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EFFECTS OF ITEM-OPTION WEIGHTING ON THE RELIABILITY
AND VALIDITY OF THE AFOQT FOR PILOT SELECTION

L INTRODUCTION

The concept of differentially weighting test items or the answers within an item spans the history of
psychometric research. It is logically appealing to assign a greater weight to the answers of more
discriminating test questions.

Guttman (1941) proposed a method of scaling items to maximize the squared correlation ratio, Eta?,
between item-option categories and some criterion of interest. This method has been adapted to
right-wrong scored items and has been investigated for some time. The weights assigned to item options by
this method are the [east squares weights found in computing categorical regression.

Several studies have yielded varying results. Virtually without exception, increases in parallel forms
reliability and internal consistency reliability have been reported when item-option weighted tests were
compared to number-right scored or corrected-for-guessing scored tests.

The results concerning validity were not as consistent. Many studies reported losses in validity when
item-option weights were applied to tests which were usually scored number-right or with the
correction-for-guessing. However, other investigators reported no changes in validity due to the application
of item-option weights.

This study investigated the effects of Guttman-type item-option weights on the reliability and validity
of the Air Force Officer Qualifying Test (AFOQT-68) as used for the selection of pilots.

11. METHOD

The purposes of the analyses conducted in this study were: (a) to establish separate weights for the
test item options of the AFOQT-68 Pilot Compasite; (b) once established, to apply these weights to test
data on an independent sample to ascertain the reliability of the composite scored with response option
weights; (c) to estimate reliability (or stability) of the response weights by comparing weight sets
established on two separate samples; and (d) to compare the validity of a conventionally derived Pilot
Composite score with that of an item option weighted Pilot Composite score for prediction of graduation
versus Flying Deficiency Elimination from undergraduate pilot training (UPT).

Between 1969 and 1972, 3,400 men were entered into UPT based on scores on the AFOQT-68’s Pilot
Composite. Two samples of 1,000 cases each were randomly selected from this pool. One of these was
designated as a development sample and the other as a cross-application sample. The members of the
cross-application sample were then reduced to only those who passed UPT and those who were eliminated
for flying deficiency (N = 823). Traditionally, the Pilot Composite had been designed to predict Flying
Deficiency Elimination rather than elimination due to academic or anxiety problems.

Form 68 of the AFOQT has 13 subtests. A complete description of the test and its development may
be found in Miller (1968). The Pilot Composite is made up of seven subtests which may be classified as
cognitive measures, perceptual measures, and a biographical inventory. Table 1 shows the subtest names,
the number of items in each, and those subtests which comprise the Pilot Composite.

Several of the subtests are normally administered under speeded conditions with stringent time limits.
It was necessary to reduce these speeded tests to only those items which at least 90 percent of the
examinees reached. The technique used to develop the item-option weights required this change in test
length because items which are infrequently answered would have spurious weights. No changes were made
to the non-speeded subtests.

For all subjects, traditional correction-for-guessing scores were computed by the formula:
C=R-W/(K-1)

where W is the number of items answered wrong and K is the number of item options. This is usually
referred to as “formula scoring.”

5
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Table 1. Name and Number of Items in
the AFOQT-68 Subtests and Pilot Composite

Number of Pilot
Subtest items Composite

Quantitative Aptitude 60

Verbal Aptitude 60

Officer Biographical Inventory 902

Scale Reading 262

Aerial Landmarks 342

General Science 24

Mechanical Information 24 X
Mechanical Principles 24 X
Pilot Biographical Inventory 413 X
Aviation Information 24 X
Visualization of Maneuvers 142 X
Instrument Comprehension 142 X
Stick and Rudder Orientation 48b X

4Number of items reduced to eliminate speeded effect or multiple keyed
responses for the purposes of this study.

bOrigin:.ll 24 double-response items broken into 48 single response items: 24
for stick and 24 for rudder for purposes of this study.

Weights for every item option were established on the development sample against an internal
criterion. The weight for item 1, first option, was found by first identifying those subjects who selected
that option. Their mean formula score on the subtest, with the iiem being considered deleted, was
calculated and converted to a Z score. This procedure was carried out for every item option of every item.
“Omit” was considered an item-option in all the subtests, and a weight was determined for this item-option
for every item. Previously weighting was done across factorially complex scales or heterogeneous tests. In
the present study, weights were developed using each subtest as a criterion. Both scores were transformed
to standard scores for comparative purposes.

Statistical Approach

The validity was estimated by correlating the Pilot Compositc scored by each method with the
criterion variable. McNemar (1955) suggested a t-ratio for testing the difference between dependent
correlations. It is

t=(fl - %2) VN -3) (1 +12)
2
N PN TP
here 1 indicates the cross-validated item-option weighted scores, 2 indicates the formula scoring method,
and € indicates the criterion. It is evaluated with N — 3 degrees of freedom. The difference between the

validity of the corrected-for-guessing scored Pilot Composite (2) and that of the item-option weighted
scored Pilot Composite (1) was tested by using this t-ratio.

The reliability for each of the subtests was estimated by calculating coefficient alpha (Cronbach,
1951). Wherry and Gaylord (1943) estimates of reliability were computed for the Pilot Composite.

III. RESULTS

Validity of the Pilot Composite

Table 2 shows the means and standard deviations of the AFOQT-68 subtests and Pilot Composite
scored by the correction-for-guessing method and the means and standard deviations of the criterion




Table 2. AFOQT-68 Subtest C Score Means and Standard Deviations
(Development Sample N = 1,000 and Cross-Application Sample N = 823)

Sample
Develc pment Cross-Application
Subtest Mean () Mean o
Quantitative Aptitude 0309 1.0083 —.0060 9975
Verbal Aptitude -0173 9935 - 0214 9959
Officer Biographical Inventory? —.0248 .9900 —.0263 9760
Scale Reading .0389 9929 0144 9959
Aerial Landmarks —.0003 1.0071 —.0160 9977
General Science 0378 9748 .0064 9818
Mechanical Information 0238 9935 —.0061 9980
Mechanical Principles .0274 .9885 .0105 9816
Pilot Biographical Inventory? .0253 9917 0575 9564
Aviation Information 0121 9990 —.0033 9981
Visualization of Maneuvers —.0071 9642 —.0120 9810
Instrument Comprehension .0141 9520 0027 9699
Stick and Rudder Orientation 0263 9951 .0243 9975
Pilot Composite 1274 40123 .0736 3.8212
Criterion Score .8007 .3995 7925 4055

ACorrected-for-guessing scores were not calculated for biographical inventories, number-right scores have been
substituted.

variable. The means and standard deviations of the AFOQT-68 subtests and the criterion are the same for
both the development sample and the cross-application sample. Table 3 shows the means and standard
deviations of the AFOQT-68 subtests and Pilot Composite scored by the application of item-option
weights. The means and standard deviations of the item-option weighted subtests are the same for both
groups.

Table 4 shows the validities of the Pilot Composite for predicting success in pilot training. A t-ratio
was formed to test the difference between the validity of the formula score Pilot Composite scores and the
validity of the cross-validated item-option scores. It was 2.9436 and was found to be significant at P <.005
(Df = 820).

Reliability

Pilot Composite and Subtests Rediability Table 5 presents the reliability for the subtests and Pilot
Composite of the AFOQT-68 for the formula scores and the item-option weighted scores.

In all cases, the reliability of the item-option weighted scores is higher than the reliability of the
formula scores.

ltem-Option Weight Reliability The reliability of the item-option weights was estimated by a
procedure suggested by Davis and Fifer (1959). An estimate of the stability of the weights was obtained by
intercorrelating the weights found on the development sample with a set of weights developed on the
cross-application sample. The reliability was .6028 (F = 1563.5400, P <.005).

IV. DISCUSSION
The results of this study cover three basic areas of concern about item-option weighted scores:
validity, reliability, and item-option weight reliability.

Contrary to the results of some past research, this study has shown that the use of item-option
weights does not necessarily lead to lowered test validity. Comparisons of unweighted score and weighted




2 Table 3. AFOQT-68 Subtest Weighted Score Means and Standard Deviations
(Development Sample N = 1,000 and Cross-Application Sample N = 823)

Sample
Development Cross-Application
Subtest Mean [ Mean o

; Quantitative Aptitude .0333 1.0046 0009 1.0018

{ Verbal Aptitude —.0161 9920 —.0188 9961

E | Officer Biographical Inventory 0257 9911 —-.0120 9607
E | Scale Reading 0309 9927 0169 9956
E | Aerial Landmarks —.0032 1.0064 -.0164 9982
E | General Science .0437 9804 0222 9725
E | Mechanical Information 0297 1.0033 0003 1.0080
E | Mechanical Principles 0328 9943 0160 9884
| Pilot Biographical Inventory 0217 9991 0630 9713

| Aviation Information 0157 1.0046 0141 1.0020

i Visualization of Maneuvers .0082 9579 0047 9950
Instrument Comprehension 0113 9617 0003 9691

Stick and Rudder Orientation 0295 9935 .0273 9929

Pilot Comprehension .1490 4.1079 1257 3.8976

Table 4. Validity of AFOQT-68 Subtests and Pilot Composite
for Predicting Success in Undergraduate Pilot Traiiting in
the Cross-Application Sample (N = 823)

Validity
Formula Item-Option
Subtest Scores Weighted Scores

Quantitative Aptitude 0249 .0451
Verbal Aptitude -.0944 -.0959
Officer Biographical Inventory ~.02514 0236
Scale Reading .0994 1137
Aerial Landmarks .0442 .0402
General Science 0593 0649
Mechanical Information 0027 0221
Mechanical Principles .0221 .0280
Pilot Biographical Inventory 12233 1383
Aviation Information 0570 .0569
Visualization of Maneuvers .0613 .0901
Instrument Comprehension .1368 .1457
Stick and Rudder Orientation 1123 .1608
Filot Composite 1317 1621

AC scores were not computed for biographical inventories. Number-right
scores have been substituted.
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Table 5. The Reliability of the Formula and Cross-Validated
Item-Option Weighted Scores for the Subtests and
Pilot Composite of the AFOQT-68 for the
Cross-Application Sample

Refiability
Formula item-Option
Subtest Scores Weighted Scores
Quantitative Aptitude 8165 8363
Verbal Aptitude 7830 8462
Officer Biographical Inventory 65684 9109
Scale Reading 5504 6663
Aerial Landmarks .7899 8041
General Science 7534 7815
Mechanical Information 6727 ST
Mechanical Principies .6636 .6834
Pilot Biographical Inventory 67964 .8430
Aviation Information .6964 1576
Visualization of Maneuvers 5236 6721
Instrument Comprehension 6133 7050
Stick and Rudder Orientation .8096 8458
Pilot Composite® 8543 8839

aC scores were not computed for biographical inventories. Number-right
scores have been substituted.

l"'Cocft“ncient alpha was used to estimate reliability for the subtests.
Reliability for the Pilot Composite was estimated by the Wherry and Gaylord
method.

score validities in Table 4 indicate that, with few exceptions, validity can be maintained or increased by the
use of item-option weights.

The exact cause for the maintenance or increases in validity is not known. It may be that weigl s
developed per subtest do not adversely effect the factorial heterogeneity of the Pilot Composite. Guttman’s
original method was specifically designed for use with univocal tests. Many of the subtests are very complex
as evidenced by their low internal consistency (see Table 5). Visualization of maneuvers is an example of
this heterogeneity with an alpha coefficient of .5236 unweighted. Item-option weighting only increased this
to .6721.

Internal consistency is a function of item intercorrelations (Cronbach, 1951). Highly consistent tests
have high item-intercorrelations. However, it is clear from the Wilks (1938) proof that the effects of weights
applied to a large set of positively intercorrelated variables are inconsequential. Applying this model to
item-option categories would lead to the conclusion that tests with lower internal consistency should
benefit from iteni-option weighting more than tests with high internal consistency.

The reliability of subtests or composites as measured by calculating coefficient alpha or by the
Wherry and Gaylord method increased as expected. The two biographical inventories showed the largest
reliability gains while quantitative aptitude and verbal aptitude tests, similar to those used in several other
studies, showed very minor gains in reliability. The Pilot Biographical Inventory also showed a substantial
gain in validity. It may be that the use of item-option weights with biographical inventories leads to higher
reliability and higher validity. Torgerson (1958) classified Guttman-type item-option weights as a scaling
technique. Item-option weighting of biographical inventories, even those with a priori weights, may be
closer to the use originally intended for the Guttman technique.

The reliability of the item-option weights was moderate, as expected. However, the keyed item
options showed a reliability of .891.
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In this study, there was little omitting of items. In some cases, as few as 6 in 1,000 subjects omitted
an item. This led to a large standard error of the mean and, thus, to unreliable weights for the “omit” item
option. The keyed answers were generally selected by the largest group of examinees which reduced thc
standard error of the mean and produced highly reliable item-option weights.

Although the reliability of the overall set of item-option weights was only moderate, the most
frequently selected item options had the most reliable item-option weights.

V. CONCLUSIONS

The use of Guttman-type item-option weights was effective in increasing both subtest and Pilot
Composite reliability, as well as Pilot Composite validity for predicting UPT success versus elimination for
reason of flying deficiency. The set of item-option weights was found to be moderately reliable.
Item-option weights for the keyed item options were found to be highly reliable.

In order to make use of the item-option weighting procedure, machine scoring of tests at recruiting
stations would be mandatory. The establishment of item-option weights on appropriate samples would also
have to become a regular part of the test development and revision process.
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