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Ar INFORMATION CoMPARISON OF CONVENTIOMAL AND ADAPTIVE
Tests IN THE MEASUREMENT OF CLASSROOM ACHIEVEMENT

Achievement testing consists of mapping an individual's proficiency level
onto an observable indicator of proficiency. This mapping is accomplished by
means of a testing procedure. Two of the characteristics defining a testing
procedure (Sympson, 1975) are the nature of the items in the test and the way
in which the test items are administered. Both of these characteristics are
potentially important factors in determining how accurately the observable in-
dicator will reflect the individual's underlying proficiency level.

Given an item type, there are basically two ways of administering a test
--individually or in groups. In group testing everyone answers the same set
of test items; in individualized or adaptive testing everyone receives a
different set of items, and the difficulty of a test is dynamically tailored
“to the ability level of the testee. The psychometric advantages and disadvan-
tages of these two modes of administration have been the subject of research
in recent years (Weiss, 1976; Weiss & Betz, 1973). Results of this research
suggest that adaptive testing is superior to grcup (conventional) testing in
terms of precision of measurement (McBride & Weiss, 1976; Vale & Weiss, 1975b;
Weiss, 1976), test-taking motivation (Betz & Weiss, 1976), and potential to
eliminate bias (Pine & Weiss, 1976).

Virtually all of this research is based on ability measurement rather
than achievement measurement. The question which arises, therefore, is whether
or not similar benefits would accrue in achievement testing. Since achievement
testing can be conceptualized in several ways (Green, 1¢74), however, a general
answer to this question may not be possible. For example, mastery testing
(Block, 1971) is an approach to achievement testing which is currently receiv-
ing attention from boch practitioners and theoreticians. The purpose of
mastery testing is to classify individuals into two states: mastery and non-
mastery. Because of the instructional philosophy behind mastery testing, there
_is likely to be a lack of variability in performance at the time of testing on
a given instructional unit; and as a result, it becomes profitable to tailor
the length of a test rather than its difficulty. Ferguson (1969) has demon-
strated the feasibility of implementing such a testing system.

However, when instruction is likely to result in substantial variation
with respent to achievement in the population being tested, the procedures
for adaptive ability testing beccme relevant for achievement testing, provided
that the same response models which apply in ability testing are also appli-
\ cable in the measurement of achievenent. In a previous report Bejar, Weiss»
N and Kingsbury (1977) established the piausibility of that assumptiorn in a
college instru *ional setting. The purpose of this study is to investigate in
that same setting the performance of an adaptive testing model designed for
ability measurement in comparison to classroom examinations covering the same
course content.




Comparing testing procedures is difficult (Sympson, 1975} since diff-
erent procedures usually differ in more than one respect. Comparisons
betwsen testing procedures are further complicated by the criteria for
evaluac.on (Weiss & Betz, 1973). Reliability and correlational indices
have been used to compaxsg testing procedures in many live data investiga-
tions (e.g., Betz & Weiss, 1975; Vale & Weiss, 1975a) and in some gimula-
tion investigatious (e.g., Jensema, 1976, pp. 82-89). Such comparisons are
less than optimal. By summarizing all the data in one single value,
important information is likely to be lost (Samejima, 1977).

A more appropriate evaluative criterion for comparing testing procedures
is psychometric information. Unlike reliability and correlational indices,
information is an index of the pre:ision of measurement at all levels of the
trait being measured. Information functions are particularly useful in
comparing test models analytically. Bejar (1975) used information functions
to compare the dichotomous, graded, and continuous response models; Hambleton
and Traub (1971) used them to compare several logistic test models. Because
the comparison was among models in these cases, the use of information fune-
tions was appropriate. -

The comparison of the same model under two modes of administration
(conventional and adaptive) is of interest in research on adaptive testing.
In this research (e.g., McBride & Weiss, 19763 Vale & Weiss, 1975a) informa-
tion functions have been computed by monte carlo procedures. The relative
efficiency o f the two modes of test administration has.then been determined
by the ratio of the information functions. The results of such comparisons,
however, are theoretical predictions which should be verified empirically.

Research compacing conventional and adaptive testing, using information
as the evaluation criterion, has been based almost exclusively on monte
carlo simulated data. These simulation studies suggest that adaptive test-
ing yields more precise scores than conventional testing; they are not entirely
generalizable, however, since they are based on data that fit the model
perfectly. There has been only one study based on data from live testees
which used information as an evaluative criterion (Brown & Weiss, 1977):
however, it was a real-lata simulation study (Weiss & Betz, 1973, pp. 11-12)
which did not involve the actual adaptive administration of test items to
testees. '

Furponse

The major aim of the present investigation was to compare an adaptive
achievement test to a conventionally-administered classroom test, using
information as the evaluative criteria. In contrast to previous investiga-
tions, the measure of information used was derived from live test admin-
istration of both the adaptive and conventional tests. Because classroom
examinations are seldom designed to be psychometrically optimal, the adaptive
test was also compared to an improved convent ional test',which was constructed
from the same item pool. In addition, the data provided an opportunity to
study the effects of expansion of the adaptive test item pool on its informa~
tion characteristics.




®
Method

A ]

Data for this study were obtained from students enrolled in a large
introductory Biology course at the University of Minnesota (see Bejar et al,
1977). Two midquarter examinations and a final examination are administered
o in the course. Although each midquarter examination covers several content
. areas, a single dimension has been shown to account for performance on the
examinations (Bejar et al, 1977). 1In addition to the classroom examinations,
volunteers completed two computer-administered adaptive tesfg\which covered
the same content as the midquarter examinations. The data analyzed for each
student consisted of scores on the two classroom midquarter examinations and
the corresponding scores on the first and second midquarter adaptive test:.
The -results are based on a comparison of the levels of information associated

with these scores.

Subjects

Volunteers were recrvited during the fall and winter quarters of the
1976-77 academic year. Each quarter an information sheet was distributed to
‘all the students in the class which invited them to participate in the
research project. For participating in the first midquarter adaptive test,
participants received one point which was to be added to their course grade;
and for participating in the second midquarter adaptive test, they received
two points. During fall quarter 394 students participated in the first mid-
quarter auaptive testing and 386 participated in the second midquarter
adaptive testing; during winter quarter the corresponding numbers were 317
and 349, respectively.

Procedure

For both the first and second midquarter administrations, the volunteer
students were given three tests in the following order: 1) an adaptive verbal
ability test, 2) the multiple-choice adaptive biology test based on the
content covered in the classroom midquarter examinations, and 3) a test con-
sisting of specially designed biology items. In the present report, only the
data from the adaptive biology tests were analyzed.

The three tests were administered by means of cathode ray terwninals
(CRT) connected to a Hewlett-Packard real-time computer system. Instruc-
tional screens explaining the operation of the equipment were presented prior |
to testing (DeWitt &% Weiss, 1974). A proctor was present in the testing |
room at all times to assist students with the equipment. Each test item was
presented separately at the rate of 360 characters per second on the CRT
screen. Students responded by pressing the key corresponding to the chosen
alternative. During the fall quarter administration, feedback was provided
after each response, i.e., each student was informed whether or not he/she
had answered each test item correctly. During the winter quarter administra-
tion, immediate feedback was not provided. There were no time limits {mposed
on any of the tests. At the complétion of testing, students received a
printed report which listed questions answered incorrectly and provided the

correct answers.



Adaptive Test

Item pools. The development of the item pools used in this study has
been described by Bejar et nl., 1577. The answer sheets for two midquarter
examinations from two previous academic quarters were used as raw data for
obtaining the item parameters ~- discrimiration (a), difficulty (b), and
guessing .c¢) —- of the item characteristic curves for the items. From .he
fall quarter administration 114 items were available, which covered the
contents of the first classroom test; the pool for the second test contained
112 items.! From the winter administration 44 items were added to the first
test pool, and 49 were added to the secona test pool. There was thus a
total of 158 items in the first test item pool ana 161 in the second test
pool.

To construct item pools which could be used for administration of
stradaptive tests (Vale & Weiss, 1975a,b; Weiss, 1973), each of the two pools
was structured by forming nine strata of increasing difficulty. Mean stratum
difficulties were chosen so that there would be approximately the same number
of items per stratum. Within each stratum the items were ordered in terms
of their dicscriminations unless it resulted in items covering the same
content area appearing consecutively. Appendix Tables A and B show the nine
strata into which the first and second test item pools were structured.

Effects of expanding the item pool. 1In a conventional test the distri-
bution of item parameters will determine the characteristics of scores derived
from that test. Similarly, in adaptive testing the characteristics of the ’
items in the item pool should influence the characteristlcs of the scotes.

The theoretical research on this question (Jensema, 1976, pp. 82-89),
however, suggests that improving the item pcol has little effect on precision
of measurement.’ i

The question of improving the item pool in adaptive testing was examined
by Jensema, using a simulation study with Owen's (1975) Bayesian adaptive
strategy. Two kinds of pools were studied: one in which a=1.0 and e=.25
for all items and -one in which @=2.0 and c¢=.20. The distribution of b's
vithin the two pools was the same. Jensema's conclusion,that imprcving the item
pool has no effect on the accuracy of estimating €, is counter-intuitive. One
potential problem with gensema's study is that the dependent variable used
was the correlation of 8 and 9, which may not be sufficiently sensitive to
detect clanges in precision. Furthermore, the composition of the pools used
by Jensema were atypical,since all the items were assumed to have the same
discrimination. Consequently, his results lack generalizability.

The present data permit a more realistic assessment of the effects of
item pool characteristics ~n the precision of adaptive test scores. Speci-~
fically, the response vector uinformation funétigns computed f .r both adaptive
t2sts in the winter data were based on an enlarged version of the fall item
pool. The items that were added to both pools consisted of those items
administered in the fali classroom test for which it was possible to obtain
item parameter estimates.

1Bejar et al. (1977) reported that the second midquarter item pool contained
123 items; the 112-item pool resulted from the removal of il items which were
administered in a special format as the third test.

10
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Table 1 shows the mean and standard deviation of item parameter estimates
for both fall item pools and the same statistics for “he items added to form
the winter pool. "For the first test the mean of the added items was
somewhat lower than the items in the fall pool. For the second test the
added items were, on the average, sliphtly more discriminating. In terms of
difficulty, the added items in the first test pool were, on the average,

.10 easier. In the second test pool, the added items were only .02 easier.
Appendix Tables A and B show that the added items were well distributed across
the nine strata of the stradaptive test pools. 1In addition, within strata,
the new items were well distributed in their order of administration. Average
stratum discriminations were higher for the improved (winter) pool for only
three of the nine strata in the Test 1 pool (Table A) and six of the nine
strata in the Test 2 pool (Table B). In no case were the differences in mean
discrimination very large. ’

- Table 1
Mean and Standard Deviation of Item Paramecter Estimates for Fall Item
Pool and for Items Added to Winter Item Pool for Adaptive Tests 1 and 2

a ’ b e
Test and Pool Number Mean S.D. Mean  S.D. Mean  S.D.
Test 1 =
Items in%Fall
Item Pool 114 1.21 .46 .18 1.22 .25 .09
Items Added '
for Winter L4 1.15 .37 .08  1.12 .30 .06
Test 2 z
Items in Fall
Item Pool 112 1.20 .40 .16 1.16 .27 .09
Items Added ‘
~ for Winter 49 1.22 .40 14 1,23 .29 .07
Implementation. One of the advantages of the stradaptive testing -

strategy is that prior information can be used to sclect the stratum from

which the first item is administered. In this s.udy the entry point was

selected by the student; at the beginning of each stradaptive test students

were asked to state their gtade-point-average (GPA) by selecting one oi nine
equally-spaced GPA intervals from 2.00 to 4.00 (DeWitt & Weiss, 1974, p. 49).

On the assumption that overall GPA was related to biology achievement levels,
students with the highest GPAs began the stradaptive test with an item at the most
difficult stratum (Stratum 9), while those with the lowest GPA began with an

item at the least difficult stzatum (Stratum 1).

A variable criterion was used to terminate testing on the stradaptive
test. After a student answered five items 'in a stratum, if he/she answered
20% or fewer correctly, testing was terminated. If testing was not terminated
by this criterion after 50 items had been administ red, 1o further items
were administered.

The branching strategy used in the stradaptive test was: 1) if the
current item was answered incorrectly or skipped, teo administer the next




unadministered item from the next easier stratum, or 2) if the curreat item
was answered correctly, to administer the next unadministered item from the
next more difficult stvatum. '

Conventional Tects

Clasgroom tests. The classroom examinations each quarter included 55
items, which the ccurse siaff selected by a combination of pedagogical
criteria znd procedure2s from traditional test theory. Their aim in
constructing these tests was to produce a "3ood" test for purposes of course
grading. Students were instructed to answer 50 items of their choice. For
purposes of this research, however, the tests were shorter than 50 items, since
item parameter estimates were not available for some of the items.

The item parameter cstimates for the items in Fall Tests 1 and 2 (F1 and
F2) are in Appendix Table C; those for Winter Tests 1 and 2 (Wl and W2)
are in Appendix Table D. -

Improved tests. A major problem in comparing testing procedures is that
their inherently dissimilar characteristics frequently make ecuitable
comparisons Gifficult. The problem can be alleviated by allowing each strategy
to function optimally whi” 2 equating the testing procedures cn relevant
characteristics. The classrocm exams were not expected to be psychometrically
optimal; therefore, it was necessary to compare the stradaptive tests with
an improved conventional test drc'm fme the same item pool. The winter
item pool contained all the items available; therefore, only-the
winter data were used in the construction of the inproved conventional
tests. ’

r

-

The improved conventional test was designed to use the most discriminat-
ing items in the item pool in order to measure individual differences in
the range of course achicvément within which differeatial grades would be
assigned. That is, it was assumed that below a given level of "passing" the
course, further differentiations among students were unnecessary, above theat
level it was desirable to differentiate as ac-urately as possible among the
students in order to assign differential grades. To permit a nosychometrically
meaningful comparison with the adapiive test, the improved convent ional tests
were also designed to be equivalent to the adaptive test in terms of levels
of item discrimination an¢ number of items administered.

A comparison of the mean discriminations for the original winter quarter
classroom tests with the item pools used for the stradaptive test chowed that
the mean for the stradaptive pool was a=1.19 fur the Wl item pool and a=1.21
for the W2 item pool. Mean discriminations for the winter classroom tests
were 1.09 and 1.14, respectively. The comparison between the item discrimina-
tions of the two testing -trategies is complicated, however, by the way items
are selected frr administration in the stradaptive test. Since the items in
each stratum in the stradaptive pool were ordered by gbeir discriminations
and the branching strategy is designed to administer the earlier items in the
strata first, the mean discrimination of the stradaptive item pools will be
lower than the mean discrimination of items administered in most stradaptive
tests.
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To provide a fair comparison between the adaptive and the conventional
tests, it-would be necessary to construct-a conventional test "matching" the
item discriminations in the adaptive test. This is difficult’ to‘thplement,
however.,, since the discriminations in each administration of the adaptive
test, will differ. Instead, the improved conventional tests were designed to '
provide a comparison which would not favor the adaptive test in terms of
‘mean‘item discrimination.

The improved conventional tests for each of the two midquarters were
constructed by selecting the items which appeared first in the strata of the -
stradaptive pool; these were generally the most discriminating items in the
strata. The number of items selected was based on the overali mean test
length for the stradaptive test. The items which were ordered first in the
top seven strata of tle stradaprive tests were ~2l~cted to constitute the
improved conventional tests. Only seven st : used rather than nine,
so that the improved conventjonal test wot somewhat peaked. 1Its
precision would thus'be concentrated ir the range of achievement most relevant
for instructional decisions. The improved coaventional tests consisted of
24 items each for both the first and second tests administered in the winter
quarter; they were based on a stradaptive test with a maximum of 30 items
" which had a mean test length of approximately 24 items.

The item parameters for the items constituting the two improved conven- .
tional tests are shown in Appendix Table E. The first 21 items qomprise the -~
first three items in Strata 3 through 9 for both tests. In the .improved
¢onventional tests the last four items were the fourth items in Strata 7
through 9. These iteéms had mean discrimination values of 1.73 an. 1.76,
respectively, for the two midruarter ‘examinations; for the stradaptive pagols
the mean discriminations were 1.19 and 1.21. .

Because of the way the stradaptive item pool is structured «nd the way
stradaptive test item: are selected, the mean discrimination of the improved
conventional test would be equal to or grearer than that of any stradaptiva
test. The mean discrimination of the two testing procedures would be equal .
zolely for a testee whose stradaptive test response record included only the
items in the improved conventional test. For any testée whose responses on
the stradaptive test required administration of items farther down the strata
than those used by the improved conventional test, the m2an discrimination
would be lower than that of the conventional test. Since the majority .of
stradaptive response records utilize items beyond tne third item in the strata,
the stracaptive tests generally would use items of lower average discrimination
.nan would the improved conventional test.'

Scoring

All tests were scored by maximum likelihood estimation, specifying
Birnbaum's (1968) three-parameter logistic model as the response model. The
item parameter estimates were edited by the scoring program so that the
maximum value of the discrimination parameter (q) was set to 2.5, the maximum
absolute value of the difficulty parameter (b) was set to 3.00, and the
maximum value of the guessing parameter (¢) was set to .35. In estimating
achievement levels, omitted items were not scored -as incorrect; they were
merely ighored.




Information . ' !

Definitions, Equation 1 gives the test infermation sunetion of a test
consisting of n items. in relation to the 1oga$ithm of the 1ikelihood function
of response pattern v (see Samejima, 1969): - :

3%7o0g L,(®)
I(0) =-E|———> (11
36 -

-

where LD(G) is the likelihood function, and

v is the pattern of correct/incorrect responscs to a set of test items.
That is, information is the (negative) expected value of the second deriva-
tive of the log likelihood function. "pgsychometric information," defined in
_this way, is identical to Fisher'r concept of information (cf. Edwards, 1971).

In this study the comparison between the conventional and adaptive tests
was based on_.observed-information functions. These were computed ‘from the
item responses given by each testee. The observed value of information, as
opposed to the expected value, is the value of the second derivative of the
log~likelihood function at a testee's estimated value of 8. That is,

-
{2
~ n 3°log Lv(e)
I(9) = -|l——— {21 .
36 .
=0 . t .
Equation 2 defines the response vector counterpart of Samejima's (1969, Ch. 6)
item respanse information function which she has called the response pattern
information function (Samejima, 1973).
For the 3-parameter-logistic model, }(6) is givew by
At

2 Ly 2 x
a. e« acu.c,e 9
A A 1 ata-a
T(8) = p? —-ALT;—uz - n? SLEE R 3]
? [1+e79] {ca+exﬂ]2

where 7 = 1.7 A
7~ = the estimate of the discriminating power of the item

= the estimate of the lower asymptote of the item characteristic curve

xr = Na_(f-b )
a .P( ﬂ) :

bn = the estimate of the difficulty of the item

L2 J1 if dtem is answered correctly
7 In if item is answered incor:ectly.

It is clear from Fquation 3 that for a single item, }(é) takes one of two
values, namelv .

. NaRet Hale o0
r,(é) e o T ifu =1 [4]
“ [1 47 '} 2 [ +o701] 2 a
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T @) -—L—,. ifu =0 [5]

v (14+679]2 g
Equation 4 occurs with probability P = Pb(ﬁ) = cg + (1-cq)[1+e-x9]'l,‘while
Equation 5 occuis with probability @ = Qg(e) =1 - Pg(B): Thus the expected

» value of 1 (6) (i.e., 1 (6)5, is
ug g

A D%a?e™d D2a%e™d  D%a’e 9
T @) = Q-P) —L—<—+F d - 424
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which is the usual item information fungtion evaluated at 6 (see Birnbaum,
1968, Eq. 20.4.20). The sum of the Ié(e) across all items administered in

a test at a given value of 6 is I(8), which is the theoretical test in{orma-
tion function based on estimated valuesof 6. Brown and " Weiss (1977)used the
evaluation and summation of item response information functions by Equation 6
at an estimated value of O in their lfve-data simulation study to obtain
estimated information curves; their £'s, however, were baded on a Bayesian
scoring routine. '

Both ?gg) and I(@) depend on the item parameter estimates a, b, and c.
However, I(8) is one step further removed from the data, since it does not
allow the observed response pattern of correct and incorrect response to
dictate its yvalue, whereas T(g) does. In theory ?7(6) may be considered an
estimate of I(8), which is easily obtained during the estimation of 8 by the
Newton-Raphson procedure, requiring both the first and second derivative of
the log-likelihood function. The value of the segond derivative of the
log-likelihood function at the last iteration is (9).

Computation. Using the maximum likelihood scores computed for each
testee on the conventional and adaptive tests, information was computed
for each testee during the scoring process by evaluating the second derivative
of the log-likelihood function at the final estimated value of 6, based on
test items actually administered. The response vector information curves
for a given testing strategy were then cbtained by grouping students on their
estimated achievement (8) in intervals of .20 from ~2.00 to +2.00. Ihe mean
response vector information for students within a given interval of 8 was
assigned to the midpoint of that interval. All information values presented
below have been multiplied by 1/2.89.

romparigon. No studies have been reported which utilized the item
response pattern information function [2(8)] computed from live-testing data;
therefore,it was appropriate to compare the results of computing information’
by this method with the information curves derived from the sum of the
item information functions. The computation of test information curves from
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the sum of item information curves assumes that real testees respond to items
in the test in accordance with the item characteristic curve (ICC) model.
On the other hand, computing information curves using Equation 3 from the
item response pattern of real testees will likely include some error, since
all testees do not respond strictly in accordance with the model. A compar-
ison of the two information curves derived from the same set of item responses
was, therefore,useful to evaluate the applied usefulness of response pattern
information functions, as well as to indicate whether or not the responses of
the students to this achievement test were widely discrepant from the ICC
model. /

/

Consequently, test information curves were computed from the sum of the
item information functions (Equation 6) and from the response pattern informa-
tion functions (Equation 3), using the responses to the conventional test for
each of the four midquarter examinations.

Results

Test Informatior Versus Response Pattern Information

Figures 1 through 4 show for the four classroom biology examinations
the test information curves computed from 1) the sum of the item information,
i.e., the theoretical test information function [I(6)]; and 2) the response
pattern information curves, i.e., the 6bserved test information function ~
[7(8)]. Data for the test information functions are in Appendix Table F;
data for the response pattern information functions are in Tables 2 and 3.

The data for fall quarter (Figures 1 and 2) show that item response
pattern information [?(g)] consistently underestimated the theoretical
curve derived by summing the item information functions [I(8)]. The
difference was fairly consistént throughout the 8 range, although for the
first test (Fl), the discrepancy diminished at the lower end of the
continuum, where 6 < -1.40. For both sets of data the largest differences
appeared to be at the point of highest information; the magnitude of
differences decreased with decreasing information levels. i
< The winter data (Figures 3 and 4) exhibited the game general pattern of
results. It can be seen from Figures 3 and 4 that I(8) again urderestimated
the value of the theoretical test information function. In the first test
(W1) there --as a marked decrease in the discrepancy between the two curves
for those v iues of 8 less than about -1.25; in the second test (W2) data the
two curves were closest together at values of 6 less than 1.50. The winter
data, however, did not fully support the tendency for the two curves to be
farthest apart at the point of highest information; this tendency occurred
in the W2 data, but not the Wl data.

There were thus three crends common across all four examinations:

1. The observed (response pattern) curve was alway3 an underestimate
of the theoretical (test) information curve;

2. The differences between the two Iinformation curves tended to
diminish, and in some cases disappear, at low levels of 6; and

3. There was a fairly constant difference between the two information
curves throughout the range of 8 above -1.00.
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Adoptive Test Versus (Classroom Test

First tests. Table 2 shows the values of observed information
(respcr = pattern information) from the first classroom and adaptive tests
for fall (F1) and winter (W1). The results are plotted in Figures 5 an¢
6, which show that for both fall and winver the adaptive test yielded a
substantially higher amount of information at all levels of achievement
greater than 6=-1.5. Because the adaptive test was shorter, on the average,
this is particularly significant.

Figure 5
Observed Information Functions for Fl Classroom
° and Adaptive Tests
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As previously indicated, the number of items was not fixed for the
adaptive test. Althcugh the maximum test length for the adaptive test was
50 items, Table 2 shows tnat on the average students were terminated
after 27.2 items in Test Fl and after 31.6 items in Test Wl. Excluding
students at the extremes of the 9 distribution (where the stradaptive test
would tend to terminate prematurely because suitable items were not «vailable
in the pool), the range of mean number of items to termiration on the
stradaptive test was 18.9 to 3Z.5 for Test Fl and 25.9 to 41.1 for Test Wl.
On the other hard, the mean infcrmation values for the classroom test were
based on an average of 35 items for Test Fl and 40.5 items for Test Wl.
(Although the actual classroom test was 50 items long, there were items
for which no item parameter estimates were available.)

Thus, even though the adaptive test on the average was about eight
items shorter, it yielded a much more precise estimate of achievement.
Fo . example, at §=.7 (and .9) the Fl classroom test had wmaximum information
of 2.90, whereas at 6=.7 the adaptive test had maximum information of 5.07.

-«
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Table 2 a
Number of Tegtees, Mean Number of Items,and Mean Observed Information [I(8))
for Intervals of 8 for First Adaptive and Classroom Tests from Fall and Winter Quarters

N Fall Test 1 (F1) _ Winter Test 1 (W1)
0 No. Testees No. Items  Information No. Tectees No. Items Information
Midpoint Adap Class Adap Class- Adap Class Adap Class Adap Class _Adap Class
-1.9 5 5 16.8 35.4 1.15 1.03 , 2 9 27.5 40.4 2,94 1.83
-1.7 8 24 26.6 35.1 2.06 1.48 8 14 32.2 40.5 2.43 2.50 -
-1.5 13 26 26.3 34.8 2.70 1.77 15 16 28.8 40.6 3.73 2.92
-1.3 15 47 30.8 34.7 3.68 1.88 .12 "3l 34.4 40.83 4.64 3.55
-1.1 14 41 24,5 34.8 3.65 1.99 17 4] 34.3 4C.7 4.57 3.80
-.9 16 60 31.9 34.9 4.10 2.27 12 64 29.8 40.8 4.63 3.73
-.7 18 53 31.4 34.6 4.50 2.29 20 69 26.1 40.5 4.37 3.6t
-.5 19 63 28.6 34.8 4.90 2.26 21 69 33.5 40.€6 5.35 3.37 L
-.3 33 81 22.2 34.8 4.78 2.36 26 72 25.9 40.5 5.36 3.20 +
-.1 22 64 23.5 95.1 4.74 2.37 24 86 31.2  40.5 5.91 2.94
.1 31 68 25.5 35.0 4.47 2.34 24 83 35.3 40.4 6.13 2.98
.3 32 83 29.0 .34.8 4.76 2.48. 17 86 30.8. 40.3 5.42 2.90
) 21 68 32.5 35.3 5.05 2.87 16 76 32.1  40.5 5.30 2.78
.7 16 88 31.3 34.9 5.07 2.90 19 %8 -30.3 40.3 5.54 2.75
.9 17 61 30.0 35.0 .5.50 2.90 20 52 36.5 40.6 6.32 2.45
1.1 17 59 29.1 35.0 5.77 2.63 13 54 .37.0 40.5 6.74 2,12
1.3 12 49 22.6 35.4 5.26 2.46 10 33 30.8 40.6 5.79 1.78
1.5 10 40 18.9 35.5 4.55° 205 '8 26 41.1 4C.5 6.46 1.8%
- 1.7 10 44 29.2 35.3 4,51 1.81 4 27 30.7 40.6 5.52, 1i.44 ‘ :
. 1.9 1 20 10.0 35.2 4,43 1.54 4 23 13.2 40.4 +.16 1.30 - C
‘ Total 330 1,044 ; 292 999

Mean 27.2 35.0 '4.53 2.36 . 31.6 43.5 5.28 2.89
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The ratio of information values at 6=.7 was 1.75. This means that for the
conventional test to be equal in precision to the adaptive test at that
level of 9, it would have to be increased in length by about 75%. This
would result in a conventional test of 61 items in order to achieve the
same quality of measurement as a stradaptive test with a mean of 31.3 items.

~ The stradaptive test achieved its highest level of information (5.77)
at 6=1.1 with an ayerage of 29.1 items; the information provided by the
classroom test at 8=1.1 was 2.63. The ratio of 2.19 indicates that at
this level of § the classroom test would require 77 items to measure as
well as the 29.1-item average adaptive test.

Similar results were observed for the Wl data. At the point where
the classroom test was most infor. ° ‘ve, 8=-1.3, the adaptive test was .
more informative by a factor of 4. 3.55=1.31 with, on the average, 6.4
fewer items. Thus, at that level of 6 the classroom test would require
53 items to measure, as precisely as the average 34-item stradaptive test.
At the point where the adaptive test was most informative, 6=1.1, the
improvement factor was 6.74/2.12=3,18. The classroom test,therefore,
would require 129 items to measure as precisely as the 37-item adaptive
test. Thus, even when comparisons were made at the pcint of maximum
information for the classroom test, the adaptive test was more efficient
in -terms of information per item. When the comparison was made at the
point of maximum information for the adaptive test, the discrepancy in
efficiency for the two testing procedures was even greater.
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Table 3
Number of Testees, Mean Number of Items,and Mean Observed Information (2]
for Intervals of 6 for Second Adaptive and Classroom Tests from Fall and Winter Quarters

R

. Fall Test 2 (F2) Winter Test 2 (W2)

6 No. Testees Mean No. Items Information No. Testees Mean No. Items Information
Midpoint Adap Class Adap Class Adap Class Adap  Class Adap Clasgs Adap Class
-1.9 6 10 26.8 37.0 1.90 1.14 1 8 17.0 490.3 1.99 2.29
-1.7 13 23 24,7 37.1 2.55 1.34 3 10 34.0 39.7 2,02 2.57
-1.5 7 33 34.1 36.8 3.45 1.79 9 21 30.4 40.0 3.41 3,05
-1.3 14 26 34.5 37.5 3.63 2.13 9 29 29.8 39.9 3.88 3.11
-1.1 23 29 33.8 36.8 4.09 2.50 15 38 27.6  40.2 3.91 3.09
- 24 45 34.2 37.0 - 4,23 2.77 13 41 37.7 40.5 4,52 2.98
-.7 17 64 32.7 37.1 4.83 2,97 29 50 33.9 40.2 4.88 2.99
-5 21 62 24.3 36.8 2.69 3.53 22 68 38.4 40.5 4.91 2,98
-3 22 84 29.9 37.2 3.26 3.60 20 83 27.2  40.3 4,88 3.17
-.1 35 97 27.6 37.4 3.19 3.82 36 75 25.8 40.0 4.08 2.98

.1 29 94 26.7 37.2 3.11  3.76 34 76 28.2 40.2 4.80 2.98

.3 22 101 32.7 37.2 3.82 3.66 26 62 27.0 40.3 4,41 2,88

.S 21 90 37.6 37,7 4.24 3.49 29 76 33.4 40.6 5.21 2.76

.7 27 70 35.4 37.4 4.44 3.15 15 62 35.8 40.5 5.86 2,67

.9 16 71 28.7 37.7 3.87 2.86 17 56 34.1 40.1 5.08 2.56

1.1 14 57 30.7 37.8 4,13  2.56 16 58 35.6 40.5 4.76 2.96

1.3 24 51 37.8 37.6 4,69 2.45 14 6u -39.4  40.4 4,51 3.27

1.5 5 45 34.8 37.6 4,32 _ 2.36 18 59 38.0 40.6 4,74 3.78

1.7 6 27 36.6 37.6 4.75 2.04 © 6. 40 30.1 40.8 4.44 3.85

1.9 3 20 50.0 37.9 6.135 1.66 2 16 50.0 40.6 5.68 3.35

Total 349 1,099 334 989 '

Mean 31.7 37.3 3.79 3.06 32,0 40.3 4,64 3.03
n
Ko

=91~

[




Second teste. Table 3 shows the number of testees, the mean number
of items, and the mean information as a function of 8 for the second
classroom and adaptive tests administered during fall (F2) and winter
(W2). Estimated information curves are plotted for these tests in
Figures 7 and 8. Figure 7 shows thar for the F2 data, the adaptive
test was -generally superior to the classroom test. In the interval from
@=-.50 to 6=.20, however, the classroom test yielded higher levels of
information.

Figure 7
Observed Information Functions for F2 Classroom
and Adaptive Tests ’
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Figure 8 ‘shows the results for W2. For all 6 values greater than
-1.5,the information provided by the adaptive test was substantially
higher than that of the classroom test; this was..similar to the findings
for F1 and Wl. The adaptive test thus provided better measurement through-
out the 6 range in three of the four tests.

N

There are two explanations for the adaptive test providing less
information than the conventional test for the F2 data in a narrow range
around the mean of the § distribution. First, as Appendix Table C shows,
the F2 classroom test was a considerably more peaked test than the Fl,
W1, and W2 classroom tests. Peaked tests tend to have peaked inforqgtion
functions (Lord, 1970), since they concentrate all their measurement
efficiency near one point on the € continuum.

A mote important explanation, however, is seen in Table 3. In the
range of 9=-.5 to .10, the mean adaptive test length was gsubstantially
below the mean clasgroom test length. Dividing the infornation at each
of these values of 6 by their corresponding test length indicates that

RIC 25
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Figure 8
Observed Information Functions for W2 Classroom
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the mean information per item was higher for the adaptive test than for
the classroom test. For example, at 6=-.5 the mean information per item
was .11 for the adaptive test and .09 for the classroom test. Thus, while
observed mean information. was lower for the adaptive F2 data, this was
merely an artifact and was attributable to the terminatjion rule emploved
in the test, which resulted in very short tests in the 6 range of -.5 to

.20.

Swmmary. The resulis from both test administrations show that when
ddifferences in test length were taken into account, the alaptive tests
ylelded substantially more precise estimates of achievement than-any of
the conventional tests at all levels of achievement. The results,
summarized in Table &4, were equally favorable to adaptive testing when
all 8 levels were combined. As shown in Table 4, the information across
levels of & for the Fl data was 4.53 for the adaptive test and 2.36 for
the classroom test with test lengths of 27.2 and 35.0 items, respectively.
The information ratio of 1.92 in favor of the adaptive test implies that
the classroom test would require 67 items in order to measure -as precisely
as the average 27-item adaptive test. The results for the other three
tests (W1, F2, and W2) also showed the overall superiority of the adaptive
test while reducing test length. The smallest improvement was for the F2
data; the ratio of mean information for the F2 test was 1.24 in favor of
the adaptive test, implying that the conventional test would require 46
items to measure as well as an average 32-item adaptive test. This

20
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Table 4 ,
Meann Information and Mesa Test Length for Fall
and Winter Adaptive and Classroom Tests

! Mean Information Mean Test Length

Test Adap. Class. Ratio? Adap. Class. Differenceb
F1 4,53 2.36 1.92 27.2 35.0 7.8

Wl 5.28 2.89 1.83 31.6 40.5 8.9

T2 3.99 3.06 1.24 . 31.7 37.3 5.6

W2 4,04 3.03 1.53 32.0 -~ 40.3 8.3

a Adaptive divided by Classroom

b Classroom minus Adantive

represents a reduction of 30% in classroom test length attributable to
adaptive testing,while achieving equivalent avérage precision with the
peaked classroom test.

Adaptive Versus Improved Conventional Test

Test Wl. Since the improved conventional test was not actually
administered, it was not possible to compute its response vector information
function. Instead, mean values of the test (theoretiecal) information
function were computed at 20 levels of 8§ using Equation 6. The obtained
values are in Appendix Table G, which also shows the mean values of
response pattern information for the adaptive Wl test, rescored using
maximum test lengths of 40, 30, and 20 items. Base” on the data in
Table G, Figure 9 shows the corresponding response pattern information
curves for the stradaptive test at 20~ and 30-item maximum lengths and the
test information curves for the improved conventional test.

As ¥igure 9 shows, test information for the improved conventional test
was very low for the low levels of achievement. Since there were no items
in this tes* with difficulties less than b=-.65, this was to be expected.

The significant comparison between the two testing strategies is for 6 .
values greater than approximately -.40, as indicated by the vertical dashed

line in Figure 9. Within this-rang2, both the adaptive tests had maxir n:

information at B=1.10, while the ‘information curve for the improved co..ventional

test was almost at its peak. The mean response vector information for the
20-item maximum length adaptive test-at 6=1.10 was 4.78; the corresponding
value of information for the improved conventional tesc was 4.52. This
represents a 6% increase in information, with an average decrease of 5 items.
A more significant comparison can be made with the 30-item maximu: adaptive
tes., since, on the average, it was 24 items long and therefore the same
length as the improved conventional test. Throughout the range of @, as
well as in the range i1a which the improved conventional test was designed to
funcrion optimally, the value of response vector information for the 30-item
maximum adaptive test was substantially higher than that.for the improved
conventional test (see Figur.. 9). Specificaily, at f=1.3, where the iﬁSroved
conventional test had the hig' est information, the 30-item mar‘mum adaptive
test h>" at least 7% morz information. At that specific value of 8, the

-~
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mean test length for the stradaptive test was 22.8 items, or 1.2 items shorter
than the improved conventional test. The improved conventional test would

then require 25.7 items in order to measure 4s precisely as the average

22.8-item adaptive test. Thus, with test length and average item discriuinations
equal, the adaptiv- process resulted in measurement of higher precision.

Test W2. Appendix Table H shows the va{EEs of the theoretical test
information functions for the improved conventional test, as well as the
mean values of response vector information for the adaptive test rescored
with maximum lengths of 40,.30, and 20 items. The information curves based
on these data for the conventional test and for the 20- and 30-item adaptive
test are plotted in Figure 10.

_The information for the improved conventional test was again very low
for H<-1.00 (see Figure 10), because of the way in which items were selected;
the jowest difficulty level for an item in the conventional test was h=-.61.
For & values in the range providing an equitable comparison oi the two thting
procedures, the information values for the improved conventional test were
higher than those for the adaptive test with a maximum length of 20 items,
for 6>.20. However, the mean number of items for the adaptive test at these
levels of B was always less thaan 20, or four to eight items shorter than
that of the improved conventional test.

oo
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Figure 10
Mean Information as a Function of Estimated Achievement
Level for Improved Conventional Test and Adaptive Test
at Two Test Lengths for W2 Tests
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' The comparison of the information curves for the 24-item conventional
' test with that of the maximum 30-item adaptive test provided a comparison

of the two testing procedures which is equated for mean number of items,
since under these conditions an average of 24 iter was administered in
the adaptive test. 1In the relevant range of @, the adaptive test provided
generally higher levels of information, except at §=.3 and 8 =1.1, where
information provided by the conventional test was slightly higher, and at
=1.3,where both testing procedures provided equal levels of information
(see Figure 10). The adaptive test admi.istered two fewer items, on the
average, at B=.3 than the improved conventional test; at the other two
values of 8 the number of items administered was the same.

Summary. The comparisons between the improved conventional tests and
the adaptive tests showed that 1) improved adaptive, tests provided higher
levels of information with fewer items than the conventional té@st and
2) adaptive tests provided generally-higher levels of inforrmation with
approximately the same mean number of items. The comparisons were based
on tests with comparable values of item discriminations, although the
discriminations in the improved conventional test were generally higher than
the mean discriminations of the adaptive tests. One additional factor
further influenced these compariscmns in favor of the conventional test:
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data on which the comparisons were based were the :heoretical information
functions for the conventional test and the observed (response vector)
information functions for ;pg\adaptive test. As Figures 1 to 4 show,

the theoretical information/values consistently over-estimatzd the observed

information values. Thus, the information values for the ccnventionel tests

. are probably higher than they would be had they been computed from the
esponge vectors of actual testees. As a result, it can be céncluded that

when adaptive and conventional tests are matched in terms of test length

and average item discriminations, the adaptive test results in consistently

higher levels of information. The improvement in precision resulting

from adaptive testing ie a function of the process of selecting test items

appropriately matched to the testee's estimated level of achievement.

Effect of Expanding the Item Pool

FPirgt tests. The response vector information curves for Tests Fl
and W1 are in Figures 1 and 3, respectively; mean information values are y
in Table 2. As Table 2 shows, however, mean test lengths, as well as
mean information for the two tests differed. Both mean test length and
mean information were higher for the W1 tests which utilized the enlarged
item pool. Consequently, a direct comparison between *he two information
curves would be confounded by test length.

Figure 11 -
Mean Information Divided by Mean Number of Items -
for Fall and Winter Adaptive Tests Using

Test 1 Item Pools ﬁ
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To determine whether or not there had been an improvement in information
heyond that attributable te increased test length, the mean response pattern
information at each level of 6 was divided by the corresponding mean test
length. These data are shown in Appendix Table I and the resulting curves
are plotted in Figure .1, The two curves differed very little until the

. point at which f=.10. Thereafter and until the point at which §=.70, the

winter data provided slightly more information. After this point the wiuter
pool failled to provide levels of information as high as those of the fall
pool. In terms of overall information, however, there was no increase in
mean Iinformation from fall to winter. '

Second tests. Mean values of response vector information for the
fall and winter are shown in Table 3, and information curves are plotted
in Figures 2 and 4. Figure 12 shows the two Information curves equated

for mean test length at each interval of 6; numerical values are in
Appendix Table I. ’

Figure 12
Mean Information Divided by Mean Number of Items
for Fall and Winier Adaptive Tests Using

g Test 2 Item Pools
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The winter pool provided higher levels of information than the
fall pool at almost levels of 6 (seg Figure 12). The differences were
particularly large in the interval 8=-,5 to H=1.10., The mean response
vector information values equated for test length across 2all levels of
8 for fall and winter were .12 and .15, respectively; thelr ratio was
1.25, which represented a 257 increase in {nformation attributable to the
expanded item pool with test length held constant.
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Swnmary. These results show the expected outcome. That is, the
improvement in precision of r .surement as a function of enlarging the item
1201 depends »n the nature of the items added to the pool. For the first
tests, the additional items were slightly less discriminating than the items
already in the pool; therefore, using .the enlarged winter quarter pool did
not provide precision of measurement which was appreciably better. For
the second tests, however, the items added to form the winter pool were,
on the average, slightly more discriminating than the items already in the
pool. Scores derived from the enlarged winter item pool were thus mere
precise than those from fall.

Summary and Conclusions

This report comparvea the information provided by typical classroom
achievement tests and improved conventional tests with levels of information
provided by adaptive achievement tesfs measuring the same course material.

The evaluation criterion was response pattern information, a measure of
information which can be used with data obtained from live test administrationm.
A comparison of results from theé computation of response pattern information
with theoretical test information indicated that th2 response pattern
information levels were consistently lower than the test information levels
for a given set of items. Presumably, this was because testees were not
responding exactly as predicted by the item characteristic curve model.
However, the shapes of the information curves provided by the two method s

of computing information were very similar. This suggests that response
pattern information is useful as a substitute for the theoretical test
information function; it is asily computed as pary of the maximum

likeli.ood scoring procedure,and it reflects the chhracteristics of live
testirg data (a characteristic which is useful in empirical research).

As expected, the adantive testing of classroom achievement yielded
substantially more precise estimates of achievement than the conventional
classroom achievement tests. This improvement was evident in several
tests; it was reflected globally, as well as at all levels of achievement,
when test length was taken into account. However, the results indicated
that the degree of improvement of the adaptive test over the conventional
classroom test depended upon the psychometric characte-istics of the
conventional test. For example, the comparison of the Fl classroom test
with the F1 adaptive test showed a large advantage in favor of the adaptive
test, since the items ir the classroom test were well distributed th;ough—
out the range of achievement. Qn the other hand, at some levels of 8
the F2 classroom test provided higher levels of irformation than the
stradaptive test. In terms of mean information per itenm, however, the
stradantive test was still superior to the classroom test.

This finding serves to illustrate the possibility that within a
restricted range of 6, a conventional test can provide higher levels of
information than an adaptive test unless certain precautions are taken
in the administration of the adaptive test. One such precaution would
be not to administer toc few items. That is, in some circumstanc-:s the
terminatlon rule used in the stradaptive test should be modified to imsure
administration of a minimum number of items. A better solution. however,
would be to continue testing until a Te-specified level of information is
reached for every individual (Samejima, 1977). A positive byproduct of this
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solution would be to insure a high and horizontal information function for the
adaptive test, 1.e., equal precision of measurement at all levels of achievement.

On the other hand, these data also reflect the dilemma encountered in
the construction of fixed-length conventional tests. Such tests can be
peaked so that'the item difficulties are concentrated in a given region of 0;
the result will be a test providing high levels of informavion in a
restricted range of 6 and low levels elsewhere. Alternatively, the fixed
number of items can be distributed in difficulty over the range of 8
(as in the Fl test used in this study); the result is a horizontal, but
low, information function. The test constructor cannot construct a
conventional achievement test with an information function which is both
high and flat, unless an inordinate number of test items is administered.
Adaptive testing, however, provides a ready solution to this problem,
which is confronted whenever there is considerable variability among students
in degrees of achievement resulting from instru-tionm.

Because the classroom tests had npt been constructed to be psycho-
metrically optimal, the information provided by the stradaptive tests
was compared to that provided by ji—proved conventional tests which were
derived from the stradaptive test. item pools. The improved conventional
tests consisted of items with discriminations at least as high as, and
typically higher than, those in che adaptive tests and were the same length
as the adaptive tests. No response pattern information function was
associated with the improved conventional test, since-it had not actually
been administered. The test information function associated with the
improved conventional test was, therefore, éompared to the response pattern
information function associated with the stradaptive test, at maximum
test lengths of 30 and 20 items. Results indicated that the adaptive test
yielded generally higher levels of information than the improved
conventional test.

These findings indicate that adaptive testing not only was superior
to typical achievement classroom tests, but also was superior to a conventional
test which -vas designed to make best use of the same item pool to measure .
individual differences in achievement levels within a specified range.
The adaptive test both provided scores of higher precision and reduced the
number of items administered. The conclusion derived from comparison with
the improved conventional test is conservative, since response vector
information in the present daca consistently underestimated test information.
In other words, had the improved conventional test been administered and
its response pattern information computed, the adaptive test with a maximum
length of 20 it-ms would, in all probability, have been fouad to be
substantially more informative.

Contrary to previous research (Jensema, 1975). it was found that an
expanded item pool can improve the precision of measurement of scores derived
from it by adaptive testing. Jensema's findings were based on a situation
in which the items added to the pool were identical,with respect te¢ all
three ICC parameters, to the items already in the pool. The results of
the present study indicate that even when the added items were only slightly
more discriminating, the addition of new items to the adap:iive testing pool
had a fairly substantial effect, globally, as well as at most levels of

achievement, on the precision of measurement of scores derived from the pool.
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Reaidat N

This investigation has thus shown adaptive achievement teeting to
be a feasible approach to the measurement of achievement; compared to
conventional tests, adaptive achlcvement testing yields considerably
more precis. estimates of achievement, even when conventional tests are -
designed to take maximum advantage of the items in the pool. 1In order
to exploit the advantages of adaptive achievement testing to its fu.lest,
however, it will be necessary to build a closer psychometric interface -
between instruction and testing. Reduction in testing time by means of "o
adaptive testing is meaningless if the result-is solely early dismissal
from examinations. Rather, what is needed is to link adaptive testing
with an adaptive instructional context, so that reductions in testing time
can be used in increased instructional activity.

Atkinson (1976) has described several c¢xamples of adaptive computer-
based instruction. These systems are adaptive not only because they
sequence instruction differently for each student, but also because they
differentially allot instructional time to students in order to maximize
specified objectives. Differentially allotting instructional time will,
in all probability, preserve individual differences in achievement.

This approach to testing and instruction contrasts with the current
emphasis on mastery learning and testing (Block, 1971). Mastery testing,
along with related approaches, is based on the conception that if instructional
time is long enough, every student will attain the same degreé of achievement.
Although this may be true in principle, an increasing amount of research
suggests that individual differences persevere even when instructional
time is allowed to vary (Cronbach & Snow, 1977), The implications for
instruction and measu~ement are obvious: An unequivécally useful system of
adaptive instruction and achievement testing must be able to consider
individual differences rather than attempt to create student homogeneity.

It seems that adaptive testing can meet that challenge.
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APPENDIX

S
Table A
Ttes M-:aber, Discrimination (a), Difficulty (b), and Gueasing (c)
Parameters for Items in the Midquarter 1 Stradaptive Item Pool

Item a b -~ a b c a b ¢
Stratus 9 Stratum 6 Stratum 3, con t.
(15 items) (19 items} 3215 1.59 -.82 .23
3209 2.50 2.29 .29 3047 1.66 44 .29 3011 1.32 -.86 .20
3417 2.50 3.00 .35 3079+ 1.61 .27 .35 3435* .83 -.61 .35
3033 1.54 2.44 35 3213 .93 .52 .35 3216 1.27 ~-.62 .18
3440% 1.52 2.00 .30 3041 1.51 .23 .35 3054* 1.29 ~-.93 .31
3251 2.50 2.39 .35 3062* 1.47 743 .30 3221 1.25 ~-.52 .17
3406 1.31 2.48 .35 3495 1.40 .55 .32 3049 1.15 -.71 .18
3045 1.02 2.48 .27 J445% 1.19 44 .34 3255 1.14 -.72 .26
3242 .94 2.40 .35 3218 .82 .58 12 3067 1.07 - 76 .21
34G7 1.02 2.41 .29 3019 1.31 .29 2 3246 1.10 -.72 .28
3263 .99 2.29 .35 3207 .70 .46 28 3022 1.01 -.48 .30
3241 .91 2.09 .17 3431 .70 .28 .34 3272% 1.06 -.81 .35
3414 .88 2.29 .32 3000 1.24 .52 .35 317 .99 ~.58 .16
3402 .83 2.44 .35 3046 1.18 .24 .22 3076* .94 -.73 .21
3247 .82 2.42 .35 3042 1.15 .37 .27 3224 .80 , ~-.50 .37
3228 .67 2.49 .31 3822 {(l); ;; ;? Mean (F) 1.26 -.65 .20
Mean (F) 1.34 2.43 .32 : : : Mean* (W) 1.22 -.68 .22
Mean®() . 133 2,39 .32 0% .01 .37 .28 :

-2 : 3262 .81 .47 .35 Stratum 2
Stratum 8 3438 .70 .21 .27 (20 items)
gb}ggums) Mean (¥) 1.13 .40 .28 3023 2,40 -1.15 .35

2.50 1.28 .00 Mean* (W) 1.14 40 29 3202 1.81 ~.99 .21
3234 2.50 1.73 00 . ' 3415 .85 -.96 .35
3o1s .89 1.25 .35 Stratum 3 3245 1.34 ~-.96 .21
3204 1.14 1.66 .35 (15 items) 3236 1.26 -1.20 .33
3422 1.47 1.50 35 3282+ 2.06 -.02 .35 3020 1.23  -1.28 .17
3411 1.36 1.23 .3% 3220 1.79 -.03 .26 3028 1.12 ~-1.76 .35
3250 .91 1.94 .29 3005 1.43 .11 .35 3226 1.09 -.98 .20
3206 .74 1051 L210 3425 1 36 .17 .23 3210 1.04 ~-1.22 .35
3410 1.30 1.34 .31 3053 1.12 .12 .09 32319 1.04 ~1.13 .21
3429 1.25 1.23 .28 3214 ° 1.12 .03 .23 jo13 1.00 -.97 .35
3419 1.23 1.48 25 3412 .12 .19 .35 3J267* 1.02 -1.22 .23
3421 117 1.15 .35 3051 1.29 .21 .28 3257 .98 ~1.02 .25
3436% 1.12 1.59 .35 3279* .99 .01 .28 3070* .95 -1.28 .22
3271 95 1732 .30 3403 .99 .18 .19 3036 .92 -1.18 .16
3061* .35 1.57 .30 3069* .88 -.N .35 3014 .86 -1.24 .14
3427 .92 1.51 .26 3211 .88 .01 .13 3060* .86 ~1.31 .29
J4u9% 91 1.26 14 3002 .82 .13 .14 3274% .85 ~1.05 .26
3063* .91 1.5l .35 3426 .68 .07 .22 3238 .82 -1.06 .21
3074* .84 1.79 L350 3423 .66 .16 .27 3032 .77 -1.06 .27
3420 68 162 35 yean (p) 11 .11 .22 Mean (F)  1.16 -1.10 .26
Mean (F) 1.29 1.46 .26 Mean*(d) 1.15% 09 .24 Mean* (W) 1.11  -1.13 .26
Mean* (W) 1.19  1.47 .27

Stratum 4 Stratum 1

Stratum 7 (13 {tems) B (37 items) .
(20 items) 3256 2311 -.33 .26 3077* 2.5¢  -1.39 .20
3408 2.50G6 1 09 .31 3430 1.15 -.30 .29 3027 1.67 -1.38 .35
3437 1.95 66 .28 1031 147 -.13 .35 a4 1.07  -1.64 .35
3258 1.24 81 .35 3254 31.38 - 17 22 3249 .91 -1.¢€3 .17
3432 1.72 .67 35 3237 1.564 -.37 .18 3428 .90 -1.56 .35
048 1.35 .66 .33 3404 65 -.29 .35 3073 1.43  -1.57  .31-
3413 1.40 .76 .35 3244 1.35 A .23 3205 1.2 ~-1.53 .19
3448% 140 .73 .30 3058w 1.05 -.43 .35 3078* 126 -1.65 .35
3439% 1,36 .64 .32 1240 98 -.28 .13 3057% 20 -1.35 .26
3219 1.23 .62 .21 1268*% 97 _.26 .18 0A5* 1.1 -1.66 .35
3072*% 1.02 63 .32 3208 76 -1 12 3235 1.15 -1.40 .28
31277% 100 1,06 .35 3006 77 -y .33 3029 1.1 -1.50 .28
3035 90 68 .28 3259 h9 o4l .20 3201 1.07  -1.34 23
3433 1.13% 86 30 . 3008 .96 ~1.7% .18
EYYA 2 1 18 .91 32 Mean (F) 17 ~.31 .25 3252 .79 -1.77 .35
3064+ .94 LBe  .oe Meantn) 108 -3z 25 3003 .96 -1.76 .36
3230 .90 87 .35 grratum 3 3044 .87 -1.42 .15
444w 88 .78 35 (19 ltema) X )
3012 78 80 .35 3071 1.96 - 49 2 m.?:,z } ?2 ‘:;z %2
3260 .71 .B4 28 3217 1.0 - 48 .14 : ) ’
In5e* Al B8Y 26 3052 1.71 -.93 00
Mean (F) 1.28 78 31 055 L1 -85 L2
Mean*{W) 1

Node. Items with astericks are those which were added to the pool Winter quarter. All

22 .79 .31

other {tems were {n the pool hath Fall and Winter quarters,
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Table B
Item Number, Discrimination (a), Difficulty (D), and Guessing (c)
- Parameters for ' >ms in the Midquarter 2 Stradaptive Itém Pool

Ttem a b ) Item a y - Item a b e
Stratum 9 Stratum 6 Stratum 3
(18 itema) (20 items) (17 items)
3831 2.50 1.96 06 3707* 1,75 .95 .31 3634 1.79 -.58 .30
3690 2.50 2.35 24 3746% 1.59 43 .30 T 3739% 1.68 -.61 .35
3833% 2.50 2.65 35 3806 1.57 48 .35 3809 1.27 -.61 .35
3904 2.45 1.48 28 3925% 1.14 .48 .35 3924* 1.13 -.79 .18
3805 . 2.50 2.38 35 3658 1.24 .32 .35 3672 1.57 -.80 15
3698 2.11 2.82 35 3965 .98 .35 .20 3737~ 1.41 -.66 34
3901 1.55% 2.62 35 3738% 1.34 .40 .35 3915 1.08 ~.61 16
3835*% 1.21 2.28 35 3605 1.22 .57 .34 3640 1.43 -.69 35
3620 2.04 2.97 35 3815 .95 .58 .35 3906 87 -.66 14
3697 1.56 3.00 3 7611 122 .39 .32 3812 .82 ~-.63 .13
3810 .92 2.20 27 3675 1.21 .40 .28 3682 ~ 1.33 .72 .34
3664 - .14 1.60 35 3820 .92 .38 .12 3637 1.29 -.73 .28
- 31625 .98 1.66 35 3665 1.19 .54 .22 3636 1.24 -.63 .27
3622 .95 2.53 .35 3709% 1.19 .30 .35 3641 1.20 ~-.65 .22
3841% .87 2.13 .35 3724% 1.14 .37 .30 3711 1.05 -.56 .35
3651 .95 [ 2.30 35 3819 .76 53 .35 3608 1.04 -.78 16
3728* .91 2.55 .35 3918* . 6€ .35 .23 3705% " .87 -.58 14
3712 .75 1.64 .30 3614 79 23 35
3923 .63 .38 1 Mean (F) 1.24 ~-.67
Mean (F) 1.70 2.31 31 3626 .h5 .52 .25 Mean* (W) 1.25 -.66 25
Mean* (W) 1.58  2.30 32
Mean (F) 1.06 .46 .29 Stratum 2
Stratum 8 Mean*(W) 1.1l .44 .30 (20 items)
(18 items) 3735% 1.63 -.94 35
3615 1.69 1.17 .29 Stratum 5 3648 1.59 -.96 33
3916 1.39 1.14 .35 (15 items) 3807 1.52 -1.10 17
3673 1.51 1.11 .31 3742% 1.89 .27 .35 3907 1.43 ~1.08 .35
3804 .95 1.42 .35 3745% 1.58 =, 07 .20 3704* 1.39 -1.13 .23
3733 1.24 1.40 315 3720* 1.45 .26 .29 3655 1.37 -.90 35
3719* 1.18 1.08 .31 36G7 - 1.38 .09 .35 3813 1.20 -.97 17
¢ 3921* .91 1.23 .29 3811 1.15 .22 .35 3919* 1.30 -.98 21
3827 .87 1.35 .35 3908 1.15 .07 .31 3680 1.33  -1.01 16
3716 1.14 1.14 .27 3649 1.32 .11 22 3808 .99 -1.00 30
3642 1.11 1.11 24 3632 1.23 .27 .35 3686 1.26 -.88 29
3902 .13 1.49 .29 3718* 1.22 .16 .33 3721* .23 -1.20 .22
3627 1.03 1.07 .35 3629 1.11 -.03 .35 3821 .90 -.92 .35
3681 03 1.54 .35 3732 . G¢. -.01 .35 3679 1.21 -.94 17
3676 .89 1.51 .25 3633 .94 -.G .35 3685 1.19 -1.01 16
3644 .88 1.25 .35 3609 .78 .18 .35 3668 .97 -.87 14
3717 .83 1.25 .35 3730% 75 .01 .10 3684 .86 ~.85 14
- 3670 80 1.11 .35 3618 .64 -.05 .00 3703* .83 -1.16 .21
3647 .79 1 14 .35 3617 .79 -1.11 .14
Mean (I) 1.08 .09 29 3713% .75 -1.18 .1
Mean (F) 1 05 1.26 .32 Mean* (W) 1.17 29 28
Mean* (W) 1.7%  1.25 Y Mean (F) 1.19 -.97 .23
Stratum 4 Mean*(W) 1.19 -1.01 24
Stratum 7 (19 items)
(15 itemrs) 3744% 1.94 -.35 .30 Stratum 1
374)% 2 14 .68 Z 3708% 1.62  -.20 .16 (19 items)

: 3661 1.99 .68 32 363t .53 -.18 .35 3741 1.63  -1.56 35
3674 1.72 iG] 26 3814 1 26 -7 .35 3910 1.58 ~1.59 21
3909 1.34 .77 .35 3903 121 -.43 .31 3692 1.53 -1.28 35
3662 1.5 .93 .27 3671 1,51 -. 14 .26 3825 1.09 ~1.38 34
3654 L 51 . B4 21 3701 .82 -, 15 .35 3639 1.4/ -1.80 .35
3669 1.45 70 32 3643 1.40 -.50 .25 3638 135 -1.54 .21
i623 1,2 .7a L1 3914 .98 -.39 .16 3913 1.31 -1.31 v
3912 V95 mn B 3693 1.13 -, 24 .24 3837+ 1.09 -1.59 N1
3734 .89 .96 235 3725% 1.09 -.92 .24 3715* 1.16 ~1 ns .26
3700 B4 RS .30 3710% 1.02 -, 33 .30 3920* 1.12 -3 .23
3659 137 NCYS 29 In53 83 -.51 .33 3842% 1.01 -1.55 .35
3635 1.17 . hb 35 3660 78 -.39 14 3695 1.09 -1.73 .22
3612 P12 VA 35 3922% Al -.26 .30 3731% 1.05 ~1.67 .35
PR LY . Hh 62 .25 IK06 W11 ~-.22 .14 3832 .99 -1.74 .32

3663 69 - -,17 .33 3838*% .99 ~1.68 .35
Mean (F) 1.8 .73 .'9 364 .68 -.35 .00 3613 .86 -1.74 .33
Mean* (W) .3y 75 30 3536 NCX) -.31 L34 3683 .85 -1.31 .14
3657 .81 ~1.74 .35
Mean (F) .01 - 31 25 31614 . 80 -1.13 14
Mean® (W) 1.08 ~.31 26
Mean (F) 1.14 -1.5 .26
Mean* (W) 115 -1.99 .28
Note, Ltettrke i taroe which werte added to the pool Winter quarter. ALl other

{tem, were 11 the panl both Fall and

ERIC
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Table C
. Item Discrimination (.), Difficulty (b), and Guessing
(¢) Parameters for Classrcom Tests Fl and F2 °
. F1 F2
Item No. a b e . Item No. a b e
3060 .86  -1.31 .29 3922 .64 -.26 .30
3067 1.07 -.76 .21 3904 2.45 1.58 .28
3065 1.17 ~ -1.66 .35 3918 .66 .35 .23
3056 .71 .89 .26 3921 .91 1.23 .29
3063 .91 1.51 .35 3919 1.30 -.98 .21
3073 1.43 -1.57 .31 3920 1.12 -1.34 .23
3058 1.05 -.43 .35 3923 .63 .38 .31
3274 .85 -1.05 .26 3924 1.13 -.79 .18
3271 .95 1.32 .30 3801 .80 -.17 .35
3055 1.71 -.65 .24 3841 .87 2.13 .35
3072 1.02 .65 .22 3838 .99 ~1.68 .35
3057 1.20 -1.35 .26 3833 2.50 2.85 .35
3064 .94 .86 .24 3837 1.09 -1.59 .25
3069 .88 -.01 .35 3835 1.21 2.28 .35
3054 1.29 -.93 .31 3641 1.20 -.65 .22
3066 1.05 .53 .31 3708 1.62 -.20 .16
3268 . .97 -.28 .18 3718 1.22 .16 .33
3267 1.02 -1.22 .23 3728 .91 2 55 .35
3272 1.06 -.81 .35 3665 1.19 .54 .22
3070 .95 -1.28 .22 3730 .75 .01 .10
3008 .96 -1.75 .18 3719 1.18 1.08 .31
3019 1.31 .29 .29 3705 .87 -.58 .14
3062 1.47 .43 .30 3713 .75 -1.18 .33
3061 .95 1.57 .30 3703 .83 -1.16 .21
3262 .81 47 .35 3709 1.19 .30 .35
3263 .99 2.29 .35 3707 175 .55 .31
o 3447 1.18 .93 .32 1721 1.22 -1.20 .22
3443 1.07 -1.64 .35 3717 .83 1.25 .35
3438 .70 .21 .27 3715 1.16 -1.63 .26
3448 1.40 .73 .30 3716 1.14 1.14 .27
3435 .83 -.61 .35 3720 1.45 .26 .29
3439 1.36 .64 .32 3744 1.94 - 35 .30
3436 1.12 1.59 .35 3745 1.58 -.07 .20
. 3449 - .91 1.26 .14 3746 1.59 .43 .30
3440 1.52 2.00 .30 3711 1.05 -.56 .35
3437 1.95 + .66 .28 3710 1.02 - 33 .30
3427 .92 1.51 .26 3724 1.14 .37 .30 ‘
3445 1.19 A R 3725 1.09 -.52 .24
© 3444 .88 .78 .35 3731 1.05 -1.67 .35
3712 .75 1.64 .39 g
3704 1.39 -1.13 .23

Mean 1.549 .11 .29 Mean 1.17 .07 .28
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Tablg D

(¢) Parameters for Classroom Tests Wl and W2

w1l W2
Item No. a ¢ Item No. a

3287 .85 -1.28 .13 3750 .93
3292 .68 1.39 .35 3926 .93
3219 1.23 N vl 3 3845 1.71
3290 1.16 -.57 .20 3763 1.23
3214 1.12 .03 .23 3762 1.97
3268 .97 -.25 .18 3772 74
3 139 1.14 -1.45 .35 3759 .99
3 3 .96 -1.30 .14 3768 1.11
3,41 .65 .52 .35 3756 1.10
3249 .91 -1.69 .17 3749 1.05
3083 1.05 -.90 .13 3757 1.18
3090 1 '8 «1.65 .18 3755 1.03
3054 29 -.93 .31 3747 1.11
3084 1.22 -1.06 .15 3753 .91
3092 .95 -.65 .15 3654 1.51
3082 S1.05 2.27 .35 3673 1.51
3011 1.32 -.86 .20 3716 1.14
3095 .79 -1.2¢ .12 3700 84
3085 1.16 -1.81 .35 3773 1.69
3423 .66 .1¢ .27 3748 .85
3453 1.19 .48 W22 3766 - 1.12
345¢€ 1.03 2.71 .35 3760 1.28
3454 i.10 2.66 .35 3758 .89
3460 1.99 1.59 ° .34 3/03 .83
3452 .75 ~.98 .31 3853 ., 1.05
3406 1.31 2.48 .35 3854 1.03
3461 .94 1.51 .35 3852 .69
3457 .90 .87 .28 3850 .89
3459 .84 -.29 .26 3851 .76
3407 1.02 2.41 .29 3752 1.24
3458 1.46 -1.10 .15 3]69 .05
3432 1.72 .67 .35 3751 .80
3455 .96 -.61 A 3770 2.50
3420 .68 1.62 3 3622 .95
3433 1.3% .86 .30 3761 .84
3412 1.12 .19 .35 37617 1.02
3462 1.31 -1.03 .17 3930 1.21
3285 .79 -.60 A1 3904 2.45
3294 .76 -.68 .19 3918 .66
3041 1.51 .23 .35 3903 1.21
3091 1.64 .58 .30 3928 1.00
3089 .92 -.37 .30 3929 .96
3093 .75 - .94 11 3813 1.20
3096 1.48 -1.48 .16 3927 -0l
3086 .74 -.67 .35

2an 1.09 .08 .2 Mean 1.14




. Table E .
Item Discrimination (a), Difficulty (b), and Guessing (c¢) Pirameter Estimates

for

Items in the Improved Conventional Tests Derived from the Item Pools for Tests Wl and W2

Wl W2
. Item Number a b e Item Number a b e
3209 2.50 2.29 .29 3831 2.50 1.96 .06
3417 2.67 3.00 .35 3690 2.50 2.36 .24
3033 1.54 2.44 .35 3833 2.50 2.85 .35
5440 1.52 2.00 .30 3904 2.45 1.58 .28
3409 2.50 1.28 .00 3615 1.69 1.17 .29
3234 2.50 1.73 .00 3916 1.39 1.14 .35
3018 .89 1.25 1.35 3673 1.51 1.11 .31
3204 1.14 1.66 .35 1804 .95 1.42 .35
3408 2.50 1.05 131 3743 2.14 .68 .32
3437 1.95 .66 .28 3661 1.90 .68 .32
3258 1.24 .81 .35 3674 1.72 .63 .26
3/32 1.72 .67 .35 3909 1.34 .77 .35
3047 L.66 A .29 3707 1.75 .55 .31
3079 1.61 .27 .35 3746 1.59 .43 .30
3213 .93 .52 .35 3806 1.57 .48 .35
3282 2,06 -.02 .35 3742 1.89 .27 .35
3220 1.79 -.03 .26 3745 1.58 -.07 .20
3005 1.43 11 .35 3720 1.45 .26 .29
3256 2.31 -.33 .26 3744 1.94 -.35 .30
3430 1.15 -.30 .29 3708 1.62 -.20 .16
3031 147 -.33 .35 3631 1.53 -.18 .35
3021 1.96 -.49 .21 3634 1.79 -.58 .30
3217 1.06 -.48 .14 3739 1.68 -.61 .35
3055 1.71 -.65 .24 3809 1.27 -.61 {.35
Mean 1.74 .73 .28 Mean 1.76 ,66 .30

9
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Table F
Theoretical Test Information Values for First and
Second Classroom Tests for Fall and Winter Quarcers

Ky

) Test 1 Test 2
Midpoint Fall Winter Fall Winter
-1.90 1.11 1.89 1.13 2.26
-1.70 1.46 2.55 1.54 2.86
-1.50 1.80 3.18 1.97 3.26
~1.30 2.09 3.70 2.39 3.41
-1.10 2.33 4.04 2.77 3.41
-.90 2.52 4.16 3.11 3.37
-.70 2.64 4.09 3.47 2. 38
-.50 2.66 3.89 3.85 3.40
-.30 2.63 3.67 4,18 3.42
-.10 2.66 3.49 4.33 3.42

.10 2.83 3.42 4,31 3.39
.30 2.13 3.47 (.18 3.33
.50 3.45 3.40 3.94 3723 -
.70 3.63 3.28 3.57 3.15
.90 5.55 3.00 3.13 3.15

1.10 3.25 2,00 2.74 3.35
1.30 2.89 2.38 2.56 3.87
1.50 2.56 2.20 2.54 4,57
1.70 2.28 2.04 2.37 4,79
1.90 1.¢3 1.84 1.96 4,13




Table G
Mean Test Length and Mean Value of Information at Intervals of 6 for 24-Item
Improved Conventional Test and Adaptive Test Rescored at Three Maximum Test Lengths for Test Wl

Impreved Adaptive Test i
R Conventional 40 Ttems Maximum 30 Ttems Maximum 20 Items Maximum f
$) Test Mean Mean Mean Mean Mean Mean |
Midpoint Information No. Items Information No. Items Information No. Items Information '
-1.9 .03 31.3 2.41 27.6 2.41 19.0 1.20
-1.7 .07 29.6 2.19 26.5 1.88 18.8 2.05
-1.5 .15 26.6 3.51 22.8 3.13 15.0 2.74
< -1.3 .31 32.5 3.97 25.9 3.19 18.9 3.10
-1.1 .61 28.5 4.44 22.7 4.14 16.9 3.44° .
-.9 1.12 28.2 4,55 24.5 4.41 17.7 3.82
-.7 1.89 23.4 4,27 21.8 3.89 17.3 3.31 i
Y-S 2.76 29.8 4.70 23.3 ¢£.35 17.4 4,13 *
-.3 3.46 24.4 5.18 21.4 4.81 17.4 4.22 !
-.1 3.77 28.3 5.54 24.8 5.01 18.3 4.28
.1 3.77 28.1 5.12 24,2 5.03 18.6 4.07
3 3.65 29.9 5.74 “ 24.0 4.85 18.¢ 4.07
5 - 3.61 28.4 5.21 . 26.0 5.00 19.4 4,17
W7 3.76 30.2 5.37 i 26.0 £.91 19.4 4.18
.9 4.13 29.5 5.63 25.7 5.20 19.3 4.53
1.1 4,52 30.1 6.13 25.9 5.73 19.0 4,78
1.3 4.55 29.8 5.70 - 22.8 4,88 18.8 4,74
1.5 4.17 33.6 5.79 25.5 4.90 18.4 4.17
1.7 3.65 28.6 5.04 24,7 4.61 16.6 3.86
i.9 3.07 -7 18.6 4,61 18.8 4.29 16.6 3.61
Mean 2 4 4.93 24,1 4,49 18.1 3.94

.65 28.




Table H

Mean Test Length and Mean Value of Information)at Intervals of @ for 24-Item
lmproved Conventional Test and Adaptive Test Rescored aY Three Maximum Test Lengths for Test W2

Inproved Adaptive Test '

N Conventional ‘40 Items Maximum 30 Items Maximum 20 Items Maximum
9 Test Mean Mean Mean Mean Mean Mean
Midpoint  Information No. Items Information No. Items Information . Items Information
-1.9 .01 17.0 1.99 23.5 1.70 17.0 1.99
-1.7 .03 34.5 2.68 27.6 2.45 20.0 1.59
-1.5 .10 26.7 2.91 22.2 2.77 17.0 2.50
-1.3 .23 24.8 3.64 23.9 3.45 19.0 2.77
-1.1 .51 24.4 3.48 19.0 2.99 16.4 2.90
-.9 .98 33.7 4,32 26.8 3.73 18.9 3.16
-.7 1.64 32.1 v 4.45 26.6 4,23 19.2 3.66
-.5 2.34 32.0 4,49 26.3 4,36 19.2 3.39
-.3 2.90 25.9 4,55 22.6 4.12 17.8 3.54
-.1 3.28 22.9 3.85 21,1 3.70 18.3 3.45

.1 3.61 26.1 4.64 23.2 4.16 17.9 3.94
.3 4.03 26.0 4.14 22.0 3.90 18.5 3.59
.5 4.44 29.5 4.94 25.4 4.72 19.0 3.91
.7 4,57 31.7 5.60 27.0 5.01 19.1 3.94
.9 4.27 29.4 4,71 24,2 4,41 18.1 3.72
g1 3.74 30.6 4.12 24,2 3.50 18.4 2.71
1.3 3.35 30.1 3.85 24.3 3.35 17.6 2.95
1.5 3.26 30.2 4,11 24.0 3.35 17.6 2.80
1.7 3.29 31.4 4.33 22.0 4,02 15.5 2.48
1.9 3.18 40.0 4.10 30.0 4,58 20.0 3.46
Mean 2.49 28.6 4.31 18.3 3.41

24.0

3.96
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Table I
Mean Information Divided by Mean Number of Items
at Levels cf£ § for the Adaptive Tests

A

) Adaptive Test 1 Adaptive Test 2
Midpoint Fall Winter Fall Winter
~-1.9 .07 11 .07 .12
-1.7 .08 .08 .10 .06
-1.5 .10 .13 .10 .11
-1.3 12 .13 .11 .13
-1.1 .15 .13 12 14
~.9 .13 .16 .12 .12
-.7 .14 .17 .15 .14
-.5 .17 .16 .11 .13
-.3 .22 21 .11 .18
-.1 .20 .19 .12 .16
.1 .18 17 .12 17
.3 .16 .18 12 .16
.5 .16 .17 11 .16
.7 .16 .18 .13 .16
.9 .18 17 .13 .15
1.1 .20 .18 .13 .13
1.3 .23 .19 .12 A1
1.5 .24 .16 12 12
1.7 .15 .18 .13 A1
1.9 A4 .32 A3 .11
Mean .17 .17 .12 .15
AU
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