2. Human capital accummulation.
Equilibrium:
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In our case: 
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In steady state 
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Here steady states are balanced growth paths compactly described by
(2a) 
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(2b) 
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Equations (2a)-(2b) reduce to

(3a) 
[image: image22.wmf]111

2

2

(2)(2)12

k

k

kkkk

æö

-

=-

ç÷

--

èø

 
(3b) 
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The right-hand side of equation (3a) is decreasing in 
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 economy will converge to this steady state (
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There are two possibilities 
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 in steady state. Consider these two cases.

i. 
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(1b) reduces to
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ii. 
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It is obvious that if 
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 at some time 
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 in steady state. Here steady states are balanced growth paths compactly described by

(4a) 
[image: image44.wmf]'()12

fkk

g

==


(4b) 
[image: image45.wmf]1111

()2(2)(1)(2)

k

wk

t

gttgtg

æö

-

==-

ç÷

-+-

èø

 => 
[image: image46.wmf]2

31741

()

2

ggg

tg

g

--++

=


(4b) is a quadratic equation with regard to 
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 that has a unique solution 
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One can also show that these steady states (i. and ii.) are locally stable and depending on initial 
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 the economy will converge to one of them.

3. School Inputs: The Case of Flip Charts in Kenya.

Stata commands for retro.dta:

. set mem 100m
. use "F:\Development Economics\PS\retro.dta", clear
. de
. g wc_r= wallchar/4
// (a)

// i.
. reg nmsc wc_r, ro
// ii.

. reg nmsc wc_r  struct rain bboard bkpup deskp stalvl classsz, ro
// (b)

// i.

. g flch_sub=1 if (sub=="mat" | sub=="sca"  | sub=="hsb")
. replace flch_sub=0 if (sub=="eng" | sub=="kis"  | sub=="ghc" | sub=="acm")
. g dd=wc_r*flch_sub
. reg nmsc wc_r flch_sub dd struct rain bboard bkpup deskp stalvl classsz, ro
Stata commands for prosp.dta:

. set mem 100m
. use "F:\Development Economics\PS\prosp.dta", clear
// (c)

// i.
. means nmsc if wc==1
. means nmsc if wc==0

. reg nmsc wc

// ii.
. g flch_sub=1 if (sub=="mat" | sub=="sca"  | sub=="hsb" | sub=="ghc")
. replace flch_sub=0 if (sub=="eng" | sub=="kis" | sub=="acm")
. reg nmsc wc if flch_sub==1
// iii.

. reg nmsc wc if flch_sub==0

(a) OLS

i. 

Model: 
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This indicates that provision of 4 flip charts will increase student achievement in all subjects by 20.6% of a standard deviation, a result that is significant at the 1% level. 

ii.

If other inputs are correlated with flip charts, estimate from item i. could be biased. To (partially) correct for this, it is reasonable to control for a variety of other educational inputs.

Model: 
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It suggests that, holding all other inputs constant, adding 4 flip charts raises test scores by 19.6% of a standard deviation in all subjects, an estimate that is also significant at the 1% level. This result is virtually identical to the estimate in item i., which suggests little correlation between flip charts and these other inputs (non-leaking roofs, blackboard condition, textbooks per pupil, desks per pupil, teacher training level, and class size.

iii. 

One problem is that the flip charts could potentially be relevant to three subjects (Math, Science/Agriculture, and Home Science/Business Education) but we estimated the average effect of charts across all subjects, therefore estimates may be biased. I think that is more justifiable to estimate the average effect of charts in the three flip-chart subjects. 

Another problem is that using retrospective data we compare schools with different levels of inputs. One potential weakness of this approach is that observed inputs may be correlated with omitted variables that affect educational outcomes. This could potentially bias outcomes in either direction. For example, if parents who provide better home environments for children (a characteristic which is typically unobserved) tend to organize to obtain more observed school inputs for their children, estimates of the effect of those school inputs on test scores may be biased upwards. On the other hand, if compensatory programs provide schools in disadvantaged areas with additional observed inputs, and some aspects of their disadvantaged status are unobserved, then retrospective studies may underestimate the effect of these inputs.

(b) Difference-in-differences

i.

A DD specification should compare the impact of flip charts on the relative performance of students in the three flip chart and the four non-flip-chart subjects. So one possible DD specification:
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The OLS estimate of 
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 is a DD estimator for the effect of wall charts.

OLS estimate: 
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The difference-in-differences estimate suggest that providing 4 flip charts would raise test scores by 5.3% of a standard deviation in the three flip-chart subjects, which is significant at the 1% level.

ii.

An OLS estimate of the average effect of flip charts on the relative performance of students is 5 times higher than a DD estimate of the effect of flip charts on the relative performance of students in the three flip chart subjects. A DD estimator seems to reduce bias of OLS estimator. The difference between an OLS estimate and a DD estimate is about 15%. A DD regression suggest that flip charts raise test scores by 18% (
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) in non-flip-chart subjects, suggesting either that flip charts have a positive effect in non-flip chart subjects or that an OLS estimator is inflated by an omitted variable bias problem that controlling for other observable school inputs does not alleviate.

iii.

Using a DD specification we estimate the effect of flip charts by comparing, across schools with and without flip charts, the difference between scores in subjects where flip charts are used and scores in other subjects. The validity of this approach is open to question. Some question whether it is possible to add and subtract test scores in different subjects, given their ordinal, rather than cardinal nature. Aside from this issue, a DD estimator will be valid only if flip charts have no effect on test scores in non-flip-chart subjects, and if other factors correlated with flip charts that could influence scores do so equally across all subjects. Each of these assumptions is open to question. Flip charts could potentially either raise or lower test scores in other subjects. They could raise test scores by improving pupils’ general interest in school, and thus attendance, or they could lower scores by diverting pupils’ or teachers’ attention from non-flip-chart subjects. Moreover, since different tests were given in different subjects, an omitted variable correlated with flip charts, such as headmaster characteristics, could potentially differentially affect test scores in different subjects.

(c) Randomized evaluation

i.

	The mean test score for tests taken by students in schools which received wall charts
	The mean test score for tests taken by students in schools which did not receive wall charts 
	The difference of these conditional means
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The difference of these conditional means indicates that there is virtually no difference in test scores between flip chart and comparison schools.

ii.

The difference in mean test score, for tests in wall-chart-related subjects, between students in schools that received wall charts and students in schools that did not: 
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. We might prefer this to the calculation in item i. due to recipient schools received 4 flip charts related to exactly these subjects. So it is reasonable to think that NGO intervention affected only scores in these four subjects. The result shows that there is no statistically confident difference in mean test score, for tests in wall-chart-related subjects, between students in schools that received wall charts and students in schools that did not.

iii.

Once NGO intervention could potentially affect four subjects (math, science, home science and geography) one may want to check whether it is in fact true that intervention does not affect mean test scores in other subjects. The result justifies this assumption (the difference in mean test score, for tests in non-wall-chart-related subjects, between students in schools that receive wall charts and students in schools that did not, is 
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(d) Comparison

Retrospective estimates are probably subject to omitted variable bias and schools with flip charts have other unobserved characteristics that increase test scores, such as good headmasters, so the effects of inputs flip charts may be more modest than retrospective studies suggest. A DD retrospective estimator seems to reduce bias, but it requires additional assumptions and is feasible for only some educational inputs. Yet prospective estimators based on a randomized trial are probably less biased since randomized experiments do not have problems that inherent to natural experiments (such as selection bias). So, in my opinion, the most preferable estimation is that used in (c) ii.
� Statistical significance at the 10%, 5% and 1% level is indicated by 1,2, and 3 asterisks, respectively.
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