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AN EMPIRICAL INVESTIGATION OF COMPUTER-
ADMINISTERED PYRAMIDAL ABILITY TESTING

Conventional tests of ability have traditionally been

administered by paper and
viduals. Each subject is
in the test regardless of
Administration of ability
systems has made possible

pencil to large groups of
expected to attempt every
its difficulty or his/her
test items by interactive
the tailoring of tests to

indi-
item
ability.
computer
the

ability of the individual testee. When an ability test is
administered by computer, items are selected for presenta-
tion according to a pre-determined set of rules or "strategy"
which takes into account the testee's responses to pre-
viously administered items. Adaptive testing strategies are
differentiated by the set of rules used to determine item
selection (Weiss, 1974). The rationale for adaptive testing
is that, by eliminating those items which are either too
difficult or too easy for the person taking a test, its
reliability and validity may be improved and testing time
shortened. Weiss and Betz (1973) have described the various

strategies used and have summarized the research literature
on adaptive testing.

The strategy most frequently used in adaptive testing
has been called "branched", "sequential", or "pyramidal"
testing. This method requires that items be arranged in
a triangular structure according to difficulty. Figure 1
illustrates a pyramidal item structure. Typically, the
first item administered (item 1, stage 1) is of median
difficulty for the group taking the test, and is represented
at the top of the pPyramidal structure. The second item
Presented (stage 2) is contingent upon whether the response
to the first item was correct or incorrect. If the testee
answers the first item correctly, an item of greater diffi-
culty (item 3) is administered next. An incorrect response
to item 1 results in the administration of a second-stage
item of lesser difficulty (item 2). Thus, as Figure 1
shows, there are two items at the second level or "stage"
of the pyramid. The testee is routed to an item at stage
3 according to his response to the stage 2 item; again a
more difficult item follows a correct response, and an
easier item follows an incorrect response. The branching
procedure is repeated until the subject has attempted one
item at each of a fixed number of stages. The solid lines
connecting item numbers in Figure 1 illustrates the paths
of two hypothetical testees through the Pyramidal structure.

The number of items attempted by a testee is equal to
the number of stages (provided that one item is administered
at each stage), and is only a fraction of the total number
of items needed to construct the pyramidal structure, In



Figure 1. A ten-stage pyramidal adaptive test structure.
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the pyramidal structure shown in Figure 1, each testee would
encounter only 10 of the 55 items available for administra-
tion. Many variations of this method of testing have been
suggested (Weiss, l97@) For example, the number of items
to be administered at one stage may be set at three or five.
In such cases, branching is based on the number of items
answered correctly at a given stage. Instead of routing
from item to item, the testee is branched from one block of
items to another with all items in a block having about the
same difficulty.

The increment or decrement in the difficulty of items at
one stage to those in the next (.25 in Figure 1) is called
the "step size" and may be either fixed or variable. Some
pyramidal tests (Paterson, 1962; Lord, l97la) have used a
large step size at the beginning of the test to make rela-
tively coarse distinctions among ability levels; as testing
proceeds the step size becomes smaller or "shrinks" enabling
finer and finer discriminations among testees. In most cases,
the increment in difficulty for a correct response is equal
to the decrement in difficulty following an incorrect re-
sponse. This insures symmetric branching throughout testing,
and requires that one item at each stage be attempted. This
has been called an "up-one Lstagg7 /down -one thagg7' strategy,
or "equal offset”.

The term "unequal offset" has been used to explain branch-
ing which is asymmetric (Lord, 1970). In such a case, follow-
ing a correct response a testee 1is routed to a more difficult
item in the next stage, but after an incorrect response,
routing occurs to a much easier item two or even three stages
further into the pyramid (1 e,, one or more stages is sklpped)
This is known as an "up-one/down-two (or -three)" strategy
and is most commonly used as a correction for guessing. In
this variation the number of items administered is less than
the number of stages, unless the testee responds correctly
to all items administered.

Pyramidal tests may be scored by a number of different
methods. First, the rank of the difficulty of the final
item attempted can be considered the individual's score
(Bayroff, Thomas & Anderson, 1960; Seeley, Morton & Anderson,
1962; Waters & Bayroff, 1971). The pyramidal test illustrated
in Figure 1 would, therefore, yield 10 scores. The number
of ranks may be doubled by assigning a higher rank to a
subject answering the final item correctly, than to one
who does not (Waters, 1964; Bayroff & Seeley, 1967). The
difficulty level of the final item reached (e.g., Bayroff,
1969) may also be considered an estimate of a testee's
ability (e.g., -1.5 and +1.0 for the two testees shown in
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Figure 1). Another method, which takes into account the
correctness or incorrectness of the response to the final
item involves branching the subject to an hypothetical

item following the last item administered and estimating
its difficulty. This has been named the "final node score"
(Hansen, 1969) or "final difficulty score" (Lord, 1971b).
To distinguish this method from the one utilizing the
difficulty of the last item, it can be called the '"n + 1t
item" scoring method. Another scoring method involves the
average of all items attempted or all items correctly
answered. Lord (1970) has used a related averaging method
which eliminates the first item (since everyone attempts it)
but includes the n + 1% item. He considers it the "score
of choice" (Lord, 1971b, p. 709) for most up-one/down-one
strategies. Finally, a more complicated scoring system has
been proposed by Hansen (1969) which assigns an estimated
score to each item in the pyramid.

Empirical studies, Farly research with pyramidal tests
used paper and pencil administration. Xrathwohl and Huyser
(1956) administered an eight-stage (one item per stage)
and a four-stage (two items per stage) pyramid to 100 college
students. They obtained correlations of .78 and .68 between
the pyramidal tests and 60-item parent tests. Their pyra-
midal tests were completed more quickly than the conventional
tests, and provided almost as much information.

Bayroff, Thomas and Anderson (l960),following Krathwohl's
approach, constructed four six-stage pyramidal tests using a
decreasing step size. Based on their response choice on the
first item testees were routed to one of three alternative
items at stage 2. Those who selected the correct alterna-
tive were administered a more difficult item; those who re-
sponded with either of two plausible distractors were routed
to an item of the same difficulty as the initial item; and
those who chose the least popular incorrect response were
given an easier item, For the remaining stages, ordinary
up—one/down—one branching was used. Seeley, Morton and
Anderson (1962) administered these six-stage pyramidal
tests to 327 men and correlated scores on the pyramidal
tests with those obtained on corresponding subtests of a
longer conventional test. For both verbal and numeric items,
the correlation between the pyramidal and conventional tests
was .63 however, the distribution of pyramidal scores was
highly skewed with a large number of scores at the high end
of the distribution. These authors also reported that a
number of the low ability testees did not follow the routing

instructions, resulting in unusable test records for these
examinees.
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Wood (1969) administered paper and pencil pyramidal
tests of 4, 5, and 6 stages to 91 students. Step size was
fixed at p = .05; the initial item was of median difficulty
(p = .50); an up-one/down-one branching rule was used;
and the score was the number of items correctly answered
in each test. Validity of the tests was determined by
correlations of test scores with course grades in compari-
son with those obtained with a 46-item conventional test.
Correlations between the pyramidal scores and course grades
were all below .35; combining scores on the three pyramidal
tests increased the correlation to .51. The correlation
between the conventional test and grades was .68, and a test
composed of the fifteen most discriminating items in the
conventional test had a correlation of .52 with course grades.
Wood concluded that a conventional test is just as good as
a combination of pyramidal tests composed of the same number
of items.

More recent empirical studies have used computers to
administer adaptive tests. Bayroff and Seeley (1967) ad-
ministered two eight-stage pyramidal tests by teletype to
102 men. The step size used was p = .05 and final item
difficulties ranged from p = .95 to p = .20; scores were
based on the correctness or incorrectness of the final item,
providing a score range of 17 points. Testees also completed
LO-item numerical and 50-item verbal conventional tests.
Correlations between the adaptive and conventional tests
were .83 and .79 (corrected for restriction of range) com-
pared to an estimated correlation between eight-item con-
ventional tests and the 40- and 50-item conventional tests
of .75 and .67. Thus, pyramidal tests proved to be more
highly related to the long conventional tests than were
conventional tests of comparable length. By use of the
Spearman-~Brown formula, it was found that conventional tests
would require at least twice as many items as the pyramidal
tests to achieve the same correlation with the criterion
paper and pencil tests.

Hansen (1969) administered five different pyramidal
tests by teletype to 56 college freshmen. The number of
stages per test was either three or four with each student
answering a total of 17 items. Hansen used a step size
of p = .10 and scored his tests by four different methods.
Scores on the pyramidal tests were correlated with scores
on a one-hour classroom exam on the same material completed
one week before the pyramidal tests were administered, and
with scores on another achievement test and final course
grade, The conventional test, even when equated for length,
was found to have a lower internal consistency reliability
than any of the five pyramidal tests. Scores for the pyramidal
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tests were distributed more rectangularly than those of
the conventional test which had a negatively skewed dis-
tribution. Results also showed that the pyramidal tests
were completed in an average of five minutes less time
than the conventional test., Pyramidal tests scored by
two methods also showed higher correlations than the con-
ventional test with final grade and the achievement test
criterion. A second study produced similar results.

Bryson (1971) compared two five-stage pyramidal tests
with two five-item conventional tests on their correlation
with 100-item parent tests. Conventional tests were ad-
ministered by paper and pencil while the pyramidal tests
were administered using a cathode ray computer terminal.

In one of the pyramidal tests, the item selection pro-
cedure sequentially selected items based on the most dis-
criminating item for all those who reach a given point in
the pyramidal structure, while the other used an item selec-
tion procedure designed to maximize the prediction of total
score (Wolfe, 1970). Both pyramids had a variable step size.
Each pyramidal strategy was administered to two groups of
263 subjects and the conventional tests were administered

to comparable groups of 250 individuals. Results indicated
that one of the short conventional tests was more highly
correlated with total test score than either of the pyrami-
dal tests. One of the pyramids had lower correlations with
total test score than either of the conventional tests.

Simulation studies. Simulation involves scoring a con-
ventional test "as if" it had been administered adaptively
(real data simulation) or using computers to generate hypo-
thetical subjects, items, and/or test response records
(computer simulation). Bryson's (1971) investigation com-
pared her empirical findings with those of a real data
simulation using the same four pyramidal and conventional
tests with two groups of 100 subjects. The highest corre-
lations with total test score were obtained when one of the
two pyramids was used. The other pyramidal strategy had
correlations less than or equal to one of the conventional
tests and higher correlations than the other. These findings
were more favorable to adaptive testing than her empirical
results.

Linn, Rock and Cleary (1969) investigated seven differ-
ent branching strategies using real data simulation based on
the responses of 4,885 students to a 190-item conventional
test. For each strategy, the appropriate items from the
longer tests were selected and scored as if the testees had
attempted only those items in the order required by the given
adaptive test. Five of the simulated branching strategies
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were two~stage procedures (Betz & Weiss, 1973); the two
remaining designs were pyramidal, The first was a ten-stage
pyramid with a step size of about p = .02. The second
pyramidal test consisted of five stages with five items

per stage; thus, 25 items were attempted by each subject

with branching based on a subject's performance within each
block, Both pyramids used an equal offset. Pyramidal tests
were compared to five shortened conventional tests of from

10 to 50 items. Results showed that the 10~-stage pyramidal
test correlated .87 with total test score; the 25-item pyra-
mid correlated .95; and the short conventional tests correlated
.89 to .96. The 25-item pyramid's correlation with total test
score corresponded to that of a 35-item conventional test.
Linn et al. (1969) also obtained scores on two achievement
tests for the same subjects, which were used as criterion
measures. The 10-item pyramidal test showed a higher corre-
lation with the criterion measures than the conventional test
of the same length. Similarly, the five-stage 25-item pyramid
correlated higher with the criterion tests than the 50-item
conventional test. These findings imply that pyramidal test-
ing can result in gains in validity with fewer items ad-
ministered in comparison to conventional testing.

Paterson (1962) conducted a monte carlo computer simu-
lation study using a pyramidal strategy. Items in the pyra-
mid were first structured by difficulty and then ordered by
discriminations. The first items administered were the most
discriminating while the later items were less discriminating
within each level of difficulty. Step size varied as a func-
tion of item discrimination. If a highly discriminating item
was answered correctly, the increment in difficulty between
that item and the next was large. When an item of low dis-
crimination was answered correctly, the increment in diffi-
culty was small. Similarly, decrements in step sizes de-
pended on the discriminations of items which were answered
incorrectly. Since items were arranged according to dis-
criminations, the step sizes at the beginning of the test
were large and decreased as the testee moved through the
pyramidal structure.

Paterson's pyramid consisted of six stages and was com-
pared with a six-item conventional test for an hypothetical
population of 1,500 individuals, with 100 people at each of
15 ability levels. The two testing strategies were compared
at Tive levels of item discrimination under conditions of
normal, rectangular, and U-shaped distributions of ability.
The effects of errors in estimating the item parameters
were studied by including items of inappropriate difficulty
or discrimination in the pyramidal tests. The data led to
the conclusion that errors in parameter estimates in pyramidal
testing did not seriously affect the score distributions
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obtained. Pyramidal testing was found to give better esti-
mates of ability than conventional tests when U-shaped or
rectangular distribution of ability were assumed. Pyramidal
test scores were also more precise than conventional scores,
especially at the extremes of the ability distribution, and
could predict ability from test scores as well as conven-
tional tests.

Theoretical studies. Waters (1964) conducted a theo-
retical comparison of a five-stage pyramidal test and four
conventional five-item tests using Lord's (1952) model to
obtain the correlation between test score and underlying
ability for each test. The hypothetical pyramidal test
used a step size of p = .10, an up-one/down—one branching
rule, and was scored by two methods. Under either scoring
method, the correlation between test score and ability was
higher for the pyramidal test than for any of the conven-
tional tests, whether free-response or multiple -choice for-
mat was used. The pyramidal test produced a more rectangu-
lar score distribution and a potentially greater dispersion
of scores than the conventional tests.

Waters and Bayroff (1971; Waters, 1970) compared 5-,
10-, and 15-stage pyramids and a ten-stage pyramid with
two items per stage to conventional tests of the same length.
Both conventional tests and pyramidal tests differed in the
variability of item difficulties, and item discriminations
were systematically varied. The distribution of ability was
assumed to be normal. Results showed correlations of test
score and ability were related to both the distribution of
item difficulties and item discrimination, that correlations
for the pyramidal tests were higher than those for the con-
ventional tests, particularly with highly discriminating
items, and that the one-item-per-stage pyramids showed higher
correlations of test scores and ability than the two=-
item-per-stage pyramids.

Lord has reported several theoretical studies on pyra-
midal testing (Weiss & Betz, 1973). His analyses, based on
the mathematics of item characteristic curve theory and the
theory of Markov chains, compared 10-, 15-, and 60-stage
pyramids with conventional tests of 60 items (Lord, 1970.
1971a, b; Stocking, l96y). Step sizes were systematicaliy
varied across tests but remained constant for any given test.
Branching rules studied were up—one/down-one, up—one/down—two,
up-one/down-three, andlﬁﬁtwo/down-three, under a variety of
scoring methods. Results showed that for conventional tests
the information function was bell-shaped, leptokurtic, and
symmetric about the median ability level; ability was most
accurately estimated from test scores for those subjects at
or near the median ability. Pyramidal information functions
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were platykurtic, in some cases approximating a straight
line, indicating that precision of test scores was more

nearly equal across ability levels. At the median ability
level, the 60-item conventional test provided more precise
measurement than any pyramidal test. However, for abilities
beyond +.5 to +1.0 standard deviations the pyramidal tests
provided more precise measurement. Different methods of
scoring the pyramid provided different results, as did
different stepping rules. Lord (1970, 197la) also investi-
gated a variable step size procedure adapted from bio-assay
work called the Robbins-Munro procedure. In this strategy
large increments or decrements in item difficulty occur early
in the testing process with progressively smaller step sizes
occurring later in testing. The procedure is designed to
converge on a difficulty level at which each individual has

a .50 probability of answering each item correctly. Although
this procedure yielded extremely favorable results for py-
ramidal tests, it requires item pools that are so large as

to be practically unfeasible.

Mussio (1972) has attempted to reduce the large number
of items required in pyramidal testing by adopting "reflect-
ing barrier" and "retaining barrier" strategies. Both modi-
fications involve truncating the upper and lower tails of
the pyramidal structure, thus eliminating many items at
extreme difficulty levels., Like Lord, Mussio presented his
theoretical results in the form of information curves and
obtained similar results. Pyramidal tests modified by either
"barrier" provide less information at the mean of an ability
distribution than a conventional peaked test, but much more
information for those individuals whose ability deviates
from the mean. The retaining barrier was found to provide
more nearly equal estimates of precision over the range of
abilities than the reflecting barrier. Although both approaches
showed some loss in precision at very extreme ability levels,
each was still more precise than conventional tests at those
ability levels.

Summary. The research available on pyramidal testing
has used a wide variety of subjects, item pools, and test
characteristics including variations in branching strategies,
entry points, step sizes, offsets, and scoring methods.
Administration of considerably fewer items has resulted in
shorter testing times when complex instructions and paper
and pencil formats have been eliminated. Several pyramidal
tests have shown higher correlations with parent tests than
conventional tests of the same length. Pyramidal tests de-
signed by Hansen (1969) and Linn et al. (1969) have obtained
higher correlations with outside criteria than conventional
tests. Pyramidal tests have also been shown to produce a
more rectangular equidiscriminating score distribution than
conventional tests (Hansen, 1969), and have higher correla-
tions with underlying ability (Waters & Bayroff, 1971) when
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the items are highly discriminating. Theoretical studies
have also shown that pyramidal tests have nearly constant
precision of measurement across all levels of ability. This
level of precision is much greater than that for conventional
tests at the more extreme ability levels (Lord, 1970, 1971a,
b; Mussio, 1972; Paterson, 1962).

Much of the empirical and simulation research has attempted
to determine how highly pyramidal tests correlate with longer
conventional parent tests. Investigators have been concerned
with constructing short adaptive tests which yield essentially
the same information as a conventional test. The theoretical
studies have demonstrated that, for many people, pyramidal
tests may be more accurate measurement instruments than con-
ventional tests. If this is the case, then the demonstra-
tion of a strong relationship between the two testing stra-
tegies is not of primary importance. One major purpose of
adaptive testing is to obtain measures of ability which are
more precise than those of conventional tests. When this is
considered, a high adaptive-conventional correlation is neither
necessary nor desirable.

None of the studies to date has attempted to assess the
relative test-retest stabilities of pyramidal and conven-
tional tests. Furthermore, only Hansen (1969) has studied
the relationships between the various pyramidal scoring
methods. The present investigation was designed to supple-
ment the existing literature on pyramidal tests in these
areas, and to replicate some of the findings of earlier
studies using longer pyramids than had been used in previous
empirical studies.

Method

The pyramidal tests used in this study represent only
one of several strategies of adaptive testing being used
in a larger series of research studies (e.g., Betz & Weiss,
1973). This series of studies is designed to investigate
the possible advantages of adaptive testing strategies as
compared to conventional ability testing procedures, and to
determine which adaptive approaches provide the most accurate
measurement of ability. Adaptive tests are being compared
to conventional tests and to other adaptive strategies with
respect to ability estimation, stability, internal consis-
tency reliabilities, and other psychometric characteristics.
At the same time, the research is concerned with answering
basic questions about each adaptive strategy. These include
such questions as optimum ways of structuring the branching
paradigm, problems in determining branching rules, and determi-
nation of useful and reliable methods of scoring the adaptive
tests.
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All adaptive and conventional tests were administered
by computer (DeWitt & Weiss, 1974). Testing strategies
were administered two at a time so that scores on one adap-
tive test could be compared with those on another, and so
that adaptive and conventional tests could be compared.
Each individual was tested on two occasions with a period
of about seven weeks between the initial and final testings,
in order to compare the test-retest stabilities of each test-
ing strategy, and scoring methods within a strategy.

Test Development

Iftem Pool., The item pool consisted of 369 five-alterna-
tive multiple-choice vocabulary questions (see McBride &
Weiss, 1974 for details of item development and norming).
Each item had been normed on groups of college undergraduates.
Norming resulted in estimates of item difficulty (propor—
tion correct), and item discrimination indicated by the
biserial correlation of each item with total score on the
norming tests. Approximations to the normal ogive item
parameters "a" and "b" were determined by the following
formulas (Lord & Novick, 1968, pp. 376-378).

- 'l+a2

b= —==— .f(p) (2)
where a is the normal ogive index for

discrimination;
b is the normal ogive index for difficulty;

ry is the biserial correlation coefficient
between item response and total score;

f@) is the inverse of the cumulative normal
distribution corresponding to the pro-
portion correct

The item pool was not composed of an equal number of items
at each level of difficulty; rather, there were many highly
discriminating items which were relatively easy, and fewer
highly discriminating items which were difficult.

Construction of the pyramidal tests. Three different
pyramidal tests were used in this study. All were 15-stage
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fixed branching models with a constant step size. All used
an up—one/down-one branching rule (Weiss & Betz, 1973; Weiss,

1974).

For pyramids 1 and 2, the following rationale was used
in test construction. Each test was to be administered
with a conventional test; therefore, those items used in
the conventional test were excluded from the pyramidal
tests, in order to avoid a deceptively high correlation
between scores from the two testing strategies.  This re-
sulted in an important constraint in the construction of
the pyramidal tests. Since the conventional test was peaked
at b = 0, many highly discriminating items of moderate diffi-
culty were unavailable for the pyramid. However, the pyra-
midal structure, as illustrated in Figure 1, shows that most
items required by this strategy fall into the range of moderate
difficulty with fewer items required at extreme levels of
difficulty. In general, n(n+l)/2 items are required for an
n-stage pyramid. Thus, 15(15+l)/2 or 120 items were needed
to build a complete 1l5-stage pyramidal structure,. In order
to construct a symmetric pyramid of 15 stages having an ini-
tial item of median difficulty and terminal items which
ranged in value from -3,0 to +3.0 standard deviations, a
step size of b = 0.2 was necessary. That is, increases or
decreases in item difficulty from one stage to the next were
fixed at a normal ogive difficulty value of 0.2.

Appendix A shows the item difficulty and discrimination
structure of the three pyramids used in this study. Tables
A-1 and A-2 indicate that the initial item presented to all
testees in pyramids 1 and 2 had a difficulty of b =-.05.

A correct response branched the subject to a more difficult
item at stage 2 (b = .21), while an incorrect response
branched him to an item easier than the first (b = -.13).
This process was repeated until each subject had attempted
15 items., Once the difficulty of the initial item and the
step size had been determined, the remaining items in the
pool were divided into 29 groups, with all items in a group
having about the same "b" value and an "a" value of .30 or
higher., These groups correspond to the 29 columns of items
in the tables of Appendix A.

It has been suggested by Paterson (1962) that within
each column items be ordered according to discrimination,
with the most discriminating item appearing first. In
pyramids 1 and 2, there are several exceptions to this rule,
as shown in Tables A~1 and A-2,. For example, in column 18
of Tables A-1 and A-2, the second item is the one with the
highest discrimination. Similarly in column 16 of these
tables the best discriminating item is fourth, not first.

In constructing these two pyramids, in cases in which the
difficulties of items varied widely within a column, item
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difficulty was considered more important than item dis-

crimination., Pyramid 3 was structured so that item dis-
criminations were ordered from highest to lowest within

each column (see Table A-3).

For the first group of subjects, the pyramid 1 test
was presented with a 40-item conventional test. After the
initial administration, two errors were found in the pyra-
midal test; items of inappropriate difficulty were located in
difficulty level 12 at stages 4 and 6. Because both items
appeared in early stages of the structure, many testees
(about one-third of the group) attempted one or both of
them, Pyramid 2 was a modified version of the first pyra-
mid, with the errors corrected. Half the subjects received
the original pyramid on retesting and the remaining subjects
completed the modified version in order to see whether errors
in test construction would significantly affect results.

Pyramid 3 (Appendix Table A-3) was administered to a
separate group of testees several months after the first
two pyramids had been administered. This pyramid was to
be given with other adaptive tests which used large numbers
of items from the vocabulary pool. Thus, no attempt was
made to exclude any items from the pyramid. Since a greater
number of highly discriminating items of median difficulty
were available, and since items were ordered within a column
solely on the basis of their discriminations, the average
item discrimination for this test was higher than that of
pyramids 1 and 2,

Table 1 presents means and standard deviations for the
difficulties, discriminations, and step sizes of the three
pyramidal tests. As Table 1 shows the three pyramids are
essentially equivalent with respect to mean difficulities
of the items (although pyramid 3 is slightly easier than the
other two), mean item discriminations (although pyramid 3
has items of slightly higher discriminations), variability
of both item difficulties and discriminations, and average
step size, Pyramid 1 has considerably larger variability
of step size than do pyramids 2 or 3, due solely to the
effect of the two items of inappropriate difficulty present
in pyramid 1.

Construction of the conventional test. The conventional
test used in the study was a peaked test composed of 40 items.
Items with p-values of about .60 and high biserial correla-
tions were selected from the item pool. Appendix Table A-4
presents the normal ogive difficulty and discrimination
parameters for each item in the conventional test. Table 1
shows means and standard deviations of these normal ogive
parameters for both the difficulty and discrimination of the
conventional test. As Table 1 indicates, the mean difficulty




Table 1

Summary of Normal Ogive Parameters for Pyramidal and Conventional Tests

Difficulty (b) Discrimination (a) Step Size
Test Mean S.D. Mean S.D. Mean S.D.
Pyramid 1 -.023 1.326 .725 LU50 .212 .263
Pyramid 2 -.002 1.306 .728 450 .208 079
Pyramid 3 -.094 1.256 . 799 JAas7 .199 .080
Conventional -.188 0.586 543 111 - -
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of the conventional test (-.188) was lower than that of any
of the pyramids. The conventional test was constructed to
adjust its average difficulty for guessing (Betz & Weiss,
1973, p. 15). On the other hand, the mean difficulty of the
pyramids was set at the mean difficulty of the group being
measured., The pyramid was not adjusted for guessing since
it was assumed that, as a result of the adaptive test's
capacity to adjust difficulty level to the individual's
ability, guessing was less likely to occur (Weiss & Betz,
1973). Since the conventional test was a "peaked" test,
the standard deviation of its difficulties was considerably
less than that of the pyramidal tests, which were con-
structed to measure along an ability continuum.

Table 1 also shows that the adaptive tests were composed
of more discriminating items than the conventional test. The
latter test was constructed to approximate the conventional
tests used in Lord's (1970, 1971la,b) studies (see Weiss &
Betz, 1973). It has been suggested, however, that adaptive
tests require more highly discriminating items to be effec-
tive (e.g., Urry, 1970). Thus, the pyramidal tests used
the most discriminating items available in the item pool,
within the limitations of the difficulty structure required.
This latter fact accounts for the larger variability of dis-
crimination indices for the pyramidal test as compared to
the conventional test,

Scoring the Pvramidal Tests

Six scoring methods were used to estimate ability in
order to determine which provided the most accurate and most
stable estimates, Method 1 is the simple number correct
score which has been used by Lord (1970, l97la,b). For a
15-stage pyramid, sixteen different number correct scores
are possible (0 to 15). Method 2 involved computing the
mean difficulty of all items attempted for each subject.

Lord (1970, l97la,b) has suggested a similar approach in
which the first item is omitted and an hypothetical 16t item
is included. Method 3 is analogous to the second; in this
method, the mean of the difficulties of the correctly answered
items was obtained. In method 4, a subject's score was the
difficulty of the final item attempted in the pyramid. Since
one objective of adaptive testing is to administer items
appropriate to the ability level of the testee, the point at
which he/she finishes the test can be considered a good esti-
mate of ability (Lord, 1970). While Bayroff (1960) used the
p-value of the final item reached as the testee's score, the
normal ogive parameters used in the present investigation are
more easily interpretable as an estimate of the subject's
ability level.

Method 5 employs an hypothetical 16% item. Since method
4 does not take into account the correctness or incorrectness
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of the testee's final response, this method branches the
testee to an hypothetical item whose difficulty would be
that of the 16% item, were one to be given. Lord (1970,
1971la,b) has called this the "final difficulty score."
Values for the n+l% items were computed by averaging the
difficulties of all items in its column. Values for the
two extreme n+lth items were obtained by using the mean
difference between the remaining fourteen items in the
n+lt stage and adding it (or subtracting it, in the case
of the lower extreme) to the difficulty of the n+lth item
adjacent to it.

Scoring method 6 was the all-item score developed by
Hansen (1969). In this method, two points are given for
a correct answer. In addition, 2 points are added for
each item in that stage which is easier than the one
attempted, and one point more is added for the next most
difficult item in that stage; all more difficult items are
scored zero,. For an incorrect response, O points are given
for the item attempted and for all items of greater diffi-
culty in the same stage. One point is added for the next
easier item in the same stage, and 2 points are given for
all other items of lesser difficulty in the same stage. In
this way, all-item scores assign a value to all 120 items
in the pyramid for each subject, even though only 15 items
were attempted. In contrast to all other scoring methods
in which only items actually answered by the testee receive
"a score, this procedure may provide a method for assessing
the internal consistency reliability of pyramidal tests by
standard reliability formulas. Scores for this method ranged
from O to 240.

Test Administration and Subjects

Both conventional and pyramidal tests were administered
by cathode-ray-terminals (CRTs) acoustically coupled to a
time-shared computer. Items were presented on the CRT screen
and testees indicated their response by typing in the number
of the correct alternative to the multiple-choice item.
Following their response, the next item appeared on the screen.
Since the first item of the second test appeared immediately
after the final item of the first test, subjects were not
aware that two tests were being given (see DeWitt & Weiss,
1974, for details of the computer system controlling test
administration).

Subjects were all undergraduates enrolled in either
general psychology or psychological measurement and
statistics courses at the University of Minnesota. None
had any previous experience with computerized testing.
Instructional screens explaining the operation of the CRTs
were provided prior to testing and a proctor was present
in the testing room to provide further assistance to any
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testee having difficulty with the equipment. Testees
were permitted as much time as necessary to complete the
tests and were so informed before the tests were begun,

For the Pyramid 1 study, 250 subjects were originally
tested with both the pyramidal and conventional tests. One
hundred twenty-five subjects completed the pyramidal
test first and the remaining 125 were given the conventional
test first. FEach subject was retested about seven weeks
later. The mean interval between test and retest was 52.5
days; the standard deviation was 7.5 days, and retest
intervals ranged from 39 to 70 days. At retest, the group
was randomly divided into two subgroups; half the subjects
received a retest of pyramid 1 plus a numeric norming test
(N=101); while the remaining half was administered the
revised pyramid, pyramid 2, and the same conventional test
(N=103). Thus, subgroup 1 yielded test-retest data on
pyramid 1, while subgroup 2 vielded retest data on the
conventional test and an approximation to an alternate form
retest for pyramids 1 and 2.

Pyramid 3 was administered with a stradaptive test
(Weiss, 1973) to 142 testees. On retest, 138 subjects were
administered the same pyramid and a two~stage test. In
both administrations, the order of test presentation was
randomized. Complete test-retest data on pyramid 3 was
available for 128 subjects. The test-retest interval for
pyramid 3 was also about 7 weeks with a mean of 49.2 days,
a standard deviation of 4.8 days, and a range of 40 to 63
days.

Analysis

The general outline for the studies using each of the
pyramidal tests is shown in Table 2. The data to be analyzed
in the Pyramid 1 study consisted of two sets of six pyramidal
scores, one set for the initial test and one for the retest.
Scores for the conventional test (number correct) were available
only for the initial test on this group. Those testees com-
pleting Pyramid 1 at time 1 and Pyramid 2 at time 2 also had
two sets of six scores. Conventional test scores were available
for both test administrations. ~Thus, for this group the test-
retest stabilities of the pyramidal test could be compared
with that of the conventional test. No conventional test
was' administered with Pyramid 3. Subjects completing this
test at initial testing and at retest were scored by the
same six methods used for the other pyramidal tests.

Thus, the design permitted analysis of the stability of
scores on pyramid 1 (group l), stability of scores on a



Table 2

Design for Analyses of Pyramids 1, 2, and 3
Time 1 Time 2
Group Tests Administered N Tests Administered N
1 Pyramid 1 and Conventional Test 125 Pyramid 1 and Numeric Test 112
2 Pyramid 1 and Conventional Test 125 Pyramid 2 and Conventional

Test 112
1
142 Pyramid 3 and Two-Stage o
138

Pyramid 3 and Stradaptive Test

Test
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pyramidal test with revisions in the item structure (pyramids
and 2 on group 2), test-retest stability for the conventional
test (group 2), and stability of a pyramidal test (pyramid

3) constructed differently than the other pyramids (group 3).

Order effects. To determine whether order of admini-
stration significantly affected test scores, the 250 testees
who completed pyramid 1 at time 1 (groups 1 and 2) were
randomly divided into two subgroups. The pyramidal test
was administered first and the conventional second to 125
testees. The order was reversed for the remaining 125. In
this way, fatigue or practice effects or carry-over effects
between strategies could be detected., T-tests were used
to determine whether the differences between the mean scores
for each order were statistically significant for the initial
test administration. Subjects administered Pyramid 3 were
divided into two subgroups on both test and retest. The
first was given the pyramidal test first and a stradaptive
test (Weiss, 1973) second. The order was reversed for the
remaining subjects. Since a different adaptive test (a two-
stage test; Betz & Weiss, 1973) was administered with pyra-
mid 3 during the retest, testees were again divided into two
groups with respect to order of administration, and t-tests
computed for each scoring method.

Score _distributions. Two previous empirical investiga-
tions using pyramidal testing models have found that score
distributions have been negatively skewed, with many testees
obtaining near maximum scores, Seeley, Morton, and Anderson
(1962) reported that such a result could be attributed either
to the scoring method used or the difficulty of the test.
Bayroff and Seeley (1967), using two 8-stage pyramidal tests,
found scores distributed approximately normally for the
verbal section but negatively skewed for both the numerical
section and the conventional test. Hansen (1969) however,
found that for one scoring method, a more rectangular dis-
tribution of scores was obtained with pyramidal tests than
with conventional tests.

One objective, then, of the present study was to inves-
tigate the distributions of scores on the 40-item conven-
tional test and those derived from each pyramidal scoring
method. These analyses were designed to examine (1) the
appropriateness of test difficulty, (2) the relative varia-
bilities of each of the various scoring procedures, and
(3) t