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"The fate of empires depends on the education of youth"
--Aristotle

Skill requirements clearly appear to be escalating. Occupations which require the

worker to use or process information are growing rapidly. The need for greater ability to

process information is also growing in blue collar occupations that have traditionally not been

thought to make such demands. Increasing numbers of manufacturing workers are working in

production cells in which every member of the team is expected to learn every job.

Production workers are being given responsibilities--quality checking, statistical process control

(SPC) record keeping, resetting machines shown by SPC to be straying from target dimensions,

redesigning the layout of the machines in the production cell--that used to be the sole province

of supervisors, specialized technicians and industrial engineers.

Concern about slackening productivity growth and deteriorating competitiveness has

resulted, in many nations, in a new public focus on the quality and rigor of the elementary

and secondary education received by the nation's front line workers. Higher order thinking

and problem solving skills are believed to be in particularly short supply so much attention

has been given to mathematics and science education because it is thought that these subjects

are particularly relevant to their development.

The debate has been enlivened by the availability of comparative data on mathematics

and science achievement of representative samples of secondary school students for many

industrialized nations. At age 13 Swedish students are roughly comparable to students in most

other industrialized nations in geometry, statistics and measurement but lag substantially behind

other nations in arithmetic and algebra. By the end of secondary school the Swedish students

who are taking advanced mathematics courses intended to prepare for college have caught up

with other European students in similar courses. This group represented 13 percent of the age

cohort in the US, 12 percent in Japan and Sweden, 15 percent in Finland and the 50 percent

in Hungary. Figure 1 plots the percent COITecton the Algebra section of the Second

International Mathematics Study against proportion of the 18-year old population in the types

of courses to which the international test was administered. In Algebra, Sweden's 60 percent
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FIGURE 2
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FIGURE 3
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correct was in the middle of the pack; half way between the Japanese mean of 78 percent

correct and the US mean of 43 percent correct. Finnish students got 69 percent correct

(McKnight et al 1987).

The findings of the Second International Science Study place Sweden in the middle of

the pack and the US at the bottom. For 15 year olds, the percent correct on the general

science test was 72 for Hungary, 67 for Japan, 62 for Finland, 61 for Sweden, 60 for Norway

and 55 for the US. Only a small share of an age cohort typically takes advanced science

courses in the final year of secondary school. The IEA data suggests that the Swedish

percentage, 15 percent in each of biology, chemistry and physics, is higher than that of most

other countries. Normally, countries with large proportions of the age cohort in advanced

courses, have lower mean scores and this accounts for Sweden's mean scores being slightly

below the grand mean. The exceptions to this generalization are the standout performance of

Norway in physics, Finland in biology and Hong Kong in chemistry and the dismal

performance of the very select samples (1 percent of the age cohort in chemistry and physics)

in America. The 6 % of American 17-18 year olds who are taking their second biology

course knew considerably less than much less selective groups of students in Europe, Canada

and Asia (International Association for the Evaluation of Educational Achievement, 1988).

Clearly, there is a large gap between the science and math competence of young people

from different nations. Do such gaps have major consequences for a nation's standard of

living? In the view of many, it does:

If only to keep and improve on the slim competitive edge we still retain in
world markets, we [Americans] must dedicate ourselves to the reform of our
educational system Learning is the indispensable investment required for
success in the "information age" we are entering. (National Commission on
Excellence in Education, p. 7).

Behind their call for higher standards and more class time devoted to core academic subjects-

-math, science, social science and language arts--is an assumption that most jobs require

significant competency in these fields. There is, however, some controversy about these

claims. Morris Shamos, an emeritus professor of physics at New York University, argues, for

example, that "widespread scientific literacy is IlQ1 essential to... prepare people for an

increasingly technological society"(Education Week, Nov. 23 1988. p. 28). The purpose of

this paper is to determine whether evidence from the labor market supports these claims?
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The first section of the paper examines the effect of generalized academic competence

on the wage rates of adults. In section two I examine which of the various competencies

developed in secondary school has the largest impact on wage rates and earnings of young

workers. The findings from this analysis appear on the surface to support Shamos and

contradict the recommendations of many educational reformers. For young men in the United

States, competence in mathematical reasoning, science and language arts does not increase

wage rates or earnings in the first 8 years after graduating from high school. The

competencies that payoff for young men are speed in doing simple computations (something

that calculators do better than people) and technical competence (knowledge of mechanical

principles, electronics, automobiles and shop tools), something that has been ignored by most

of the repons recommending educational reform. For young women in the United States, the

findings are that verbal and mathematical reasoning competence lower unemployment and

Increase earnings but only mathematical reasoning competence and computational speed

increase female wage rates. Competence in science has no effect on earnings or wage rates

and verbal ability has no effects on wage rates. While these results provide little suppon for

the Excellence Commission's recommendations, they suggest an immediate explanation for the

poor performance of American students in science and higher level mathematics--the absence

of significant rewards for the competencies.

The repons recommending educational reform, however, make claims about the

productivity effects not the wage rate effects of science, mathematics and language arts

competency. Are these effects necessarily the same? The third section of the paper addresses

this question and concludes that, when the specific competencies of students are not signaled

to the labor market by a credential (as is the case for math and science achievement in US

high schools), there is very little reason to expect the wage rate effects of specific

competencies which are highly correlated with each other to be the same as their productivity

effects.

The fourth and fifth section of the paper, therefore, tackle the productivity effects

question more directly by analyzing data sets in which worker competencies have been

correlated with their relative job performance in specific jobs. These analyses provide support

for recommendations for better preparation in math and science, but they also reinforce the

findings from the analysis of wage rates, earnings and unemployment regarding the important
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role of technical competence in blue collar, craft and technician jobs.

The sixth section of the paper examines the association for the period following World

War 2 between rates of gain on tests assessing the general intellectual achievement of the

population and aggregate rates of productivity growth for the nation. The association is quite

strong and survives the introduction into the model of controls for the setback to economic

growth resulting from World War 2.

The concluding section of the paper briefly reviews the evidence and concludes ceteris

paribus that improvements in the academic achievement of the average worker can have

substantial effects on a nation's productivity growth rate.

I. THE EFFECT OF GENERAL ACADEMIC ACHIEVEMENT ON WAGES OF ADULTS

The standard way to assess the impact of general academic achievement on the

productivity of individual workers is to infer its effect by studying the relationship between

general academic achievement and wage rates. Models must be estimated in which adult wage

rates are predicted by a contemporaneous measure of general academic achievement while

controlling for schooling and other worker characteristics such as experience. It is essential

that the sample be representative of the nation and that academic achievement be measured

long after the completion of schooling and as close as possible to the date of the wage rate

observation. The difficulty, however, is that reliable academic achievement tests are time

consuming and costly to administer. Consequently, data sets which measure both adult

academic achievement and earnings for national probability samples are rare. There is only

one American data set with these characteristics, the Panel Study of Income Dynamics (PSID).

Unfonunately, the measure of academic achievement available in the PSID is a shon form IQ

test with 13 sentence completion questions (taken from the Lorge-Thorndike intelligence test)

which has a KR-20 reliability of only .652. If not corrected for, measurement error will

seriously attenuate estimated relationships between wage rates and such a shon form IQ test.

Consequently, the true impact of general academic achievement (GAA) and years of

schooling on wage rates must be estimated as part of a system of equations that includes a

measurement model for academic achievement, years of schooling (SCH) and family

background. I When such a model is estimated, the true effect of general academic
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achievement is calculated to be a 20.9 percent increase in earnings per population standard

deviation change/difference in achievement. These results suggest that if the GIA of people

with given levels of schooling either changes over historical time or differs across societies,

these differences need to be explicitly included in any accounting of differences in labor

quality across space or time.

1.2 Are Regression Estimates of The Economic Payoff to Knowledge and Skill Biased?

Will, however, improvements in performance on such tests resulting from a more

rigorous, higher quality education have a similar effect on productivity? The absence of

controls for the individual's genetic endowment in the above analysis might mean that .190

is an upward biased estimate of the true causal impact of test score gains generated by higher

quality education. There are a number of reasons for believing that if such bias exists, it is

limited in magnitude. First, while genetic endowment has probably influenced schooling and

academic achievement as an adult, it appears to have no direct effect on wages in this data

set, for adding the three background variables--fathers education, fathers occupation and

number of siblings--with the highest correlation with genetic endowment did not decrease the

coefficient on academic achievement. It was the addition of Born on a farm and Father

foreign born which lowered the coefficient on academic achievement. Secondly, controlling

for family background and genetic endowment by estimating within family models comparing

brothers actually increases the effect of academic ability relative to cross section regressions

of earnings on education and childhood IQ in Michael Olneck' s (1977) Kalamazoo data.

The test used to characterize general academic achievement in this analysis purports

to be an "aptitude" test. But, verbal and mathematical aptitude tests correlate almost as highly

with broad spectrum achievement tests as alternate forms of the same test correlate with each

other.2 Numerous studies have found that school attendance raises scores on these aptitude

tests (Lorge 1945; Husen 1951; Department of Labor 1970), and that taking a rigorous college

prep curriculum increases the gains on these tests between sophomore and senior years of high

school (Bishop 1985; Hotchkiss 1985). In recognition of the fact that aptitude test scores are

significantly influenced by educational background, the College Board describes the SAT as

a measure of "developed verbal and mathematical reasoning abilities (1987, p. 3)."

Adult vs Childhood GIA Tests: The final piece of evidence on this issue comes from
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examining the results of estimations where adult GIA tests compete with childhood IQ tests

in predicting adult labor market success. It is sometimes argued that aptitude tests like the

Lorge- Thorndike test really measure a stable "ability to learn" which is not substantially

effected by educational experiences after the age of 10, and that it is this "ability to learn"

not the content of the courses taken in secondary and tertiary education which helps workers

who score well on these tests to get better, higher paying jobs. If this were true, we would

expect childhood IQ tests to predict adult labor market success just as well as GIA tests taken

as a young adult. In fact, however, when the two tests are simultaneously entered into a

model, it is the adult test not the childhood test which has by far the biggest effect on labor

market success (Husen, 1969). Evidence for this statement can be found in Tables 1 to 3.

American data from the National Longitudinal Study of Youth (NLSY) was analyzed to

determine whether 1985 wages and earnings is more influenced by a test taken in 1980 (the

Armed Services Vocational Aptitude Battery) or by aptitude tests taken in the early 1970s.

The results reported in Table 1 clearly imply that the later test had by far the most significant

effect, implying that the learning that occurred during the interval between test administrations

had a substantial impact on subsequent labor market outcomes.

Tuijnman's (1989) analysis of occupational attainment in the Malmo Longitudinal Study

is reproduced in Table 2. The path coefficients on the test taken at age 20 has significant

positive effects on earnings, while the childhood test often has a negative effects when the

adult test is included in the model. Table 3 reports the results from a similar model

predicting earnings rather than occupation. 3 The estimated effect of the IQ tests on earnings

in the Malmo data is much smaller than the effects obtained in NLSY data. This could be

reflecting the general compression of wage differentials in Sweden, the inclusion of technical

competence and speed of numerical computation in the ASVAB test battery, or possibly a shift

over time in the relative importance of the competencies assessed by these tests. But, here

again, the adult test has much stronger effects on earnings than the childhood test.

These findings suggest that the associations between scores on employment aptitude and

IQ tests on the one hand and productivity and labor market success on the other arise because

the tests measure developed abilities that contribute to productivity. This suggests that an

increase in the incidence of these developed abilities in the working population will increase

national output. Left unresolved, however, is the relative importance of different types of
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developed abilities. It is to this issue I now turn.

II. WHICH COMPETENCIES ARE REWARDED IN THE AMERICAN LABOR MARKET?

Which of the various subjects typically taught in secondary schools yield the largest

economic return. This issue was addressed by estimating models predicting wage rates and

earnings of young adults in the U.S. as a function of competence in the academic fields of

mathematics, science and language arts and in the trade/technical arena while controlling for

years of schooling, school attendance, ethnicity, age, work experience, marital status and

characteristics of the local labor market.

2.1 The Data

The Youth Cohort of National Longitudinal Survey (NLS) is a good data for analyzing

this issue because it contains subtest scores on the Armed Services Vocational Aptitude

Battery (ASVAB), a three hour battery of tests used by the armed forces for selecting recruits

and assigning them to occupational specialties. The primary purpose of the ASVAB is to

predict the success of new recruits in training and their subsequent performance in their

occupational specialty.4 Even though the ASVAB was developed as an "aptitude" test, the

current view of testing professionals is that:

Achievement and aptitude tests are not fundamentally different Tests at one
end of the aptitude-achievement continuum can be distinguished from tests at
the other end primarily in terms of purpose. For example, a test for mechanical
aptitude would be included in a battery of tests for selecting among applicants
for pilot training since knowledge of mechanical principles has been found to
be related to success in flying. A similar test would be given at the end of a
course in mechanics as an achievement test intended to measure what was
learned in the course (National Academy of Sciences Committee on Ability
Testing 1982 p.27)."

The ASVAB test battery is made up of 10 subtests: Mechanical Comprehension, Auto

and Shop Knowledge, Electronics Knowledge, Clerical Checking (Coding Speed), Numerical

Operations (a speeded test of simple arithmetic), Arithmetic Reasoning, Mathematics

Knowledge (covering the high school math curriculum), General Science, Word Knowledge
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and Paragraph Comprehension. (See Bishop 1990 for sample questions.)

Two dimensions of mathematical achievement are measured: the speed of doing simple

mathematical computations is measured by a three minute 50 problem arithmetic computation

subtest which will be referred to as computational speed. Mathematical reasoning ability is

measured by a composite of the mathematics knowledge and arithmetic reasoning subtests.

Science achievement is indexed by the ASVAB's General Science subtest. This test focuses

on science definitions and has minimal coverage of higher level scientific reasoning. Verbal

achievement is measured by a composite made up of the word knowledge and paragraph

comprehension subtests.

The universe of skills and knowledge sampled by the mechanical comprehension, auto

and shop information and electronics subtests of the ASVAB roughly corresponds to the

vocational fields of trades and industry and technical so these subtests are aggregated into a

single composite which is interpreted as an indicator of competence in the "technical" arena.s

Competencies that are unique to clerical and retail sales jobs do not appear to be

measured by the ASVAB. The ASVAB does contain a seven minute 84 item clerical

checking subtest which was intended to predict performance in clerical jobs but validity

studies of clerical jobs in the military have found that it does not add to the validity of

composites based on verbal, arithmetic reasoning and mathematics knowledge subtests (Wise,

McHenry, Rossmeissl and Oppler, 1987). The clerical checking subtest is included in the

analysis but it should not be viewed as a valid predictor of clerical competency. These seven

test composites have all been normalized to have zero mean and unit variance.6

All of these competencies are highly correlated with years of schooling. When these

composites are regressed on age, ethnicity, proportion of 1980 spent in school, region, work

experience, occupation of parents and schooling, the coefficients on years of high school range

between .19 for math and .28 for verbal for males and range from .12 for technical and .24

for verbal and clerical speed for females. Greater work experience significantly increased the

clerical speed of women but did not have positive effects on any of the other competencies.

2.2 Results

Two measures of labor market success were studied: the log of the hourly wage rate

in the current or most recent job taken from the 1983 through 1986 interviews and the log
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of yearly earnings for calender years 1984 and 1985 when they exceed $500.7 The sample

was limited to those who were not in the military in 1979. At the time of the 1986 interview

the NLS Youth ranged from 21 to 28 years of age. An extensive set of controls was

included in the estimating equations.8

The labor market consequences of the competencies that a young person develops early

in life were examined by regressing log wage rates and log earnings on ASVAB subtest

scores, years of schooling, and the background variables listed above. Holding academic

competencies in 1980 constant, female high school dropouts with 10 years of schooling earned

10 percent less than high school graduates and college graduates earned 42 percent more.

Male high school drop outs earned 21 percent less than high school graduates and college

graduates earned 35 percent more. The effects of our measures of academic and technical

achievement are summarized in Figures 5 and 6 (see Bishop 1988 for a more complete

description of the results).

The results for young men were as follows--high level academic competencies do not

have positive effects on wage rates and earnings. The mathematics reasoning, verbal and

science composites all had negative effects on wage rates and earnings. Speed in arithmetic

computation has substantial positive effects on labor market success of young men. This

competency, however, is a lower order skill that is not (and should not be) a focus of high

school mathematics (National Council of Teachers of Mathematics 1989).

For young women, speed in arithmetic computation and mathematical reasoning ability

both have substantial effects on wage rates and earnings. Verbal competence had somewhat

more modest positive effects on wages and earnings. Science test scores had no effect on

wage rates and earnings.

For young men, the ASVAB technical subtests measuring electronics knowledge and

mechanical, auto and shop information had large and significant positive effects on wage rates

and earnings. These subtests had essentially no effect on the labor market success of young

women.

The clerical checking subtest had weak positive effects on wage rates of young women

and large significant effects on their earnings. For young men, doing well on the clerical

checking subtest appears to increase earnings very modestly but it has no effect on wage rates.

This pattern of results is not unique to this data set. Similar results were obtained in
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Willis and Rosen's (1979) analysis of the earnings of those who chose not to attend college

in the NBER-Thorndike data, Kang and Bishop's (1986) analysis of High School and Beyond

seniors and Bishop, Blakemore and Low's (1985) analysis of both Class of 1972 and High

School and Beyond data.9

In summary, in the United States, when years of schooling are held constant,

achievement in science has no effect on wage rates, earnings or unemployment of young men

and women. Achievement in mathematical reasoning has no effect on the wage rates and

earnings of young men and only very modest effects on the wage rates of young women.

Verbal competency has no effect on the wage rates on young men and women and no effect

on the earnings of young men. These results suggest an immediate explanation for the poor

performance of American students in science and higher level mathematics. For the 80

percent of youth who are not planning to pursue a career in medicine. science or engineering.

there are no immediate labor market rewards for developing these competencies. For the great

bulk of students. therefore. the incentives to devote time and energy to the often difficult task

of learning these subjects are very weak.

Do these findings also imply that if a way could be found to recruit a high quality

engineering and scientific elite (possibly by recruiting scientists and engineers from abroad or

early identification of mathematically and scientifically talented youth), there would be little

need to worry about the poor math and science preparation of most American youth. It is to

this question I now turn.

III. IS THERE REASON TO EXPECT WAGE EFFECTS OF SPECIFIC
COMPETENCIES TO BE THE SAME AS THEIR PRODUCTIVITY EFFECTS?

Are the productivity effects of achievement in science, mathematical reasoning and

English essentially zero in the types of jobs occupied by most young workers? Speed in

simple arithmetic computations has large effects on the wage rates of both sexes and technical

competence has large effects on wage rates of young men. Do these competencies have

comparable effects on productivity?

One approach to these questions is to ask employers directly about the nature of the

tasks performed by entry level workers. When the owners of small and medium sized

business in the United States were asked how frequently the employee most recently hired by

their firm needed to "use knowledge gained of chemistry, physics or biology" in their job, 74



OJ,,

12

10

B
6.2%

6
~.01%

~2

0 Mechangl

. 2

.

8/0

12

10

B

6

01

2

0

. 2

. 4

Effect 01 Competencies
on Earnings. 1984-1985

Young Men

2.1%

EleCllonlC~ ClellCill ComputatIOnal
Spx>d

ScIl:I'IC"

Ve't.,j;

Ellect 01 Competencies
on Wage Rates, 1983-'986

Young Men

V.'bill

~ Ana,," 01HLSY",,",88" 'IW 19'" .epon. lilt ,,"K1 Of. - ~IOI'I mr-.aare
"'.101'1 m .., Ar...c s."'a. VQUltO'll'Apl..oe "'U'I) lUbIn' - CDrII'OIW'oQ101
~ng ~I a"'''''ll'ICf .\It

-'"
..p.-,.el'lCf.'.11'0"-$1.1:,,,...c»nce

."" Of"""'I,



%

12

10

8

6

4

2

0

- 2
ElectroniCS

. 4

Effect 01 Competencies
on Earnings. '984.'985

Young Women

5.3%

%

12

10

8

6

4

2
-1.3%

0

. 2

. 4 Mecnaruul

6.6%

3.8%

Verba I M.lh

Effect of Competencies
on Wage Rates, 1983-1986

Young Women

-1.8%

~
Saence

.01%

oe

~ Ar\alyla 81 NlS YDUtt>CIII. The 19J't f'MIO'ISII't8"'80 81 a - sqlulaIO" .."ISIrd

"""'lOn f'Icr...t Ir\ Amwe Se"'02' \I~llOr\II! Apa..ot a..!lt') ..ani,..,.. --.aPI)IIInQ101
KhDoIongICtIX>Iantrel''''t. age. .or\. ..pe..ncc. ..gc>r.. $t.ISA'...:!ergo .reI ..mg,

2.9%

1.7%

0.1%

£"cllontCS CI. "CI I CompulallOnal

~

3,'%

Verbal Ma,n



ACADEMIC LEARNING AND NATIONAL PRODUCTIVITY
8/29/91

11

percent reported that such knowledge was never required and only 12 percent reported such

knowledge was used at least once a week.JO Asked how frequently the new employee had to

"use algebra, trigonometry or calculus", 68 percent reported that such skills were never

required by the job and only 12 percent reported they were used at least once a week.

The skills used by entry level workers at small and medium sized firms, however, are

not decisive evidence regarding employer needs for three reasons. First, the low levels of

scientific and mathematical competence in the work force available to small and medium sized

firms may have forced them to put off technological innovations such as statistical process

control that require such skills and to simplify the functions that are performed by workers

who lack technical training. If better educated workers were available, entry level workers

might be given greater responsibility and become more productive. Second, the study just

quoted does not tell us what is happening at large firms or in the jobs occupied by long

tenure employees at small firms. The CEOs of many large technologically progressive

companies such as Motorola and Xerox are insisting that their factory jobs now require

workers who are much better prepared in math and science than ever before. Third,

employers may not realize how the knowledge and skills developed in high school science and

mathematics classes contribute to productivity in their jobs. Not knowing which employee

possesses which academic skill, they would have no way of learning from experience which

scientific and mathematical skills are helpful in doing a particular job. Science and

mathematics are thought to teach thinking, reasoning and learning skills applicable outside the

classroom and the laboratory. If these skills are indeed successfully developed by these

courses, productivity might benefit even when there are no visible connections between job

tasks and course content.

A second approach to estimating the effect of a trait on productivity, one favored by

economists, has been to infer its effect by studying its effect on wage rates. Such an

approach is not justified in this case. In the United States academic achievements in high

school-- particularly the fine details of achievement in a particular domain like science,

mathematical reasoning or reading ability--are not well signaled to the labor market. When

competencies which are highly con-elated with each other are poorly signaled to the labor

market, American employers have a difficult time figuring out which competencies they need

and an even more difficult time finding high school graduates with the particular constellations
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of academic abilities they may believe they need. As a result, the relationship between their

wage offers and the imperfect signals of worker competencies available to them is unlikely

to reflect the true relationship between productivity and these competencies.

The Signaling Failure in the United States

In Canada, Australia, Japan, and Europe, educational systems administer achievement

exams which are closely tied to the secondary school cUITiculum. Students generally take

between 3 and 9 different examinations. These are not pass/fail minimum competency exams.

On the Baccalaureate, for example, there are four different levels of pass: Tre's Bien, Bien,

Assez Bien and a regular pass (Noah and Eckstein 1988). Grades on these exams are

requested on job applications and typically included on one's resume. Exhibit 1 reproduces

a resume used by an Irish secondary school graduate applying for a clerical job. Exhibit 2

is the first page of an application filed by a 28 year old university graduate seeking a

managerial job. While employers report they pay less attention to exam grades when hiring

workers who have been out of school many years, it is nevertheless significant that the

information remains on one's resume long after graduation from secondary school.

In Japan, clerical, service and blue collar jobs at the best firms are available only to

those who are recommended by their high school. The most prestigious firms have long term

arrangements with particular high schools to which they delegate the responsibility of selecting

the new hire(s) for the firm. The criteria by which the high school is to make its selection

is, by mutual agreement, grades and exam results. In addition, most employers administer

their own battery of selection tests prior to hiring. The number of graduates that a high

school is able to place in this way depends on its reputation and the company's past

experience with graduates from the school. Schools know that they must be forthright in their

recommendations because if they fail just once to make an honest recommendation, the

relationship will be lost and their students will no longer be able to get jobs at that firm

(Rosenbaum and Kariya 1987).

The hiring environment for clerical, service and blue collar jobs is very different in the

US. American employers generally lack objective information on applicant accomplishments,

skills, and productivity. Tests are available for measuring competencies, but EEOC guidelines

resulted in a drastic reduction in their use after 1971. A 1987 survey of 2014 small-and

medium-sized employers who were members of the National Federation of Independent
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Business found that aptitude test scores had been obtained in only 2.9 % of the hiring

decisions studied (Bishop and Griffin, forthcoming).

Other potential sources of information on effort and achievement in American high

school are transcripts and referrals from teachers who know the applicant. Both are under-

used. In the NFIB survey, when someone with 12 or fewer years of schooling was hired, the

new hire had been referred or recommended by vocational teachers only in 5.2 % of the cases

and referred by someone else in the high school in only 2.7 %. Transcripts had been obtained

prior to the selection decision for only 14.2 % of the hires of people with 12 or fewer years

of schooling. Transcripts are not obtained because differing grading standards in different

schools and courses make them difficult to interpret, because many high schools are not

responding to requests for the information and because there are generally long delays before

the transcripts arrive.

The only information about school experiences requested by most American employers

is years of schooling, diplomas and certificates obtained, and area of specialization. Hiring

decisions are based on easily observable characteristics which are imperfect signals of the

competencies the employer cannot observe directly. As a result, hiring selections and starting

wage rates are often not influenced by even very gross indicators of academic achievement

such as GPA, AFQT or SAT scores (Bishop 1987b). Given the limited information available

to employers prior to hiring, it is not realistic to expect their decisions to reflect in a refined

manner the specific combinations of academic competencies that students bring to the market.

But after a worker has been at a firm a while, the employer presumably learns more

about the individual's capabilities and is able to observe performance on the job. Workers

assigned to the same job often produce very different levels of output (Hunter, Schmidt and

ludiesch 1988). Why, one might ask, are the most productive workers (those with just the

right mix of specific competencies) not given large wage increases reflecting their higher

productivity? The reason appears to be that workers and employers prefer employment

contracts which offer only modest adjustments of relative wages in response to perceived

differences in relative productivity. There are a number of good reasons for this preference:

the unreliability of the feasible measures of individual productivity (Hashimoto and Yu, 1980),

The unwillingness of workers to risk that their wage may be reduced if their supervisor

decides they are not doing a good job (Stiglitz, 1974), the absence of any real danger that
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one's best employees will be raided because the skills of these top performers can be fully

used only within the firm (Bishop, 1987a), the desire to encourage cooperation among

coworkers (Lazear 1986) and union preferences for pay structures which limit the power of

supervisors. In addition, compensation for better than average job performance may be non-

pecuniary -- praise from one's supervisor, more relaxed supervision, or a high rank in the

firm's social hierarchy (R. Frank, 1984).

A study of how individual wage rates varied with initial job performance found that

when people hired for the same or very similar jobs are compared, someone who is 20 %

more productive than average is typically paid only 1.6 % more. After a year at a firm,

better producers received only a 4% higher wage at nonunion firms with about 20 employees,

and they had no wage advantage at unionized establishments with more than 100 employees

or at nonunion establishments with more than 400 employees (Bishop, 1987a). Over time

there is some tendency for those with high test scores to be promoted more rapidly and to be

employed more continuously (Wise 1975). Since, however, worker productivity cannot be

measured accurately and cannot be signaled reliably to other employers, this sorting process

is slow and only partially effective. Consequently, when men and women under the age of

30 are studied, the wage rate effects of specific competencies may not correspond to their true

effects on productivity and, therefore, direct evidence on productivity effects of specific

competencies is required before conclusions may be drawn. We turn now to an examination

of direct evidence on the effects of academic and technical competencies on the job

performance. Research on the determinants of job performance in the US military is examined

in section 3. Research on the determinants of job performance in the civilian sector is

r

examined in section 4.

IV. THE IMPACT OF ACADEMIC AND GENERIC TECHNICAL COMPETENCIES
ON THE JOB PERFORMANCE IN THE AMERICAN MILITARY

The theoretical arguments of the previous section will now be put to an empirical test.

Direct estimates of the relative importance of different competencies are obtained by estimating

models in which measures of job performance in the military are regressed on all 9 subtest

scores of the ASVAB battery. These direct measures of the productivity effects of the
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competencies measured by the ASVAB, will then be compared to the wage and earnings

effects of ASVAB subtests presented in section 1. Is technical competence an important

determinant of job performance as well as wages? Do verbal skills and scientific

competencies which have no effects on wage rates, nevertheless, have significant positive

effects on job performance? The wages and earnings of young men were influenced by

computational speed not mathematical reasoning ability. Is this the case for job performance

as well?

The ASVAB is one of the most thoroughly researched selection and classification

batteries in existence, so there is a wealth of evidence on how its subtests effect job

performance in a great variety of jobs. The test battery was developed by the US armed

forces for use within the military, so military recruits have been the subject of almost all of

this research. Eighty percent of the jobs held by enlisted personnel in the military have

civilian counterparts, so the research on the validity of the ASVAB in military settings

generalizes quite well to large portions of the civilian sector (US Department of Defense,

1984). The civilian occupations that are not represented in the ASVAB research are

professional, manager, farmer, sales representative, and sales clerk. Since most of the soldiers

studied were young and male, generalizing to other populations must be done with care. This

is not a problem in this study, however, for the desired comparisons are with other young

males, those in the NLS.

4.1 Studies of Training Success

Most of the validity research has involved correlating scores on ASVAB tests taken

prior to induction with final grades in occupationally specific training courses (generally

measured at least 4 months after induction). Since recruits are selected into the army and

into the various specialties by a nonrandom process, mechanisms have been developed to

correct for selection effects--what I/O psychologists call restriction of range (Thorndike 1949;

Lord and Novick 1968; Dunbar and Linn 1986). These selection models assume that selection

into a particular MOS is based on ASVAB subtest scores (and in some cases measures of the

recruit's occupational interests). For the military environment, this appears to be a reasonable

specification of the selection process for attrition is low and selection is indeed explicitly on

observable test scores. This ability to model the selection process is an advantage that validity
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research in the military has over research in the civilian sector.4

A reanalysis was conducted of data from two large scale studies of Marine recruits

(Sims and Hiatt 1981 reprinted in Hunter, Crossen and Friedman 1985; Maier and Truss

1985). These studies were selected because they used versions of the ASVAB that were quite

similar to the one administered to the NLS Youth Cohort. Correlation matrices which had

been corrected (for restriction of range and selection effects) were obtained from the

appendices of these studies and LISREL was employed to estimate models in which training

grades were regressed on the full set of ASVAB subtests. The standardized regression

coefficients from this analysis are reported in table 4.

The results were similar to the wage and earnings regressions in only one respect:

technical competency as indexed by the mechanical, auto-shop and electronics subtests had

major effects on success in training for occupations involving the maintenance or use of

complicated equipment. In all other respects. however. the results contrast sharply with the

wage rate regressions for young males. The math knowledge and arithmetic reasoning subtests

have much larger effects on training success than the computational speed test. Both the

science and verbal subtests have strong positive impacts on success in training. It appears

that the higher level academic competencies measured by the ASVAB have much larger

positive effects on success in training programs than on wage rates of young men in the

civilian sector.

4.2 Reanalysis of Maier and Grafton's Data on Job Performance

In the reanalysis we reported above, training success was measured by a paper and

pencil test. There is a danger that validity coefficients may be biased by common methods

bias. It would be desireable to check these findings in a data set in which ASVAB subtest

scores predict a hands-on measure of job performance. Maier and Grafton's (1981) study of

ASVAB 6{l's ability to predict the hands-on Skill Qualification Test (SQTs) provides such a

data set. Maier and Grafton described the hands-on SQTs they used in their study as follows:

SQTs are designed to assess perfonnance of critical job tasks. They are criterion
referenced in the sense that test content is based explicitly on job requirements and the
meaning of the test scores is established by expert judgment prior to administration of
the test rather than on the basis of score distributions obtained from administration.
The content of SQTs is a carefully selected sample from the domain of critical tasks
in a specialty. Tasks are selected because they are especially critical, such as a
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particular weapon system, or because there is a known training deficiency. The focus
on training deficiencies means that relatively few on the job can perform the tasks, and
the pass rate for these tasks therefore is expected to be low. Since only critical tasks
in a specialty are included in SQTs, and then only the more difficult tasks tend to be
selected for testing, a reasonable inference is that performance on the SQTs should be
a useful indicator of proficiency on the entire domain of critical tasks in the specialty;
that is, workers who are proficient on tasks included in an SQT are also proficient on
other tasks in the specialty. The list of tasks in the SQT and the measure themselves
are carefully reviewed by job experts and tried out on samples of representative job
incumbents prior to operational administration (pp. 4-5).

A more extensive discussion of the procedures for developing SQTs is available in a handbook

(Osborn et aI, 1977). A thorough discussion of their rationale is provided in Maier and

Hirshfeld (1978).

Regressions were estimated using LISREL for nine major categories of Military

Occupational Specialties (MaS): Skilled Technical, Skilled Electronic, General Maintenance,

Mechanical Maintenance, Clerical, Missile Battery and Food Service Operators, Unskilled

Electronic, Combat and Field Artillery. Except for combat and field artillery, these MOSs

have close counterparts in the civilian sector. The independent variables were the 10 ASVAB

6n subtest scores which had counterparts in the ASVAB 8A battery used in the analysis of

NLS Youth. The standardized regression coefficients from this analysis are reported in Table

§. These coefficients are an estimate of the effect of a one population standard deviation

improvement in a test score on the hands-on job performance criterion measured in standard

deviation units. Since the ASVAB subtests measure competencies with error and this error

has not been corrected for, these results provide lower bound estimates of the effects of the

true competencies on true job performance.

The effects of the four "technical" subtests--mechanical comprehension, auto

information, shop information and electronics information--are presented in the first four

columns of the table. As one might anticipate, these subtests had no effect on job

performance in clerical jobs. However, they had very substantial effects on job performance

in all the other occupations. The impact of a one population standard deviation increase in

all four of these subtests is an increase in the SQT of .415 SD in skilled technical jobs, of

.475 SD in skilled electronics jobs, of .316 SD in general maintenance jobs, of .473 SD in

mechanical maintenance jobs, of .450 SD for missile battery operators and food service

workers, of .170 SD in unskilled electronics jobs, of .345 SD in combat occupations and .270
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SD in field artillery. The technical subtests appear to have larger effects on hands-on job

performance than on training grades suggesting a common methods bias in validation studies

which employ training grades as the criterion. The proportionate change in productivity that

results is somewhere between 25 and 40 percent of these numbers.1O If we assume the SD

of true productivity averages 30 percent of the mean wage in these jobs, the impact of a

simultaneous one SD increase in all four technical subtests is 11.5 percent of the wage (or

about $2875 per year) averaging across the six non-clerical non-combat occupations. The

present discounted value of such a learning gain is about $50,000 (using a 5 percent real rate

of discount). This is consistent with the wage rate findings presented earlier. These results

imply that broad technical literacy is essential for workers who use and/or maintain

equipment that is similar in complexity to that employed in the military. The attention to

detail subtest (which is similar to the clerical checking subtest in ASVAB 8A) has no effect

on performance in clerical jobs and small effects on performance in skilled electronic, general

maintenance, combat arms and field artillery.

The results for the academic subtests, however, contrast sharply with the wage rate

regressions for young males. With the sole exception of the mechanical maintenance MOS

cluster, the two mathematical reasoning subtests have much larger effects on SQTs than on

wage rates. The Math Knowledge subtest assessing algebra and geometry is responsible

for most of this effect. A one standard deviation increase in competence in algebra and

geometry raises predicted job performance by .121 SD in skilled technical jobs, .261 SD in

skilled electronic jobs, .44 SD in general maintenance jobs, .206 SD in clerical jobs, .106 SD

for missile battery operators and food service jobs, .139 in combat arms and .230 in artillery.

The arithmetic reasoning test was significant in 7 of the MOS clusters and had large positive

effects on performance in clerical (.24 SD), missile battery and food service (.11 SD), and

field artillery (.186 SD) jobs. Assuming that the standard deviation of true productivity is 30

percent of the wage, the impact of a simultaneous one SD increase in both mathematics

reasoning subtests is 6.4 percent averaging across all seven non-combat occupations. The

effects of the two tests of mathematical reasoning on job performance are substantial and

unlike the wage rate findings much larger than the effects of computational speed.

Nevertheless, they are somewhat smaller than those obtained in the models predicting training

success suggesting again the possibility of methods bias.
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Science knowledge which had small negative effects on wage rates, now has positive

effects on hands-on measures of job performance in eight of the MOS clusters, significantly

so in 4 clusters and in pooled data. A one standard deviation (SD) increase in science

knowledge raises job performance by .057 SD in skilled technical jobs, .072 SD in skilled

electronics jobs, .134 SD in general maintenance and construction jobs, .096 SD in mechanical

maintenance jobs, .064 SD in clerical jobs, .076 SD in missile battery operator and food

service jobs and .070 in combat arms. Word knowledge has significant effects on job

performance in the skilled technical, general maintenance and clerical jobs and in combat

arms. While statistically significant, the effects of these two competencies appear to be rather

modest. Assuming that the standard deviation of true productivity is 30 percent of the wage,

the effect of a one SD increase in test scores is 2 percent of the wage for science and 1.9

percent for word knowledge averaged across the seven noncombat occupations.

Differences in science or verbal competency of one population SD are quite large. In

these subjects, one population SD is about the magnitude of the difference between young

people with 14 years of schooling and those who left school after the 9th grade.

Consequently, a productivity increase of about 2 percent per population SD on the test may

appear to be only a modest return. This may be due to the inadequacies of the 11 minute

long ASVAB subtests used to assess these competencies. General Science had only 24 items

and Word knowledge only 35. This biases down the estimated effects of science and word

knowledge on job performance. Clearly, there is a need for new research to determine

whether broader and more reliable measures of verbal capacity, scientific knowledge and

understanding and the ability to solve problems have more substantial effects on job

performance in non-technical jobs than these ASVAB subtests.

On the other hand, however, a 2 percent increase in productivity should not be

dismissed as unimportant. It is about $500 per worker per year and has a present discounted

value of about $8700. (using a 5 percent real rate of interest and a 40 year working life).

4.3 Analysis of Project A Data on Core Technical Proficiency

Still more evidence on what truly determines job performance comes from Project A,

a massive study (total costs of more than $100,000,000) that is developing improved methods

for selecting and classifying army personnel. Wise, McHenry, Rossmeissl and Oppler (1987)
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have estimated ASVAB validities for 19 very diverse jobs using Core Technical Proficiency,

a MOS specific job performance measures, as the criterion. These ratings are about 50

percent based on hands-on work sample tests (the hands-on SQT) and 50 percent based on

paper and pencil job knowledge exams. The ratings were obtained after the recruit had been

in the army for 2 to 3 years. The study was designed to select the three or four ASV AB

subtests which could be used as the aptitude composite for that MOS cluster.

Table 6 reports the names of the three or four subtests which in combination did the

best job of predicting Core Technical Proficiency. As before, the technical subtests are

important predictors of Core Technical Proficiency in all the nonclerical occupations. For the

academic subtests the results are very different from the wage rate regressions but similar to

the results of the reanalysis of Maier and Grafton's validity data for hands-on work samples.

Computational speed is only a weak determinant of job performance. Competence in science,

language arts and mathematical reasoning has very large effects on job performance.

4.4 Analysis of Project A Data on Other Performance Measures

Most of the ASVAB validity studies have studied MOS specific measures of

performance which reflect the soldier's ability to do the job not their willingness to do it on

a regular basis or under adverse conditions. Do the results change when other dimensions of

job performance are studied? The Project A data set again provides an opportunity to address

this issue. Besides the Core Technical Proficiency construct already analyzed, Project A offers

three other performance constructs which have some applicability to civilian jobs: General

Soldiering Proficiency, Effort and Leadership and Maintaining Personal Discipline. General

Soldiering Proficiency assesses skills that all soldiers must have (eg. use of basic weapons,

first aid, map reading, use of a gas mask) and is measured much the same way as Core

Technical Proficiency by a combination of job knowledge tests and hands-on performance

tests. These two constructs are designed to measure the can do element of job performance.

The other two constructs attempt to measure the will do element of job performance.

John P. Campbell (1986) described the constructs and their measurement as follows:

Peer Leadership. Effort. and Self Development: Reflects the degree to which the
individual exerts effort over the full range of job tasks, perseveres under adverse or
dangerous conditions, and demonstrates leadership and support of peers. That is, can
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the individual be counted on to carry out assigned tasks, even under adverse conditions,
to exercise good judgement, and to be generally dependable and proficient? Five scales
from the Army-wide BARS rating form (Technical Knowledge/Skill, Leadership, Effort,
Self-development, and Maintaining Assigned Equipment), the expected combat
performance rating, and the total number of commendations and awards received by
the individual were summed for this factor.

Maintaining Personal Discipline: Reflects the degree to which the individual adheres
to Army regulations and traditions, exercises personal self-control, demonstrates
responsibility in day-to-day behavior, and does not create disciplinary problems. Scores
on this factor are composed of three Army-wide Bars scales (Following regulations,
Self-Control, and Integrity) and two indices from the administrative records (number
of disciplinary actions and promotion rate). (p. 150)

It had been planned to obtain information on commendations, awards, promotions, and

disciplinary actions from administrative records. However, the cost of this approach was

extremely high so "everyone crossed their fingers and we collected eight archival performance

indicators via a self report questionnaire Field tests on a sample of 500 people showed

considerable agreement between self-report and archival records"(Campbell, 1986, p 144).

These two constructs are related to each other (they correlate .59) but are clearly quite

distinct from the two "can do" constructs. Correlations with Core Technical Proficiency are

only .28 for Effort and Leadership and .19 for Personal Discipline. The "can do" constructs

are based on ratings made by the same person, so they share some common measurement

error. Campbell, consequently, constructs residualized "can do" performance constructs by

subtracting a ratings method factor from the raw score. With the ratings methods effect

removed, Core Technical Proficiency (raw) has a correlation of .465 with Effort and

Leadership (residual) and .225 with Personal Discipline (residual). In the view of the Project

A team, soldiers must have both qualities--the technical competence to do their job and the

willingness to do it under stressful circumstances.

Table 7 presents the results of using ASVAB test scores to predict General Soldiering

Proficiency (raw), Effort and Leadership (both raw and residualized) and Personal Discipline

(raw) (Campbell, 1986, Table 10). The correlation matrices were corrected for range

restriction as described by Dunbar and Linn (1986). In this analysis the 9 ASVAB subtests

have been reduced to four composites: Technical, Speed (Numerical Operations and Clerical

Checking), Quantitative (Arithmetic Reasoning and Mathematics Knowledge) and

Verbal/Science. For General Soldiering Proficiency, the results are quite similar to the results



ACADEMIC LEARNING AND NATIONAL PRODUCTIVITY
8/29/91

22

obtained predicting Hands-on SQTs and Core Technical Proficiency. The technical and

quantitative composites have the largest effects, and the verbaVscience composite has a

substantial effect. Speed has almost no effect. As before, the pattern of coefficients is very

different from the wage regression for young men.

The pattern is different for the "will do" performance constructs. The technical

composite had large positive effects on both measures of Effort and Leadership. The

quantitative composite had a modest positive effect on Maintaining Personal Discipline and the

residualized Effort and Leadership. Speed had a modest positive effect on Effort and

Leadership. The verbal/science composite had no effect on the residualized Effort and

Leadership and a small negative effect on raw score measures of both constructs. The

coefficient pattern for the raw score "will do" performance constructs looks rather similar to

the male wage and earnings regressions. This is an interesting result that needs to be

investigated in other data sets. It should be treated with caution, however, for four reasons:

the information on commendations, awards, promotions and disciplinary actions was self

reported, a ratings method effect was clearly visible in the data, other researchers have

expressed skepticism about the validity of military ratings (Vineberg and Joyner 1982), and

there appears to be major differences between the civilian and military sectors in the effect

of academic achievement tests on supervisory ratings (with the effects much larger in the

civilian sector){Hunter 1986).

In any case, even if one adopts the Project A position that ratings are a valid measure

of the "will do" component of job performance, this in no way implies that the "can do"

elements are subsidiary or unimportant. Consequently, the findings reviewed above that

science, verbal and mathematical reasoning capability predict hands-on SQTs, Core Technical

Proficiency and General Soldiering Proficiency in the military appear to provide some support

the claim that improved math, science and language arts education will add to the productivity

of the work force.

Eighty percent of the jobs held by enlisted personnel in the military have civilian

counterparts so the research on the validity of the ASVAB in military settings just presented

should generalize quite well to major segments of the civilian economy (US Department of

Defense, 1984). Nevertheless, it would be useful to examine civilian data on the effect of

technical competence on job performance. It is to the analysis of civilian data we now turn.
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V. THE IMPACT OF ACADEMIC AND TECHNICAL COMPETENCE ON
JOB PERFORMANCE IN THE CIVILIAN SECTOR

5.1 Ghiselli's Review of Validation Research Prior to 1973

Over the last 50 years, industrial psychologists have conducted hundreds of studies,

involving many hundreds of thousands of workers, on the relationship between supervisory

assessments of job performance and various predictors of performance. In 1973 Edwin

Ghiselli published a compilation of the results of this research organized by type of test and

occupation. Table 8 presents a summary of the raw validity coefficients (correlation

coefficients uncorrected for measurement error and restriction of range) for six types of tests:

mechanical comprehension tests, "intelligence" tests, arithmetic tests, spatial relations tests,

perceptual accuracy tests and psychomotor ability tests. As pointed out earlier, mechanical

comprehension tests assess material that is covered in physics courses and applied technology

courses such as auto mechanics and carpentry. The intelligence tests used in this research

were paper and pencil tests assessing verbal and mathematical competency.

Intelligence tests were the best predictors of the performance of foreman. For craft

occupations and semi-skilled industrial jobs, the mechanical comprehension tests are more valid

predictors of job performance than any other test category. For protective occupations,

mechanical comprehension tests and intelligence tests had equal validity. For clerical jobs, the

best predictors of job performance were tests of intelligence, arithmetic and perceptual

accuracy. These results are consistent with the analysis of job performance in the military

data reported in Table 5.

It would appear that measures of mathematical, verbal and generic technical competence

all have substantial effects on performance in technical and blue collar jobs. What about

paper and pencil occupational competency tests for specific occupations? How well do they

correlate with job performance.

5.2 The Relationship between Occupational Competency Tests and Job Performance

Meta-analyses of the hundreds of studies of the validity of occupational competency

tests have found that content valid occupational competency tests are highly valid predictors
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of job performance. Dunnette's (1972) meta-analysis of 262 studies of occupational

competency tests found that their average correlation with supervisory ratings was .51. This

correlation was higher than the correlation of any other predictor studied including cognitive

ability tests (.45), psychomotor tests (.35), interviews (.16) and biographical inventories (.34).

Vineberg and Joyner's (1982) meta-analysis of military studies found that grades in ttaining

school (which were based on paper and pencil tests of occupational competency) had a higher

correlation (.27) with global performance ratings by immediate supervisors than any other

predictor. The correlations for the other predictors were .21 for ASVAB ability composites,

.14 for years of schooling, .20 for biographical inventory and .13 for interest. Hunter's (1982)

meta-analysis found that content valid job knowledge tests had a correlation of .48 with

supervisory ratings and an even higher correlation of .78 with a work sample measure of job

performance, the Skill Qualification Test. Consequently, for training program graduates who

are employed in the occupation for which their competency was assessed, scores on these

competency exams are highly valid predictors of job performance and promotion probabilities.

5.3 Analysis of GATB Validation Studies

More recent data on what predicts job performance is available from the US

Employment Service's program for revalidating the General Aptitude Test Battery (GATB).

This data set contains data on job performance, the 9 GATB "aptitudes" and background data

on 36,614 individuals in 159 different occupations. Professional, managerial and high level

sales occupations were not studied but the sample is quite representative of the 71,132,000

workers in the rest of the occupational distribution. It ranges from drafters and laboratory

testers to hotel clerks and knitting-machine operators.

Since a major purpose of these validation studies was to examine the effects of race

and ethnicity on the validity of the GATB, the firms that were selected tended to have an

integrated workforce in that occupation. Firms that used aptitude tests similar to the GATB

for selecting new hires for the job being studied were excluded. The employment service

officials who conducted these studies report that this last requirement did not result in the

exclusion of many firms. A total of 3052 employers participated.

The workers in the study were given the GATB test battery and asked to supply

information on their age, education, plant experience and total experience. Plant experience
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was defined as years working in that occupation for the current employer. Total experience

was defined as years working in the occupation for all employers. The dependent variable

was an average of two ratings (generally two weeks apan) supplied by the worker's immediate

supervisor. The Standard Descriptive Rating Scale obtains supervisory ratings of 5 aspects of

job performance (quantity, quality, accuracy, job knowledge and job versatility) as well as an

"all around" performance rating (See Appendix A). Some studies employed rating scales

specifically designed for that occupation and in one case a work sample was one of the job

performance measures. None of the studies used ticket earnings from a piece rate pay system

as the criterion. Studies which used course grades or tests of job knowledge as a criterion

were excluded. Firms with only one employee in the job classification were excluded, as

were individuals whose reported work experience was inconsistent with their age.

The mathematical achievement index (N) was an average of normalized scores on the

same arithmetic reasoning test and on a numerical computations test. These two Verbal ability

was assessed by a vocabulary test. Perceptual Speed was the sum of the P and Q aptitudes

of the GATB divided by 36.72 to put it in a population SD metric. Psychomotor Ability was

the sum of the K, F and M aptitudes of the GATB divided by 51.54 to put it in a population

SD metric. The GATB does not contain tests assessing knowledge of electronics, mechanical

comprehension, auto mechanics or shop knowledge.

Because wage rates, average productivity levels and the standards used to rate

employees vary from plant to plant, mean differences in ratings across establishments have no

real meaning. Therefore, normalized ratings deviations were predicted by deviations from the

job/establishment's mean for gender, race, Hispanic, age, age squared, plant experience, plant

experience squared, total occupational experience, total occupational experience squared,

schooling and test composites.11

It should be recognized that the validity literature in general and this model in

particular do not yield unbiased estimates of the true structural relationships prevailing in the

full population (Brown 1978; Mueser and Maloney 1987). Validity studies based on

examining which job incumbents are most productive are subject to bias for three reasons:

omitted variables, the selection process that determines which new hires were retained by the

firm and the selection process by which members of the population were hired for the job.

While the model used in this study is a more complete specifications of the background
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determinants of job petformance than is typically found in the validity literature, it lacks

controls for important characteristics of the worker which effect worker productivity.

Examples of things left out of the model are occupationally specific schooling, grades in

relevant subjects in school, reputation of the school, the amount and quality of on-the-job

training, performance in previous jobs, character traits like reliability and need to achieve,

physical strength and a desire to work in the occupation. Exclusion of these variables from

the model causes bias in the coefficients of included variables.

The second problem arises from the fact that job petformance outcomes have been used

to select the sample used in the analyses. Since incompetent workers were fIred or induced

to quit and high petforming workers were probably promoted to jobs of a higher classification,

the job incumbents used in this study were a restricted sample of the people originally hired

for a job. The systematic nature of attrition from the job substantially reduces the variance

of job petformance and biases coefficients of estimated job performance models toward zero.12

The third source of problems is selection effects introduced by the selection that

precedes the hiring decision. If hiring selections were based entirely on X variables included

in the model, unstandardized coefficients such as B" would be unbiased and cOITection

formulas would be available for calculating standardized coefficients and validities.

Unfortunately, however, incidental selection based on unobservables such as interview

petformance and recommendations is very probable (Thorndike 1949; Olson and Becker 1983;

Mueser and Maloney 1987). In a selected sample like accepted job applicants, one cannot

argue that these omitted unobservable variables are uncoITelated with the included variables

that were used to make initial hiring decisions and, therefore, that coefficients on included

variables are unbiased. When someone with 10 years of formal schooling is hired for a job

that normally requires 12 years of schooling, there is probably a reason for that decision. The

employer saw something positive in that job applicant (maybe the applicant received a

particularly strong recommendation from previous employers) that led to the decision to make

an exception to the rule that new hires should have 12 years of schooling. The analyst is

unaware of the positive recommendations, does not include them in the job petformance model

and, as a result, the coefficient on schooling is biased toward zero. This phenomenon also

causes the estimated effects of other worker traits used to select workers for the job such as

previous relevant work experience to be biased toward zero. Consequently, the results
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presented below should not be viewed as estimates of the structural effect of schooling and

previous work experience on worker productivity.

The test score results are not similarly biased, however, because very few firms use

cognitive tests to select workers and those that do were not included in the sample of

firms studied specifically to avoid this source of bias.13

Results: The results of estimating the model are presented in Table 9. Mathematical

achievement was clearly the most important determinant of job performance for all

occupational categories except operatives. The effect of mathematical achievement on the

performance of operatives was highly significant but only about one-half to two-thirds of the

size of the other occupations. Verbal ability had no effect on job performance in craft and

operative jobs and in clerical and service jobs its impact is roughly 40 percent of the

mathematical achievement's effect

Spatial ability had significant positive effects on performance only for craft occupations.

Perceptual speed had small effects on job performance, but the coefficients are nevertheless

significant in all but technical occupations (where the sample is quite small). Psychomotor

skills were significantly related to performance in all occupations but in the better paid and

more complex jobs the magnitude of the effect was only about one-third of that of verbal and

mathematical achievement together.

The effect of psychomotor skills was larger in the two least skilled occupations--

operatives and service except police and fire. For operatives the impact of psychomotor skills

was roughly comparable to the impacts of mathematical and verbal achievement. These results

are consistent with previous studies of these and other data sets (Hunter 1983). Models were

estimated containing squared terms for academic achievement and psychomotor skills but these

additions did not produce significant reductions in the residual variance. When test scores are

controlled, years of schooling had very small and sometimes negative effects on job

performance.14

The effects of occupational experience and tenure are also quite substantial for all

occupations. The negative coefficients on the square terms for occupational experience and

tenure imply they are subject to diminishing returns. For workers who have no previous

experience in the field, the expected gain in job performance is about 12-13 percent of a

standard deviation in the first year and about 8-9 percent of an SD in the fifth year. The
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effect of tenure on job performance stops rising and starts to decline somewhere between 16

and 24 years of tenure. Increases in occupational experience lose their positive effect on

performance even later--at 37 years for operatives, at over 55 years for craft workers and high

skill clerical workers and at 19-31 years for other occupations. Except for technicians, age

has large curvilinear effects on job performance as well. Holding tenure and occupational

experience constant, age had a significant positive effect on job performance in all except

technical occupations. In these occupations, twenty year olds with no experience at all in the

field were 7.2 to 10.3 percent of an SD more productive than 18 year olds with no experience

in the field. Thirty year olds with no occupational experience were 4.7 to 7.4 percent more

of an SD more productive than 28 year olds with no experience in the field.

The substantial effects of age and previous occupational experience on job performance

are consistent with current hiring practices which give great weight to these job qualifications.

These results suggest that a job applicant who has age and relevant work experience in his

favor but low test scores may nevertheless be preferable to a young applicant who has high

test scores but no relevant work experience. This is particularly likely to be the case if

turnover rates are high for the productivity benefits of age and previous relevant work

experience are large initially but diminish with time on the job.

VI. EDUCATIONAL ACHIEVEMENT AND THE GROWTH OF NATIONS

The evidence just presented suggests that verbal, mathematical and scientific

competence has larger effects on a worker's productivity than on his or her wage rate. in

these subjects, it appears, learning generates externalities--public benefits which do not accrue

to the learner. If true, we would expect group differences in mean academic achievement to

have larger effects on the average productivity of a group of cooperating workers than

individual differences in academic achievement have on individual wage rates. National rates

of productivity growth should, therefore, be more responsive to rates of change in average

academic achievement, than cross section wage regressions would imply.

Economists have always had a difficult time explaining why some countries grow faster

than others. Access to natural resources and a high savings rate are clearly important but
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large discrepancies between growth rates remain when these factors are controlled (Christensen,

Cummings and Jorgenson 1980). The high productivity growth rates of Japan and continental

Europe since 1950 have sometimes been attributed to a convergence phenomenon. According

to the convergence hypothesis countries that have lower productivity at the start of a period

tend to grow faster because they are adopting already proven technologies rather than having

to discover and refine completely new technologies. When, however, 1950-80 growth rates

are plotted against 1950 per capita output for all 72 countries for which data are available,

there does not appear to be any systematic tendency for the countries with low initial

productivity levels to grow more rapidly (Baumol 1986).

High mean levels of schooling appear to be one of the factors that explain why some

low income countries grow rapidly and others do not (Hicks 1980, Wheeler 1980, Easterlin

1981, Marris 1982). But among the more advanced countries, rates of change of mean years

of schooling are negatively correlated with gains in total factor productivity (Christensen,

Cummings and Jorgenson 1980).

Are the countries where learning is progressing most rapidly also the countries where

worker productivity is improving most rapidly? To address this question we need measures

of the rate at which educational outcomes are improving. The average number of years spent

in school is not an educational outcome. It is an educational input. It is possible to spend

many years in school and learn very little.

What we need is internationally comparable data on trends in test scores. To calculate

such trends the same test (or equated tests) must have been administered decades apart to

large representative samples of the population. Data of this type can be obtained from two

sources: general academic ability exams administered to military recruits in countries which

have universal military service and from standardization studies for the WISC and the WAIS

IQ tests (Flynn 1987). Such data is available for 10 western countries: Australia, Belgium,

Canada, France, Germany, Japan, Netherlands, Norway, the United States and the United

Kingdom.

The mean IQ of the young adult population substantially increased during the postwar

period in both Europe and Japan. Table 10 reports the findings of the studies for which there

can be no debate about the representativeness of the populations tested. In every country for

which data was available (including the countries with weaker studies), there were major gains
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on IQ tests during the post war period. The findings for France, Netherlands, Norway and

Belgium are especially strong. In these countries unchanged tests were given to all male 18

year olds entering their universal military training obligation. In just 25 years, for example,

the IQ scores of French 18 year olds rose 25 points on the Ravens, a "culture reduced" test

of abstract problem solving ability, and 9.4 points on a more conventional test of verbal and

mathematical intelligence. In general, test score gains were smaller on math and verbal tests

than on tests of abstract problem solving ability and the petformance components of Wechsler

IQ tests.

Let us begin by looking at how gains in test scores relate to gains in years of

schooling. In figure 7 we have rates of gain on general academic ability tests per decade

on the horizontal axis plotted against gains in mean years of schooling of adults (translated

into a worker productivity metric) on the vertical axis. Quite clearly when one compares

industrialized societies, there is no tendency for the countries with rapid increases in mean

years of schooling to also have more rapid gains on tests given to adults and to students

nearing the completion of their schooling. This result suggests that changes in mean years of

schooling may be a very impetfect indicator of gains in real academic achievement. Since it

is additional skills and knowledge, not additional years of schooling, which is presumed to

cause increased worker productivity, it is the gains in skills and knowledge which must be

measured and then related to productivity growth, not gains in mean years of schooling.

Now let us return to the question we began with. Figure 8 plots yearly percentage

growth in labor productivity between 1960 and 1984 against gains on general academic ability

tests. Clearly there is a strong positive relationship between productivity growth and the

growth of general human capital as indexed by increased scores on IQ tests. Similarly there

is a strong positive relationship between manufacturing productivity growth and gains on IQ

tests (see Figure 9), between real wage growth in manufacturing and IQ test gains (see Figure

10) and between growth of per capita income and IQ test gains (see Figure 11).

These comparisons probably exaggerate the causal effect of test score gains on national

productivity. The countries such as Japan, Germany, Belgium, France and Netherlands that

had above average rates of gain in test scores during the postwar period tended to be the

countries who suffered the most during World War 2. The war destroyed much of the nations

physical capital and disrupted schooling of the young. The rapid postwar growth of these
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nations has quite cOITectly been characterized as a return to their pre-war position in the

industrialized world. Table 11 presents the results of cross section regressions which examine

the impact of gains in general human capital while statistically controlling for the effects of

World War 2. Including controls for the devastation of the war, somewhat reduces the

magnitude of the relationship between test score growth and productivity growth but the effect

of IQ growth on productivity growth remains highly significant and substantively important.

Causation may also operate in the opposite direction--better living standards may cause higher

levels of academic achievement even if it does not cause young people to stay in school

longer.

We have not, however, yet controlled for other determinants of productivity growth

such as growth of capital per worker. Total factor productivity growth effectively provides

such a control. It is defined by subtracting the effects of the growth of capital from labor

productivity growth. Figure 12 plots total factor productivity growth for the period 1955 to

1973 against IQ growth. The slope of the relationship is somewhat reduced but a positive and

significant relationship remains. When total factor productivity growth in manufacturing is

examined, we also find a significant positive relationship with IQ growth (see Figure 13).

Both of these relationships survive introduction of controls for the devastation of World War

2 (see Table 12).

I think it is fair to conclude from this evidence that gains in IQ and by inference in

general academic achievement have profound effects on competitiveness and productivity

growth. US productivity growth has lagged behind that of other nations in the postwar period

and slower rates of improvement in human capital may be one of the reasons for the contrast.

VII. IMPACT OF IMPROVEMENTS IN ACADEMIC PERFORMANCE
ON AMERICAN PRODUCTIVITY GROWTH

Evidence has been presented that the effect of general intellectual achievement on wage

rates and productivity is quite large. This, in turn, implies that the 1.25 grade level equivalent

decline in the test scores of American secondary school graduates between 1967 and 1980

signalled a significant deterioration in the quality of young entrants into the American work

force. The decline of student test scores was unprecedented for prior to 1967, student test

scores had been rising steadily for more than SO years. Bishop (1989) has recently developed
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an index of the quality of the US work force that incorporates the effects of improvements

in academic achievement at given levels of schooling as well as increases in years of

schooling. Jorgenson, Gollop and Fraumeni estimate that increases in years of schooling

raised labor quality in the US by .725 percent per year between 1948 and 1973. Our

estimates imply that improvements in academic achievement at given amounts of schooling

contributed an additional .212 percent per year to the growth of the quality of labor during

this period. The test score decline reduced this contribution to .16 percent per year between

1973 and 1980, and .085 percent per year in the 1980s. If the test scores of high school

graduates had continued to grow at the rate that prevailed between 1942 and 1967, labor

quality would now be 2.9 percent higher. The social cost in terms of foregone GNP is now

86 billion dollars annually. Even with rapid improvements in the quality of elementary and

secondary education, the labor quality shortfall grows to 5.5 percent in 2000 and 6.7 percent

in 2010.16 If academic learning creates externalities, as argued above, the social costs of

deteriorating school quality are even greater.

It would appear that the education enterprise has historically been an important source

of economic growth. When the academic achievement of students completing their schooling

declines substantially, the economic costs are large and last for generations. Consequently, the

potential benefits of major improvements in the academic achievement of students would also

appear to be substantial.
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ENDNOTES

1. The model estimated was:
InWEARN =a., + ajGAA + azSCH + a3AGE + <4NOWHITE+ asTRUEBG + Uj

TEST =GAA + UZ

YRED = SCH + U3

MEASBG =~*TRUEBG + Y4

MEASBG is a vector of imperfectly measured characteristics of the individual's true family
background: TRUEBG = [fathers education, father's occupation (Duncan index), number of
siblings, father foreign born, born on a farm, born in the South]. GIA, SCH and the
elements of TRUEBG are latent variables with measurement errors (uz, U3and ~ which are
uncorrelated with each other and with equation error (Uj). Var(GAA) is normalized to 1,
Var(GAA)Nar(TEST) = .652 and Var(SCH)/Var(YRED) = .915. For the three dummy
variables (Father foreign born, Born on a farm, and Born in the South), reliability is
assumed to be .903 and Cj is assumed equal to be .95. For the other three background
variables, Ci is assumed to be I and the reliabilities are assumed to be .702 for Fathers
education, .735 for Father's occupation and .927 for Number of siblings (Christopher Jencks
et. aI., 1979, table A2.14). The results of estimating such a model predicting the log of
weekly earnings in 1971 PSID data on male household heads 25 to 64 years old are:

(I) InWEARN = .19OGAA + .0576SCH + .000AGE - .06NOWHITE + .OO5FAED - .OO28FAOCC
(6.26) (6.24) (2.92) (1.25) (.45) (1.44)

- .OOO2SIBS + .076FAFOR - .l52BORNFARM - .000BORNSOUTH + a.,
(.03) (1.74) (3.58) (.25) N=1774

R2=.268

T statistics are in parenthesis below the coefficient. Except for BORNFARM, none of the
indicators of family background have a significant direct effect on weekly earnings. The
addition of these variables to the model causes a small (7 percent) reduction in the
coefficient on academic achievement. If there is no correction for errors in measurement
the coefficient on academic achievement (GIA) is .109 and the coefficient on schooling is
.0596. Thus, correcting for measurement error increases the estimated effect of academic
achievement by 74 percent and reduces the direct effect of years of schooling very slightly.

2. For example, reliabilities for the College Board's afternoon Scholastic Achievement Tests
are .90 for English Literature and .87 for Math I and for the morning Scholastic Aptitude
Tests are .91-.92. The correlation between Math I and the Math SAT is .83 and the
correlation between English Literature and the Verbal SAT is .84 (College Board 1984,
1987). In contrast, the correlation between math and verbal SATs is .66. There are good
reasons for high correlations between past achievement in a subject and scores on aptitude
tests designed to predict future achievement in the subject. Past achievement aids learning
because the tools (e.g. reading and mathematics) and concepts taught early in the curriculum
are often essential for learning the material that comes later. Furthermore, aptitude tests are
validated on later achievement levels, not on rates of change of achievement. Consequently,
many of the items that are included are similar to the items that appear on achievement
tests.



y 7

E
A

'R 6
L
Y

p 5

E
R
C ..
E
N/
T 3
A
6
E

2

6
R
0 1
W
T
H 0

~

. UK

~..)
Figure 8

LABOR PRODUCTIVITY GROWTH
PER HOUR 1960-1984

BY

GROWTH IN IQ

. BE . FR . GE

0 1

. NE

. NO

. AU

. US . CA

2 3 5 6 7..

POST WW2 IQ GAIN IN POINTS PER DECADE

SOURCES: FLYNN: MADDISON: OECD (1).

. '-'A

8

C}

9 10



e

7
P
E
R 6
C
E
N 5
T
A/
G 4
E

G 3
R
0
W 2
T
H

1

0

0

Figure 9

MANUFACTURING LABOR PRODUCTIVITY GROWTH
PER HOUR 1960-1985

BY

GROWTH IN IQ

. JA

. BE. NE

III FA

. GE

III UK III CA
III NO

. US

1 2 1054 6 73 e 9

POST WW2 IG GAIN IN POINTS PER DECADE

...,.."'n~C'~. 1:'1VNN' RI ~-



P 5
E
R
C
E 4
N
T
A

/G 3
.

E

6

Figure 10

HOURLY MANUFACTURING COMPENSA T.ION GROWTH
1960-1985

BY

GROWTH IN IQ

. NE . BE . GE . JA

G
R 2
0
\if
T
H 1

.FR

. NO.
. UK

. CA
. AU

. US

0 1 10

0

2 5 6 7 8 943

POST WW2 10 GAIN IN POINTS PER DECADE

SOURCES: FLYNN; BLS.



Figure 11

PER CAPITA GDP GROWTH
BY

GROWTH IN

7

6
P
E
R

5C
E
N
T 4
A
G
E/

'3

G
R
0 2W
T
H

1

0

. NO
. NE

. CA
. UK . US . AU

0 3 4 51 2

IQ

. BE

1950-1986

.FR

6

POST WW2 IQ GAIN IN POINTS PER DECADE

-'''''.'''r-tr''l
""'n l.J~C"Tn..'

. GE

7

I

. JA

8 109



P 5
E
R
C
E .4
N
T
A

/ G 3
.. E

Figure 12

GROSS TOTAL FACTOR PRODUCTIVITY GROWTH
1955-1973

BY

GROWTH IN IQ

6

)I( FR )I( GE

)I( NE
G
R 2
a
w
T
H 1

)I( UK
)I( CA

)I( US

0

0 5 71 2 3 .4 6

POST WW2 IQ GAIN IN POINTS PER DECADE

FLYNN: CHRISTENSEN. CUMMINGS, AND JORGENSEN.

)I( JA

B 1.9

; .
I



Y 6

E
-A
R
L 5

Y

P
4E

R
C
E /3
N
T
A
G 2
E

G
R 1
0
W
T
H 0

0

Figure 13
I

TOTAL FACTOR PRODUCTIVITY GROWTH
IN MANUFACTURING 1969-85

BY

GROWTH IN IQ

. BE

. ~A

. FR . GE

. NO

. UK . US

. CA

1 2 3 4 5 6 7 8 9 10

POST WW2 10 GAIN IN POINTS PER DECADE

C'nIIQr.J:'~~ FL VNN: MADDISON: OECD (2).



ACADEMIC LEARNING AND NATIONAL ~RODUCTIVITY
8/29/91

34

3. Tuijnman's estimated "true" correlations were used to estimate a model in which log
earnings is a function of schooling, home background and the two tests.

4. Its ability to accomplish these objectives has been thoroughly researched and the battery has
been periodically modified to incorporate the findings of this research. Eighty percent of
the jobs held by enlisted personnel in the military have civilian counterparts so the research
on the validity of the ASV AB in military settings generalizes quite well to major segments
of the civilian economy (US Department of Defense, 1984). The test is highly correlated
with the cognitive subtests of the General Aptitude Test Battery, a personnel selection test
battery used by the US Employment Service, the validity of which has been established by
studies of over 500 occupations. A validity generalization study funded by the armed forces
concluded "that ASV AB is a highly valid predictor of performance in civilian occupations"
(Hunter Crossen and Friedman, 1985, p. ix). During the summer of 1980 all members of
the NLS Youth sample were asked to take this test and offered a $50 honorarium as an
inducement. The tests were successfully administered to 94 percent of the sample. Testing
was generally conducted in groups of 5 to 10 persons. The 1980 version of the ASV AB
(Form 8A) was administered by staff of the National Opinion Research Corporation
according to strict guidelines conforming to standard ASV AB procedures. At the time of
the testing the NLS youth were between 15 and 23 years of age.

5. These subtests have some similarities with the occupational competency examinations
developed to assess high school vocational students. However, the ASV AB technical
subtests assess knowledge in a much broader domain and the individual items are,
consequently, more generic and less detailed. The ASV AB technical composite is
interpreted as a measure of knowledge and train ability for a large family of jobs involving
the operation, maintenance and repair of complicated machinery and other technically
oriented jobs.

6. The alternate form reliabilities of these composites are approximately .92-.93 for Technical,
.93 for Math, .93-.94 for Verbal, .80 for General Science, .72 for Numerical Operations and
.77 for Clerical Checking (US Military Entrance Processing Command 1984; Palmer et aI,
1988).

7. Technical and academic competencies were assumed to have linear and additive effects on
labor market outcomes:

(1) Yt = .!!tA+ blC +ctT + c;S + &Zt+ lit for t = 1983...1986

where Yt is a vector of labor market outcomes (wage rates and earnings) for year t.

A is a vector of test scores measuring competence in mathematical reasoning, reading and
vocabulary and science knowledge.

C is a measure of speed in simple arithmetic computation.

T is he technical composite measuring mechanical comprehension and electronics, auto and
shop knowledge.
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S is clerical checking speed.

~ is a vector of control variables such as age, civilian work experience, schooling, school
attendance, military status, marital status, parenthood, minority status, region, residence in
an SMSA and local unemployment rate.

.Ytis a vector of disturbance terms for each year.

8. Reports of weeks spent in civilian employment were available all the way back through
1975. For each individual, these weeks worked reports were aggregated across time and
an estimate of cumulated civilian work experience was derived for January 1 of each year
in the longitudinal file. This variable and its square was included in every model as was
age, age squared and current and past military experience. School attendance was controlled
by four separate variables: a dummy for respondent is in school at the time of the interview;
a dummy for respondent has been in school since the last interview; a dummy for part time
attendance and the share of the calendar year that the youth reported attending school
derived from the NLS's monthly time log. Years of schooling was controlled by four
variables: years of schooling, a dummy for high school graduation, years of college
education completed, and years of schooling completed since the ASV AB tests were taken.
The individual's family situation was controlled by dummy variables for being married and
for having at least one child. Minority status was controlled by a dummy variable for
Hispanic and two dummy variables for race. Characteristics of the local labor market were
held constant by entering the following variables: dummy variables for the four Census
regions, a dummy variable for rural residence and for residence outside an SMSA and
measures of the unemployment rate in the local labor market during that year.

9. Bishop, Blakemore and Low's (1985) studied the effect of math, reading and vocabulary test
scores on the wage rates and earnings of high school graduates for both 1972 and 1980 in
a model that contained controls for grade point average and the number of credit hours of
academic and vocational courses. In both these years, none of the variables representing
academic performance--the three test scores, GPA and the number of academic courses--
had a significant (at the ten percent level) effect on the wage rate of the first post high
school job. Only one variable (the vocabulary test for female members of the class of
1972) had a significant effect on the wage 18 months after graduation.

10. The survey was of a stratified random sample of the National Federation of Independent
Business membership. Larger firms had a significantly higher probability of being selected
for the study. The response rate to the mail survey was 20 percent and the number of
usable responses was 2014 (Bishop and Griffin, fonhcoming).

11. Studies that measure output for different workers in the same job at the same firm, using
physical output as a criterion, can be manipulated to produce estimates of the standard
deviation of non-transitory output variation across individuals. It averages about .14 in
operative jobs, .28 in craft jobs, .34 in technician jobs, .164 in routine clerical jobs and .278
in clerical jobs with decision making responsibilities (Hunter, Schmidt & Judiesch 1988).
Because there are fixed costs to employing an individual (facilities, equipment, light, heat
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and overhead functions such as hiring and payrolling), the coefficient of variation of
marginal products of individuals is assumed to be 1.5 times the coefficient of variation of
productivity. Because about 2/3rds of clerical jobs can be classified as routine, the
coefficient of variation of marginal productivity for clerical jobs is 30 %
[1.5*(.33*.278+.67*.164)]. Averaging operative jobs in with craft and technical jobs
produces a similar 30% figure for blue collar jobs. The details and rationale of these
calculations are explained in Bishop 1988b and in Appendix B.

12. Only deviations of rated performance (RmjrRmj)from the mean for the establishment (Rm)
were analyzed. The variance of the job performance distribution was also standardized
across establishments by dividing (RmirRmj)by the standard deviation of rated performance,
(SDj(Rmij),calculated for that firm (or 3 if the sample SD is less than 3). Seperate models
were estimated for each major occupation. They were specified as follows:

Rm.-Rm =8 + 81(T-T ) + 82(S-S. ) + 83(X-X ) + 84(D.-D ) + V2---IJ-=-=-j 0 -"-'J -=-,J IJ J =lJ -J -IJ =-J

SD (Rm.
J IJ

where Rij = ratings standardized to have a zero mean and SD of 1.

L = a vector of the five GATB aptitude composites

Sjj is the schooling of the ilb individual.

~ = a vector of age and experience variables--age, age2, total occupational experience,
total occupational experience2, plant experience and plant experience2.

I1j = a vector of dummy variables for black, Hispanic and female.

:L, Sj, Xj and Dj are the means of test composites, schooling, experience variables and race and

gender dummies for the jib job/establishment combination.

13. When all variables are multivariate normal, the ratio of the coefficients estimated in the
selected sample to the true coefficient estimated in an unselected population is equal to:

8*/B = VR/(l-R2(l-VR» = VR + R*2(l-VR)

where VR is the ratio of the variance of y in the selected sample to its variance in the full
population, R2 is the multiple coefficient of determination of y on X in the full population
and R*2 is the multiple coefficient of determination of y on X in the selected population
(Goldberger 1981). Estimates of VR, the ratio of incumbent job performance variance to
new hire job performance variance can be derived from the NCRVE employer survey
analyzed in Bishop (l987a, 1988a). Data on the reponed productivity in the 3rdthrough 13th

week after being hired of two different workers was employed to calculate a variance ratio
by dividing job performance variance of incumbents (pairs of workers both of whom were
still at the firm at the time of the interview a year or so after being hired) by the job
performance variance of a group of very recent hires (pairs of workers both of whom stayed
at least 13 weeks but who mayor may not have remained at the firm through the
interview). The resulting estimate of VR was .486. Assuming multi-variate normality and
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noting that the R2 of the models in table 8 averages about .16, our estimate of B/B*, the
multiplier for transforming the coefficients estimated in the selected sample into estimates
of population parameters, is 1.76.

Variables which were not used to select new hires such as the GATB test scores may have
a positive correlation with unobservable characteristics of the individual which are used in
selection. If the unobservable has its own independent effect on job performance (ie. it is
not serving solely as a proxy for test scores), test score coefficients may be positively
biased. Mueser and Maloney (1987) experimented with some plausible assumptions
regarding this selection process and concluded that coefficients on education were severely
biased but that coefficients on test scores were not substantially changed when these
incidental selection effects were taken into account.

15. Mueser and Maloney (1988) argue persuasively that since schooling is a very important
factor in the selection process, the coefficients on schooling in estimations like these are
negatively biased estimates of true population relationships. This argument probably applies
as well to the coefficients on work experience in the occupation but not at the firm.

16. The only way to prevent these forecasts from being realized is to change the relationship
between GIA at age 17 and GIA as an adult. This might be accomplished by attracting
massive numbers of adults back into school, by expanding educational offerings on television
and/or by inducing employers to provide general education to long term employees.
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Table 1
Effect of ASVAB and Early School Tests

on Wage Rates and Earnings in 1985

ASVAB School Controls R2 N FTest of
Test For Equality

Educ. & of Coef.
Background

Mm
Log Wage Rate .119 -.049 X .243 1244 18.7."

(4.91) (2.53)

Log Earnings .207 -.067 X .396 1330 21.2."
(5.54) (2.27)

Females
Log Wage Rate .092 .0]6 X .274 1211

(3.03) (.73)

Log Earnings .100 -.016 X .315 1199 2.0
(1.87) (.43)

Source: Analysis of NLS Youth Data. The ASV AB test score was an average of all 9 subtests.
The school lest was the Z score relative 10 national norms on a lest taken early in the youth's
school career were included in the models. A full set of controls for years of schooJing. school
attendance. actual cumulated work experience. gender. race. Hispanic and characteristics of the loca]
labor market. The sample was limited to youth for whom an early test score was available.



Test Test Youth Home Adult
Age 20 Age 10 Educ. Back Educ.

Ground

Occ 25 .45 -.24 .39 .08
(3.0) (1.8) (7.2) (1.9)

Occ 30 .41 -.21 .46 .04
. (3.0) (1.6) (9.0) (1.1)

Oce 35 .35 -.16 .45 .10 .13
(2.6) (1.3) (9.0) (2.6) 3.1

Occ 40 .39 -.20 .38 .14 .20
(2.8) (1.6) (7.5) (3.6) 4.7

Occ 43 .38 -.23 .34 .14 .31
(2.8) (1.9) (6.7) (3.7) (6.1)

Occ 52 .31 -.20 .33 .09 .42
(2.4) (1.7) (7.0) (2.6) (9.0)

Oce 56 .36 -.22 .31 .09 .43
(2.8) (1.9) (6.5) (2.5) (9.3)

Source: Standardized regression coefficients (with T statistics in parenthesis) for
models predicting occupational attainment are from Tuijnman, 1989, Supplementary
Tables A 9.2 to A 9.8.

Table 2
Determinants of Occupation

Swedish J\.lalmo Data



. Test Test Youth Home R2
Age 20 Age 10 Educ. Back

Earn 25 .036 -.002 .056 .015 .104
(1.23) (.09) (3.13) (1.16)

Earn 30 .029 .008 .129 .022 .302
(1.05) (.36) (7.60) (1.77)

Earn 35 .061 .018 .161 .071 .434
(1.89) (.66) (8.00) (4.79)

Earn 40 .063 -.017 .247 .037 .431
(1.69) (-.56) (10.68) (2.15)

Earn 43 .066 -.009 .222 .048 .385
(1.65) (.28) (9.01) (2.64)

Earn 52 .032 .020 .165 .034 .261
(.79) (.60) (6.69) (1.86)

Earn 56 .059 .005 .151 .032 .223
(1.35) (.15) (5.58) (1.60)

Table 3
Determinants of Earnings

Swedish Malmo Data

Source: For log earnings models unstandardized regressions coefficients are reported
so the test score coefficients provide an estimate of the percentage change in
earnings that results from a one population standard deviation change in the test
score. They were fitted using Tuijnman's estimated "true" correlations reported in
Tables 9.2. 9.8 and Appendix C.



Table f
Cognlthe Detemtnants or Success

in Marine Traininq Progrllll!l

~C8l Auto 5 Shop Clerical CalpltlitlOMl "-dh "-dh
C~reh@nsiOll {no!fledqe Electronics Speed Speed Reasming (JIOIfledqe Verblll Sclencl SpeUIIl R7

5181 5 Hiatt
MV~ 6/7
(23061)

All Occupetlona .043- .098*" .041- .013** .060*** .116*** .205- .086*** .089*** .031 .345
(5.20) (12.46) (5.18) (2.29) (8.96) (14.44) (2S.26) (n.!J8) (l0.6ft) (5.89)

Reier' Tru88
ASYAB 8/9/10

!lectronlC8 .0'55- .02'7 .102*** .OO'J .06~ .151- .256- .031 .1P** .492
Repair (4103) (2.73) (1.40) (4.81) (.69) (3.44) (6.41) (11.91) (1.40) (5.73)

~1ca1 .058- .253- .094- .063- .014 .086- .135- .1~ .005 .444
Relntenanoe (3.29) (15.02) (5.02) (4.44) (.81) (4.16) (7.14) (6.27) (.27)
(5841)

Operators, rood .01~ .063** .0111 .086- .022 .137*** .199*** .164- .093- .490
(11m) (2.72) (2.27) (.57) (3.66) (.82) (4.02) (6.41) (5.20) (2.M)

Clerical .014 -.022 .026 .136- .037** .125- .25~ .206- -.101 .443
(5231) (.74) (1.22) (1.33) (9.03) (2.26) (5.70) (13.02) (10.14) (.47)

C!:nb8t .081- .018- .07.0 .02'7- .0'56- .069** .143- .0'13- .061- .251
(RI91) (4.98) (4.611) (1.09) (1.95) (3.62) (3.40) (7.71) (3.88) (3.12)

'h~ld Artillery .OS5 .2)1"* -.00'} .17&- .060 .148"** .138- -.011 .065 .448
(101)2) (1.34) (f).01) (.21) (5.36) (1.64) (3.01) (3.13) (.24) (1.41)



TableS. Effect or competencies on job performance (SQT).

Attention
Mechanical Auto. Shop Electr. to Compo Word Arith. Math

Comprehen!ion Info. Info. Info. Detail Speed Know!. Rea!toninlt Know!. Science R2

Skilled technical 0,092". 0-017 0.132." 0-174". 0.024 0-031 0.215... 0'062" 0.121." 0,057. 0'54S
(1324). (3'07) (0-5R) (4'2R) (5'09) (1-12) (1-17) (6-77) (1'96) (3-76) (I-g 3)

Skilll.d electronic 0-OR6 0-09R 0-24()." 0-045 0-OR4 -0'01 J - f)-()04 -0'021 0-261." 0'072 o.426
(349) (1'30) (1-49) (3-(,4) (0-60) (HlI) (0'22) (0'06) (0' 30) (3-67) (1'05)

General (con!t.)
maintenance -0,004 0-082" o. II 7." ()-I21". 0'043. 0-06R". 0,066. -0'101". 0.441... 0'134". o.S92
(879) (0'11) (2.34) (3-25) (3'05) (1'76) (2-19) (1'80) (2'73) (11'70) (3'67)

Mechanical
maintenance 0'042 0-314". 0.206. - 0,089 0-055 0-235" - 0'004 - 0'068 0-061 0,096 o.412
(131) (0'38) (2'R8) (1.84) (o.71) (0-72) (2'43) (0-03) (0-59) (0'52) (o.85)

Clerical - 0'06R o.087." - 0'030 0,065 0-015 O'ORS" O-IIR." 0'241." 0.206." 0,064 (}425
(830) (-I-59) (2-05) (-0'69) (1'33) (0' SO) (2'24) (2-61) (5-33) (4'46) (1'44)

Operator! and food 0-109. (}179." 0.062 0.100.. 0'050 -0,037 0'061 0-114. 0'106.. (}076. 0-414
(814) (2'50) (4,1 1) (1'39) (2'02) (1'62) (0'96) (1'33) (2'47) (2'25) (1'66)

Un!tkilled
dectronic 0,004 0-027 0.062. 0,077" 0,036 0-053. -0'010 0'058. 0.018 - 0-025 0'052
(2545) (0'14) «(}R7) (1'93) (2-15) (1'(,5) (1'92) «(}31) (1'75) (0'55) «(}76)

Cnmh:tf (}147." 0.060." 0'080." 0'058". 0.04R". 0'03 5" 0'069." 0-070... 0-139... 0-070." 0-3SR
(5403) (M'2M) (3.38) (4'42) (2'M6) (3'82) (2'23) (3-71) (]'74) (7'29) (3'82)

Field artillery 0'059 (}047 0'030 0-134" 0-088.. - O.()OI) 0'000 0.186." 0-230". 0-061 0'422
(534) (1'10) (0-89) (0'56) (2'21) (2'33) (0-19) (0'0 I) (3'28) (3'99) (HO)

Sf/ll,rt': Reanaly!tis of Maier and GrAfton's (1981) data on the nhility of A~VAn6/7 to predict Skill Qualificntion Test (~QT)scores. The correlntion matrix was corrected f
restriction of rAn~e hy Maier and Grafton.



ACAD£HIC ~ARNINC AND ~~IONAL PRODOC~IVITY
217/91 51

Table 6
ASVAB SUBTESTS WHICH ARE THE BEST PREDICTORS OF CORE TECHNICAL PROnCIENCY

by Military Occupational Specialty Cluster

Field
Artillery

(464)
Source: Summarized from Table 2 of Wise, McHenry, Rossmeissl and Oppler, 1987. Based on .n
analysis of the ability of ASVAB subtests to predict Core Technical Proficiency ratings after the recruit
has been in the US Army for 2 or 3 years. Core Technical Proficiency ratings are about 50 percent
based on hands-on work sample tests and 50 percent baSt'd on paper and pencil job kno"ledge exams.
The subtests listed in the table are the.3 or 4 subtests which in combination maximized the R' of the
model predicting Core Technical ProfICiency.

Sabtest

Electronics
Repair (123)

Skilled Tech.
(1329)

Mechanical
Maintenance

(716)

General
Maintenance

(272)

Operators/Food
(1215)

Surveillance &
Communication

(289)

Clerical
(1210)

Combat
(1429)

Technical Verbal/ScienceSpeed

Compute-Speed

Quantitative

Electronics Science

Mechanical Compo Math Knowledge Science
Verbal

Auto-Shop Know.
Mechanical Compo
Electronics

Science

Auto-Shop Know. Math Knowledge Science
Verbal

Auto-Shop Know. Arith Reasoning
Math Knowledge

Verbal

Auto-Shop Know. Compute-Speed Math Knowledge
or Arith Reason.

Verbal

Arith Reasoning
Math Knowledge

Verbal

Auto-Shop Know.
Mechanical Compo

Math Knowledge Science

Auto-Shop Know.
Mechanical Compo

ScienceCompute-Speed



Technical Speed Quantitative Verbal ]t2

General Soldering
Proficiency .26 .03 .20 .10 .461

Effort and
Leadership (resid) .21 .07 .08 .03 .280

Effort and
Leadership (raw) .21 .09 .03 -.07 .206

Personal Discipline .06 .04 .07 -.03 .10

Table '7,

Effect of ASVAB Composite

on other Dimensions of Job Performance

Source from John Campbell, 1986, Table 10. Standardized Coefficients from
an Analysis of Project A Data on Performance in the Military.



-Table 8

Ra\\' Validity Coefficients

Mechanical Spatia] Perceptual Psychomotor
Comprehension Intelligence Arithmetic Relations Aa:uracy Abilities

Foreman 23' 28" 2()d 21' 27' ISb

Craftworkcrs 26' 2st 25' 23' 248 19'

Industrial Workers 24' 2(1 21' 21' 2r! 22'

Vehicle Operators 22' IS' 2S' 16' 17' 25'

Service Occupations 26' 28d 13d 1()d ISd

Protective Occupations 23b 23' 18< 17" 21' 14d

Clerical 23' 3(1 26! 16' 29' 16'

Source: Ghiselli (1973) compilation of published and unpublished validity StUdies for job perfonnance. The raw validity
coefficientS have not been corrected for resuiction of range or measurement error in the perfonnance rating. The
Perceptual Accwacy categoT)' include number comparison, name comparison, cancellation and perceptual speed tests. They
assess the ability to perceive detai] quickly. Psychomotor testS measure the ability to perceive spatia! pauems and to
manipulate obj~tS quickJy and accwately. This category of testS include,lraCing, tapping, doting, fmger dexterity, hand
dexterity and ann dexterity testS.

. Less than 100 cases.

. 100 to 499 cases.. 500 to 999 cases,,
1.000 to 4.999 cases.

. 5.000 to 9.999 cases.,
10.000 or more cases



Table \Determinants of Job trfonnance

Technician High Skill Low Skill Craft Operatives Service
Clerical Clerical Workers

Mathemabcs .198*** .161*** .207*** .168*** .107*** .223***
(.035) (.033) (.026) .017 (.018) (.039)

Vezbal .051 .073** .070** -.018 .012 .078*
(.038) (.035) (.030) (.020) (.023) (.046)

Spatia] Ptltepbon .025 -.068*** -.002 .075*** .022 .039
(.029) (.026) (.021) (.014) (.016) (.034)

PerceptuaJ Ability .026 .106*** .103*** .048*** .082*** .063*
(.036) (.031) (.025) (.018) (.019) (.038)

Psychomotor Ability .113*** .094*** .091*** .083*** .145*** .133***
(.027) (.026) (.021) (.013) (.015) (.030)

Yrs. of Schooling .031* .026 -.014 -.009 -.036*** -.020
(.016) (.016) (.013) (.OC)7) (.008) (.017)

Relevant Experience .041*** .019 .042*** .040*** .036*** .082***
(.014) (.015) (.012) (.005) (.010) (.016)

(Relevant ExpcrienceY -.00094** -.00012 -.0009** -.00025* -.0005 -.0021 ***
(.00046) (.00046) (.0004) (.00015) (.0003) (.0005)

Tenure .085*** .113*** -.0925*** .0620*** .079*** .O~***
(.015) (.016) (.014) (.0056) (.011) (.019)

Tenure2 -.0024*** -.0031*** -.0026*** -.00156*** -.0017*** -.00131
(.0006) (.0006) (.0006) (.00018) (.0004) (.00077)

Age -.0024 .040*** .037*** .052*** .053*** .044***
(.0163) (.015) (.010) (.0078) (.007) (.013)

(Age-18)2 -.00012 -.()()()64 ..
* * -.00062*** -.00071 *** -.00072*** -.00055*

(.00021) (.00020) (.00013) (.000 10) (.00009) (.00017)

Female .057 .063 -.024 -.396*** -.1~*** .166**
(.056) (.072) (.063) (.066) (.043) (.073)

Black -.138** -.390*** -.146*** -.247*** -.216*** -.031
(.060) (.054) (.042) (.032) (.029) (.063)

Hispanic .046 -.286*** .053 -.109*** -.053 -.076
(.099) (.086) (.069) (.042) (.049) (.108)

R. Square .114 .167 .139 .150 .145 .153

Number of Obs. 2384 2570 4123 10016 8167 1927

Source: Analysis of GATB revalidation data in the US Employment Services Individual Data File. Deviations of job
performance ratings from the mean for the job/establishment are modeled as a function of deviations of
worker characteristics from the mean for the job/establishment. The test scores are in a population
standard deviation metric. The metric for job performance is the within job/establishmem standard deviation.



Table 10

Increases in IQ Test Scores Over Time

IQ Point Age
Country Gain Period Test Group Status

United Slates 11.0 1918-1943 Army-Wells Alpha 18-33 (4)

6.0 1932-1953 5B-- WAIS 16-48 3

9.9 1932-1971 5B-LM--SB-72 2-18 2

6.4 1954-1978 WAIS--WAlS:R 16-70 (3)

5.3 1942-1987 ITED-Iowa Seniors 17 (3)

United Kingdom 7.4 1939-1979 Ravens 8-30 3

France 25.1 1949-1974 Ravens 18 3

9.4 1949-1974 Verbal & Math 18 3

Japan 20.0 1951-1975 Wechsler 6-15 314

Netherlands 20.0 1952-1982 Ravens 18 1

Norway 8.8 1954-1968 Ravens 19 1

8.2 1954-1968 Verbal & Math 19 1

Edmonton, Canada 11.0 1956-1977 CTMM 9 1

Belgium 6.8 1958-1967 Ravens/Shapes 18 1

3.7 1958-1967 VerbaVMath 18 1

Note: WAIS- WAIS:R, ITED and Army Alpha results are discussed in the texL For all other comparisons
the source is Flynn 1987. 5B Slands for Stanford Binet, CTMM stands for California Test of Menial
Maturity, ITED stands for Iowa Test of Educational Development, and Ravens stands (or the Ravens
Progressive Matrices teSt of Abstract Reasoning. An tests have been adjusted to give them a standard
deviation of 15. Flynn's classification of the reliability of the estimate is given in the column headed by
status. It has the following key 1 =verified, 2 =probable, 3 = tentative, and 4 =speculative. The Status
classifications in parenthesis were assigned by the author.
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Table 11
Eff~t of IQ Gains

on
Labor Productivity Growth

Growth Growth Level
IQ Schooling GDP/hr GDP/hr GDP/hr

Growth Growth 1938-50 1938-60 1960 Intercept R2
GDPlhr 1960.84
excluding mining

5.2*** 1.1 .65
(4.19) (1.72)

2.0** -.42*** 3.3*** .89
(2.08) (4.41) (5.41)

3.7*** -.89*** 4.1 *** .94
(6.51) (6.22) (7.44)

2.2** 2.2*** 15.3*** .93
(2.97) (5.75) (6.16)

3.4*** .06 .95*** 4.4*** .98
(7.18) (.13) (9.65) (8.44)

Manufacturing
1960-85

5.8*** 1.8- .57
(3.39) (1.93)

4.1 ** -.94** 5.1*** .80
(3.10) (2.96) (3.97)

Estimates of GDP/hr levels and growth rates are from Maddison 1982, 1984 with updates derived from data in OECD
National Accounts, OECD Economic Outlook and OECD Employment Outlook. The sample comprises Australia,
Belgium, Canada, France, West Germany, Japan, Netherlands, Norway, United States and United Kingdom. Mining input
and hours worked were excluded. The sample for the model containing schooling growth comprises Canada, France,
West Germany, Japan, Netherlands, U.S. and the U.K. Estimates of growth of output per hour in manufacturing are from
BLS 1987. The sample comprises Belgium, Canada, France. Germany, Japan. Netherlands, Norway, United States and
the United Kingdom. T statistics are in parenthesis below the coefficienL

* significant at the 10 percent level on a one tail teSL-. significant at the 5 percent level on a one tail test.

*** significant at the 1 percent level on a one tail test.



.5 .66
(.85)

2.5*** .83
(3.96)

-.2.0*** 17.6*** .86
(3.76) (3.85)

ACADEMIC L£ARNING ~ NATIONAL PRODUCTIVITY
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Growth
GDP/hr

IQ Growth 1938-50

Table 12
Effect on IQ Growth

on
Wages and Per Capita Income

Log
Level

GDP per
person
1950

Growth
GDP/hr

1938-60 Intercept R2

Hourly Compensation
in Manufacturing
1960-85 4.7***

(3.15)

-.54
(1.39)

1.4
(1.73)

3.2
(2.12)

.49

3.8**
(2.45)

.55

Percapita
Income
1950-86 4.9***

(4.54)

2.0**
(2.10)

-.33***
(3.12)

1.9*
(1.74)

Data on hourly compensation in manufacturing is from BLS (1986), and Q&.C.Q Main Economic Indicator. Data on
percapita income is from Summers and Heston (1984) and BLS (1987) and OECD Economic Outlook. The sample
comprised Australia, Belgium. Canada. France. Gennany. Japan. Netherlands. Norway. US and the UK. T Statistics are in
parenthesis below the coefficient.

. significant at the 10 percent level on a one tail test
.. significant at the 5 percent level on a one &ailtest

*** significant at the 1 percent level on a one tail test.
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Table 13

Effect of IQ Gains
on

Total FaclOrProductivity Growth

Schooling Growth Growth
IQ Growth GDP/hr GDP/hr

Growth 1955-73 1938-50 1938-60 Intercept R2

Private Business
Sector 1955.73

1.5** -.18". 2.27... .93
(2.76) (3.78) (6.69)

1.4. -.13 -.18** 2.35." .91
(2.29) (.27) (2.88) (4.45)

Manufacturing
1969-85

2.0 -.83** 3.90** .53
(1.19) (2.90) (2.41)

2.4** 1.0 -.72** 2.5** .90
(3.15) (1.29) (4.58) (2.94)

The estimates of IOtaI factor productivity for the Private Business SeclOr are from Christensen, Christensen and
Cummings. The countries which matched with the lQ data were Canada, France, West Gennany. Japan, Netherlands.
United States and the United Kingdom. Estimates of capital labor productivity for the manufacturing seclOr are from
OECD Economic Outlook. May 1986 Table 5. The countries which matched with the lQ data were Belgium, Canada,
France, Gennan)', Japan. Norway, United States and the United Kingdom. T statistics are in parenthesis below the
coefficient.

. significant at the 10 percent level on a one tail test.
.. significant at the 5 percent level on a one tail lest.... significant at the 1 percent level on a one tail test.



COMPARISONS OF SCIENCE PERFORMANCE

In the US only 6 , take two biology classes during high school and only 1 ,

take Chemistry or Physics for two years. Much larger proportions of the age
cohort take science courses in other countries.

1983 DIFFERENCE BETWEEN US AND OTHER COUNTRIES
(in US standard deviation units)

At Age 18 At Age 15
Percent Percent Percent
Taking Biology Taking Chern Taking Physics General
Bioloqy Score Chern. Score Physics Score Science

UNI'l'ED STATES 6' 1 , 1 ,
CANADA 28, .52 25, -.04 19, -.37 .42

AUSTRALIA 18 , .67 12, .49 11 , .19 .26

ENGlAND 4 , 1.66 5 , 1.74 6' .81 .04

JAPAN 12 , .54 16, .78 11' .67 .74

NORWAY 10, 1.10 15, .23 24 , .46 .28

SWEDEN 15 , .69 15, .13 15 , -.04 .38

FINLAND 45 , .91 14, -.24 14, -.48 .40

ITALY 14 , .29 2 , .02 19 ' -1.11 .04

SINGAPORE 6 , 1.88 5 , 1.55 7 , .59 .00

HONG KOHG(F6) 7' .84 14, 1.46 14 , .87 -.02

HUNGARY 3 , 1.42 1 , .55 4 , .70 1.04

POLAND 9 , 1.24 9 , .38 9 , .38 .32

Source: International Association for the Evaluation of Educational Achievement
(lEA) Science Achievement in Seventeen Nations, Pergammon Press, 1988
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The ASVAB is a multiple aptitude battery designed ror use with students in
Grades II and 12and in postsecondary schools. The test was developed to )ield
results that are useful to both schools and the military. Schools use ASVAB test
results to pro\ide educational and career counseling for Students. The military
services use the results to identif)' students who potentially qualify for entry into
the milita!")'and for assignment to military occupational training programs.

like other multiple aptitude batteries, the ASVAB measures developed abilities
and predicts what a person could accomplish with training or funher education.
This test is designed especially to measure potential for occupations that require
(ormal courses of instruction or on-the-job training. In addition, it provides
measures of general learning ability that are useful (or predicting performance in
academic areas.

The ASVAB can be used for both milita!")'and civilian career counseling, Scores
from this test are valid predictors of success in training programs for enlisted
military occupations. Through the use of validity generalization techniques.
predictions from military validity studies can be generalized to occupations that
span most of the civilian occupational spectrum. Although some enlisted
occupations are military specific, more than 80~ ofthese occupations have direct
civilian occupational counterpans.

Since the ASVAB was first used in high schools in 1968. it has been the subject of
extensive research and has been updated periodically. Appendix A contains a
brief history of the AS VAB and the various forms that have been used.

Key Featutes~~~~~t~~~j~~~~~~w~~~{~r~~~:.',-.',~...",'"

ASVAB-14, introduced in the 1984-85school year, contains several key features
that were not included in previous (orms. These key features include

. improved usefulness in measuring ,'ocational aptitudes: In addition to
yieldingQCQdemic composilts that provide measures of academic potential.
ASVAB-14 supplies occupalional composilts that provide measures of
potential for successful performance in four general career areas.

. Increased reliability: Changes in the length and number of subtests have
increased the test's reliabilit)"v.ithout a substantial increase in testing time.

. nationall)' representatin norms: ASVAB-14 is normed on a nationally
representative sample of 12,000women and men, ages 16-23, who took the
test in 1980. ... . ~ "'. ".'" ,~.. ,"

, ~,'" .

Subtests
The ASVAB consists of 10 subtests. Eight are pov.'er subtests that al10w
maximum performance with generous time limits. Two subtests are speeded.

2



.
WORD PARAGRAPH SUMERICAL CODING SPEED
KNOWLEDGE - COMPREHENSIOS OPERATIONS 7 ~linutes
II Minutes 13 Minutes 3 Minutes

~Items

35 Items IS Items 50 Items

Dtsniption

Delcription Delcription DeKriPtion \Icasurcs abilit~ to usc II

Measures abilit)' 10 selc::! Measures abilit)' 10 obtain \1casarcs abiln~ 10 pcrior.. ...c~in aHiinini code

thc conect mcanin, of information from "Till en arithmetic computation> in numbra to ..ortis in a

words prl:sented in contC~t passalcs, a speedcd conlUI. >p«dcd .:onIC\t.
. and to identif)' thc best.

synon)'m for a liven .ord

AUTO &; SHOP MATHEMATICS MECHA."IICAL ELECTROSICS
INFORMATION KNOWLEDGE COMPREHENSIO:" 1 I~FOR\IA TIOr-.;

11 Minutes 24 Minutes 19 Minutes

25 Items

Description Descriplion ~riplion ~'liO".
\Iusurc> II;no..ltdiC of

t

Measures II;nowltcllc of .. ~Ic&>uresknowledlc of ~casureskno..ltclac oi
automobiles. lools. and hlSh schoot mathematics methauical and ph~'slcal -- CletHl.;tI~and cle.,roni.:s,
shop terrninolOIY and principles. principles and abili!\ to

. praCtices. visualize ho.. illUSIrit ed
i objects .or!..,
i
f

I)) .

.
t
~

J.

I,
t
I,
.

t
4

Figure I-I presents the subtests. the time allowed for the administration of ta~h
subtest. the number of items persubtest, and the descriptions of the abilities or

. knowledge measured. The subtests are designed to measure general cognitive
abilities and acquired information in specific areas. Sample questions for each
subtest are pro\ided in Appendix B.

II Minutes

25 Items
36 Minutes

30 Items

Figure I-I.

ASV AB-14

CO!\'TE!IoIi.

Testin. Time
AdminiStrali\'c Tll':':t
TOIII Tcstini Timc
TOtal Number
of htms 33J

Description

\leasurtS kno,,'led,t of the
;1hysic~: and biolOlical
sc:imm.

1.&.\ minutes

36 minutes
180minutcs:" Delcriplion

Measures abibt)' 10 $Ol\e
arithmetic word problems.

3



e
General Science

1. An .ciipu of the .un throws the
ahldow of the

1-A moon on the sun.
1-8 moon on the earth.
1-C earth on the sun.
1-0 earth on the moon.

2. Subltancn which h.lt.n cheml-
Cli ,..clion time without them-
..fv.I und.rgolng ch.nge .rt
Cllled

2-A buffers.
2-8 Colloids.
2-C reducers.
2-0 Clt.lysts.

Arithmetic Reasoning

3. How many 36-passenger busses
will It take to carry 144 people?

3-A 3
3-B 4
3-C 5
3-D 6

.. It COltI SO.SOper square yard to
wlterproof Clnvas. What will it
COlt to waterproof a canv.s truck
cover thlt II 15' . 24'1

.-A $ 667

.-B S 18.00

.-C $ 2000
4-0 $180.00

c

Word Knowledge

5. The wind is Vlrilble todlY.

5-A mild
5.B steady
S-C shifting
5-D Chilling

I. Rudiments most nearly muns

~A politics.
~B minute detlils.
~C promotion opportunities
~D basic methods and proce-

dures.

76

~



Coding Speed

KEY

bargain. . . . . . . .8385 house..........2859 owner. . . . . . .. . . 6227
Chin. . . . . . . . . . . 8930 knife. . . . . . .' ...7150 point. . . . . . . . . . .703
game. . . . . .. . . .6456 music. . . .. .. . . . ",7 aofa .......... .8645

sunshine. . . . . . .7'89

OUESTIONS ANSWERS

A 8 C D E-,,. game 6456 7150 8385 8930 8645
12. knite "17 6456 7150 7'89 8385

'3 bargain 2859 6227 7'89 8385 8645
,... chin 2859 .703 8385 8930 8645
15. house "" 2859 6227 7~SO 7'89

'6 sofa 7150 7'89 8385 8930 8645

". owner 4703 6227 6456 "50 8930

A I C D E

18 music ,," 2859 7.89 8385 8645
18 knite 6227 6456 7150 7'89 ..85
20 sunshine 4703 6227 6456 7'89 8930
21. chin ",7 2859 .703 7150 8930
22. sofa ..703 6227 7'50 ..85 864S .

:~
23 blrgain 2859 6456 8385 8930 864S

2'. point ,," '703 6227 1456 7150,

7. Tw.nty.five ,.rc.nt 01 .11houle-
hold burgllries can ~ 8ttrlbut.d
10 unlocked windows or doors.
Crimi II the result 01opportunity
plus desire. To prlunl crime," Is
e.ch Individulr. responsibility to

. 7-14. provide the desire.
7-8 provide the opportunity.
7-C prevent the desire
7-0 prevent the opportunity.

.. In certlln .rl.. w.ler Is to acarce
81\81every .ttempl" made to con-
ttrvllt. For Insllnce, on on. o_ls
In Ihe Sll\8rl DtMrt the .mount of
..Ie, MCnltry for t8Ch datt palm
tree ha5 been carefully clelennlned.

Howmuchw.l" IIeach ... liv-
en?
8-14. no w.ter .t .11
8-8 w.ter on .ltem.te days
8-C er.actly the .mount reQuired
8-0 water only if it is healthy

Numerical Operations

j,

to 3 + t =

9.A 3
&-8 6
9-C '2
9-D '3

'0. 10"15 c

,o-A 3
10-8 .
10-C 5
'0-0 6

T7



Auto & Shop Information

25. A ear US" 100 much 011when
which parts .r. wom?

25-A pistons
25-a piston rings
25-C main bearings
25-0 conn.cting rods

.£.- .

~.. -- -

~

26. Th. IIW ahown above is UI.d
mainly 10cui

. 26-A plywood.
26-8 odd-shaped holes in

wood.
26-C .Iong the grain of the

wood.
26-0 across the grain of the

wood.

-..

Mathematics Knowledge

27. If I . . a 1, then I is ~ual to

27-A 0
27.8 ,
27-C -,
27-0 7/6 rn

28. Whit is the Ir.. of Ihis Iquar.?

28-A , SQUire foot

28-8 5 sQuare feet
28-C '0 sQuare feet
28-0 25 SQUirt feet
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, B 17. B
2. D 18 A
3 B 19 C
4. C 20 D
S C 2'. E
6 D 22 E
7. D 23 C
8 C 24 B
9 C 25 B

10 B 26 B

" A 27 B
'2 C 28 D
13 D 29 A
14 D 30 A
15 B 3' D
16 E 32 D

I,.

j

79

8 Mechanical Com rehension

1 ~ ~ ~~ c . B

21. Which post holds up the or..ter
part of the load?

29-A posl A r

29-B post B
29-C bOlh eQual
2D-D no! clear

30. In this .rrangement of pulleys,
which pulley tuml futtlt?

3D-A A
3O-B B
3D-C C
3D-D D

.
i

. I
!

Electronics Information

t

I
31. Which of the following has the

It..t IHistance?

3,-A wood
3'.B iron
3' -C rubber
3'.D Silver

c
.

0
32. In the Ichematic vacuum tube

Illustrated. the cathode iltlement

32-A A
32-B B
32.C C
32.D D

'.. .

Key To The
Sample Test Items
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Comp811 10\1Tide:

How ot\cn do you lee this wort.r
. . worklitllltion?

How Iona haw JOv w011:.4 wt1h thJI worbr?

CAlI... lime.

C SnmJ time. I 'ay.

C SnIraJ timt. a wlCt.

e 5&J4om.

C Under OM 8OI1h.

e OMto two _dal.

e 1brec' to h 1DOft1hs.

e SilllloaWormon.
. .

A.
,

How much etn ~ worbr I't don.' (Worbr", ability to make .mcicnt Uleof time and to work It hil'l speed.)
(If it is possible to rllt only tbe Ciuantit)' of ..ork ..hieh a person can do on this job II adequat' or inad~uat'.
- «2 to indicat' "inadequat'"and .. to indjcau"adequat..")

C I. Capabl,or -1) low work output. Can perrorm ON)'It an unlltiaflctory pace.

e 2. Capabl. of low wort output. Can perform at . "ow pace.

e J. Clpable or rair work output. Can perform It In I"'ptabl, paCt.

C
C

.. C.pabJ.of h.iah work OUtput. Can ptrrorm It .IUt pace.

S. c.pable of -ry hish work output. Can perform .t an UftusuaJ1ylist pace.

.. HO'It''0015 is the qua1it)' orwork? (Worker", abilit)' to do hi&h~ade work which meet. quality standardi.)

C

C 2. Performance is Ulual!y acceptable but IOfMWhat inferior in qualit)'.

e J. Perrormance is acceptabJt but usually not 8\lptrior ill qua1it)'.

e .. Performance is UI\Iall)' IUpcrior ill qualit)'.

[J 5. Performance is almost aJwa)'1 of the hishest quality.

I. Performanet is inferior and a1most newr meeu minimum qualit)' Standard..

C. How accurate i. the work? (Worker". ability to 1V0id makina mistlb..)

C
e 2. Mabs rrequent miStaitn. Work nu4s more cheekina than is dewable.

e J. Maltesmistlbs ocCisionan)'. Work needs onl)' normal checkin"

C .. Malt"r~w milt aItn. Work ..1 150mnttdi checkina.

C S.Rarelymakesa miltaltc. WorkalmostneWtI nuda chtduna.

I. Malt.. -1) man)' misLIke.. Work nteds constant chtckin"

MA,...
,.".. It"

7_""-'.. '



D. Hcnwmuch 'ou 1M worker kilo. Ibout tm job'! (Vr'orhr'aundentandinl of IN priftcip1n.eqvipment. """rial.tncf IIItthoch that baw 10'0 dirlClly. IDdUt~ willi ClaewarL)

C I. Hasw')' Iimi"d bowie.. DDe880t .... 8lloua"10410thejaIIldequattly.
. . .-

C 2. HaslittlebOWt'led.. KnowsIftoua"to pt t.y.

C J. Has mo4mte amount or bowled.. knOWt'a.nova" 10'0 fair work.

C .. Has broad bOWt'1edac. XnCl'fl'$enoua" to '0 aood work.

C
.

S. Has completr kIIOWt'ledct. knowa dw Job 1horouihJy.

'.. ...

f.. HOWt'111. . wriet)' or jab 'utic. an the worter perrorm.lrantly! (Worker'.abilit)'to handltICWral'ifferent
operations.)

C J. Cannot perrorm different operationa adequately.

C 2. Can perrorm a limitrd Dllmberor 'ilTerent operation..fflCiently.

C J. Can perrorm .wra! dirrerenl operatioN with reaaon.blt tmaenC)'. ..~

C 4. Can perform man)' 'irrerent opcratioft.lflicitntJ)'.

C 5. Can perform 811UftusuaD)'Iarp ariet)' or difTerentoperatiomtf!icitatJ)'.

f. Considerinlo a111ht flC10n alrtad) nttA. and on})' theac flC1on, hOtI' .ood iI .... worker'! ("'orbr'. aDcound.. 8bilit)' to &hejob.)

C I. Perf ormaner 1111&&11)'not 8CCItptable.

C 2. Performaner IOIMWbat ar.rior.

C J. A fairly proGc:ientworker.

C .. Perrormaner lllUall)' 1UpIrior.

C .s. Art unusuall)'compelenl worker.

Compte" the foUOWt'in£ONLY If the worker II 80 Ionp. ... the job.

C. "'h.1 do )'ou think is the ,...on this ptuen Itfl the job'! (It iI nol nrcrwry to show the officialrcuon if )'ou
-I that &hereis another nason, U &hisrorm will nOIbe shown10 an)'bod)' ift &hecompany.)

C I. Fired beea"lt or inabaity to'o the Job.

C 2. Quit, end I frel&hlt It wu beeavlt or 'ifftC\ilty .oina w job.

C J. Firtd or laie!orr ror re&lOftaother than ability 10 '0 the Job (i.r., abacnteeiam,ftdu~tion in forer).

C .. Quit, 11115I fecI &he.uaon for ,uittin& w. not related 10 Ibili~ 80 '0 the job.

0 .s. Quit or IrU promoted Ofnasai&1'rdbrcau. &heworker hae!Icamt'dthe job weDane!wanted to IdYlfter.

-.

aA~.V lI'~& rA'&
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Appendix Table"
Data for Figures and Regressions

Au Be Ca Fr Gr Ja Ne No US UK

Growth
GDP/hr

1938-50 2.21 1.14 5.36 .75 -.41 -3.23 1.93 1.88 4.03 2.21

1938-60 2.46 2.05 4.33 2.41 2.80 .77 2.57 2.86 3.29 2.21

1960-84 (exc. Min.) 2.37 4.51 2.07 4.36 4.29 6.64 3.98 3.26 2.42 1.98

Level GDP/hr 1960 $4.02 $2.89 $4.54 $2.87 $2.72 $1.03 $3.17 $3.04 $5.41 $2.99

Growth MFG. Output/hr 1960-85 6.26 3.31 5.34 4.70 7.72 6.01 3.17 2.68 3.45

Total Factor Productivity Growth

Private Domestic Ec. 1955-73 2.08 3.32 3.36 4.02 2.51 1.60 2.28

Manufacturing 1969-85 5.20 1.29 2.53 2.58 4.63 2.11 1.83 1. 74

Rates of Return

Gross Mfg. 1972-83 12.15 14.03 23. 73 15.45 6.89

Gross Indust. 1972-83 15.72 9.88 13.10 12.48 7.70

Net Private 1955-73 9.60 12.54 7.49 14.63 10.74 9.60 7.35

GrOBS Fixed Capit~ Formation

1965-84 24.97 20.16 22.18 22.55 22.60 31.95 22.41 18.13 18.59

Growth of Rrly. Camp. in Mfg.

1960-85 2.00 4.92 2.22 4.41 4.99 5.00 4.92 3.49 1.14 3.28

Growth Percapita GDP

1950-86 (exc. Min.) 1.96 2.76 2.31 3.19 3.94 6.05 2.63 3.00 1.85 1.90

Level GDP/pop 1950 $3324 $2454 $3596 $2221 $1888 $810 $2332 $2403 $4550 $2700

Schooling Growth .84 ~45 .10 .51 .50 .84 .60
Growth IQ (pts. per yr.) .31 .58 .46 .69 .74 .84 .50 .35 .24 .14

Ratio variables (ROR and investment) are expressed in percent. Logarithmic rates of growth have been multiplied by
100 ~o they represent percentage rates of growth.


