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Schooling, Labor-Force Quality, and the Growth of Nations

By ERIC A. HANUSHEK AND DENNIS D. KIMKO*

Direct measures of labor-force quality from international mathematics and science
test scores are strongly related to growth. Indirect specification tests are generally
consistent with a causal link: direct spending on schools is unrelated to student
performance differences; the estimated growth effects of improved labor-force
quality hold when East Asian countries are excluded; and, finally, home-country
quality differences of immigrants are directly related to U.S. earnings if the
immigrants are educated in their own country but not in the United States. The last
estimates of micro productivity effects, however, introduce uncertainty about the
magnitude of the growth effects.(JEL O40, I20, J24)
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Recent theoretical analyses of internation
differences in growth rates have focused atte
tion on the role of human capital. Most cros
country empirical studies of long-run econom
growth now include some proxy for huma
capital, and these are invariably significan
Data limitations have, however, forced seve
compromises. Paralleling analyses of wage
termination, empirical implementation virtuall
always employs some readily available meas
of the quantity of formal schooling to reflec
human capital, but this appears inadequate. T
analysis of international differences in grow
rates here suggests that math and science sk
a primary component of human capital releva
for the labor force. Such cognitive skill of
population is not well proxied by measures
school quantities or measures of resources
voted to schools. Accounting for differences
labor-force quality significantly improves ou
ability to explain growth rates.

Two issues arise in considering the effect
human capital on economic growth: how shou
any relationship be specified and how shou
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human capital be measured? The focus of t
paper is the second issue. This paper does
consider alternative formulations of the unde
lying growth relations but instead is a dire
application of models of endogenous grow
developed theoretically by a variety of peop
(e.g., Richard R. Nelson and Edmund Phelp
1966; Paul Romer, 1990a; Sergio Rebe
1991). In the simplest formulation, growth rate
are affected by ideas and invention, which
turn are related to the stock of human capi
either through research and developme
(R&D) activities or through adoption behavio
These formulations indicate not only why th
level of output is higher when a country ha
more human capital but also why the grow
rate is higher.

Previous investigations of growth have co
centrated on various measures of formal scho
ing activities as proxies for relevant huma
capital. The most frequently employed measu
is either the primary- or secondary-school e
rollment rate, used, for instance, in Rom
(1990b), Robert J. Barro (1991), and N. Gre
ory Mankiw et al. (1992) and highlighted in th
influential sensitivity studies of Ross Levin
and David Renelt (1992) and Levine and Sara
Zervos (1993). These schooling flow variable
however, will not accurately represent either t
relevant stock of human capital of the lab
force or even changes in the stock during pe
ods of educational and demographic transitio
To deal with these problems, Barro and Jon
Wha Lee (1993) pioneered the development
better schooling stock variables through the u
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of individual country survey and census data.
challenging problem made clear by this altern
tive, however, comes from the lack of adjus
ment for schooling quality. Few people, fo
example, would believe that a year of seconda
schooling in the United States was equivalent
a year at the same grade level in Egypt. Inde
Barro (1991) explored the inclusion of differ
ences in real school resources as a crude m
sure of quality differences across countries
his growth regressions. While he found that t
student-teacher ratio in primary schools in 19
had a negative relationship to economic grow
the student-teacher ratio in secondary scho
was statistically insignificant with a positiv
sign—giving little faith that these adequate
captured any quality differences in schools.

There is also a conceptual issue with ma
human-capital formulations of growth model
since continued growth arising from huma
capital frequently requires continued growth
human capital. Yet, for simple investme
reasons one does not expect that years
schooling will expand in an unbounded mann
When phrased in terms of cognitive skills an
human-capital quality, however, continu
quality growth is more natural, and the unde
lying growth models are much more readi
interpreted.

This paper addresses the measurement p
lem of labor-force quality directly. Rather tha
concentrating on conventional measures
schooling inputs, we construct new measu
of quality based on student cognitive perfo
mance on various international tests of ac
demic achievement in mathematics and scien
Labor-force quality differences measured in th
way prove to have extremely strong effects
growth rates.

Direct observations of cognitive skills ar
available for 39 countries which participated
international assessments of student achie
ment at least once, although only 31 countr
also have the measurement of economic per
mance that is needed for subsequent grow
estimation. These quality measures can be
tended to other countries by imputing missin
values from international test score regressio
In both the subset with direct testing and in t
augmented data set, the same qualitative c
clusion about growth holds: Labor-force quali
is significant with the correct sign even whe
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school quantity tends to lose significance. Th
quality measures are also quite robust in t
Levine and Renelt (1992) sense of being impe
vious to the precise empirical specification
Moreover, these quality measures are partic
larly important for explaining which countries
are at the top and at the bottom of the distrib
tion of economic growth rates.

Investigations of the empirics of growth suc
as this are necessarily subject to a variety
important questions and qualifications related
the stylized characterizations of different eco
omies and to ambiguity about the underlyin
causal structure. While instrumental variable
strategies for dealing with the causality issu
are impractical, we pursue three different stra
egies that overall suggest we have identifie
important elements of the causal structure
growth. First, if stronger growth leads nations t
increase investment in schools, growth cou
cause increased achievement. But direct estim
tion of international production functions doe
not support this as an avenue of effect. Secon
if some unmeasured characteristics of countr
affect both the performance of schools and t
performance of other sectors in the econom
the observed relationship could be spuriou
But, estimation of U.S. earnings models fo
immigrants that relate to country of schoolin
and our cognitive estimates of labor-force qua
ity indicate that our measures of quality ar
directly related to labor-force skills and produc
tivity of individuals. Third, the tests could jus
be pinpointing the high growth of East Asia
countries that also score highly on internation
tests. The growth results here, however, hold f
samples of countries which exclude variou
subsets of East Asian countries, although wi
somewhat lesser force.

The one caution of the tests involves th
magnitude of estimated quality impacts o
growth. The micro productivity estimates fo
immigrants, which have more modest earnin
impacts of quality differences than found in th
growth equations, suggest uncertainty about t
potential magnitude of causal growth effect
Depending on how the level effects of produc
tivity differences are translated into growth e
fects, the quality impacts could be noticeab
smaller than those estimated in the growth equ
tions—raising the possibility of other omitted
factors. Nonetheless, even with uncertain
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about magnitudes, we conclude that labor-fo
quality is directly related to productivity an
growth.

I. The Measurement of Labor-Force Quality

Qualitative descriptions of human capita
when considered, generally come from one
two sources: measures of schooling inputs (s
as expenditure or teacher salaries) or dir
measures of cognitive skills of individuals1

Employing direct cognitive skill measures h
the significant advantage of permitting qual
differences to arise from factors outside of fo
mal schools, while employing measures
school inputs has potential advantages if imp
tant aspects of the relevant human capital
only partially measured by cognitive tes
While we consider both alternatives, the he
of this analysis is the development and use o
consistent set of cognitive test measures
quality.

The comparison of cognitive achieveme
across countries capitalizes on six voluntary int
national tests of student achievement in mat
matics and science that were conducted over
past three decades.2 Four were administered b
the International Association for the Evaluation
Educational Achievement (IEA) and two by In
ternational Assessment of Educational Progr
(IAEP).3 The IEA, since its establishment in 195
has a long and unique role in developing comp
ative education research for almost all aspect
primary and secondary education. On the ot
hand, the IAEP, starting in 1988, builds on t
te
e-
l-

g
ry.

1 As an alternative, Dale W. Jorgenson and Barbara M
Fraumeni (1992) calculate the human-capital stock from
analysis of lifetime earnings (by education, age, and sex
categories) and, going even further, adjust for the value o
nonmarket activities.

2 The Third International Mathematics and Science
Study (TIMSS) was conducted in 1995 but is not used in the
direct quality measurement. Its results are related to ou
labor-force quality measures below (U.S. Department of
Education, 1996a, b).

3 Details of participating countries, test administration,
and sample sizes can be found in Hanushek and Kim (1995
Lee and Barro (1997) expand international quality measure
by including reading and literacy scores along with more
recent TIMSS data. We do not include reading and literacy
because of concerns about valid testing across languag
and doubts about putting these scores into a common one
dimensional scale with science and mathematics tests.
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statistical techniques and procedures developed
the United States for the National Assessment
Educational Progress (NAEP), the main nation
testing instrument in the United States since 196
While the IAEP is geared to the U.S. curriculum
the IEA has an international focus not associat
with the curriculum in any particular country.

The concentration on mathematics and sc
ence corresponds to the theoretical emphasis
the importance of research and developme
activities as the source of growth (e.g., Rome
1990a). Able students with a good understan
ing of mathematics and science form a pool
future engineers and scientists. At least for th
United States, John Bishop (1992) provides se
arate confirmation of the importance of mathe
matics in determining individual productivity
and income. Additionally, while some test in
formation exists for other subjects, it cannot b
compared readily with the mathematics and sc
ence scores and therefore is not used here.4

To develop a single measure of labor-forc
quality, we combine all of the information on
international mathematics and science tes
available for each country through 1991. Th
testing does not directly measure skills of th
stock of workers (who received their schoolin
at varying times), although the mixture of th
different tests employed here does approxima
the relevant time range. While data are hard
come by, the usual presumption is that quali
of schooling systems evolves slowly over time
in part related to the stationarity of the teachin
technology and to the slow turnover of teache
and other personnel.5 The approach of combin-
ing scores in order to estimate the aggrega
skills of the labor force does, nonetheless, pr
clude any consideration of how estimated qua
ity and growth evolve over any subperiods.

Two approaches were taken to combinin
the separate tests available for each count

.
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4 Reading literacy assessments, for example, are avail-
able for 30 countries in 1991 (U.S. Department of Educa-
tion, 1994).

5 The test performance in Figure 1 provides some evi-
dence about the stability of scores. The United States and
United Kingdom participate in all six testing programs.
Throughout the period, the United Kingdom consistently
performs a little better than the United States. Further, with
a few exceptions, countries that outperform either the
United States or United Kingdom on one test also tend to do
so when they participate in other tests and vice versa.
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Twenty-six performance series—reflecting d
ferent age, subtest scores, and years—are a
able (for varying subsets of countries), a
these series have different mean percent corr
The first summary method uses a multiplicati
transformation to convert each performance
ries to a mean of 50. This transformation reli
on a strong assumption that the intertempo
mean in world science and mathematics perf
mance is constant and that the countries tak
the tests are a random draw from the wo
distribution. The second method incorporat
the additional information that is provided b
the time series information from the Nation
Assessment of Educational Progress (NAE
At varying times from 1969 to the present, U.
students aged 9, 13, and 17 have taken NA
tests in both mathematics and science. Th
tests, constructed on a consistent basis to p
vide comparisons over time, provide an abs
lute benchmark of performance to which th
U.S. scores on international tests can be key
Thus, the mean for each international test se
is allowed to drift in accordance to U.S. NAE
score drift and the mean U.S. performance
each international comparison.6 The con-
structed measures of schooling quality for ea
country are the weighted average over all ava
able transformed test scores where weights
the (normalized) inverse of the country-speci
standard error (s).

Figure 1 gives a graphical depiction of th
available test information over time. In this
scores for each age-group and subtest are c
bined into a country score on each of the s
underlying assessments (with the world me
for each assessment set to 50). The qua
measures subsequently used for each cou
combine these scores across years to obta
single measure.
er
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of
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d

be

6 Since the United States participated in all of the inter-
national comparison studies, the performance of U.S. stu
dents participating international tests can be transformed t
mimic the performance of U.S. students in NAEP in the
closest time and age-group; see U.S. Department of Educ
tion (1994). Scores of all other countries are adjusted pro
portionately on the basis of matched U.S. score adjustment
The first IEA mathematics test in 1963 and 1964 does no
have an NAEP comparison, because it pre-dated the NAEP
While we experimented with discarding these scores in th
calculation of labor-force quality, subsequent empirical re-
sults were unaffected.
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The overall NAEP scores for U.S. studen
fell during the 1970’s and rose in the 1980’
just the pattern that is seen in Figure 1 for U.
performance on the separate international te
Thus, our two alternative measures are high
correlated (r 5 0.92).Table 1 shows summary
statistics for the two constructed quality me
sures for the 31 countries that also have co
plete economic data for the subsequent grow
analysis. The first series,QL1, is based on world
average scores of 50 for all six tests; the seco
QL2, is benchmarked to the U.S. performan
on the NAEP.

II. Quality Effects on Growth

The underlying formulation guiding this em
pirical work follows from endogenous growt
models where a country’s growth rate is direct
related to the stock of human capital. A varie
of underlying formulations point to this empir
ical specification. In Romer (1990a), huma
capital influences the supply of ideas and ne
technologies. In the AK models of Rebel
(1991), growth is directly related to the aggr
gate capital stock that includes human capi
with the key element being the lack of dimin
ishing returns to human capital. Such mode
also have earlier antecedents in the models
technology adoption of Nelson and Phel
(1966) and Finis Welch (1970), where a cou
try’s stock of human capital influences the ra
at which it puts in place new technologies an
thus its growth rate. While having different po
icy implications, each can motivate the bas
formulation employed here.

The endogenous growth formulation is, o
course, not the only model of growth differ
ences, and considerable controversy exi
about the best formulation. (For a discussion
alternative formulations, see Barro and Xavi
Sala-i-Martin, 1995.) Part of the debate is th
oretically based, largely related to the long-ru
properties of the alternative models. Part is e
pirically based. The fundamental issue for em
pirical specifications is whether stocks o
human capital or changes in the human-cap
stock should enter into the determination
growth rates. If education is viewed as a dire
input into production, then growth rates wou
be related to growth in the different inputs, an
changes in the human-capital stock would
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a-
-
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FIGURE 1. SCORES ONINTERNATIONAL MATH AND SCIENCE TESTS BY YEAR
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7 For example, Jess Benhabib and Mark M. Spiege
(1994) develop alternative estimation approaches within a
international growth accounting framework in order to com-
pare the factor accumulation view with various endogenou
growth versions. Their empirical application of endogenou
growth models involves adding Barro and Lee schooling
levels (simple endogenous growth) and schooling levels
interacted with the countries productivity gap (Nelson and
Phelps growth). They argue from their empirical analysis
that there is weak support for viewing human capital as a
simple input into an aggregate production function. Simple
endogenous growth models, defined in terms of just level o
schooling attained, also receive limited support, but there is
stronger support for a Nelson and Phelps version with
evolving adoption of best technologies.
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8 The international math and science tests are give
ifferent points in time, suggesting that it could be poss

o look at changes in quality over the 30-year period c
f

t

sidered here. This approach is, however, impractical
cause the emphasis here is on the quality of the labor f
and not the quality of students. A change in observed
performance of current students might indicate fut
growth effects but not contemporaneous effects, becaus
achievement change would not have propagated throug
labor force.
9 William Easterly and Sergio Rebelo (1993) point o
that using World Bank data reduces the possibility of
TABLE 1—SUMMARY STATISTICS FOR CONSTRUCTEDLABOR-FORCE

QUALITY MEASURES(31 COUNTRIES)

Quality
measure Median Mean

Standard
deviation Minimum Maximum

QL1 48.76 46.61 10.86 20.79 60.65
QL2 54.52 51.28 13.48 18.26 72.13

Notes:See Hanushek and Kim (1995) for a detailed discussion of the included tests along w
the construction of labor-force quality measures.QL1 sets the world mean on each of the six
underlying tests equal to 50.QL2 adjusts all scores based on the U.S. international perfor
mance modified for the national time pattern of scores on the National Assessment
Educational Progress. While 39 countries participated in one or more test, these data
restricted to countries that also have the economic data required for the subsequent gro
analysis.
the relevant explanatory factor in growth (e.g
Mankiw et al., 1992). Various aspects of the
alternative models have been tested, but
results, which depend on specific formulatio
and implications, have not been conclusive7

Much of the past discussion has focused on
specification and interpretation of quantity me
sures of human capital (cf., Mark Bils and Pet
J. Klenow, 2000). A central argument here
that the existing testing is likely to be mislea
ing if quality concerns such as those raised
this paper are key to growth differences.

The emphasis in this paper is the comparis
of alternative empirical versions of endogeno
growth models with special attention to how th
explanation of cross-country growth is affecte
by inclusion of quality measures. This analys
cannot provide tests of alternative growth fo
mulations, because just cross-sectional va
tions in labor-force quality are observed.8
,

e

e
-
r

n
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s

-

Table 2 reports the results of our baseli
cross-country regressions that describe grow
in average real per capita GDP between 19
and 1990 (Robert Summers and Alan Hesto
1991). This begins with a small set of determ
nants of growth rates and investigates t
magnitude and stability of the influence o
labor-force quality. Subsequent estimation co
siders expansion to a broader set of countr
and, in the tradition of Levine and Rene
(1992), the potential confounding effects
other frequently assessed factors.

The simplest models for the sample of 3
countries with complete data relate growth
initial income (Y60) and the Barro-Lee measu
of school quantity (S) [column (1)]; an alterna-
tive baseline employs these plus the ann
growth rate in population times 100 (GPOP)
[column (4)]. (Variable definitions and source
of data are found in Appendix A.) These bas
line estimates give rather common results a
explain between 33–41 percent of the variati
in economic performance for the restricted s
of countries considered. The basic results
consistent with past estimation. Initial incom
negatively affects growth, supporting notions
conditional convergence in growth rates9
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negative coefficient on initial income arising from poten
measurement error in initial income. Nevertheless,
consistency with other studies, we rely on Summers
Heston (1991) data for initial income and growth rate c
culation.
l
ro
orte
ple
be-

ef-
ausi-
inty

ates
10 This fall in returns to quantity with inclusion of qua-
ity is much larger than those typically found in mic
estimates of wage determination models and those rep
below. Bils and Klenow (2000) point out that the sim
estimates of the effects of quantity of schooling are un
d

lievably large, a situation they attribute to reverse causa
The significantly smaller estimates here when quality
fects are considered make the quantity effects more pl
ble, although, as we discuss below, there is uncerta
about the best way to compare micro productivity estim
with the macro growth equations.
TABLE 2—BASELINE ESTIMATES OF 1960–1990 CROSS-COUNTRY GROWTH MODELS WITH LABOR-FORCE QUALITY

(Dependent variable: Average annual growth rate in real per capita GDP (3100) [31 countries])

(1) (2) (3) (4) (5) (6)

Initial per capita income (Y60)
[$1,000]

20.609 20.472 20.460 20.745 20.481 20.517
(0.186) (0.096) (0.103) (0.181) (0.093) (0.112)

Quantity of schooling (S) 0.548 0.103 0.100 0.519 0.106 0.116
(0.209) (0.126) (0.146) (0.195) (0.119) (0.139)

Annual population growth
(GPOP)

20.713 20.038 20.250
(0.224) (0.215) (0.211)

Labor-force quality (QL1) 0.134 0.133
(0.023) (0.024)

Labor-force quality (QL2) 0.104 0.098
(0.015) (0.015)

Constant 2.265 21.900 20.989 4.092 21.756 20.151
(0.863) (1.004) (0.910) (0.974) (1.346) (1.142)

R2 0.33 0.73 0.68 0.41 0.73 0.69

Note: Huber-White estimated standard errors are in parentheses below coefficients.
Quantity of schooling (S) has a strong, positive
impact on growth.

The corresponding estimates with the ad
tion of our alternative measures of labor-for
quality, found in the remaining columns, ind
cate a very strong relationship between qua
and per capita growth rates. In the simple
form, adding either quality measure (QL1 or
QL2) boosts the adjustedR2 to about 0.7, a
substantial increase from the simpler mode
An increase of one standard deviation of labo
force quality, either measured byQL1 or QL2,
enhances the real per capita growth rate by o
1.4 percentage points per year (e.g., 0.13z
10.86 5 1.46). In contrast, a one-standar
deviation increase in the quantity of schooling
associated with only a quarter-percentage-po
increase in growth (0.10z 2.63 5 0.26). (Note
that the school quantity effect falls dramatical
with inclusion of direct performance mea
sures.)10 The magnitude of the estimated quali
-

y
t

.
-

er

t

effect is huge, given that the unconditional stan
dard deviation of growth rates for these coun
tries is 1.75 percent. (We return to issues of th
magnitude of effects below.)

Replication of the basic models with the ad
dition of population growth [columns (4)–(6)]
leaves the magnitude and significance of th
quality of schooling little changed. The esti
mates of the impact of population growth on th
rate of economic growth, while always nega
tive, are quite sensitive to specification and a
not significantly different from zero when qual
ity is considered. Also, as with other influence
that have been estimated in the past, causality
a concern, since higher income may lead
country to reduce its birthrate.

The basic model concentrates just on additiv
effects of school quantity and quality, but thei
effects may be complementary. Some expe
mentation with a linear interaction term pro
duced implausible results for the sampl
extremes for both quantity of schooling an
measured quality. The substitution of logarith
mic models on the other hand yielded virtuall
identical qualitative results as the basic additiv

r
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11 The sources of variables, as explained in Appendix A,
are mainly from Marlaine E. Lockheed and Adrian Ver-
spoor (1991) and Barro and Lee’s (1993) data set. For
characteristics of education system, we consider: pupil/
teacher ratio in primary schools (PT-pri) and in secondary
schools (PT-sec), pupils/school ratios, teaching materials
and teacher salary in primary schools, repeaters in primary
schools, percentage of primary-school cohort reaching the
last grade, public recurrent expenditure in primary school
relative to GNP, ratio of recurring nominal government
expenditure on education to nominal GDP (RECUR), cur-
rent expenditure per pupil (PPE), and ratio of total nominal
government expenditure on education to nominal GDP (EX-
PEND). The school spending variables are converted into
spending per pupil by using purchasing-power parity esti-
mates from Summers and Heston (1991) along with relevant
school-enrollment data. For socioeconomic variables, we
consider: general education level (schooling quantity—S),
per capita income at 1960 (Y60) and average income, and
demographic variables (fertility rate, growth rate of popu-
lation (GPOP), infant mortality rate, life expectancy at
birth).
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models without interactions. Given the pauci
of data, it remains impossible to investiga
satisfactorily alternative functional forms.

The basic results provide strong support f
the importance of labor-force quality differenc
as measured by cognitive achievement in ma
ematics and science. They also comprise
baseline for subsequent analyses both of
avenue of effects and of the generalizability
other countries.

III. Causality, Part A: The Determinants
of Schooling Quality

Growth provides increased resources to a
tion, and a portion of these resources may
ploughed back into human-capital investmen
thus suggesting that the relationships previou
estimated could overstate the causal impact
higher labor-force quality. Consider the follow
ing such description:

(1) gi 5 X ib 1 gQLi 1 « i

(2) Ri 5 W id 1 hgi 1 n i

(3) QLi 5 Z ia 1 pRi 1 y i .

Growth (gi) of nationi is determined by labor-
force quality (QL) plus a vector of other factor
(X) [equation (1)], while growth also contrib
utes along with other factorsW to determining
the amount of resources devoted to schools
human-capital production (Ri) [equation (2)].
This formulation highlights the fact that gov
ernments cannot directly affect outcomes b
instead must pursue various indirect polici
that depend on the organization of schools a
the underlying production function. If, howeve
resources in combination with other inputs (Z)
determine labor-force quality [equation (3)
simple estimation of equation (1) will not pro
vide estimates of the causal effect of quality
growth (g). Instead the estimation will also re
flect the impact of growth on quality, embodie
in the structural parametersh andp.

It is infeasible to estimate the complete sy
tem of equations with available data. Instea
the approach here is direct estimation of equ
tion (3), the human-capital production functio
that relates measured labor-force quality to a
r

h-
e
e

a-
e

s,
ly
of

gregate resources for schools and characteris
populations across countries (Z). As long asn
and y are uncorrelated, estimation of equatio
(3) provides consistent estimates of the produ
tion parameters. The estimation follows th
micro level studies of school performance (H
nushek, 1979, 1986). While past estimation
such models, both in the United States and
developing countries, has failed to find a co
sistent relationship between school resourc
and student performance (Hanushek, 199
1996), these results do not necessarily ca
over to international comparisons. Within
country variations of resources are dwarfed
between-country variation, implying that, eve
if small marginal differences in resources hav
little effect, the large order-of-magnitude differ
ences found across countries could have imp
tant outcome effects.

We assume that the international level
average ability of students does not vary acro
countries (or at least is exogenous to the oth
determinants considered here), leading us
concentrate on standard, readily available r
source measures and aggregate population c
acteristics.11 For the previous growth models
we were interested in measuring the quality
the entire labor force, leading to aggregation
different test scores into a single measure f
each country. Here, however, our interest is t
underlying production relationships, and we ca
exploit the disaggregated test data to explo
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TABLE 3—PRODUCTION OF MATHEMATICS AND SCIENCE ACHIEVEMENT: COUNTRY- AND COHORT-SPECIFIC SCORES

(Dependent variable: Normalized test performance in test yeart)

(1) (2) (3) (4) (5) (6)

IEA math1 44.09 50.15 40.78
(5.16) (5.61) (7.03)

IEA science1 46.44 54.30 41.98
(5.87) (5.48) (7.01)

IEA math2 48.49 55.49 41.30
(6.04) (5.65) (7.11)

IEA science2 45.94 51.66 37.97
(6.35) (6.16) (7.62)

IAEP math and science 47.14 52.45 38.24
(5.47) (4.91) (6.57)

Adult schooling (St 2 1) 2.04 1.62 1.54 2.70 1.75 1.59
(0.82) (0.76) (0.64) (0.70) (0.73) (0.64)

Pupil-teacher ratio in primary
schools (PT-prit 2 1)

0.066 0.09
(0.16) (0.15)

Current public expenditure
per student (PPEt 2 1)

20.69 20.766
(0.19) (0.21)

Total expenditure on
education/GDP
(EXPENDt 2 1)

2165.90 2189.78
(90.66) (88.69)

Annual population growth
(GPOPt 2 1)

24.65 24.60 22.64 24.86 24.98 22.81
(1.68) (1.36) (1.96) (1.94) (1.42) (1.91)

Constant 46.46 52.27 40.80
(5.17) (4.94) (6.55)

Number of countries 69 67 70 69 67 70
R2 (adjusted) 0.25 0.19 0.25 0.22 0.26 0.25

Notes:The sample consists of one observation per country for each of the six test years that each country participate
international testing. Scores are normalized to 50 in each test year. Huber-White estimated standard errors are in pa
below coefficients.
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how school and family resources relate to th
performance of specific cohorts. To estimate t
school production relationships, we consid
normalized individual country test scores on th
six separate tests (i.e., the individual count
data points plotted in Figure 1) and relate the
to the relevant cohort-specific family characte
istics and school resources (see Appendix B
This approach provides up to 70-country-tes
cohort observations with necessary school inp
data, while ensuring that the inputs are exog
nous to the achievement outcomes.12

Table 3 displays several variants of the pr
duction models. The overall story is that varia
tions in school resources do not have stro
effects on test performance. The estimated
ot
y
he

12 A total of 87 country-test observations are available,
but limits on school input data reduce the usable sample.
e
r

.
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t
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g
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fects of various measures of resources are ei
statistically insignificant or, more frequently
statistically significant but with an unexpecte
sign. This finding holds regardless of the sp
cific measure of school resources—wheth
pupil-teacher ratios, recurrent expenditure p
student, total expenditure per student, or a
riety of other measures. The education of p
ents, proxied by the quantity of schooling of th
adult population, tends to be positive and s
nificant at conventional levels. Also, countrie
with higher population growth rates tend
have lower achievement, consistent with sta
dard arguments about the trade-off betwe
quantity and quality of children and the impa
of larger family sizes (Gary S. Becker and H
Gregg Lewis, 1973; Robert J. Willis, 1973
Hanushek, 1992). Alternative models (n
shown) included region-of-the-world dumm
variables, but these did not change any of t
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13 The prior production function estimates plus the fur-
ther analysis of U.S. earnings of immigrants (in the text)
provide some evidence about the appropriateness of the error
assumption. With a consistent estimate ofa, the last term in
equation (4) vanishes in the limit, yielding consistent esti-
mates ofb andg. Based on the prior estimation, we ignore
possible feedback in equation (2) andpRi in equation (3).

14 Subsequent empirical analysis indicates that this sim-
ple weighting and the use of Huber-White corrected stan-
dard errors yield very similar results (Halbert White, 1980).
Note that this estimation problem is not the same as a
standard generated regressor case, given the partial observ-
ability of QL. Ignoring observed values ofQL would effec-
tively increase the error variance in (1) and thus reduce the
efficiency of the estimator. This approach is also not the
same as errors-in-variables, because it rests on the consis-
tency of the underlying estimator in equations (3) and (4).
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estimated school resource effects. Most sign
icantly, the perverse effects of pupil-teacher r
tios are not a simple artifact of the large cla
sizes found in many East Asian countries.

Finally, the structure of the testing itse
might influence the pattern of observed perfo
mance. Variations in school attendance cou
lead to variations in scores due to pure select
effects, because countries with lower scho
completion rates might typically test a mo
selective portion of the total age cohort. Th
models in Table 3 were reestimated adding
secondary-school enrollment rate for the fiv
year period covering the specific testing pr
gram (not shown). The secondary-scho
enrollment rate was uniformly positive and st
tistically insignificant (the opposite of wha
might be expected from important selection e
fects), while the pattern of the school resour
effects was unaffected.

A significant concern with previous analyse
of cross-country growth relationships has be
the likelihood of simultaneity—fast-growing
countries are likely to invest in more schoolin
more plant and equipment, and the like. T
effect of growth on human-capital developmen
as opposed to the reverse, has specifically b
emphasized, for example, by Jacob Minc
(1996) and Bils and Klenow (2000). The lack o
systematic income and expenditure effects
labor-force quality strengthens the causal int
pretation of labor-force quality in our growt
models, becausep 5 0 eliminates the feedbac
loop in equations (1)–(3).

IV. An Expanded Sample of Countries

To explore growth differences among cou
tries further, we significantly expand the grou
of countries analyzed by projecting labor-forc
quality based on observed characteristics. T
estimation strategy concentrates on equati
(1) and (3) above. We observeg, X, QL, andZ
for a set ofn1 countries, while we just observ
g, X, andZ for another set to countriesn1 1
1, ... , n2. We begin by obtaining consisten
estimates ofa, the effect of country factors on
measured quality, from estimation of (3) for th
first set ofn1 observations with complete data
We then use this estimate (â) to estimate jointly
equation (1) for the firstn1 countries and
-
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(4) gi 5 X ib 1 gZ iâ

1 @gy i 1 « i 1 gZ i ~a 2 â!#

for the remainingn2 2 n1 countries, where the
bracketed term indicates the composite err
term in equation (4).

When« andy are uncorrelated for the coun
tries with complete data, estimation of this sys
tem will, under quite general conditions, yield
consistent estimates ofg.13 Clearly, however,
the full error term in (4) will have a larger
variance than that in (1), so correction fo
heteroskedasticity is important both to obta
efficient parameter estimates and to obtain co
sistent estimates of the standard errors. If t
only source of heteroskedasticity arises fro
estimation ofQL for the expanded set of coun
tries in equation (3), a simple two-stage estim
tor that employed different variance estimate
for the first n1 observations and for the nex
n1 1 1, ... , n2 observations would be appro-
priate. Because other sources of heterosked
ticity are likely, however, we employ more
general robust estimation techniques.14

To project labor-force quality in equation (3)
we return to the simple cross-sectional samp
of aggregate country values for labor-forc
quality, QL1 andQL2, and relate them to aver-
age population and schooling characteristics f
the entire 1960–1990 period. Our primary pu
pose is developing projection equations, and w
employ expanded models that go beyond t
previous production function estimates.

As shown in Table 4, three basic factors a
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TABLE 4—PREDICTION MODELS FORLABOR-FORCE QUALITY

Dependent variable5 QL1 Dependent variable5 QL2

(1) (2) (3) (4) (5) (6)

Primary-school enrollment
rate (ENROLL-pri)

81.50 85.78 86.23 62.36 73.28 75.32
(16.54) (23.32) (24.81) (24.44) (29.54) (31.30

Quantity of schooling (S) 0.714 0.038 0.320 1.651 0.97 1.18
(0.53) (0.65) (0.64) (0.77) (1.18) (1.14)

Pupil-teacher ratio in
primary schools (PT-
pri)

0.142 20.043
(0.06) (0.13)

Recurring expenditure on
education/GDP
(RECUR)

55.49 133.23
(119.3) (176.1)

Total expenditure on
education/GDP
(EXPEND)

121.07 170.37
(109.9) (169.1)

Annual population growth
(GPOP)

23.11 23.08 22.80 24.105 24.17 23.85
(1.76) (1.98) (2.06) (2.36) (2.65) (2.62)

Asian (51) 5.123 7.52 6.33 12.25 13.77 12.76
(3.56) (2.76) (3.07) (6.54) (4.76) (5.02)

Latin American (51) 24.004 23.87 24.31 21.24 0.203 0.432
(2.31) (2.93) (3.39) (3.689) (4.07) (4.53)

African (51) 3.170 2.94 3.30 11.97 8.71 9.16
(2.38) (2.32) (2.68) (5.73) (3.44) (3.72)

Constant 235.59 237.19 236.19 213.10 228.40 229.27
(17.20) (22.41) (24.55) (25.76) (27.65) (30.17

Number of countries 31 30 30 31 30 30
R2 0.73 0.72 0.71 0.68 0.66 0.65

Note: Huber-White estimated standard errors are in parentheses below coefficients.
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generally important in determining variations
labor-force quality. Primary-school enrollmen
rates strongly influence performance, probab
through indicating the overall importance th
each country puts on education. Higher popu
tion growth rates are associated with low
labor-force quality. Finally, distinct regiona
differences influence performance with Asia
countries doing best (given the other charact
istics).15 The average quantity of schooling
generally positively related to performance, a
though it is typically insignificant at conven
tional levels. School resources again are n
is
er
d
he
er-
ain
th
er
ent

15 The limited number of countries makes the regiona
differences suspect. While there are six Asian countries
there are only two African (Mozambique and Swaziland)
and one Latin American (Brazil) country. This implies that
the estimates for Latin American countries are calculate
relative to the Brazilian mean instead of the world mean
Similarly, African countries are calculated relative to the
mean for Mozambique and Swaziland.
y
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strongly related to quality. The incorrect pos
tive sign for pupil-teacher ratio appears wheth
or not there is a dummy variable for the Asia
region, a region with traditionally high pupil
teacher ratios and high student performan
The expenditure measures, while positive,
statistically insignificant.

We utilize the estimates in the second a
fifth columns to construct an expanded set
labor-force quality measures,QL1* and QL2*,
which combine observed quality with predicte
quality for all countries without observed te
data but with data on the right-hand-si
measures. A significant concern, however,
that relatively few developing countries ev
participated in the testing, implying limite
observations at the low-achieving end of t
distribution. Because of the thinness of obs
vations at the lower end (see Figure 1), our m
growth estimates eliminate all countries wi
predicted achievement below 20, the low
bound on actual observations. The subsequ

l
,

d
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d16 The cutoff, which lies more than two and one-half

standard deviations below the country means, eliminates
nine countries which meet overall data availability criteria.
The sampling criterion has slightly different sample impli-
cations for the two separate quality measures with 77 com-
mon observations. To test the sensitivity of the results to
truncation, reestimation of the growth models using all
countries with predicted values ofQL1* and QL2* greater
than zero yielded estimates that are highly statistically sig-
nificant but slightly lower in magnitudes from those esti-
mated on the more restricted samples.

r 32
un-

t of
and

bill

18 If QL1* andQL2* are regressed on the TIMSS aggre-
gate scores, a dummy variable for direct observations of
prior tests or allowance for a different slope on the TIMSS
variable if labor-force quality was observed yields insignif-
icant differences.
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17 It was possible to construct eighth-grade scores fo
countries that enter into our analysis, including eight co
tries not previously directly observed (U.S. Departmen
Education, 1996a, b). The relationship of TIMSS scores
growth is explored in Paul T. Decker and Larry M. Rad
(1999).
TABLE 5—1960–1990 CROSS-COUNTRY GROWTH MODELS WITH LABOR-FORCE QUALITY FOR AUGMENTED QUALITY SAMPLE

[Dependent variable: Average annual growth rate in real per capita GDP (3100)]

(1) (2) (3) (4) (5) (6)

Initial per capita income (Y60)
[$1,000]

20.382 20.390 20.453 20.370 20.384 20.442
(0.081) (0.079) (0.078) (0.084) (0.082) (0.081

Quantity of schooling (S) 0.127 0.117 0.112 0.120 0.103 0.112
(0.089) (0.093) (0.093) (0.096) (0.100) (0.104

Annual population growth
(GPOP)

20.097 20.161
(0.212) (0.209)

Labor-force quality (QL1*) 0.108 0.104 0.076
(0.021) (0.023) (0.027)

Labor-force quality (QL2*) 0.094 0.090 0.072
(0.016) (0.016) (0.021)

Assessment available (TEST) 21.392 20.628
(1.455) (1.436)

Observed labor-force quality
(TEST QL1*)

0.054
(0.032)

Observed labor-force quality
(TEST QL2*)

0.034
(0.028)

Constant 21.606 21.184 20.475 21.483 20.869 20.657
(0.749) (1.241) (1.069) (0.584) (0.984) (0.798

Number of countries 78 78 78 80 80 80
R2 0.41 0.42 0.49 0.41 0.41 0.48

Note: Huber-White estimated standard errors are in parentheses below coefficients.
growth estimation, however, is not very sen
tive to this sampling criteria.16 Also, there ulti-
mately proves to be little difference between t
two measures of labor-force quality, which ha
a simple correlation of 0.95 in the augment
country sample.

As an independent check on the projectio
the estimates of labor-force quality can be
lated to the eighth-grade country scores fro
1995 on the Third International Math and Sc
ence Study testing, or TIMSS (U.S. Departme
of Education, 1996a, b). The correlation of t
combined TIMSS score withQL1* andQL2* is
0.67 and 0.66, respectively.17 If South Africa,
,

t

which is a full standard deviation below th
score of the next lowest of the 32 match
countries, is excluded, the correlations rise
0.76 and 0.78. Importantly, there is no sign
cant difference in these relationship for the ei
newly tested, as opposed to the 24 previou
tested, countries in the TIMSS sample.18 The
high correlations also reinforce the previou
assumed relative stability of schooling system

The growth estimates in Table 5, which re
licate the basic models in Table 2, are ve
consistent with the baseline estimates. Con
ering QL1*, the first column indicates signifi
cant conditional convergence with higher init
income translating into lower growth rate
While quantity of schooling is positive, it i
statistically insignificant, and its estimate
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effect on growth is close to what was o
served previously in Table 2. Most importan
labor-force quality—measured byQL1*—is
statistically significant and very similar i
magnitude to the estimates for the restricted
of countries in the baseline. A one-standa
deviation change in quality translates into
slightly greater than one-percentage-point d
ference in annual real growth rates. The eff
of quality improvements also appears mu
more important than increases in quantity:
one-standard-deviation change in school qu
tity translates into 0.32 percentage points in av
age growth (and even this might be overstated
the arguments of Bils and Klenow, 2000).

The remainder of the table demonstrates s
bility of the estimated effects of quality. I
column (2), the addition of population grow
rates has no impact on the estimated qua
effect. Column (3) provides information on th
projection of labor-force quality in growth b
separating countries with direct observatio
from those with projections. The point estimat
on marginal test score effects (TESTz QL1*)
indicate somewhat stronger test influences
countries where there are direct observatio
although the coefficient is not significant at t
5-percent level.19 As found before, the result
from the alternative quality measure (QL2*) are
virtually the same.

Following Levine and Renelt (1992), a var
ety of other common measures of econom
were added (not shown), but the importance
quality differences remains both in terms
consistent strength and statistical significance20

Barro (1991) and others have emphasized
variety of political factors which might influ
ence growth. When we introduce measures
19 The F-test on the addition of both the intercept and
slope dummies does reject the hypothesis that both param
eters are jointly zero (F[2, 72] 5 5.59), butslope equality
seems most important.

20 The additional factors included: the ratio of real gov-
ernment consumption expenditure net of spending on de
fense and education to real GDP (GCN), the ratio of private
investment to GDP (PRIINV), and ratio of total trade to
GDP (TRD). While school quantity (S) was insignificant,
the consistent result was that labor-force quality remaine
statistically significant, although at times slightly smaller in
magnitude than in Table 5. Alternative functional forms,
including log specifications and interactions between qual
ity and the other variables, likewise did not change the
overall results.
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political assassinations or of revolutions an
coups into our models, they are uniformly in
significant, and they do not lessen the impo
tance of variations in labor-force quality.21

Importantly, discussions below about the es
mated magnitude of quality effects raise th
possibility that quality partially proxies for
some set of omitted variables. This sensitivit
analysis, however, rules out many common
hypothesized candidates.

The estimates using this augmented sam
confirm the appropriateness of projection to th
expanded set of countries. This expanded sam
provides increased precision in testing further h
potheses. It also points to the broader generali
tions across world economies that are possible

V. Causality, Part B—The Quality-
Productivity Relationship22

Confusion about causality can also arise from
simple omitted variable problem. To the exten
that other aspects of a country influence bo
scores and the success of the economy, the m
sures of labor-force quality may simply be proxy
ing for the true influences. For example, if growt
were related to more open labor markets, natio
with more open labor markets may also hav
better allocations of workers to teaching and th
better student performance. Or, investment
health of individuals may lead both to highe
productivity and growth and to better school pe
formance. These and other examples could p
duce the kind of quality-growth relationship
estimated here, even when cognitive skills
workers per se are not driving growth. For exam
ple, consider a situation where a common facto
u, affects both growth of the economy and effi
ciency of the schools, but where measured quali
QL, does not enter into growth:

(5) gi 5 f~u i , X ib! 1 « i

(6) QLi 5 g~u i , Z ia! 1 y i .

-
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d

-

21 We average assassinations per million population and
number of revolutions and coups per year across the ob-
served periods. While such measures would imprecisely
show the impact of political upheaval on short-run growth,
they should still capture any overall effects.

22 We thank a prior referee for suggesting this analysis.
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This is a simplified structural form of the
kind of omitted variables problem that has be
hypothesized to enter in one form or another in
estimation and interpretation of many previo
growth models.23 Without measures ofu, it is
extraordinarily difficult to deal with such situa
tions, because it generally requires finding inst
mental variables which are correlated with tr
student and worker quality but which are unco
related with growth.

In our analysis, we employ a different stra
egy. We concentrate on immigrants working
the United States and relate variations in th
earnings to our measures of labor-force qual
If our measure of labor-force quality does n
indicate differences in productivity but i
merely a proxy for other differences in eac
country’s economy, we should see no relatio
ship with immigrant earnings differences with
the U.S. economy. Moreover, by distinguishin
where each immigrant’s education was r
ceived—in the home country, in the Unite
States, or in a combination of the two—it
possible to relate the quality measures mo
closely to schools than to other characterist
of the immigrants, be it cultural, family behav
ior, or whatever.

We constructed a sample of all foreign-bo
male workers, aged 25–60, with at least $1,0
in earnings in 1989 from the 1990 Census
Population 5-percent public use micro data fil
(PUMS). The PUMS data set provides inform
tion about 1989 labor earnings, schooling
tained, age, country of origin, and age of en
into the United States. Two overlapping sam
ples were constructed: (1) those who were bo
in a country for which direct quality measure
were available [37 countries]; and (2) those
the augmented sample that adds countries
which quality measures are estimated [87 cou
tries].24 The OLS estimated earnings equatio
begin with the standard Mincer form (Mince
1974) where log of annual earnings is regres
e
ry-
-
e
e
r
n

23 The same set of problems arise withoutu entering both
structural equations ifu is correlated with the error in one of
the equations and enters directly into the other.

24 Countries are included if there are at least 50 immi-
grants in the United States meeting the work and earning
restrictions. Note that a larger set of countries are used
both samples here, because information on the own-coun
growth and schooling levels is not required.
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on years of school, potential experience (ag
schooling-6) and its square and then add o
measure of labor-force quality (QL2*) based on
country of origin.

The simple Mincer models in Table 6 fo
male immigrants (the first column for each o
the two samples) provide rather standard r
sults: earnings gradients of 9 –10 percent p
year of schooling and declining returns t
experience over a career. The interesting po
tion is the estimated effects of quality. In th
sample with observed tests, one point of te
score approximately translates into an ave
age of 0.19-percent higher individual earn
ings. The following three columns then
disaggregate the sample by where the imm
grant obtained schooling (based on age
entry into the United States). Those entire
educated in the home country average 0.2
percent higher earnings for each point of te
score, while those educated partially or total
in the United States show a statistically insig
nificant relationship between home-countr
labor-force quality (QL2*) and individual
earnings. With the augmented sample
countries on the right-hand side of the tabl
the pattern of results is the same, and es
mated quality effects on individual earning
are even stronger.

If the growth effects of labor-force quality
previously estimated just reflected some om
ted factor related to the home country and th
efficiency of its markets, we would not expec
to see productivity effects for immigrants in
the U.S. economy. Further, if the growth ef
fects simply reflected cultural or family fac
tors and not school achievement and sk
effects, we would expect the influence o
productivity in the U.S. economy to hold re
gardless of where the schooling took plac
We interpret the results in Table 6 as provid
ing consistent evidence that our measures
labor-force quality are related to individua
productivity and signal a causal influence i
the growth relationship.

Nevertheless, while the qualitative evidenc
supports a causal relationship between count
specific quality differences and individual produc
tivity, the question remains whether the magnitud
of the estimated effects is sufficient to explain th
strong relationship with growth rates. The prio
investigation of possible simultaneous provisio
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TABLE 6—EFFECTS OFSCHOOL QUALITY ON U.S. EARNINGS OF IMMIGRANTS, 1989a

Only immigrants from countries with observed quality measures
(n 5 37)

Immigrants from countries with observed or predicted quality
measures (n 5 87)

All

Schooling location

All

Schooling location

Home only
United States

and home
United States

only Home only
United States

and home
United States

only

Years of
school

0.089 0.090 0.080 0.103 0.132 0.103 0.099 0.089 0.117 0.130
(0.002) (0.002) (0.002) (0.004) (0.005) (0.001) (0.001) (0.001) (0.003) (0.004

Potential
experience

0.061 0.061 0.069 0.089 0.067 0.058 0.058 0.067 0.085 0.066
(0.002) (0.002) (0.003) (0.004) (0.008) (0.002) (0.002) (0.002) (0.003) (0.006

Potential
experience
squared

20.0009 20.0009 20.0010 20.0016 20.0011 20.0008 20.0008 20.0009 20.0015 20.0011
(0.0000) (0.0000) (0.0001) (0.0001) (0.0002) (0.0000) (0.0000) (0.0000) (0.0001) (0.00

QL2* 0.0019 0.0021 20.00018 0.00004 0.0060 0.0064 20.0025 0.0018
(0.0004) (0.0005) (0.0006) (0.0016) (0.0003) (0.0004) (0.0006) (0.001

Constant 8.154 8.046 7.977 7.881 7.597 7.883 7.678 7.589 7.498 7.54
(0.035) (0.041) (0.056) (0.078) (0.127) (0.022) (0.024) (0.031) (0.054) (0.093

Observations 20,644 20,644 12,955 4,956 3,412 3,9840 3,9840 2,6643 8,639 4,5
R2 0.15 0.15 0.13 0.22 0.18 0.23 0.23 0.23 0.26 0.19

a Mincer earnings models are estimated with the dependent variable being log of labor earnings. Samples
immigrants with 1989 labor-market earnings who were born in a country for which measures of labor-force qualityQL2*)
are observed or, in the right panel, estimated.
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of school resources with growth concluded th
this path for growth effects was inconsistent wit
the data. But, this and the further investigation o
variations related to East Asian countries (see t
next section) are qualitative conclusions and s
nothing about the estimated magnitude o
quality-growth effects. The individual earnings es
timation, which provides direct evidence about th
magnitudes of productivity differences associate
with varying school-induced skills, holds the pos
sibility that something can be said about the ma
nitude of the growth effects.

Unfortunately, there is no simple way to
translate the individual productivity effects
which relate to levels of income, into aggregat
growth effects. Much depends upon the parti
ular model of growth that is selected. For ex
ample, one approach would be to mode
achievement effects as affecting the aggrega
steady-state level of output for an economy wit
growth coming through conditional conver
gence based on initial income levels.25 In this,
the relative magnitude of the quality coefficien
25 This approach is an extension of Barro and Sala-i-
Martin (1995). We thank a referee for suggesting this way
of estimating the growth effects of quality differences.
t

f
e
y
f

d

-

-

l
te

and the coefficient on initial income provide a
estimate of the impact of quality on steady-sta
levels of income—a parameter that would b
comparable to the Mincer earnings paramete
growth comes directly from varying levels o
human-capital inputs. The growth estimate
however, provide much larger estimates
quality effects than found in the earnings es
mation for immigrants, suggesting that mo
than just direct productivity effects are enterin
into the growth relationship.

An alternative view from an endogenou
growth model perspective would relat
growth rates to stocks of human capital—
here, either in terms of quantity or qualit
of human capital. In this, strong externalitie
or endogenous growth in terms of the aggr
gate stock of labor-force quality might b
able to explain the apparent disparity note
in terms of individual productivity and
growth effects of quality differences.26 Two
things are important in assessing this. B
26 As noted previously, the form could be from, for
example, quality influencing the rate of technological
change (Romer, 1990a) or an expanding steady-state level
through closing gaps in innovation (Nelson and Phelps,
1966) or a variant of an AK model (Rebelo, 1991).
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27 Considerable discussion has surrounded the magn-
tude of the effect of school quantity (cf., Bils and Klenow,
2000), so the relatively larger quality effects obtained her
lead to similar questions, although the underlying structur
is less clear.
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28 For example, this difference in estimated productiv
effects between micro and macro estimates may refle
errors-in-variables problem related to the measureme
the quantity of schooling (see Alan B. Krueger and Mik
Lindahl, 1999). Their analysis, however, concentrates m
on the estimated effect of changes in human cap
whereas the averages employed here should lessen
errors-in-variables problems. Another possibility to rec
cile the magnitude of the micro and macro estimates is
the productivity effects in the Mincer equation are poo
estimated. The Mincer estimation attributes overall cou
average quality to individuals, instead of including the
propriate individual measure. Moreover, the estimates
sensitive to sample. The quality estimates in Table 6
three times as large in the augmented sample as in
smaller sample of test-taking nations. Nonetheless, w
other labor-market factors influence immigrants’ earni
picture and have some effect on the precise magnitud
the estimates, investigation of a variety of more complica
earnings specifications confirms the overall patt
strength, and significance of the country-specific labor-fo
quality measures in the individual Mincer models for
United States. Hanushek and Jin-Yeong Kim (1999) in
tigate a variety of specifications of the individual earnin
models, including ones with measures of immigrants’
fguage ability, race, part-time work status, and selectivit
immigration. These alternative specifications affect
magnitude of coefficient estimates but not the ove
strength and significance. Moreover, this latter perspec
would not change the magnitude of the quality coefficien
the growth equation, which, independent of the issues a
compatibility of the micro and macro estimates, raises c
cerns.
cause the quality coefficient is so large in t
growth equations, both absolutely and re
tive to school quantity, the emphasis must
on the strength of externalities to quality th
differ from those for quantity.27 Second, the
magnitudes of quality effects in an endog
nous growth case still appear implausib
large. The quality estimates in the baseli
and in the augmented growth models sugg
that one standard deviation in test perfo
mance translates into more than 1-perc
higher annual growth in GDP per capita. Bu
by the estimates of Klenow and Andre´s
Rodrı́guez-Clare (1997 p. 94), the avera
growth across a broad set of countries tha
attributable to technological change is sligh
over 1 percent per year—roughly the same as
standard deviation of test performance. Thus,
estimated quality effect in growth, even if comin
from its aggregate influence on technologi
change, appears too large.

While other models allowing a crosswalk b
tween quality effects on the level of earnin
and on the rate of aggregate growth might r
oncile the magnitudes,28 we conclude that ther
e
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is currently uncertainty about how much of th
estimated growth effects comes from dire
causal influences of measured labor-force qu
ity. A portion could come from omitted vari-
ables that are strongly correlated with measur
quality. The exact nature of these omitted va
ables is unclear, however, because the sens
ity analyses and other considerations of t
causal structure rule out many of the most pla
sible factors. Thus, we conclude that the ev
dence here suggests that the quality measure
indicate productivity differences. It also con
firms the role of schooling differences acro
countries, as opposed to cultural, racial, or p
rental factors, in affecting these quality differ
ences. But, because the micro effects wou
appear to translate directly into smaller grow
influences, questions about the complete cau
structure remain.

VI. Causality, Part C—Sensitivity
to East Asian Countries

The well-known growth experience of Eas
Asian countries over our sample period rais
concern that these results have been domina
by countries in that region. As seen in Figure
East Asian countries tend to score highly on t
international tests, so it is possible that the te
scores might be merely identifying these countri
even when labor-force quality is not causally r
lated to growth. This can be thought of as a spec
case of the omitted variables discussion of t
previous section.

Table 7 provides evidence about the impact
these countries on the estimates of growth re
tionships. This table compares results for the e
tire sample with results that come from excludin
different subsets of East Asian countries. Thr
subsets of East Asian countries are explored: F
Tigers (Hong Kong, Korea, Singapore, and Ta
wan); High Performing (Four Tigers plus Japan
and Newly Industrialized (High Performing plu
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TABLE 7—THE IMPORTANCE OFEAST ASIAN COUNTRIES

Countries with observed quality measures Countries with observed or predicted quality mea

Full
sample

Excluding
Four

Tigersa

Excluding
High

Performingb

Excluding
Newly

Industrializedc
Full

sample

Excluding
Four

Tigersa

Excluding
High

Performingb

Excluding
Newly

Industrializedc

Initial per capita income
(Y60)

20.472 20.357 20.328 20.270 20.382 20.308 20.291 20.256
(0.090) (0.092) (0.104) (0.086) (0.078) (0.081) (0.084) (0.086)

Quantity of schooling (S) 0.103 0.117 0.106 0.085 0.127 0.148 0.140 0.143
(0.118) (0.116) (0.118) (0.113) (0.086) (0.087) (0.089) (0.091)

Labor-force quality (QL1*) 0.134 0.101 0.095 0.091 0.108 0.079 0.075 0.069
(0.020) (0.022) (0.024) (0.023) (0.020) (0.020) (0.020) (0.020)

Constant 21.901 21.111 20.929 20.966 21.606 20.848 20.709 20.648
(0.936) (0.934) (1.010) (0.986) (0.730) (0.719) (0.739) (0.755)

Number of countries 31 27 26 25 78 74 73 70
R2 (adjusted) 0.70 0.49 0.39 0.40 0.39 0.26 0.22 0.21

Note: Huber-White estimated standard errors are in parentheses below coefficients.
a Four Tigers: Hong Kong, Korea, Singapore, and Taiwan.
b High Performing: Hong Kong, Korea, Singapore, Taiwan plus Japan.
c Newly Industrialized: Hong Kong, Korea, Singapore, Taiwan, Japan plus Indonesia, Malaysia, and Thailand. (Ind

and Malaysia did not participate in any of the international examinations).
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Indonesia, Malaysia, and Thailand).29 These mod-
els are estimated both for samples involving on
directly observed test information and for the au
mented samples (i.e., including countries with p
dicted tests). In all cases, negative effects of ini
income level are significant, demonstrating con
tional convergence, although these effects
stronger when the East Asian countries are
cluded. The estimated effect of quantity of scho
ing rises some when East Asian countries
excluded from the larger sample and shows
consistent change when the sample is restric
just to countries with observed test scores—bu
is never statistically significant.

For the sample with observed tests, the eff
of labor-force quality drops in magnitude b
one-quarter to one-third, depending on the p
cise sample, and theR2 drops noticeably when
any of the East Asian countries are delete
These results are consistent with quality
human capital contributing to the growth o
East Asian economies. Nonetheless, labor-fo
quality maintains a strong and significant effe
on estimated growth in all subsets of countrie
In the augmented samples, similar results ho
-
)
d

29 These subsets follow those of the World Bank (1993).
High Performing would include China, but China is not
included in the estimation because of missing data on initia
income for the basic growth models.
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In short, the importance of labor-force qualit
is not merely an artifact of the data driven b
East Asian countries but holds in areas acro
the world. Outside of East Asia, a one-standa
deviation change in labor-force quality is sti
associated with a 0.7–1.0-percentage po
higher growth rate (depending upon the speci
sample employed in the estimation).

VII. The Importance of Quality Measurement

Table 8 provides direct comparisons of es
mated models with quality measures versus
quality measures or schooling input measur
Without quality measures [columns (1–3)
school quantity is consistently significant. Fu
ther, from column (2), primary-school pupil
teacher ratio is significant at the 10-perce
level, but the magnitude is small. Cutting ave
age pupil-teacher ratios in half (to 18 from it
current world mean of 36), an extraordinaril
expensive policy, would increase growth rat
by 0.7 percent per year. At the secondary lev
pupil-teacher ratios have a perverse but stati
cally insignificant effect. Considering total ex
penditure per pupil provides little additiona
information about growth.

Direct measures of labor-force quality, how
ever, have a very different impact [columns (4
and (5)]. The proportion of variance explaine

l
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TABLE 8—COMPARISON OFALTERNATIVE MEASURES OFSCHOOL QUALITY AND GROWTH

Baseline
(1)

School inputs Quality measures
Combined input and

quality
(2) (3) (4) (5) (6) (7)

Initial per capita income
(Y60) [$1,000]

20.407 20.455 20.408 20.382 20.370 20.393 20.368
(0.139) (0.114) (0.137) (0.081) (0.084) (0.095) (0.09

Quantity of schooling (S) 0.529 0.481 0.486 0.127 0.120 0.070 0.06
(0.122) (0.124) (0.133) (0.089) (0.096) (0.104) (0.11

Pupil-teacher ratio in primary
schools (PT-pri)

20.040
(0.024)

0.001
(0.026)

0.006
(0.024)

Pupil-teacher ratio in
secondary schools (PT-sec)

0.027
(0.042)

20.038
(0.044)

20.038
(0.045)

Total expenditure on
education/GDP (EXPEND)

14.42
(14.73)

7.388
(16.060)

3.968
(15.100)

Labor-force quality (QL1*) 0.108
(0.021)

0.112
(0.020)

Labor-force quality (QL2*) 0.094
(0.016)

0.100
(0.015)

Constant 0.933 2.140 0.558 21.606 21.483 21.113 21.042
(0.238) (2.060) (0.418) (0.749) (0.584) (1.091) (0.99

Number of countries 100 96 96 78 80 76 78
R2 0.23 0.26 0.22 0.41 0.41 0.42 0.42

Note: Huber-White estimated standard errors are in parentheses below coefficients.
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doubles, reaching almost 40 percent. Moreov
quality measures replace quantity in demo
strating the importance of human capital f
national growth.30

The final two columns of Table 8 incorpora
both direct quality measures (QL) and the input
measures of the second and third colum
None of the inputs has a significant influence
growth after conditioning on either of the labo
force quality measures. These final specific
tions simply reinforce the higher informationa
content of the test measures as opposed to
school inputs.

The importance of adequate measures
quality becomes clear in Table 9, whic
provides comparisons of the root mean-squa
error (RMSE) in explaining growth rates acro
e

on
d

ly
f
e
s

30 There is an artificially high correlation of the quantity
and quality of schooling (r 5 0.71 with QL1*) that comes
from the projection equation for predictingQL in countries
that lack direct test information. The separate influences o
quantity and quality, however, are identified by the coun
tries with test observations, and the reduction in estimate
effect of school quantity seen here simply mirrors tha
previously seen in the base case for just countries wit
direct observations (Table 2).
r,
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a consistent set of countries. The root mea
squared error in models with quality falls by 0.2
percentage points (in annual growth) whe
compared with the other models from Tabl
8. Moreover, the quality measures are especia
powerful in explaining anomalies in growth
rates. The final three columns in Table 8 divid
the countries into slow growers (average annu
growth less than 1 percent), fast growers (ave
age annual growth greater than 3.5 percent), a
the remainder. The reduction in root mean
squared error comes at the extremes of t
growth distribution, and especially from bette
explaining rapid growth. The RMSE for fas
growers falls from about 2.2 percent to 1.
percent whenQL1* is used to explain growth
differences. While the improvement at the bo
tom of the distribution is less in absolute terms
it is still noticeable at about 0.2 percent. Th
results forQL2* are similar.

The previous analyses have concentrated
variations in growth rates that can be explaine
by initial conditions and by quantity and quality
of human capital. At the same time, these high
simplified models leave out a wide range o
characteristics of country economies. Th
distribution of observed growth rates reflect

f
-
d
t
h
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TABLE 9—ROOT MEAN-SQUARED ERROR FORALTERNATIVE GROWTH MODELS

Model (from Table 8)
All

countries

Average growth-rate category

,1 percent 1–3.5 percent .3.5 percent

A. QL1* quality measure
Baseline:C, Y60, S 1.50 2.16 0.87 2.16
Input: C, Y60, S, PT-pri, PT-sec 1.50 2.16 0.87 2.17
Input: C, Y60, S, EXPEND 1.50 2.14 0.86 2.18
Quality: C, Y60, S, QL1* 1.28 1.95 0.79 1.71

Number of countries 76 13 47 16
B. QL2* quality measure

Baseline:C, Y60, S 1.52 2.08 0.89 2.21
Input: C, Y60, S, PT-pri, PT-sec 1.52 2.07 0.89 2.22
Input: C, Y60, S, EXPEND 1.52 2.07 0.88 2.23
Quality: C, Y60, S, QL2* 1.31 1.90 0.87 1.67

Number of countries 78 15 47 16
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the combination of “growth conditions” an
unmeasured factors, and, by the analysis
Table 9, it is clear that the importance of me
sured and unmeasured factors differs acr
countries. By taking out the measured effec
we can identify which countries are growin
surprisingly fast or surprisingly slow given hu
man-capital stocks. Figure 2 displays the p
centile distributions of countries in terms
average annual growth rates over the per
1960–1990. Figure 3 displays the distributi
after conditioning on initial income and qua
tity and quality of human capital; i.e., it display
countries that do significantly better or wor
than would be expected. The countries in bo
face are the 13 with a percentile ranking
conditional growth that is 20 points or mo
higher in the distribution than that in terms
unconditional growth. The countries in italic
are the 13 with a percentile ranking in cond
tional growth that is 20 points or more lower
the distribution than that in terms of uncond
tional growth. For example, Egypt, with an a
erage growth rate of 2.9 percent, moves fro
the twenty-seventh-ranked country in uncon
tional growth to the third-ranked country i
growth after conditioning on its human-capit
stock. At the same time, Japan, with an avera
growth rate of 5.3 percent, falls from seventh
unconditional rankings to twenty-fourth afte
its favorable growth conditions are taken in
account.

The distribution of growth rates after elim
nating the influence of the measured initial i
n

s
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-

d
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e

come and human capital provides som
guidance in looking to identify a richer set o
factors that affect growth. For example, th
performance of the United States, identified
having significantly faster growth than expect
given its human-capital characteristics (movi
from below the median almost to the top 1
percent of the distribution), may partially refle
additional imperfections in the human-capit
measure. None of this analysis incorporat
information about higher education, whe
U.S. schools are arguably the world’s be
Moreover, in versions of endogenous grow
models which emphasize ideas and inventio
(e.g., Romer, 1990a), higher education’s i
put into the production of scientists an
engineers would be especially important. A
ternatively, it may simply reflect the mor
open and competitive markets in the Unite
States.

It is interesting to put this in the framewor
of the often-noted growth performance of Ea
Asia (see World Bank, 1993). After taking int
account measures of labor-force quality, Sing
pore, Hong Kong, Korea, Thailand, and Taiwa
are still identified as unusually fast growers.
other words, the East Asian miracle includes
significant component that is over and above a
emphasis and performance in the developmen
human capital. At the same time, the Japan
growth pattern looks much less unusual. Th
without minimizing the importance of human ca
ital for development, it is important to note that
significant component of growth falls elsewher
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FIGURE 2. DISTRIBUTION OF COUNTRIES BY AVERAGE ANNUAL GROWTH RATES OF REAL GDP/CAPITA

FIGURE 3. DISTRIBUTION OF COUNTRIES BY CONDITIONAL GROWTH RATES OF REAL GDP/CAPITA ALLOWING FOR INITIAL

INCOME AND QUANTITY AND QUALITY OF HUMAN CAPITAL

Notes:Bold (Kenya, Trinidad & Tobago, Honduras, Algeria, Togo, Bolivia, El Salvador, United States, Brazil, India,
Mexico, and Egypt) indicates the country is 20 percentage points or more higher in the conditional distribution than
unconditional distribution.ITALICS(Mauritius, Yugoslavia, Fiji, Belgium, Barbados, Israel, Congo, Netherlands, Germ
Panama, Japan, Lesotho, and Greece) indicates the country is 20 percentage points or more lower in the co
distribution than in the unconditional distribution.
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VIII. Conclusions

Throughout consideration of varying n
tional growth rates, one of the most robu
and readily accepted conclusions involves
centrality of a nation’s human capital. Th
conclusion has, nonetheless, come from m
els with very different specifications of hu
man capital. Virtually all have ignored qualit
issues, implicitly assuming that any variatio
in quality of human capital are small relativ
to the importance and variation in pure qua
tity of human capital.

The analysis here explicitly considers t
t
e

d-

s

-

quality of the labor force as measured b
comparative tests of mathematics and scie
tific skills. A single conclusion emerges from
the various analytical specifications: Labo
force quality has a consistent, stable, an
strong relationship with economic growth. A
series of indirect investigations of the unde
lying specification are qualitatively consisten
with a causal interpretation. The growth rela
tionship does not appear to be the result
growth causing higher quality through inves
ing resources in schools. Nor does it appear
be driven by high test performance simpl
being correlated with East Asian countrie
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that, for other reasons, also achieve hi
growth. Finally, by looking at how our quality
measures relate to immigrants’ earnings in t
United States, we find clear evidence th
international test performance relates to prod
tivity differences. Moreover, these productivit
differences appear related to schooling diffe
ences and not cultural factors, family suppo
and attitudes, and the like. This direct linkage
productivity suggests a causal impact in inte
national economic performance.

Nonetheless, the estimated impact of qu
ity on growth, indicating that one standar
deviation in mathematics and science ski
translates into more than one percenta
point in average annual real growth, als
looks implausibly large. There is no simp
and agreed upon way to translate the mic
productivity differences from individua
earnings into effects for economic growt
making it difficult to be precise. If, for
example, quality enters through raising th
steady-state level of income and growth r
flects a process of conditional convergenc
the growth equation results are much larg
than the corresponding results for individu
earnings. An alternative, which is mor
consistent with the underlying assumed e
dogenous growth approach of this pape
would highlight the role of externalities
from higher levels of human capital. Th
growth model results, however, imply tha
the externalities must be significantly strong
for quality than for quantity. The estimate
growth effect of one standard deviation
quality is larger than would be obtaine
from over nine years in average schoolin
Moreover, in absolute terms, this effect
roughly equal to estimates of average ra
of technological progress over this perio
These arguments suggest the possibility
omitted variables in the growth equations, b
we have little indication of what these migh
be. A number of plausible factors have be
ruled out by the specification analyses and
the consideration of alternative models
causal effects.

We conclude that labor-force quality differ
ences are important for growth; that these qu
ity differences are related to schooling (but n
necessarily the resources devoted by a coun
to schooling); and that quality has a caus
h
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impact on growth. At the same time, the simp
estimates of cross-country growth relationshi
appear to overstate the causal impact of quali
The precise cause or magnitude of this ove
statement is unclear.

There is also a distinct policy dilemma, be
cause standard school resource policies do
relate to the variations in quality that have bee
identified. We believe that further investigatio
of the underlying factors guiding quality differ-
ences is important.

APPENDIX A: L IST OF VARIABLES AND SOURCES

Sources of Data

(BL): Barro and Lee (1993 [with 1994 data
update])

(ER): Easterly and Rebelo (1993)
(KL): King and Levine (1993)
(SH): Summers and Heston (1991)
(UNESCO): UNESCO Statistical Yearbook

(various years)

Variables in Analysis

Asia, Latin America, and Africa: regional dum
mies for Asian, Latin American, and Sub
Saharan African countries
(BL: ASIAE, LAAM,andSAFRICA).

GCN: ratio of real government consumptio
expenditure net of spending on defense a
on education to real GDP
(ER: HSGVXDXE).

ENROLL-pri:average of total gross enrollmen
rate for primary education (BL:Pxx).

EXPEND:average ratio of nominal governmen
expenditure on education to nominal GD
(BL: GEETOT).

GPOP:average of population growth rate (BL
GPOP).

GR: annual average growth rate of per capi
real GDP for the period of 1960–1990. I
data are not available for both end point
subperiods are used for which data are ava
able. Real GDP per capita is SH:RGDPCH
in 1985 international prices.

PPE: per pupil current public expenditure
calculated asGDP*(POP)*(Current expend/
GDP)/(Primary 1 Secondary students)
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[$100] (SH:GDP; UNESCO: current expen-
diture, number of primary and secondary stu
dents).

PRIINV: average ratio of private investmen
relative to GDP (BL:INVWB-INVPUB).

PT-pri: average pupil/teacher ratio in primar
schools (BL:TEAPRI).

PT-sec:average pupil/teacher ratio in primar
schools (BL:TEASEC).

QL1, QL2: measures of schooling quality con
structed as described in text; see below.

QL1*, QL2*: quality measures expanded t
nonparticipants and participants in interna
tional comparison studies for studen
achievement with predicted values for no
participants; see text and below.

RECUR:ratio of recurring nominal governmen
expenditure on education to nominal GD
(BL: GEEREC).

S: arithmetic average years of schooling fo
1960, 1965, 1970, 1975, 1980, and 1985 (B
HUMAN).

TEST:dummy for participants in internationa
comparison studies of student achieveme
see text.

TRD: ratio of total trade to GDP (KL).
Y60: initial income, 1960 [$1,000] (SH:RGD-

PCH).
t test
nd test.
odels,
APPENDIX B: DATA FOR PRODUCTION

FUNCTION ESTIMATES

The production function estimates (see Table 3) employ a sample combining differen
years in which the dependent variable is the average normalized score for each country a
Table B1 below describes the dating of exogenous variables for the production function m
based on the specific test year for the performance measure.
985
984
980

985
984
TABLE B1—DATING OF EXOGENOUS VARIABLES FOR THE PRODUCTION MODELS

IEA math
1964–1966

IEA
science

1966–1973
IEA math
1980–1982

IEA
science

1983–1986 IAEP 1988 IAEP 1991

St 2 1 1960 1960–1965 1965–1975 1970–1980 1975–1985 1975–1
EXPENDt 2 1 1960–1964 1960–1969 1965–1974 1970–1979 1975–1984 1975–1
PT-prit 2 1 1950–1960 1955–1965 1960–1970 1965–1975 1970–1980 1970–1
PPEt 2 1 1960 1960–1965 1965–1975 1970–1980 1975–1985 1975–1
GPOPt 2 1 1960–1964 1960–1969 1965–1974 1970–1979 1975–1984 1975–1
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APPENDIX C: LABOR-FORCE QUALITY DATA

The following data (Table C1) are generat
from the methods described in the text.TEST5 1
if performance is observed, at which timeQL1*
andQL2* are the observed test data. IfTEST5 0,
QL1* andQL2* are projected scores. If blank, th
data necessary for projecting scores or for estim
ing growth models were missing or the project
scores were less than 20 (see text).
TABLE C1—LABOR-FORCE QUALITY DATA

COUNTRY TEST QL1* QL2*

1 ALGERIA 0 28.28 28.06
2 ANGOLA 0
3 ARGENTINA 0 42.99 48.50
4 AUSTRALIA 1 48.13 59.04
5 AUSTRIA 0 53.20 56.61
6 BAHAMAS 0
7 BAHRAIN 0 26.03 23.19
8 BANGLADESH 0
9 BARBADOS 0 50.41 59.80

10 BELGIUM 1 53.25 57.08
11 BELIZE 0
12 BENIN 0
13 BHUTAN 0
14 BOLIVIA 0 22.10 27.47
15 BOTSWANA 0 25.05 31.71
16 BRAZIL 1 33.91 36.60
17 BULGARIA 0
18 BURKINA FASO 0
19 BURUNDI 0
20 CAMEROON 0 39.00 42.36
21 CANADA 1 47.57 54.58
22 CAPE VERDE ISLAND 0
23 CENTRAL AFRICA,

REPUBLIC OF
0 24.77

24 CHAD 0
25 CHILE 1 26.30 24.74
26 CHINA 1 59.28 64.42
27 COLOMBIA 0 34.78 37.87
28 COMOROS 0
29 CONGO 0 46.04 50.90
30 COSTA RICA 0 42.15 46.15
31 CYPRUS 0 42.24 46.24
32 CZECHOSLOVAKIA 0
33 DENMARK 0 53.48 61.76
34 DJIBOUTI 0
35 DOMINICA 0
36 DOMINICAN REPUBLIC 0 37.41 39.34
37 ECUADOR 0 35.78 38.99
38 EGYPT 0 26.01 26.43
39 EL SALVADOR 0 21.81 26.21
40 ETHIOPIA 0
41 FIJI 0 50.02 58.10
42 FINLAND 1 48.76 59.55
43 FRANCE 1 54.15 56.00
t-

TABLE C1—CONTINUED

COUNTRY TEST QL1* QL2*

44 GABON 0
45 GAMBIA 0
46 GERMANY, WEST 1 59.03 48.68
47 GHANA 0 25.58
48 GREECE 0 49.11 50.88
49 GRENADA 0
50 GUATEMALA 0
51 GUINEA-BISS 0
52 GUINEA 0
53 GUYANA 0 45.71 51.49
54 HAITI 0
55 HONDURAS 0 26.43 28.59
56 HONG KONG 1 56.93 71.85
57 HUNGARY 1 53.85 61.23
58 ICELAND 0 48.13 51.20
59 INDIA 1 21.63 20.80
60 INDONESIA 0 37.98 42.99
61 IRAN 1 20.79 18.26
62 IRAQ 0 29.34 27.50
63 IRELAND 1 47.59 50.20
64 ISRAEL 1 51.29 54.46
65 ITALY 1 44.59 49.41
66 IVORY COAST 0
67 JAMAICA 0 44.19 48.62
68 JAPAN 1 60.65 65.50
69 JORDAN 1 39.38 42.28
70 KENYA 0 24.43 29.73
71 KOREA, REPUBLIC OF 1 56.21 58.55
72 KUWAIT 0 28.36 22.50
73 LAOS 0
74 LESOTHO 0 46.14 51.95
75 LIBERIA 0
76 LUXEMBOURG 1 39.45 44.49
77 MADAGASCAR 0
78 MALAWI 0
79 MALAYSIA 0 47.89 54.29
80 MALI 0
81 MALTA 0 53.16 57.14
82 MAURITANIA 0
83 MAURITIUS 0 49.53 54.95
84 MEXICO 0 35.06 37.24
85 MONGOLIA 0
86 MOROCCO 0
87 MOZAMBIQUE 1 24.26 27.94
88 MYANMAR 0
89 NAMIBIA 0
90 NEPAL 0
91 NETHERLANDS 1 56.84 54.52
92 NEW ZEALAND 1 52.44 67.06
93 NICARAGUA 0 24.19 27.30
94 NIGERIA 1 34.15 38.90
95 NIGER 0
96 NORWAY 1 49.60 64.56
97 OMAN 0
98 PAKISTAN 0
99 PANAMA 0 42.02 46.78

100 PAPUA NEW GUINEA 0 22.58
101 PARAGUAY 0 37.99 39.96
102 PERU 0 37.83 41.18
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TABLE C1—CONTINUED

COUNTRY TEST QL1* QL2*

103 PHILIPPINES 1 34.35 33.54
104 POLAND 1 50.28 64.37
105 PORTUGAL 1 44.09 44.22
106 PUERTO RICO 0
107 QATAR 0
108 REUNION 0
109 ROMANIA 0
110 RWANDA 0
111 SAUDI ARABIA 0
112 SENEGAL 0
113 SEYCHELLES 0
114 SIERRA LEONE 0
115 SINGAPORE 1 56.51 72.13
116 SOLOMON ISLANDS 0
117 SOMALIA 0
118 SOUTH AFRICA 0 45.25 51.30
119 SPAIN 1 49.40 51.92
120 SRI LANKA 0 41.54 42.57
121 ST. LUCIA 0
122 ST. VINCENT 0
123 SUDAN 0
124 SURINAME 0
125 SWAZILAND 1 35.46 40.26
126 SWEDEN 1 47.41 57.43
127 SWITZERLAND 1 57.17 61.37
128 SYRIA 0 31.66 30.23
129 TAIWAN 1 56.28 56.31
130 TANZANIA 0
131 THAILAND 1 39.83 46.26
132 TOGO 0 28.08 32.69
133 TONGA 0
134 TRINIDAD AND TOBAGO 0 40.57 46.43
135 TUNISIA 0 41.79 40.50
136 TURKEY 0 41.52 39.72
137 UGANDA 0
138 URUGUAY 0 46.33 52.27
139 UNITED ARAB EMIRATES 0
140 UNITED KINGDOM 1 53.98 62.52
141 UNITED STATES 1 43.43 46.77
142 UNION OF SOVIET

SOCIALIST REPUBLICS
1 53.89 54.65

143 VAUATU 0
144 VENEZUELA 0 36.78 39.08
145 WESTERN SAMOA 0
146 YEMEN 0
147 YUGOSLAVIA 0 50.91 53.97
148 ZAIRE 0 30.03 33.53
149 ZAMBIA 0 30.54 36.61
150 ZIMBABWE 0 35.97 39.64
r-

n

,
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