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largee numbers of individuals quickly and inexpensively. With

1

INTRODUCTION

-length paper-and-pencil conventional tests can assess

conventional tests, all examinees take the same test irrespective

of their latent ability on the construct being measured. In

contrast, an "adaptive test" presents different test items to

different individuals as a function of each individual's estimated

status on the trait being measured.

A two-stage testing strategy is one method of adapting the

difficulty of a test to an individual's ability level in an effort

to achieve more precise measurement. Two-stage testing involves an

initial routing test followed by second-stage measurement test.

The routing test provides an initial estimate of an individual's

ability level. Based on this score, the examinee is then assigned

to one of several second-stage "measurement" tests, chosen as a

function of the examinee's estimated ability from the routing test.

Ability estimates for the examinees are then derived by combining

their scores from the routing test and the second-stage measurement

test (Lord, 1971, 1980).

Two-stage testing has been examined by several research

studies focusing on their comparison to conventional tests (Angoff

and Huddleston, 1958; Cleary, Linn, and Rock, 1968; Linn, Rock, and

Cleary, 1969; Lord, 1971, 1980; Loyd, 1984; Betz and Weiss, 1973,

1974). Results are generally favorable for the two-stage tests,

showing a reduction in test length without degrading measurement
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til SWfifer, these applications of two-stage tests in early

research were not based on the Item Response Theory (IRT) and

theref d several limitations (Weiss, 1982). A primary

liMitation was that most of earlier studies of two-stage testing

generally used only item difficulty information to structure the

item pool. Item selections, therefore, did not make full use of

item information since the algorithm employed ignored item

parameters of discrimination and guessing susceptibility.

Further, scoring methods used in these non-IRT based two-stage

tests were not appropriate when different items are answered by

different examinees. These limitations of two-stage tests can be

circumvented through Computerized Adaptive Testing (CAT), an IRT

approach to adaptive testing. In CAT, each examinee's ability

level is iteratively estimated during the testing process.

Typically, CAT first administers an initial item, often from the

middle of the prospective ability range. If that question is

answered correctly, the next question administered is usually more

difficult. If the question is incorrectly answered, the next one

is typically easier. Often this item administration decision

process continues until the examinee's ability is measured to

prespecified degree of accuracy.

A general finding of CAT research is these test scores have

reliabilities and validities equal to or greater than the those of

scores from comparable conventional tests (Weiss, 1982), even with

reductions in test lengths up to 50% (Olsen, Maynes, Salwson, & Ho,

1986). In addition, CAT typically requires less test
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time to reach an equivalent level of precision

(Moreno et al., 1984).

il

)

AlithOnigh there is no doubt that CAT provides an efficient and4
acdu te ability score estimates, there are technical and practical

constraints to the implementation of CAT. These limitations

include concerns about content balance, possibility of context

effects, hardware limitation, and cost. Some of the problems

arising from context effects and content validity can be reduced

through a two-stage test approach since the routing and second-

stage tests are constructed prior to administration. Recently,

Adema (1990) proposed mixed integer linear programming (MILP)

models, containing continuous and integer decision variables, for

the construction of paper-and-pencil two-stage tests. These models

take into account practical constraints which can control test

composition, administration time, inter-item dependencies, and

other practical problems encountered with CAT.

There are some additional negative effects possible from

taking a CAT. In typical CAT, the opportunity of reviewing and

altering responses generally has not been allowed. Two-stage tests

with paper-and-pencil administration are relatively free from these

limitations associated with CAT, including the loss of control by

examinee to skip, change, or review items, and the high cost of

incorrectly entered answers.

Two-stage tests have the advantage that they can be

administered by paper-and-pencil. In comparison with conventional

tests, two-stage tests are potentially more accurate in situations

I)
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Ai
measured effectively by a typical conventional test (Lord, 1980).

elle purpose of this study was to investigate tae measurement

accuracy and efficiency of IRT-based two-stage testing in

comparison to an individualized CAT and to ascertain the conditions

when two-stage test might be an acceptably close alternative to

CAT in terms of accuracy of measurement. For two-stage tests,

different combinations of lengths of the routing test (10, 15, and

20), distributions of item difficulty parameters in the routing

tests (peaked and rectangular), and differing number of second-

stage tests (6, 7, and 8) were simulated. A total of eighteen two-

stage tests and three fixed-length CATs, differing from one another

in the number of test item administered as a terminating criteria

(40, 45, and 50), were compared to address following research

questions:

1) What is the relationship among ability estimates

derived from the two-stage testing, those from CAT, or

hypothetical underlying ability?

2) What is the accuracy of ability estimates obtained from

the two-stage testing and CAT in comparison to

hypothetical underlying ability?

3) What is the amount of information or precision provided

by each testing strategy at various points along the

ability continuum?

4) What is the relative efficiency of the varying two-stage

tests in comparison to the CAT?
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For the first stage of the simulation study, abilities for a

gi w

1, sampleigV1600 simulees were generated by creating 100 thetas at
il

eaAf 16 discrete ability levels at and between -3.0 and 3.0

(i.e., -3.0, -2.6, -2.2, -1.8, -1.4, -1.0, -0.6, -0.2, 0.2, 0.6,

1.0, 1.4, 1.8, 2.2, 2.6, 3.0). A separate item pool for the CAT

and two-stage tests was generated similar to each other. Each item

pool consisted of 354 items with 5-alternative responses and had

the discrimination parameters (a) and the pseudo-guessing

parameters (c) fixed at values of .7 and .18, respectively. For

the use with CAT administration, the item difficulty parameters (b)

were uniformly distributed in the range of -3.0 and 3.0, with at

least four items at each 0.1 interval. For use with the two-stage

tests, the difficulty parameters (b) were generated to satisfy

special characteristic of the routing tests and second-stage tests.

Detailed information is addressed in the test construction section.

The modified one-parameter logistic IRT model was used to simulate

all item responses and to select items.

Construction of Two-stage test

For the two-stage tests, the items for the routing tests and

the second-stage tests were selected from the same item pool.

However, the items selected for the routing tests were not used

again for the second-stage test.

Routing Tests: For the routing test with a peaked distribution,

the items were peaked at the median difficulty level (item

difficulty range of -0.4 to 0.1). Items were varied from very easy

Cr
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EREDnon fficult items, with a difficul:c, cange of -3.0 to

3.0 for the rectangularly distributed routing test.

Ai
11 Second- e Measurement Tests: Differing number of second-stage

to t (6, 7, or 8) were developed, each composed of 30 items. Each

measurement test was not as peaked as the routing test as

indicating by the larger ranges and standard deviations of item

difficulties for the routing tests. For economy of items and

potential reduction for routing error, each second-stage

measurement test included 60% overlapped items with adjacent levels

of difficulty (30% lower, 30% higher) except at the lowest and

highest level where there was only 30% overlap. The range of item

difficulty for each second-stage measurement test was equally

divided by the number of levels (6, 7, or 8) at and between 3.0 and

-3.0. For example, for the design with 6 second-stage tests, the

ranges of b values for the lowest through the highest level of the

second-stage tests are -3.0 to -1.667, -2.067 to -0.733, -1.133 to

0.210, -0.199 to 1.133, 0.733 to 2.067, 1.667 to 3.0, respectively.

Administration and Scoring of Two-Stage Tests

Computer simulation of two-stage tests was carried out as

follows: First, one of the 18 two-stage tests was selected:

a) characteristics of the routing tests (peaked or

rectangular distribution of item difficulties)

b) length of the routing tests (10, 15, or 20 items)

c) the number of second-stage tests (6, 7, or 8)

Second, the two-stage test selected from 18 two-stage tests was

administered to 100 simulees from each of the 16 ability levels.

C-
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I vectors for the chosen two-stage test were used to

obtain 100 ability estimates at each of the 16 ability levels.

Ability estimates of the routing test were first computed by

likelihood estimation procedure using Bayesian priors.

Based on the ability estimates of the routing test, simulees were

assigned to one of alternative second-stage measurement tests which

average difficulty (b) was closest to their O estimate from the

routing test. For total ability estimates for the two-stage test

(routing test and second-stage test), maximum likelihood estimation

of O for 40-, 45-, 50-item two-stage tests were derived from

combined item vectors from the routing test and the second-stage

test.

Administration and Scoring of CAT

The CAT simulations were performed using the MicroCATm

testing service program (MicroCAT; Assessment Systems Corporation,

1984). The CATs were administered to 100 simulees from each of the

16 levels of theta. The initial ability estimate for each simulee

was set equal to -0.2, which was about in the middle of the

difficulty range of the item pool. A maximum information item

selection procedure was used and also the maximum likelihood

scoring procedure was used to obtain ability estimates after each

item is administered. In order to make CATs comparable to two-

stage tests in terms of test length, ability estimates were

calculated after 40, 45, or 50 items administered. After 50 items

administered, CAT administration was stopped.

A total of 18 two-stage tests and three fixed-length CATs were
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4ro make direct comparisons of two-stage tests and

CATs, this study used item pools of equivalent size, the same

underlfln tatistical model, the same maximum likelihood scoring
I _

pr cedure, and tests of equivalent length. For each fixed total

test length (40, 45, or 50), 6 variations of two-stage testing

(routing test: peaked or rectangular by number of second-stage

tests: 6, 7, or 8) were compared to CAT in terms of accuracy of 0

estimation.

Data Analysis

Pearson product-moment correlation coefficients were

calculated to investigate the relationship among ability estimates

derived from the eighteen two-stage tests, those from the CAT, and

the true theta values.

The second step in the analysis was to compare the ability

estimates obtained from the two-stage tests and the CAT to the true

trait level for the simulees. For each testing condition, the root
A

mean squared error (RMSE .(E(e
-

0) 2/N) 1/2 ) of ability estimates

were calculated by computing the squareroot of the mean squared

difference between true ability and estimated ability for each

simulee at the 16 ability levels. In addition to RMSE, a bias
A

analysis (BIAS = E(C)-0)/N) was conducted for two purposes: (1) to

identify the extent of the bias in the maximum likelihood ability

estimates and (2) to indicate whether the errors reflect a

systematic tendency to overestimate or underestimate the ability.

Since maximum likelihood ability estimates tend to be biased for

finite test lengths, it is useful to investigate whether these
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The third step in the analysis was to compare the observed

1, test ation functions from each testing condition. These

in o ation functions were examined to determine the loss of

efficiency in two-stage testing under the conditions of

distribution and length of routing tests and number of level of

measurement tests as compared to the CAT.

RESULTS

Correlations

Based on the ability estimates from maximum likelihood scoring

procedure, as shown in Table 1, the ranges of the correlations

between theta estimates and their true abilities were 0.971 to

0.982 for the 9 two-stage tests with the peaked routing tests,

0.975 to 0.982 for the 9 two-stage tests with the rectangular

routing tests. These degrees of association were smaller than

those between the ability estimates from CATs and their true

abilities (r4O=0.983, r,=0.985, rciaso= 0.987). The effect of

statistical characteristic of the routing test was not noticeable.

However, with 7 second-stage tests, the rectangular routing test

represented higher correlation than did the peaked routing test

across the test lengths. Further, of all the two-stage test

simulations, the two-stage test combining of a 10-item peaked

routing test with 7 second-stage tests had the lowest degree of

association between estimated thetas and their true abilities

(r=0.971). In general, the pattern of correlation between ability
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same as the pattern of correlation from ability estimates from the

two-stageests and true abilities, but with slightly lower value

ogc relations (r=0.957 to 0.969).

RMSE

Average RMSE of ability estimates for the 40-, 45-, 50-item

tests are presented on Table 2. Except for the two-stage tests

with 7 second-stage tests, there was no systematic effect of the

statistical characteristic of the routing test across the test

length. When two-stage tests are combined with 7 second-stage

tests, the two-stage tests with rectangular routing tests showed

smaller average RMSEs than did the two-stage tests with peaked

routing tests across the different test lengths (see Figure 1).

Effects of test length: In this study, the effect of test length

reflects the effect of routing test length since each of the

second-stage tests has the same length of 30 items. As shown in

Figure 1.1, two-stage tests with longer routing test, in general,

produced more accurate 8 estimates, as indicated by smaller average

RMSEs.

Effects of differing number of second-stage tests: When the effect

of differing number of second-stage tests was considered, mixed

results were found depending on the routing test length. For the

two-stage tests using a 10-item routing test, the two-stage tests

with largest number of second-stage tests produced more accurate

theta estimates, as shown by smaller mean RMSE, for each of

statistical characteristic of the routing test. For example, for
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sts with a 10 peaked routing items (n=40), average

RMSE for the two-stage test with 8 second-stage tests (m=0.402,

d=0.0704as smaller than those for the two-stage tests with 7

se and -stage tests (m=0.420, sd=0.116) and 6 second-stage tests

(m=0.404, sd=0.074). This pattern of the results is supported by

the two-stage tests with the rectangular routing items, too.

However, the differences in average RMSE between the 6 and 8 number

of second-stage tests were quite small for each of the routing

tests (see Table 2). With longer routing tests (15- or 20-item),

the two-stage tests with 6 second-stage tests (n=45, 50) showed the

lowest RMSE for the peaked routing tests and the most accurate

estimates were obtained using 7 second-stage tests for the

rectangular routing tests. Further, for the rectangular routing

tests, there was no difference between average RMSEs from the two-

stage tests using 6 second-stage tests and those using 8 second-

stage tests across the test lengths (n=40, 45, 50). Thus, with the

15 or 20 routing items, the effect of the increase in a number of

second-stage test was not positive in terms of measurement

accuracy. Graphic representation of these trends for each of

statistical distribution of routing tests were shown on Figures 1.2

and 1.3, respectively.

Effect of the odd (7) number of second-stage tests: For the effect

of the odd number of second-stage test design, the results of the

RMSE from the two-stage tests with peaked routing tests were

unexpected. It was anticipated that using the odd number (7) of

second-stage tests would result the better theta estimates than

0
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er (6 or 8) of second-stage tests, to be indicated

smaller average RMSE. Although there was no considerable

1, fe twice among average RMSEs (range of 0.018 to 0.001) from 6, 7,
1,

or 8 second-stage test designs, the two-stage test with 7 second-

stage tests was least accurate in ability estimation across the

test lengths. This result was mainly due to significantly larger

RMSEs for extremely low theta (e.-3.0) across the test lengths.

Refer to Figures 2.1, 2.2, and 2.3 for graphic representation of

these trend. Thus, using the odd number (7) of second-stage tests

had a rather negative effect in accurate theta estimation for the

two-stage tests with the peaked routing tests.

However, for the rectangular routing tests, the two-stage

tests with 7 second-stage tests (n =45, 50) were most accurate as

shown by the lowest average RMSE.

Effect of distribution of routing test: As shown in Figures 2.1,

2.2, and 2.3, the two-stage tests with the peaked routing tests had

considerably smaller RMSEs for the approximate theta range of -0.6

to 1.0 than did two-stage tests with rectangular routing tests and

some of these RMSE were even smaller than those of CAT. On the

other hand, the two-stage tests with the rectangular routing tests

had smaller RMSEs at extreme thetas (9<-2.2 and elok_2.6) than did the

tests with the peaked routing test& and the magnitude of RMSEs for

the two-stage tests with the rectangular routing items was

relatively constant across the 16 ability levels (Figures 3.1, 3.2,

3.3).

Comparison of two-stage tests and CAT results: Not surprisingly,
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1-,-ad smaller average RMSEs than did any of the two-% VI,
stage tests and longer CAT showed lower average RUSE than did

,r(
1111 CATs (Inca4o=0.350, sd=0.026; mc ea 4 5= 0.322, sd=0.023;

A
meats:L-.314, sd=0.031, respectively). Even though slightly larger

RMSEs were reported at the extreme low thetas, the degree of RMSEs

of the CATs was very constant across the 16 ability levels.

In the comparisons of the six 40-item two-stage tests (10-

item routing test) and the 40-item CAT, the two-stage test

combining with a peaked routing test and 8 second-stage tests had

the closest value of average RMSE (m=0.402, sd=0.075) to average

RMSE from the 40-item CAT (m=0.350, sd=0.026). Among the six 45-

item two-stage tests (15-item routing test), the most accurate

estimates were obtained using a rectangular routing test with 7

second-stage tests, where its average RMSE (m=0.364, sd=0.026) is

comparable to that of the 45-item CAT (m=0.322, sd=0.023). For the

two-stage tests with the 20-item routing test (50-item two-stage

tests), again the two-stage test with a combination of rectangular

routing items and 7 second-stage tests had the smallest average

RMSE (m=0.356, sd=0.02). This value was close to that of 50-item

CAT (m=0.314, sd=0.031).

Overall, the 50-item two-stage test combining the 20 routing

items from a rectangular distribution and 7 second-stage tests

showed the smallest average RMSE (m=0.356, SD=0.022) among the 18

two-stage tests. This magnitude of average RMSE was very close to

average RMSE of CAT40 (m=0.350, SD=0.026) and comparable to those

of CAT45 (m=0.322, SD=0.023) and CAT50 (m=0.314, SD=0.031). This
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indicate the .degree of estimation
v

absolute sen3e because'equal positive and ne4ative

result in a zero bias. by canceling each other.

index is an indicator Of Whether ,there is a syStematic

tendency to overestimate or underestimate the ability parameter.

In general, it was noticed that the-number of positive bias values

(overestimation of true ability) was more than the number of

negative bias values in the two-stage tests and the CATs Refer

Figures 4.1, 4.2, 4.3, 5.1, 5.2, and 5.3 for graphic representation

of these results.

Although all of the, 18 two-stage tests reported bias of

ability estimates across the 16 ability levels, irrespecti%a of the

test length (n=40, 45, 50), the two-stage tests combining a peaked

distribution of item difficulties in the routing test and 7

second-stage tests showed less accuracy by underestimating the

lowest theta (e =-3.0), than did all the other two-stage tests (see

Figures 4.1, 4.2, and 4.3).

Test Information and Relative Efficiency.

All of the 18 two-stage tests, irrespective of statistical

characteristic of the routing tests and test length, were least

informative at the extreme low end of the e scale (06-3.0). In

general, for the CATs, there was a tendency to obtain more

information for extremely high ability and significantly less

information for extreme low ability. For the two-stage tests with
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routing items, the test information functions were

relatively constant and, in general, substantially lower than those

theiitwo -stage tests with the peaked routing items for the

(mate theta range of -1.0 to 1.4 which overlaps with the item

difficulty range of peaked routing items (-0.4 to 0.1). Except for

theta values in a range from -1.0 to 1.4, the two-stage tests with

rectangular routing items displayed more test information than

those of the two-stage tests with the peaked routing items across

the test length (n=40, 45, 50). For an approximate ability range

of -0.6 to 0.6, the two-stage tests with the peaked routing items

produced even higher test information than did their counterparts

in CATs. For theta values outside this range, CATs yielded

constantly higher information across the ability levels than two-

stage tests with the peaked items.

The relative efficiency of the two-stage tests and CAT is

determined by the ratio of the information functions, which can be

interpreted as the increase in the test length of the test with

lower levels of information required for it to measure at the same

level of information as the more informative test (Lord, 1980).

For these comparisons, the relative efficiency of test information

function for each of two-stage tests (n=40, 45, 50) and CATs are

plotted as shown in Figures 6.1, 6.2, 6.3, respectively. For

example, as can be seen from Figure 6.1, the two-stage test with a

10-item peaked routing test measured with approximately the same

level of information as the CAT with 40-item for the ability range

of -0.6 to 0.6. By contrast, the two-stage test with a 10-item
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ting test (n=40) would need 44 to 49 items to

measure as well as the CAT with 40-item for these ability levels.

A II

At 0r 3- . 0 , with 6 second-stage tests design, the average

iilWation of the two-stage test with the 10-item peaked routing

test and the two-stage test with the 10-item rectangular routing

test were 5.35 and 5.84, respectively, and that for the CAT" was

7.76; tne two-stage test with the 10-item peaked routing test would

need to be lengthened from 40 to 58 items and the two-stage test

with the 10-item rectangular routing test would need to be

lengthened from 40 to 54 items to measure as well as the 40-item

CAT. Finally, at 663.0 the two-stage tests with 10-item peaked

routing test would need 55 items to measure as well as the 40-item

CAT, while the two-stage test with the 10-item rectangular routing

test would require 51 items. As longer two-stage tests (n=45, 50)

were compared to longer CAT (CAT45, CAT50), the two-stage tests

were relatively less efficient across the ability level than were

shorter two-stage tests.

DISCUSSION AND CONCLUSIONS

The purpose of this study was to compare ability estimates

from the eighteen two-stage tests, varying the test length (n=10,

15, 20) of routing tests, statistical characteristics (peaked or

rectangular distribution ofitem difficulties) in the routing

tests, and the number of second-stage tests (6, 7, or 8), and three

CATs using a fixed-length stopping rule (n=40, 45, 50) and then

identify under what conditions two-stage test might be an
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measurement.
("V

1, Statis -,kb Characteristics of Routing Tests.

he main results of the study indicate that the statistical

characteristic of the routing test in the two-stage tests has major

influence on measurement precision in ability estimation. As

expected, administering the items spanning entire difficulty range

of the item pool produce better ability estimates at the lower and

higher ability levels and administering the only items around the

median difficulty of the item pool provides with better ability

estimates at the middle ability levels. Therefore, these trade-

off effects resulted in no considerable differences between average

RMSEs from two different statistical characteristics of the routing

tests. However, using 7 second-stage tests, the two-stage tests

with the rectangular routing test are superior to the two-stage

tests with the peaked routing test by showing smaller average RMSE

across the test lengths. The two-stage tests combining 7 second-

stage tests with the peaked routing test produced considerably

less accurate ability estimates at 66-3.0, indicated by larger

negative bias index. Since the peaked routing items are in the

range of b values -0.4 to 0.1, these routing items would be too

difficult for extreme low ability examinees. However, with non-

zero guessing parameter the examinees for low ability would get

higher ability estimates than their true 0 values. Based on the

overestimated abilities from the routing tests, examinees would be

assigned to higher level of second-stage test, containing items too

I r-
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Igg abilities. As a result, they would obtain more

wrong answers and end up with an underestimation of their true

m 1, abilit' V' Thus, this bias trend might be explained by looking at

h proportion of ability estimates that fell outside the

restricted 0 range of -3 to +3. For the two-stage tests combining

7 second-stage tests with the 10 peaked routing items, at 66-3.0

the proportion of ability estimates outside the restricted range
A
(0<-3.0) was 52 out of 100 simulees. 25 simulees out of these 52

were assigned to higher level test (mb=-1.59, sd=0.37) which is

much harder than they should to be assigned (mb=-2.45, sd=0.32) and

resulted in larger negative bias. As noted by Hulin et al.(1982),

the inclusion of a large number of extreme estimates of theta tends

to distort RMSEs. Also, the amount of bias would be less if

extreme low ability estimates are eliminated. For example, when
A

the extreme theta estimates (%.-4.0) were excluded (10 out of 52

simulees), the degree of RMSE was reduced to 0.492 from 0.814 and

amount of bias was changed to 0.037 from -0.150 at e6-3.0.

Test Length of Routing Tests

In addition to the statistical characteristic of the routing

test, increasing the length of the routing test was important in

reducing the size of the ability estimation errors. From the

results presented, when the longer routing test is used, more

accurate 0 estimates are obtained. However, if the routing test is

too long, it will lose its efficiency in estimating examinees'

abilities quickly. The results from this study suggest that a

routing test length of 20 item was more desirable than routing test
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make any improvement for the two-stage tests with the rectangular

routing tests in terms of measurement accuracy and it was even less

accurate for the two-stage tests with the peaked routing tests.

For the two-stage tests with the rectangular routing items, it was

clear that the two-stage tests using the odd number of second-stage

tests yield better ability estimates than does those with the even

number of second-stage tests. That is, the two-stage tests using

7 second-stage tests were superior to those with 6 second-stage

tests and even those with 8 second -stage tests' in terms of

measurement accuracy. However, the effect of using to odd

number of second-stage tests was not desirable with the peaked

routing test since the two-stage tests combining the peaked routing

tests and 7 second-stage tests nroduced larger average RMSE than

did two-stage tests with even number of second-stage tests design

across the test lengths. It was expected that using an odd number

of second-stage tests would likely yield two-stage test scores that

are more precise at the mean ability level. Actually, at around

mean ability level (04.-0.2, 0.2) the two-stage tests with 7 secon0-

stage tests yielded more accurate ability estimates across the test

length than did those with 6 or 8 second-stage tests. However, at

61.-3.0 these tests yielded considerably less accurate theta

estimates than those with 6 or 8 second-stage tests. Thus, average

rl
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-stage tests combining peaked routing tests and 7

second-stage tests were larger than those with an even number (6 or

,

) second4shage tests. The difference in average RMSEs between the

two-s age tests with 7 second-stage tests and the two-stage tests

with even number of second-stage tests were reduced with longer

routing tests.

If second-stage tests had not been designed to overlap at

difficulty level, using an even number (6 or 8) of second-stage

tests (half of second-stage tests at difficulty levels above the

mean and half of second-stage tests at difficulty levels below the

mean) would necessitate routing examinees of mean ability level up

or down into a less appropriate second-stage test. However, this

problem was addressed in this study by the overlap design of the

second-stage tests. Under these conditions, there appeared to be

no merit to use the odd number design for the two-stage tests with

the peaked routing tests. However, with rectangular routing tests

where items were spread throughout the theta range of -3 to +3, an

odd number of second-stage tests was desirable, except for the

shortest routing test (10-item). This result suggests that further

studies on the effect of an odd number of second-stage tests need

to take into account the contributing effects of an odd number of

second-stage tests and an overlap design.

Overall, it is apparent from the comparison of the 18 two-

stage tests and the three fixed-length CATs with respect to RMSE,

bias, Pearson product-moment correlation coefficients, and test

information, that the two-stage test with a combination of the 20
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ting items and the 7 second-stage test produced

ability estimates (RMSE= 0.356, sd= 0.022; that may be considered as

a accura those of CAT with 40 items ard comparable to the CATs

wiih 45 items and 50 items. Although there is no absolute sense of

interpretation for RMSE, this result (RMSE of 0.356 and a

correlation of 0.982) exceeds Hulin et al's (1982) interpretation

for an evidence of precise theta estimation (e.g., RMSE of 0.377

or less and a correlation of 0.927 or higher). The relative test

efficiency determined by the amount of information from the two-

stage tests and CAT indicated that the two-stage tests with the

peaked routing tests measured as well as CATs at around mean

ability level. Outside of these ability levels, they needed 30 to

40 percent more items to measure as well as the CATS at lower and

higher end of ability levels. The relative efficiency of the two-

stage tests with the rectangular routing tests was relatively

consistent across the 16 ability levels. The average efficiency of

the two-stage tests decreased with longer tests because the amount

of information gain of the CAT exceeded that of two-stage tests

with additional items. For example, the relative efficiency ratio

of the 40-item two-stage tests with 8 second-stage tests were 89%

(peaked routing test) or 88% (rectangular routing test) but these

decreased into 85% (peaked) and 82% (rectangular) with the 45-item

test and 81% (peaked) and 78% (rectangular) with the 50-item test.

It is evident from the results obtained that a fixed-length

CAT is superior to the IRT-based two-stage tests of equivalent

length in terms of measurement accuracy and efficiency. Ability
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ub the two-stage test using an odd number (7) of

second-stage tests with the 20-item rectangular routing test can

4i,, compare ifWorably with true thetas and with ability estimates from43
However, although the evidence from the computer simulations

is encouraging, its generalization to real data is questionable;

therefore the findings from any computer simulations need to be

verified in live-testing. Also the specific results obtained are

limited in their generalizability, since the characteristics of the

tests and the item pool will have an effect upon the results

obtained. In this study, a modified one-parameter model was used

as only b parameters (with fixed a and c parameters) were used to

estimate the ability parameter. According to van de Vijver (1986),

IRT models with guessing parameter tend to underestimate lower

abilities while the one-parameter (Rasch) model consistently tend

to overestimate ability at lower levels. Thus, the IRT model

chosen could have affected the ability estimation result. In

addition, for IRT-based two-stage tests, the rectangular routing

tests were designed to sequence items from easy to hard items.

Further research needs to address how item difficulty ordering

affect in ability estimation of two-stage tests with real data:

Additional research to examine the effects of the proportion

of the overlapping items in second-stage tests and increasing odd

number of second-stage tests (3, 5, 7) would be of interest to

compare to the results from this study.

The administration features of the two-stage tests can
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fluence the results. If two-stage tests are

administered by computer, ability parameters will be quickly

1, estima Pin addition routing error will be reduced by the
) A3
aUtO'Matic routing process by computer. On the other hand, if a

two-stage test is administered by paper-and-pencil, scoring will be

delayed, resulting in some time lapse to administer second-stage

tests. The degree to which such delays would influence actual test

performance should be considered.

In addition to this, test environment for CAT differs from a

paper-and-pencil test environment in that with CAT an examinee

typically cannot skip an item or return to an item to reconsider

his/her choice. These features of paper-and-pencil test allow the

examinee some control over the testing situation which is absent in

a typical CAT. Therefore, this kind of psychological effect in the

test environment needs to be considered in order to compare

directly ability estimates from CAT and two-stage tests with paper-

and-pencil administration.

In conclusion, IRT-based two-stage tests using rectangular

distribution of item difficulties in the routing test and an odd

number of second-stage tests produced more accurate theta estimates

than did other two-stage test configurations studied. Further

these ability estimates were close to those from the fixed-length

CATs. Considering the limitations of CAT implementation and with

the practical advantages of two-stage test administration, IRT-

based two-stage test may be practical and feasible alternative for

applications involving a wide range of student ability in school

I
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Table 1

EREDuni igoiidm &ISons among Ability Estimates from 40-item

Two-Stage Tests, those from CAT40, and True Ability

TrOPle CAT40 P-6 P-7 P-8 R-6 R-7 R-8

4,-
'1.000 0.983 0.977 0.971 0.976 0.976 0.975 0.976

1.000 0.960 0.954 0.959 0.959 0.959 0.960

Correlations among_Ability Estimates from 45-item

Two-Stage Tests, those from CAT45, and True Ability

True e CAT45 P-6 P-7 P-8 R-6 R-7 R-8

1.000 0.985

1.000

0.979 0.976 0.978 0.979 0.981 0.979

0.965 0.962 0.964 0.965 0.966 0.964

Correlations among Ability Estimates from 50-item

Two-Stage Tests, those from CAT50, and True Ability

True e CAT50 P-6 P-7 P-8 R-6 R-7 R-8

1.000 0.987

1.000

0.982 0.978 0.980 0.982 0.982 0.981

0.969 0.965 0.967 0.968 0.968 0.968

Note. Number (6, 7, 8) corresponds to the number of second-
stage tests involved. P represents peaked routing test.
R represents rectangular routing test.



Table 20

BE Dug icproduch Scr.

Average RMSE of Theta Estimates

4,3et t
Length

40 m
sd

45 m
sd

50 m
sd

P-6 P-7 P-8 R-6 R-7 R-8 CAT

0.404 0.420 0.402 0.406 0.411 0.405 0.350
0.074 0.116 0.075 0.054 0.058 0.050 0.026

0.381 0.392 0.385 0.379 0.364 0.379 0.322
0.081 0.132 0.099 0.033 0.026 0.048 0.023

0.357 0.370 0.369 0.359 0.356 0.360 0.314
0.065 0.127 0.087 0.026 0.022 0.031 0.031

Note. Number (6, 7, and 8) corresponds to the number of
second-stage tests involved. P represents peaked routing
test. R represents rectangular routing test. m is the
mean RMSE. sd is the standard deviation of the mean RMSE.
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