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Abdract

Many studies of the determinants of economic growth rates across countries use a messure of
schooling quantity, such as mean secondary school enrolment rates, to proxy for the rate of
human capitd accumulation. This gpproach ignores the contribution of schooling qudity. We
augment the growth modd of Mankiw, Romer and Weil (1992) to indude schoaling qudity,
derive the rdevant Seady sate income and growth rate equations, and then estimate the model.
We find that differences in schooling quality acrass countries are probably more important than

differences in schooling quantity in explaining variationsin economic growth retes.
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Schooling Quality and Economic Growth

1. Introduction

Many countries make very large educaiond investments, presumably because schooling
is an important means whereby individuas accumulate human capital. But how does schooling
meatter? |s the accumulaion of human cgpitd Smply an increesing function of the time spent a
schoal, or are the types of tasks undertaken, the qudity of the indruction given, and the
academic amosphere encouraged a school dso important? These are difficult questions to
investigate empiricaly, partly because human capitd is difficult to measure (Mulligan and Sda-i-
Martin 1995) and partly because sudents are not homogeneous with respect to their innate
abilities and ther family and other background characterigtics.  Furthermore, schools are not
uniform in the educationa experiences they provide. Accordingly, some students acquire more
schooling and/or achieve higher measurable outcomes than others, whilst some schools achieve
congdently superior results, on aggregete, than others.  Such variability is dso evident across
countries

This paper invesigates whether, across countries, schooling qudity is important in the
relaionship between human capitd accumulation and economic growth. Mot previous sudies
have used only a quantity measure of schooling, such as mean secondary school enrolment rates
or mean years of schooling completed, as a proxy for the accumulation of human capitd. A

typica though not universd finding is that the quantity of schoaling is postively and sgnificantly



associated with mean rates of economic gowth'. These condusions have led to cdls for
gregter invesments in schooling, especidly in developing countries. However, perhgps equa
atention should dso be directed a improving the qudity of schooling rather then Smply
encouraging students to acquire more schooling.

We invedigate this issue by replicating the empirica gpproach taken by Mankiw,
Romer and Well (1992), but indude in the andyds a messure of schooling qudity across
countries. Our objective is to determine whether, and if so inwhich direction, schooling qudity
affects the empirica results. It is true that this mode and the associated empirica gpproach
have dtracted some recent criticiam (Idam 1995 and Casdli, Esquivel and Lefort 1996),
athough we aso note the existence of counter-arguments (Knowles, Lorgdly and Dorian Owen
1998). Our objective is not to enter into this debate, but rather solely to determine whether a
meesure of schooling quality across countries, when induded in a commonly used and well
understood neodlassca modd of economic growth, has a Sgnificant impact on the eimation
results.

An important issue concerns how to most gppropriately measure schooling qudity. An
idedl metric would capture vaue added from schooling (Johnes 1992), given agreament on what
outcomes of schooling are important and on how their valueis to be determined. The notion of
vaue added is an important but often neglected one, epecidly in popular discussions of the
learning outcomes from schooling. For example, if studerts from school A achieve better

outcomes than their counterparts from school B then the former schoal is commonly regarded

! See for example, Barro (1991), Mankiw, Romer and Weil (1992) and Levine and Rendlt (1992). A study
which finds that the quantity of schooling is inversely related to rates of economic growth across
countriesis Pritchett (1997).



as a better or higher quaity school then the later. However, this result may have smply been
due to the students from school A possessing ahigher leve of innate ability. A better estimate of
schooling qudity would be gained by congdering the vaue of the margind learning outcomes
produced by each school. Unfortunately, such informetion is not reedily avalable. In this paper
We Use mean Cross-country scores on tests of mathematics and science as the best available
proxies for schooling quality across countries.

One criticiam of test scores as measures of schooling qudity is thet they indicate, in the
main, the degree to which only subject pecific knowledge and reasoning abilities have been
trangmitted to sudents. Many would argue that other outcomes, such as the development of
aopropriate vaues, the ability to think crestively and abdractly, and a respect for diverse
lifestyles and views, are equdly important outcomes of a qudity education. However, whilgt the
retention of factud knowledge and the ahility to reason logicaly may nat be sufficent outcomes,
we beieve tha they are necessary ones. Furthermore, schools which are most successful a
imparting knowledge and reasoning skills to thelr sudents are d<o likely to be those who
successully foster the development of the other desirable characterigtics. High qudity schools
probably do not, in the aggregate, produce highly knowledgable but socdly and culturdly
incompetent graduates. If this is so then mean cross-country test scores will be reasonable

proxies for the quality of schooling across those countries?.

2 Individual test scores may be less satisfactory as indicators of individual productivity. Factors such as

discrimination, disease, trauma or just plain bad luck may prevent individuals with high test scores from
tranglating their school success into labour market success. However, on aggregate, it is reasonable to
expect that a significantly higher national mean test score will tranglate, other things being equal, into a
higher level of national productivity.



In other sudies, schooling qudity is often defined in terms of the quantity or qudity of
various school inputs. For ingtance, schools with lower student-teecher retios, more highly paid
teachers, or higher expenditures per sudent are often assumed to be of higher qudity, and vice
versa However, whils resources into schooling and schooling qudity may be postivey
corrdaed, they need not be (Hanushek 1986). In our view this gpproach confuses inputs into
schooling with outputs from schooling. We believe that mean cross country test scores are
better neasures of sudent learning outcomes from schooling, and hence of the qudity of
schoaling.

Ancther common approach isto define higher quality schools as those whose graduates
achieve higher labour market returns after graduation (Card and Krueger 1992). Theideahere
isthat test scores are an imperfect measure of the vaue of school outputs and that, in any case,
atention is better focused on longer term outcomes such as earnings. However, earnings
represent (in a competitive market) the margind labour market returns to aggregate human
cgpitd and so may not be good indicators of the vaue of the margind product from schooling.
Hence, usng earnings as a proxy for schooling qudity is aso problemétic because of differences
in the innate abilities of gudents, and because of the many influences which exigt pre and post
schooling and which may impact on the accumulaion of human cgpital and hence later earnings,
such as parentd education levels, on-the-job training, and so on.

The remainder of this paper is organised as follows. In the next section we outline the
modd of Mankiw et d. (1992) and briefly summarise their main empirica results. In section 3
we introduce a term for schooling qudity into the modd and derive the corresponding Steady

state income and growth rate equetions. We then present data on schooling qudity across a



sample of countries and esimae the modd. In section 4 we undertake a prdiminary
invedigation of whether the induson of data on cross-country changes in the qudity of
schooling across two periods has any impact on changes in cross-country growth rates. Findly,

section 5 concludes.

2. Schooling, Incomes and Economic Growth in Mankiw, Romer and Well (1992)
The modd of Mankiw et d. (1992) is well known® and so in this section we merdly

outline the main features of the modd and summarise the results. The authors begin with the

fallowing production function, where Y, K, H, A and L are defined as the levels of red outpui,

physica capita, human capitd, technology and labour, respectively.

Y()=K(@®)?* HO)P [AQL®]*P  a>0,b>0, a+b=1 (1)

Physcd and human capitd accumulate as per (2) and (3) respectively, where « (s) is the

physca capitd (humean capita) savings rate and d isthe (exogerous) depreciation rate.

dK (t)/dt = [SY(D)] - dK (D) )

dH(t)/dt = [s.Y(1)] - dH(t) 3

®  See Romer (1996).



By resorting to appropriate assumptions concerning the exogenous growth peths of technology

and labour, the authors derive (4) for the steedy State leve of red income per effective worker.

Iny* = -[(@+b) / (1-a-b)]In(n+g+d) + [a/(L-a-b)]Ins¢ + [b/(L-a-b)]Ins, (4)

Mankiw e d. dso derive (5) for the growth rate of red income per effective worker as a
function of the determinants of the steedy sate and the income leve in the initid period §/(0)).
Equation (5) is used to test the convergence hypothess. If the coefficient on the initid leve of
income is negdive (pogtive) then over the sample period and other things being equd, red per
cgpitaincomes in the initidly poorer countries of the sample caught up or converged (diverged)
on those of the initidly richer countries, with | being the average speed of convergence

(divergence).

Iny(t)- Iny(0) @1- €'Y)[a/l-a- b]Insc+ (1- €')[b /1- a-b]Ins, -

(1- €[ a+b/1-a- b]In (n+g+d) - (1- €'Y) Iny(0) (5)

The authors estimate (4) and (5) for the period 1960 to 1985 for three samples of
countries. The firg contains the 98 non oail-exporting nations for which they have data The
second indudes only the 75 non oil-exporting nations for which the deta is rdatively more
relidble. The third includes only the 22 member nations of the OECD. The authors use data on
physca capitd investment rates and populaion growth rates from Summers and Heston

(1988), the latter adjusted to account for the proportion of the population in each country aged



15-64 years". With regard to the human capitd savings rate (s,), the authors construct a proxy,
which they cdl SCHOOL, and which measures gpproximatey the mean percentage of the
population of each country that was enrolled in secondary school from 1960 to 1985.

In esimates of (4) and for the two larger samples, the coefficients on the physicd capita
savings rate and the population growth rate are of the expected Sgn and daidticdly sgnificant.
For the OECD sample neither is sgnificantly associated with mean red incomes a usud
confidence limits. In contradt, the coefficients on SCHOOL in dl three samples are of the
expected Sgn and are datidicdly sgnificant. Mankiw €. d. condude that the physicd capitd
invesment rate, the working population growth rate and the school enrolment rate together
explan nearly 80 percent of the cross-country variation in incomes in the two larger samples,
and that the implied shares of income invested in physicd and human capitd are close to those
observed in most countries.

The authors then estimate the growth rate equation (5) in three dages. Firdly, they test
for unconditiona convergence and establish that there is no tendency across their two largest
samples for the poorest countries to sysematicdly grow more quickly than the riches.
However, unconditiona convergence is found for the OECD countries, not surprisng given their
reldive homogeneity with respect to those factors which determine the Seedy Sate. They next
add the physicd invesment and populaion growth rates to the right hand sde of the regresson
and edablish that there exigs a srong tendency for conditiona convergence across dl three

samples, again mogt strongly for the OECD countries. Findly, the addition of SCHOOL further

* From here on, we refer to the growth rate of the working age population as simply the population growth
rete.



improves the fit of the regresson for dl samples. These four varigbles together explain up to
65% of the varigion in growth retes.

Given these findings, the authors condude that;

".the Solow modd is conggent with the internationd evidence if one

acknowledges the importance of human as wdl as phydcd capitd. The

augmented Solow modd says that differences in savings educaion and
population growth should explain cross-country differences in income per
capita  Our examination of the data indicates that these three variables do
explan mog of the international variation...we expect thet differences in tax
policies, education pdidies, tagtes for children and politica gability will end up

among the ultimate determinants of cross country differences’ (p.433).

Tax policy influences the savings rate and hence, in a dosed economy, the physicd
capital invesment rate. Tastes for children influence the population growth rate and political
gability influences, anong other things, the rate of technologicd advance. Of particular interest
to usisthe impact of education palicy which, in generd, may be dassfied as a quantity and/or
qudity effect. Education policy may impact on the quantity of schooling by, for ingance,
influencing the compulsory minimum schodl leaving age, and may impact on the qudity of
schooling by, for indance, impacting on the curriculum taught a school, the training and
experience of teechers and the incentives they face. Whils mogt atention in empiricad studies
to date has been focused on the importance of the quantity of schooling, such as school
enrolment rates, differences in schooling quaity nay aso be important determinants of cross-
country differences in economic growth retes.

In the next section we introduce a term for schooling quality into the modd of Mankiw
et d. (1992) and then state the corresponding equations for the steady-state level of per capita

income and for the economic growth rate. We then present data on schooling qudlity across a



sample of countries and re-etimate the convergence equetion to determine whether schooling

qudity matters for economic growth.

3. The Impad of Schooling Quality on Economic Growth

This section investigates whether the addition of mean cross country scores on tests of
mathematics and stience, as proxies for schooling qudlity, affects the empirica results from the
modd of Mankiw et d. (1992) which hes been augmented by the addition of a varigble for
schoadling qudity. In (3) the multiplicative term §,Y(t) represents nationd expenditure on the
accumulation of human cgpitd, much of which is used for the provison of schooling. Hence, in
generd, grester educationd expenditures are used ather for the provison of an increased
quantity of school resources such as more computers and desks in classrooms, larger library
and recregtiond fadilities and increased teaching gaff, or for the provison of higher qudity
resources such as faster computers. As we argued earlier, more and/or better resources are
inputs into the schooling process rather than measures of the vdue of outputs from schooling
and 0, in our view, naiond expenditures on schooling across countries are reasonable
indicators of the quantity of schooling in those countries: This view is conggent with the
empirica gpproach taken in Mankiw et d. (1992) and other sudies, where school enrolment
rates or average years of schooling completed, both quantity measures, are commonly used
proxies for human capital accumulation retes.

However, this goproach ignores the qudity of schooling. Suppose that, in the manner of

Lucas (1988), the accumulation of human capitd is a function o both the quantity of schooling



and the productivity of time spent a schoal, or the qudity of schooling. Then the accumulation
of human capita may be moddled as (6), where @, is ameasure of meaen nationd schooling
qudlity.

dH(t)/dt = [sY()] Q: - dH(t) (6)

In (6) human capitd accumulates only if gross additions exceed losses through depreciation.
Gross additions are now expressed as a function of both the quantity of schooling, proxied by
nationa expenditures on schooling, and the qudity of schooling. Assuming thet dl other features
of the modd remain unchanged, the Seady State leve of per capitaincome is now given by (7),
in which income per capitais afunction of the shares of output going to physicd capitd creation
(s) and schooling &), the qudity of schooling (Q,), the depreciation rate (d) and the rates of

technologicd advance and population growth (g and n).

In[Y/L]* = InA(Q) + gt + a/(1-a- b) Insc+ b/(1- a- b) Ins, + b/(1- a- b) InQ,
- (@+b)(1- a- b) In(n+g+d) + e )
Also, conditiona convergence to the steady dae is now given by (8), where average growth
rates are again a function of the determinants of the steedy-dae leve of income, which now

indude the qudity of schoaling, and theinitid levd of income.

Iny(t) - Iny(0) = (1-€'")(a/1- a- b) In(s) + (1-€ ") (b/1-a- b) In(s,)
+ (1€ ') (b/1- a- b) In(Qy) - (1-€')(a+b/1- a- b) In(n+g+d)

- (1-€") In(y(0)) ©

10



Our objective now is to estimate (7) and (8). To do so we need, other than the usud
data, measures of schooling qudity across countries. Table 1 presents nationa standardised test
scores published as part of the Third Internationd Mathematics and Science Study (TIMSS) by
the International Assodiation for the Evauation of Educationd Achievement (Beaton €. d.
1996a and 1996b). These sudies tested the mathematics and science knowledge of more than
helf a million sudents in over 40 countries in the mid 1990s Mathematics curriculum
dimensons tesed were fractions and number sense; measurement; proportiondity; data
representation, analysis and probability; geometry; and algebra. Science curriculum dimensions
tested were earth science; life science; physics, chemistry; and environmental issues and the
nature of science. The study produced data on the mathematics and science achievements of
year 4 sudents in 26 countries, year 8 sudents in 40 countries (41 school systems, as the
Hemish and French sysems in Belgium reported separatdly), and year 12 dudents in 21
countries.  Student performances on the tests in each participating country were graded
according to drictly defined criteria and nationd dandardised mean tet scores were

caculated®. Table 1 dso indudes the rank of each country by school year and test.

®  See Beaton (19964a) for details on the testing procedures, etc.
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Table 1. Cross-Country Test Scoresby Year and Subject from the Third I nternational
M athematics and Science Study

Country AMath:Rk  4Sci:Rk  8Math:Rk  8Sci:Rk 12Math:Rk  12Sci:Rk
Austraia 5611 562:5 530:16 54512 522:8 B527:7
Austria 5597 565:3 539:12 558.8 51811 520.9
Begium (H) 565:5 550:11

Begium (Fr) 526:19 471:36

Bulgaria 011 565:4

Canada 532:13 549.9 527:17 53118 519:10 5325
Colombia 385:40 411:40

Cyprus 502:18 47523 474:36 463.38 446:20 448:20
Czech Rep 567:6 557:6 564:6 574:2 466:18 48713
Denmark 502:27 47834 547:3 509:11
England 51317 551:8 506:25 552:10

France 53813 49828 5237 487:13
Germany 500:23 531:19 49513 49712
Greece 492:21 497.21 484:33 497:29

Hong Kong 5874 53314 5884 522:24

Hungary $48:10 532:15 537:.14 54:9 48314 471:18
lceland 474.24 505:19 487:31 494:30 5345 593
Iran 429.25 416:25 428:38 470:37

Ireland 550.9 539:12 527:18 538:14

Isragl 53114 505:20 522:20 524.23

Itdy 476:15 47517

Japan 597:3 5742 605:3 5713

Korea 611:2 597:1 607:2 565:4

Kuwait 400; 401:26 392:39 430:39

Latvia 525:.15 512:18 493:30 485.32

Lithuania 477:35 476.35 46917 461:19
Nether. 5775 557.7 519 560:6 560:1 5582
NZ 499.20 53116 508:24 525:21 522:8 529:6
Norway 502:19 530:17 503:26 527:20 528:6 544:4
Portugal 47523 480:22 454:37 480:33

Romania 482:34 486:31

Russia 53515 53815 471:16 481:15
Scotland 520:16 536:13 498:29 517.26

Singapore 625:1 $7:10 6431 607:1

Slovak R SA7:7 54413

Slovenia 552.8 546:11 5419 5607 512:12 517:10
Sth Africa 35441 32641 356:21 349.21
Spain 487:32 517:27
Sweden 519.22 535:16 552:2 559:1
Switz 545:8 522:25 504 523.8
Thailand 490.22 473.24 522:21 525.22

USA 545:12 565:4 500:28 534:17 461:19 480:16
n 26 26 1 41 21 21
Range 400625 401-597 354643 326607 356-560 349559
Mean 529 524 513 516 500 500

Notes: '4AMath:RK' in column two refers to 4th grade mathematics test scores and rank. Likewise for columns
3-7. Blank cells indicate that the relevant country did not participate in that test. 'Mean Score' is the
international mean test score for the countries who participated in that test. 'Range’ reports the lowest and
highest mean test scores for that test. 'Korea refersto the Republic of Korea, 'Iran' to the Islamic Republic
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of Iran, 'Russia to the Russian Federation and NZ to New Zeadland. The Flemish and French educational
systems in Belgium participated separately.

Our sample period is 1960-1985, yet we propose to use test scores from the mid 1990's to
proxy for schooling qudity. Whilgt it is possble that the mean qudlity of schools across countries
was different in absolute terms over the period 1960-85 compared to the mid 1990's, we
assume that the rddtivities across countries did not changed, and so the use of test scores from
Table 1 as proxies for mean schooling qudity for the period 1960-1985 should only impact on
the regresson congant. Also, as we are udng a neoclassca growth model which assumes
market dominated production, we omitted from our sample those countries which were formerly
member dates of the USSR. We aso omitted Kuwait and Iran, who generate much of their
income from the extraction and export of ail, and Scotland. Thisleaves uswith asample of 28,
mostly OECD countries. The estimation resultsin Mankiw . d. for the income equation (4) for
the OECD sample were rddivey poor, with neither the physica capitd savings rate nor the
population growth rate being satidicaly sgnificant. We confirmed these results for our sample,
Regressions of (7), not reported here, produced adjusted R vaues of zero. Hence from here
on, we report our estimation results for the conditiona convergence eguation (8) only. Dataon
physcd capitd invesment rates, population growth rates, etc are from the Penn World tables
(V5.6)°. The estimation resuits are presented in Table 2.

The reaults in Table 2 indicate that schooling qudity is Sgnificantly and postivey
associated with mean economic growth rates for this sample of countries and over this sample

period. The result in column one indicates that there is a strong tendency towards unconditional

®  See http://datacentre.chass.utoronto.ca/pwt/index.html
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convergence, with initia incomes aone accounting for 43% of the variaion in mean growth rates
across the sample period. When savings and population growth rates are added (column two),
convergence (now conditiona) remains strong.  The coefficient on the physical capitd savings
rate is of the expected Sgn and is Satidticaly sgnificant whilst that on the population growth rate
is of the expected dgn but is not datidicdly sgnificant.  Also, the fit of the regresson is
substantialy improved by the addition of these two explanatory varidbles, with the adjusted R?
increesing from .43 to .53. When we add data on secondary school enrolment rates (column
three), the previous results are little changed. The coefficient on SCHOOL is of the expected
ggn ad is datidicdly sgnificant a the 10% leved whilg the fit of the regresson is further
improved (adjusted Rincreases from .53 to .57). However, when we add our proxies for
schooling qudlity, the results change markedly. In column four we add year 8 mathematics test
scores (8math) and the adjusted R? increases from .57 to .71. Conditional convergenceis il
a srong feature, but now the coefficient on the savings rate is indgnificantly different from zero
a usud confidence limits. Also, the coefficent on SCHOOL is now essantidly zero whilst thet
on 8mathis of the expected Sgn and is highly atidicaly sgnificant. Hence the addition of year
8 mahematics test scores has a subgtantid postive impact on the estimation results from this
modd. The regresson whose results are presented in column five uses year 8 science test
scores (Bsci) as proxies for schooling qudity indtead of year 8 maths scores. In this case the fit
of the regression is aso improved compared to that of column three, the coefficient on the test
soore variable is of the expected sgn and gatidicaly sgnificant a the 10% levd, whils thet on

SCHOOL is again essantidly zero. On this occasion, however, the coefficient on the savings
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rate is once again dose to sgnificant a the 5% level. The savings rate thus loses much of its

explanatory power only with the addition of mathematics test scores.

Table 2: Estimation Resultsfor Equation (8)
Dependent Variable log difference GDP per worker (1960-85)

Variable (1) ) © (4) (5)
In(y60) -.37 - 42 - 46 -41 -43
(-4.63) (-5.17) (-5.71) (-5.89) (-5.56)
In(s) 62 50 31 46
(2.56) (2.08) (1.48) (2.03)
In(n+g+d) -.14 -.14 -.23 -.10
(-.39) (-.39) (-.80) (-.29)
In(SCHOOL) 28 005 .04
(1.82) (.03) (.24)
In(8math) 304
(347)
In(8sci) 246
(2.11)
Ad R 43 53 57 71 62

Notes: tdatidics are in parentheses. y60 is the initid level of income per worker. s isthe
mean physicd cgpitd invesment rate as a proportion of GDP. n+g+d isthe sum of the growth
rates of workers and technology plus the depreciation rate. SCHOOL is the secondary school
enrolment rate. 8math (8d) is the year mathematics (science) test score. In(-) refers to the
natura logarithm. The regresson congtants have been omitted to save space.

Hence we conclude that the addition of test scores, as proxies for schooling quality, has

a bgtantid postive impact on the esimation results. Mathematics scores are particularly
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important, and their indusion results in the savings rate variable losing much of its explanatory
power. Fndly, we note thet in regressons which include both the quantity and the quaity of
schoaling, the latter is a more important determinant of mean economic growth rates than the
former.

In this section we have shown that, with the growth modd of Mankiw et d. (1992)
which indudes schoaling qudity as an additiond explanatory varidble, the quantity of schooling
is essantidly unrdated to mean cross-country growth rates when schooling quality is controlled
for. On the other hand, schooling qudity is sgnificantly and postively assodated with meaen
growth rates, and when test scores are included on the right hand side, the fit of the regressons
improves subgtantidly. Our results indicate that cross country differencesin schooling qudity are
an important source of differences in economic growth rates across countries and hence should
nat be ignored. However, incduding proxies for schooling qudity in anadyses of the determinants
of cross-country growth rates appears to be the exception rather then the rule’.

Our results may hdp to explan some recent findings suggeding that schooling is
unrelated to economic growttf. By using a measure of human capitd accumulation thet
captures only the quantity of schooling, these studies have ignored the impact of schooling
qudlity differentids across countries. Our results dso indicate that when schooling qudity is

controlled for, phydca capitd savings raes lose much of ther explanatory power in the

" To the best of our knowledge, the only empirical study of the impact of schooling quality on economic
growth is Hanushek and Kim (1995).

® Barro and Sda-i-Martin (1995) and Benhabib and Spiegel (1994), for example, find that changes in
schooling quantity have insignificant effects on GDP growth. Krueger and Lindahl (1999) find that these
results are in large part due to measurement error. However, no author, as far as we know, has
investigated whether these results could also be due to the omission of schooling quality.
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convergence regressons. This is a puzzling result and further reseaerch is needed to determine
whether it isrobust to alarger sample Sze or an dternate theoretica pecification.

In the next section we undetake a prdiminary investigetion of whether changesin
schooling quality across countries help to explain cross-country changes in economic growth

rates across two periods.

4. The Impact of Changes in Schooling Quality on Changes in Economic
Growth Rates

Hamilton and Monteagudo (1998, from here on referred to as HM) use the modd and
data of Mankiw et d. (1992) to investigate whether changes in mean cross country growth retes
can be explained by changes in the physicd and humean capitd accumulation rates and in the
population growth rates across two periods, from 1960-70 to 1975-1985. The authors assume
that the shares of income going to physical and humean capita remain unchanged across the two
periods but that the rate of technologicd advance, the population growth rate, the shares of
output ging to the accumulation of physca and human capitd, and the depreciation rate may
have changed, and hence may have caused changes to economic growth rates, across these two
periods.

HM derive (9) and estimate for the full sample of 98 countries used in Mankiw . d,
where v=1,2 refers to period one (1960-70) and period two (1975-85) respectively and the
dependent varigble is the change in the growth rate across the two periods, ie the growth rate in
period two (G®) less the growth rate in period ae (), n* is the naturd logarithm of the

growth rate of workers plus five percent, y(t")) refersto the naturd logarithm of the initid level
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of real GDP per worker at the beginning of each period, ie 1960 for v=1 and 1975 for v=2,

and the subscript i denotes each country in the sample.

q?-g% = c+&wxfaInE") + b Ins7h) + oY+ dyyit] + @ 9

The authors find thet the coefficients on the accumulaion of physica capitd across the
two periods are of the expected Sgn and daidicdly dgnificant. Theat is, a higher rate of
physica capitd accumulation in period two relative to period one is associaied with ahigher rate
of economic growth in period two reldive to period one. Smilarly, the coefficients on the
population growth rete are of the expected Sgn though naither is Satigticaly sgnificant at the 5%
levd. The coeffidentson theinitid levels of income are do of the expected 9gn and Sgnificart,
ie ahigher initid levd of output in period two relative to period one is associated with a lower
growth rate in period two relative to period one. However, the results for ther proxies for the
accumulation of human capitd are contrary to expectation. According to HM;

"The varigble for which the results contrast most sharply with the theoretical

prediction is the proxy for human capitd invesment, s - an increase in the

fraction of resources devoted to education is corrdlated with dower, not

fagter, economic growth, with each of the individud coeffidents agan

gatigicdly agnificant” (p.500).

In HM, as was the case in Mankiw et d., output is defined as red per capita GDP
whilst human capitd accumulation is proxied for empirica estimation by mean secondary school
enrolment rates. Given these definitions it ssemslikdly, a priori, that an inverse rdationship may

exig between changes in these two varidbles. If a greater proportion of workers in any given
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period cease work, or reduce their working hours, o as to acquire more years of schooling
then, other things being equd, red per cgpita GDP may aso fal. If this ‘absence effect’ exids
then the pedification of HM biases their results towards finding an inverse relationship between
changesin their proxy for the rate of human cgpital accumulaion and changesin mean economic
growth rates. Possibly offsetting this ‘aosence effect’ is the likelihood that graduating workers
will be more productive when they re-enter the workforce. If this 'graduation effect’” outweighs
the ‘absence effect’ then the net impact will be postive. However, the margind labour market
product from additiond years of schooling may have diminished over the last 30 years (Loeb
and Bound 1996). Hence the results of HM with regard to human capital accumulaion in the
form of schooling quantity may in part be afunction of their sample period.

Alo, HM use the same daa as Mankiw & d., in paticular, secondary school
enrolment rates as proxies for human capitd accumulation rates, and hence they dso ignore the
role of schooling qudity in the accumulation of human capitd. Hence we now invedigate
whether changes in schooling qudity help to explain changes in mean economic growth rates
across countries from period 1 (1960-1970) to period 2 (1975-1985). Our objective is to
edimate (10), which is the differenced form of (9), but including in the regresson a proxy for
changesin schooling quality across these two periods’.

2) _

g? - g® = ¢+ a;Dns; + a,0ins,; + asDInn + a.Diny, + @ (10)

®  Thisexercisewill beillustrative rather than definitive because of severe data limitations.
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We asume tha the year 8 test scores in Table 1 are reasonable indicators of cross-
country schooling quality for the period 1975-1985. However, test scores for the period 1960-
1970 are only avalable for stience, are based on a different scale to that used for the most
recent tests, and exist for only ten countries of our sample of 28, Thisisavery smdl sample
but we have no other data on test scores for the earlier period. To overcome the scde
problem, we congtructed a relaive score for each of the ten countries for each period, defined
as the country test score for year 8 science divided by the internationd mean score. The
relative scores from the earlier tests are our proxies for schooling qudity for the period 1960-70
whilgt the redive test soores for the same 10 countries from the latest tests are our proxies for
schooling qudity for the period 1975-85. The regression results are presented in Table 3. We
firdly edimated (10) exduding changes in schooling qudity (column 1) and then re-esimated

induding changes in schoaling qudity (column 2).

1 These earlier data are from the First International Study of Science Education. The ten countries in our
sample are Australia, Belgium, UK, Germany, Japan, Netherlands, New Zealand, Sweden, Thailand and
USA. See Comber and Keeves (1973) and, for an earlier study of mathematics achievement but for even
fewer countries, see Husen (1967).



Table 3: Egimation Resultsfor Equation (10)
Dependent Variable: Changein Growth Rate (1960-1970) to (1975-85).

«y 2
DIn(y) -.06 -.06

(-785)  (-6.48)

DIn(s.) 07 07
(3.89) (3.70)
Din(n) 04 04
(1.39) (1.40)
DIn(SCHOOL) 02 001
(.95) (03)
Din(score) .01 (.64)
Adjusted R? .88 .87

Notes: t datigtics are in parentheses. The regresson congtant has been omitted to save space.
Thevariables are as defined in the text. In(- ) refersto the naturd logarithm.

The results of column 1 indicete thet, even for this smal sample, higher investment rates
in period two rddive to period one were associaied with higher growth rates, whilst higher
initid incomes in period two were associated with lower growth rates. However, the Sgns of the
coefficients on changes in the population growth rate and on changes in school enrolment rates
are pogtive but gatidticaly inggnificant. These four variables together account for 88% of the

vaiations in changes in mean growth rates for this sample of countries across the two periods.
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In column 2, the coefficent estimates for the physicd capitd investment rates, the initia income
levels, and the population growth rates are badcaly unchanged. The coefficient on schoaling
qudlity is pogtive but gatidicaly indgnificant, whilst its indusion has subgtantialy reduced the
Sze and sgnificance, but has not reversed the sgn, of the coefficient on secondary schooling
enrolment rates. These reaults are congstent with those of Table 3 for the larger sample.

Whilgt these results should be treeted with great caution, they indicate that changes in
schoaling quantity and qudity may not be inversaly associated with changesin economic growth
rates. HM ask the following question. "..what can a country do to make itsdlf better off, and
how much of a difference will it make?' (p.496). These results, combined with our earlier
results, suggest thet a leest some countries can make themselves better off by accumulaing
more human capitd, and that increesing the qudity of schooling may be more important in

achieving this end than increasing the quantity of schooling™.

5. Conduding Comments

This paper has investigated the impact of schooling quality on the empiricd resultsfrom
the neoclassicd growth modd of Mankiw, Romer and Wall (1992). Our results indicate thet
schooling qudlity, as proxied by cross country scores on tests of mathematics and science
knowledge, are postivey and sgnificantly associated with mean economic growth rates, and
that the indudon of schooling qudity subgantidly improves the goodness of fit of the

convergence regressons. The mathematics test scores have a particularly strong impact on the

" Over 60% of MRW’s sample of 98 countries are developing, and many of these are amongst the poorest
countries in the world. Perhaps human capital accumulation is a necessary but not sufficient condition
for development, and must be accompanied by appropriate social and institutional developments.
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results, and especidly on the coefficient estimates for the physicd cgpitd savings rates and the
secondary school enrolment rates. Hence studies which include ameasure of schooling quantity
only asaproxy for the human capitdl accumulation rate may be ignoring an important additional

factor in the relationship between human capitd and economic growth.
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