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Aviator selection historically has been an area of great interest and consider-
able research effort. For various reasons, the bulk of the published reports
has dealt with selection for ab initio, military pilot training, although much
of what has been accomplished in the military setting is directly applicable
to civil aviation. For the most part, military training utilizes applicants with
little or no previous experience in aviation, and trains them to a criterion
performance level in about 200 flying hr over a 12-month period. Using
these flight-naive trainees and a stringent timetable results in a significant
number of training failures. Typical training attrition rates over the last 20
years have been on the order of 25%, with an average cost for each failure
ranging from $50,000 to $80,000 for the U.S. Air Force (Hunter, 1989; Siem,
Carretta, & Mercatante, 1987). Because of these costs, the military services
of the United States and other countries have conducted continuous, wide-
ranging studies to identify and evaluate new selection measures. However,
results from individual studies often seem contradictory in the range and
signs of validities (the correlations between predictor and criterion scores)
for individual selection measures. A narrative review of those efforts is
provided in Hunter (1989).

The 1980s saw a growth in publications of quantitative research reviews
with the development of meta-analytic methods. In the context of personnel
selection, these methods have come to be known as validity generalization
(VG), and this article uses the approach of VG’s principal proponents,
Hunter and Schmidt (1990b). The advantage of VG is the explicit evaluation
of factors that may influence the size of a validity estimate in a specific
study. By cumulating data from several studies on both validity and study
characteristics, it is possible to estimate the generalizability of a selection
measure across different selection contexts. Knowledge of the reliabilities of
predictor and criterion measures, the degree of selection present in a valida-
tion sample (i.e., degree of range restriction), and the sample size of the
study allows psychometric analysis of the extent to which apparent variation
across studies is due merely to the limitations of individual study design
(i.e., due to the effects of artifacts such as variation in sample sizes or
predictor and criterion reliabilities). The basic steps in a VG analysis are first
to compute a weighted mean validity across studies and the variance about
that mean. Total variance may then be decomposed into components attrib-
utable to artifacts and to true variation. When the mean validity is nonzero
and true variance about that mean is zero, then the selection construct or
method of interest is said to be generalizable.

The analysis reported in this article is based on a review of articles
published in the literature and in the technical reports of defense organiza-
tions. The extent to which the sample of studies so identified is representa-
tive of the full population of civilian and military selection studies is
unknown. Some bias may well be present, given that the review focused only
on articles and reports in English, and that those identified are predominately
North American and British. The analysis was also confronted by limited
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information on study artifacts, in that the majority of studies did not report
details of predictor or criterion reliabilities or the degree of range restriction.
Although distributions of artifacts may be estimated from what information
is available, this paper presents a bare-bones VG analysis in which the only
artifact included is variation due to study sample size. A further complication
was that military studies predominately used pass—fail in training as the
criterion measure. Dichotomization (or discontinuation) of a variable places
a limit on the maximum correlation that can be expected. For example, with
a 50-50 split (giving the maximum variance in a dichotomized variable) the
maximum correlation is 0.798 and not 1.0 (as the split moves away from
50-50, so the maximum correlation decreases; see Cohen, 1983; Hunter &
Schmidt, 1990a). Despite these problems, the cumulative sample sizes iden-
tified through the literature review are substantial and allow for analyses that
more accurately clarify and represent the underlying relations between pre-
dictor measures and training performance criteria than is possible in any of
the individual studies.

METHOD
Sample

Studies were identified through manual and computerized searches of the
Psychological Abstracts for the years 1940 through 1990 and through man-
ual searches of the published bibliographies of the military services. Promis-
ing sources cited in studies obtained in this manner were also reviewed. The
studies so identified included those from both refereed and nonrefereed
sources (primarily military reports) and unpublished studies. Studies were
carefully examined to ensure that there were no duplications, particularly
between the military and refereed sources. If the same study was reported in
more than one source (e.g., as both a military technical report and a journal
article), the more generally available citation was used.

Studies were selected for inclusion if they reported a correlation between
one or more predictors and one or more flying-training criteria. There were
68 studies so identified for the 1940-to-1990 period. The studies included in
the analyses are listed in the Appendix; however, space limitations preclude
giving full details of the studies and the measures. That information is
available as a technical report (Hunter & Burke, 1990), and the complete
data base from which this study was conducted is available in a computer-
readable format from the first author.

Frocedure

Each study was reviewed and the correlation, sample size, and other infor-
mation regarding potential artifacts for each study was coded and recorded
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in a data base. In many cases, several correlations were reported in a study
utilizing a single group of subjects. In those instances in which the correla-
tions were related to a single predictor construct or instrument (e.g., multiple
performance measures taken from a flight simulator or several scores de-
rived from performance on a single test) a composite was created by convert-
ing the correlations to Fisher’s Z and then averaging. This single, averaged
correlation was then entered into the VG analysis to represent the contribu-
tion of that construct or measure. This process reduced the sample of corre-
lations from 664 to 501. In those cases in which the same examinees supplied
responses to different tests measuring different constructs in a single study
(e.g., in a multiple-test battery) each correlation was entered separately. We
recognized the nonindependence of the data that this treatment produces, but
we felt that this approach was more attractive than ignoring the available
data.

This sample was further reduced by eliminating from the analyses any
correlations reported for combinations of predictors (e.g., multiple-test bat-
teries) in which only the correlation for the composite score was given. This
final screening reduced the sample to 468 validities, which were entered into
the analysis reported herein. The distribution of study characteristics for
these correlations is given in Table 1.

Finally, the signs of error-scored measures (e.g., psychomotor coordina-
tion) were reflected, so that a positive correlation would indicate that supe-
rior test performance is associated with superior performance in training. An
exception to this treatment, however, was that given to personality measures:
Because there was no a priori expectation regarding the direction of predic-
tion of these measures (e.g., whether one should expect superior flying
performance to be associated with high or low authoritarianism) their signs
were not changed. Additional research may address alternative treatments of
this problem (cf. Tett, Jackson, & Rothstein, 1991).

Data Analysis

For reasons presented earlier, the VG analysis reported in this article only
incorporated the artifact of sampling error due to variation in sample size
cross-studies. This is referred to as a bare-bones analysis, although Hunter
and Schmidt (1990b) stated that sampling error was the most significant of
the 11 artifacts that they listed.

Four parameters were computed for each predictor class using formulae
from Hunter and Schmidt (1990b): (a) the sample-weighted mean validity,
(b) the sample-weighted variance in validities about that mean (observed
variance), (c) variance in validities due to sampling error (error variance),
and (d) corrected variance (true variance). Subtracting error variance from
observed variance provides the true variance estimate. The equations
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TABLE 1
Distribution of Study Characteristics
Number of

Study Characteristic Correlations N
Sample service

Air Force 289 351,317

Navy 110 62,098

Army 42 20,218

Civilian 27 3,625
Sample nationality

United States 362 408,724

United Kingdom 20 3,108

Canada 52 9,743

Other 34 15,683
Aircraft type

Fixed wing 402 413,176

Rotary wing 66 22,082
Criterion category

Dichotomous (pass—fail) 391 404,969

Continuous 77 32,289
Total 468 437,258

(Hunter & Schmidt, 1990b) required to compute these parameters were
coded in the programming language of the data base management system
(Microsoft Access®; Microsoft Corporation, Redmond, WA), which was
used to maintain the data base. This system was then used to select cases for
analysis and to make all VG calculations.

VG decision rules. The estimate of true variance can be used to
apply two decision rules in classifying the validity generalization of a
predictor group, in which a predictor group represents measures of a
construct such as verbal or quantitative ability. The first decision rule, the
75% rule, is taken from Hunter and Schmidt’s (1990b) experience in VG
analyses; they have found that sampling error tends to account for 75% of
the variance in validities when in fact the true variance is zero. Thus, in a
bare-bones analysis, if the ratio of error to observed variance is 75% or
greater, then observed variance is said to be entirely attributable to arti-
facts. That is, once artifacts or the limitations within particular studies
are taken into account, then there is no true variation and validity is
generalizable. When this ratio is less than 75%, then sufficient true
variation remains to warrant further analyses to identify the sources of
that variation (i.e., significant moderators).

The second decision rule is to apply a confidence interval about the mean
validity across individual studies. In fact, two such intervals can be com-
puted: a traditional confidence interval using the square root of the observed



302 HUNTER AND BURKE

variance or a credibility limit computed using the square root of the true
variance. The latter limit is based on the distance between the means of the
probability distributions for null and alternate hypotheses and, for reasons
outlined by Hunter and Schmidt (1990b) and Whitener (1990), a lower, 90%
limit is used to determine whether the mean validity falls within the null
distribution with mean validity of zero. That is, if the 90% credibility limit
is greater than zero, then the mean validity across studies can be assumed to
be nonzero.
Both rules were combined in the analysis to give four classes of results:

1. 75% rule positive and 90% confidence limit positive: No true varia-
tion in studies. Validity not significantly influenced by moderator
variables. Mean validity generalizable.

2. 75% rule negative and 90% confidence limit positive: Validity non-
zero, but size of validity influenced by moderators.

3. 75% rule negative and 90% confidence limit negative: Uncertainty
about true validity of predictor. Validity may be nonzero in a subset of
studies or contexts. Validity not generalizable.

4. 75% rule positive and 90% confidence limit negative: True validity is
zero. This would be immediately apparent from a mean validity of
zero and little variation about that mean.

Analysis of moderators. The procedure used for analyzing the impact
of moderator variables is akin to that recently reported by Mead and
Drasgow (1993). First, moderators identifiable from the reports reviewed
were coded as dummy variables. For example, aircraft type was coded 1 for
fixed wing and O for rotary wing, service was coded 1 for military and O for
civilian, nationality was coded 1 for U.S. and 0 for other, and decade of study
was coded 1 for the 1940-to-1960 period and O for the 1961-t0-1990 period.
Thus, each study was assigned a 1 or 0 code for each of these four potential
moderator variables. The following model testing procedure (taken from
Dwyer, 1983) was then applied separately for those predictors falling into
Class 2 under the VG decision rules just described.

In Step 1, a saturated regression model including all moderators was
computed. That is, validities for a predictor group (e.g., spatial ability) were
regressed onto all four moderator variables. In Step 2, four restricted models
were computed with each moderator removed in turn. The difference be-
tween the R* values for the saturated and restricted models then gave a direct
estimate of the impact of a moderator on the validity observed for a given
group of predictors. The difference in R’ can also be tested for statistical
significance using an F ratio (for details, see Dwyer, 1983).

These analyses were carried out using Statistical Package for the Social
Sciences (SPSS; SPSS, Inc., Chicago) for Windows (Version 6.0).
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RESULTS

Table 2 summarizes the VG results for the predictor groups. What is
immediately apparent is that only a small percentage of observed varia-
tion in validities is accounted for by sampling error alone, the highest
percentage being the 45% found for measures of fine dexterity. As such,
none of the predictor groups satisfied the 75% rule, placing them all into
either Class 2 or Class 3 under the decision rules described earlier. The
90% credibility limits on the far right of Table 2 serve to distinguish
between predictors as being moderated (Class 2) or nongeneralizable
(Class 3). Those falling into Class 3 are verbal ability, fine dexterity,
education attainment, and personality.

Moderator analyses were pursued for the predictors falling into Class 2
within the scope possible for such analyses. Both age and reaction time were
excluded from further analyses due to the small number of validities avail-
able for those predictor groups. Table 3 summarizes the moderator analyses
for the other predictor groups in Class 2.

With respect to the four moderators included in the analyses, decade of
study appears to have the most significant impact. Data for five of the
predictor groups are further decomposed in Table 4, from which it may be
seen that there has been a general decline in validity since 1961. The earlier
studies, dominated by research during World War II, are also notable for

TABLE 2
VG Results by Predictor Group

Predictor Timean Nx Ns df 6% 6; dz.xplained L95 U95
General ability 013 14 8,071 .008 .002 .006 21 -0.05 0.30
Verbal ability 0.12 17 22,841 012 .001 .011 6 -0.09 0.33
Quantitative ability 0.11 34 46,884 003 .001 .002 28 0.01 0.21
Spatial ability 0.19 37 52,153 .005 .001 .004 14 0.05 0.32
Mechanical 029 36 42418 009 .001 .008 8 0.11 048
General information 025 13 29951 .010 .000 .009 4 0.06 044
Aviation information 022 23 25295 .007 .001 .006 12 0.06 0.38
Gross dexterity 032 60 48988 007 .001 .006 13 0.15 049
Fine dexterity 0.10 12 2,792 .009 .004 .005 45 -0.09 0.29
Perceptual speed 020 41 33,511 .006 .001 .005 19 0.05 035
Reaction time 0.28 7 10,633 .004 .001 .003 16 0.16 0.39
Biodata inventory 027 21 27,004 011 .001 .010 6 0.07 047
Age -0.10 9 13,810 .006 .001 .005 11 -0.25 0.05
Education 0.06 9 6,163 012 .001 .011 12 -0.16 0.27
Job sample 034 16 2,814 012 .005 .007 37 0.19 0.55
Personality 0.10 46 22,486 .018 .002 .016 11 -0.16 0.37

Notes. r.., = mean sample-weighted correlation, N, = number of validities, N; = total sample size

across studies, 2 = observed variance, 63 = error variance, 6[2, = corrected variance, dgxplm-ned = percent-
age of variance explained, Lqos = lower 95% confidence interval, Uys = upper 95% confidence interval.



TABLE 3

Moderator Analyses

R

Saturated Decade Service Nationality Aircraft Type
Predictor Model Removed Removed Removed Removed
Quantitative ability 0.109 0.106 0.108 0.049 0.042
Spatial ability 0.246 0.109% 0.189 0.246 0.245
Mechanical 0.513 0.070° 0.508 0.499 0.513
Aviation information 0.361 0.285 0.284 0.291 0.361
Gross dexterity 0.474 0.220° 0.277° 0.473 0.214°
Perceptual speed 0.299 0.053° - 0.282 0.248
Biodata inventory 0.583 0.056° 0.544 0.552 -
Job sample 0.576 0.533 0.565 0.010° 0.576

3Difference between saturated and restricted model significant at the .05 level. PDifference sig-

nificant at the .01 level.

TABLE 4
Analysis by Decade for Five Predictors

Predictor Fomean N, N, ¢? &2 dzxplained Coo
1940-1960

Spatial ability 0.21 14 41,693 .005 .080 10 0.12

Mechanical 0.32 20 35,619 .004 .003 12 0.23

Gross dexterity 0.35 24 37,177 004 .004 14 0.25

Perceptual speed 0.23 7 25,343 .001 .001 17 0.18

Biodata inventory 0.30 12 22,575 .004 .004 10 0.20
1961-1990

Spatial ability 0.12 23 10,460 .006 .004 38 0.02

Mechanical 0.14 16 6,799 .008 .006 27 0.01

Gross dexterity 0.22 36 11,811 .005 .002 60 0.15

Perceptual speed 0.11 34 8,168 .008 .004 49 0.01

Biodata inventory 0.09 9 4,429 .005 .003 41 0.00

TABLE 5
Analysis by Service, Aircraft Type, and Nationality for Two Predictors

Predictor Frmoan N, N, &2 62 82 plained Cyp
Moderator code = 1

Gross dexterity® 0.33 47 44,620 .007 .006 12 0.20

Gross dexterity® 0.33 52 45,126 .008 .007 12 0.19

Job sample 0.29 10 1,846 .002 .000 100 0.29
Moderator code = 0

Gross dexterity 0.26 13 4,368 .005 .002 55 0.19

Gross dexterity 0.27 8 3,862 .002 .001 76 0.22

Job sample® 0.44 6 968 .015 .004 27 0.27

aModerator = service (1 = Air Force, 0 = Other). "Moderator = aircraft type (1 = fixed wing,
0 = rotary wing). “Moderator = nationality (1 = United States, 0 = other).

304
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much larger average sample sizes. Consequently, in addition to lower valid-
ities, research in more recent decades is also characterized by larger sam-
pling error, as indicated by the fact that sampling error accounts for more of
the observed variance in validities. As such, estimates of validity are more
variable due to these smaller study samples. Of the predictors, biodata
inventories show the greatest decline (from 0.30 to 0.09) and is the only
group to show a 90% credibility limit of zero for later decades.

The situation regarding gross dexterity is complicated by the fact that
three moderators were found to have significant relations to validity. Decom-
posing the data by service shows a lower mean validity and greater sampling
error for non-Air Force studies and for studies involving rotary-wing air-
craft. Decomposing job sample measures by nationality shows a lower mean
validity and lower variability for U.S. studies. However, both predictors
show 90% credibility values substantially above zero despite moderator
breakdowns, thus confirming their generalizability. Both sets of analyses are
summarized in Table 5.

Finally, we offer a comment on the results for quantitative ability and
aviation information measures. The low multiple correlations obtained from
the saturated models merely shows that this study was unsuccessful in
identifying those moderators that influence the validity of these predictors.
This was due, as we note in the Discussion section, to the limited information
on study characteristics given in published reports. At present, although the
validity of these predictors is moderated, variables explaining this modera-
tion have yet to be identified.

DISCUSSION

Table 6 summarizes the results obtained from the VG analysis of pilot
validities. One conclusion is clear: Although none of the predictor groups
fell into Class 1, neither did any fall into Class 4 (no validity). The pattern
of results, however, is complex, with the validity of predictors falling into
Class 2 influenced by moderator variables. This study has considered four
such variables, and the most significant was found to be decade of study.
Why should time influence validity; or rather, why should validity decline
with time? One may suggest that such a decline is attributable to changes in
the population of applicants (education, experience, and more selective
recruitment contributing to increased range restriction in estimates) or
changes in the training/operational environment (i.e., the criterion pre-
dicted). More information than that generally found in the reports reviewed
is required before such hypotheses can be evaluated.

Indeed, as seems to have become a common plea in meta-analysis re-
views, a general improvement in the quality of study information is needed
to permit a more exhaustive review of pilot validities. Among the data
required are information on the reliability of measures; the method by which
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TABLE 6
Classification of Results
Class and Description Predictor Measures
1: Validity generalizable None
2: Validity moderated Quantitative ability, spatial ability, mechanical, aviation infor-

mation, general information, gross dexterity, perceptual
speed, reaction time, biodata inventory, and job sample

3: Validity not generalizable General ability, verbal ability, fine dexterity, age, education,
and personality

4: No validity None

reliabilities were estimated; and, where a dichotomized criterion was used,
the nature of any nominal classifications and percentages falling into catego-
ries. Also important is better reporting of criterion data over time and raters
to gauge the impact of criterion quality on validity. It seems that, as ever,
although effort is often put into the predictor side of the equation, the
criterion remains a Cinderella factor despite the distortion that inadequate
criteria have on estimates of the cost benefit of predictor investment.

The mean validities reported here, even for those sets of measures falling
into Class 2, may appear small. However, because they are subject to range
restriction and dichotomization (for which they are uncorrected), they
should be interpreted with some caution, because they are likely to underes-
timate true validity. Thorndike’s (1949) description of research for the U.S.
Army Air Force during World War II provides comparisons of validities prior
to and after the impact of range restriction. A selection test battery was
developed for pilots, and data were collected under conditions in which all
applicants were selected regardless of their test scores. The calculation of
validities was therefore straightforward, as there were minimal effects of
range restriction. The results showed the validities for seven tests to range
from 0.18 (finger dexterity) to 0.46 (general information), with a composite
validity of 0.64. A retrospective analysis was then performed in which only
those with composite scores exceeding the subsequent cutoff set for use of
the test battery were included (only 13% of the original sample met the
cutoff). The composite validity then fell to 0.18. Of interest is the effect of
range restriction on the validity of an obvious predictor, complex coordina-
tion (a psychomotor measure). In the original unselected sample, the validity
was found to be a respectable 0.40. In the selected sample, it fell to —0.03,
emphasizing the need to consider artifacts in evaluating the utility of predic-
tors in pilot selection.

Such an effect raises the issue of sample sizes required for adequate
estimation of validities. Some typical values were taken to perform a power
analysis for this purpose, the results of which are given in Table 7. A hiring
ratio of 30% (i.e., only the top 30% of applicants are selected), and a
pass—fail ratio of 70:30 were used. (These values were suggested by the
second author’s experience.) Three correlation values were taken from
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Cohen (1977) to represent large, medium, and small effect sizes: 0.5, 0.3,
and 0.1, respectively. As can be seen from Table 7, taken individually, the
artifacts considerably reduce the observed correlation to be expected. Taken
in combination, the effect on the expected correlation is dramatic. The
minimum sample sizes given are for a one-tailed Type I error rate of 0.05 and
a Type II error rate of 0.2 (i.e., 80% statistical power) and the expected
validity value given under the combined condition (i.e., subject to both range
restriction and dichotomization). The acquisition of such sample sizes will
present difficulties for many individual studies or require a considerable
time to amass. Analyses such as that reported herein may therefore be more
feasible as a guide to inclusion of predictors in a selection battery. But, as we
noted earlier, the value of future VGs of predictors of pilot success will
depend on the quantity and quality of information provided by individual
studies on predictors, criteria, sample characteristics, and artifacts.

As was described in the Method section, one note of caution needs to be
raised in conjunction with interpretation of the result for personality mea-
sures. With the recent advent of the Big Five personality taxonomy (Digman,
1989, 1990), there have been some encouraging validities for personality
dimensions. Of particular importance in evaluating the validity of a person-
ality scale is the direction of intended prediction. With ability test scores
positively scaled, the direction of the hypothesis test is obvious (higher
scores are associated with higher performance). Such is not necessarily the
case with personality scales. Another concern is with the artifact of factorial
(or construct) validity. That is, use of a taxonomy such as the Big Five
requires evidence to support the placing of a scale into a particular class of
personality dimension. Several studies reported measures that are difficult to

TABLE 7
Sample Size Requirements by Effect Size and Ariifact
Original Individual Artifact Artifacts Sample
Effect Size Range Restriction Dichotomization Combined Required?
0.5 (large) 0.25 0.38 0.19 170
0.3 (medium) 0.14 0.22 0.11 510
0.1 (small) 0.04 0.08 0.03 6,870

“Rounded up to the nearest 10. The value gives the sample required to estimate validity under
the combined condition.

TABLE 8
Expected Values for a Battery of Class 2 Predictors
Intercorrelation Lys M Ugs
0.30 0.15 0.41 0.67
0.40 0.13 0.36 0.60

0.50 0.12 0.33 0.55
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classify either through lack of descriptive information or of explicit refer-
ence to a theoretical basis for the measures. Information provided by individ-
ual studies as to the direction of prediction and the construct validity of
personality measures should be provided in future studies. This would then
allow methods such as that proposed by Tett et al. (1991) to be applied in
evaluating predictions from such instruments. However, as noted by Burke
(1993) with reference to cultural differences in the semantics of personality
dimensions, there is evidence to support the placement of personality predic-
tors into Class 3. Martinussen and Torjussen (1993) reported a small-scale
evaluation of the Defense Mechanism Test (DMT), a projective instrument;
they showed that, although small validities were obtained from Scandinavian
studies, studies in the United Kingdom and the Netherlands obtained validi-
ties of zero. It may well be, then, that even with better construct data and
improved analytical techniques, differences in cultural context (e.g., English
speaking versus non-English speaking) may act to moderate validities for
specific personality instruments.

Although the mean validities reported in this article may well underesti-
mate the true validities of several predictors, those falling into Class 2 do
indicate potential for substantial cost benefits in pilot selection. To estimate
these benefits in the form of a battery made up of the predictors falling into
Class 2, estimates of composite validity were computed using three levels of
average predictor intercorrelation: 0.3, 0.4, and 0.5. Using these inter-
correlations and the formula for a composite given by Guilford (1954), three
levels of composite validity were calculated: a lower 95% expected value, a
mean value, and an upper 95% expected value. The results of these calcula-
tions are shown in Table 8. Again, note that these estimates are subject to
range restriction. That is, they may underestimate the true validity of a
battery of Class 2 predictors. Future VG analyses with access to the inter-
correlations among predictor groups would clearly aid in clarifying the best
mix that maximizes the benefits suggested by our analyses.
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