct equi-discriminating tests using
the available item pool within the limitations of the
research design (i.e., the construction of several non-
overlapping tests). Appendix Tables A-2 through A-5 give
the characteristics of each of the 30 items in each measure-
ment test in terms of p-values and biserial coefficients.

Thus, the two-stage test consisted of a normally dis-
tributed routing test whose mean difficulty fell at approxi-
mately the median ability level of the group (under the
assumptions of random guessing), from which testees were
routed or assigned to one of four normally distributed
measurement tests whose means were located at points on
the ability continuum distributed around the median ability
level of the total group.

Scoring. The method used to score the two-stage test
was derived from Lord's (1971d) theoretical work. It con-
sisted of obtaining the maximum likelihood estimates of
ability from the roufing test (H1 , where 0 indicates position
on the latent ability continuum) and the measurement test
(6

2
). After these two estimates were obtained, they were

weighted and then averaged to obtain a composite ability
estimate, E. In this study, the estimates of P derived
from the routing and measurement tests were determined by
the following formula:

± 1 (x/m)-c
1-c

In this formula, 7 represents the mean discrimination value
of the subtest items, x is the number correct, m is the
total number of items administered in that subtest (either
10 or 30), c is the chance-score level (always .2), and b
represents the mean difficulty of the items in that subtest.
Whenever x=m (perfect score) or x=cm (chance score), 6
cannot be determined. Therefore, when x was Pqual to m,
it was replaced by x=-.5, and when x was less than or equal
to cm, it was replaced by x=cm + .5.

Lord (1971d) admits that there is no uniquely good way
to weight the subtest Ws. He computed variance weights,
but a preliminary examination of the results of applying his
weighting formula to the two-stage data from this study
showed some non-monotonicity in the relationship between
the number right obtained on the measurement test and the
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.total test 0 for people who obtained the same routing
score. Therefore, rather than using the variance weights,
each subtest 0 was weighted according to the number of
items on which it was based; the resulting total score
estimates were then strictly monotonically related to the
actual number correct on the measurement test, given the
same routing score. The ability estimate used in this
study, then, was defined by the following equation:

A (i1.10) + (6
2
.30)

Q-
40

01
+ 302

Scores determined in this way have values similar to standard
or "z" scores (Lord & Novick, 1968), i.e., most will fall
between +3, and the meaning of a p of +1 corresponds to that
of a standard or "z" score of +1.

In the following sections, references to "two-stage"
scores will always refer to q; scores reported for the
routing and measurement tests, on the other hand, will
always refer to the number correct on the particular sub-
test in question.

Conventional linear test. Lord (1971d) compared his
60-item two-stage tests with a 60-item peaked linear test
having equi-discriminating items (biserial correlations
with the underlying trait of about .45). The linear test
used for comparative purposes in this study had 40 items
so that its length would equal that of the two-stage test.
Items were selected from the pool shown in Table 1 that had
difficulties closest to p=.55 and item-total score biserial
correlation coefficients closest to .45. The wean, standard
deviation, minimum value, and maximum value of the linear
test item difficulties and biserial coefficients are shown
in Table 2. Again, the mean values of the normal ogive
parameters are presented for comparative purposes. As
was true for the routing and measurement tests, the Linear
test was neither equi-discriminating nor perfectly peaked.
The linear test did have a smaller range of item biserial
values (.32 to .54) than did the two-stage subtests, and
the range of item difficulties (.41 to .66), while large
for a peaked test, was small in relation to the range
covered by all of the four measurement tests. The dis-
tribution of linear test item difficulties, like that of
the two-stage subtests, was normal. Appendix Table B-1
presents the p-value and biserial coefficients for each of
the 40 items in the linear test.
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An individual's score on the linear test was simply
the number of correct responses given to the 40 items;
thus scores could potentially vary from 0 and 40.

Administration and Subjects

The tests were administered to undergraduate students
taking the introductory psychology and basic psychological
statistics courses at the University of Minnesota. The
students were tested at individual cathode-ray-terminals
(CRTs) connected by acoustical couplers to a time-shared
computer. The CRTs were located in quiet rooms, and there
was a maximum of 3 students in each room at one time. An
administrator was present at all times to help students with
the terminal equipment and to ensure that no consultation
took place among testees. A set of instructional screens
preceded the beginning of testing on all of the initial
tests, and the students were given the opportunity to re-
view the instructional screens before taking the retest.
Few students had difficulty operating the terminals after
completing the. instructions; CRT test administration thus
seems quite appropriate for college students.

On the first testing, 214 students completed the two-
stage test and of these 112 also took the linear test (the
remainder completed a flexilevel test). The students were
retested after a mean interval of 39 days (about 51 weeks),
with a standard deviation of 11 days and a range from 14 to
62 days. Of the 214 students who completed a two-stage test
on first testing, 178 were retested, and of these 85 also
completed the linear test a second time (the remainder com-
pleted another adaptive test on retest).

Analysis of Data

The data to be analyzed consisted of 2 two-stage test
scores, one from the initial test (time 1) and one from the
retest (time 2), for each individual. For about half of the
group there were also 2 scores (test and retest) from the
linear test. The time 1 data was divided into 2 groups,
one consisting of those subjects who had taken the two-stage
test first and the linear test second (order 1) and the other
consisting of those subjects for whom the order was reversed
(order 2). To analyze the effect of order of administration,
mean scores from order 1 and order 2 for the two-stage test
and the linear test were compared using a t-test of the sig-
nificance of mean differences. Table 3 presents the score
means and standard deviations derived from order 1 and order
2 and the value of t and its associated probability for each
comparison. Since there were no significant differences
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between means for either the two-stage or linear tests,
order of administration was concluded to be an unimportant
variable, and all subsequent analyses were done with data
from the two order groups combined.

Characteristics of Score Distributions

Analyses of the characteristics of the score distribu-
tions were done separately for initial test data and for
retest data. The score means and standard deviations were
calculated for each distribution, but because the scores
were expressed in different terms (i.e., number correct
for the linear test versus position on a latent ability
continuum for the two-stage), the scores and their means
and standard deviations were not directly comparable.
Thus, in order to compare the variability of the score dis-
tributions, an index of relative variability was computed.
This index indicates the extent to which the potential score
range is effectively utilized and was computed by dividing
the standard deviation of each score distribution by its
total potential score range. The score range for the linear
test was 40, and that for the two-stage test was 6 (+1
standard deviations on the latent ability continuum).

To determine the nature of the score distributions,
measures of skewness and kurtosis were obtained and tested
for significant departures from normality (McNemar, 1,j69,
pp. 25-28 and 87-88).

Reliability

Internal consistency. Internal consistency reliability
for the linear test and for each subtest (i.e., routing test
and the four measurement tests) of the two-stage test was
estimated by the Hoyt (1941) method. However, since the
reliabilities of the linear test, the routing test, and the
measurement tests were based on different numbers of items,
they were not directly comparable. Thus, the Spearman-
Brown prophecy formula was used to project the reliabilities
of the two-stage subtests to what they would be had they
been based on 40 items (the length of the linear test)
rather than 10 items (routing) or 30 items (measurement).

To determine whether or not the measurement test item
difficulties were appropriate for maximizing internal con-
sistency, the mean difficulty of the items in each measure-
ment, test for that group of subjects who had taken it was
calculated. For further comparisons of the item statistics

1The linear test scores could also have been expressed in
terms of 0, or position on the latent ability continuum.
However, since most conventional tests are scored using
"number correct", that scoring method was used in this study
to maintain practical relevance of the results.
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as derived from the norming and the actual test administra-
tion, the means and standard deviations of the discriminations
(iii serial correlation with total score) of the measurement
test items here calculated. The item difficulty and dis-
crimination statistics were also calculated for the linear
and routing tests. The total score used in these calcula-
tions was the number correct score on the linear test, and
the number correct on the two-stage subtest rather than q.
The item statistics for the linear and routing tests were
based, of course, on the total group of testees, whereas
:hose for the measurement tests were based only on that
more homogeneous group of testees who had completed each
measurement test.

To determine the extent to which the routing process
had Led to a restriction of range, or greater homogeneity
of ability, within each measurement test subgroup, the
means and standard deviations of the number correct scores
on each measurement test, and also on the linear and rout-
ing tests, were calculated. To facilitate comparison of
the standard deviations, which were based on tests of 10,
30, or 40 items, each standard deviation was divided by its
total potential score range (the number of items in the
test) to obtain the index of the extent to which the poten-
tial score range was used.

Stability. A series of analyses of test-retest sta-
bility were done. First, Pearson product-moment correlation
coefficients were calculated for the test-retest score
distributions of each test. Eta coefficents and the sig-
nificance of curvilinear relationships between the test and
retest scores were also calculated. Second, to examine the
effect of interval length on test-retest stability, the
total group was divided into three subgroups according to
the length of interval between test and retest. The three
groups were short interval W-30 days), moderate interval
(31-46 days), and long interval (47-62 days); product-
momnt co-relation coefficien(s were then calculated for the
test-retet scores of the individuals in each subgroup.

Third, in order to analyse the effect of memory of the
Items on test-retest stability, two-stage stability coeffi-
cients were calculated using only those individuals who were
routed into the same measurement test on both testings.
Theso individuals thus took the same 40 items on'test and
retes:. therefore making the effects of memory comparable
to that of the linear test, on which all subjects repeated
the same 40 items.



-20-

Additional Analyses

To analyze the relationship between the two-stage and
linear test scores, product-moment correlations and eta
coefficients for each total score distribution regressed
on the other one were computed. Tests of curvilinearity
were made to determine if there were non-linear relation-
ships between the two score distributions.

Other analyses concerned certain characteristics of
the two-stage test, itself. First, the distribution of
routing test scores and the number and percentage of indi-
viduals assigned to each measurement test were examined in
order to evaluate the appropriateness of the difficulty
level of the routing test and the score intervals selected
for assigning testees to measurement tests. Second, the
number and percentage of misclassifications into measure-
ment tests was determined; the criteria selected to identify
misclassified individuals were 1) perfect scores (all 30
Items correct), indicating that the measurement test was
too easy, and 2) chance scores (6 or less correct responses),
indicating that the test was too difficult.

RESULTS

Comparison of Two-stage and Linear Tests on Psychometric
Characteristics

Variability. Table 4 presents the means, standard
deviations, and the "proportion of range utilized" index
of variability for the two-stage and linear test scores.
The data in Table 4 show that the two-stage scores utilized
a slightly larger proportion of their potential range than
did the linear test scores, on both the original testing and
the retest. Further, although the mean scores on both tests
-increased on the retest, the standard deviations and the
proortion of range utilized were the same on original test-
inr and on retest for both the two - stage and linear test
scores, thus suggesting consistency in the extcnt to which
scores derived from eaLh test utilized the'ava: lable score
rar,;e.

Shape of the score distribution:). Table 3 presents
data describing the two-stage and linear score distribu-
ti.)ns. The two-state distributions, for both test and
retest, satisfied the criteria of normality, since neither
the indices of skewness nor kurtosis were significantly
diArerent from zero. flowever, there was some tendency
toward positive skew and flatness in both distributions of
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two-stage scores. The linear test scores, on the other
hand, showed some tendency, although not statistically
significant, toward negative skew and showed a marked
tendency toward flatness on the initial test. The latter
result was statistically significant at the .02 level.

Reliability

Internal consistency. Table 6 presents the Hoyt in-
ternal consistency reliability coefficients for the linear
test and each two-stage subtest, and the estimated relia-
bility of each subtest had its length been 40 items. It

is evident that the linear test and the "40-item" routing
test were highly reliable and more reliable than any of
the measurement tests. The two intermediate difficulty
measurement tests (tests 2 and 3) had especially low re-
liability coefficients. These findings are contrary to
those of Angoff and Huddleston (1958), who found that the
measurement ("narrow-range") tests were more reliable than
the conventional ("broad-range") test'. The results are also
contrary to the expectation that higher reliabilities would
result from more appropriate item difficulties, i.e., item
difficulties close to .60, the median difficulty with chance
taken into account, in each measurement test.

Table 7 shows the mean item difficulties for each two-
stage subtest and the linear test. The means for the linear
test, both time 1 and time 2 (.60 and .64) were very close
to .60, and those for the routing test (.68 and .71) al-
though somewhat easier, were still relatively close to .60.
On thr- other hand, with the exception of test 3, the measure-
ment tests were not maximally appropriate for the groups
taking them, since their mean item difficulties were not
close to p=.60. Measurement test 4 was obviously too easy
for those routed to it (p=.78 and .81) while measurement
test 1 (p=.43 and .44) was too difficult.

However, in addition to the fact that three of the Cour
measurement tests were not of optimaL difficulty, there
was evidence for a restriction of ralgo or decroased group
heerogencity and, thus, depressed internal inonsistency
ueiiability coefficients. Table 8 shows the weans and
standard deviations of the number correct scores for the
tuo-stage subtests and the linear test and th4. standard
deviations as proportions of the number of items (poten-
tial range) in each test. As is shown, the proportion of
potential range used by the 10-item routing test (.23 on
both test and retest) was somewhat greater than that used
by the 40-item linear test (.21 both times). But the
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Table 7

Mean and standard deviation of item
difficulties (proportion correct) obtained

from administration of the two-stage and linear tests

Test

Time 1
Proportion correct

2Time
No.

items. Mean S.D.
No.
items Mean S.D.

Routing 10 .68 .12 10 .71 .09

Measurement

1 30 .43 .16 30 .44 .15

2 3o .51 .11 30 .47 .12

3 3o .64 .15 3o .69 .11

4 3o .78 .13 3o .81 .13

Linear 40 .60 .11 40 .64 .12
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measurement tests, which had 30 items, used considerably
less of the potential range than did either the routing
test or the linear test. Measurement test 3 used only
half as much of its potential score variability as did
the linear and routing tests. Referring back to Table 6,
it is interesting to note that the reliability coefficients
are very closely related to the proportions of potential
range used by each of the tests. For example, measurement
test 3 was both the least variable and the least reliable.
In general, the rank order of the tests or subtests in
terms of internal consistency reliability corresponds to
their rank order in terms of score variability. Thus, it
would seem that the increased homogeneity of the groups of
subjects taking each measurement test, as evidenced by the
low score variability, was an important factor in the un-
reliability of the measurement tests.

The low score variability of the measurement tests
in comparison to that of the linear test is in contrast
with the comparatively high variability of the total scores
on the two-stage test as was shown in Table 4. However,
given the fact that the testees were all college under-
graduates, a group that can be assumed to have an already
restricted range of ability from that in the general popu-
lation, it is not surprising that dividing this total group
into four subgroups even more homogeneous in ability led
to reduced score variability. It is likely that the measure-
ment tests would show higher reliability if the two-stage
test were administered to a group more representative of
the general population in terms of a greater range of ability
levels.

Stability. Table 9 gives the test-retest stability"
correlations for the two-stage and linear tests. The first
three sets of columns show the stability correlations as
a function of the length of the interval between test and
retest; the last two columns show the stability of each
test as computed on the total group of subjects.

The length of the interval between test and retest
did not have consistent effects on stability. The linear
test was most stable in the interval of medium length
(r=..)1.) and least stable in the longest interval (r=.87),
whereas the two-stage test was most stable in the shortest
interval. (.92) and least stable in the medium-length
interval (.85). It is interesting, though possibly not
significant, to note that the two-stage test was more
stable over the longest interval tbAn the linear test.
This may have some implications for the relative importance
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of memory effects in the stability of the two tests, i.e.,
if memory of the items is important in the stability of a
test, the longer the interval, the less effect memory will
have and, thus, the lower will be the stability coefficient.

The linear test (r=.89) had a slightly higher total
group stability than the two-stage test (r=.88), but the
difference was not significant and could easily have been
in the opposite direction. Tests for curvilinearity, using
the product-moment correlations and eta coefficients, showed
that the relationship between the test and retest scores was
primarily linear, with no significant curvilinearity.

In addition to the effect of interval length on the
obtained test-retest stability coefficient, the other
factor considered was the effect on the size of the sta-
bility coefficient of memory of the items on the retest.
The stability of the linear test, which was r=.89, was
based on the correlation between the test and retest scores
of subjects who had repeated the same 40 items. The sta-
bility of the two-stage scores was, therefore, calculated
only for the 97 subjects who were assigned to the same
measurement test on both test and retest, thus also re-
peating the same 40 items. That test-retest stability
correlation was .93, higher than both the linear and the
total group two-stage stability coefficients. Thus it
would appear that the stability of the linear test was
based to a larger extent on memory of the items than was
that of the two-stage test, suggesting that the latter
yields ability estimates which more consistently reproduce
the testee's ability over the time interval between test-
ings.

Relationships between Linear and Two-stage Scores

Table 10 presents the linear (product-moment) and eta
coefficients describing the relationships between the two-
stage and linear score distributions on test aid retest.
All of the linear and eta coefficients were significant at
p < .001. The only significant degree of curvilinearity
was found in the regression of the linear scores on the
two-stage scores for the initial test, although there was
a tendency toward curvilinearity (p=.12) in the ':egression
of two-stage on linear scores on the retest. 'Examination'
of the bivariate scatter plots showed tha.t tho curvilinearity
was due to a restriction of range in the lower end of the
linear score distribution, in comparison to the greater
utilization of the two-stage score range at the lower ends.

The linear relationship betwe' the two-stage and
linear test scores was relatively high on both test and
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Table 10

Regression analysis of relationships between
two-stage scores and linear scores, and tests for

curvilinearity
(N= 110 'Time 1, N=85 Time 2)

Time 1 Time

Product-moment
correlation .84 .80

Eta coefficients

Regression of two-stage
scores on linear scores (eta) .85 .84

Significance of curvi-
linearity (p-value) .74 .12

Regression of linear scores
on two-stage scores (eta) .88 .82

Significance of curvi-
linearity (p-value) .04 .90

2
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retest (.84 and .80). However, these values also indicate
that the proportions of variance accounted for (r2) were
only .70 and .64, respectively. The proportions of reliable
variance in the linear test, as given by the Hoyt internal
consistency reliability coefficients, were .89 and .90;
thus, the correlation between the two-stage and lineal test
scores failed to account for 19% of the reliable variance
in the linear test on initial testing, and 26% on retest.
It would appear, therefore, that the linear test and the
two-stage test are not interchangeable approaches to measur-
ing the same ability.

Comparison of Norming and Testing Item Statistics

Since this study is the first to report on non-simula-
ted too -stage test administration, it is appropriate to
examine the effect of actual two-stage testing on item
characteristics. Relevant data from both the two-stage
and Lineyr test have been presented earlier in Table 7;
additional data are in Tables 11 and 2.

Item difficulties. Table 7 gives the means and stan-
dard deviations of item difficulties as obtained from actual
administration of the two-stage and linear tests. These
values may be contrasted with the values as obtained from
the norming studies, which were presented in Table 2.

It may be noted, first of all, that the linear and
routing tests, both of which were taken by the total group
of subjects, were somewhat easier for the tested group
(on first testing) than they had been for the norming sample.
On the linear test, average difficulty for the norming group
(Table 2) was p=.56, while for the tested group (Table 7)
it was p=.60 (time 1). On the routing test the respective
average difficulties were p=.62 for the norming group and
p=.68 for the tested group. Since both of these differences
were statistically significant (p < .05), it is possible
that the tested group was slightLy superior in verbal ability,
although both samples were taken from the same population.

However, of more importance in this study was the effect
that changes in group composition toward greater homogeneity
in ability level, caused by the routing process, would have
on the item difficulties of the measurement tests. On NAT
four measurement tests, the testing mean item difficulties
changed in the direction of p=.60 from their norming values.
The two more difficult measurement tests (1 and 2), with
norming means of .24 and .46, were significantly easier
(p < .001 and p < .01) and closer to median difficulty for
the groups of testees routed into them (T=.43 and .51
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Table 11

Mean and standard deviation of item discrimination
values (biserial correlation with total number correct)

from administration of the two-stage and linear tests

Test
No.
items

Time 1 Time 2

Biserial coefficient Biserial coefficient
Mean S.D. Mean S.D.

Routing 10 .67 .10 .69 .11

Measurement

1 30 .49 .14 .46 .16

2 30 .39 .19 .37 .18

3 3o .31 .19 .37 .25

4 3o .6o .32 .44 .42

Linear 40 .56 .15 .58 .16
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respectively). Similarly, the two less difficult tests (3
and 4), with norming values of .73 and .89, were signifi-
cantly more difficult (p < .05 and p < .001) and closer
to median difficulty for the subjects taking them (T=.64
and .78 respectively). These findings suggest that each
measurement test was more appropriate to the ability level
of that subgroup taking it than it would be for the total
group of subjects.

Tables2 and 7 also show that the testing values of the
standard deviations of the item difficulties were uniformly
larger than the norming values. This finding implies that
groups of items which show very similar characteristics
when normed on one group of subjects may show more diver-
gent characteristics when administered to groups differing
from the norming sample in composition and range of ability
levels.

Item discriminations. Table 11 presents the means and
standard deviations of item discrimination values (biserial
correlation with number correct) as obtained from the ad-
ministration of the tests. A comparison of these values
with the norming values as presented in Table 2 shows that
the testing mean item discrimination values for the linear
and routing test were higher than the correspondirg norming
values; the mean biserials of the linear test items were
.47 from the norming studies but .56 and .58 from the test
and retest, and the routing test increased from a mean dis-
crimination of .57 in norming to .67 and .69. In contrast,
the only measurement test to show higher item discrimination
values on both test and retest was test 1, the most diffi-
cult test, whose means were .42 in norming but .49 and .46
on test and retest. The items in tests 2 and 3 were less
discriminating in testing than they had been in norming,
and those in test 4 were more discriminating on the first
test but less discriminating on the retest. Further, the
standard deviations of the item discrimination values were
again larger in testing than they had been in norming. The
items in test 4 esper:ially showed much greater variability
in their discriminating power.

The substantial changes that were found jn both the
level and variability of item discriminating power were
probably a factor in the rather poor internal consistency
reliability of the measurement tests and suggest that item
statistics derived from norming samples composed of one
range of ability levels may be inappropriate when applied
to a group composed of a different range of ability levels.
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Additiona) Characteristics of the Two-stage Test

The results thus far have suggested certain problems
with the two-stage test. Three of the four measurement
tests were not of optimal difficulty for the groups of
subjects taking them, and the item discrimination values
of the measurement tests tended to be both lower and more
variable in actual two-stage testing than they had been in
norming. Thus, the two-stage test was further examined to
evaluate the degree to which it met its major objective.
That is, the two-stage test was analyzed to determine
whether the "routing" test assigned members of a group of
individuals varying rather widely in ability to longer
"measurement" tests such that each measurement test was
essentially "peaked" at the mean ability of a far more
homogeneous group of subjects and was thus more appropriate
to their level of ability than would be a test designed to
measure the full range of ability within the larger group.

In first examining the characteristics of the 10-item
routing test, it was found that the mean number correct
was 6.78 on the first test and 7.18 on the retest (see Table
8). These high mean scores were close to expectation be-
cause the test was constructed to be somewhat easier than
the median ability with chance success accounted for (p=.60).
However, on both test and retest, the distribution of rout-
ing test scores showed a significant degree of negative skew,
indicating a predominance of high scores (7 to 10 correct).

The high and significantly skewed routing scores,
coupled with the score intervals selected for assignment
to measurement tests (0-3, 4-5 6-7, and 8-10), meant that
a majority of the testees were assigned to the two most
difficult measurement tests (tests 1 and 2). Table 12
summarizes data on the number and percentage of the total
group assigned to each measurement test and ,:he mean and
standard deviation of the number correct scores obtained
by each of these subgroups.

The data in Tablc 12 show several deficiencies of the
two-stage test used in this study. First, the imbalance
in the numbers of testees taking the individual measurement
tests is obvious and consistent; roughly half of the total
group took the most difficult test on both test and retest,
whereas only about one-tenth of the group took the easiest
test. Although the percentages taking each test time 1 and
time 2 are fairly comparable, there was a tendency for the
imbalance to be even more pronounced on the retest.
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Second, as was pointed out in the section on reliabi-
lity, the tests were not of optimal difficulty for those
groups of individuals taking them. The most appropriate
mean item difficulty would be around p=.60, meaning that
the desired mean number correct on each measurement test
would be about 18. As Table 12 shows, however, the two
most difficult tests were too difficult (mean total scores
of 12.98 and 15.38 respectively) for the average subject
taking them, and the two easier tests were too easy (means
of 19.13 and 23.39 respectively). These results and the
findings of the rather low number-correct score variability
of the measurement tests, as shown in Table 8 and discussed
in the reliability section, suggest that the total group
was more homogeneous in ability than expected. If the cut-
ting scores for assignment to measurement tests had been
set higher, e.g., 0-4, 5-6, 7-8, and 9-10, the two most
difficult measurement tests would probably have been more
appropriate, but the placement of higher ability subjects
into the easier tests would have made these two tests even
easier, and thus more inappropriate for many of the indi-
viduals assigned to them, than they were using the score
intervals selected for this two-stage test.

Misclassification. A different approach to the evalua-
tion of the appropriateness of assignment to measurement
tests was to identify the extent to which particular indi-
viduals were classified into inappropriate tests. Defining
misclassified individuals as those who obtained perfect
scores (e.g., all 30 items correct), indicating that the
test was too easy, or scores at or below chance (i.e.,
scores of 6 or less correct), indicating that the test was
too difficult, there were 9 or 4.2% misclassifications on
the first test and 9 or 5.0% on the retest. All 18 mis-
classifications were the result of scores at or below chance
on the most difficult measurement test, thus providing addi-
tional evidence that this test was too difficult for many
individuals routed to it. However, the 4 to 5% misclassi-
fication rate obtained here was a considerable improvement
over the 20% rates obtained in the studies of Angoff and
Huddleston (1958) and Cleary et al. (1968a,b), although
this may be due in part to different criteria of misclassi-
fication. Thus, although the measurement tests were not
optimal for the groups taking them, few individuals took
a test which was highly inappropriate.

CONCLUSIONS AND IMPLIC TIONS

Considering that the two-stage test used in this study
had same deficiencies, the findings of the study were generally
favorable to the continued exploration of two-stage testing
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procedures. The two-stage test, scored using a variation
of the method used in Lord's (1971d) theoretical study,
yielded scores which were normally distributed and utilized a
consistently higher proportion of the available score
range than did the linear test. In other empirical studies
of adaptive testing where the distribution of scores has
been examined, a tendency toward badly skewed scores with
definite bunching at the high end of the distribution has
been found (Bayroff & Seeley, 1967; Bayroff, Thomas &
Anderson, 1960; Seeley, Morton, & Anderson, 1962). Thus,
the two-stage test constructed for this study yielded a
better distribution of scores than has been found in most
empirical studies of adaptive testing to date. The sig-
nificantly flat distribution of linear test scores may
have been a function of deviations from peakedness in its
construction; a more peaked test might have yielded a more
normal distribution of scores.

The findings regarding the reliability of the two-
stage test were less clear. In terms of test-retest
stability, the two-stage test scores were quite reliable
(r=.88) over a mean interval of 5.5 weeks, essentially as
stable as the linear test scores (r=.89). However, when
the effect of memory of the items was equated for the two
testing strategies, the two-stage scores were the more
stable (r=.93). Thus, the two-stage test yielded 7.3%
more stable variance than did the linear test of the same
number of items and with the same potential for memory
effects.

The relatively poor internal consistency reliability
of the measurement tests, as compared to the high relia-
bilities of the routing test and the conventional linear
test, was a finding in contrast to those of Angoff and
Huddleston (1958) and was probably due to a combination
of factors. First, the routing process created subgrcups
of individuals who were very homogeneous in ability. This
was not an unexpected finding, especially given the rela-
tive homogeneity of ability in a college student popula-
tion in comparison to that in a more general population.
Further, even though increasing subgroup homogeneity
decreases internal consistency, the purpose of the two-
stage test is to do precisely that; by initially classify-
ing a group of subjects as to ability, as the routing test
does, it is possible to measure them using the most appro-
priate peaked measurement tcst. The best two-stage testing
procedure would be one containing nn infinite number of
measurement tests, such that ther would be a peaked test
perfectly suited to each individual's ability. In this
hypothetical mode of testing, there would be complete
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homogeneity of ability within subgroups since each measure-
ment test would be taken only by individuals with exactly
equal ability. Thus, it is perhaps unrealistic to expect
high internal consistency reliability from tests which
function in this way.

In addition to the extreme subgroup homogeneity, the
item difficulties of the measurement tests were not optimal
for high reliability, and many of the items which had been
highly discriminating in the norming studies were much less
discriminating when administered to more homogeneous samples
from the total group, thus reducing the internal consistency.
Both of these inadequacies can be traced to the inappro-
priateness of traditional methods of determining item para-
meters for items to be used in adaptive testing. Only after
administering a two-stage test to a defined group of indi-
viduals is it possible to determine how difficult and how
discriminating the items will be for each subgroup of indi-
viduals formed; thus, selecting items for two-stage tests
using traditional item parameters can at present be only
an approximate procedure. Perhaps the construction of
future two-stage tests should use item parameters derived
from heterogeneous samples for selection of the routing
test items but item parameters derived from more homogeneous
subgroups of the total norming sample for the selection of
items for each of the measurement tests. Alternatively, item
parameters estimated using the techniques of modern test
theory (e.g., Lord & Novick, 1968) might be appropriate if
it can be shown that these parameters are independent of the
range and level of ability in the groups on which they are
determined.

The selection of score intervals for assignment to
measurement tests is also a matter that needs further study.
In this study, the score intervals selected were somewhat
inappropriate, leading to an uneven distribution of testees
among measurement tests. Although the measurement tests
were more appropriate in difficulty for the groups taking
them than a test peaked at the median total-group diffi-
culty would be, they were still either somewhat too easy
or somewhat too difficult for the groups taking them. How-
ever, few individuals were misclassified under the criteria
used; the 5% rate of misclassification was a large improve-
ment over the 20% rates of Angoff and Huddleston's (1958)
and Cleary et al.'s (1968a,b; Linn et al., 1969) two-stage
tests.

The relationship between the linear and two-stage test
scores was relatively high (.84 and .80) and primarily
linear. The nonlinearity that was found in the regression
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of the linear scores on the two-stage scores on the first
test seemed to be due to restriction in the lower score
ranges of the linear test in comparison to the lack of
range restriction in the two-stage scores. However, further
analyses showed that the relationship between the two tests
left about 20% of the reliable variance in the linear test
scores and an unknown amount of reliable variance in the
two-stage test scores unaccounted for.

A conventional linear test, however, should not be
taken as a standard against which new methods of testing
must be evaluated. Although a peaked conventional test
provides probably the most accurate measurement for indi-
viduals whose ability level is near the group mean or the
difficulty level at which the test is peaked, its accuracy
becomes increasingly less as an individual's ability level
deviates from the mean (Lord, 1970, 1971a,c,d). Adaptive
tests, on the other hand, provide almost constant accuracy
throughout the range of ability (Lord, 1970, 1971a,c,d).
Thus, the relationship between the two-stage and linear
tests can become meaningful only in the comparative con-
text of indices of relationship between other adaptive
strategies and the two-stage test, and indices of the
extent to which the two-stage test and the linear test are
found to predict a variety of relevant external criteria.
Previous studies of two-stage and other adaptive testing
strategies have found the adaptive tests to have higher
relationships with external criteria than conventional
tests of equivalent length (Angoff and Huddleston, 1958;
Linn et al., 1969; Waters, 1964, 1970; Waters & Bayroff,
1971; see Weiss & Betz, 1973). No studies to date have
examined the relationships between two or more adaptive
tests. Thus, the validation of two-stage testing proce-
dures depends on additional research in this area.

For further study of two-stage testing procedures,
it should be poSsible to use the information gained in
this study to select more optimal score intervals for
assignment to measurement tests, to select more appro-
priate measurement test item difficulties, and to improve
the internal consistency reliability by selecting items
shown to be highly discriminating for particular subgroups
as well as for the total group. A method of selecting the
routing test score intervals that would probably be superior
to rational or trial-and-error selection would be to com-
pute each individual's latent ability estimate from the
routing test (Or, as described in the scoring section) and
to assign him to that measurement test whose mean diffi-
culty in normal ogive parameter terms ("b" values) is
closest to the estimate of his/her ability derived from
the routing test.
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However, the most obvious deficiency of two-stage
testing procedures in general is that individuals may be
routed to highly inappropriate measurement tests. A low
ability individual may guess enough routing items correctly
to place him in a measurement test that is too difficult.
A higher ability individual confronted with a set of routing
items that he is unable to answer correctly as a result of
specific gaps in his knowledge or anxiety at the early
stages of testing would be routed to a measurement test
that is too easy.

One approach to this problem, of cou: would be to
lengthen the routing test. This approach, ,ever, would
undermine one advantage of two-stage testing, i.e., to
arrive at an initial estimate of each individual's ability
as quickly and efficiently as possible so that a larger set
of items relevant to his/her ability may be administered.
A more desirable approach would seem to be to include a
recovery routine in the computer program controlling test
administration. This routine would detect individuals
who had apparently been misclassified after only a few
measurement test items had been administered; for example,
a chance score or a near-perfect score after 10 measurement
test items had been administered would cause the individual
to be re-routed into the next easier or next more difficult
measurement test. The process could be repeated if follow-
ing re-routing the individual was still wrongly classified.
This procedure would mean that individuals would complete
different total numbers of items depending on the ease or
difficulty of correctly classifying them; thus, the number
as well as the difficulty level of the items administered
would be adapted to each individual.

Much empirical research remains to be done on two-stage
testing procedures; if the information gained from previous
empirical studies and the possibilities for improvements
suggested by these studies can be fully utilized in subse-
quent research, it is likely that two-stage testing proce-
dures will become valuable and practical alternatives to
traditional testing -procedures.



References

Angoff, W. H. & Huddleston, E. M. The multi-level experi-
ment: a study of a two-level test system for the
College Board Scholastic Aptitude Test. Princeton,
New Jersey, Educational Testing Service, Statistical
Report SR-58-21, 1958.

Armitage, P. Sequential analysis with more than two alter-
native hypotheses, and its relation to discriminant
function analysis. Journal of the Royal Statistical
Society, 1950, 12, 137-144.

Bayroff, A. G. Feasibility of a programmed testing machine.
U. S. Army Personnel Research Office, Research Study
64-3, November, 1964.

Bayroff, A. G. & Seeley, L. C. An exploratory study of
branching tests. U. S. Army Behavioral Science
Research Laboratory, Technical Research Note 188,
June, 1967.

Bayroff, A. G., Thomas, J. J., & Anderson, A. A. Con-
struction of an experimental sequential item test.
Research memorandum 60-1, Personnel Research Branch,
Department of the Army, January, 1960.

Cleary, T. A., Linn, R. L., & Rock, D. A. An exploratory
study of programmed tests. Educational and Psycholo-
gical Measurement, 1968, 28, 345-360. (a)

Cleary, T. A., Linn, R. L., & Rock, D. A. Reproduction
of total test score through the use of sequential
programmed tests. Journal of Educational Measurement,
1968, 5, 183-187. (b)

Cronbach, L. J. & Gleser, G. C. Psychological tests and
personnel decisions. (2nd Ed.) Urbana: University
of Illinois Press, 1965.

Cronbach, L. J. & Warrington, W. G. Efficiency of multiple-
choice tests as a function of spread of item diffi-
culties. Psychometrika, 1952, 1/, 127-147.

Evans, R. N. A suggested use of sequential analysis in
performance acceptance testing. Urbana: College of
Education, University of Illinois, mimeo, 1953.

Guilford, J. P. Psychometric methods. New York: McGraw-
Hill, 1954.



-42-
Hoyt, C. J, Test reliability estimated by analysis of

variance. Psychometrika, 1941, 1, 153-160.

Krathwohl, D. R. & Huyser, R. J. The sequential item
test (SIT). American Psychologist, 1956, 2, 419..

Linn, R. L., Rock, D. A., & Cleary, T. A. The development
and evaluation of several programmed testing methods.
Educational and Psychological Measurement, 1969, 12,
129-146.

Lord, F. M. The relation of the reliability of multiple-
choice tests to the distribution of item difficulties.
Psychometrika, 1952, 17, 181-194.

Lord, F. M. Some test theory for tailored testing. In
W. H. Holtzman (Ed.), Computer-assisted instruction,
testing, and guidance. New York: Harper and Row, 1970.

Lord, F. M. Robbins-Munro procedures for tailored testing.
Educational and Psychological Measurement, 1971,
31, 3-31. (a)

Lord, F. M. The self-scoring flexilevel test. Journal of
Educational Measurement, 1971, 8, 147-151. (b)

Lord, F. M. A theoretical study of the measurement effec-
tiveness of flexilevel tests. Educational and Psy-
chological Measurement, 1971, 21, 805-813. (c)

Lord, F. M. A theoretical study of two-stage testing.
Psychometrika, 1971, 16, 227-241. (d)

Lord, F. M. & Novick, M. R. Statistical theories of mental
test scores. Reading, Mass.: Addison-Wesley, 1968.

McNemar, Q. Psychological statistics. (4th ed.) New York:
Wiley, 1969.

Owen, R. J. A Bayesian approach to tailored testing.
Princeton, N. J.: Educational Testing Service,
Research Bulletin, RB- 69 -92, 1969.

Paterson, J. J. An evaluation of the sequential method
of psychological testing. Unpublished doctoral
dissertation, Michigan State University, 1962.

Seeley, L. C., Morton, M. A., & Anderson, A. A. Explora-
tory study of a sequential item test. U. S. Army
Personnel Research Office, Technical Research Note
129, 1962.



Statistical Research Group, Columbia University. Sequen-
tial analysis of statistical data, applications. New
York: Columbia University Press, 1945.

Urry, V. W. A monte carlo investigation of logistic test
models. Unpublished doctoral dissertation, Purdue
University, 1970.

Wald, A. Sequential analysis. New York: Wiley, 1947.

Waters, C. J. Preliminary evaluation of simulated branching
tests. U. S. Army Personnel Research Office, Techni-
cal Research Note 140, 1964.

Waters, C. J. Comparison of computer-simulated conventional
and branching tests. U. S. Army Behavior and Systems
Research Laboratory, Technical Research Note 216, 1970.

Weiss, D. J. Individualized assessment of differential
abilities. Paper presented at the 77th Annual Con-
vention of the American Psychological Association,
Division 5, September, 1969.

Weiss, D. J. Strategies of computerized ability testing.
Research Report 73-x, Psychometric Methods Program,
Department of Psychology, University of Minnesota,
Minneapolis. (in preparation)

Weiss, D. J. & Betz, N. E. Ability measurement: conven-
tional or adaptive? Research Report 73-1, Psychometric
Methods Program, Department of Psychology, University
of Minnesota, February, 1973.

Wood, R. Computerized adaptive sequential testing. Un-
published doctoral dissertation, University of
Chicago, 1971.

Wood, R. Response-contingent testing. Review of Educational
Research, 1973 (in press).



-44-

Appendix A

Item Specifications for Two-stage Test

Table A-1

Item difficulty and discrimination indices
for the Routing Test

Item No.
Difficulty

(p)

Discrimination
(rb)

1 .568 .708

2 .566 .653

3 .589 .56

4 .635 .608

5 .626 .552

6 .622 .552

7 .675 .566

8 .674 .554

9 .677 547

lo .598 .43o
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Table A-2

Item difficulty and discrimination indices

for Measurement Test 1

Item No.
Difficulty

(P)

Discrimination
(rb)

1 .094 .390

2 .169 .497

3 .136 .475

4 .108 .384

5 .096 .353

6 .153 .384

7 .098 .343

8 .250 .670

9 .267 .538

10 .277 .508

11 .293 .491

12 .295 .46o

13 .276 .458

14 .265 .456

15 .210 .451

16 .264 .438

17 .222 .407

18 .205 .398

19 .204 .388

20 .226 .332

21 .220 .326

22 .242 .321

23 .317 .323

24 .318 .348

25 .335 .44o

26 .337 .339

27 .345 .612

28 .346 .327

29 .34) .386

3o .353 .375
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Table A-3

Item difficulty and discrimination indices

for Measurement Test 2

Item No.
Difficulty

(p)

Discrimination

(rb)

1 .305 .700

2 .389 .433

3 .299 .4o3

4 .374 .409

5 .365 .353

6 .386 .349

7 .397 .349

8 .361 .306

9 .398 .396

lo .471 .385

11 .488 .348

12 .445 .333

13 .458 .73o

14 .458 .695

15 .458 .637

16 .482 .603

17 .458 .612

18 .458 .611

19 .447 .553

20 .557 .398

21 .537 .3)8

22 .507 .396

23 .512 .379

24 .585 .369

25 .538 .371

26 .534 .373

27 .553 .354

28 .55o .341

29 .5o6 .331

3o .542 .307
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Table A-4

Item difficulty and discrimination indices

for Measurement Test 3

Item
Difficulty

No. (p)

Discrimination

(rb)

1 .687 .604

2 .695 .403

3 .677 .540

4 .698 .500

5 .681 .464

6 .686 .474

7 .667 .320

8 .628 .302

J .749 .610

10 .693 .557

11 .793 .555

12 .795 .581

13 .783 .504

14 .720 .496

15 .721 .495

16 .733 .490

17 .728 .464

18 .719 .457

19 .726 .462

20 .708 .461

21 .708 .457

22 .699 .485

23 .759 .441

24 .754 .438

25 .766 .424

26 .746 .4io

27 .791 .373

28 .757 .386

29 .759 .385

3o .788 .377



Table A- 5

Item difficulty and disermination indices

for ?leasnement Pest 4

Item
Diff.i cult.

No (1)

Discrimination
(rb)

1 .827 .579

2 .843 .551

1 .811 .550

It .8s5 .524

5 .806 .508

.837 .487

7 .807 .458

8 .875 .430

) .850 .405

1» .813 .402

It .831 .382

1.2 .884 .307

13 .885 .376

14 .866 .376

15 .890 .367

16 .904 .506

17 -ti .537

18 .921 .565

15 .926 .410

20 .928 .366

1
.(.)42 .185

22 .948 .447

2) .058 .487

24 .96'! .500

25 .0)21 .751

26 .032 .776

27 .937 .693

:28 .9'13 .699

29 .953 .660

:30 .958 .710
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Appendix B

Item Specifications for Linear Test.

Table B-1

Item difficulty and discrimination indices
for the linear test

Item No,
Difficulty

(P)
Discrimination

(r
b

)

1 .661 .434
2 ,, .656 .543
3 .659 .490
4 .66o .472
5 .646 .520
6 .646 .477
7 .651 .531
8 .640 .4911
9 .634 .534

10 .634 .503
IL .623 .456
19 .610 .518
13 .608 .3711 .613 .320
15 .607 .516
16 .615 .315
17 .604 .427
18 .602 .538
19 .590 .433
20 .560 .474
21 .557 .448
22 .559 .501
23 .559 .527
24 .549 .496
25 .542 .451
26 .y-1,) .53L
27 .)4, .1490
28 .5'29 .424
29 .530 .500
30 .514 .448
31 .500 .519
32 .506 .428
33 .449 .520
34 .470 .400
35 .463 .537
36 .2139 .466
37 .434 .451
38 .42o .437
39 .419 .482
4o .406 .489
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