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In this study, job performance increases resulting from improved selection validity were measured empirically rather than estimated
from the standard linear regression utility equations. Selection utility analyses based on these empirical measurements were carried out
for most white-collar jobs in the federal government. Results indicate that selection of a one-year cohort based on valid measures of
cognitive ability, rather than on non-test procedures (mostly evaluations of education and experience), produces increases in output
worth up to $600 million for each year that the new employees remain employed by the government. Newly hired federal employees
remain with the government an average of approximately 13 years,
resulting in a total gain in output of almost $8 billion over this period. This gain represents a 9.7% increase in output among new
hires. If total output is held constant rather than increased, new hiring can be reduced by up to 20,044 per year (a 9% decrease), resulting in payroll savings of $272 million for every year the new cohort
of employees remains on the job. The percentage of new hires in the
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would be expected to decline from 10% to about 4%. The utility
estimates derived from empirical measurements were 19% to 21%
smaller than theoretical predictions from the standard linear utility

equations. Such a difference was expected and predicted from
known conditions tending to bias the empirical estimates downward
in these data. In light of these conditions, the agreement between
empirical and theoretical figures was quite close. This correspondence of empirical and theoretical figures lends support both to this
study and to the use of the theoretical utility equations in selection
utility analyses.

Recent research has shown that dollar impact of valid selection procedures on work force productivity is considerably greater than industrial/organizational psychologists traditionally have believed. For example, it has been shown that the productivity increase that would
result from using a more valid test to select 618 computer programmers in the federal government (one year’s hires) ranges from $5.6 to
$97.2 million, depending on the selection ratio and true validity of the
previous selection procedure (Schmidt, Hunter, McKenzie, & Muldrow, 1979). These utility estimates were made using linear regression-based decision/theoretic equations, which have been available for
over 30 years (Brogden, 1949; Cronbach & Gleser, 1965). These
equations had rarely been employed previously because one equation
parameter-the
standard deviation of job performance in dollars
(SDy)-had been very difficult to estimate. The assumption had been
that SDy could be estimated only by use of complex, costly, and uncertain cost accounting techniques. Schmidt, Hunter, et al. (1979)
presented a simpler and more direct method of estimating SDy,opening the way to increased use of these equations by personnel psychologists. In the past, the value of selection procedures had usually been
estimated using statistics that did not directly convey economic value.
These statistics included the validity coefficient, the increase in the
percentage of “successful” workers, expectancy tables, and regressions
of job performance measures on test scores. In general, organizational
decision makers were less able to evaluate these statistics than statements made in terms of dollars. The ability to express the value of
selection methods in dollars was therefore a useful tool for personnel
psychologists, and is now being fairly widely used (Hunter &
Schmidt, 1982a, 1983; Schmidt & Hunter, 1981).
The study reported here differs from recent studies of the impact of
selection on work force productivity (Schmidt, Hunter, et al., 1979;
Schmidt, Mack, & Hunter, 1984) in several respects. First, in this
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study job performance differences between employees selected by different methods were determined empirically, based on direct multimethod measurement of performance in three intensively studied jobs.
Selection of employees for these jobs had been based on either a measure of cognitive ability (test-selected group) or on a variety of other
methods that typically did not include a cognitive ability test (nontest-selected group). For each job, the superiority in job performance
of the test-selected employees was determined empirically, and these
differences were used as the index of impact of more (vs. less) valid
selection on average job performance. Earlier studies estimated increase in job performance resulting from increased validity with the
use of linear regression-based decision/theoretic equations. In view of
the fact that the research literature indicates that the linear model fits
data of this kind quite well (Hunter & Schmidt, 1982a; Schmidt,
Hunter, et al., 1979), there is sound reason to conclude that those
estimates were accurate. However, we believe that the use of empirical measurements of job performance differences in this study enhances credibility.
Second, earlier studies of selection utility have focused on a single
job or occupation (with the exception of the simulation by Hunter and
Schmidt, 1982a, which included all jobs in the US. economy). This
study examines gains due to selection for most white-collar jobs in the
federal government and is thus much broader in scope.
Third, in this study, selection utility is expressed in four different
ways. Most previous studies have expressed gains from improved selection only in terms of the dollar value of the resulting increased output. Recent research has produced the knowledge and the methods
necessary to allow selection gains to be expressed in terms of percentage increases in output among new hires (Schmidt & Hunter, 1983).
These developments also allow selection gains to be expressed in a
manner appropriate for organizations that do not have increased output as a goal. Such organizations have an essentially fixed amount of
production to get out per unit time; that is, the demand for their product is fixed, and therefore they are concerned, not with increasing output, but with increasing the efficiency (i.e., reducing the costs) of producing a fixed, required amount of output. Many service and public
organizations-and perhaps a considerable percentage of manufacturing firms-fall into this category. When gains in productivity from
selection, training, or other personnel programs (e.g., motivational
programs) are expressed in percentage increases in output, this statement of gains can be translated into the implied reduction in hiring
and, therefore, into reductions in payroll costs (Schmidt & Hunter,
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1983). Payroll costs usually make up a large percentage of the cost of
meeting output goals, and organizations are typically very conscious
of this expense. When selection is improved, output per employee increases, and over time the work force can be reduced through attrition, while the same output is maintained. Given a fixed amount of
current or needed output and the size of the current work force on the
job as the starting point, utility equations can be used to compute the
smaller number of better selected employees needed to produce the
same output. This reduction in work force can then be translated into
payroll savings. For many organizations, a utility analysis of this sort
may be more useful than an analysis that assumes a fixed size for the
work force and produces an estimate of increased output, either in
terms of a percentage increase in annual output or in terms of the
dollar value of the yearly increase in output. In this study, gains from
improved selection are expressed not only in terms of the dollar value
of the increased output, but also in terms of (a) percentage increases
in output, (b) reductions in new hires and in the total work force
made possible when output is to remain constant, and (c) the reduction in payroll costs produced by (b). In addition, selection gains are
expressed in terms of reductions in the proportion of “poor performers” among new hires and in the total work force.
In our research on selection utility (Hunter & Schmidt, 1982a;
Schmidt, Hunter, et al., 1979; Schmidt, Mack, & Hunter, 1984) estimates of SD, (the standard deviation of employee output in dollars)
have ranged from 42% to 60% of mean salary for the job under study.
A review of the literature on selection utility (Hunter & Schmidt,
1982a) indicated that the findings of others were consistent with these
findings. Since mean employee salary in the economy as a whole is
approximately 57% of mean employee output (Hunter & Schmidt,
1982a), the standard deviation of employee output as a percentage of
mean output ranges between 24% and 34% of mean output (Schmidt
& Hunter, 1983). Recently, meta-analysis was applied to the findings
of a separate research literature to provide a second empirical check
on the conclusions (Schmidt & Hunter, 1983). The cumulated findings of 29 studies (based on direct counts of actual employee output
for non-piece-rate jobs) yielded an overall estimate of the standard
deviation of output of 20% of mean output. When piece-rate compensation systems were present, this value was smaller (15%; 11 studies).
Variance around these means was surprisingly small in both cases.
Since only a minority of jobs are under piece-rate systems, the most
generally relevant figure would appear to be the 20% obtained for the
non-piece-rate jobs. This obtained figure falls close to our lower bound
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of 24% of mean output. The reason these figures approximate our
lower bound value, rather than our midpoint value (29%) or our upper
bound value (34%), may be that the studies reviewed by Schmidt and
Hunter (1983) assessed only quantity of output, while our method of
estimating SDy is based on both quality and quantity considerations
(Schmidt, Hunter, et al., 1979). In any event, these findings support
our conclusion that the standard deviation of employee output can
safely (if conservatively) be estimated as 20% of mean output, or alternatively, 40% of mean salary (Schmidt & Hunter, 1983). If the
former is used in selection utility calculations, gains can be expressed
as percentage increase in output or as percentage reduction in new
hires needed to keep output constant, and in terms of the resulting
payroll savings. In such a utility analysis, there is no need to estimate
the standard deviation in dollars. Alternatively, if one prefers to express outcomes in terms of the dollar value of increased output, one
can estimate SDy as 40% of mean salary. In most cases, both approaches are appropriate for use and should be used.
Method
Determining Performance Improvements Due to Selection.

In three concurrent validity studies conducted on Test 500, the
written test portion of the federal government’s Professional and Administrative Career Examination (McKillip, Trattner, Corts, & Wing,
1977), it was possible to determine whether study participants had
been selected by means of the Federal Service Entrance Examination
(FSEE), the test of quantitative and verbal abilities that preceded
Test 500, Test 500 itself, or by other means that usually did not include tests measuring cognitive abilities, such as internal promotion
programs or upward mobility programs. (However, many of the nontest-selected group in all three occupations were selected at earlier
points in their careers, at least in part on lower level cognitive ability
tests. We return to this point later.) Job level of subjects in the three
studies was either GS (General Schedule) level 10 or GS-11-near
the middle range of the 18 GS levels (see below).
One study was conducted on Internal Revenue Service revenue officers (O’Leary & Trattner, 1977). Job performance was measured
using (a) a work sample composed of five delinquent taxpayer accounts, (b) a 59-item measure of job information covering the 12 major duties, and (c) behaviorally anchored rating scales for major duties completed by first-level supervisors. Within each of these three
measures, duty scores were standardized, weighted by relative time
spent on the duties, and then summed to yield a total score. These
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total scores were standardized (converted to z scores), and the composite performance score was then the sum of these three scores. Full
details are given in OLeary and Trattner (1977).
The second occupation studied was that of customs inspector
(Corts, Muldrow, & Outerbridge, 1977). Job performance was assessed using (a) a videotape-based work sample with four sequences of
customs inspectors’ activities focusing on 11 major duties; (b) a 50item job information measure covering nine major duties; (c) ratings
by supervisors on a specially tailored rating scale covering 12 major
duties; and (d) rankings by supervisors on the 12 major duties. Within
each measure, duty scores were standardized, weighted by indices of
difficulty and relative time spent, and then summed to yield total
scores. These total scores were standardized, and the composite performance score was the sum of these four performance scores. For full
details, see Corts et al. (1977).
The third occupation was social insurance claims examiner
(Trattner, Corts, van Rijn, & Outerbridge, 1977). Job performance
was measured using (a) a work sample test requiring claims processing, (b) a 42-item measure of job knowledge, (c) supervisory ratings
on eight major job duties, and (d) supervisory rankings on the same
eight major duties. The performance measures were scored and the
composite job performance measure was derived in the same manner
as in O’Leary and Trattner (1977). Full details can be found in
Trattner et al. (1977).
Mean time in the job was determined separately for the test-selected and non-test-selected groups in all three studies. In all three
studies, the reliability of each performance measure was determined,
and these figures, together with the performance measure intercorrelations, were used to compute the reliability of the composite job performance measure (stratified alpha). These reliabilities, in turn, were
used to correct the obtained difference in job performance between
test- and non-test-selected employees (in standard deviation units) for
attenuation due to measurement error (unreliability). Hunter (1983a)
showed that general mental ability (reliably measured) is a valid predictor of performance on all jobs, with the level of validity depending
on the complexity of information-processing demands imposed by the
job. Because his findings indicate that reliable cognitive tests like the
FSEE are approximately equally valid for all jobs at the levels of
complexity represented in this study (Hunter, 1983a), we could use
the average of these three estimated true job performance differences
to assess the expected effects of the two types of selection methods
(cognitive tests vs. other means) on the output and required size of the
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federal white-collar work force as a whole. Hunter (1983a) classified
a large representative sample of jobs from the U.S. economy into five
levels of complexity on the basis of information-processing demands.
The federal white-collar jobs considered in this study range from
Level 3 (mid-level complexity) to Level 1 (highest level of complexity). The corresponding levels of generalized validity for mental ability measures range from .51 to .58 (Hunter, 1983a). The range from
highest to lowest validity is only .07-which is only 12.5% of median
validity for these three complexity groups ( S 6 ) .
Figures on federal white-collar civilian hiring were obtained from
U S . Office of Personnel Management (OPM) records for the five fiscal years 1977-1981 for each of the 18 GS levels and for equivalent
pay systems (Hildreth, 1983). The hiring figures used do not include
Wage Grade system (blue-collar) employees, nor do they include hiring by the following agencies: U S . Postal Service, National Security
Administration, Central Intelligence Agency, Federal Reserve Board,
the Tennessee Valley Authority, the Federal Bureau of Investigation
(FBI), and several other small agencies. (Except for the FBI, the excluded agencies operate under separate hiring authorities and, therefore, do not submit hiring figures to OPM. The FBI does not submit
personnel dynamics data to OPM because the agency believes that
these data could adversely affect the security of its special agents.)
Because the total federal work force has been stable (i.e., in equilibrium) for some years, the obtained hiring figures can be considered
those necessary for replacement due to retirements, deaths, resignations, firings, etc.
Federal new hires fall into five categories: (a) full-time permanent,
(b) part-time permanent, (c) intermittent, (d) full-time temporary,
and (e) part-time temporary. The numbers hired in categories (b)
through (e) were converted to full-time equivalents (FTEs) based on
percentage of the full 40-hour week worked. According to OPM
records ( U S . Office of Personnel Management, 1983), these percentages are (averages): (b) 68%, (c) 53%, (d) 88%, and (e) 50%. The
resulting FTE values were then averaged across the five fiscal years at
each GS level.
OPM records were found not to contain figures for average time
from hiring to turnover. However, other information was available
from which these figures could be estimated. Tables were available
showing turnover rates (separately by sex) by age intervals and years
of government service. We were also able to obtain the age and sex
distributions of new hires separately for each of the 18 GS levels from
the relevant fiscal years (1977-1981). From this information, it was
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possible to estimate mean time from hiring to turnover for each GS
level. Appendix A describes these calculations.
For each GS level, SD (the standard deviation of job performance
in dollars) was estimatedas 40% of the lowest salary for that grade
(that is, step 1 of 10 steps; see note to Table 2). Thus SDy estimates
were conservative. Average gain in productivity in dollars per year per
person hired resulting from use of cognitive ability tests in selection
was computed within each GS level as d,SD,, where d, = the mean
difference in job performance in standard deviation units between the
test-selected and non-test-selected employee groups. The resulting
figures were then adjusted for number of new hires and mean tenure
(in years) of new hires. Cost of testing dropped out as a consideration
because costs are at least as high (probably substantially higher) for
non-test as compared to test-based selection methods.
Percentage increase in output per year of new hires was computed
as 20d,, where d, is as defined above, and 20 indicates the empirical
finding that the standard deviation of output is (at minimum) 20% of
mean output (Schmidt & Hunter, 1983). The resulting percentage
figure was used to compute the reductions in yearly hiring permitted
by improved selection if output were to be held constant. These hiring
reductions were translated into payroll savings using the minimum
1984 salaries for each GS level (See footnote a to Table 2.) Further,
employee benefits, which are 14% or more of salary, were not included. Thus the resulting figures are quite conservative.
“Poor performers” were defined as employees in the bottom 10% of
performance among present employees. Reductions in poor performers
were computed directly, using the value determined for d, and the
properties of the normal curve.
Results and Discussion
Job Performance Diflerences

The results of the analysis of job performance differences between
test-selected and non-test-selected employees are shown in Table 1.
The observed job performance difference is quite similar across the
three studies, ranging from .43 to.47 standard deviation units. Corrected for the small amount of unreliability in the measures of job
performance, these values increase slightly; the range of actual (truescore) performance differences is from .47 to S O , with a mean value
of .487. This estimate is based on a total sample size of 673 (292 in
study 1, 178 in study 2, and 203 in study 3) and therefore should be
reasonably stable. (The standard error of the mean is only .007.)
These findings cannot be explained on the basis of length of time in
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the job. In studies 1 and 3, the non-test-selected group was more experienced than the test-selected group, although this difference was
significant only for study 1 (pL.01). In study 2, the test-selected
group had greater tenure, but the difference small and not statistically
or practically significant: .15 years or 1.8 months.
Table 2 shows the number of new full-time-equivalent hires in the
federal government by GS grade level for the five recent fiscal years
studied. For each grade level, these figures are quite stable over the
years. As indicated earlier, these figures can be regarded as replacement-level hiring rates. Table 2 also shows the lowest salary level (out
of 10 levels) for each GS level and the estimate of SDy obtained by
taking 40% of salary.

Dollar Value of Increased Output
Table 3 shows the dollar value of increases in productivity among
new hires that result from basing selection on measures of cognitive
ability, given a mean difference of .487 standard deviation units in job
performance favoring test-selected new hires. Column 1 gives the dollar gain per year per person selected. Column 2 shows the dollar gain
per year times the number selected per year at each GS level (in millions of dollars). The sum of Column 2 is $596.79 million dollars; this
is the total dollar value of expected gains in productivity from using
valid cognitive tests to hire one year’s new employees if those employees stay with the federal government an average of only one year.
However, the mean tenure of new hires in the federal government is
much longer than one year at all GS levels. Column 3 shows the mean
composite weighted tenure (time from hire to turnover) for each GS
level. These figures are similar across the various GS levels. The mean
is 13.18 years and the standard deviation is only .24. This similarity
appears to be produced by the following facts. At the lower GS levels,
the proportion of young hires is greater. Younger hires have higher
initial yearly turnover rates, but those who remain until retirement
stay for many years, increasing the mean for this group. At higher
grade levels, the new hires tend to be older. They have lower yearly
turnover rates, but those who stay until retirement do not stay as
many years as do young people who remain until retirement age.
Hence, mean time to turnover figures differ little across GS levels.
(Note: The figures discussed here are mean times from employment
with the federal government to turnover. They do not correspond to
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TABLE 4
Dollar Value of Productivity Gains from Use of Valid Measures
of Cognitive Skills for Four Job Level Ranges
(in Millions of Dollars)

General
schedule (GS)
level
1.
2.
3.
4.
5.

GS
GS
GS
GS

1-4
5-8
9-12
13-18

Sum of ( I )
through (4)
6. Sum of ( I ) and (2)
7. Sum of ( I ) and (2)

Duration of use of tests
1 yr.

5 yrs.

10 yrs.

4,440.2 1
1,785.91
1.1 83.62
429.77

22,201.05
8,929.55
5,918.10
2,148.85

44,402.10
17,859.10
11,836.20
4,297.70

7,839.5 1
6,226.12

39,197.55
31.1 30.60

78,395.10
62,261.20

33,147.34

66,294.68

plus 25% (3)

and (4)
6,629.47
Note. (6) is 79.42% of (5). (7) is 84.56% of (5).

the figures in Table 1, which are mean times subjects had been on
their particular jobs at the time of the study.) The next column in
Table 3 shows the dollar value for productivity gains from use of cognitive ability tests to select one year’s new hires. These figures incorporate the mean tenure for each GS level. Total expected gain from
one year’s use is over $7.8 billion. However, use of cognitive ability
tests for one year only is quite unlikely and provides a gross underestimate of output gains when the selection procedure is used over a period of years. (See Boudreau, 1983, for development of this point.)
Therefore Table 3 also presents gains to be expected from five and ten
years’ use of cognitive tests. These figures are all substantially larger,
reaching over $78 billion when tests are used for a decade. It is not
unreasonable that valid ability tests, once installed, could be used for
a period of 8-10 years.
The figures in Table 3 are based on the assumption that cognitive
ability tests could be used for selection at all GS levels. For various
reasons it might not be possible or feasible to select on that basis in
some higher level jobs. For example, most people hired at the GS 1318 levels are experienced managers, professionals (such as lawyers),
or scientists. For such individuals, assessments of previous record of
achievement and performance, if properly conducted, might provide
better prediction of future performance than measures of ability (McDaniel & Schmidt, 1984). However, measures of ability might add to
prediction, that is, might have incremental validity; even so, there
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may be policy or other impediments to the use of ability tests for such
jobs. Many beginning level professionals (e.g., new Ph.D.’s, new lawyers) are hired at the GS 9-12 levels, and the above considerations
might therefore apply to some extent to some of the jobs at these
levels. The figures reported in Table 4 were computed to take these
considerations into account. There is little doubt that cognitive tests
could be used for virtually all hiring in the GS 1-4 and GS 5-8 ranges.
If such tests could be used only at these levels, the dollar value of
productivity increases from one year’s test use would be approximately $6.2 billion. This is 79% of the value obtained when tests are
used for one year for hiring at all GS levels ($7.8 billion).
Table 4 also shows the productivity gains that would result if 25%
of new hires in the GS 9-12 and GS 13-18 could be selected using
cognitive tests, in addition to all those in the GS 1-4 and GS 5-8
ranges. Under these circumstances, the output gain from one year’s
test use is over $6.6. billion, or 85% of the yearly gain when all new
hires are test selected. In both cases, the absolute size of the productivity gains depends heavily on the duration in years of test use.
In interpreting the dollar utility figures in both Table 3 and Table
4, it is important to note that the tenure figures used in the utility
calculations ignore promotions and career advancement. The tenure
figures represent the mean time that people hired a a given GS level
remain employed by the government. Individuals hired a t a given GS
level (assuming they remain employed) typically advance one or more
GS levels over time through career promotions. As a result, the SDy
values appropriate for them increase, increasing actual output gains
from selection. The utility analyses used to produce the figures in Tables 3 and 4 ignore this fact. In effect, these analyses assume that
government employees remain in the GS level at which they were
hired for the duration of their employment with the government. As a
result, dollar utility figures are underestimated.

Percentage Increase in Output
As has been the case in previous utility analyses, the figures in Tables 3 and 4 will appear to some readers to be overly large and, hence,
implausible. One approach to demonstrating the realistic nature of
these and other similar figures is to express these values as percentage
increases in output. The percentage increase in output is the number
of standard deviations by which job performance increases when
employees are test selected times the percentage increase in output
represented by one (each) standard deviation increase. Thus, the
percentage increase in output due to use of cognitive tests is
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percentage increase/selectee/year = .487 (20) = 9.74%.
That is, the output of test-selected employees averages 9.74% higher
than that of non-test-selected employees; alternatively, the output of
test-selected employees averages 109.74% of that of non-test-selected
employees. This difference in output is what produces the dollar gain
figures shown in Tables 3 and 4. Thus, while the dollar figures for
output gains from improved selection appear large in absolute terms
(that is, when viewed in isolation), they do not appear so large when
expressed as a percentage of total output. This phenomenon can be
described in another way: many readers do not appreciate how large
the dollar value of total output is. See Schmidt, Mack, and Hunter
( 1 984) for further discussion of this point.
Table 5 shows the percentage increases in yearly output expected
from the use of cognitive selection tests for new hires and for the work
force as a whole. As can be seen, work force output rises with the
percentage of the work force that has been test selected. When 50% of
the work force is test selected, output is almost 105% of the output
when none of the work force is test selected. By the time 100% of the
work force is test selected, work force output is 109.74% of the output
of a non-test-selected work force, the same percentage increase as for
new (test-selected) hires.

Reduction in Payroll Costs
The figures presented in Table 5 assume a work force of constant
size; that is, the work force size is held constant, and output is allowed
to rise as selection increases the average output of new (replacement)
employees. However, not all organizations seek to increase output. Instead, the goal of some organizations is to maintain output at some
constant, fixed level while reducing the costs of producing that level of
output. For such organizations, improved selection allows gradual reductions in the size of the work force necessary to produce the desired
fixed level of output. These reductions are achieved through decreases
in the number hired to replace those who retire, quit, are dismissed,
etc. In this study, since test-selected employees have been shown to
have 9.74% greater output, only 91.12% as many (100/1.0974) need
to be hired as would be needed if new hires were non-test selected.
That is, current levels of output can be maintained by hiring replacements for only 91.12% of those who retire, quit, are dismissed, etc.
Table 6 shows the reduction in the number of new federal hires
necessary to maintain constant output that would be made possible by
a transition from use of non-test selection methods to use of cognitive
tests. Column 1 shows the required number of new hires (computed
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TABLE 5
Increase in Amount of Yearly Output of New Hires and of the
Total Work Force Resulting From Use of Valid Measures of
Cognitive Skills as a Function of the Cumulative Percentage
of the Work Force Selected Using Valid Cognitive Tests
Percentage of work force
selected using valid
cognitive tests
0%
10%
30%
50%

100%

Output of new hires as
a percentage of
standard outputa

Output of total work force
as a percentage of
standard outputb

-

100.00%
100.97%
102.92%
104.87%
109.74%

109.74%
109.74%
109.74%
109.74%

aStandard output is defined as the output of a work force selected without use of valid
cognitive tests.
b h e s e figures apply to all GS levels combined, to individual GS levels, and to combinations of G S levels.

from Table 2) if only non-test selection methods are used; column 2
shows the reduced number necessary when tests are used; column 3
shows the reduction in the yearly number that must be hired; and
column 4 shows the mean yearly salary in each category. Finally, column 5 gives the yearly payroll savings produced by the reduction in
hiring. These payroll savings figures are based on the lowest (that is,
beginning) salary for each GS level and do not include the costs of
employee benefits; thus they are quite conservative. If cognitive selection tests were used only for the GS 1-4 and GS 5-8 levels, the yearly
hiring reduction would be 18,056, for a per-year savings in payroll
costs of $217.39 million. This figure is 80% of the payroll savings realized when tests are used to select for all GS levels. When we take into
account the expected tenure of these employees, the $217.39 million
figure rises to $2.8 billion; that is, the expected payroll savings over
the job tenure of one year’s GS 1-8 hiring cohort is $2.8 billion. If in
addition to GS 1-4 and GS 5-8 employees, 25% of new employees in
the GS 9-12 and GS 13-18 ranges could be hired using cognitive tests,
annual reduction in hiring would be 18,552, for a yearly payroll savings of $23 1.05 million. Total expected payroll savings over the tenure
of these employees would be $3.1 billion.
It should be noted that there may be cases in which the full 9%
reduction in hiring may be difficult or impossible to realize directly.
Suppose in a given agency many offices have three secretaries. If the
amount of work currently incorporated into these three jobs remains
constant in these offices, then when more productive employees are

157,65 1
45,669
18,473
3,938
225,731
203,320

143.65 1
41,613
16,832
3,588
205,686
185,264

No. of new FTE hires
required with use of
valid tests

No. of new FTE hires
required without use
of valid tests
14,000
4,056
1,64 1
350
20,045
18,056

(3)
Reduction
in the yearly
number
hired

$11,143
15,141
24,327
42,250
13,573
12,040

(4)
Mean
yearly
salarya

156.00
61.41
39.92
14.79
272.07
217.39

(5)
Yearly
payroll
savingsb

2.
3.
4.
5.
6.
7.

GS 5-8
GS 9-12
GS 13-18
Sum of ( I ) through (4) above
Sum of ( I ) and (2) above
Sum of ( I ) and (2) above,
plus 25% of (3) and (4)
208,922
190,370
18,552
12,454
23 1.05
aFrequency weighted mean; in dollars.
millions of (1984) dollars; frequency weighted totals based on lowest 1984 salaries for each GS level; employee benefits (which amount to about
14% of salary) are not included.

1. GS 1-4

General
schedule (GS)
level

(2)

(1)

Reduction in the Number of Yearly New FTE Hires Necessary to Maintain Constant Output
and Resultant Yearly Reductions in Payroll Costs (One Year's Test Use)

TABLE 6

4

c

3
>
r

K
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hired the number of secretaries needed in each office will be .91 (3) =
2.73, In any given office, in order to realize payroll savings from improved selection, one secretary hired would have to be a part-time
worker. If it were not possible to hire a part-time secretary, then work
could be reallocated from, for example, technicians or administrators
to the three secretaries. In such a case, there would be no reduction in
hiring, and thus no payroll savings; instead benefits would be realized
in another manner. However, in most agencies, it is likely that a continued influx of more productive employees would make possible general reorganizations of work that would allow most of the reductions
in hiring, and thus most payroll savings, to be realized.
This analysis can be applied not only to reductions in new hires but
also to reductions in the size of the total work force. Table 7 shows
the reductions in the size of the federal work force as a whole that use
of cognitive selection tests would allow while maintaining constant
output. The larger the percentage of the work force that has been test
selected, the smaller the work force can be (as a percentage of the
original non-test-selected work force), while maintaining constant output. For example, if after a period of cognitive test usage, the percentage of the work force that is test selected rises to 50%, the work force
need only be 95.36% as large as a wholly non-test-selected work force.
This is a reduction of 4.64% in personnel. When the entire work force
becomes test selected, the work force can be reduced to 9 1.12% of its
original size, a reduction of 8.88% in personnel. Output would remain
constant.

Reductions in “Poor Performers”
The point at which one divides “poor performers” from “adequate
performers” must always be somewhat arbitrary. The point we have
chosen for illustrative purposes is the 10th percentile in the performance distribution of non-test-selected employees. By definition, therefore, 10% of these employees are poor performers. Since the effect of
using cognitive tests in selection is to raise the mean level of job performance by A87 standard deviation units, the expected percentage in
the poor performer range among test-selected employees is 3.86%.
This is a 61.4% reduction in poor performers. Table 8 shows this reduction in numbers of poor performers. Across all GS levels, use of
cognitive selection tests would be expected to lead to approximately
13,861 fewer poor performers coming onto the federal payroll
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TABLE 7
Reductions in the Work Force Needed to Maintain Constant Output
as a Function of the Cumulative Percentage of the Work Force
Selected Using Valid Cognitive Tests

Percentage of work force
selected using valid
cognitive tests

Needed work force as
percentage of the
original work forccatb

Percent
reduction in
the work forceb

0%
10%
30%
50%
100%

100.00%
99.04%
97.16%
95.36%
91.12%

.oo%
.96%
2.84%
4.64%
8.88%

aThe work force in which 0%are selected using valid cognitive tests.
h h e s e figures apply to all GS levels combined, to individual GS levels, and to combinations of GS levels.

per year. This expected reduction would be 12,484 or 90% as great, if
cognitive selection tests were used only at the GS 1-4 and GS 5-8
levels. If cognitive tests could be used to select 25% of employees
hired onto higher GS level jobs, the reduction would rise to 12,828, or
93% of the figure for all GS levels combined. Thus it is clear that use
of cognitive selection tests can greatly decrease the incidence of poor
job performance. Table 9 shows the decline in the percentage of the
federal work force who are poor performers as the percentage of that
work force that is test selected increases. For example, if 30% of the
work force is test selected, the incidence of poor performance is
8.16%; when the test-selected percentage rises to 50’36, poor performers drop to 6.93% of the work force. When all of the work force becomes test selected, only 3.86% (the same percentage as among new
hires) will then be poor performers. These figures apply to individual
GS levels and clusters of levels, as well as to the total work force.
The results obtained in this study depend on the difference of .487
standard deviation units in job performance between test-selected and
non-test-selected employees. There are three reasons why this difference may be an underestimate of the difference that would be obtained in a conventional selection situation. First, in the three studies
analyzed, non-test methods were typically used to select not from
among outside applicants, but from current employees one level below
the jobs in question. The use of performance-related information
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TABLE 8

Reducrion in Number of Poor Performers Among One YearS New Hires Resulting
From Use of Measures of Cognitive Skills for Four Job-L.eve1 Ranges

General
schedule (GS)
level

I.
2.
3.
4.
5.

Number of poor performersa
with and without use of
valid cognitive test
Without

GS 1-4
GS 5-8
GS 9-12
GS 13-18
S u m of ( I )
through (4) above
6. Sum of ( I )
and (2) above
7. Sum of ( I )
and (2) above, plus
25% of (3) and (4)
aDefined as those in the

With

Reduction in
number of
poor performers

15,765
4,566
1,847
393

6,085
1,762
712
151

9,680
2,804
1,135
242

22,571

8,710

13,861

20,33 1

7,847

12,484

20,891

8,063

12,828

bottom 10% of performance among current employees.
TABLE 9

Selection-Produced Reductions in the Percentage of the Federal Work Force Who
Are Poor Performersa as a Function of the Cumulative Percentage of the
Work Force Selected Using Valid Cognitive Tests

Percentage of work force
selected using valid
cognitive tests

Percentage of work force
that are poor
performersa

0%
10%
30%
50%
100%

10.00%
9.39%
8.16%
6.93%
3.86%

y b

Percentage
reduction in
poor performers'
0%
6.1%
18.4%
30.70%
6 I .40%

aDefined as those in the bottom 10 percent of performance among current employees.
bThese figures apply to all GS levels combined, to individual GS levels, and to combinations of GS levels.

available on current employees, which would not be available on applicants, could have made the non-test methods more valid than they
would have been if used with outside applicants. The effect would be

SCHMIDT ET AL.

21

to cause the performance difference between the two selection methods to be an underestimate when generalized to use with outside applicants. Second, many of the current employees who had been promoted into the three studied jobs using non-test methods had been
initially selected into lower level jobs from the outside using cognitive
tests. This was particularly likely in the case of longer-tenured employees, because initial government selection had been heavily based
on cognitive tests up to the middle and late 1960s. Therefore, many of
those classified as non-test-selected were probably originally test-selected into government service. Third, procedures used to select specifically for the jobs studied here sometimes included as one component
scores on other (less difficult) cognitive tests. These three facts could
cause the job performance difference between test-selected and nontest-selected employees to be underestimated.
The mean d, value of .487 standard deviation units translates into a
difference in output of 9.74% between test-selected employees and
other employees. This empirically derived figure can be compared to
the figure predicted by the standard regression-based utility equation.
That is, the empirical figure can be compared with the theoretically
expected figure. If the empirical d, value of ,487 is an underestimate,
the percentage increase in output predicted by standard utility equations should be larger than the empirical figure.
The theoretically predicted figure can be obtained by computing the
percentage increase in output over random selection separately for
cognitive tests and other procedures and then taking the difference
between these two percentages. OPM personnel records (Antone,
1979) show that between 1962 and 1974 the proportion of applicants
taking the FSEE examination who were offered jobs averaged .15
(range = .10 to .18; SD = .015). (About one-half of these declined
employment, but .15 is nevertheless the effective selection ratio.) Selection was from the top down based on test scores. The selection ratio
for internal selections is estimated to be approximately the same, and
selection is also from top down. A selection ratio of .15 corresponds to
a mean z score on the predictor (Tx). for the selectees of 1.55. Direct
estimates of the true validity of the FSEE are not available; however,
validity estimates for the similar Test 500 (the PACE Test; McKillip
et al., 1977) can be substituted. The sample-size-weighted mean true
validity estimate for the PACE in the three studies in Table 1 is .54.
In these data, the distinction between test-selected and non-test-selected employees allows estimation of validity by another method: Validity is the ratio of d, to dx,where d, is as previously defined and dx is
the difference in test score in standard deviation units between the
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test-selected and non-test-selected employees. This method (which
may be of general interest and value) is outlined in Appendix B. The
estimate of validity yielded by this method is .56. Both estimates are
consistent with those from Hunter’s (1983a) large-sample analysis of
the validity of a similar general cognitive ability test for jobs at comparable levels of information-processing demands (job-complexity
levels). Although tests were occasionally used as one component of the
process, and although performance on the applicant’s present job
could have been considered, the primary selection methods used for
the non-test group were traditional point-system evaluations of education and experience (McDaniel & Schmidt, 1984; Schmidt, Caplan, et
al., 1979). In a meta-analysis based on 81 criterion-related studies of
this method, McDaniel and Schmidt (1984) estimated the mean true
validity at .15.
Based on this information, the theoretically predicted percentage
increase in output over random selection for cognitive tests is
P I 0 = 20 (S4) (1.55) = 16.74%
The analogous theoretically predicted percentage increase for the nontest method is
P I 0 = 20 (.15) (1.55) = 4.65%
The difference between these two (16.74% - 4.65%) is 12.09%. This is
2.35 percentage points larger than the empirically derived figure of 20
(.487) = 9.74%. Thus the theoretical and empirical figures appear to
be in at least general agreement, but the empirically observed d, value
of .487 may be somewhat of an underestimate. The theoretical estimate of this difference is .54 (1.55) - .15 (1 3 )= .605. The observed
estimate is 19% smaller than the theoretical value.
The theoretical estimate of 16.74% obtained here for the percentage
increase in output over random selection for cognitive tests is somewhat smaller than the figure of 19.36% reported by Hunter (1983b).
The primary reason for the difference is Hunter’s assumption of a selection ratio of .10 (the actual value between 1975 and 1980). Using a
selection ratio of .15, his figure would be 17.05%. The remaining tiny
difference of .31 percentage points is due to the fact that, based on
Hunter (1983a), he estimated mean cognitive test validity at .55
rather than .54. If we accept his estimate of .55, the theoretically predicted difference between the test-selected group and the non-test-selected group is 17.05% - 4.65% = 12.40%. In this analysis, the theoretically predicted figure is 2.66 percentage points above the empirical
figure ( 1 2.40% vs. 9.74%). According to this analysis, the theoretical
value of d, is .620 instead of the observed .487. The observed estimate
is 21% smaller than the theoretical estimate.
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Recall that in the empirical data, the evaluations of education and
experience may have had somewhat higher validity because they were
applied for the most part to current employees rather than to outside
applicants. We can estimate this increase in validity as follows:
d, = .487 = d , - d2,
where d, = the job performance difference in standard deviation units
between test-selected and randomly selected employees, and d2 is the
same value for non-test selection methods.
.487

=

.54 (1.55)

- r2 (1.55)

Solving for r2, the validity of the non-test methods, we get r2 = .23.
Thus, the mean validity for the non-test methods is estimated to be
.08 higher than meta-analysis indicates is the case when the point system of education and experience evaluation is used with outside applicants. Our interpretation is that this larger-than-expected validity is
due in part to consideration in the selection process of job performance-based information on current employees that would not be available on outside applicants evaluated using traditional (point system)
methods of assessing education and experience. It is probably also due
in part to the occasional use of ability tests as one component of the
assessment process used in selecting the non-test-selected employees.
These analyses lead to the conclusion that the empirical data probably somewhat underestimate the difference in job performance between outside applicants selected by tests and by (point system) evaluations of education and experience. Percentage increase in output is
probably underestimated by only 2.35 to 2.66 percentage points. However, this difference translates into the conclusion that utility gains
based on the observed differences are underestimated by 19% to 21%.
This conclusion applies to all of the productivity gains presented in
the tables of this study.
It was suggested by a reviewer that the job performance difference
found in this study between test-selected and non-test selected employees could be due to differences between the two applicant pools.
There are indeed some differences between the internal applicant pool
(drawn from current federal employees) and the external applicant
pool. For example, although statistics are not available, it is generally
believed that internal applicants are 3-4 years older on the average.
Also, a greater percentage of internal applicants are believed to be
black. However, none of these differences are relevant to the observed
performance difference. That difference is accounted for completely
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by differences in ability. The mean job performance difference between the two groups is .487 standard deviation units. The mean ability difference is .866 standard deviation units, and so the job performance difference predicted solely on the basis of the ability difference is
.54 (366) = -467. (Note: .54 is the test validity; see Appendix B).
This value is virtually identical to the observed difference.
The research literature on differential prediction of ability tests by
race indicates that any given measured ability level predicts essentially the same job performance level for blacks and whites (Linn,
1982; Hunter & Schmidt, 1982b). Thus, even in advance of the confirmation of these findings indicated here (see also Appendix B), we
know that race can be expected to be irrelevant to the meaning of
ability test scores and job performance differences. Also, since the
performance difference in this study is solely a function of ability differences between the groups, it is not dependent on equality of selection ratios in the two groups. Our estimate is that the selection ratio
for the internal applicant group (based on non-test methods, not on
ability scores) was very close to the .15 value for the external applicant group (based on ability test scores). But even were it higher or
lower, that would have no bearing on the accuracy or meaning of the
job performance difference. The selection ratio is a determinant of the
mean ability of the selectees, but in this study the mean ability levels
were measured directly, and performance differences are a direct
function of the ability differences. Thus, differences between applicant
pools have no bearing on the implications of the study findings.
The implication of this study is not that productivity will be higher
if the federal government selects employees solely or primarily from
the external applicant pool, but rather that productivity will be higher
if selection is based on measures of mental ability rather than traditional evaluations of education and experience, the interview, and
other methods that have been used in the past. Selection based on
ability can and should be from both applicant pools. There are high
ability people in both applicant populations.
Finally, it is important to note that the productivity gains presented
in this study (ignoring the probable underestimation discussed above)
represent the differences to be expected between a federal system that
uses ability tests to select for all jobs and a federal system that uses
only traditional evaluations of education and experience to select for
all jobs. Neither of these hypothetical systems describes the current
federal selection system. An unknown percentage of new federal hires,
especially at GS levels 2-5, are currently selected based on ability
tests of one kind or another. Such tests are currently used for hiring in
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26% of all job series, but it is not known at present what percentage
of hires this represents. A future study may determine the percentage
of new hires at each GS level that are currently selected based on
ability tests, and thereby determine what proportion of the productivity gains demonstrated in this study would be realized by introducing
ability tests for the remaining occupations. As a purely hypothetical
example, if 30% of new hires at all GS levels were currently selected
using ability tests, the potential productivity gains available to the
government would be 70% of those reported in this study. Although
we do not at present know exactly how large these potential gains are,
it is virtually certain that they are very large.
Summary and Conclusions
A previous study (Schmidt, Hunter, et al., 1979) examined the productivity gains that would be produced by use of more valid selection
procedures in a single occupation in the federal government. This
study examines similar productivity gains for most white-collar jobs in
the federal government. The previous study estimated average job
performance differences between employees hired by means of more
and less valid selection methods by use of the standard linear regression utility equations originally derived by Brogden (1949) and
Cronbach and Gleser (1965). In the present study, these job performance differences were determined empirically, based on direct multimethod measurement of the job performance of employees who had
been selected years earlier, either (a) using cognitive ability tests or
(b) using other methods (mostly evaluations of education and experience). The previous study expressed gains from improved personnel
selection in terms of the dollar value of the resulting increased output.
This study expresses gains in this form and also in terms of (a) percentage increase in output among new hires and in the total work
force; (b) percentage decrease made possible in new hires and in the
total work force if total output is to be held constant rather than increased; (c) the dollar value of the reduction in payroll costs produced
by the decreases in (b); and (d) the reduction in the percentage of
new hires and in the total work force who are ‘‘poor performers” (Le.,
lower 10% of performance among current employees). Results from
three different studies show that the job performance of test-selected
employees averages approximately one-half a standard deviation
higher than that of non-test-selected employees. Results also indicate
that use of measures of cognitive skills in place of less valid selection
methods for selection of a one-year cohort in the federal government
would lead to increases in output worth almost $600 million per year
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for every year the new hires remain on the job. This gain corresponds
a 9.7% increase in output among new hires. If total output is to be
held constant rather than increased, use of improved selection methods would allow a yearly decrease in the number of new full-timeequivalent (FTE) hires of just over 20,000 (a 9% decrease), resulting
in payroll cost savings of $272 million for every year the new employees remain on the job. Finally, the percentage of new hires in the
bottom 10% in performance would be decreased by a factor of 2.59,
from 10% to 3.86%. After making allowances for known downward
biases in the observed performance differences between test-selected
employees and others, these empirically based utility figures were
found to be in reasonable agreement with those predicted by theoretical utility equations.
to
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Appendix A
This appendix describes the procedures used to calculate mean time
to turnover for federal workers. Tables showing termination rates

28

PERSONNEL PSYCHOLOGY

were available by age group and length of service separately for males
and females. There were separate tables for withdrawal (voluntary
quitting), death, and retirement (including disability retirement).
These were combined into a single termination table for males and a
separate such table for females. (The figures differed by sex.) The
proportion of males and females differed by GS level. These varying
proportions were used to compute separate composite termination tables for each GS level. Years of service ranged from 1 to a theoretical
upper limit of 5 5 , in steps of one year. The age groups were: 17-24,
25-29, 30-34, 35-39, 40-44, and over 45. Finer breakdowns by age
were not available.
Information was available showing, for each GS level separately,
the number and proportion of new hires in each of the above age
groupings for each of fiscal years 1977-1981 (Hildreth, 1984). For
each GS level, proportions were averaged across the five fiscal years.
Mean time to turnover was computed for each age interval within
each GS level. For each of these categories, the proportion of the
original group of employees who left during each year of service was
calculated. This proportion of the original group was assigned the corresponding year of service as its time to turnover. Therefore, the sum
of the proportions multiplied by their corresponding years of service
equals mean time to turnover for each GS level/age group
combination.
The last step was to calculate mean time to turnover across age
groups for each GS level. To do this, we weighted mean time to turnover for each age group by the proportion of new hires in that age
group. These calculations yielded the figures shown in column 3 of
Table 3 of the text.
Our resulting tenure figures should be viewed as estimates rather
than exact figures, primarily for two reasons. First, both the age distribution of new hires by GS level and the termination rates by age
group, length of service, and sex were based on full-time permanent
employees. Figures on other employment categories were not available. Second, the figures for termination by age group and length of
service were available only as composites across all GS levels. These
figures were not available separately for each GS level. It is possible
that GS level affects termination rate even when age and length of
service are held constant.
It is important to note that our tenure figures, as used in the utility
calculations, ignore promotions. In effect, the utility calculations assume that new hires remain in the GS level at which they were hired
for the duration of their Federal careers. This is patently not true. As

SCHMIDT ET AL.

29

people are promoted, the appropriate SDy figures increase, and thus
utility from selection increases. These increases in utility over careers
have been omitted from the utility figures in Tables 3 and 4.

Appendix B
The standard score regression of job performance (y) on predictor
score (x) in the applicant population is by definition zy = rtzx.This is,
given linearity, an individual’s predicted z score on job performance is
his or her z score on the predictor times the validity coefficient. The
validity coefficient is corrected for measurement error in y but not in
x. As shown in derivations of selection utility formulas (e.g., Schmidt,
Hunter, et al., 1979; Hunter and Schmidt, 1982), zy for a given group
(e.g., the selected group) can similarly be predicted from zx for that
group. That is zy = rtzx.
Likewise, mean diflerences on y between groups can be predicted
from mean differences on x. That is d, = r,dx, where d, is the true
score mean difference on job performance and dx is the observed score
(uncorrected) mean difference between the groups on the predictor.
Solving for rt gives r, = d,/dx. In the present data, d, is .487, as
presented in the text. Calculation revealed that dx is .866 (in z score
units). Therefore rt = .487/.866 = .56. This is very close to the value
of .54 obtained as the sample-size-weighted mean of true validity estimates across the three studies.
Without elaborating, we note that the fact that these estimates are
essentially the same implies that the regression of job performance on
test score is essentially identical for the test-selected and non-test-seIected groups. This also means that the test is predictively fair (i.e.,
fair by the regression definition) for both groups (the test-selected and
the non-test-selected). Finally, we note that in most data sets correction of validity for range restriction would have been necessary (in
order to estimate the applicant population regression). However, in
the three present studies, sample values of SDx (for the combined testselected and non-test selected groups) were equal to population values,
and so no such correction was required.
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