Abstract

The andysisis concerned with the contributions of numeracy and literacy to earnings, for
three reasons. firgt, no clear pattern emerges from exigting findings relating to the
contributions of different types of ability, and numeracy and literacy appear to be anatura
basic starting point; second, measures to improve numeracy and literacy are often given
priority in policies intended to help those with lowest educationd attainment; and third, with
the growth of the knowledge-based economy, and the increasing importance of digital
technology, it is of interest to compare the levels and rates of change of the contributions of
numeracy and literacy asreflected in earnings. The results suggest that numeracy has a
highly sgnificart effect on earnings, mostly through its effect on college atainment, but aso
directly, contralling for attainment, and interactively with attainment, and its effect is subject
to increasing returns. While the magnitude of the effect issmdll in bsolute terms it is
substantial when compared with other effects, and it appearsto beincreasing at arate of 6
percent per year. Literacy dso has ahighly sgnificant effect on earnings, but it would appear
to be indirectly through its effect on attainment. There is no evidence of adirect effect, an
interactive effect with attainment, nonlinearity, or change through time.
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Numeracy, Literacy, and Earnings:
Evidence from the National
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Christopher Dougherty

I ntroduction

Concern with the increasing disperson of earnings in the U.S. in the 1980s, and the actud
decline in the earnings of the less qudified, has simulated research into structurd change in
l[abour markets (Blackburn, Bloom and Freeman, 1990; Katz and Murphy, 1992; Levy and
Murnane, 1992) and in particular has prompted a renewd of interest in the impact of
education and ability on labour market outcomes. Previoudy, interest in ability had been
largdy subordinate to that in education, bias in the edimation of the return to education
caued by the omisson of ability or its incuson with messurement eror being a recurring
motive for the invedigatiion of its effects (Griliches and Mason, 1972, Hause, 1972,
Chamberlain, 1977; Griliches, 1977). While such dudies have employed a sngle, generd
measure of ability for this purpose, a few have invesigated the effects of more specific
measures, for indance contrasting the effects of academic skills with those of technicd skills
or the effect of numeracy with that of literacy.

The present andyss is concerned with the numeracy/literacy didtinction, for three
reesons. Fird, no clear pattern emerges from the existing findings reating to different types
of ability. One reason for this is likdy to be the heterogenety in the definitions of the
measures used.  While numeracy and literacy themsdves are susceptible to  definitiond
flexibility, they gppear to be a naturd basc darting point for an invesigation of the effects of
different types of ability. Second, measures to improve numeracy and literacy are often given
priority in policies intended to help those with lowest educationd attanment. Third, with the
growth of the knowledge-based economy, and the increesng importance of digitd
technology, it is of interest to compare the levels and rates of change of the contributions of
numeracy and literacy as reflected in earnings.

2. Previous Findings on the Impact of Numeracy and Literacy

In one of te earliest studies in the earnings function literature, Hause (1972), using data from
the 1966 Project Tdent follow-up survey of white maes origindly interviewed in 1961,
found that a quantitative ability composite, not further described, had a sgnificant effect on
the earnings of high school graduates and college graduates, but not on the earnings of high
school or college drop-outs. The analysis does not include a counterpart measure of literacy.
Taubman and Waes (1974), usng the 1969-1971 NBER-Thorndike-Hagen
reinterview survey of mae veterans who goplied to join the Army Air Corps in 1943, found
thaa a messure of mathemdicd ability had dgnificat effects on the eanings of the
respondents in 1955 and 1969. The measure was one of four ability factors constructed by
Thorndike and Hagen through the gpplication of factor andyss to the scores from a battery
of 17 tedts that included tests of coordination and knowledge as well as cognitive ability. The
battery included a test of reading comprehenson but the only ability factor with a substantia



reading score weighting was dominated by scores from tests of knowledge of mechanica
principles and knowledge relevant to air crew. Except in some specifications relating to 1969
eanings, where it had a dgnificant adverse effect, this factor was not found to be a
sgnificant determinant of earnings.

Willis and Rosen (1979), aso used the NBER- Thorndike-Hagen data set but selected
their measures of ability from the scores on the individud tests, rather than the Thorndike-
Hagen ability factors, the score on a test of advanced arithmetic, agebra and trigonometry
being ther measure of mathematicd ability and the score on the reading comprehenson test
being their verbd measure. They found that for those who attended at least some college, the
mathematics and reading scores had podtive effects on the earnings dgnificant at the 0.1
percent and 1 percent level, respectively. For those high school graduates who did not attend
college, the mathematics ore did not have a sgnificant effect but the reading score did have
an effect Sgnificant at the 0.1 percent leve.

Bishop (1992), udng data from the Nationd Longitudind Survey of Youth (NLSY),
fitted earnings functions for maes and femdes for each years from 1979 to 1986 separately.
He found that a mathematics composite combining the score on a basc test of aithmetic
reasoning and the score on a test of mathematics knowledge had an adverse effect on
eanings in 9x of the eght years for mdes, ndther of the pogtive coefficents being
ggnificant and two of the negative coefficients being Sgnificant a the 5 percent leve. In the
case of femdes, three of the coefficients were podtive and dgnificant a the 1 percent levd,
the other five being podtive but inggnificant. A verba composite combining scores on word
knowledge and paragraph comprehenson tests had a negative impact on mde earnings in dl
eght years, sgnificantly negative a the 5 percent level in one year. For femdes, dl but one
of the coefficients were pogtive, but none was significant at the 5 percent leve.

Blackburn and Neumark (1995), using NLSY data for maes for 1985, were
concerned with the impact of composte measures of academic and technicd &bility on
eanings, rather than the effects of numeracy and literacy, but they do report that none of
scores of tedts of aithmetic reasoning, mathematics knowledge, word knowledge, or
paragraph comprehension had a sgnificant effect on earnings.

Murnane, Willett, and Levy (1995), usng 1978 data from the Nationa Longitudind
Study of the High School Class of 1972 and 1984 data from High School and Beyond to
invedigate the determinants of the increase in the premium for college education over high
school education, found that mathematica ability has a dgnificant effect on earnings, controlling
for educationd attainment, and that an increase in the effect accounted for the gpparent increase
in the returns to college education between their sample dates. In addition they found that
mathematica ability and years of schooling have an interactive effect on earnings for maes,
but not for femaes, in their 1978 data set, but they found the reverse for their 1984 data <.
Scores on reading skills and vocabulary skills were available in both their data sets, but were
found to have no sgnificant effect on earnings and were dropped from the analysis.

Mclntosh and Vignoles (2000), usng the U.K. Nationad Child Development Study and
Internationa Adult Literacy Survey daa sets, found that numeracy has a dgnificant effect on
earnings, contralling for education. Using dummy varidbles for levels of numeracy, they were
able to detect nonlinearity and found that its effect is strongest in the lowest pat of its
digribution. The impact of literacy on earnings was generdly indgnificant usng the NCDS
data, but they found some postive effects with the IALS data.



3. Data

The data set used in the andydis, the NLSY, has three advantages over the main dternative,
the Nationa Longitudind Survey of the High School Class of 1972: it has detalled labour
force data, it is nationdly representative and the data are more recent. The ability measures
were added to the data set in 1980 as part of a project, known as Profile of American Youth,
sponsored by the Department of Defense to update the crosswaks from raw to standardized
scoresin the Armed Services Vocationa Aptitude Battery (ASVAB).

The ASVAB is a set of eight power tests, tests with a gradient in the difficulty of the
items and generous time limits, and two Speeded tedts, tests with no gradient in difficulty and
time limits so redrictive that few can complete them. All the tests are scded so that they
have mean 50 and standard deviation 10. The power tests comprise three basic tests of
numeracy and literacy - tests of arithmetic reasoning, word knowledge, and paragraph
comprenenson - and five tests intended to predict success in training and performance in
various military occupdions - tests of mathematics knowledge, genera science, automobile
and workshop information, € ectronics knowledge, and mechanical comprehension.

Different dudies have used the scores in different ways and with varying
interpretations.  Many, especidly those concerned with controlling for the effects of ability in
wage equations, have used a sngle measure, generdly the Armed Forces Qudification Test
(AFQT) compogite used by the military to screen recruits. The AFQT was introduced in
1948 as the successor to tests that date back to World War | and there have been many
changes in its underlying components and the method for combining them Bock and Moore,
1986). Initidly, like its predecessor, it was based on verba reasoning, numerica ability and
goatid reasoning and thus might be interpreted as a proxy for 1Q (Griliches and Mason,
1972). Since then it has shifted in the direction of measuring basic educational outcomes.
The origind AFQT score in the NLSY daa set was based on arithmetic reasoning, word
knowledge, paragraph comprehenson, and numerical operations. The current verdon, dating
from 1989, dropped the numerical operations component and included the mathematics
knowledge score instead.

A criticd issue in the use of the test scores is how, or indeed whether, they may be
interpreted as messuring ability. At one end of the spectrum, Griliches and Mason (1972),
citing previous dudies, and with reservations, particularly with regard to measurement error,
treat the AFQT as a military counterpart of a civilian 1Q test. At the other end, some studies
treat it as measuring learning (Hansen, Weisbrod, and Scanlon, 1970) or school qudity
(Maxwell, 1994).

With regard to the individua ASVAB tedts, the tests of generad science, mathematics
knowledge, automobile and workshop information, dectronics knowledge, and mechanicd
comprehenson, and composites derived from them, are usudly trested as gSpecidized
measures of educationa attainment (Bock and Moore, 1986; Bishop, 1992; Blackburn and
Neumark, 1993, 1995). However the status of arithmetic reasoning, word knowledge, and
paragraph comprehension tests is less clear. The arithmetic knowledge score is sometimes
combined with the mathematics knowledge score to form a mathematical composite that, by
virtue of induding mahemaics knowledge, is a measure of attainment. By contradt, the
word knowledge and paragraph comprehension tests are considered to be complementary and
are combined as a verbal composite in the NLSY data set. Cook and Moore (1993) describe
this as verba aptitude, Bishop (1992) as verbd achievement. While the arithmetic reasoning,
word knowledge, and paragraph comprehension tests are less education-intengve than the
others, it is possble that scores on them could be improved by high school education,
especidly in the case of the leest ale, who may in high school 4ill be studying dementary



school materid. This endogeneity could be expected to lead to incondstent estimates of their
effectsif used asregressorsin an educationd attainment mode!.

Further, the potentid endogenaity cdls into question the practice of adjusing the
scores for age. The tests are intended to be taken by high school graduates at about the age of
18, but the NLSY respondents were aged 15 to 23 at the time of the Profiles project. Some
sudies (for example, Blackburn and Neumark, 1993, 1995; Arkes, 1999) have sought to
compensate for the variaions in age by regressng the test scores on individud age dummies
and replacing the scores by the resduds from these regressons. However, vaiaions in
schooling a the time of taking the tet are at least as likely to be responsble for the variations
in the scores, and age may merely be acting as a proxy. This could account for the
implausbly large increments in the age dummy coefficients after the age of 18, by which age
further improvement should be minima (Appendix Table A.1). It could dso account for the
fact that age has a dgnificantly negative coefficient when the scores are regressed on
schooling a the time of teking the tests and age together, the endogeneity of schooling
causing its coefficient to be biased upwards and thus that of age downwards (Appendix Table
A.2).

In the cae of eanings functions the effects of variaions in the definitions of
composites are nore subtle. If years of schooling are being used as a proxy for a measure of
education that included school quality, and if scores on the knowledge-based tests can be
taken as patid measures of educationd outputs that reflect variations in educationa qudity,
incluson of such scores may cause estimates of the returns to education to be downwards
biased.

Since the present paper is concerned with the impact of basic numeracy and literacy
on outcomes, arithmetic reasoning, and word knowledge and paragraph comprehension, in
the form of the verbad compodte, are the only power tests used in the anadyss. Example test
items are presented in Appendix B.

Scores on the two speeded tests, numerical operations and coding speed, are clearly
dependent on persona qudities not usudly associated with education. In both cases the test
items are s0 dmple that virtudly every respondent could answer every item correctly, given
enough time (NLSY Users Guide, 1992). Accordingly, the numerica operations score might
be regarded as a smple measure of the speed a which a subject is ale and willing to perform
menta operations, combined with motivation. The coding speed test is Smilar in datus but
evauates short-term memory. Bock and Moore (1986) describe both tests as fatiguing and
boring and as rewarding concentration and persistence.

Any andyds of the determinants of earnings is potentidly susceptible to biases
aisng from the endogeneity of schooling. The drategy that has been adopted here is to
condition the anayss as fully as possble on family background and other control factors,
including the scores on the numerical operations and coding sSpeeded teds, parentd
education, ethnicity, whether living in a town, nonfarm rural area, farm, or abroad at &e 14,
tenure, work experience, region of current resdence, whether living in an SMSA (with
subcategories), locd area unemployment rate, and unionization. Card (1999) shows that
usng family background variables to instrument for education in a wage equetion when a
measure of ability is lacking is likely to lead to an upwards bias greater than that in an OLS
regresson, and tha including the family background varigbles in the modd, rather than
indrumenting with them, leads to a smdler bias than dther. Although &bility varidbles are
included in the present model, they are undoubtedly imperfect and for that reason the family
background variables have been retained. In principle the induson of irrdevant variables in
an eanings function can aggravate a downwards bias in the estimate of the education effect if
there is measurement error in the education variable (Griliches, 1977), but in the NLSY data set



education is measured relatively accuratdly and so this would not gppear to be a potentia
problem.

4. Results

The firs column of Table 1 presents the results of regressng the logarithm of hourly earnings
on numeracy, literacy, tenure, years of work experience, time, and interactive terms for
numeracy and literacy with time and years of work experience. In this reduced form
goecification, the coefficients of numeracy, literacy, and the interactive terms should be
interpreted as estimates of the total effects, both direct and indirect through an impact on the
excluded schooling variables. The regresson suggests that the overal effect of numeracy on
eanings is much larger than that of literacy. The coefficients indicate that a one-standard-
deviation gain (10 points) is associated with a 9.5 percent increase in earnings in the case of
numeracy but only 14 percent in the case of literacy; the coefficient of numeracy is
ggnificant a the 0.1 percent level but that of literacy is not ggnificant in this specification.
Further, the coefficient of the numeracy-time interactive variable, ggnificant at the 1 percent
level, suggests that the impact of numeracy on earnings grew a a rate of 6 percent per year.
There was no interaction between literacy and time, and no dgnificant interaction between
either numeracy or literacy and years of work experience.

The fourth column of Table 1 presents the results of adding years of high school and
years of college, and interactive terms with numeracy and literacy, to the specification. The
schooling coefficients indicate that the impact of college on eanings is much grester than
that of high school, the increment per year of college being 5.7 percent and sgnificant a the
0.1 percent leve, but that per year of high school being only 1.2 percent, not sgnificant, and
subject to a dgnificant downward trend. In addition to any effect it might have via an
influence on educaiond atanment, numeracy has effects ggnificant a the 0.1 percent leve
both directly and via an interactive effect with years of college. Literacy has a smdler, but
sgnificant, direct effect but no significant interactive effect.

The increasing impact of numeracy on earnings found in the reduced form regresson
could be due to an incresse in its own direct effect, controlling for schooling, an increase in
its interactive effect with schooling, or an indirect effect through its impact on educaiond
atanment and a change in the impact of atanment on eanings. The firg posshility is in
principle difficult to detect. The edimae of the direct effect of numeracy, while sgnificant
a the 5 percent leve, is small. It follows that estimates of annua change, which are bound to
be much amdler dill, are unlikely to be gatigticaly sgnificant, as in this case. For what it is
worth, the estimate is postive and accounts for a hird of the numeracy-time coefficient in the
reduced form regresson. The second posshility, that the increased impact of numeracy on
earnings has been through an increase in the interactive impact of numeracy on the returns to
years of college, was invedigated with a triple interactive term.  Its coefficient was zero to
four decima places and the regresson results, not shown, were otherwise very close to those
in the fourth column of Table 1.

The third posshility is that the vadue of numeracy has increased indirectly as a
consequence of its impact on educaiond atanment and increesng economic returns to
attainment. This firs part of this hypothess is supported by the tobit regresson reported in
Table 2, which indicates that numeracy has a highly sgnificant effect on years of college
completed. The second part of the hypothess is supported by the postive coefficient of the
interactive term for college and time in the third column of Table 1. It is Sgnificant only a
the 5 percent level, but the smdl sze of the trend made a higher degree of dgnificance
improbable.



Table 2 indicates that literacy dso has a highly dgnificant effect on  college
atanment. However the reduced form regresson in the second column of Table 1 indicates
that the economic vaue of literacy has not increased with time, despite the increased vaue of
college atanment. The result suggests that while literacy has an impact on college
atanment, it is primarily on atanment that has not been increasingly rewarded in the market
place. As a mater of speculation, the asymmetry between the impact of numeracy and
literacy might be explained on the lines of numeracy leading to success in technica degrees
that are increaang in relative vaue, while literacy favours successin liberd-arts degrees.

Tables 1 and 2 adso present regressons disaggregated by sex, with Smilar findings,
the only important difference being a higher return to years of college for femaes, sgnificant
at the 0.1 percent leve.

5. Nonlinearitiesin the Impact of Numeracy and Literacy

Thus far it has been assumed that, gpat from potentid interactive effects, the impact of
numeracy and literacy on eanings is linear. If thar effect is nonlinear and concave, a
margina improvement could be disproportionately beneficid to those with lowest ability and
would drengthen the arguments for devoting second-chance resources to  them.
Unfortunately, in the case of numeracy, there is a drongly nonlinear impact on atanment,
and hence on earnings, but it is convex. Table 3 presents the results of adding quadratic
terms in numeracy and literacy. The coefficient of the quadratic term, defined for both
numeracy and literacy as the squared deviation from the mean of 50, implies that the impact
of margind changes in numeracy on earnings for an individua two standard deviations (20)
below the mean is only 0.0022, and that a gain of one standard deviation on the score would
rase earnings by only about 35 percent. The results for literacy, where there is no
ggnificant nonlinearity, are mixed. A 10 point gan trandates to more than an extra year of
educationa attainment, but the impact on earnings is no grester than that for numeracy.

6. Comparison with Previous Studies

Direct comparison of these findings with those of previous dudies is complicated by
differences in definitions and measures (see Appendix B), but they would ssem to be
consgent with those of Taubman and Wades (1974), Willis and Rosen (1979), Murnane,
Willett, and Levy (1995) and Mcintosh and Vignoles (2000), dl of whom found that
numeracy in vaious forms has a pogtive impact on eanings, contralling for educationd
atanment. The present findings are paticularly close to those of Taubman and Waes, and
Willis and Rosen, in that there appears to be drongly incressng returns to numeracy on
eanings, and they differ from those of Mcintosh and Vignoles in that respect. The findings
conflict with those of Bishop (1992) and Blackburn and Neumark (1995), but it is possble
that the reason that these studies did not find an effect is that they used early rounds from the
NLSY when the more able respondents were either il in school or reatively new in the
[abour market.

Murnane, Willett, and Levy dso found interactive effects between years of schooling
and numeracy, for maes, but not femaes, in ther 1978 data set, and for femdes, but not
males, in their 1984 data .

The finding that literacy has only a weekly sSgnificant effect on earnings, controlling
for educationd attanment, is dso generdly congstent with those of previous studies, dl but
one of which found no sgnificant effect & al. The exception is Willis and Rosen (1979),



who found that it had a smdler effect than numeracy for their higher-ability group and a
greater one for their lower-ability group, asin the present case.

Conclusions

The foregoing results suggest tha numeracy has a highly dgnificant effect on earnings,
modily through its effect on college atanment, but aso directly, controlling for attainment,
and interactively with attainment.  Further, there appears to be increasing returns to the
impact of numeracy on earnings, again through increasing returns to its effect on attainment.

The magnitude of the effect is smdl in asolute terms, an increase of one standard
deviation in the middle of the didribution being associated with a 10 percent incresse in
earnings, but it is subgstantid when compared with other effects. For example, it is equivaent
to aout two years of college, and moreover it gppears to be increasing, probably as a
consequence of a rise in the economic value of years of college, the estimated growth rate
during the 1988-1996 period covered being 6 percent per year.

Literacy ds0 has a highly sgnificat effect on earnings, but it would appear to be
modily indirectly through its effect on attainment. There is no evidence of a direct effect, an
interactive effect with atainment, nonlinearity, or change through time. Because of the
absence of nonlinearity, measures to improve literacy may have more impact than measures
to improve numeracy on the earnings of the least able, but the difference is not great and the
quantitative effects gppear to be small.



Table 1. Dependent VariableLogarithm of Hourly Earnings

(@ @ € 4 ©) ©)
All Males Females All Males Femaes
Time -0.0007 0.0025 -0.0043 ) ] )
(0.0018) (0.0027) (0.0026)
High school - - - 0.0124 0.0053 0.0182
(0.0096) (0.0129) (0.0247)
High school* - - - -0.0007***  -0.0006* -0.0009* * *
Time (0.0002) (0.0003) (0.0002)
College - - - 0.0571***  0.0499***  0.0654***
(0.0030) (0.0046) (0.0039)
College* Time - - - 0.0016* 0.0023* 0.0013
(0.0007) (0.0010) (0.0020)
Numeracy 0.0095***  0.0077** 0.0084***  0.0028***  0.0017 0.0017
(0.0019) (0.0030) (0.0026) (0.0008) (0.0012) (0.0012)
High school* - - - -0.0005 0.0003 -0.0022
Numeracy (0.0009) (0.0012) (0.0015)
College* - - - 0.0011***  0.0013** 0.0019***
Numeracy (0.0003) (0.0005) (0.0004)
Numeracy* Time 0.0006** 0.0008* 0.0000 0.0002 0.0003 -0.0001
(0.0002) (0.0004) (0.0003) (0.0002) (0.0003) (0.0003)
Literacy 0.0014 0.0025 0.0027 0.0019* 0.0020* 0.0028**
(0.0018) (0.0028) (0.0023) (0.0008) (0.0011) (0.0012)
High school* - - - 0.0007 0.0000 0.0019*
Literacy (0.0007) (0.0009) (0.00112)
College* Literacy - - - -0.0006 -0.0008 -0.0010
(0.0004) (0.0006) (0.0006)
Literacy* Time 0.0000 0.0001 0.0002 0.0000 0.0000 0.0001
(0.0002) (0.0004) (0.0003) (0.0002) (0.0003) (0.0003)
Tenure 0.0468***  0.0407***  0.0544***  0.0451***  0.0386***  0.0537***

(0.0030) (0.0040) (0.0043) (0.0029) (0.0040) (0.0042)

Tenure squared -0.0023***  00020%**  0.0027%** -0.0020%**  -0.0017***  -0.0025***
(0.0002) (0.0003) (0.0003) (0.0002) (0.0003) (0.0003)

Y ears of work 0.0289***  0.0214** 0.0298***  0.0313***  0.0260***  0.0285***

experience (0.0046) (0.0069) (0.0063) (0.0044) (0.0068) (0.0058)

Y ears squared -0.0004* -0.0002 -0.0004 -0.0004* -0.0003 -0.0002
(0.0002) (0.0003) (0.0003) (0.0002) (0.0003) (0.0003)

Numeracy*Y ears -0.0002 -0.0002 0.0001 - - -
(0.0002) (0.0003) (0.0003)

Literacy*Years 0.0001 0.0000 0.0000 - - -
(0.0002) (0.0003) (0.0003)

R 0.387 0.353 0.39 0421 0.382 0448

n 10,157 5,660 4,497 10,157 5,660 4,497

Note: *,** *** ggnificant at the 5 percent, 1 percent, and 0.1 percent levels. Controlsinclude the scores on
the ASVA B numerical operations and coding speeded tests, parental education, ethnicity, whether living in a
town, non-farm rural area, farm, or abroad at age 14, region of current residence, whether living in an SMSA
(with subcategories), local area unemployment rate, and unionization.



Table2: Yearsof College Completed, Tobit Regression

@ @ ©)

All Males Femades

Numeracy 0.0896%** 0.0870%** 0.0890%**
(0.0074) (0.0116) (0.0096)

Literacy 0.1157*** 0.1245%** 0.1090% **
(0.0088) (0.0134) (0.0118)

n 4,959 2,386 2573

Note: *** significant at the 0.1 percent level. Controls include the scores on the ASVAB
numerical operations and coding speeded tests, parental education, ethnicity, whether
living in atown, non-farm rura area, farm, or abroad at age 14.

Table3: Earningsand Educational Attainment

Y ears of College Logarithm of
Completed Hourly Earnings
Time - -0.00194
(0.00179)
Numeracy 0.0756*** 0.00724***
(0.0078) (0.00069)
Numeracy squared 0.0030*** 0.00025***
(0.0006) (0.00005)
Literacy 0.1290*** 0.00358***
(0.0099) (0.00087)
Literacy squared 0.0007 0.00005
(0.0006) (0.00005)
R 0.388
n 4,959 10,157

Note: Asfor Tables1and 2.



Appendix A. Age-Adjusted ASVAB Scores

The Armed Services Vocationa Aptitude Battery was administered to 94.4% of the NLSY
core repondents in 1980 as part of the Profiles of American Y outh project to re-norm the
scaing of the ASVAB scores and the Armed Forces Qudification Test. The battery is
intended to be taken by young people consdering enligting in the Armed Services at around
the time that they graduate from high school but, at the time of the Profiles project, the NLSY
respondents were aged 15 to 23 and thus some were considerably under-age and others over-
age. To compensate for this, some andysts have adjusted the scores by regressing them on
age dummy variables and replacing them with the resduds from the regressons. The
regressions for arithmetic reasoning, word knowledge, and paragraph comprehension are
shown in Table B.1 (omitted category. age 18).

However, whether this is an appropriate procedure must be open to some doubt, for
educetion is a least as age to be responsble for the variations in the scores, and when the
scores are regressed on both, age has a negative codfficent, sgnificant at the 0.1 percent
leved, in each case. The likdy reason for this is that educetiond attainment is pogtively
influenced by the scores, and hence the schooling variable in the regression is endogenous.
As a consequence, the estimates of its coefficient in Table B.2 are biased upwards, causing
that of the age variable to be biased downwards. It is thus not clear that the resduds from
the age-adjusment regressons ae preferable to the unadjusted scores, and no such
adjusment has been made in the present andyss. It should be noted that in any case the age
dummy varigbles are associated with a very smal proportion of the variance in the ASVAB
scores — 35 percent in the case of word knowledge and about haf that for arithmetic
reasoning and paragraph comprehension.

Appendix B. Measuresof Numeracy and Literacy

The measure of numeracy used in the analysisis the score on the ASVAB test of arithmetic
reasoning. According to Bock and Moore (1986), the standard monograph on the project, the
arithmetic reasoning test involves addition, subtraction, multiplication, and division of

integers and fractions, but not mentd arithmetic. The measure of literacy used in the andlysis
isthe verba compositein the NLSY data set that combines the scores on the ASVAB tests of
word knowledge, described by Bock and Moore as a straightforward vocabulary test, and
paragraph comprehension, described as atest of reading comprehension rather than literal
reading ability. Example items provided by Bock and Moore are shown in Figure B.1. The
scae in the figure has mean 500 and standard deviation 100, and the location of the items
indicates the score of an individua with 50 percent probability of answering theitem

correctly.

Of previous dudies tha have invedigated the effects of quantitative and verbd
ability, Bishop (1992) and Blackburn and Neumark (1995) aso used the ASVAB scores.
However, Bishop's quantitative measure, described as mathematicd achievement, is a
composte of the aithmetic reasoning score and the score on the tet of mathematics
knowledge, consdered by Bock and Moore to be the most educationaly demanding of the
ten tests and requiring exposure to high school dgebra and geometry. His measure of verba
ability, described as verbd achievement, is the same verba compodte, normdized in
common with his other measures of ability so as to have zero mean and unit variance.
Blackburn and Neumark (1995) were concerned primarily with effects of academic and

technica composites, rather than numeracy and literacy, but in an appendix they disclose the

10



results obtained usng dl ten ASVAB test scores individudly in one of the specifications of
their earnings functions

The tests of numeracy and literacy administered to the high school seniorsin the two
cohorts studied by Murnane, Willett, and Levy (1995) are smilar technicdly to thosein the
ASVAB, being scaed using a three-parameter item response curve and, judging by the
examples presented, they also appear smilar in content. Murnane, Willett, and Levy date
that the mathematics test covers e ementary mathematical concepts taught in American
schools no later than eighth grade and assesses students skill in following directions, working
with fractions and decimds, and interpreting line graphs. They refer to the test score as a
measure of cognitive ability.

The mahematicd ability factor used by Taubman and Waes (1974) contained
subgtantid  weightings from a variely of mathemdtics-rdated subtests, ranging from a test of
numerical operations smilar to the ASVAB test thus described to a mathemétics test
involving advanced arithmetic, agebra, and trigonometry.  Willis and Rosen (1979) used the
latter as their measure of quantitative ability and the score on the reading comprehension
subtest, said by them to be a a college undergraduate level, as their measure of verba ability.

The numeracy and literacy tests used by Mcintosh and Vignoles (2000) were devised
by the U.K. Basc Skills Agency and are described as measuring the ability to use these kills
in an everyday context. The Badc Skills Agency is primarily concerned with those at the
low-skill end of the spectrum and the tests are no more demanding than the corresponding
ASVAB tests.

Thus most of the studies have used measures of numeracy and literacy <kills that
ought to have been acquired before the completion of high school. The exceptions are Willis
and Rosen (1979), where the measures appear to be of college-leve skills and Taubman and
Wades (1974), where the mathematical measure is based on subtests with heterogeneous skill
levels

11



600 —

Arithmetic Reasoning

AR 28

500 —

Two partners, X and Y, agree to
divide their profits in the ratio of
their investments. If X invested
$3,000 and Y invested $8,000,
what will be Y's share of a $22,00C
profit?

a. $8,250

b. $16,000

c. $6,000

d. $5864

AR 22

400 —

If a cubic foot of water weighs 55
Ibs, how much weight will a 75-1/2
cubic foot tank trailer be carrying
when fully loaded with water?

a. 1373 Ibs

b. 3855 Ibs

c. 4152.5 Ibs

d. 2231.5Ibs

AR 3

300 —

A man writes a check for $100
when he has only $70.50 in the
bank. By how much is he
overdrawn?

a. $170.50

b. $29.50

c. $100

d. $30.50

FigureB.1la
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Word Knowledge

600 —

WK-33 Reveal most nearly means
. cover again

. turn over

. take away

. open to view

o 0T O

500 —

WK-34  Solitary most nearly means
. sunny

. being alone

playing games

. soulful

o oo

400 —

WK-6 They installed the engine in the
truck.
a. removed
b. mounted
c. repaired
d. changed

300 —

FigureB.1b
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600 —

500 —

Paragraph comprehension

PC-14

400 —

300 —

People in danger of falling for ads promoting land in resort
areas for as little as $3,000 or $4,000 per acre should
remember the maxim: You get what you pay for. Pure
pleasure should be the ultimate purpose in buying resort
property. If itis enjoyed for its own sake, it was a good
buy. But if it was purchased only in the hope that land
might someday be worth far more, it is foolishness.
Land investment is being touted as an alternative to the
stock market. Real estate dealers around the country
report that rich clients are putting their money in land
instead of in stocks. Even the less than wealthy are
showing an interest in real estate. But dealers caution
that it's a "hit or miss" proposition with no guaranteed
appreciation. The big investment could turn out to be just
so much expensive desert of wilderness.

The author of this passage could best be described as
a. convinced

b. dedicated

c. skeptical

d. believing

PC-3

When people move into a new town and become aware of
specific features of the area, they soon learn that towns
vary as much as people. No two towns are the same; no
two states are the same. Hence people must solve living
problems in new ways. Also, just as no two towns are the
same, no two people have the same problems.
According to the passage, towns

a. are all the same

b. vary only slightly

c. vary as much as people do

d. are similar in the same state

FigureB.1c
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TableA.1 ASVAB ScoresRegressed on Ageat Time of

Takingthe Tests

Ageat Arithmetic Word Paragraph
time of test reasoning knowledge comprehension
14 -2.07 -3.78 -351

(0.56) (0.57) (0.58)
15 -1.17 -2.35 -1.93
(0.50) (0.50) (052
16 -0.37 -1.54 -1.16
(0.49) (0.50) (052
17 -0.13 -048 -0.27
(0.50) (0.50) (052
19 0.86 054 031
(0.51) (052 (0.54)
20 183 212 137
(053 (059 (0.56)
21 2.06 2.35 170
(053 (059 (0.56)
2 264 294 202
(0.92) (0.93) (0.96)
R 0.017 0.035 0.021
n 5,751 5,751 5.751

Table A.2 ASVAB ScoresRegressed on Schooling and Age at

Timeof Test
Arithmetic Word Paragraph
reasoning knowledge comprehension
HGC80 3.110%** 3.299*** 3.260***
(0.077) (0.076) (0.080)
Age -0.792%** -0.602%** -0.760%**
(0.061) (0.061) (0.064)
R 0.239 0275 0.244
n 5,676 5,676 5,676

Note: *** significant at the 0.1 percent level.
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