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FOREWORD

The Army faces a continuing and increasing Jemand to meet recruiting
quantity and quality goals. Recent advances ir computer technology and psycho-
metric theory have made possible a new type of assessment technique, called
computerized adaptive testing (CAT), that can provide accurate ability esti-
mates based on relatively few test items. The Computerized Adaptive Screening
Test (CAST) was designed to provide an estimate of a prospect's Armed Forces
Qualification Test (AFQT) score at the recruiting station. Recruiters use
prospects' CAST scores to determine whether the prospects should be sent to
Military Entrance Processing Stations for further testing and to forecast the
various options and benefits for which the prospects will subsequently quali-
fy. This repcrt will be used by the U.S. Army Recruiting Command (USAREC) to
provide guidarce to recruiters for the interpretation of CAST scores.

o Hfrrn

EDGAR M, JOHNSON
Techniz2al Director
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CROSS-VALIDATION OF THZ COMPUTERIZED ADAPTIVE SCREENING TEST (CAST)

EXECUTIVE SUMMARY

Requirement:

To cross-validate the Computerized Adaptive Screening Test (CAST) and to provide
information that can be used by recruiters to predict prospective appl.cants’
(prospects') Armed Forces Qualification Test (AFQT) scores from their CAST
scores.

Procedure:

Prospects' CAST scores were recorded by recruiters in recruiting stations in
the midwestern region of the United States. These scores were matched by
social security number to applicant tapes from Military Entry Processirg Sta-
tions (MEPSs) to obtain AFQT scores and relevant demographic data. These data
were examined using regression, discriminant function, and cross-tabulation
analyses. The results of Lhese analyses were compared with the results of a
previous validation study of CAST and a validation study of an alternative
screening test called the Enlistment Screening Test (EST). An equal percentile
equating of CAST scores and AFQT scores is summarized in a table that can be
used by recruiters tc¢ interpret individual prospects' CAST scores.

Findings:

For the cross-validation sample, the correlation between CAST scores and AFQT
scores was .80, whereas the correlation between CAST scores and ArQT scores in
the previous sample was .85. The coefficient of determination (r ) for this
sample was .63, as compared with a R2 value of .72 for the previous ample. A
decrease in the amount of variance accounted for is to be expected, however,
because the 52 value from an initial validation sample is always somewhat in-
flated as a result of capitalization on chance factors. The analyses of the
data from the cross-validation sample indicate that CAST scores are good pre-
dictors of AFQT scores and that CAST is a reasonable alternative to EST. The
correlation between EST scores and AFQT scores was estimated to be .83 (r2 =
.69) in an initial validation sample that was composed of applicants from all
the armed services. Cross-validation data on EST have never been reported.
Because CAST is a computerized adaptive test it is considerably more efficient
to use than EST.

Utilization of Findings:

This report will be used by the U.S. Army Recruiting Command (USAREC) to
provide guidance to recruiters for the interpretation of CAST scores. It may
also be used to make policy decisions regarding optimal cutpoints for CAST
scores; however, the results reported should be interpreted with some degree
of caution because they are based on a nonrandom sample of prospects from only
one region of the United States.
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CROSS-VALIDATION OF THE COMPUTERIZED ADAPTIVE SCREENING TEST (CAST)

INTRODUCTION

The Computerized Adaptive Screening Test (CAST) was developed by the Navy
Personnel Research and Develcpment Center (NPRDC) and the Army Research Insci-
tute (ARI) to provide an estimate at recruiting stations of a prospeztive ap-
plicant's Arme? Forces Qualification Test (AFQT) score. The CAST . =3 designed
to replace ti.> paper-and-pencil Enlistment Screening Test (E3T). The initial
validation study of CAST indicated that CAST predicts AFQT at least as accurately
as EST and that it is much more efficient to use (Sands and Gade, 1983). The
research presented in this report summarizes t.e findings from a cross-v_.idation
study of CAST.

Problem and Background

All applicants for the armed services are given the Armed Services Voca-
tional Aptitude Battery (ASVAB) to determine their eligibility for enlistment
and their initial training assignment. AFQT is a linear composite of four
ASVAB subtest scores: Word Knowleage (WK) and Paragraph Comprehension (PC) are
combined to form an estimate of verbal abiiit, that is combired with the Arith-
metic Reasoning (AR) subtest score and one-half the Numcrical Operations (NO)
subtest score. The AFQT score is used by all services to determine an appli-
cant's eligibility for enlistment. The ASVAB is administered under very secure
testing conditions either by the Department of Defense High School Testing Pro-
gram or at a Military Entrance Processing Station (MEPS) or Mobile Examining
Team (MET) site. Most prospective applicants are nct tested in their high
schools and must be sent to the MEPS/MET location for ASVAB testing, which
entails transportation, food, and lodging expenses. Sending individuals who
subsequently fail the ASVAB to the MEPS/MET locations is a waste of money and
the recruiter's time; however, if prospective applicants who would have passed
the ASVAB are not sent to the MEPS/MET locations for testing, the services
lose valuable personnel,

The U.S. Army of'fers special optiors and skill training opportunities as
enlistment incentives for qualified applicants. Special options include the
Army College Fund, the 2-year Enlistment Option, and the Cash Bonus Enlistment
Option. A qualified individual is a prospective applicant who has a high school
diploma and scores at or above the 50th percentile on the ASVAB. 1If recruiters
are to perform effectively for the Army, they need to know at an early stage of
the interviewing process whether a prospective applicant is likely to qualify
for enlistment incentive options. Failure to discuss options with prospective
applicants who could have cubsequently qualified for the options may result in
lost sales contracts because the prospects remain ignorant of enlistment in-zen-
tives that might have enticed them to join the Army. For examnle, Gade, Elig,
Nogami, Hertzbach, Weltin, and Johnson (1984) showed that the majority of those
who enlisted under the 2-year option said they would not have enlisted except
for the 2-year option. Discussing options with prospective applicants who sub-
sequently fail to qualify for the options can also result in lost contracts be-
cause these prospects are sold on features and benefits they cannot hav~, and
they may fail to sign a contract at the MEPS.
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Recruiters need to have an accurate prediction of AFQT scores at recruit-
ing stations. They could use this information to determine which prospective
applicants should be sent tz the MEPS for additional testing. They could also
use this information to tailor their sales presentation to discuss the features
and benefits the Army has to offer applicants of different ability levels.

A paper-and-pencil test, called the Enlistment Screening Test (EST), is
surrently available for use by all the armed services at recruiting stations.
Al.nough EST scores provide accurate predictions of AFQT scores, EST has sev-
eral drawbacks that are associated with most paver-and-pencil tests. The major
drawhacks concern administrative errors and clerical burden (cri. Beker, Rafacz,
and Sands, 1984). EST takes approximately 45 minutes to administer, and it
must be hand-scored by the recruite-, which takes additional time and may in-
troduce error. Because there are only two alternative EST forms, it is - -~ssible
that prospective applicants might learn the items and eventually pass the test
on repeated testing at different recruiting stations. All these problems can
be eliminated because recent advances in computer technology and psychometric
theory have made ;2ssible a new type of testing called computerized adaptive
testing (CAT).

Computerized Adaptive Testing

An advance in psychometric theory, called Item Response Theory (Lord,
1980), has made it pcssible to adapt or tailor a test to the individual exam-
inee. Unlike ability tests based on classical test theory, ability tests
based on Item Response Theory (IRT) can provide comparable estimates of indi-
viduals' ability levels even when different individuals receive different sets
of tect items. 1. classical test theory all test parameters, such as item dif-
ficulty and discrimination indexes, are dependent on the specific test (i.e.,

a specific combination of items) and on the characteristics of the sample of
individuals with whom the test was developed. In IRT, the focus is on test
items and the probability of correct response to each item. The estimate of

an individual's ability level is based on parameters associated with the spe-
cific items that individual received; these parameters are independent of the
other items on the tect and are also independent of the characteristics of the
developmental sample. A dc.ailed discussion of IRT is beyond the scope of this
report. The interested reader is referred to Warm (1978) for an excellent in-
troduction to IRT.

In traditional tests, each examinee responds to all items con the test.
The traditional approach to test construction results in relatively poor mea-
surement at the high and low ability extremes because many items on the test
tend to be too difficult for the low-ability examinees or too easy for the
high-ability examinees. In adaptive testing, each examinee receives the items
that are appropriate to his or her ability level. The selection of each subse-
quent item is based on the examinee's previous response. If an examinee re-
sponded correctly to the last item, the next item will usually be uore difficult
than the previous one; but if the ex. 'inee's response to the last item was in-
correct., the next item will usually be easier than the previous one. Adaptive
testing makes it possible to construct tests that can discriminate equally
well across all adility levels.
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Although adaptive testing is possible without a computer, it is not very
feasible becausc of the number of calculations and branching decisions that
need to be made. 1In computer1zed adaptive testing, the computer presents each
item and records the examinee's response. It computes an estimation of the ex-
aminea's ability level that determines the item that is administered next. A
detailed discussion of the alternetive procedu~es for making ability estimates
and selecting subsequeat items can be found in a renort by McBride (1979).

In addition to improving the discriminabiliiy of tests, computerized adap-
tive tests are more efficient to use than traditional paper-and-pencil tests
because they reduce testing time without sacrificing validity. Computerized
adaptive tects also eliminate the need for manual scoring and recording, which
can result in clerical errors, and they can provide immediate feedback on test
results. Cemputerized adaptive tests reduce test compromise by climinating
test booklets that can be stolen and by adminisiering different items to differ-
ent individuals, making it more difficult for individuals to cheac. For all
tl.ese reasons, a computerized adaptive test that can accurately predict :
prospect's AFQT score at recruiting stations is a highly desirable recruiting
tool.

Developing the CAST

The item pool for CAST was developed by researchers at the University of
Minnesota (cf. Moreno, Wetzel, McBride, and Weiss, 1983) for use in the develop-
ment of & computerized adaptive version of ASVAB (called CAT ASVAB). Tnitially
there were three subtests deveioped, a Word Knowledge (WK) subtest, an Arith-
metic Reasoning (AR) subtest, and a Paragraph Comprehension (PC) subtest.

Horeno et al. provided a de facto pi’ot test of CAST in their research, which
exarined the relationship between corresponding ASVAB and CAT subtests. Thus,
CAST was "pilot tested" with 270 male Marine recruits at the Marine Corps Re-
cruit Depot in San Diego, Calif. The data from this pil~’ test indicated that
the correlation between the optimally weighted CAST com) .site score and the
AFQT score was .87. The data also indicated that the PC subtest did not im-
prove the validity for predicting the AFQT score and that the PC items were
extremely time consuming to administer. Therefore, the PC subtest was subse-
quently e.iminat * from CAST.

The ini* . Lidation study of CAST was conducted at the Los Angeles MEPS
with a sample . 512 (251 male and 61 female) U.S. Army applicants (Sands and
Gade, 1983). Each applicant received 20 WK items and 15 AR items from a pool
of 78 WK items and 225 AR items. Sands and Gade analyzed the data collected at
the ".0s Angeles MEPS to determine the optimal subtest length so that the pre-
diccive accuracy of CAST would be at least as high as that of EST (r = .83)
with the shortest test administration time pessible. Multiple correlation
coefficients were computed for each of the 300 combinatiors of subtest length
to develop the optimal prediction model for using CAST to forecast AFQT scores.
Based on these analyses, a combination of 10 WK items and 5 AR items was recom-
mendea for the operational version of CAST. The correlation between this opti-
mally weighted CAST score and actual AFQT score was .85. CAST is currently
being implemented in Army recruiting stations throughout the United States.

There were two major limitations in the initial validation of CAST. First,
the initial validation involved a rel tively small sample (N = 312). Second,




the test environment during the initial validation study was different from the
test environment in which CAST is currently being used. In the initial
validation, CAST was administered by a researcher at a MEPS to applicants who
had already completed the ASVAB. The data in the research reported here were
collected by recruiters at recruiting stations for prospective applicanrts before
they were sent or to the MEPS for further processing.

CROSS-VALIDATION PROCEDURE

Description of CAST

CAST consists of 78 WK items and 225 AR items. All items are multiple choice
items with a maximum of five response alternatives. The WK items generally deal
with the definitions of words; the AR items generally deal with solving arith-
metic work problems. Figure 1 illustrates the sample WK and AR items shown to
sibjects prior to testing. CAST uses the three-parameter logistic ogive item
response model (Birmbaum, 1968); thus each test item has three parameters (dis-
crimination, difficulty, and guessing) associated with it. Test items for CAST
were chosen so that the discrimination parameter values would be greater than
or equal to .78; the difficulty parameter values would range between +2 and -2;
and the guessing parameter values would be less than or equal to .26. The abil-
ity estimate utilized in CAST is the Bayesian sequential scoring procedure dis-
cussed by Jensema (1977). The stopping rule is 10 WK and > AR items.

Data Collection Procedure

Prospects® CAST scores and social security numbers were recorded by recruit-
ers in recruiting stations in the midwestern region of the United States during
January and February, 1984. CAST is being introduced to recruiting stations by
geographic region, and the midwestern region was the only fully operational re-
gion at the time of data collection. Recruiters were told to send all prospects
for further *esting, regardless of how poorly the prospects performed on CAST.
The CAST scores and social security numbers of prospects were collected by the
US Army Recruiting Command (USAREC) and forwarded to ARI for analysis. The
CAST scores recorded by the recruiters were matched by social security number
to applicant tapes from the MEPS to obtain AFQT scores and relevant demographic
data on the applicants. Matching records were lccated for 1,962 applicants.

The demographics of this sample are summarized in Table 1.

RESULTS AND DISCUSSION

Regression Analyses

The Pearson product moment coefficient calculated for CAST and AFQT scores
in this sample is .80. This indicates that there is a strong, positive, linear
relationship between CAST srores and AFQT scores. The coefficient of determina-
tion, £2 = .63, indicates that we can account for approximately 63% of the vari-
ability in applicants' AFQT scores by knowing their CAST scores. However, an
r2 value of .63 also indicates that 37% of the variability in applicants' AFQT
scores must be attributed to random error. Random factors which might influence
the prediction of AFQT scores from CAST scores include anything that might




ORANGES COST $ .10 EACH. HOW
MUCH WILL FOUR ORANGES COST?

$.30
B! $.40
Cl $50

D) $.60

> ENTER YOUR ANSWER J

CHILDREN ENJOY __ IN THE SANDBOX
AT THE PARK.

A) UNDERSTANDING
B) FINDING

C) WORKING
D) PLAYING

> ENTER YOUR ANSWER J

Figure 1. Sample items from CAST.



Table 1

Sample Demographics

Percentage
Gender
Male 85
Female 15
Ethnie Group
White 79
Nonwhite 21
Age
16 2
17 21
18 21
19 18
20 10
21 7
22 5
23 y
24 or older 2
Prior Militery Service
No 93
les 7
Component
RA 85
Peserves 15
Years of Education
8 1
9 3
10 i
11 33
12 45
13 3
14 2
15 1
16 2




influence the prospect's performance on the test, such a5 test anxiety, physi-
cal fatigue, noisy test environment, etc.

There are other "nonrandom" factors that might influence the prediction of

AFQT scores from CAST scores. These factors include demographic considerations
such as the prospect's age, sex, and ethnic group. For example, CAST may be
2 better predictor of AFQT scores for white male prospects than for nonwhite

.ale prospects. This would he an unfortunate finding because it would indi-
cave that the test may be biased for certain subgroups of the population. In
order to determine whether knowledge of certain demographic factors would affect
the prediction of AFQT scores, we conducted a stepwise multiple regression analy-
sis. The dependent measure in this analysis was the applicant's AFQT score, and
the predictor variables were the applicant's CAST score, the six demographic
variables listed in Table 1, and which alternative form of ASVAB the applicant
took (e.g., Form 94, 10X, etc.). Although all the alternate forms of the ASVAB
used at the MEPS sitcs are parallel tests and should produce equivalent AFQT
scores, it is possible: that CAST scores may be better predictors of particular
forms of ASVAB.

The results of this analysis, summarized in Table 2, indicate that the
prospect's CAST score is the best predictor and, as reported previously, accounts
for 63.3% of the variability in AFQT szores. Only two of the other predictors,
number of years of education and ethnic group, accounted for any additional vari-
ance; and these two additional predictors increased the percentage of variance
accounted for by only 0.5%. Therefore, it appears that having demographic infor-
mation about prospects, in addition to their CAST scores, does not improve the
ability to predict their AFQT scores.

Table 2

Summary of Regression Analysis

Variable entered R2
Step i - CAST Score .633
Step 2 - Years of Education .637
Step 3 - Ethnic Group .640

Comparison with Initial Validation Sample

For the cross-validation sample, the correlation between CAST scores and
AFQT scores was .80, whereas the correlation between CAST scores and AFQT scores
in the initial validation sample was .85. The coefficient of determination ({?)
for this sample was .63, as compared wiih a B? value of .72 for the initial vali-
dation sample. A decrease in the amount of variance accounted for (R2) is to be
expected; the 32 value fror an initial validation sample is always somewhat in-
flated because the procedures capitalize on chance relationships. The data
from the cross-validation sample indicate that the operational version of CAST
currently in use is a very good pradictor of prospects' AFQT scores.
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Equipercentile Equating of CAST and AFQT

There is a tendency to interpret a good predictor, such as CAST, as if it
were a perfect predictor. However, it is incorrect to assume a prospect who
scores 32 on CAST will subsequently score 32 on the ASVAB because the two tests
have different scales. As mentioned in the introauction, AFQT scores are per-
centile scores based on a linear combination of four ASVAB subtest scores.
Prospects' CAST scores are "raw scores" which are computed from an optimully
weighted combination of WK and AR ability estimates. 1In order to make the scores
uore comparzble for equating purposes, we converted the AFQT percentile scores
to raw AFQT scores. When we plotted the frequency distribution of CAST and
raw AFQT scores for the applicants in our sample (N = 1,962), we found that
both sets of sccres were approximately normally distributed as shown in Fig-
ure 2. The mean of the CAST scores is 49.67; the standard deviation is 18.35.
The mean of the raw AFQT scores is 73.55; the standard deviation is 15.49.

Table 3 presents an equipercentile calibration of CAST with AFQT. This
table was constructed by calctlating the cumulative percent of scores which
fell below each score in the frequency distributions of raw AFQT scores and
CAST scores, and then equating the test scores based on these cumulative per-
centiles. Raw AFQT scores were then converted to AFQT parcentile scores which
is the typical form in which AFQT scores are presented. The AFQT percentiie
scores are based on the 1980 Youth Attitude norms. This process is illustrated
in Figure 2 for the 25th, 50th, and 75th percentiles. For example, approximately
50% of the CAST scores fall below a CAST score of 50 and approximately 50% of the
raw AFQT scores fall below the raw AFQT score of 77. Therefore, a CAST score
of 50 is equivalent to a raw AFQT score of 77, which is equal to an AFQT percen-
tile score of 49.

Probabilities of AFQT Classification

The equal percentile equating presented in Table 3 indicates the equiva-
lent AFQT percentile scor2 for a given CAST score. Recruiters should not, how-
ever, interpret the information presented in this table to mean that a prospect
with a CAST score of 36 will always get an AFQT score of 29. If this were the
case, then CAST might be the first perfect predictor test ever developed!

Actually, recruiters are not often concerned with the exact AFQT score the
prospect subsequently receives. Instead, recruiters usually want to know into
which mental test category (e.g., CAT IIIA, CAT IIIB, or CAT IV) a prospective
applicant will subsequencly be classified, because that is what determines
whether the prospect will qualify for enlistment and for specific enlistment
incentives. To help recruiters make this type of category prediction, we com-
puted the probability of classification into the different mental categories
based on prospects' CAST scores for our sample, and these results are shown in
Table 4.

We used discriminant analysis to compute the "best-fitting" function that
relates individual CAST scores to the four different AFQT categories and then,
based on this function, computed the posterior probabilities of prospects being
classified¢ into the different AFQT categories based on his or her CAST score.

To use the information in Table 4, locate the prospect's CAST score in the left-
most column and then, moving across the row, note the probabilities for eaca of
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Table 3

Equipercentile Calibration of CAST to AFQT
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Tabic 4

Proba»ility Estimates fer AFQT Category Classification
Based on Individual CAST Scores

AFQT Category

CAST 1/11 IIIA IIIB IV/V
Score (65-100) (50--64) (31-49) (0-30)

0-10 0 0 3 97
11-12 0 0 5 95
13-14 ¢ 1 6 93
0 1 8 91

0 1 10 89

1 1 12 86

1 1 15 83

1 2 17 80

1 2 20 77

i 3 2y 72

( 4 28 67

2 5 31 62

2 7 34 57

3 8 38 51

4 10 140 16

5 14 41 40

b 16 43 35

8 19 43 30

10 23 42 25

13 26 40 21

16 29 38 17

20 31 35 14

24 34 31 11

30 35 27 8

36 36 22 6

42 36 18 4

ug 34 14 3

56 32 1C 2

62 29 8 1

68 26 5 1

7L 22 3 1

80 18 2 0

83 15 2 0

87 12 1 0

90 9 1 0

93 7 0 0

I3 4 0 0

1

DO




the four mental categories. For example, given a prospect with a CAST score
of 47, there is a 13% chance for subsequent classification as a CAT I/II, a
26% chance as a CAT IIIA, a U40% chance as a CAT IIIB, a 21% chance as a CAT IV
or below.

The horizontal lines in the table indicate important cutpoints between the
AFQT categories. A prospect must have a CAST score of 37 or greater for the
odds to be ir favor of subsequent classification as a CAT IIIB or above; a pros-
pect must have a CAST score of 51 or above for the odds to be in favor of subse-
quent classification as a CAT TIIA or above; and a prospect must have a CAST
score of 63 or above for the odds to be in favor of subsequent classification
as a CAT II or above.

Comparison of CAST and EST

CAST was developed to replace the paper-and-pencil Enlistment Screening
Test (EST). Previous research (Sands and Gade, 1983) indicated that CAST
predicted AFQT as least as well as EST and that it was much more efficient to
use. The analyses of the data from the cross-validation sample indicate that
CAST scores are good predictors of AFQT scores and that CAST is a reasonable
alternative to the EST. The correlation between EST (Form 81A) scores and
AFQT scores has been estimated to be .83 (_? = .689) in the initial validation
sample which was composed of 486 applicants from all the armed services. Note
that these values are very similar to those in our cross-validation of CAST.
A cross-validation of EST has never been reported.

Tables 5 and 6 present data which indicate that both CAST and EST predict
AFQT category classifications fairly well. Table 5 presents CAST scores and
actual AFQT scores for the 1,962 applicants in our sample, classified according
to the standard mental category cutpoints. Applicants were classified into
the rows in Table 5 according to the cutpoints for CAST scores that are shown
in Table 4. Applicants scoring above 63 on CAST were classified into the
first row of the table labeled CAT I/II; applicants scoring between 51 and 62
were classified into the second row labeled CAT IIIA; applicants scoring be-
tween 37 and 50 were classified into the third row labeled CAT IIIB; and appli-
cants scoring below 37 were classified into the last row of the table which is
labeled CAT IV/V.

The columns in Table 5 represent the actual ASVAB AFQT category for each

applicant. For example, 80% of the applicants who would have been classified

as CAT Is and IIs based on their CAST scores were actually classified as CAT Is
and IIs based on their ASVAB AFQT scores, but 13% were classified as CAT IIIAs
based on their ABVAB AFQT scores, 5% were classified as CAT IIIBs, and 2% were
classified as IVs or Vs. The data presented in row three of the table indicate
that 43% of the applicants who would have been classified as CAT IIIBs based on
their CAST scores were subsequently classified as CAT IIIBs based on their ASVAB
AFQT scores; however, 28% were subsequently classified as CAT IIIAs and above,
and 29% were subsequently classified as CAT IVs and below.

Table 6 presents EST scores and actual AFQT scores ciassified according to
the standard mental category cutpoints. These data were adapted from a table

in the Mathews and Ree (1982) paper. Unfortunately, the summary of the EST data
provided by Mathews and Ree does not allow exact calculation of the category
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Table 5

Percent of Actual AFQT Category Classification Given CAST Scores

for the Applicants from the U.S. Army 4th Rctg Bde (MW)

AFQT Category

CAST 1/11 I11IA I1IIB /v
Category (65-100) (50-64) (31-49) (0-30)
1/11
(63-100) 80 13 5 2
I7IA
(51-62) 33 40 21 6
ITIB
(37-50) 8 20 43 29
/v
(0-37) 1 4 25 70
Note. N = 1,962,
Table 6
Percent of Actual AFQT Category Classification Given EST Scores
for Applicants from All Services
AFQT Category
EST I/11 ITIIA IIIB /v
Category (65-100) (50-64) (31-49) (0-30)
1/11
(45-48) 86 13 1 0
I1IA
(43-44) 50 37 11 2
ITIB
(33-42) 16 28 38 18
/v
(1-32) 2 6 23 69
Note. N = 869.
13
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cutpoints, so we have had to approximate the EST category cutpoints., Applicants
scoring above 45 on the EST were classified into the first row of the table la—

beled CAT I/II; applicants scoring 43 or U4 were classified into the second row

labeled CAT IIIA; applicants scoring between 33 and 42 were classified into the

third row labeled CAT IIIB; and applicants scoring below 33 were classified into
the last row of the table which is labeled CAT IV/V.

The columns in Table 6 represent the actual ASVAB AFQT category for each
applicant. For example, 86% of the applicants who would have been classified
as CAT Is and IIs based on their EST scores were actually classified as CAT Is
and IIs based on their ASVAB AFQT scores, but 13% were classified as CAT IIIAs
based on their ASVAB AFQT scores, and 1% were classified as CAT IIIBs. The
data presented in row three of the table indicates that 38% of the applicants
who would have been classified as CAT IIIBs based un their EST scores were sub-
sequently classified as CAT IIIBs based on their ASVAB AFQT scores; however, uu%
were subsequently classified as CAT IIIAs and above, and 18% were subsequently
classified as CAT IVs and below. The data presented in Tables 5 and 6 indicate
that both CAST and EST are good predictors of prospective applicants' subsequent
classification into AFQT categories.

SUMMAPY AND CONCLUSIONS

The Computerized Adaptive Screening Test (CAST) was developed to provide an
estimate of a prospect's Armed Forces Qualification Test (AFQT) score on the
Armed Services Vocational Aptitude Battery (ASVAB). The CAST was developed to
replace the paper-and-pencil Enlistment Screening Test (EST). The data collected
in the initial validation study of CAST (Sands and Gade, 1983) and in the cross-
validation reported here indicate that CAST predicts AFQT scores at least as ac-
curately as the EST; and because CAST is a computerized adaptive test, it is
more efficient to use.

Although CAST as it is currently operationalized in the field is a very
good predictor of AFQT scores, it could be modified so that it could make even
more accurate predictions. As discussed previously, CAST is based on Item Re-
sponse Theory, an advance in psychometric theory that permits item parameters
to be calculated for each individual test item. The test items selected for
inclusion in the operational version of CAST were chosen so that CAST would
discriminate equally well across all ability levels. CAST was also designed
to provide a point estimate of a prospect's AFQT score (e.g., 86, 71, 35)
rather than a category estimate (c.g., CAT IIIA, CAT IIIB). CAST might be of
greater use to recruiters if it were modified to provide a more accurate esti-
mate of AFQT category classification.

Three changes could be made in the operational version of CAST to improve
the accuracy with whirh it predicts AFQT scores at the critical cutpoints for
AFQT category classitications. T .rst, the optimal weighting of the CAST WK
and AR subtests for predicting ArQT scores was determined for making point
estimates (Sands and Gade, 1983), and it is not necessarily (nor likely) the
optimal weighting for predicting AFQT categories. Individual item data need
to be collected from a large sample of prospects from recruiting stations
across the country. Discriminant function analyses of these data could specify
the optimal weighting of the CAST subtests for predicting subsequent AFQT clas-
sification. Second, new test items could be developed for CAST that would have

14

25H




ERI

Aruitoxt provided by Eic:

very high discriminability parameters for the critical cutpoints for AFQT cate-
gory classification. The development of new items would improve the accuracy
with which CAST could discriminate between individuals who would subsequently
be classified as CAT IIIAs and CAT IIIBs, or between individuals who would sub-
sequently be classified as CAT IIIBs or CAT IVs. Third, a new item selection
procedure could be implemented that would be specifically designed to optimize
the prediction of AFQT category classifications. Although the Bayesian sequen-
tial scoring pro.edure currently used in the operational version of CAST is an
appropriate ability estimation procedure for the prediction of the continuous
AFQT scale, it may not be the most appropriate procedure for prediction of AFQT
categories. Alternative procedures need to be developed and tested.

Because CAST is a computerized adaptive test, individual item data can be
ccllected via the computer while the prospect is taking an operational version
of the test. Therefore, the collection of the data that is necessary for the
future refinement and improvement of CAST can be totally "invisible" to the
prospect taking CAST. In addition to responding to the ten WK items and five
AR items currrently used to estimate ASVAB AFQT, prospects in selected test
stations could be administered several additional test items. 1In this way, we
could collect item "calibration" data on very large samples of prospects so
that new test items could be developed. The operational version of the CAST
software is currently being modified to record the individual item data neces-
sary for future improvements to CAST. The collection of item response data
should make it possible for CAST to be continually modified to meet the current
needs of the U.S. Army Recruitiag Command.

15




E

Q

REFERENCES

Baker, H.G., Rafacz, B.A. and Sands, W.A. (1984). Computerized Adaptive Screen-
ing Test (CAST): Develcpment of use .n military recruiting stations (NPRCC
Report No. 84-17). “an Diego, CR: Navy Personnel Research and Davelop-
ment Center.

Birmbaum, A. (1968). Some latent trait mcdels and their use 1in inferring an
examinee's ab ty. In F.M. Lord and M.R. Novick (Eds) Statistical
theories of mr .tal test scores. Reading, Mass: Addison-Wesley.

Gade, P.A., Elig, T.J4., Nogami, G.Y., Hertzbach, A., Weltin, M., and Johnson,
R.M. (1984). Motives, incentives, and key influencers for enlistment, re-
enlistment, and attricion in the US Army. U.S. Army Research Institute
for the Behavioral and Social Sciences. Paper presented at the NATO Sym-
posium on Motivation and Morale, Brussels, Belgium.

Jensema, C.G. (1977). Bayesian tailored testing and the influence of item bank
characteristics. Applied Psychological Measurement, 1, 1M1-120.

Lord, F.M. (1980). Applications of jitem response theory to practical test ng
problems. Hillsdale, NJ: Erlbaum.

Mathews, J.J. and Ree, M.J. (1982). Enlistment Screening Test Forms 81a and
81b: Devel’ ment and Calibration (AFHRL Report No. 81-54). Brooks Air
Force Base, TX: Air Force Human Resources Laborato.y.

Mcsride, J.R. (1979). Adaptive mental testing: The state of the art (ARI Re-
port No. 423). Alexandriz, VA: U.S. Army Research Institute. (NTIS No.
ADAO88000).

Horeno, K.E., Wetzel, C.D., McBride, J.R., and Weiss, D.J. (1983). Relation-
ship between correspondina Armed Services Vocational Aptitude Battery
(ASVAB) and computerized adaptive testing (CAT) subtests (NPRDC Report No.
83-27). sSan Diego, CA: Navy Personnel Research and Development Center.
(NTIS No. ADA131683)

Sands, W.A., and Gade, P.A. (1983). An application of computerized adaptive
testing in U.S. Army recruiting. Journal of Computer-based Instruction,
10, 87-89.

Warm, T.A. (1978). A primer of item response theory. (USCGI Report No.
941278, , o0Nklahoma City, OK: U.S. Coast Guard Institute.

. 2

RIC

Aruitoxt provided by Eic:




