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Macroeconomic growth empirics
Lecture 1: Global patterns of economic growth and development (1/20)
Lecture 2: Inequality and growth (1/27)
The political economy of development
Lecture 3: History and institutions (2/3)
Lecture 4: Corruption (2/10)
Lecture 5: Patronage politics (2/17)
Lecture 6: Democracy and development (2/24)
Lecture 7: War and Economic Development (3/3)
Lecture 8: Economic Theories of Conflict (3/10) – Guest lecture by Gerard Padro
Human resources
Lecture 9: Human capital and income growth (3/17)
Lecture 10: Increasing human capital (3/31)
Lecture 11: Labor markets and migration (4/7)
Lecture 12: Health and nutrition (4/14)
Lecture 13: The demand for health (4/21)
Other topics
Lecture 14: Environment and development (4/28)
Lecture 15: Resource allocation and firm productivity (5/5)
Additional topics for the development economics field exam
-- Ethnic and social divisions
-- The Economics of HIV/AIDS
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• Prerequisites: Graduate microeconomics, econometrics

• Grading:
Four referee reports – 40%

Fourth referee report due today, Mar. 17, 2009

Two problem sets – 20%
Problem set 1 to be distributed on Mar. 31, due April 7

Research proposal – 30%
Class participation – 10%
No final exam

• All readings are available online (see syllabus)

• Additional references on syllabus
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(1) Human capital in economic development
(2) Krueger and Lindahl (2001) on education and 

macroeconomic growth, measurement issues
(3) Duflo (2001) on the returns to schooling in Indonesia

Lecture 9 outline
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(1) Human capital in economic development

• There have been massive increases in literacy and 
schooling attainment around the world – Africa, Asia, 
Latin America – during the past 60 years

• Perhaps unexpectedly, at the regional level increased 
schooling does not line up well with faster economic 
growth rates, e.g., sub-Saharan Africa versus South Asia
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(1) Human capital in economic development

• There have been massive increases in literacy and 
schooling attainment around the world – Africa, Asia, 
Latin America – during the past 60 years

• Perhaps unexpectedly, at the regional level increased 
schooling does not line up well with faster economic 
growth rates, e.g., sub-Saharan Africa versus South Asia

• This is consistent with the view that institutions and 
technology (“A”) matter more for growth than physical or 
human capital investments. But in the short-run boosting 
capital could still increase income levels
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(1) Human capital in economic development

• This week: what is the return to schooling in less 
developed countries?
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(1) Human capital in economic development

• This week: what is the return to schooling in less 
developed countries?

• Next week: what does the education production function 
look like? Which inputs lead to more educational 
production?

• Why focus on education? In many poor countries, 
education spending is the largest single recurrent 
discretionary budget expenditure. E.g., in late 1990s 
Ghana, it was 35% of discretionary expenditures 
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(1) Different conceptions of education

• Benefits of education could include:
-- Higher wages (“human capital”)
-- Education as consumption (reading Shakespeare)
-- Education as a signal of ability
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(1) Different conceptions of education

• Benefits of education could include:
-- Higher wages (“human capital”)
-- Education as consumption (reading Shakespeare)
-- Education as a signal of ability
-- Possible social benefits include labor productivity 
spillovers, a “better” functioning democracy (?), less 
crime (?), better child health (?), others?
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(1) Different conceptions of education

• Benefits of education could include:
-- Higher wages (“human capital”)
-- Education as consumption (reading Shakespeare)
-- Education as a signal of ability
-- Possible social benefits include labor productivity 
spillovers, a “better” functioning democracy (?), less 
crime (?), better child health (?), others?

• Costs: Opportunity cost of time studying; tuition costs

• Socially suboptimal investments if spillovers, household 
agency problems
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(1) Estimating Mincerian wage regressions

• The Mincerian wage regression:
ln(wi) = b0 + b1Si + b2Xi + b3Xi

2 + ei

where w is the individual wage, S is years of schooling, 
and X is years of experience, for individual i
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(1) Estimating Mincerian wage regressions

• The Mincerian wage regression:
ln(wi) = b0 + b1Si + b2Xi + b3Xi

2 + ei

where w is the individual wage, S is years of schooling, 
and X is years of experience, for individual i

• This has been run in literally dozens of countries, and 
estimates of b1 usually fall in the range 0.05-0.15

• Reliably estimating this equation has been central to 
labor economics for 40+ years. Possible upward 
selection / omitted variables bias, and possible 
downward attenuation bias due to measurement error
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(1) Measurement error and attenuation bias

• Imagine the exact (but unmeasured) variable X* is 
imperfectly captured by the (measured) variable X:

Xi = X*i + ui

where ui is an i.i.d. normally distributed random variable. 
This is classical measurement error
-- X is reported years of schooling
-- X* is real schooling or skills
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(1) Measurement error and attenuation bias

• Imagine the exact (but unmeasured) variable X* is 
imperfectly captured by the (measured) variable X:

Xi = X*i + ui

where ui is an i.i.d. normally distributed random variable. 
This is classical measurement error
-- X is reported years of schooling
-- X* is real schooling or skills

• We want to run the regression Yi = a + bX*i + ei but due 
to data limitations have to run  Yi = α + βXi + εi. How 
does βOLS relate to b?



Economics 270c: Lecture 9 20

(1) Measurement error and attenuation bias

• The coefficient of interest is b, where OLS delivers:
bOLS = Cov(X*,Y)/Var(X*)
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(1) Measurement error and attenuation bias

• The coefficient of interest is b, where OLS delivers:
bOLS = Cov(X*,Y)/Var(X*)

• But we end up estimating:
βOLS = Cov(X,Y)/Var(X)

= [Cov(X*, Y) + Cov(u, Y)] / [Var(X*) + Var(u)]
= [Cov(X*, Y)] / [Var(X*) + Var(u)]
= [Cov(X*,Y)*Var(X*)/Var(X*)] / [Var(X*)+Var(u)]
= bOLS*{Var(X*)/ [Var(X*) + Var(u)]}
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(1) Measurement error and attenuation bias

• The coefficient of interest is b, where OLS delivers:
bOLS = Cov(X*,Y)/Var(X*)

• But we end up estimating:
βOLS = Cov(X,Y)/Var(X)

= [Cov(X*, Y) + Cov(u, Y)] / [Var(X*) + Var(u)]
= [Cov(X*, Y)] / [Var(X*) + Var(u)]
= [Cov(X*,Y)*Var(X*)/Var(X*)] / [Var(X*)+Var(u)]
= bOLS*{Var(X*)/ [Var(X*) + Var(u)]}

• Bias towards zero, as a function of the signal-noise ratio, 
i.e., if half the variance of X is noise, the bias is 50%
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(1) Measurement error and attenuation bias

Y

X*

b
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(1) Measurement error and attenuation bias

Y

X*, X

b

βOLS < b
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(1) IV and local average treatment effects

• Another important issue in estimating the returns to 
schooling arises when using instrumental variables (IV): 
most IV approaches that rely on exogenous shifts in 
attained schooling identify effects only for the population 
affected by the shift in attainment (Angrist, Imbens and 
Rubin 1996) local average treatment effect (LATE)
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(1) Returns to schooling in poor countries

• Given these concerns over identification, measurement 
error, and external validity, few studies in developing 
countries have rigorously estimated returns to schooling 
in less developed countries. How should we interpret 
Mincerian regressions?
-- Duflo (2001) is a notable exception

• Using Mincerian regressions, Paul Schultz has found 
quite low “returns” to primary schooling across multiple 
African countries in recent years, although reasonably 
high returns to secondary schooling
-- Today’s lecture explores macro and micro estimates 
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(2) Krueger and Lindahl (2001)

• Some researchers have focused on the macroeconomic 
evidence using cross-country regression methods

• One possible advantage of the macro approach is the 
ability to capture social benefits of schooling, e.g., labor 
productivity spillovers missed using individual data
-- This would suggest macro estimates should be larger 
than micro estimates
-- From a public economics and policy point of view, 
social benefits are more important to understand than 
private benefits



Economics 270c: Lecture 9 28

(2) Krueger and Lindahl (2001)

• The micro Mincerian regression for person i in country j 
at time t is: ln(wijt) = b0jt + b1jtSijt + eijt

• Now aggregate up to the country level (where Y is now 
the geometric mean of income rather than the wage):

ln(Yjt) = b0jt + b1jtSjt + ejt
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(2) Krueger and Lindahl (2001)

• The micro Mincerian regression for person i in country j 
at time t is: ln(wijt) = b0jt + b1jtSijt + eijt

• Now aggregate up to the country level (where Y is now 
the geometric mean of income rather than the wage):

ln(Yjt) = b0jt + b1jtSjt + ejt

• Now consider changes in log per capita income:
∆ln(Yjt) = b0 + b1jtSjt – b1jt-1Sjt-1 + ∆eit

= b0 + b1jt(Sjt–Sit-1) – (b1jt-1–b1jt)Sjt-1 + ∆eit

= b0 + b1jt ∆Sjt + ∆b1jt Sjt-1 + ∆ejt
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(2) Krueger and Lindahl (2001)

• ∆ln(Yjt) = b0 + b1jtSjt – b1jt-1Sjt-1 + ∆eit

= b0 + b1jt(Sjt–Sit-1) – (b1jt-1–b1jt)Sjt-1 + ∆eit

= b0 + b1jt ∆Sjt + ∆b1jt Sjt-1 + ∆ejt

• This formulation allows us to distinguish competing 
growth models, “endogenous growth” vs. “growth 
accounting”. The coefficient on Sjt-1  reflects changes in 
returns to schooling over time. Romer (1990) predicts a 
positive sign, as human capital generates innovations
-- Lucas (1988) predicts increases in an accumulable 
factor like human capital (∆Sjt) is associated with higher 
income, so b1jt > 0, especially considering social returns
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(2) Krueger and Lindahl (2001)

• Existing cross-country studies regressing income growth 
on human capital find positive impacts of lagged 
schooling stocks on growth, but small and not very large 
effects of changes in educational attainment, say 4% per 
year of schooling – not what we would expect
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Too large? (0.3)



Economics 270c: Lecture 9 33

(2) Krueger and Lindahl (2001)

• Existing cross-country studies regressing income growth 
on human capital find positive impacts of lagged 
schooling stocks on growth, but small and not very large 
effects of changes in educational attainment, say 4% per 
year of schooling – not what we would expect

• Are the micro estimates just hopeless biased (upwards) 
by omitted variables / selection?
-- Or could measurement error in national educational 
data be (partially) to blame?
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(2) Krueger and Lindahl (2001)

• Sources of measurement error in macro education data:
-- Differences in the quality of schooling across countries 
(e.g., there are big differences even across U.S. towns)
-- The widely used UNESCO database, based on 
Ministry of Education statistics. These may be unreliable 
due to a lack of trained statistical personnel, resources
-- UNESCO data use enrollment at start of school year
-- Children educated abroad not counted

• Measurement error may be exacerbated in first 
differenced specifications, like growth regressions
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(2) Krueger and Lindahl (2001)

• Consider the first differenced regression equivalent to 
above, ∆Yi on ∆Xi. The estimate of β becomes:
βOLS = Cov(∆X, ∆Y)/Var(∆X)

= bOLS*{Var(X*)/ [Var(X*) + Var(u)*Ω]}

where Ω = (1 – ρu) / (1 – ρX*), where ρ captures the 
extent of serial correlation across time in a variable, i.e., 
Corr(ut, ut-1) = Cov(ut, ut-1)/Var(u)
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(2) Krueger and Lindahl (2001)

• Consider the first differenced regression equivalent to 
above, ∆Yi on ∆Xi. The estimate of β becomes:
βOLS = Cov(∆X, ∆Y)/Var(∆X)

= bOLS*{Var(X*)/ [Var(X*) + Var(u)*Ω]}

where Ω = (1 – ρu) / (1 – ρX*), where ρ captures the 
extent of serial correlation across time in a variable, i.e., 
Corr(ut, ut-1) = Cov(ut, ut-1)/Var(u)
-- First differencing exacerbates attenuation when there 
is more serial correlation in schooling than measurement 
error. “Differencing out” signal leaves noise. Over short 
periods, schooling levels are nearly fixed but noise is not
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(2) Krueger and Lindahl (2001)

• Recall βOLS = Cov(∆X, ∆Y)/Var(∆X)
= bOLS*{Var(X*)/ [Var(X*) + Var(u)*Ω]}
where Ω = (1 – ρu) / (1 – ρX*)

• An example: if ρX*= 0.4 and ρu= 0.1, then Ω = (0.9/0.6) = 
1.5. If Var(X*) = Var(u) = 1, then the attenuation bias 
correction rises from 2 to 2.5.
-- Using the Barro-Lee and Kyriacou data, they estimate 
that ρX* = 0.97 > 0.61 = ρu. This data seems pretty poor, 
with very non-idiosyncratic errors
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(2) Krueger and Lindahl (2001)

• Eliminating “signal” from the key explanatory variable by 
including additional controls can also exacerbate 
measurement error
-- The relative R2’s of the regressions with and without 
additional controls determines the extent of attenuation 
bias towards zero due to these controls. This is 
particularly important with the investment controls (which 
are highly correlated with changes in schooling)
-- Including a highly endogenous (outcome?) variable 
such as capital stock as a control variable makes it 
impossible to assess the impact of human capital, in 
their view (nice discussion on p. 1126)
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(2) Krueger and Lindahl (2001)

• The existence of two different cross-country education 
series (Barro and Lee; Kyriacou) allows them to validate 
the accuracy of the data. Assume that there is classical 
measurement error in both series. A higher correlation 
between the two series greater reliability
-- These data series are quite highly correlated in levels, 
but much less so in first differences. There appears to be 
substantial measurement error in the first differenced 
education series, likely leading to major attenuation bias

• The reliability ratio captures the extent of attenuation 
bias: Ri = Cov(Si, Sj) / Var(Si)
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(2) Krueger and Lindahl (2001)

• Examine the relationship between economic growth and 
education growth over different time periods. Since the 
underlying education stock is slow moving, over shorter 
intervals Ω is likely to be larger thus exacerbating 
measurement error
-- Using the best data, a longer time period (20 years), 
and correcting for attenuation bias yields a return of 30% 
to an additional year of education attained (on average)
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(2) Krueger and Lindahl (2001)

• Examine the relationship between economic growth and 
education growth over different time periods. Since the 
underlying education stock is slow moving, over shorter 
intervals Ω is likely to be larger thus exacerbating 
measurement error
-- Using the best data, a longer time period (20 years), 
and correcting for attenuation bias yields a return of 30% 
to an additional year of education attained (on average), 
where 0.182/0.577 ≈ 0.3
-- Alternatively one measure IV’s for the other (Table 4)

• The social return to education – or endogeneity / OVB? 
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(2) Krueger and Lindahl (2001)

• Many other interesting findings on the heterogeneous 
effects of initial schooling levels on growth; on the linear 
specification assumption in most cross-country growth 
models; on IV specifications using multiple schooling 
measures, …

• Bottom line: there is not much we can say about the 
causal effect of more schooling on economic growth 
using cross-country data, due to both measurement and 
identification issues
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(3) Duflo (2001, AER)

• The ideal experiment would randomize educational 
chances (by varying costs or subsidies, perhaps) across 
individuals, as well as across regions, to estimate 
externalities

• Duflo (2001) is the most reliable estimate of returns to 
education in a less developed country
-- Studies the impact of a massive school building 
campaign in Indonesia during the oil-rich 1970s. What 
impact did this expansion have on later schooling 
attainment? On later wages?
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(3) Duflo (2001, AER)

• Between 1973-1978 the government built 61,000 
additional primary schools, doubling the number of 
classrooms in the country. The number of teachers also 
increased by 43% (!) during this period. This could be 
thought of as a sharp drop in the price of primary 
education for many households (e.g., travel costs)

• Poor areas were supposed to be targeted, but not 
exactly following the formula – schools were supposed to 
be built in proportion to the number of children out of 
school in 1973 (Table 2)
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(3) Duflo (2001, AER)

• Focuses on the 1995 labor market outcomes of men 
born between 1950-1972 (using the SUPAS intercensal 
household survey)

• Difference in differences strategy: compare cohorts too 
old to benefit to those who benefited from the program, 
across areas with more versus fewer schools built

• IV-2SLS estimation:
School construction (instrumental variable)

educational attainment (endogenous variable)
wages (outcome variable)
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(3) Duflo (2001, AER)

• Consider the impact of the program on school attainment 
in the first stage:

Sijk = c + αj + βk + (Pj*Ti)γ + (Zj*Ti)δ + εijk

where S is the amount of schooling for an individual i, in 
region j and age cohort k.  Let c be a constant, αj be an 
indicator for district of individual birth, βk be cohort 
indicator variables, Pj denotes program intensity in 
region j , Zj are other regional controls, and T is an 
indicator taking on a value of one if the individual was 
young enough to benefit from the program
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(3) Duflo (2001, AER)

• An identification concern is the exclusion restriction: 
other targeted programs in the same areas
-- Would there have been convergence across regions 
even in the absence of the school-building program?
-- Did quantity and quality of education change?

• The performance of older cohorts in programs districts 
serves as a sort of internal control to capture local trends

• Bottom line: returns to schooling in Indonesia in 1995 
between 5-10% per year
-- Poor and low density regions appear to benefit most
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First stage

Reduced form

Wald = 0.027/0.259 ≈ 10%
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Control  function
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(3) Duflo (2001, AER)

• What is the rate of return of the program?
-- Estimated returns are highly sensitive to post-
construction income growth in Indonesia
-- Under fast growth (like that observed in 1970s-1990s), 
education investments high rates of return, 8.8 to 12%. 
Under slow growth, returns to this program probably 
would have been small or even negative

• Given this finding, forward looking governments’
education investments might be endogenous to growth 
prospects – further complicating cross-country results
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(3) Duflo (2001, AER)

• Looking ahead to next week: 
-- If education does have sizeable private (and perhaps 
even larger social) returns, should public resources be 
spent on education in less developed countries? If so, 
what types of investments should be made?
-- Pupil-teacher ratios, textbooks, the organization of the 
school system / teacher’s unions, incentives for 
teachers, students, parents, …. 

• Building a sense of national identity and cohesion is a 
social return to education that may be important but is 
hard to estimate with microeconometric methods



Economics 270c: Lecture 9 59

Whiteboard #1
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Whiteboard #2
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Whiteboard #3
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Whiteboard #4
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Whiteboard #5
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