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The use of computerlzed adapt1ve testlng (CAT) in an 1nstructlonal
prograns environment presents a number of problems not encountered in large

scale adaptive ablllty testlng applications: Among these are problems due to

the ach1evement nature of the tests employed: Additional problems arise due

to the small scale and classroom or1entatlon of the 1nstructxonal programs.

setting. The alschss1on w111 begin with a descr1ption of the environment in

which the CAT program was Implementnd, and a discussion of the special

probilems encountered. This will be followeéd with a description of the

approach taken in this particular application. Finally, the implications of

this project and its results will be briefly discussed.

The Implementation

Environment

This particular application of CAT is in progress at the Great Lakes Naval
Training Center {GLNTC) at_Great Lakes, Illihois., More spec1f1cally, the

inStrictional program involved is in the Electronic Technlclans A" (ETK)
school. It involves a six week course on radar that covers three major

areas: primary power d1str1butlon, transmitters, and receivers.

Each area is

covered by a test given at the end of instruction on that area. ﬁpproxlmately
700 students take the radar course each year, though the exact number varies
from year to year.

Students are separated into classes vary;ng in size; but ranging around

an average of about twenty. Classes are 'lock-stepped" rather than US1ng

1nd1v1dualxzed 1nstructlon, but not all classes are at the same point in the

program at any one t1me. That 1s, at any one txme some classes w1ll be on the

be studylng receivers. To further confuse matters; there are three sh1fts per

day: a day shift; an evening shift; and a midnight shift. Thus; instruction

and testing continue throughout a given twenty-four hour period. Moreover,

not all classes within a shift are covering the same material.

Association; New Orleans; Aprll 1984. Th1s research was supported by
Contract No. NOOO14-82-K0716 with the Personnel and Training Research Programs
of the Office of Naval Research.
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mﬁltlple-ch01ce 1tems, each having four choices. The transmitter and receiver
tests each had thirty items. For each test ‘there wéfé two forms, With no
1tems 1n common to the two forms.

Goals of CAT at the GLNTC

The overriding concern for the testing program at the GLNTC is security.
For various reasons, test Security becomes compromised at a phenomenonal rate
at this site, and the ETA school is no exception. Conventional paper-and-
pencil tests become obsolete due to compromised security almost as soon as

they are produced. Becaiise of th1s, one of the major motivations for
implemienting CAT is the improvement of test security.

Another goal of CAT at the GLNTC 1s the 1mprovement of the eff1c1ency of
the testing program. It is hoped that the Implementatxon of CAT wiill
s1gnificant1y redice the amount of time required for testing, as well as the
amounit of time required of the staff for test admxnlstratlon. A relatxvely
large number of students must pass through the testlng program in a relatively

short time; and any improvement in, efficiency will be very important.

Another important goal of the CAT program at the GLNTC is the - improvement
of the quality of measurement yielded by the testing program. Under the

circumstances prevailing at the GLNTC; decision errors due to poor measurement

can have serious consequences. Very little in the way of resources is

available for remediation; for instance. It is very important; then; that
examinees passed on to the next unit of study actually be competent on the
preceding units. .This is especially important when one considers that these
students will eventually graduate and move on to the fleet;, where they will be
responsible for maintaining and operating ships' _egquipment._ One would like to
have some confidence that the people graduating from the ETA school have,
indeed; mastered the material taught there.

Special Probleiis

Whlle th1s sectlon addresses d1rectly problems encountered at the GLNTC, 7
1t is likely that many of these problems are typical of instructionail programs
Most of these problems are Inherent to classroom ach;evemegtf

elsewhere.

GLNTC.

One of the most serious problems encountered in adaptlve achievement

testing centers around the dimensionality of the tests. Achievement tests _

tend to be constructed us1ng a table of spec1f1cat10ns coverlng a variety of

topics: Such tests often are hlgEIY,Tu}EIQ}TeQ§}°§?}: CAT, on the other

hand; is typically based on models and procedures requiring the assumption of

unidimensionality. The conventional GLNTC tests were based on tables of

specification; so at the outset of the project the dimensionality of the tests
was unknown. :
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- Another problem encountered at thé GLNTC Stemmed Erom the fact that the
conventlonal tests used were relatively short. No resources were available
for a 1arge item development project, o the CAT item pools had to be

constructed from the items available fiom the conventional tests.
Unfortunately, not many items were available, so the resulting item pools were

rather small.
To further complicate matters, item response data for usSe in item

calibration were available only for small samples. In large scale testing

programs; data collection for item calibration is relatively simple. In

classrog@itestxﬁgf7however, it is difficult and time consuming to amass large
sample sizes: This is made even more difficult by the great haste with which

tests become compromised at the GLNTC:

There are many other problems encountered in adaptlve aghiegeme@t,téstihg

that must be considered when implementing a CAT program in an instructional

programs environment. Among these are questions about the Concurrent,

predictive; and content validity of adaptive tests; the stab111ty of

achievement test dimensionality; and; the effects of computerized adaptive
administration on item characteristics. All of these must be addressed If CAT

is to be used in instructional programs settings.

The Approach Taken at the GLNTC

__The overall design of the project includes four phases. Tha first phase
involves preliminary analyses to aid in the design of the software, along with

the actual designing of the software. The Second phase of the project
involves the ImplementatIon of a computer adm1n1stered _coventional test. The

thxrd _phase Includes the 1mplementat10n of a dual test1ng system wh1ch

The fourth §ﬁas§7§n§gives elimination of the computerized conventional test1ng
program and expansion to other areas. The project is currently in the second

Each of these four phases w111 now be discussed, and the oitcomes of

phase.

Phase- 1

préjéct. The first task was the completion of a study using simulation data

that was éésignéa to compare two different calibration models under cond1t1ons

believed to be similar to those which would be encountered at the GLNTC. The

Three primary tasks were undertaken during the first phase of this

second task was the collectlon and analysis of response data for the
conventional paper-and-pencil tests for use in _selecting a calibration model
to be used in conjunction with item pool building. The third task involved
the design of the test administration software for adaptive testing; as well
as software for a computer administered conventional test. All taree of these

tasks were addressed under the constraint that the computer hardware to be
used had already been selected by others.



Task 1. For this task a two-stage study was conducted to compare the
ability estimates yielded by adaptive testing procedures baqufon the one-—

parameter logistic (1PL) and three-parameter logistic (3PL) models. The first

stage of the study employed real response data, while the second stage
employed simulated response data.

In the first stage, response data for 3000 examinees were obtained for

the forty item ACT ASsSéS&munt Mathematics Usage subtest (The American College

Testing Program, 1982). The flrst 2000 cases were used to obtain item

parameter estimates for both the 1PL and the 3PL models using the LOGIST
computeér program (Wingersky, Barton,rand Eord, 1982) . stng these estimates;

1PL and 3PL adaptive tests were simulazted using the response data for the

remaining 1000 cases. Both adaptlve test1ng procedures employed maximum

11ke11hood ab111ty estrmatlon and maximum information item selection

procedures. The two sets of ability estimates yielded by the two adaptive

testing procedures were then compared.

77777in the second stage; response data for 3CG0 cases were generated
according to the 3PL model using as true parameters the_ 3PL item parameter

estimates from the first stage. True abilities were selected from the

standard normal distribution. The first 2000 cases were used for 1PL and 3PL

catibrations of the items; and the remaining 1000 caseS were used to simulate

1PL and 3PL adaptive tests. The two sets of ‘ability estimates yielded by the

two adaptive testing procedures tire cospared to each other and to the true

ability parameters.

Results of th1s study are reported in deta11 in McKinley and Reckase

(1983). They are summarized in Table I, which shows the intercorrelations of

the ablilty est1mates for the real data, and Table 2, which shows the

""" _for the simulation data: in general; the results of both

stages of the study indicated that the 1PL and 3PL adapt1ve tests yielded very

highly correlated ability estimates, and that there was no apparent advantage,

in terms of ab111ty estimation, to using one of the models over the other.

Th1s was attributed to the fact that; due to the small size of the item pool,

both procedures administered a large proportion of the i-em pool to each

Thus,; the two procedures administered much_ the same set of items to

examlnee.

each examinee; and therefore yielded much the same ab111ty esimate for each
examinee.

Task 2. The second task of Phase I involved the collection and analysis
of response data for the items in the item pool using the conventional paper-—
and-pencil test forms. Analyses performed on these data include principal
components analyses; item analyses; and calibrations for the 1PL and 3PL

models. The goal of these analyses was the evaluatlon of the appropr1ateness

for use with these data. Data were available for approx1mate1y 400-500
examinees.

Table 3 shows the 1tem analys1s (proportlon—correct d;fgigu;t}es and

point biserial d1scr1m1natlons) and IRT calibration results for the
transmitter item pool. These data are similar to those obtained for the other
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pools. The results of the item analyses and Lhe 1tem response theory {IRT)
model calibrations shown in Table,3,1nd;cated that the items were all quite
éasy., prbportibnicbrréCt scorés bélbﬁ U 5 ﬁéré raré., BécaHSé bf this;

parameter. The LOGIST program tended to set the guess1ng value for most of
the itams equal to a constant value. This would seem to imply thet 2 model

with @ constant juessing factor could oe used with these data.

It was also discovered that the item discrimination values varied
cons1derably. In the study described under the proceding section, item

discriminations were uniformly high: Due to this and the smallness of the
item pool the 1PL and 3PL adaptive testlng procedures erlded s1m11ar

results. For these data, the item pool was small, but items varied in

discrimination. Therefore, it was unclear to dhat extent the above study

would generalize to these data:

In order to investigate this, another simulation study was conducted.
The sixty 3PL item parameter estimates obtained for the items on the
transmitter test were used as true parameters. Using these, the simulation
dat design employed under Task 1 above was again applied. Information cutoffs
for the two procedures were selected to yield tests of roughly the same
average length. Again, the 1PL and 3PL adaptive test ability estimates were
compared to each other and to the known true abilities.

Tahlé 4 shows thé 1ntercorrelatlon matr1x for the lPL and 3PL adapt1ve
test ability estimates and the trie abilities. As can ke seen, the 3PL
estimates had = sllghtly hlgher correlation with the true values than did the

[=}
1PL CAT estimates. Still, the 1PL and 3PL CAT estimates were highly
coirelated. The lPL adaptive tests had an average test length of fIfteen,
while the average test length for the 3PL tests was thirteen. These results
support the conclusion that the little there is to gain from use of the more

complex 3PL procedure is probably not worth the added expense: Bear in mind

that what advantages there are to the 3PL model come only with dramat1cally

increased sampie sizes; which in many cases might be impractical or impossible

to obtain:

The resuilts of the principal components analyses indicate that; while
these tests are not truly unidimensional; there does tend to be a dominant

first factor. The other factors present do not lend themselves to
interpretation. They do not appear to be associated with content or item
type; and are therefore probably not important.

. _Task 3. Based on the results of the first two tasks of this phase, the
decision was made to bw.3e the adaptive testing system on the 1PL model. The
procedure developed employs maximum likelihood ability estimation and maximum
information item selection. Testing is terminated when no items remain unused
that yield an item information value for the most recent estimate of ablllty
greater than a specified m1n1mum, or untll twenty items have been
administered. The examiiiee's ability estimate is increased by a flxed
stepsize for a correct response and decreased by a fixed stepsize for an
incorrect response until both a correct and an incorrect response have been
obtained. 1Initial estimates of ability were selected So as to represent
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difficulty values near the mode of the item pooi information function: ihe

of Phase IT is near.

In addltlon to the CAT software, a computerlzed conventxonai tast
administration program was produced durlng Phase I. Th1s program administers

0 an examinee the Same Set of itéms as appeared on _the paper-and-peng;liform

of the test. Items are administered in a randomized order for test security
purposes.
o

Three primary tasks are included in Phase II of this project. The first

task is the impleﬁentation of a computerxzed conventional testing program.

The second task is the collectlon and analysis of response data from the.

computerlzed conventlonai tests for the purpose of updating the calibration

results for the CAT item pools: The third task involves research directed at

the 1nvestlgatlon of the effects of computer administration on item
characteristics:

Task 1 Initiation of the computerlzed conventional test1ng program

occurred in late February: The program was implemented simultaneously for the

three areas - primary power distribution; transmitter, and receivers. As was

indicated previously in this program, items are selected and adiministered in a

randomized order.

The purposes of this program are twofold. First, the program is
ne. ‘ssary for obta1n1ng additional response data for the item pool
calibraticns that are not contaminated due to compromlsed test securxty.
Second; this program will yield data useful for assessing the effects of
computer administration on item character1st1cs, partlcularlgi;te@ 77777

difficulty. To date, insufficierit data have been collected for meaningful
analysis.

Task 2. The second task of Phase ITI will include item analyses; IRT

analyses; and factor anaiyses of both the paper-and-pencil data and the

computerlzed test1ng data: The purpose of these analyses is _to assess. the

effects of comphter administration on item difficulty, item discrimination,
and the dimensionality of the item pools:. This phase will commence once
sufficient data have been collected from the computarized conventional testing

program:

Task 3. Theinature of the third task of Phase II will depend on the

results of the analyses of the data collected from the computerized

Eongentionai _testing program. Once these data have been analyzed, it w111 be

to 66%&&6 new iteﬁ §661 calibrations. If the two sets of data cannot be

of the item pools have been obtained from the computerized conventional

testing program.
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Phase III

aha the evaluation of the va11d1ty of the CAT program. During this phase; the
CAT and computerized conventional testlng programgig}ii be run concurrently-

The prlmary tasks oE phase III 1nclude the 1n1t1at10n ofitheWCAT program,

Each examlnee w1ll be admlnlstered ‘both. The _purpose of thxs is the

program.

Phase IV

The fourth phase of the project includes two main objectives. First, once

sufficient evidence for the validity of the CAT program has been collected,
the computerized conventional testing program will be eliminated. Also, at
this’ poxnt work will commence on the expansion of the project to include other
courses in the ETA school, and perhaps to other schools.

Once the CAT program has replaced the conventional testing program,
other, more long-term reSearch projects will be undertaken. Among these
the investigation of the Stability of the item pool dimensionality (and

calibration results) over time. Also, research will be conducted on

procedures for the calibration of new items for the CAT item pooils:

are

Inplications

Thls progect is Important far beyond any value assigned to the research

results, which will be quite important in themselves: This added significance

derives from the nature of the project itself - the appixcatxon of adaptive

testing in the classroom. If the results of this project are positive, it

will demonstrate that adaptlve testlng can effect improvement in an area of
great significance.
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Table 1
Intercorrelation Matrix for Ability Parameter

Estimates for the Real Data

Ability Adaptive Tests _ Papetr-and-Pencil Tests
Estimate 1PL 3PL 1PL _ _ 3PL-
Adaptive 1PL 1.00 0.77 0.89 0.87

3PL 1.00 0.81 0.86
P &P 1PL 1.00 0.95

3PL 1.00

Table 2
Intercorrelation Matrix for True and Estimated Abilities
for the Simulation Data

Ability True Adaptive Tests Paper—and Pencil Tests
Estimate 1PL 3PL 1PL 3PL
True B 1.80 0.88 0.82 0.90 0.89
Adaptive 1PL 1.00 0.81 0.93 0.92
) 3PL 1.00 0.83 0.85
P&P 1PL 1.00 0.93

3PL 100




Table 3

Item Analysis and IRT Calibration Results
for the Transmitter Item Pool

Item —_Item Analysis IRT Calibration
p r 1PL b 3PL a 3PL b 3PL ©
1 0.63 0.18 -0.84 0.34 ~0.93 0.02
2 0.29 0.16 -1l.21 0.29 2.08 0.02
3 0:67 0.23 -1.09 0.42 -1.05 0.02
4 0.94 0.54 -4.22 0.88 -2:70 0.02
5 0.85 0:14 ~-2.68 0-35 -3.23 0.02
6 0.87 0.44 -2.84 0.75 -1.94 0.02
7 0.83 0.24 -3:11 0.43 -3:19 602
8 0.94 0.12 -4.22 0.31 -5:71 0:02
9 0.66 0.32 -1.04 0.67 -0:70 0.02
10 0.79 0.07 -1.99 0.27 -2.94 0.02
i1 0:89 0:41 -3.08 0.68 -2.25 0.02
12 0:83 0.37 -2.42 0.59 -1.92 0.02
13 0.93 0.46 -3.84 0.75 ~2.66 0.02
14 0.52 0.24 -0.19 0.50 -0.06 0.02
15 0.97 0.72 -5.20 2.22 -3.01 0.02
16 0.54 0.24 -0.31 0.52 -0.16 0.02
17 0.95 0.22 -4.51 0.46 -4.39 0.02
18 0.98 0.17 -5.64 0.47 ~5.48 0.02
19 0.77 0.33 -1.89 0.61 -1.45 0.02
20 0.73 0.31 -1.51 0.57 =1.19 0.02
21 0.51 0.24 =0.15 0.45 -0.01 0.02
22 0.85 0.14 =2.63 0.28 -3.80 0.02
23 0.57 C.27 —0.52 0.55 -0-35 0.02
23 0.95 0.61 ~4.29 1.19 -2.35 0.02
25 0.86 0.38 —2.72 0.63 -2.07 0.02
26 0.96 0.20 -4.78 0.45 -4.79 0.02
27 0.88 0.42 ~-2.98 0.71 -2:10 0.02
28 0-83 0.37 ~%+40 0:63 -1.82 0.02
20 0.96 0.67 -4:71 .31 -2:58 0.02
30 0.87 0-51 -2.90 1.00 -1:66 0:02
31 0.96 0.00 -4.0% 0.22 -7.97 0.21
32 0.83 0.08 -2502 0.38 -2.00 0.21
33 1:00 6:04 -7:28 0:76 -4:99 0.2%
34 0.56 0.23 -0.24 0.65 0.45 .21
35 0.85 0.22 ~2520 0:75 ~1:36 0.21
36 0.84 0:16 -2.13 0:65 -1.42 J.21
37 0.97 0.05 ~4.36 0.44 -4,58 0.21
38 0.94 0.19 -3.40 0.84 =2.14 0.21
39 0.78 0.12 -1.62 0.50 -1.15 0.21
40 0.93 0.04 ~3.36 0.27 -5.32 0.21
41 0.71 0.26 -1.16 0.87 -0.25 0.29
42 0.99 0.00 -5.41 0.27 -9.14 0.21




Table 3 {Continued)
Item Analysis and IRT Calibration Results

for the Transmitter Item Pool

Itef Iteii Analysis- IRT Calibration

p r 1PL b 3PL a 3PL b 3PL C

43 0.88 0:19 -2.50 0:65 -1.76 0.21
44 0.90 0.26 -2.74 0.95 -1:57 0.21
45 0:97 0.00 -4.36 0:29 -6.67 0.21
46 0.88 0.08 -2.56 0.41 -2.56 0.21
47 0.91 0:07 . -2:88 0.40 -3.03 0.21
48 0.90 0.12 -2.80 0:53 -2.33 0.21
49 ' 0.97 0.15 -4.18 0.85 -2.66 0.21
50 0:98 0:05 -4.85 0.46 -4.92 0.21
51 0:78 0.12 -1.64 0.40 =1.40 0.21
52 0.87 0.14 -2.39 0.53 -1.93 0.21
53 0.85 0.14 -2.20 0.56 =1.65 0.21
54 0.96 0.03 -4.09 0.35 ~5.17 0.21
55 0.78 0.11 -1.61 0.39 -1.36 0.21
56 0.99 0.13 -6.01 1.28 -2.99 0.21
57 0.89 0.11 =2.65 0.49 -2.33 0.21
58 0.24 0.15 1.75 0.46 25.37 0.21
59 0.85 0.17 -2.20 0.58 -1.62 0-.21
60 0.89 0.23 -2.62 0:86 . -1.58 0.21







Table 4

Intercorrelation Matrix for True and Estimated Abilities
for Simulated Data for the Transmitter Item Pool

Ability True Adaptive

Estimate 1PL __3pL -

True 1.00 0.71 0.78

adaptive 1PL 1.00 0.77
3PL 1.00

o




Implementing an Adaptive Testing Program

In this paper, some of these problems are identified and discussed. In
addition, an actual implementation of CAT in an instructional programs setting
is described, and the special problems encounteted in that implementation are
discussed:



