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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 back next week

Two problem sets – 20%
Problem set 1 to be distributed tomorrow, due next Thursday 

April 9 (email to Jonas)

Research proposal – 30%
Class participation – 10%

• All readings are available online (see syllabus)

• Additional references on syllabus
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(1) Human capital in economic development
(2) Angrist and Lavy (1999) on pupil-teacher ratio in Israel
(3) Banerjee, Cole, Duflo, and Linden (2007) on remedial 

teacher and computer learning programs in India
(4) Muralidharan and Sundararaman (2008) on teacher 

incentives in India
(5) Kremer, Miguel, and Thornton (2007) on girls’

scholarships in Kenya

Lecture 10 outline
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(1) Human capital in economic development

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

• This week: which inputs lead to more educational 
production? What does the education production 
function look like?

• Recall that in many poor countries, education is the 
largest single recurrent discretionary budget expenditure
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(1) Human capital in economic development

• Educational production H for student i in school j is a 
function of multiple factors, including vectors of individual 
(or household characteristics) Xij, classmate 
characteristics X-i,j, and school characteristics / inputs Zj:

Hij = F(Xij, X-i,j, Zj)

• For concreteness, let Xij be student family background, 
let X-i,j be peer “quality”, and Zj be the pupil-teacher ratio
-- Heterogeneity, complicated interactions are possible

• Since teacher salaries are a large share of spending, a 
major policy question is the impact of reducing the pupil-
teacher ratio: ∂Hij / ∂Zj
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(1) Human capital in economic development

• There are likely to be many unobserved (*) components:
Hij = F(Xij, X*ij, X-i,j, X*-i,j, Zj, Z*j)

• Key omitted variables include parent interest in 
education (X*ij) and teacher classroom effort (Z*j)

• Areas with “better” parents could both have greater 
school inputs and unobserved home educational inputs 

positive bias. Or poor performing areas could be 
targeted for extra government transfers negative bias
-- Similarly the institutional aspects that affect teacher 
effort Z*j could be correlated with Zi
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(2) Angrist and Lavy (1999)

• Class size and test score performance in Israel

• Class size based on “a rule of 40” developed by 
Maimonides, a 12th century Jewish-Spanish philosopher
-- I.e., up to 40 students get one teacher, 41-80 students 
get 2 teachers, 81-120 get 3 teachers, etc.
-- Rule introduced into Israeli schools in 1969
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(2) Angrist and Lavy (1999)

• Class size and test score performance in Israel

• Class size based on “a rule of 40” developed by 
Maimonides, a 12th century Jewish-Spanish philosopher
-- I.e., up to 40 students get one teacher, 41-80 students 
get 2 teachers, 81-120 get 3 teachers, etc.
-- Rule introduced into Israeli schools in 1969

• Introduces sharp discontinuities in class size across 
otherwise similar schools. What impact on test scores in 
grades 4 and 5?
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(2) Angrist and Lavy (1999)

• Main results: reducing class size by ten pupils increases 
test scores on average by 0.25 sd – a large effect
-- Larger impacts on math tests than on language scores
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(2) Angrist and Lavy (1999)

• Main results: reducing class size by ten pupils increases 
test scores on average by 0.25 sd – a large effect
-- Larger impacts on math tests than on language scores

• Robust to many controls, restricting attention to the 
“discontinuity sample” near thresholds
-- Largest effects for disadvantaged students (Jewish 
students of Sephardic / Middle Eastern origin)

• Similar to U.S. results: Tennessee STAR experiment, 
which reduced class size from 22 to 15 kids, improved 
test scores by 0.21 sd (Krueger and Whitmore 2001).
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(3) Banerjee et al. (2006)

• Remedial teaching (“balsakhi”), computer assisted 
learning, and test scores in India (Vadodara, Mumbai)

• Several other recent papers (e.g., Miguel and Kremer 
2004) find large increases in school participation do not 
translate into test score gains
-- Do inputs alone have an impact? Or are more 
fundamental institutional reforms necessary? E.g., 
incentives, vouchers, etc.
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(3) Banerjee et al. (2006)

• Learning per se is a major issue in India: most children 
are now in school but 44% of children 7-12 years old 
cannot read a basic paragraph (2005)

• In this sample, only 19.5% of third grade children in 
Vadodara, and 33.7% in Mumbai, pass the grade one 
competencies (number recognition, counting and one 
digit addition and subtraction) in math
-- Baseline language skills somewhat better
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(3) Banerjee et al. (2006)

• Large positive impacts of both programs on learning in 
the short-run (remedial education 0.14-0.28 standard 
deviations, computer learning 0.21 s.d.), especially 
among the low performing students targeted with the 
remedial class.
-- But small / no effect one year after programs ended
-- And no effects on attendance, drop-outs
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(3) Banerjee et al. (2006)

• Large positive impacts of both programs on learning in 
the short-run (remedial education 0.14-0.28 standard 
deviations, computer learning 0.21 s.d.), especially 
among the low performing students targeted with the 
remedial class.
-- But small / no effect one year after programs ended
-- And no effects on attendance, drop-outs

• The remedial education findings echo some results in 
Angrist and Lavy (1999) and other education studies, 
e.g., larger math test impacts
-- Computer impacts are much smaller in rich countries

19
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(3) Banerjee et al. (2006)

• The balsakhi program was very cheap, since extra 
teacher salaries are low: only US$2.25 per year
-- Computer assisted learning is much more expensive, 
at $15 per year

• A key remaining question is how durable program 
impacts are. Do they fully depreciate by year 3?
-- Is the balsakhi model replicable elsewhere, e.g., in 
Africa or Latin America?
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(4) Muralidharan and Sundararaman (2008)

• Banerjee et al (2008) show that more “inputs” (extra 
teachers and computers) can improve learning in India
-- How does the effectiveness of spending on inputs 
compare to improved incentives?

• Examine a large-scale randomized evaluation in Andhra 
Pradesh state: 400 primary schools
-- Schools tend to be small (3 classrooms / school)
-- Teacher incentives and more inputs (same monetary 
value) provided to random subsets of schools
-- Individual incentives versus group incentives
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(4) Muralidharan and Sundararaman (2008)

• Why teacher incentives in India? 
-- 25% teacher absenteeism on any given day
-- Teacher salaries 90% of non-capital education 
spending

• Concerns about incentive programs: cheating, teaching 
to the test (rather than “real” learning), teacher transfers 
between schools, political backlash from teachers?

• This paper is a model of clean (and ambitious) research 
design, precise survey instruments, and policy relevance
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(4) Muralidharan and Sundararaman (2008)

• Punchline: incentives matter more than inputs in AP
-- 0.22 sd gain in incentive schools, 0.08 in input schools
-- Math gains again larger than language gains
-- All students at least weakly gain
-- No real evidence of diversion of efforts away from 
other subjects, cheating, mechanical / rote learning, or 
teacher opposition

• Mixed results in other studies: Lavy (2002, 2007) finds 
strong positive impacts of teacher incentives in Israel, 
Glewwe et al (2003) show weaker impacts in Kenya
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(4) Muralidharan and Sundararaman (2008)

• Modeling individual versus group incentives
• w is the teacher wage, as a function of the student test 

performance measure P. The cost of effort a is c(a), c′ > 
0, c′′ > 0. The returns to effort are P(a), P′ > 0, P′′ > 0

• Individual incentive: teacher i chooses effort to maximize 
w(P(ai)) – c(ai) (∂wi/∂Pi)(∂Pi/∂ai) – c′(ai) = 0

• Group incentive (with n teachers per school): the FOC 
becomes: (∂wi/∂Pi)(∂[(Pi + ΣP-i)/n]/∂ai) – c′(ai) = 0

• Thus unless benefits to cooperation are large (or the 
wage-performance schedule increases), higher teacher 
effort (and test scores) under individual incentives
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(4) Muralidharan and Sundararaman (2008)

• Further questions / issues:
-- What is the optimal incentive contract? How steep 
should incentives be? What would utility costs be for risk 
averse teachers?
-- Would incentives lead more able individuals into the 
teaching profession?
-- Would teacher unions allow these experiments on a 
wider scale? Political backlash?
-- How to boost teacher “value added” more generally 
beyond incentives? Status, work conditions?
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(5) Kremer, Miguel, Thornton (2007)

• Merit scholarships and schooling in rural Kenya

• The debate over merit scholarships
“Pros”: Incentives to exert effort, perhaps helping to deal 
with self-control problems, externalities to effort
Possible “cons”: (1) Exacerbate inequality, (2) Weaken 
intrinsic motivation in either short or long run, (3) Gaming 
the system through cramming, cheating, less effort in 
other key dimensions
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The Girls Scholarship Program (GSP)

• GSP is a randomized evaluation of a merit award for 
Grade 6 girls in Busia and Teso districts, Kenya

• 64 treatment schools, 63 comparison schools

• The top 15% of girls in program schools (by district) 
received a $38 prize for school fees and supplies over 
two years, and a public awards ceremony
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Two GSP research questions

(#1) What impact do these incentives have on test scores 
and other measures of school performance?

Randomized evaluation methods

(#2) What impact does winning the GSP award have on 
later schooling choices and outcomes? In particular 
does it make it more likely that winners stay in school?

Regression discontinuity methods
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The Girls Scholarship Program (GSP)

• The randomization “worked”: treatment and 
comparison group schools are similar at baseline 
(Table 3, Figure 5)
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Why might incentives have an impact?
Theoretical perspectives

• Extrinsic motivation (exploiting immediate gratification)
• vs. Intrinsic motivation (“love of learning”)

• Great teacher effort (altruism, recognition)
• Parent encouragement / pressure on the girls
• Community mobilization to support the program
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GSP empirical impacts (2001-2002)

• Impacts are positive and quite large for cohort 1:
0.12-0.13 standard deviations on average (Table 4)

• There are positive effects for boys, too – even though 
they were not eligible for the prize: externalities

• Positive effects are concentrated in Busia district 
(gains of 0.2 s.d.), but are zero in Teso district – why?
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Difficulties in Teso district

• This NGO, and other NGOs, have long had trouble 
introducing new projects into Teso district

• The dominant ethnic groups are different in Busia 
district (Luhya) and Teso district (Teso)

• There was a tragic lightning strike incident in a Teso 
district primary school in April 2001 – seven students 
died (27 injured), and NGO project work became even 
more difficult afterwards. Five Teso district schools 
pulled out of the program
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Evaluating critiques of merit scholarships

• No statistically significant changes in test score 
inequality in treatment schools

• Effort increased: student school participation increased 
by 5 percentage points in program schools (Table 7), 
for girls and boys in Busia district

• Teacher attendance increased 5 percentage points

• There are no significant changes in students’ study 
habits, work at home, or attitudes toward education / 
stated intrinsic motivation (Table 6)
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What are the policy implications?

• Positive impacts:
-- Test scores improved more than any other project 
we have studied in Kenya, and for relatively low cost
-- GSP could promote empowerment of women and 
changes in social norms about girls’ education

• Possible concerns / limitations:
-- Will the impacts last? In the long-run, will GSP really 
destroy the “love of learning” for these kids? 
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