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the study. A counterbalanced test-retest design was employed in which
there were two separate test sessions one week apart for each examinee,
with both the one- and three-parameter tests administered at each session.
The tailored tests were administered on Applied Digital Data Systems Consul
980 cathode ray tube terminals which were connected to an IBM 370/168
computer through a timesharing system. Relative efficiency curves, test-
retest reliability coefficients, goodness of fit of the models, convergence

with an outside criterion were used to compare the two models._ Test items
were selected for administration based on the information funckion, and
maximum likelihood ability estimation was employed. In addition\ an
attitude survey was constructed to measure several dimensions of student
attitudes toward tailored tests. The results of the study indicated an

rates, descriptive statistics, and the correlation of ability estimates i

overall superiority for the three-parameter procedure over the one-parameter
tailored tests, due to higher reliability, better fit of the model, and i
greater test information. However, implicit in these results was the 1
assumption that an encountered ability estimate nonconvergence problem i
could be solved for the three-parameter mcdel. The nonconvergence of
ability estimation of the three-parameter model in conjunction with
maximum likelihood estimation resulted when the item pool was too difficult
for the examinee. The attitude scale results reflected generally favorable
student attitudes toward tailored testing.
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A Live TAlLoreD TESTING CoMPARISON STUDY OF THE ONE AND
THReE PARAMETER LocisTic MoDELS

Tailored testing derives its name from its primary aim and character-
istic, which is to attempt to "tailor" a test for a given individual, often
using computer capabilities. That is, rather than administering the same
set of test items to all examinees, the tailored testing procedure presents
a unique set of items to each examinee which is selected to match item diff-
iculty parameters to a person's estimated ability level. This technique has
been developed since "an examinee is measured most effectively when the test
items are neither too difficult nor too easy for him" (Lord, 1970, p. 139).
Thus, one goal of the tailored testing procedure is to select items from a
precalibrated item pool stored in the computer so that the items adminis-
tered provide a maximum amount of information about a person's ability. 1In
general, tailored testing procedures require three components: a pool of
calibrated items, an item selection technique, and a scoring method
(Patience, 1977). The main purpose of the present study was to perform an
empirical comparison of two different tailored testing models in order to
collect evidence for the recommendation of one model over the other in this
specific situation.

Several tailored testing procedures have been developed to date
(Reckase, 1977). Many of the procedures employ either a one-parameter or a
three-parameter logistic model for item calibration and either maximum like-
lihood or Bayesian ability estimation procedures. Since both the one- and
the three-parameter logistic models assume that measurement takes place in a
unidimensional latent space, a major long range goal of the present research
program is to determine the effects of the violation of this assumption in a
tailored testing setting. This is a quite logical endeavor in light of the
fact that achievement tests, to which tailored tests are now frequently
beginning to be applied, routinely measure several dimensions.

Numerous applications of the one- and three-parameter logistic models
have been previously reported in the literature both for group tests and
tailored tests (Woodcock, 1973; Jensema, 1974; Ireland, 1976; English,
Reckase, & Patience, 1977; Loxd, 1977; Marco, 1977; Rentz & Bashaw, 1977).
In addition, several model comparison studies have been done, but these
usually have been restricted to calibration research (Urry, 1970; Hambleton
& Traub, 1971; Reckase, 1977) or have used simulated data (Hambleton, 196%;
Reckase, 1972). However, no research has been reported in the literature
that directly compares the one- and three-parameter logistic models in a
live tailored testing situation with real data. The present study was
intended to deal with this issue.

The bases for the comparisons of the two tailored testing procedures
will be (a) the goodness of fit of the models using mean squared deviations
of observed from predicted response data, (b) the reliabilities of the two
methods, (c) the ability estimates yielded by the two procedures, (d) the
correlation of the ability estimates with the same outside criteria,

(e) descriptive statistics for each procedure, (f) the rates at which the
two methods converge to ability estimates, and (g) the information functions
for the two procedures.
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Before proceeding to an empirical study comparing the two models with
tailored achievement tests, it was deemed essential to begin with the more
basic level of comparing the two models on live tailored tests using a pool
of unidimensional items. At the time of this writing, even this first step
in empirical model comparison had not been reported in the literature. Thus
the purpose of the present study was to conduct a live tailored testing
investigation of the one- and three-parameter logistic models for the uni-
dimensional case as input and groundwork for examining the multidimensional
case at a future date. We begin with a brief discussion of the two latent
trait models.

Latent Trait Models

The Rasch (1960), or one-parameter logistic model, is thoroughly
described in a recent article by Wright (1977). Here let it suffice to say
that the one parameter model requires only one ability parameter, 65 , for
each person and one item difficulty parameter, bj , for each item to
describe the interaction between an examinee and a test item. The exponen-
tial form of the simple logistic model is

(6. - bi)

b L
hl e
P{uij} = ®

j i (1)

where ujj is the score (0 or 1) on Item i by Persom j, 83 and bj are as
defined above, and P{ujj} is the probability that ujj equals 0 or 1.

In contrast, the three-parameter logistic model presented by Birnbaum
(1968) requires the estimation of three item parameters to describe the
interaction between test items and examinees. The model is given by

Dai(Bj - bi)
e

P,, = P{ui. =1} = c, *+ (1 - Ci)

ij j Dai(e = By

3 i (2)
i +a

where P{uij = 1} is the probability of a correct response by Person j to Item
i; cj is the guessing parameter for Item i; D is a scaling constant equal to
1.7; aj is the item discrimination parameter; bj is the item difficulty
parameter; and 64 is the ability parameter for Person j. Qij, the proba-
bility of an incorrect response, is defined simply as 1 - Pjj.

Both models have in common the assumption that the items are scored
dichotomously, that the latent trait being measured by the items is unidi-
mensional, that the model describes the interaction between a person and an
item, and that local independence holds (Lord and Novick, 1968). The graph
of the probability of a correct response against ability is called an item
characteristic curve (ICC).
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METHOD

Item Calibrations

The source of items used for the tailored testing comparison study was
the Syracuse Adult Development Study vocabulary tests, (Monge & Gardner,
1972), Forms C2, D2, and E. Three successive revisions of these tests were
performed during their development based on various item analyses and relia-
bility studies. All of the items were of the multiple choice form with five
alternatives per item. Each item had the same stem, "which word below most
nearly corresponds in meaning to the word . . .", followed by the word it-
self and the five alternatives. The result was a set of vocabulary test
forms of good quality (KR-20 = .90) for use with adults. Response data were
collected from a large, cross-section of adults. A principal components
factor analysis of the interitem tetrachoric correlation coefficients con-
ducted on form D-2 indicated that only one factor was present in the test
with an eigenvalue greater than 1.0, which accounted for approximately 41%
of the variance, with a sample size of 1,000 (Reckase, 1972).

Two identical pools consisting of 72 multiple choice vocabulary items
were constructed, one for use with the one-parameter model and the other
for the three-parameter model. The one-parameter model pool was calibrated
using a modified version of a program given in an article by Wright and
Panchapakesan (1969). For the three-parameter pool, the LOGIST program
developed by Wood, Wingersky, and Lord (1976) was used. The decision to
use these two methods of item calibration was based on the results of a
comprehensive review of available calibration procedures reported in a
previous technical report (Reckase, 1977).

Table 1 presents the means, standard deviations, and ranges of the item
parameter estimates resulting from the two calibration procedures along with
the sample sizes upon which they were based. 1In addition, Figures A-1, A-2,
A-3, and A-4 in Appendix A present histograms of the distributions of the
item parameter estimates.

Table 1

Descriptive Statistics of Item Parameter
Estimates for the Two Models

One Parameter

Model Three Parameter Model

Eji aji bi Ccj
Mean - .172 .990 - .519 svdal
S.D. 1.467 .533 1.529 .042
Low -2.821 .118a -3.624 .023
High 3.559 2.000 5.952 .270
Sample Size 1,000 1,541 1,541 1,541
No. of Items 72 72 72 72

8 The LOGIST program imposes the restriction that discrimination estimates
must stay in the range from .0l to 2.00.
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In general these item parameters fall within the expected range for
both models, and none of the items were deleted from the pools due to
unusual_parameter estimates. As can be seen in Table 1, the average diffi-
culty (b) for the items in the three-parameter calibration is =-.519,
indicating that the calibration sample found the vocabulary items to be
relatively easy to answer correctly. However, the distribution of these
values shown in Figure A-2 is clearly peaked, rather than exhibiting the
preferred rectangular distribution (Urry, 1977). Although the average item
discrimination (a) is approximately 1.0, nearly half (32) of the items in
the pool fail to meet Urry's criterion of .80 as the minimum acceptable
value for items. However, it will be seen later that, since items are
selected for administration based on the information function, in actual
practice items with discrimination values below .80 will rarely be admin-
istered_in the three-parameter tailored test. The average guessing para-
meter (c) is well below Urry's recommended maximum value of .30, probably
because the LOGIST procedure imposes severe restrictions on changes in the
guessing parameter away from the initial .22 estimate. For the one-
parameter calibration, the average easiness (E) value of -.172 is close to
zero, but again the distribution is peaked, as can be seen in Figure A-1l.

Tailored Testing Procedure

Once the calibrated item pools have been established, the three requi-
site components of the tailored testing procedure include (a) an item
selection routine, (b) an ability estimation technique, and (c) a stopping
rule to terminate the test. Each of these components will now be described
for both the one- and the three-parameter tailored testing procedures used
in this study.

For the one-parameter procedure, items were selected for administration
based on difficulty values (bji). The procedure began with an ability esti-
mate of + .50 for the examinees. For example, if a person's initial ability
was randomly assigned to be +.50, the testing procedure searched the item
pool to locate the first item encountered with difficulty value equal to
that ability estimate, within a +.30 acceptance range. If the examinee
answered the first item correctly, the next item to be administered was the
first item in the pool at a predetermined, fixed stepsize (.693) away in a
positive direction, still within a +.30 acceptance range, i.e. a more diffi-
cult item. On the other hand, an incorrect response to the item resulted
in the selection for administration of the first item that was -.693 away,
i.e. an easier item. The .693 fixed stepsize value had been previously
determined through an analysis of tailored testing operation, (Reckase,
1976) , being simply the value of 1ln 2.

When at least one item had been answered correctly and one answered
incorrectly, the ability level of the examinee was estimated using an empir-
cal maximum likelihood procedure. At this pcint, the next item to be
administered was selected so that it had a probability of .50 of being
answered correctly for the estimated ability level. For the one-parameter
model, this was an item with difficulty equal to the ability estimate. The
first item encountered in the pool that was nearest to the desired
difficulty value within the +.30 acceptance range was thus administered.
Ability estimation was then performed after each subsequent item was
answered. An empirical maximum likelihood procedure was used in an
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iterative search to determine the mode of the likelihood distribution,
which became the new ability estimate (See Patience, 1977 and Reckase, 1974
for a more thorough discussion).

There were two stopping rules for the procedure. First, if no items
existed in the pool that fell within the +.30 acceptance range, then no
further items could be administered which were appropriate. Alternatively,
the procedure terminated when a maximum of 20 total items had been
admini-tered.

For the three-parameter procedure, items were selected for adminis-
tration to maximize the value of the information function, which describes
for each item the potential contribution to the estimation of the examinee's
ability. It is important to realize that for the one-parameter model,
selecting items on the basis of easiness was equivalent to selecting items
to maximize the information that an item provided about a person's ability.
That is, information was maximized for the one-parameter model when the
item was of exactly appropriate difficulty for a given ability level (when
the item difficulty equaled the estimated ability).

However, for the three-parameter model, the information function was
more complex. In particular, the added discrimination and guessing para-
meters played a crucial role in determining the amplitude of the information
curve. The formula used to compute item information for the three-parameter
logistic model was given in Birnbaum (1968) as

I(6, , u,,) = D%a, 2pIoL,(68,)] - D%a P, (6,)¢(DL, (8,) - log c,]  (3)

j ij i i3 A i U (s i

where I(63 , ujij) is the information of Item i at ability level © for Person
j, given item response ujj; Li(63) = aji(6j - bi); Pij(63) is the probability
of a correct response to Item i given ability level 0j; y(x) is the logistic
probability density function; and the other parameters have their meanings
mentioned previously. The total test information was then simply the sum
of the item information (Birnbaum, 1968) given by

n

1(0) = ;Z) I8, v ). 4)

The tailored testing procedure for the three-parameter logistic model
began the same way as the one-parameter procedure already described.
Namely, a fixed .693 stepsize was used to select items until at least one
correct and one incorrect response were obtained. At that point, an ability
estimate was computed, again using the maximum likelihood technique. How-
ever, to select the next item to be administered, the item pool was searched
for the item which was most informative (i.e. I(6j , ujj) was maximal) for
that particular ability estimate. This process was repeated until one of
the two stopping rules was encountered: either no item in the pool was
available with x(ej v uij) > .70 or a total of 20 items had been administered.

A problem in using maximum likelihood ability estimation with the
three-parameter model was that the procedure was sometimes unable to con-
verge on an ability estimate. Usually the problem was that the items were
too difficult for an examinee, so that a string of incorrect responses was
obtained, causing the mode of the likelihood distribution to be at the
guessing level. In such cases, no maximum of the likelihood function could

wr— — - PR—
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be calculated. The current study utilized an arbitrary procedure in an
attempt to "fix" the nonconvergence problem, which was to give an ability
estimate that was .693 less than the previous ability estimate in order to
select the next item. As will be seen later, this attempt was only par-
tially successful.

Design

The study employed a counterbalanced design in which there were two
separate test sessions one week apart for each examinee, with both the one-
and three-parameter tests administered at each session. In addition, the
display mode of the cathode ray tube (CRT) screens, i.e. white-on-black
or black-on-white, was varied. The counterbalancing resulted from the
reversal of the order of the test model used from one test session to the
next, as well as alternating the mode of CRT screen display. For example,
if an examinee took the test for the first session on the black-on-white
screen display, then the second session would be on the white-on-black
CRT screen, and vice versa. Lighting conditions in the room were held
constant, as were the CRT screen brightness and contrast controls, once a
suitable adjustment level was obtained through the agreement of six judges.

The tailored test was arranged so that the examinees could not have
perceived receiving two tests during each session. The computer program
began administering the second test immediately after arriving at an ability
estimate from the first test, so there was no pause between them. Since
both item pools were identical in content, however, the examinees were told
that occasionally they would receive the same test item to answer twice.

The tailored tests were administered on Applied Digital Systems (ADDS)
Consul 980 cathode ray tube terminals which were connected to an IBM 370/
168 computer through a timesharing system.

The basic purpose of the test-retest design was to facilitate compar-
isons between the two tailored testing procedures (one-parameter vs. three-
parameter) on the basis of reliability, information value of the tests,
convergence rates to ability estimates, lack of fit of the models to the
data, and attitude changes over test sessions, to name just the primary
analyses performed.

Sample

The subjects taking part in the study were undergraduate and graduate
students enrolled in educational psychology and measurement courses at the
University of Missouri - Columbia. A total of 142 students took part in the
study. However, there were 14 instances in which data were missing for
either the first or the second test session. In addition, there were 39
total examinees for whom the three-parameter test procedure failed to con-
verge at an ability estimate. Thus, complete data were obtained on a total
of 128 subjects. For 89 of these cases, the three-parameter procedure con-
verged properly. All students received extra credit points toward course
grades for participation in the study.
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Attitude Survey

At the end of each tailored test session, all examinees were asked to
respond to a 20 item attitude questionnaire. The questionnaire was intended
to measure the attitudes of the examinees toward the tailored testing pro-
cedure on the dimensions of difficulty, anxiety, time pressure, and motiva-
tion. All 20 statements were written in Likert scale fashion with a five
point scale of response alternatives after each statement. (A complete
sample of the attitude scale is reproduced in Appendix B.) The items were
scored on a scale from 1 to 5 with 1 signifying that the item response
reflected an unfavorable attitude toward tailored testing and 5 indicating
a favorable attitude.

Analyses

The measure used to determine the goodness of fit of the observed data
to the models was the mean squared deviation (MSD) statistic (Reckase, 1977).
This statistic was calculated by squaring the differences for each person
between the actual response to an item and the probability of a correct
response predicted by the model. These squared differences were then summed
across the response string and divided by the number of items administered.
The formula used for the MSD statistic was:

N
2
T e :
(u1J Pij)
i=1
MSDJ.— = (5)

where MSDj = the mean squared deviation for person j

ujij = the actual response to item i by person j

Pjij the probability of a correct response to item i by person j

predicted by the model.

N = the number of items in the tailored test
Thus each examinee had two MSD values calculated, one for the one-parameter
and one for the three-parameter models. Theoretically the MSD statistic
had a possible range of from 0 to 1. A value of 0 was obtained if the model
fit the item responses perfectly and 1 was obtained when there was total
lack of fit. 1In actual practice, however, the value of the MSD for an
examinee rarely exceeded .25 for either model , the value obtained when all
of the ICC's are flat.

A systematic sample of 22 examinees was taken to compare the two models
using the MSD statistic. A t-test was used to analyze these data. It was
desired that MSD values be cumputed across the whole range of ability esti-
mates yielded in the tailored tests, so that sampling was systematic instead
of random to insure this representative coverage of ability. Although the
complete sampling distribution of the MSD statistic was unknown, it was
deemed justifiable to use the t~test to compare the MSD results for the two
models, since previous research had shown the MSD distribution to be approx-
imately normal (Reckase, 1977).

The reliability comparison of the two models was computed by corre-
lating the ability estimates from the two sessions. These coefficients were

i - -
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not test-retest reliability measures, but rather were hybrids of test-retest
and equivalent forms reliability. Since a different entry point into the
item pool was used for each session (either +.5 or -.5) and since changes

in response strings resulted in different paths through the item pool, it
was impossible for an examinee to receive exactly the same tailored test
twice. However, numerous items were repeated over sessions as a function of
the consistency in ability estimation for a person since items were selected
from the same pool. Thus the reliability measure was neither a true test-
retest, nor a true equivalent forms, but rather a mix between the two. The
reliabilities were compared using a t-test based on the usual r to z trans-
formation.

Correlation analyses were conducted among a great many variables
measured by the study, but two were of major interest. First, the corre-
lations of the ability estimates yielded by the one- and three-parameter
models from the two testing sessions were compared. Second, the correlation
was calculated between the ability estimates and the outside criteria of
performance, namely, traditional paper-and-pencil exam scores over the
students' course material. The course exams either consisted of a series
of three 50 item multiple choice tests which covered introductory measure-
ment and evaluation concepts, or else one 35 item multiple choice final
exam over introductory educational psychology material, depending on the
course in which the student was enrolled. The purpose of these correlations
was to determine the degree to which the two procedures of the models were
measuring the same thing, and whether one model performed better than th-
other in the prediction of the outside criteria.

Numerous descriptive statistics were compiled for the one- and three-
parameter tailored tests which included such variables as average test
length, average test difficulty, percentage of test items in common over
the two sessions, etc. Comparisons of the two models were made on the basis
of these data. Where significant differences were found, the effects on
reliability were partialed out.

Information analyses were performed to compare the two models in terms
of relative efficiency (Birnbaum, 1968), the ratio of information provided
by each model's tailored test to the information provided by a thirty item
paper-and-pencil test. 1In addition, plots were drawn of the information
functions for the tailored and paper-and-pencil test, as well as plots of
information on a per item basis. Again, the plots were constructed with
cases from a systematic rather than a random sample to insure that data
across the whole range of ability estimates yielded by the tailored tests
was available.

Convergence plots were also drawn for the tailored tests taken by each
examinee over both sessions. On one axis were plotted the ability estimates
calculated after each item was administered, and on the other axis were
plotted the trials (items received). The purpose of the convergence plots
was to provide a graphic representation of the rates at which the one- and
three-parameter tailored tests converged to stable ability estimates.
Although the fact of the ability estimates having different scales pro-
hibited direct comparisons of the two models, still it was useful to make
subjective judgments through careful scrutiny of the convergence plots.
Several representative plots were, therefore, selected for discussion in
this report.
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A final set of analyses were conducted on the attitudinal data collected
from the Likert questionnaire administered after each session. The initial
effort was to determine the various characteristics of the attitude scale
itself, followed by efforts to analyze the attitude data for tailored
testing implications. Two different types of factor analysis procedures
were tried out on the scale to determine its dimensionality, including a
principal components with varimax rotation, as well as orthogonal
procrustes rotation. The latter technique was run to compare the factor
structure from the first administration of the questionnaire to the second.

Once the factor structure was determined, individual items on the scale
that loaded together were examined to label the factors. Coefficient alpha
reliabilities were then calculated for each factor, as well as for the total
scale. Traditional item analysis correlations were also used to determine
the contribution of each item on the scale to the total score obtained. And
finally, factor scores were generated for the examinees for subsequent
analysis.

Frequencies of responses to the five scale points for each item were
determined for both test sessions, to provide an indication of agreement or
disagreement with the various statements about tailored testing. In
addition, several multivariate analyses of variance (MANOVA's) were per-
formed on the attitude data. One attempted to determine the differences in
attitude from the first test session to the second, another from one screen
display format to the other. Both of these comparisons were made on the
basis of factor scores as well as item raw scores.

Results

Goodness of Fit

The results of the MSD statistic used to compare the goodness of fit of
the one- and three-parameter logistic models are presented in Table 2. The
values of MSD for 22 cases for each model are shown, along with the means,
standard deviations, and the results of a dependent t-test analysis of the
data. As has been mentioned earlier, the 22 cases were obtained from a
systematic sample of 89 examinees to insure that data were available across
the whole range of ability estimates yielded by the tailored tests. The
results of the t-test showed that the MSD statistic was significantly
smaller for the three-parameter (p < .05) indicating better fit of the model
to the observed responses.

Reliability

The correlation matrix in Table 3 reports the coefficients obtained
from intercorrelating the ability estimates yielded by the two models in the
tailored testing study. Of special interest are the correlations between
the ability estimates from the first one-parameter logistic tailored test
(1PL 1) and the second one-parameter tailored test (1PL 2), and the first
three-parameter test (3PL 1) with the second three-parameter test (3PL 2).
The .61 correlation value shown in Table 3 is the reliability coefficient
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Table 2
Goodness of Fit Comparison
Using the MSD Statistic
pi One Parameter Three Parameter
:‘ Observations MSD MSD
1l .198 .184
2 .197 .206
3 .212 .158
4 .214 .100
5 .083 .143
6 .203 .098
7 .202 .208
8 .187 .156
9 .208 .153
10 .204 .140
11 .192 .171
12 .083 .133
13 .215 .267
14 .196 .191
15 .164 .198
16 .194 .144
17 .203 .166
18 .203 .126
19 .183 247
20 .214 .149
21 .182 .022
22 .188 .185
X .188 .161
sg .055 .063
t g1y = 2-086 (p. < .05)
Table 3
Ability Estimate Correlations
Variables 1l 2 3 4 5 6 7 8
1. 1PL 1 .61(.55)% .96 .53 .57 .58 .53 .59
2. 1PL 2 .53 .90 .68 .70 .63 .69
3. 1PLEQI 1 .47 .49 .53 .44 55
4. 1PLEQI 2 92 ol & .47 .49
5. 3PL 1 «77(.36) .90 .76
6. 3PL 2 .79 .96
7. 3PLEQI 1 .78

8. 3PLEQI 2

( )a indicates the inclusion of 39 cases for which the three-parameter test
did not converge at an ability estimate. All other correlations are
based on 89 cases.
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for the one-parameter tailored test. This is to be contrasted with the .77
reliability coefficient obtained from the first three-parameter tailored
test. The difference between these two reliabilities is statistically
significant (p < .05).

It is very important to note, however, that these reliabilities are
based on only 89 rather than 128 cases. The values in parentheses in Table
3 reflect the reliability coefficients when data from 128 cases were
included. The differences are due to the failure of the three-parameter
logistic tailored test to converge at ability estimates for 39 cases, about
one-third of the total. The nonconvergence of the three-parameter procedure
will be discussed later, but notice the dramatic effect that including the
39 nonconvergence cases had on the reliability of the three-parameter
tailored test (from .77 to .36). The one-parameter reliability also dropped
slightly from .61 to .55. This decrease might have been due to a restric-
tion in the range of ability estimates. However, the difference between the
reliabilities for 128 cases (.36 vs. .55) was not statistically significant.
Notice in this regard that although the absolute difference of .19 is
greater than the absolute difference of .16 between the reliabilities for
128 and 89 cases respectively, the former value is not significant due to
the nonlinearity of Fisher's r to z transformation used in the significance
test.

At this point, it seems appropriate to discuss the rationale for what
might appear to be an arbitrary decision to drop the 39 nonconvergence cases
from the reliability analysis. The primary reason was that subsequent
tailored testing research by the authors, which also used the three-
parameter logistic model in conjunction with maximum likelihood ability
estimation, showed the nonconvergence problem to be very minimal. In this
latter case, the item pool was of appropriate difficulty for the examinees
(i.e. the items covered their course material and had been previously cali-
brated using the same ability level of students) and the nonconvergence of
ability estimation occurred in only nine out of 110 tailored tests. There-
fore, the hypothesis was that the high rate of nonconvergence was due to the
item pool being too difficult for the examinees, resulting in high guessing.
For example, the mean one-parameter ability estimate for the 39 nonconver-
gence cases was only -.80 compared to a mean of 0.00 for the calibration
sample (see Table 4). For this reason, we decided to disregard the 39 non-
convergence cases for the current study in some of the data analyses and
considered them to be a temporary source of poor ah.lity estimation for the
three-parameter tailored testing procedure.

Since it was common for each tailored test administered to an examinee
to have a different number of test items, and since test length often sub-
stantially affects the reliability of a test, another compariswn was under-
taken in which all the ability estimates were equated for test .ength. The
correlation between the first and second one-parameter tailored test ability
estimates, .61, was compared to the correlation between the first and second
three-parameter ability estimates for tests with an equal number of items
presented (3PLEQl vs. 3PLEQ2). The resulting difference between these cor-
relations, .61 and .78 was still significant (p < .05).

Another factor was investigated for possible confounding of the relia-
bility coefficients, namely, the number of test items in common from one

-
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test to another. It was found, for instance, that the mean percentage of
items in common between tailored tests one and two for the three-parameter
model was 85%. For the one-parameter tailored tests, this value averaged
only 20%. The reason for this substantial difference in the number of items
in common over test sessions for the two models was related to their
respective item selection procedures. Since the three-parameter procedure
selected items on the basis of the highest information value for an ability
estimate, and since items with moderately high discrimination values yield
good information over a relatively broad ability range, there was a tendency
for the same items to be administered to an examinee at both test sessions.
For the one-parameter model, however, where the items administered were the
first ones encountered within an acceptance range about the ability esti-
mate, different items would be selected depending on the ability estimate,
ignoring the item discrimination. Thus, there was a much lower chance that
an examinee would receive the same items from one test to the next for the
one-parameter test.

In order to determine the effect of proportion of items in common
between tests on reliability, two approaches were used. First, correlation
coefficients were computed between the absolute difference in the two
ability estimates for the one-parameter tests and the corresponding propor-
tion of test items in common for each examinee. The same correlation was
figured for the three-parameter tests. For the one-parameter procedures,

r was found to be -.634, while r was -.496 for the three-parameter case (the
difference between these correlations was not significant). Thus examinees
with small differences batween their first and second ability estimates for
both models tended to have tailored tests with high proportions of items in
common, and vice versa. This finding implied that number of items in common
had some effect on reliability, but the problem was to determine its
magnitude.

To accomplish this partial correlation coefficients were computed using
the formula given below.

i T N -

Ejo«3 ™ : = (6)
A\Fl - 53) 1 - 53)

Depending on whether the partial correlation coefficient was being calcu-
lated for the one- or the three-parameter tailored tests, rjj was either the
correlation between the two one-parameter ability estimates or the two three-
parameter ability estimates. The values for r)3 and r23 were the corre-
lations between each of the respective ability estimates and the third
variable, namely the proportion of common test items. For the one-parameter
test, r13 = .064 and ry3 = .111; while for the three parameter test, these
values were rj3 = .395 and rp3 = .211. However, when these values were
substituted into formula 6 in order to adjust the original reliability rjj,
the reduction due to proportion of items in common was negligible (less than
.01). This result indicated that although the proportion of common items
across tests differed markedly for the one-parameter compared to the three-
parameter test, the proportion of items in common did not materially contri-
bute to either reliability value.
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Table 4 represents several additional descriptive statistics computed
for the one- and three-parameter logistic tailored tests. For example,
the mean test difficulty for both procedures was about the same, close to
.50, showing that both procedures were administering items of appropriate
difficulty for 89 of the examinees. Lord (1970) has indicated that
"measurement is most effective when the examinee knows the answers to only
about half of the test items (p. 140)." 1In addition, the three-parameter
test was slightly longer on the average than the one-parameter test.

Table 4

Descriptive Statistics

One Parameter Three Parameter
Variable Tailored Test Tailored Test
Mean # of items administered 15.07 (13.13) 19.39 (9.60)
Mean # of items correct 7.45 (5.39) 8.95 (2.35)
Mean test difficulty .49 (.41) .49 (.24)
Mean ability estimates .44 (-.80) -.77 (-5.48)

n = 89
Note: Values in parentheses are for the 39 nonconvergence cases.

Figures C-1 through C-4 in Appendix C, however, show that the distributions

of ability estimates obtained from the tailored tests are all approximately
normal, with only minor variations from the first to the second session.

Other Correlation Analyses

Table 3 illustrates the degree of similarity among all the ability
estimate intercorrelations, regardless of the procedure. The ability esti-
mate correlations yielded by the one-parameter tests and the three-parameter
tests consistently fall in the range from .44 up to .70. Shown in Table 5
are the correlations between the ability estimates yielded by the tailored
tests and the outside criteria of scores on traditional course exams. These
correlations were generally in the .20's and the .30's for both procedures
over both sessions, meaning that both the one-parameter and the three-
parameter tests predicted the outside criteria equally well.

Information Function Analyses

The results of the relative efficiency comparison are shown in Figure
1. The horizontal dashed line indicates the information of the traditional
30-item vocabulary test as the reference position to compare the two types
of tailored tests. However, the ability scales used for plotting the two
relative efficiency curves are not the same. The plot shows that the three-
parameter tailored test yielded substantially greater information than the

A R NI T e W T2 T 2 R - g
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Table 5

Correlations of Ability Estimates
With Outside Criteria

Variables 1PL1 1PL2 3PL1 3PL2

1. 1lst measurement course .36 (49) .29 (49) .24 (49) .09 (49)
exam score

2. 2nd measurement course .21(49) .33(49) .25(49) .27 (49)
exam score

3. 3rd measurement course .32(49) .19 (49) .32(49) .30(49)
exam score

4. Final exam score for -.00(22) .18(21) .42(22) .32(21)
educ. psych. course

Note: The values in parentheses indicate the number of cases upon which
the correlations are based.

traditional test, but only in a peaked fashion for ability estimate levels
between -2.0 and +.50, falling off sharply outside this range. However, at
no point did the one-parameter tailored test exceed the traditional test
information, and its information curve was rectangular rather than peaked.
Also shown in Figure 1 are the frequency distributions of ability estimates
obtained from the two procedures. Note that the information from the three-
parameter test is greatest where most of the examinees were concentrated.

Convergence Plots

In Figure 2 are pictured four individual tailored testing convergence
plots, including good and poor examples of convergence for each of the two
types of tailored tests. Plot 2-A shows a case where neither procedure
converged very well, 2-B a case where the one-parameter test did well but
not the three-parameter test, 2~C a case in which the three-parameter test
converged better than the one-parameter test, and 2-D where both procedures
converged nicely. A subjective classification method applied to 44 seperate
cases resulted in the following breakdown: 2-A, 7 plots; 2-B, 5 plots; 2-C,
18 plots; and 2-D, 14 plots. However, recall that in 39 cases, not included
in the above categories, the three-parameter tailored testing procedure
failed to converge at all.

Attitude Scale Characteristics

The varimax rotated factor loading matrix that was obtained from a
principal components analysis of the first administration of the attitude
scale is shown in Table 6. There were six factors present with eigenvalues
greater than one, which accounted for 62% of the variance. The underlined

o —— 3
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Table 6

Rotated Factor Pattern for First
Attitude Scale Administration

Item No. I I III v v VI
1 .68 .01 -.19 .18 -.06 .18
2 .08 -.08 13 .05 -.01 -.82
3 -.10 -.21 -.16 .11 -.63 -.34
4 .45 .09 .20 .25 -.05 -.52
5 -.56 -.17 .43 .08 -.03 -.19
6 17 -.01 .20 -.11 -.74 .20
7 .00 -.83 .10 .06 .03 -.12
8 .01 A2 .28 .74 -.23 -.08
9 .07 .04 13 .07 .67 .14

10 .68 -.09 2% -.16 -.06 -.10

11 .08 -.14 .13 .63 .27 .14

12 .08 -.71 .04 -.02 -.36 .16

13 .67 -.13 .24 13 -.11 -.25

14 .15 -.28 -.12 .04 -.76 e

15 276 -.06 .08 .03 .05 -.14

16 .03 -.06 -.13 .75 .04 -.24

17 .06 -.88 -.02 .01 -.17 -.08

18 -.00 .06 th 7 4 .07 .13 .11

19 a1 -.07 sdk -.04 -.08 -.14

20 .09 -.07 .58 ol .18 -.20

Note: The underlined values indicate the highest loading of an item on a
factor. Broken underlines indicate other high loadings.

values in the table indicate the highest factor loading for each item on
the scale among the six factors. A subjective examination of the items
loading on each factor resulted in the following factor labels:

factor I - anxiety

factor II - test satisfaction

factor III - motivation

factor IV - cathode ray tube (CRT) characteristics
factor V - perceived difficulty

factor VI - time pressure

Since the examinees responded to the attitude scale after each test
session, data were also available from the second administration of the
attitude scale. Again a principal components analysis with a varimax rota-
tion was conducted, and again six factors were present with eigenvalues
greater than one, with 63% of the variance accounted for. The rotated
factor loading matrix is presented in Table 7. Many of the factors changed |
in order, but the same six factors were identified. A few of the items on
the attitude scale switched factors, but in general the pattern of components
was the same.
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The labeled factors are listed below:
factor I - perceived difficulty
factor II - CRT characteristics
factor III - motivation
factor IV - anxiety
factor V - test satisfaction
factor VI - time pressure
Table 7

Rotated Factor Pattern for Second
Attitude Scale Administration

Item No. I II II1 v v VI
1 -.13 -.02 -.15 279 -.07 -.08
2 -1 .26 -.04 .19 .51 .10
3 .61 .03 -.08 -.11 .01 -.30
4 .05 .37 .16 .26 -.00 +51
5 .15 13 .41 -.68 -.08 -.02
6 .81 -.12 .10 .10 -.06 .05
7 .19 -.13 .10 -.12 .85 -.03
8 .11 -85 .03 -.12 .03 .10
9 -.69 -.09 .13 .04 -.11 -.06

10 .13 .22 .13 1 8 -.02 .07

11 -.03 .06 -.07 -13 .00 .87

12 .67 .02 -.12 -.03 .36 .03

13 .15 .53 .24 =45 .01 -.11

14 .81 .10 .06 -.02 12 .05

15 -.01 .48 -.08 .38 -.12 .09

16 -.05 .82 .05 .03 .09 .08

17 .34 .00 .05 -1 .79 -.06

18 -.25 -.00 273 -.04 .03 -.02

19 .11 -.04 .80 -.06 .00 .14

20 -.03 .16 .80 -.07 .06 -.09

Note: The underlined values indicate the highest loading of an item on a
factor. Broken underlines indicate other high loadings.

In order to obtain an indication of the reliability of the attitude
scale, several techniques were utilized. First, an orthogonal procrustes
factor analysis was run on the data from the two scale administrations.
Given the rotated factor loading matrix results of the first administration
to be used as the target or goal matrix, this procedure attempted to rotate
the factor matrix from the second administration to be equal to the target
matrix plus error, by postmultiplication of the second matrix by a transfor-
mation matrix. In other words, the program solved the equation AT = B + E,
where B was the target matrix, A was the second session factor matrix, E was
a matrix of residuals, and T was a transformation matrix. By comparing the
AT matrix to B, as well as observing the sizes of the residuals in E, it was
possible to estimate the degree to which the two attitude scale administra-
tions measured the same things. In general the results showed the scale to
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have good reliability. The largest residual obtained was .49, although the
majority of residuals were less than or equal to .10, with most of the
larger residuals found on the weakest factor. Table 8 shows the B target
matrix, Table 9 shows the AT matrix, and Table 10 contains the residuals.
The slight differences between the values in Table 6 and those in Table 8
are due simply to the use of two different packages, SAS and SOUPAC respec-
tively, to perform the principal components analyses.

The second reliability measure of the attitude scale was a traditional
test-retest reliability coefficient. The value obtained was r = .57 based
on 130 cases with data for both sessions. A total attitude score for each
examinee was obtained on the scale by summation of the scores on the 20
individual items. The reliability was then simply the correlation between
the sets of total attitude scores for the two tailored testing sessions,
assuming that no attitude changes had taken place.

In addition, discrimination indexes were calculated for all of the items
on the scale by correlating individual item scores with total scores for
each examinee. The results over the two test sessions are shown in Table 1l.
Most of the discrimination values are fairly high, being in the range of the
+.30's and up, despite the fact that the attitude scale comprised six factors
as previously discussed.

Finally, coefficient alpha reliabilities were calculated for the factors
of the scale as well as for the total scale itself. The results are shown
in Table 12. In general the reliability coefficients for the factors are
fairly high, with the only exception being the anxiety factor. The coeffi-
cient alphas for the total attitude scale for the two sessions, .67 and .57
respectively, are quite comparable to the test-retest reliability value of
.57 that was previously reported.

Attitude Scale Results

Having discussed the psychometric characteristics of the attitude scale,
we turn now to summarizing the results obtained from the administration of
the scale. 1In Tables 13-18 are listed the response percentages for the
various factors measured by the attitude scale for the two tailored testing
sessions. In general there appear to be several apparent contradictions of
responses on the various items within a factor or subscale. For instance
in Table 13 we see that the examinees were not nervous about the prospect
of taking the test on the computer terminal but did experience stress during
the test itself. 1In Table 14, the response percentages indicate that the
examinees felt many of the test items to be too easy, yet they were not con-
fident of having performed well. Table 15 responses show that motivation
levels were high during the tailored test, which may have heightened the
perceived time pressure responses reflected in Table 18. The examinees felt
considerable time pressure in spite of the fact that they had as much time
to respond to each item as desired. The response data in Table 16 reveals
that the CRT screen did not cause eye discomfort, but that the items were
difficult to read. And finally, in Table 17, the examinees felt that the
tailored test did a good job of measuring their vocabulary ability, but that
it did not reflect their "true" vocabulary knowledge. Some of these apparent
anomalies will be discussed later in this report.
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Table 8
Target Matrix B

Item No. 1 II III v v VI
1 .70 .04 -.05 -.16 <11 -.18
2 <08 .04 .04 .06 .06 .84
3 -.06 .67 .09 -.22 .11 )
4 .46 .00 -.08 «22 .24 A7
5 -.58 .02 .24 .34 .09 27
6 .18 .72 .02 2 -.13 -.20
7 .03 -.06 <82 .09 .06 .06
8 .06 .23 -.10 .32 P | .07
9 1 -.66 -.06 .15 .04 -.07

10 .67 .05 .14 A -.17 .14

1 ~06 -.25 .15 .14 .65 -.08

12 .02 .36 45 .01 02 -.06

13 .65 .08 .19 .25 .16 .28

14 s i J .76 «23 -.07 -.00 -.12

15 278 -.01 .03 .10 .02 A5

16 -.03 -.02 .05 -.19 213 23

17 .02 .15 .89 -.06 .02 .06

18 .05 -.19 -.10 .78 .09 -.07

19 .07 .02 .08 513 .02 12

20 .05 -.17 .10 =47 .09 .38

Table 9

Procrustean Rotated Pattern Matrix AT

Item No. I II III Iv v VI
1 adk -.07 -.19 -.24 -.29 .02
2 .28 -.22 234 -.03 .16 535
3 -.01 .62 .14 .04 -.03 -.18
4 .45 -.06 .08 27 .41 .10
5 -.49 33 .18 .54 <52 -.10
6 .14 .74 .15 .10 -.12 -.20
7 -.17 <00 .81 -.04 -.15 .30
8 .05 .26 =10 .02 =69 .48
9 .07 -.62 -.22 13 -.04 -.20

10 274 23 -.06 .14 -.00 Al

11 .11 -.25 .25 .12 .58 -.40

12 .06 .43 -66 -.05 .07 -.07

13 52 .25 -.03 .17 .16 .43

14 .06 P i 4 .29 .06 .10 -.08

15 257 -.03 .00 .01 .40 -.02

16 .08 .16 -.21 -.05 55 .61

17 -.09 X7 =82 -.04 -.06 .25

18 -.11 -.27 -.05 .63 -.15 .33

19 -.16 .05 .06 210 -.13 .28

20 .05 -.01 .05 .80 -.00 .22

Note: The underlined values indicate the highest loading of an item on a
factor. Broken underlines indicate other high loadings.

s s R
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Table 10

idual Matrix E

Item No. I II III v A" VI
1 -.01 .11 .14 .08 .41 -.20

2 -.20 .26 -.30 .10 -.10 .49

3 -.05 .05 -.05 -.26 .13 .45

4 .01 .06 -.16 -.07 -.18 «37

5 -.09 -.10 .06 -.19 -.23 <37

6 .04 -.02 -.13 .11 -.00 .00

7 21 -.06 .01 13 .22 -.24

8 .02 -.03 -.01 .31 .02 -.41

9 .04 -.03 .15 .04 .09 «13
10 -.08 -.06 .20 .07 -.17 .03
11 -.05 .00 -.10 .02 .07 «33
12 -.04 -.06 .06 .06 -.05 .01
13 «13 -.17 .22 .07 -.01 -.15
14 .11 -.01 -.06 -.13 -.11 -.04
15 .18 .01 .03 .08 -.38 .17
16 -.10 -.18 .26 -.14 .18 -.38
17 «11 -.02 .08 -.00 .08 -.19
18 .16 .08 -.05 kS .23 -.40
19 .23 -.02 .02 .03 .15 -.16
20 .01 -.16 .05 -.33 .09 .16

Table 11
Discrimination Indexes for Attitude Scale
Items for Two Test Sessions
Item No. Session 1 Session 2

1 .33 .08
2 .43 .38
3 .32 .31
4 .50 .43
5 .18 .25
6 .28 e 3L
7 .50 b
8 .47 .55
9 -.02 -.20
10 .41 .40
11 .35 .24
12 .46 .44
13 .59 .47
14 .36 .47
15 .47 .36
16 .35 .49
17 .49 .43
18 .27 .24
19 .39 .34
20 .37 .42
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Table 12

Coefficient Alpha Reliabilities for the
Attitude Scale Factors and Total Scale

10.

I didn

session 1

session 1

Coeff. a Coeff. a
! Factor Labels Items Session 1 Session 2
; Anxiety 1, 5, 10, E£3, 15 32 Sl
q Perceived Difficulty 3, 6, 9, 12, 14 .31 .46
Motivation 18, 19, 20 .79 =55
CRT Characteristics 8, 11, 16 e -3
Test Satisfaction 2 X7 .63 .96
Time Pressure 2, 4 .44 .49
Total Scale all 20 items .67 +57
Table 13
Response Percentages for the Anxiety Factor
for Items and Alternatives Over Both Sessions
1. During the test I was worried about how well I was doing.

session 2

2
24
22
32
20

4
18
26
46

strongly agree 9
agree 39
neutral 18
disagree 22
strongly disagree 12
't care very much about how well I did on the test.
strongly disagree 2
disagree 17
neutral 30
agree 42
strongly agree 9

I was nervous about coming here to take this test.
session 1

6

session 2

strongly agree 0 1
agree 6 2
neutral 11 4
disagree 43 60
strongly disagree 40 33
13. The computer terminal made me nervous.
session 1 session 2
strongly agree 0 0
agree 3 1
neutral 6 4
disagree 58 68
strongly disagree 33 27
15. I felt considerable stress while taking the test.
session 1 session 2
strongly disagree Y 3
disagree 6 3
neutral 9 9
agree 54 63
strongly agree 31 22
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Table 14

Response Percentages for the Perceived Difficulty
Factor for Items and Alternatives Over Both Sessions

I felt that many of the items were too difficult for me.

> session 1 session 2
strongly disagree 24 14
disagree 51 53
neutral 15 18
agree 9 12
strongly agree 1 3
I think I did well on the test compared to other people.
session 1 session 2
strongly agree 6 3
agree 35 38
neutral 49 48
disagree 10 11
strongly disagree 0 0
I felt that many of the items on the test were too easy.
session 1 session 2
strongly disagree 1 X
disagree 2 1
neutral 8 9
agree 54 65
strongly agree 35 24
I feel that I did as well on this test as on other vocabulary tests
I've taken. session 1 session 2
strongly agree 17 11
agree 44 52
neutral 18 18
disagree 20 19
strongly disagree 1 0
I felt confident that I did well on the test.
session 1 session 2
strongly disagree 12 9
disagree 57 56
neutral 27 29
agree 4 6
strongly agree 0 0
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Tdble 15
Response Percentages for the Motivation Factor
for Items and elternatives Over Both Sessions

18. I think I could have done better on the test if I had tried harder.
session 1 session 2
strongly disagree ) 1
disagree 7 ; 11
neutral 14 12
agree 70 69
strongly agree 9 7
19. I was careful to try to select the best answer to each question.
session 1 session 2
strongly disagree 0 A
disagree 2 4
neutral ; 7 9
agree 69 72
strongly agree 22 14
20. I tried to finish the test quickly just to receive my 5 points credit.
session 1 session 2
strongly agree 0 0
agree 1 2
neutral 6 9
disagree 63 65
strongly disagree : 30 24
Table 16
Response Percentages for the CRT Characteristics Factor
for Items and Alternatives Over Both Sessions
8. My eyes were uncomfortable when viewing the screen.
session 1 session 2
strongly agree 1 1
agree 17 15
neutral 10 7
disagree 52 55
strongly disagree 20 22
11. The pace of the computer was so slow that it made me impatient.
session 1 session 2
strongly disagree 6 4
disagree 34 37
neutral 18 12
agree 38 42
strongly agree 4 5
16. It was easy to read the words and questions on the screen.
session 1 session 2
strongly agree 1 2
agree 9 7
neutral 10 5
disagree 52 62
strongly disagree 28 24
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Table 17

Response Percentages for the Test Satisfaction Factor
for Items and Alternatives Over Both Sessions

7. I felt that my performance on this test reflected my true knowledge
of vocabulary.
session 1 session 2
strongly disagree 11 16
disagree 53 49
neutral 11 15
agree 19 19
strongly agree 6 1
17. I felt that the test did a good job of measuring my ability in vocab-
ulary.
session 1 session 2
strongly agree 16 15
agree 49 47
neutral 19 24
disagree 14 12
strongly disagree 2 2
Table 18

Response Percentages for the Time Pressure Factor
for Items and Alternatives Over Both Sessions

2.

I felt less time pressure while taking this test than while taking
conventional vocabulary tests.

session 1 session 2
strongly agree 1 1
agree 9 9
neutral 1L 8
disagree 48 61
strongly disagree 31 21

The computer terminal made me feel that I had to answer the items as
quickly as possible.

session 1 session 2
strongly agree 0 1
agree 4 5
neutral 6 3
disagree 53 64
strongly disagree 37 27
B I
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Most of the correlation analyses between the attitude scale results
and c¢ther variables such as ability levels and test length, in items and
time, turned out to be negligible. However, there were a few exceptions.
For instance, items 6 and 9 from the perceived test difficulty correlated
moderately with the number of items correct (+.32) and Rasch ability (+.38),
although item 9 was a particularly poor item. In addition, item 15 dealing
with stress felt on the test correlated +.36 with number of items correct,
indicating wrong answers accompanied higher stress levels and vice versa.
Also, item 8 which concerned eye discomfort when viewing the CKT screen
correlated +.34 with screen display color. This result showed a tendency
for increased eye discomfort to be associated with the CRT screen with the
white printing on black background display. Finally, items 12 and 14 from
the perceived difficulty factor were moderately correlated (-.37 and -.43,
respectively) with traditional exam scores for the course in which they were
enrolled. These latter correlations indicated that students who perceived
themselves to have performed poorly on the tailored vocabulary test tended
to have done well on the course exams.

It is important to recognize that the correlations discussed above were
just a few of a much larger number of correlation coefficients calculated.
As such, caution must be exercised in regard to interpretations since the
correlations could merely represent chance variations in the data. There-
fore no great importance should be attached to the relationships discussed
in this part of attitude results section.

The results of the MANOVA's to determine differences in attitude across
test sessions and CRT screen display colors were both non-significant. The
former result shows that there were no significant attitude changes toward
the various aspects of the tailored testing situation from one session to
the next. The latter result indicated that CRT screen display mode (black-
on-white versus white-on-black) also did not significantly affect attitudes
toward the tailored tests. These results held up regardless of whether the
MANOVA's were run on raw scores or factor scores derived from the attitude
scale responses.

Summary and Discussion

The overall purpose of the present research was to compare tailored
testing procedures based on two prominent logistic models on the basis of
the results of a live tailored testing study. Since both the one- and three-
parameter models assume the measurement of a single latent trait dimension,
it was decided to employ an item pool of vocabulary items with one primary
factor for use in the comparison study. The results of the research could
then be considered as basic groundwork for examining multidimensional tests,
such as achievement tests, at a later date. In order to evaluate the two
models, the following comparisons were undertaken: (a) the goodness of fit
of the models, (b) the reliabilities of the two model-based tailored tests,
(c) the ability estimates yielded by the two procedures, (d) the correlation
of the ability estimates with the same outside criteria, (e) descriptive
statistics for each procedure, (f) the convergence rates of the two methods,
and (g) the information functions for the two types of tailored tests.
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The most important finding of the study was the result that the three-
parameter tailored tests were more informative than the one-parameter
tailored tests. Moreover, the information function for the three-parameter
tailored tests exceeded that for the 30 item traditional paper-and-pencil
vocabulary test for the range of abilities in which most of the examinees
were concentrated. However, in no case did the one-parameter tailored tests
provide more information than the traditional test. The relative efficiency
comparisons of the two types of tailored tests versus the traditional test
shown in Figure 1 clearly illustrate the superiority of the three-parameter
method in regard to tailored test information functions.

Another significant finding of the study was that the three-parameter
tailored tests were more reliable than the one-parameter tailored tests.
Unfortunately this result was not as straightforward as the test information
result due to the presence of substantial nonconvergence of ability estima-
tion for the three-parameter tailored testing procedures. Approximately one-
third of the cases had to be removed from the reliability data analysis as a
result of nonconvergence caused by the excessive difficulty of the item pool
for these examinees.

However, the decision of whether or not to delete nonconvergence cases
is debatable. On the one hand, advocates of the one-parameter model for
tailored testing could argue that the method is robust with respect to item
pools of inappropriate difficulty for the examinees, since nonconvergence
never occurs. On the other hand, one could argue that nonconvergence does
not occur with the three-parameter model if reasonable care is taken to
insure the use of item pools of appropriate difficulty. In addition, it is
quite likely that an empirical solution to the nonconvergence problem can
be found so that abilities can be estimated even with item pools that are
too difficult for examinees.

Samejima (1973) anticipated the nonconvergence problem with the three-
parameter model and proposed a solution which has yet to be tried out by
the present authors. However, work is currently in progress to attempt to
develop an empirical "fix" of the nonconvergence problem, with several possi-
bilities being explored. For example, one solution investigated is to
arbitrarily estimate the examinee's ability at a fixed stepsize .693 less
than the previous ability estimate in order to select the next item to be
administered. Another method is to arbitrarily jump down to a very low
ability (say-4.00) and hold it there until the responses to successive items
permit an ability estimate to be calculated. A third approach is to use a
variable stepsize downward in which the ability estimate first jumps down a
full .693 stepsize, then if the item is still answered incorrectly, the
ability estimate goes down half of a full stepsize, then half of that, etc.
Early results of these techniques are encouraging and we are optimistic that
the nonconvergence problem can be solved empirically.

A third finding of importance in the present study was the result that
the three-parameter logistic model was superior to the one-parameter logis-
tic model in terms of the goodness of fit criterion, namely mean squared
deviations (MSD) of observed from predicted response data. Although the
sampling distribution of the MSD statistic was unknown, previous research
had shown the distribution to be approximately normal (Reckase, 1977).

Thus the t-test results may be interpreted for this data as evidence that
the three-parameter tailored testing procedure did a significantly better
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job of fitting the response data than the one-parameter test. The result
showed a closer match between the item responses predicted by the model
and the actual observed responses for the three-parameter tailored tests
than for the one-parameter tailored tests.

The results of the ability estimate intercorrelations, as well as the
correlations of ability estimates with outside criteria, were inconclusive
as far as comparing the two models were concerned. In general the consis-
tent, moderately high degree of intercorrelation among the ability estimates
yielded by both models over both sessions indicated that both procedures
were measuring the same thing. Moreover, both of the tailored testing
methods correlated equally well with the outside criteria measures. In this
regard it should be noted that high correlations were not expected, since
performance levels on a general vocabulary test would not necessarily lead
to similar performances on course achievement tests. However, the achieve-
ment test scores were the only outside criteria available for the examinees.

In regard to the convergence rate comparison, the subjective analysis
of the convergence plots on the whole indicated that the three-parameter
tailored tests did a better job of arriving at stable ability estimates than
the one-parameter tests. Of course, this result held only when 39 noncon-
vergence cases were removed from the data analysis. If included, the one-
parameter tailored test convergence patterns would have been superior.

The descriptive statistics for the two tailored testing procedures
showed the three-parameter tests to be slightly longer on the average,
although test length differences would best be interpreted as being a func-
tion of the different item selection methods and stopping rules employed.
Since the +.30 acceptance range for the one-parameter method and the .70
information level cutoff for the three-parameter method were both somewhat
arbitrary values derived from simulation and empirical studies, changes in
these values would have changed the number of items administered. Both
procedures functioned well on the average in administering items of appro-
priate difficulty for the examinees' estimated abilities during the tailored
tests.

The attitude scale constructed to measure the students' attitudes toward
tailored testing was found to be moderately reliable (with values ranging
from .57 to .67), and the factor structures from the two testing sessions
were found to be similar. However, the factor analysis results showed that
several scale items shifted factors from one session to the next. In addi-
tion, item 9 and perhaps a few other items on the scale should be either
deleted or revised due to their low or negative discrimination indexes.

With these modifications, the reliability of the scale should improve con-
siderably for future administrations.

The results from the attitude scale response data were generally favor-
able toward tailored testing. For instance, very few students were nervous
or anxious about the prospect of taking a test on a CRT terminal instead of
a paper-and-pencil format. However, most examinees felt considerable stress
while taking the test itself, indicating some degree of involvement or moti-
vation during testing. In terms of perceived test difficulty, most of the
students found both that some items were too easy and that some were too
difficult. In general they felt that they did as well on the tailored test
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as other students, as well as on other vocabulary tests, and also that the
tailored test did a good job of measuring their vocabulary abilities. In
addition, their responses showed that the examinees were motivated to try to
select the best answer to each item and that the pace of the test was com-
fortable.

On the negative side, most students felt that they could have performed
better on the test if they had tried harder. They also indicated difficulty
in reading the items on the CRT screen. Surprisingly, they felt the tailored
test to have more time pressure than conventional tests, even though they
had as much time as desired to respond to each item. Finally, the examinees
did not feel that the tailored test results reflected their "true" vocabulary
knowledge.

In some cases the attitude responses within a specific factor were
directly contradictory. For example, in the perceived difficulty factor,
responses for the first four items listed in Table 13 showed that the students
found the vocabulary items to be easy and felt that they did well compared
to other people and other vocabulary tests. Yet item 14 responses indicated
exactly the opposite since most students did not feel confident of having
done well on the test. And in fact, the ability estimate distributions
pictured in Figures C-1, C-2, C-3, and C-4 in Appendix C reveal that the
tailored vocabulary tests were difficult for the examinees compared to the
calibration sample. The nonconvergence problem was another indication of
the high test difficulty. It is difficult to reconcile such contradictions
in the attitude scale response data, unless one argues that the examinees
were randomly responding to the attitude items without much though as to
their choices.

The MANOVA results dealing with attitude changes over test sessions as
well as CRT screen display mode were somewhat surprising in that both were
nonsignificant. That is, attitude changes were expected in regard to anxiety
in particular, since many examinees appeared to be nervous when encountering
the CRT terminal for the first time. Perhaps the nonthreatening nature of
the vocabulary test nullified any unusual anxiety levels, which might not
have been the case if the test had counted toward course grades. Another
expected result based on previous research (Koch & Patience, 1977) that did
not materialize in the present study was different attitudes toward the two
modes of CRT screen display. The results of the present study failed to
corrocborate the previous finding that the black-on-white mode was preferred
to the white~on-black display. However, the correlation analyses results
previously discussed did provide some evidence in this direction.

Previous attitude research (Koch & Patience, 1977) had failed to show
any significant correlations between examinees' attitudes and performance
on tailored tests. The present study again indicated that there was no
significant linear relationship between ability estimates yielded by the
tailored tests and attitude responses by the examinees. Even though such
variables as motivation and anxiety might be expected to interact with test
performance, no evidence to this effect could be found in the data from the
present research.

P —y
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Conclusion

A live tailored testing study was conducted to compare the results of
using procedures based on either the one-parameter or the three-parameter
logistic models to measure the performance of college students on multiple
choice vocabulary items. Test items were selected for administration based
on the information function, and maximum likelihood ability estimation was
employed. The results of the study showed the three-parameter tailored
testing procedure to be superior to the one-parameter procedure on the basis
of test information, test-retest reliability, goodness of fit of observed
to predicted item responses, and convergence rates to stable ability
estimates.

No differences were found in the prediction of outside criteria. How-
ever, implicit in these results was the assumption that the nonconvergence
problem encountered in one-third of the cases for the three~parameter pro-
cedure could be solved. Thus, based on the data reported in this study, the
three-parameter tailored testing method was deemed the technique of choice,
at least for unidimensional tests consisting of multiple choice items where
guessing is a factor. The attitude results were generally favorable toward
tailored testing, although no interaction was found between examinees'
attitudes and test performance.
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APPENDIX B

ATTITUDE SURVEY

Please circle the response to each statement below which most nearly reflects your
feelings or attitude.
1. During the test I was worried about how well I was doing.

strongly strongly
agree agree neutral disagree disagree

2. I felt less time pressure while taking this test than while taking
conventional vocabulary tests.

strongly strongly
agree agree neutral disagree disagree

3. I felt that many of the items were too difficult for me.

strongly strongly
disagree disagree neutral agree agree

4. The computer terminal made me feel that I had to answer the items as quickly

as possible.
strongly strongly
agree agree neutral disagree disagree

5. I didn't care very much about how well I did on the test.

strongly strongly
disagree disagree neutral agree agree

6. I think I did well on the test compared to other people.

stréngly strongly
agree agree neutral disagree disagree

7. I felt that my performance on this test reflected my true knowledge of

vocabulary.
strongly strongly
disagree disagree neutral agree agree

8. My eyes were uncamfortable when viewing the screen.

strongly strongly
agree agree neutral disagree disagree

9. I felt that many of the items on the test were too easy.

strongly strongly
disagree disagree neutral agree agree
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I was nervous about coming here to take this test.

strongly strongly
agree agree neutral disagree disagree

The pace of the computer was so slow that it made me impatient.

strongly strongly
disagree disagree neutral agree agree

I feel that I did as well on this test as on other vocabulary tests I've
taken.

strongly strongly
agree agree neutral disagree disagree

The computer terminal made me nervous.

strongly strongly
agree agree neutral disagree disagree

I felt confident that I did well on the test.

strongly strongly
disagree disagree neutral agree agree

I felt considerable stress while taking the test.

strongly strongly
disagree disagree neutral agree agree

It was easy to read the words and questions on the screen.

strongly strongly
agree agree neutral disagree disagree

I felt that the test did a good job of measuring my ability in vocabulary.

strongly strongly
agree agree neutral disagree disagree

I think I could have done better on the test if I had tried harder.

strongly strongly
disagree disagree neutral agree agree

I was careful to try to select the best answer to each question.

strongly strongly
disagree disagree neutral agree agree

I tried to finish the test quickly just to receive my 5 points credit.

strongly strongly
agree agree neutral disagree disagree
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