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11.126J, Economics of Education
Prof. Frank Levy
Lecture 4: Early Childhood Education. How Important?
Internal Rate of Return:
Say we have a project with the following cash flows over the project’s lifetime:

− C1 + R2 + R3 + R4 + ... + R20

NPV of the project is equal to where r=the bank rate of interest:

R3
R20
− C1
R2
R4
+
+
+
+
...
+
(1 + r ) (1 + r ) 2 (1 + r ) 3 (1 + r ) 4
(1 + r ) 20

If the NPV of the cash flows is greater than 0, the project is profitable since it pays
out at a rate of return higher than the bank rate of interest, i.e. you are making
more than what you need to pay off the bank for a loan of − C .
1

Say we assume that r=6% and the NPV=200. If r increases to 6.05%, the NPV
decreases to 175. If we increase r further to 6.38% and the NPV=0, we know that
the r=6.38% is the internal rate of return, the breakeven interest rate for the
project.
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The bank rate of interest= rreal+rinflation
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The Marginal Rate of Return to Education:

Borjas paper: In this paper, Borjas tried to estimate the percentage change in wages
from one more year of education.
To make this calculation, we focus on earnings at a specific age rather than a lifetime
earnings profile. For example, the wage at age 30:

W

W

W

wage 30 ,i = α 0 + β 0 ( yrsofschoo ling ) i

In the 1970s, the return to each additional year of school was estimated at 7%. In
the 1990s, 9%.
What if we adopted a one year policy intervention for people between the ages of 17
and 25? What about interventions at other ages such as very young children? Are
the results very different?

Early Childhood Intervention:
Theory:
1. Children have more plastic brains. Their brains more easily form and reform
neural networks than older people can. In other words, their neurons are
more flexible and they have very few old neural networks to disrupt when
learning
Experiments on animals corroborate the theory:
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-Observations of monkeys developing at various ages with and without
maternal contact show very different behavioral outcomes.
-The damaged eye experiment
-Language development: Infants are capable of learning any language or
even more than one while older people have a harder time mastering a
language when they start learning it before infancy. However, evidence of the
difficulty of learning certain language pairs together is not discussed.
2. Learning is cumulative. Cognitive and social skills at age X affect a person’s
ability to learn at age X+1.
Social skills affect learning because learning is often not done alone. It
requires collaboration, interaction, dealing with frustration, and disruptions.
Testing the theory:
The data available is:
1) Test scores at 22 months
2) Test scores at 42 months
3) Test scores at 5 years
4) Test scores at 10 years
5) Record of educational attainment at age 26
6) Socioeconomic status of the parents (SES)
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Test scores at 42 months should do a good job of predicting 5 year test scores, 10
year test scores, and educational attainment at age 26.
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Test scores at 22 months should do a poorer job than test scores at 42 months of
predicting because a child’s brain is more plastic at 22 months and has more
potential to change. However, a relationship still exists between test scores at 22
months and test scores at older ages.
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Suppose low test scores at 42 months do a good job of predicting low educational
attainment.
How do we explain this?

W

W

Knudsen, et al. argue:
Cognitive ability at 42 months is a function of experience and genetic differences.
Experience encompasses all parent-child interactions language interaction, whether a
parent reads to the child, whether the parent allows the child to ask questions.
Experience is found to vary by socioeconomic status.

W

Therefore, low cognitive ability at 42 months can be explained by low quality of
parental interaction with a child. It is safe to assume that it will continue to be of low
quality in the future. Because socioeconomic status plays a role in child-parent
interaction, socioeconomic status plays a role in cognitive ability development.
In the data, we need independent variation so we can separate the effects of the
parent’s socioeconomic status and test scores on educational attainment at age 26.

( Educationa lAttainmen t ) 26 ,i = α 0 + β1 ( SES )i + β 2 (testscore ) 42 ,i + ε i

11.126J, The Economics of Education
Prof. Frank Levy

Lecture 4
Page 2 of 3

www.bsscommunitycollege.in www.bssnewgeneration.in www.bsslifeskillscollege.in

www.onlineeducation.bharatsevaksamaj.net

3

www.bssskillmission.in

If our data only includes people with high test scores and high socioeconomic status
or people with low test scores and low socioeconomic status then we have a case of
multi-colinearity, where the independent variables are highly correlated.
How do we test the data?
At 22 months, the cognitive ability tests include cube stacking, language use,
personal development I and II, drawing, gross motor development.
At 10 years, the tests include reading, math, picture/language, and the British Ability
Scale.
These tests are only useful if we can compare earlier tests to subsequent tests so the
tests at different ages must be boiled down into principal components to transform
the variables.
Principal components:

F1,i = a1CS i + a 2 LU i
F2,i = b1CS i + b2 LU i
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Where both equations are weighted averages of the various tests. F1, F2 are a new
set of axes for the testing data. F1 picks up most of the variation.
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In sum, we use principal components to transform the many data points available for
each child at each single testing date into one data point which ranks the children by
percentile score. Then, we can compare the percentiles that individual children fall in
across different years.
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11.126J, Economics of Education
Prof. Frank Levy
Lecture 5: When Did Earnings Become so Dependent on Education?
Selected submitted questions from last lecture:
Q: What was the cause of the decline in the concentration in wealth in the UK and
other European countries?
A: The stock market crash and subsequent depression wiped out a lot of wealth.
After WWI and WWII, European countries adopted very progressive income taxes
that limited wealth accumulation.
Q: Since parent-child interaction influences a child’s educational attainment,
shouldn’t there be a parent-level interaction to improve the educational attainment
of children?
A: Some parental problems are hard to “fix” such as mental illness, divorce, and
poverty. This isn’t an either or proposition where you can only work with the parents
or only work with the children. In many cases, it may be best when interventions
focus on both the parents and the children.
Basic question of this unit:
Do (very) early childhood interventions have a very big payoff?
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If its an issue of scientific inquiry, we need to structure out approach in the following
way:
1) Theory of plausibility
2) Hypothesis
3) Data
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Education qualifications at age 26 is a market in our data. In other words, we are
looking ultimately at what determines this outcome by first looking for correlations
between earlier test scores and this data.

W

W

Test at 22 mos
---bottom 25%
---top 25%

W

Test at 5 years
---bottom 25%
---top 25%

None

Low/Middle

A-level

15%
8%

53%
49%

32%
43%

30%
5%

52%
38%

18%
60%

If we take the test scores at 22 mos, there seems to be a lot of randomness to the
subsequent educational outcomes. On the other hand, if we take test scores at age
5, there is a large difference between the overall subsequent educational attainment
of the top 25% and the bottom 25%. A 5 year test score can say something about
future educational outcomes.
Note: All of these tests do have a margin of error which can depend on anything
from what the test subject ate from breakfast that morning to who administered the
test.
What are the two main factors behind the test scores:
1) Genetics
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2) Environment, specifically parental interaction

Test Percentile, 22 mos

Test Percentile, 118 mos

85%
85%
12%
12%

72%
40%
60%
28%

At 22 mos
High SES, high test scores
Low SES, high test scores
High SES, low test scores
Low SES, low test scores

From the above data, we can see that environment is playing a role in children’s
educational outcomes as parent SES is affecting test scores. Therefore, an
intervention may work.
What would a good intervention program look like?
Most conclusions are based on 2 programs.
1) Perry Preschool Program in Michigan
2) ABCDERIAN in North Carolina:
-Program starts at 4.4 months
-Consists of 8 hours of preschool per day, 5 days/week, 50 weeks/year
-Receive iron fortified formula, free diapers, social services home visits
-Continues until kindergarten
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How would be evaluate the ABCDERIAN program?
We need a control group as a baseline comparison, randomly chosen from applicants
to control for any self-selection bias in the group of applicants.
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Problems that we could have with the data:
-Attrition
-Control group families could creep into the treatment group as they pressure the
study administrators for access

W

W

In the study, there were 57 treatment families and 54 control families, which is a
small sample size.
Results:

Age 5
Age 6.5
Age 12

W

Female
Treatment IQ
Control IQ
96.7
+4.9
93.0
+5.1
87.4
+8.5

11.126J, The Economics of Education
Prof. Frank Levy

Male
Control IQ
Treatment IQ
90.8
+10.19
92.1
+7.18
90.5
+3.21
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How do we interpret these results?
-First, we must remember that both the treatment and control groups are comprised
of very poor families
-All the differential numbers are positive
-Females benefited more from the program than males did since their advantage
over the control group increased whereas it decreased for the males
Ultimately, we need to calculate the rates of return for various early childhood
interventions to evaluate them outright and to compare them with elementary and
high school aged interventions.
The calculated internal rate of return for the Perry Preschool program is 8%.
Comparatively, the Job Corps rate of return in 9%.
Important questions:
-Given the evidence, do these early childhood interventions blow away other
educational investments and interventions?
-What is the quality of the available evidence on early childhood interventions?
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Freeman Reading: published in 1976
-Focused on analysis of the 1970s job market and projects for the 1980s
-At that time, the economic benefits of attending college were being eroded

V
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Ratio of interest:
(Median earnings of 25-34 year old BAs)/(Median earnings of 25-34 year old HS
grads)

S
.B

Right after Freeman published his book, the ratio exploded.

W

What happened between 1980 and 1985?

W

In the 1970s, there was a decrease in demand for college graduates, which resulted
in a decrease in the number of college graduates hired and a decrease in their
salaries.

W

In cases where the demand curve shifts inward, there must be a decrease in
equilibrium quantity and there may be a decrease in price. The elasticity of the
supply curve will determine the magnitude of these changes. In the case of the
market for college graduates, the supply is more elastic in the long run than in the
short run. In fact, the short run supply is quite fixed since students must decide 4
years before they enter the job market whether or not they will attend college. With
an elastic supply curve, changes in demand result in equilibrium quantity changes.

11.126J, The Economics of Education
Prof. Frank Levy

Lecture 5
Page 3 of 3

www.bsscommunitycollege.in www.bssnewgeneration.in www.bsslifeskillscollege.in

www.onlineeducation.bharatsevaksamaj.net

www.bssskillmission.in

14.48, Economics of Education
Prof. Frank Levy
Lecture 6: Do our regression estimates overestimate the impact of
education on earnings? The Case of Ability Bias
From last lecture:
Freeman discusses wages in two ways: the college-HS wage gap and the real wage.
He was responding to the drop in both the college-HS wage gap and the real wage in
the 1970s.
Why do people have more purchasing power now than in 1850? There have been
increases in TFP and productivity (output/hour) over time: from 1947-1973,
productivity growth average 3% per year while it averaged only 1.2% per year from
1973-1975.
Question from last lecture:
How to we reconcile the human capital model with Freeman short-term view of the
labor market for college graduates?
Answer:
In the human capital model, people evaluate their projected earning from ages 1865 when considering college. Freeman says, on the other hand, the people may
make college decision based upon their projected age 18-65 earnings but what they
know at the time of making that decision is the current market conditions. Projecting
the current college-HS wage gap us not a bad assumption to make until the market
tells you otherwise.
If the wage to a college graduate is fluctuating and the supply of college
graduates is inelastic in the short-run, then college graduates have little flexibility in
the work and wages available to them. Once a student chooses to enter college, it a
4-year endeavor and the job market can change greatly from when a student enters
to when he graduates. In the long run, student can adjust to changes in the job
market that last longer than a short-term change in wages.
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The cobweb model: Originally developed for agricultural economics, specifically the
study of cattle raising, an industry in which you have to make production choices 2-3
years before you can sell the cattle on the market.
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We know that the market for college graduates is cyclical because there isn’t
mechanism for simultaneous real-time adjustment.
-When evaluating the market, we need both SR and LR supply curves. Demand for
certain types of workers can change faster than people can change their skills.
For example, in the late 1980s and early 1990s, in the wake of the collapse of the
Soviet Union, there was a huge decline in US defense spending and the demand for
defense industry workers. The result was a significant decrease in the employment of
defense industry workers.
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Let’s look at this graphically. Initially, the labor market is in equilibrium at point 1.
When the demand curve shifts outwards, supply cannot respond in the SR so wages
increase. The new equilibrium is labeled point 2. Laborers adjust their wage
expectations upwards to the wage at point 2, increasing the quantity of laborers
available, labeled point 3, which depressed wages. This cycle continues until the
labor market reach equilibrium at point 4.
S
QSR

Wage, $/Hr

S
QLR

2
3
1
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Q, college grads

W
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What about the market for anesthesiologists? Demand for them should be more
stable considering the steadily increasing demand for health care in the US.
However, the supply lag is very long considering anesthesiologists must attend
college then medical school and then complete the rest of their medical training.
Question from last lecture:
What happened to reverse the convergence of college and High-school wages from
1980-1985?
Answer:
(Ratio of median 25-34 year old male BA’s)/(Ratio of median 25-34 year old male
HS):
1961- 1.37
1965- 1.37
1969- 1.47
1973- 1.30
1980- 1.30
1985- 1.48
14.48, The Economics of Education
Prof. Frank Levy
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Macroeconomic events in the 1970s:
1) 1971-1973: Significant inflation in food prices. In the US alone, food prices
increased 33% in only 2 years. While there was downward pressure on the
restaurant industry, the farming industry exploded along with an increase in
demand for blue-collar agricultural workers.
2) 1974: The oil crises. Prices quadrupled in 3 months. There was an economic
boom in Texas, Oklahoma, Louisiana and any other oil producing regions in
the US. There was a subsequent increase in the demand for blue-collar oil
industry workers.
3) 1971: Nixon abandoned fixed exchange rates and floated the dollar. The
dollar fell in value, which helped export industries, especially manufacturing.
There was a corresponding increase in demand for blue-collar manufacturing
workers.
4) 1970s: There was a general bubble in demand for blue-collar labor in the US,
which was much higher than any long-run trends.
So what happened? 1-3 were temporary shocks and there was an eventual decrease
in demand for blue-collar workers in the late 1970s, early 1980s. Additionally,
inflation was generally very high in the US in the 1970s. In fact, from 1970-1980,
consumer prices doubled. In response, Jimmy Carter appointed Paul Volcker as
Chairmen of the Fed with instructions to break the cycle of high inflation. To do so,
Volcker greatly decreased the US money supply, which increased US interest rates. A
few years later, President Reagan passed a series of tax cuts without decreasing
Federal spending. Markets began to worry about returning high inflation and a
recession. From 1980-1985, inflation was still low but interest rates were still very
high. The 10-year US Treasury bonds, which usually pay 2% per year adjusted for
inflation, were paying 6-7% per year adjusted for inflation from 1982-1983. Not
surprisingly, there was an increase in demand for US bonds and US$ to buy those
bonds. In response, the manufacturing industry collapses as does the oil industry in
the US and farming perform nearly as well as it did in the 1970s. This quick collapse
in industries that higher a lot of blue-collar workers allowed the college-HS wage
ratio to quickly increase.

N
I
.
E

V
S

S
.B

W

It is important to remember that Freeman was writing at a time of unique
circumstances in the US economy.
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What are we measuring when we measure the return to education?
The Mincer equation:

ln( wi ) = α + β 1 ( Age) i + β 2 ( Age) i2 + β 3 ( Education ) i + ε i
The rate of return to education:

⎛ 1
⎜⎜
⎝ wi

⎞
∂wi
⎟⎟
= β3
∂
(
Education
)
i
⎠
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Estimates we’ve found for the rate of return to education: 7% in the 1970s, 9% in
the 1990s. If we take these numbers as accurate, then we should use them as a
basis for policy since education will increase someone’s earnings.
What if we randomly give someone people an extra year of education?
-That extra year of education will likely have a different effect on those who would
have willingly gotten that extra year compared to those who would have gone
without that year.
Someone with more ability should get more education that someone with less ability.
Presumably, more ability it results in better job performance, which results in high
salaries. When we measure the rate of return to education, are we really measuring
the effects of ability on wages?
To use the rate of return to education to help determine education policies, we need
to run an experiment like a medical experiment where you randomly assign different
high school grads to more education or no more education and measure the results.
However, this would be unethical.

Educationi = δ 0 + δ 1 ( FamilyIncome) i + δ 2 ( Mother ' sEducation) i + δ 3 ( Father ' sEducation) i + μ i
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With a higher level of ability, a child would get more education that the above model
would predict. In this case, the error term would be positive. The wage you’d predict
with the Mincer equation would also be less than his or her actually again. Again, the
error term would be positive. In this case, both of the error terms εi and μi are
correlated.
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Estimated relationship

W

ln(wi)

W

W

x
x

x

x

x x

x

x
x

Actual relationship

x x x x
x
x x
x
x
x
x x
x x
x

Educationi
14.48, The Economics of Education
Prof. Frank Levy

Lecture 6
Page 4 of 5

www.bsscommunitycollege.in www.bssnewgeneration.in www.bsslifeskillscollege.in

www.onlineeducation.bharatsevaksamaj.net

11

www.bssskillmission.in

Because we can’t measure ability, we may be giving education more credit than it
deserves increasing wages.
Alternatively, we look for instrumental variables. In this case, we are looking for a
surrogate for education that is correlated with education and not correlated with
ability.
In the Card paper, the instrument is the geographical proximity to a 4-year college.
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14.48, Economics of Education
Prof. Frank Levy
Lecture 7: Do our regression estimates overestimate the impact of
education on earnings? The Case of Ability Bias
Why do we even need instrumental variables for return to education estimations?
Why don’t we just include years of education in our regressions?
Education is correlated with ability so we might actually be measuring the return to
ability rather than the return to education.
David Card’s Paper:
Instrument: the geographical proximity to a 4-year college
Why might proximity to college be correlated with higher educational attainments?
1) Lower costs to attending college since students have the option of living at
home
2) Informational availability/access about the benefits of attending education
Are these effects uniform across families? No. These effects should be the largest for
lower income families.
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How do we test whether these effects are greatest for lower income families?
We could ask people by taking a survey, but our best bet is a regression.
^

^

^

^
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( ED, age 26) i = α + β 1 ( familyinc ) i + β 2 ( mothersED ) i + β 3 ( fathersED ) i + ε i

S
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Next, we use data to predict someone’s educational attainment by age 26 without
accounting for geographical proximity to a 4-year college. We split the data into two
groups: those near and those not near a 4-year college. Among those who received
12 years of education or less, the group that lived near a 4 year college received 1.1
more years of education that those who did not. Among those who received more
than 16 years of education, those who lived near a 4-year college received .3 more
years of education that those who did not live near a 4-year college.

W
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Using the instrumental variables method, we set up two regressions:

W

1) The reduced form equation:

ln( wage ) i = α + β 1 ( Age) i + β 2 ( Age ) i2 + β 3 z i + δ 1 ( familyinc ) i + .... + μ i
zi=1 if you live near a 4-year college, 0 otherwise. Normally, we’d include years of
education instead of zi.
2)

EDi = γ + ω1 ( z i ) + ω 2 ( Age) i + ω 3 ( Age) i2 + ε i
We can choose whether to include family background variables in this regression
equation or not.
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Results:

without
family background

without
family background

ω1
0.320
(0.088)
0.322
(0.083)
β3
0.042
(0.018)
0.045
(0.018)

The null hypothesis: Does this variable belong in this equation? What is the chance
that the true coefficient for a variable should be equal to 0? We test this with a ttest. t>2 means a 5% chance or less that the variable should be equal to 0.
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Problem of multi-colinearity: Independent variables in a regression are highly
correlated. If the standard errors of ω1 and β3 greatly increase when we include family
background variables in the regression, then we have a multi-colinearity problem.
How do we calculate the marginal return to education with the above information?
-We know that when z=1, equation 2 tells us we add 0.32 years of schooling
-We know that when z=1, equation 1 tells us we add 0.043 to ln(wage)
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Combining this information:
(β3/ω1)= the implied marginal rate of return
(1/.32)(.043)=13%

W

We used the instrumental variables method because we were worried that ability
bias inflated standard estimates of the rate of return to education. However, using
the IV method actually increased the rate of return to education. Therefore, can we
conclude that ability bias isn’t a big problem? Is proximity to college even a good IV?
The IV might be correlated with the availability of higher jobs in the region. Card,
however, controls for this by including a measure of local salaries in the regression.
Alternatively, living near a college might be a motivational factor that affects school
performance positively while not living near a college works in the opposite way. This
problem is much harder to address.

W

W

Esther’s Duflo’s Paper:
This paper uses the difference-in-different approach.
In regressions, we try to include control variables to isolate the effect of our main
variable of interest. How do you factor out the effect of school on other changes in
the Indonesian economy:
Facts:
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-the Indonesian school building project was implemented to alleviate the low average
level of education in the country and, specifically, to help the many areas of the
country that lacked schools.
-from 1973-1979, the government built and staffed 61,000 primary schools and
increased the number of schools in the country to 2 per 1000 children.
-enrollment rates for 7-17 year olds: 69% in 1973, 83% in 1978.
-school shortages were concentrated in certain areas of the country
Theory:
More school lead to more education, which, in turn, leads to high wages. For that to
be true, schools have to be built in area that needed them the most. Otherwise, the
program would just be lowering class sizes in areas that already have schools and
wouldn’t be helping the needy areas.
To test this, we use the following regression:

ln(# ofschoolsbuilt ,1973 − 1978) i = α + β1 ln(children) i + β 2 ln(1 − EnrollmentRate,1973) i + ε i
where i corresponds to the region in question.
Results:
β1: 0.78, (0.027)
β2:0.12, (0.038)---this shows that the program money was allocated correctly to
regions in need
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Set up:
We look at provinces that got school and compare 1975 and 1989 wages.
If 1975 wages < 1989 wages, are we done with out analysis? No. There are many
other factors that could be affecting wages in that time period outside of the
construction of new school.

S
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How do we isolate the effect of the additional schools?
We need to use a control group of people who just missed qualifying for the new
schools because they were too old. We separate those who were aged 2-6 in 1974
from those who were aged 12-17 in 1974 and just missed being affect by the
education intervention.

W
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W

Educational attainment in 1988:
If the younger group of people got more education that the older group, are we done
with our analysis? No. Again, schooling might not be the only cause for increased
educational attainment. The government could have launched a national ad
campaign at the time of the school construction encouraging attending school, which
could have also increased educational attainment in all regions.
Therefore, we need to look at both regions that did receive schools and that did not
receive schools.
Results:

Ages 2-6, 1974
Ages 12-17, 1974

Regions
Received schools Didn't receive schools
8.49
9.76
8.02
9.4

14.48, The Economics of Education
Prof. Frank Levy
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The difference-in-difference method isolates the effect of new school construction on
educational attainment since we compare both regions that received school with
regions that didn’t receive school and students that benefited from the school
construction and students that just missed benefiting from the school construction.
Duflo performs a similar analysis on wages and finds a similar effect.

Signaling/Screen model:
Suppose you are assigned the job of selecting 7th graders to participate in an MIT
summer program and you want to select the students that you think will do well in
the program.
Given the following information on a student, would you accept, reject, or waitlist
him?
-He attends a middle school near Spanish Harlem
-Has a Hispanic surname
-A high proportion of students at his school receive free or reduced priced lunch

N
I
.
E

Given this new information, would you change your decision?
-His school is home to a top 5 national middle school chess team that won the
national championship the past 2 years

V
S

We have a signal that conveys positive academic information about this student.

S
.B

AP classes also serve as a signal of academic achievement and potential in college
admissions.

W

W

W
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14.48, Economics of Education
Prof. Frank Levy
Lecture 8: If the return to education is real, does it reflect skills learned or
is it a signal?

Signaling:
Assume there are two perspective employees in the economy, high ability, H1, and
low ability, L0, workers.

MPLH 1 = wH 1 = 2
MPLL 0 = wL 0 = 1
Employers want to assign employees to jobs based on years of education. Why?
Because educational attainment is correlated with ability and the cost of education is
lower for high ability workers.
For y years of education:
H1 ability workers pay $y/2 per year of schooling
L0 ability workers pay $y per year of schooling

N
I
.
E

Why signal are we looking for? The employer will announce some rule such as to get
an H1 job, an employee must have years of schooling greater than or equal to y*.

V
S

If y*=3, how much schooling will people get?
Some people will get 0 years of schooling while others will get exactly 3 years of
schooling.

S
.B

One period model:

W

We want to find a separating equilibrium where H1 workers get y* years of schooling
and L0 workers get 0 years of schooling. Therefore we need high enough so that the
low ability workers won’t get y* years of schooling and sneak into the high ability
group of workers.

W

W

The low ability workers compare the following:
No school---

w = 1 = wL 0

School---

w = wH 1 − ( EducationCost ) = 2 − y *
For the screening rule to work:

1 > 2 − y*
y* > 1
L0 workers will not get y* if y* >1
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The high ability workers compare the following:
No school---

w = 1 = wL 0
School---

y*
w = wH 1 − ( EducationCost ) = 2 −
2

For the screening rule to work:

1> 2−

y*
2

y* < 2
H1 workers will get y* if y* <2
The separating equilibrium will occur if 1< y* <2, where H1 workers get y* years of
education and L0 workers get 0 years of education.
One key assumption we have made is that education is unproductive and only acts to
sort workers into high and low ability groups.

N
I
.
E

What if education cost the same for all workers?
The low ability workers will obtain no schooling if y* > 1.
The high ability workers will obtain y* years of schooling if y* < 1.
The model doesn’t work if the cost of education isn’t correlated with ability.

V
S

S
.B

Signals include education----things which you can buy.
Indices include race, neighborhood you grew up in, and age----things that you can’t
buy or alter.

W

Say you have the following information:
A minority student from a bad neighborhood---this is index information.
What effect would that information have on an employer hiring decision? Most likely,
negative.
How do we model this? The employer might equate y years of schooling on a resume
from a minority candidate with 0.8y effective years of education. This lowers the rate
of return to schooling for people with that index. Each additional year of schooling is
worth less for a minority student than for a white student. Minority students are less
likely to go to school or will go to school less than their white counterparts. This is
the case of a self-fulfilling prejudice because of the feedback mechanism in the
model.
Example: The movie Stand and Deliver followed a newly initiated AP calculus class in
a poor California neighborhood. When the students scored well on the AP test,
people initially assumed that they had cheated. After it was proved that they did
cheat, people took the high scores on the AP Calculus exam as a signal that the
students were intelligent.

W

W

The Lemons Problem:
Say we have a 1999 Ford Taurus with 78,000 miles that we want to sell. How would
we find out the value? Go to Kelley Blue Book online and look it up. Or use a local
area market source where people advertise.
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KBB.com info:
If the car is a creampuff (in good condition): $4025
If the car is a lemon (in poor condition): $2500
Expectation: The proportion of lemons in the market is p=0.50.
Are there signals in this market? Not really. You could try taking a used car you were
interested in to a mechanic. If the owner says no, you have a signal that the car is in
bad condition.
Round 1: The expected value of the car= 0.5(4025)+0.5(2500)=3262.50
If you have a lemon, selling your car at $3262.50 is a great deal.
If you have a creampuff, you don’t want to sell your car at this price.
Round 2: There will be fewer creampuffs on the market and more lemons so the
expected price that customers are willing to pay decreases.
Overtime, this market breaks down because there are no good signals. The market is
driven to a point where only lemons are sold because of asymmetric information.
Similarly, if your education isn’t taken seriously because of indices, word will spread
that the value of education for a person with negatively perceived indices is lower,
and these people will get less education.

N
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.
E

Tyler, Murnane and Willet Paper: Testing the signaling value of a GED.

V
S

How do you test whether signaling really exists in the market?
You could compare the wages of people with equal cognitive abilities, some with a
GED and some without. Unfortunately, standard datasets do not usually have a
measure of ability, which we have already learned contributes to a person’s wages.

S
.B

We need:
1) People with equal test scores
2) Some of whom have the signal, some of whom don’t

W

W

Argument: These people are identical, except for the signal. Does the signal get you
anything in terms of wages?

W

What is the GED? A high school equivalency test consisting of a battery of 5 tests-1
written essay and 4 multiple-choice sections.

Total
Fraction of young adults
competing HS
Faction of young adults
completing the GED or
some alternative

14.48, The Economics of Education
Prof. Frank Levy

1975
83.6

1988
84.5

1992
86.4

1996
86.2

---

80.3

81.2

76.5

---

4.2

5.2

9.8
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What does it take to pass the GED?
The national office defines passing as a minimum score of 40 on each of the 5 tests
or a mean score of at least 45. If that was it, are there useful tests that we can run?
Assuming uniform national standards:

ln(wage) i = α 0 + β1 (avgtestscore) i + β 2 (GED) i + μ i
(GED)i=1 if person i has a GED, 0 otherwise. We have a problem of selection bias in
pools of those with GEDs and those without GEDs. β1 and β2 can’t be separated. This
is a case of extreme multi-colinearity.
However, states have the right to impose standards stricter than the national
standards and some do. Therefore, we can have 2 people with the same GED scores,
1 in one state with a GED and 1 in another state without a GED.
There
1)
2)
3)

are 3 groups:
A minimum of 40 or a mean score of at least 45
A minimum score of 35 AND a mean score of at least 45
A minimum score of at least 40 AND a mean score of at least 45

Minimum Score
20-34
35-39
40-44
45-46
47-48
49-50
51-52
53+

Mean Score
< 45
>45
1
2
4
3
5
6
7
8
9
10

N
I
.
E

V
S

W

S
.B

W

People in groups 1 and 2 do not receive a GED in any state. People in groups 5-10
receive GED’s in any state. Groups 3 and 4 are our groups of interest because people
with these scores would receive scores in some states and not in others.

W

Take people only from group 4, across all states.

ln(wage)i = α 0 + β1 (GED)i + μi
(GED)i =1 if person i has GED, 0 otherwise
Does =the impact of GED of wages? Not necessarily. Wage levels may differ across
states for reasons other than having or not having a GED.
Solution: Use the differences-in-differences method.
Experiment:
Use data from treatment states that award GEDs to those in groups 4 and higher and
control states that award GEDs to those in groups 5 and higher.
14.48, The Economics of Education
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States
Treatment
Control
A
B
C
D

(A-B)= the GED effect + the state economy effect
(C-D)= the state economy effect
(A-B)-(C-D)= the GED effect alone
In the paper, this differences-in-differences calculation in done separately for whites
and minorities.
For white males:

Group 4
Groups 5-10

States
Treatment
Control
9628
7849
9981
9676

(A-B)= 1779
(C-D)= 305
(A-B)-(C-D)= 1473, standard error of 673

N
I
.
E

V
S

Conclusion: The GED does have a signaling effect for white males.

S
.B

W

W

W
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14.48, Economics of Education
Prof. Frank Levy
Lecture 9: Why has the rate of return to education increased?
Questions from last lecture:
Q: How is the delay in payoff to a GED for whites explained?
A: Perhaps employers are looking at the GED signal and the HS dropout signal. They
pay lower wages to a GED holder until the employee can prove himself. Alternatively,
HS dropouts may get GEDs when the job market is bad to distinguish themselves
and the value of their time is particularly low.
Q: What is the motivation for the Tyler, Murnane and Willett paper?
A: The GED is a relatively costly program. They want to know whether its worthwhile
for the individual and for the US. Prior to this study, the literature had found that
GED holders and HS dropouts earned the same wages. They are trying to run a more
refined version of older experiments.
Continued from last lecture:
For white males, the GED has a $1473 signaling value with a standard error of $678.
The average earnings of group 4 is $8500.

Group 4
Groups 5-10

States
Treatment
Control
A
B
C
D

N
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E

V
S

S
.B

(A-B)= the GED effect + the state economy effect
(C-D)= the state economy effect
(A-B)-(C-D)= the GED effect alone

W

In the paper, this differences-in-differences calculation in done separately for whites
and minorities.
For black males:

W

W

States
Treatment Control
Group 4
GED
No GED
Groups 5-1 GED
GED

(A-B)-(C-D)= $-1357, standard error of 906.
What does the $-1357 mean? With the standard error, the solution isn’t statistically
significant. Why? A high percentage of minority males who get the GED are in jail or
have a criminal record, meaning they either can’t work or get paid lower for reasons
other than having a GED vs. no GED. Additionally, GEDs completed in government
programs may or may not have been completed voluntarily.
Can we just drop the prison data and rerun the regression analysis? No. We only
know of prison records in Florida data, not other states.
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Murnane, Willett, and Levy paper:
Motivation:

(Median 25-34 college grad earnings, male) / (Median
25-34 HS grad earnings,male)

1969

1976

1.42

1.3

1980

1985

1.3

1.48

During the 1970s, there was a very large supply of college grads in the job market.
There was a decrease is college educated worker wages. Additionally, there was an
increase in high school education workers wages.
The authors were looking to give concrete meaning to what skills economy values.

ln(wage) i = α 0 + β 1 ( yearsED) i + β 2 ( MathScore) i + ε i
2 samples were college by the Department of Labor:
1) a. HS seniors, 1972: background info and math test scores at age 18

N
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E

b. Original HS seniors, at age 24 in 1978: wage data

2) a. HS seniors, 1980: background info and math test scores at age 18

V
S

b. 2nd group of HS seniors at age 24 in 1986: wage data

S
.B

With these two samples, we cover the two huge changes in the college-HS wage cap
in the 1970s and in the 1980s.

W

What do you want to test using this data?
~Do basic math scores affect wages? Did this effect change? β2 should be larger in
the second sample since we believe skills became more important.

W

~Say education is just acting as a signal, how would that show up in the regression?
The math score wouldn’t be significant. However, with this regression we wouldn’t be
able to tell whether education was juts a signal or whether it provided useful skills.
(yearsED)i is a very crude measure of education compared to other papers we’ve
been looking at.

W

~How are we dealing with ability bias? We are using the math score before college
as a proxy for ability, which isn’t a perfect measure.
Every person in the data at least graduated from high school.
Wage, 1978 Wage, 1978
Males
Years of College
t-statistics
Math scores
t-statistics

0.022
(3.63)
-------

0.013
(1.85)
0.004
(3.13)

14.48, The Economics of Education
Prof. Frank Levy

Wage, 1986
Males
Years of College
t-statistics
Math scores
t-statistics

0.044
(5.72)
-------

Wage, 1986
0.021
(2.22)
0.011
(5.06)
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See the paper for the results for females.
β1 decreased in regressions that included math scores for both time periods, as we
expected. Again, β2 is larger in the second group of people than in the first groups of
people, implying that skills are valued more in 1978 than in 1986.
If we run the regression only for high school graduates, we find that math scores
have statistically insignificant effect on wages at age 19 or 20 and a statistically
significant effect on wages at age 24.
Why? When a high school graduate is first hired out of high school, their wage is
based only on their high school degree and not on any skills or ability they may
posses. With more time in the labor force, a high school graduate can prove this
skills and ability and boost her wages.
From the point of view of a student not planning on attending college, she is given
very little incentive to study and learn basic skills because HS students heavily
discount the future so they don’t value the increase in wages that occurs years after
HS that is attributable to skill/ability.

N
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E

Computers and Work:

Generally, people assume that computerization/offshoring puts the least skilled
workers at risk. This is not true. Generally, it is the lower to middle skilled jobs that
are at risk.

V
S

S
.B

High skilled workers:

Wage, $/Hr

D'

W

W

W

D
Hours
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Low skill workers:

Wage, $/Hr

D

D'
Hours

How is it that computers change occupational demand?
It can substitute for or compliment labor.
Examples:
1) Airport boarding pass kiosks Æ substitution
2) MIT general number speech interface Æ substitution
3) Image guided surgery Æ compliment

N
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E

V
S

S
.B

How do we lay out a theory that explains what tasks/jobs can be substituted for and
what tasks/jobs can be complimented?
1) All human work involves the processing of information
2) Computers execute rules

W

W

What kind of tasks involve information processing that can be expressed in rules?

W

Deductive rules: things we can write down from the nature of the process, a series of
rules
Inductive rules: equations generated from statistical models from training sample
data, pattern recognition i.e. credit card companies monitor transactions and flag
accounts that have statistically abnormal activity.
Ease of programming:
With deductive rules, you can just write the set of rules into a program.
With inductive rules, you need to execute statistical estimation.
There are also both high and low skills tasks for which you can’t estimate or
articulate the rules such as litigation and janitorial work.
As we said earlier, most substitution occurs in the lower-middle of the skill
distribution.
In reality, specific tasks rather than a whole job is computerized.
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Herbert Simon: Stated that you can cut down the programming burden by
routinizing the context of a job. For example, at Amazon, instead of having
customers send an email stating what they want to order, there is a standardized
order form, making the process much simpler for Amazon.
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S
.B

W

W

W
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14.48, Economics of Education
Prof. Frank Levy
Lecture 10: Why has the rate of return to education increased? What skills
are now rewarded in the workplace?
Questions from last lecture:
Q: Why is unemployment higher in Europe than in the US, considering that the two
regions have similarly educated populations and technology?
A: We’ll look at this later, especially in the context of rigid labor market institutions.
Q: Why are sales jobs to prevalent?
A: We will discuss this later on in this lecture.
Inductive Rules:
How do financial institutions rate mortgage applicants? They use a scoring method to
predict how likely it is that an applicant will default.
Independent variables in the modelIncome, years out of school, whether or not it’s a first house, credit rating.
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Dependent variableA dummy variable equal to 1 if the customer defaults within the first 4 years, 0
otherwise.

V
S

y i = α 0 + β 1 (income) i + β 2 (YearsOutofSchool) i + β 3 ( FirstHouse) i + β 4 (CreditRating ) i + ε i

S
.B

A mortgage officer can apply the calculated coefficients to a mortgage applicant’s
data to get a probability that the applicant will default.

W

The regression equation is an inductive rule that simulates what a mortgage
application officer used to do in the past.

W

If we think of wages as a proxy for skill: you’d assume that the greatest substitution
of computers for labor would occur for the lowest wage jobs.

W

However, when you incorporate an understanding of the ease of programming
different jobs, the jobs that are the easiest to program follow a set of deductive
rules, which are the low to middle skilled jobs. Why? Computers don’t substitute for
the lowest wage/skilled jobs like janitorial work and other very low skilled jobs that
are often trivial for humans because these tasks are outside the bounds of
computerization (for now).
What does this story imply for human interaction jobs such as sales positions?
Sales people are good at persuasion and marketing. Say a sales person tells you:
“You look great in those lime green pants you’re wearing.” Is this true? Maybe, but
the sales person wants you to buy the pants and has little incentive to tell you the
truth.
All information is inherently ambiguous. Humans need to put information into context
to understand it.
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For example, cars salesmen usually don’t have a set desk in the showrooms they
work in. However, the salesman always puts a picture of a wife and children on his
desk. Why? To make customers trust him more by portraying himself as a family
man.
Words themselves must be understood in context. Example: bill. What does it mean?
A piece of legislation? A man’s name? A part of a duck? It all depends on the
context.
What is the relationship between the computerization and off-shoring of work?
Jobs that can be easily computerized can be easily offshored. Why? Because the
process of off-shoring and computerizing are similar: a job is broken down into
small, routine, and repeatable tasks.
Examples of off-shoring:
-Simple tax returns are sent to overseas accountants
-Call centers
Examples of computerization:
-TurboTax and other tax preparation software
-Speech recognition software such as the MIT general number speech interface
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What about software work? The rules of computer programming allow overseas
workers to perform these tasks.

V
S

S
.B

Overall, there has been growth in high skilled jobs and very low skilled jobs but loss
of jobs in low to middle skilled jobs.
What does this say about education?

W

Do we still need basic skills?

W

What about reading?
Definitely. People need reading more now than ever before. Even the lower skilled
jobs require people to be able to read instruction manuals that explain the tasks that
they need to perform.

W

Ted Schultz: A Chicago economists who worked on human capital theory. He studied
2 sets of agrarian villages in India during the Green Revolution.
Set 1: Results showed that literacy and basic math skills lead to much higher crop
yields
Set 2: Results showed that literacy and basic math skills lead to no difference in crop
yields
What account for these results? Perhaps access to information and technology.
Perhaps soil quality.
In reality, Set 1 had access to new Green Revolution seeds whereas Set 2 did not.
These needs required farmers to use a new set of farming techniques. There were
only a few farm agents traveling around India to explain and show these new
techniques so being literate and math able allowed certain farmers in Set 1 to use
14.48, The Economics of Education
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the new seeds effectively by reading the instructions. For Set 2, since they were
working with the old seeds, traditional farming techniques were used by all. Math or
readings skills didn’t give any farmers an advantage because traditional skills could
be learned by watching other farmers.
When workers are in an environment where technology is changing quickly, the
ability to read makes the transition to a new technology much easier.
The digital divide today:
Is there still a gap between those who have access to and are familiar with
computers and those who don’t? Perhaps this is more of an intergenerational issue in
the US. Access to computers is also much greater in the US compared to access in
developing countries.
1993:
Kruger attempted to estimate the impact of using a computer at work on your pay.
Model 1:

ln(w) i = α 0 + β 1 (c) i + ε i

Where c=1 if an individual used a computer at work, 0 otherwise.
1984
0.276
(.01)
0.05

Beta
SE
R^2

1989
0.325
(.009)
0.08

N
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S

This was a very simple model that doesn’t account for the fact that jobs that use
computers are the higher skilled, higher paid jobs. This problem is known as omitted
variable bias. We may be worried that β1 is actually picking up the effect of
computers and many other variables that affect wages.

S
.B

W

Model 2:

W

ln(w) i = α 0 + β 1 (c) i + ε i plus variables for race, years of education, age, age2,
gender, and a dummy variable for whether or not the individual works part-time. We
would expect β1 to be lower now that we have included other relevant independent
variables in our regression.

W

Beta
SE

1984
1989
0.15
0.17
significant significant

However, model 2 doesn’t control for ability or account at all for which kind of people
actually work with computers on the job.
Model 3:

c iw = (UsesComputersAtWork )
Takes model 2 and adds 3 computer variables: c i = (UsesComputersAtHome)
H

c iw * c iH = ( InteractionTerm)
14.48, The Economics of Education
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1989
0.070
0.017

Another paper used the following approach with survey data from Germany:

Do you use a computer at work?
Do you use a cauculator at work?
Do you use a pen/pencil at work?
Do you use a telephone at work?
Do you use a handtool at work?

Answered Yes Effect on wages
35%
0.171
44%
0.054
66%
0.127
55%
0.136
30%
-0.091

Problem: The effect of pen/pencil and a telephone at work are almost as high as the
effects of using a computer at work. The regressions are just picking up the effects
of the nature of the work and ability on wages.
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Expert Thinking:

There are many problems that require only routine thinking. On the other hand,
there are problems that require creative thinking and that do not have an obvious
solution.

V
S

S
.B

Experiment:
Show a chess board with a certain positioning of 20 chess pieces on the board for 5
seconds.
Ask the test subjects to reproduce the positioning of the 20 pieces. Chess
grandmasters typically reproduced 16 pieces correctly, while good players
reproduced 7 pieces correctly and novice players only 4.

W

W

There are two possible explanations for these differences.
1) Grand masters have terrific memories and good eyes
2) Pattern recognition is easier for the better players

W

How would you distinguish between these two scenarios? You would have the 3
types of players memorize something else, such as 20 chess pieces placed on the
board in a pattern very unlikely to occur in a game. In this case, the results collapse
and the grand masters do no better than novices or good players in reproducing the
game board configuration. This implies that 2) is the correct explanation for the
results of the first experiment.
Is chess a rules based task? Yes, because there are lots of chess computer games.
Experiment:
Grand master chess players are pitted against good chess players in a 5 second
speed chase. There is a 3rd person in the room readings digits out loud. To win the
game, the grandmaster not only has to win the chess game but also keep a running
total of the digits being read out loud. In most cases, the grandmasters were
successful, but how? Adding up numbers would be very difficult if playing chess were
14.48, The Economics of Education
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really a rules based task for Grandmasters. Instead, they often recognize patterns of
game scenarios and apply them effortlessly to games they are playing. They are not
running through a conscious set of rules when playing chess, though they may be
subconsciously.
What about a mechanic confronting a new problem?
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W

W

W
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14.48, Economics of Education
Prof. Frank Levy
Lecture 11: What skills are now rewarded in the workplace?
Answer to the reading question for today:
-Thinking multiple steps ahead
-Simplifying the situation into what you already know
-Fluency of recall
-Pattern recognition of chess players is the recall of strategic situations
-Patter recognition of electrical engineering is recognizing points of similarity
between a current problem and problems she has already solved or understands,
which provide a line of attack for the new problem. This approach is call case based
reasoning.
What do you need to be good at case based reasoning?
-Experience
-Practice, especially in problem solving to build up a repertoire of problems solved
that you can refer to.
High School Education:
There is an enormous amount of emphasis put on problem solving skills now. Where
do and don’t HS problem solving skills match up with what we are discussing as
problem solving:
DO:
-Word problems that require you to pick through the set problem set up and find the
right approach
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DON’T:
-Rote algebra problems

1) Structuring the problem and choosing the technique. This is NOT rules based,
it requires expert thinking skills
2) Executing the technique and solving the model. This is rules based and is not
as valued in the labor market as expert thinking tasks.

W

W

W

Why can’t HS be taught more like 1)?
Because it would be much more expensive in term of teachers time, testing costs,
training, etc.
Computers are increasingly substituting for problem solving experience by simulating
situations in which someone would solve complex, non-rules based problems.
Example: Armed forces mechanics often used computer based training software now.
Metacognition: Recognizing the extent of your knowledge. When problem solving,
experts are able to recognize when they need a new approach or more background
information to solve a problem.
Complex Communication:
Complex communication conveys a particular interpretation of information. We—
humans—process all information in context.
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Example: 2 weeks ago Professor Levy attended a 60th birthday party for Mary Jo
Murnane. She and everyone else were delighted to be celebrating this 60th birthday.
Why? Because 15 years ago she had cancer.
What is Professor Levy wanted to describe the party to you. How would he do this?
He could describe the: people, topics of conversation, music, food, drinking, notable
events, clothing, etc. But it still wouldn’t capture or convey to you exactly what
happened that night.
What channels of communication exist between you and Professor Levy?
-Words
-Body language
-Facial expressions
-Tone of voice
This is a small list of channels to convey exactly what happened at the party.
Example question asked of elementary school students?
Using orbits, draw a picture of why we have seasons.
Most students drew a picture of a sun with an elliptical orbit traced around it. While
this is a logical place for someone who has never learned about this to start, it is
wrong.
How do you explain to a child that this is wrong? What questions could you ask them
to get at the right answer?
1) We know it is winter in Brazil when it is summer here and vice versa. How does
that fit your picture?
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Basically, there should be a back and forth between the teacher and the student
which can lead to an understanding of difficult concepts.
Email: It is very easy to have communication mix-ups in an email conversation. You
really need to get your phrases correct to minimize misunderstandings.

W

Grading essays is very difficult because complex communication doesn’t allow for
one right answer.

W

W

Stockbroker reading:
What is this all about? He is trying to get the client to understand his real problem
and not his initial answer to the question.
Mapping the brain:
(add picture)
1) See a bear
2) Run (unconscious reaction)
3) Get scared (conscious reaction)
Stored in our amigdala are our emotional memories.
Stimuli:
Say your roommate spills a coke on the rug.
Case 1: You just received an A on a 6.17 exam and you are going on vacation
tomorrow.
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Case 2: You just received a C- on a 6.17 exam and vacation isn’t for 17 weeks.
You will react more favorably in Case 1 than in Case 2. Your mood affects your
reaction to events.
Communication in crafted to get people to react with certain emotions. Many
decisions in life are a battle between complex thinking/decision making and
spontaneous reactions.
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14.48, Economics of Education
Prof. Frank Levy
Lecture 12
Question from last lecture:
Why do graduate degree holders' salaries keep pace with increases in their productivity while the
salaries of BA degree holders do not?
Answer:
I a n Tingbergen, a Nobel Prize winning economist, said that you can think about income inequality
as a race between technology and education. As society grows ever more technologically
advanced, education also needs t o evolve and become more advanced t o teach humans skills that
technology cannot substitute for. I f the supply of skilled labor is constant, wages increase greatly
when the demand for skilled labor increases. I f supply and demand of skilled labor both increase,
the increase in skilled labor wages is not as great.

A Bachelor's degree may be like the HS degree of the past-the minimum amount of education
needed t o get a decent paying job in today's workforce.
So far, we've discussed :
-SBTC as favoring the average college grad over the average HS grad. As technology advances,
you need more and more advanced degrees t o keep up.
-SBTC is starting t o distinguish among college grads, perhaps favoring graduate degrees over BA's
as well as favoring BS degrees over BA degrees.
-Education differences help explain income inequality in the US, but there is more t o this story.
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Economists use two main sources of data t o measure income inequality:
1) Current Population Survey, run by the Bureau of Labor Statistics and the Census Bureau.
This database has information for individuals on income, age, occupation, race, etc but not
enough information so you could actually identify individuals. Income reported in capped at
$lmillion is not reported so you cannot analyze data concerning individuals earning income
above $ l m i l .
2) Treasury data from tax returns. Data available: income and anything else given on tax
returns. The drawback on this data is that there is no information on those too poor t o pay
taxes.
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The top 1% of reported incomes in the US as a share of total income reported (excluding capital
gains):
Early 1980s- 8%
2004: 16%
Clearly, there is an increasing concentration of wealth in the United States. I n 2004, there were
1.3 million tax units with income greater than or equal t o $300,000. These 1.3 million tax units
had an average income of $1.3million.

W

The average BA/BS salary is well below $100,000, though it does vary by age. So how do you
explain why or how some people earn so much money? These very high earners don't have 3 or 4
PhDs.
At the end of WWII, there was a general increase in productivity which resulted in an increase in
income for workers of all skill levels. Over the last 15 years or so, most productivity gains have
been accruing t o the top earners.
I s there any educational theory t o explain increasing wealth concentration?
Extreme SBTC: Winner takes all/superstar technologies:
14.48, The Economics o f Education
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-The idea is actually fairly old. Alfred Marshall, a Cambridge economist, wrote in the early 1900s
about anything and everything, including super star professions.
-iPhone; It is projected t o initially make a lot of money but competitors will eventually enter the
market with close substitutes and capture some of the market.
-What about someone with a skill that does n o t have a close substitute? Say a rich businessman
has a legal problem. Lawyer Smith is said t o be the best litigator in all of London. Therefore, he
can charge very high fees because there is no direct competition.
I n the 1980s, there were enormous rounds of takeovers, and investment bankers could charge
very high fees because companies thought they needed their expertise for a deal that could only
be done once.
Sherwin Rosen: Studied the impact of Non superstar salaries. 50 years ago, if you wanted t o
watch a golf tournament, you had to wait for one of the many PGA tournaments t o play nearby.
Now, you can just turn on your TV and watch a famous tournament. However, most people know
and watch for the famous like Tiger Woods.
Why were productivity gains shared more equitably in the past?
There were a lot of other factors involved other than just increasing productivity, especially
government involvement through high taxes as well as unions pushing for higher wages.
Where did the legislation come from in the past?
The New Deal policies were implemented in part t o prevent another depression and also t o life the
economy out of the Great Depression. I n 1933, the economy was miserable. Unemployment was
around 25%, and the country was plagued by labor unrest. What would you do in response? There
wasn't any macroeconomic policy for the government t o follow. One idea was that transactions in
the economy weren't generating enough money t o get the economy moving. I f prices and wages
were kept high, transactions will generate significant income for people.
How would you analyze this approach today? This policy isn't going t o employ more people with
high transaction costs. I t will result in fewer transactions, with each individual transaction worth
more.
So what really got the US out of the Great Depression? WWII, which required huge levels of deficit
spending.
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Truman's 1945 conference: President Truman held an economic conference on labor relations
which lasted 3 weeks. He invited 34 people including business leaders, heads of unions, etc. Many
people in the government and industry were worried that unions were going t o make huge
demands for increases in wages, benefits, etc post WWII which could escalate into strikes across
the country. Truman called together all the people he thought he needed t o control wages, prices,
and union behavior.

W

W

Why was this system/approach abandoned? See Inequality and Institutions in 20th Century
America by Levy and Temin.

Goals of Education:
1) Stronger basic skills
2) More advanced skills
3) More kids t o college
Tools for K-12 Education:
1) More money or smaller class sizes
2) School choice
14.48, The Economics o f Education
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3) Standards and assessments
4) I n service teacher training, better teacher selection
5) Technology in the classroom
Education Production Functions:

(Achievement Test score),=a,+ Z ( x v )
Ok, but what do we mean by a production function?
Cobb-Doug lass:
Q

=

~'"-1'

l n ( Q ) = l n ( a ) + a @ z a l n ( K ) + (-a)ln(L)
l
What are we assuming when we use these functions?
There are a lot of different ways t o produce a given output level, in this case a test score. When
we look at a firm's inputs and outputs, we observe their labor and capital choices and the quantity
of the resulting output. Firms try t o achieve an efficient combination of labor and capital t o
maximize profits, but it is certainly possible t o choose a non-optimal combination of K,L.
Analogously, when we try t o estimate an education production function, we assume the only thing
that teachers and students try t o do in the classroom is maximize test scores. But we know that
this is not true.
What else might schools want t o do?
-Make sure student graduate or minimize dropouts, which won't maximize achievement and test
scores because you will lower standards by, perhaps, creating easier courses
-Extracurricular activities
-Get students into college
-Social programs such as DARE
-Vocational training: These skills not likely t o show up in achievement test scores at all
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Does the amount of money schools given matter? Or does the amount of money schools are given
not mater because of the way they spend it now?
I n the United States, there are 13,000 independent school district, but they are not actually fully
independent. Funding for a school, on average, is comprised of: &O/O Federal funding, 45% state
funding, and 48% local funding. However, these numbers do vary quite a bit from state t o state.

W

W

W

I n California: The state government provides much more money than the local governments.
Why? Proposition 13 basically froze property tax levels, severely restricting local funds.
State funding typically comes in two forms.
1-Base aid, which is the same for all schools in the state
2- Equalization ad, which puts more money into schools in poorer school districts
What exactly is independent about these school districts? They do their own hiring but states are
controlling ever more of the curriculum.
ACT analyzed test scores in 2005:
26% of students taking the ACT were ready for a college intro Biology course
40% were ready for a college intro Algebra course
68% were ready for a college intro English course
14.48, The Economics o f Education
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I n other words, schools are not doing a very good job of preparing students for college and more
remedial work must be done in college and junior college.
The National Assessment of Educational Progress, run by the Department of Education, has
collected the following data:
Note: A math score of 300 is equivalent t o performing moderately complex reasoning for the
specified age group
The percentage of students receiving a Math score exceeding 300:
Age 13:
1970: 65%
1990: 75%
2004: 63%

Age 17:
1970: 52%
1990: 56%
2004: 59%

Progress for older students has been slower. This has a lot t o do with the classes that students do
not take rather than the effectiveness of classes they do take.
What about classroom distractions like text messaging? This may be an issue. Would need further
study,
Note: An English language score of 300 is equivalent t o understanding complicated information for
your age group.
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The percentage of students receiving an English language score exceeding 300:
Age 13:
Age 17:
1971: 58%
1971: 39%
1990: 59%
1990: 41%
2004: 61%
2004: 38%
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What appears t o be a lack of progress in English language teaching in the data above may
actually be a result of an influx of students in the US public school systems that do not speak
English as a first language,

W

What do parents think about schooling in the US?

W

A survey asked parents: what grade would you give public schools in the nation? Your
community? The school that your oldest child attends?
% giving A
or B grade

W

Nation

1995

Your Community

2006

1995

School Oldest Child
Attends

2006

1995

.
.
.

64%

All Persons

20%

24%

41%

49%

.
.
.

Parents

18%

22%

49%

61%

65%

2006

On the national level, there is a perception of of poor quality while people think there local schools
perform decently and their own child's school a bit better than the average local school.
What is going on here? College preparation is not that good across the US, but parents think their
children are just fine. How do you square this?
Well, how would a parent actually know if a child's school were bad? Parents can really only find
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out many years later whether a child's school has done a good job in teaching them complex
communication, expert thinking, etc. Additionally, if a parent thought her child's school was really
quite bad, she'd pull her child out and find another school.
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14.48, Economics of Education
Prof. Frank Levy
Lecture 13
Questions from last lecture:
QuestionWhy have there been so few experiments similar t o STAR?
AnswerParents will often be very aggressive about getting their children into the program/experiment,
leading t o problems for program administrators. Additionally, unlike a medical experiment,
students and teacher all know whether they are in the treatment or control group in educational
experiments.

QuestionThe 2 out of 15 schools that showed improvements adapted math and readings curriculum used
across the district for gifted students. Why didn't more schools do this? Can we attribute this
achievement t o self selection or causation due t o the choice of curriculum?
AnswerThe 2 schools chose t o adopt the program so something is going on in these school t o motivate
them t o make these changes. The results may be very different in schools forced t o use similar
curricula.
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1) Based on ACT tests, readiness for college courses: Approx. 1/3 of kids or more who took
the ACT were not ready for their first college course in various fields
2) The trends in NAEP scores from 1978 t o today: Have increased slightly in math, flat in
English. How could flat English scores mean students and schools are actually doing
better? There could have been changes in the test. More importantly, there has been an
increase in the number of students in the US public school system whose first language is
not English, making teaching English courses more difficult on average.
3) Parents regard schools attended by their own kids as much better than the average local or
nation school. This is a steady trend. Why, especially NAEP scores show that this isn't likely
true? Because it's hard for parents t o admit that their child's school is not good.
4) The way t o evaluate effectives of smaller class sizes or more resources and funding is
through an educational production function.
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What about the school lunch variable?
We use it as a control for parental income/SES because a family must be low income t o qualify for
free lunch. At the beginning of the semester, we talked about how low parents SES affects early
childhood development, school readiness, and later school performance and educational
attainment.
Variations on the educational production function found in the literature:
1) The level of aggregation
a) level of the individual
b) level of the classroom
c) level of the school
d) level of the state---you can do this analysis because states spend varying levels per
child
2) Dependent variable
a) achievement test score
b) years of education, ultimate educational attainment
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c) income earned as an adult
3) Form of dependent variable
a) level of test score
b) change in test score/value added

( AchievementTest Score),,,,,,,,

- (Achievement Test S

c~re),,,~~

With the calculation, we are assuming that a lot of the year t o year fixed effects will
cancel out.
However, educational production functions are not usually consistent with what schools actually
do.
Why?
Say we want t o calculate a production function that describes how t o produced 100 typed
correspondence letters. 1 person sitting at a computer can produce 10 letters per hour.
Hours of Labor
10

Hours of Computer
10
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Certainly all the above combinations of labor and computer hours will produce 100 letters, but the
top choice is the most efficient.
We assume that businesses maximize profits, but businesses sometimes have goals other than
that.
Schools also have multiple goals outside of raising test scores.
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Hanushek: Basic finding: Out of 277 teacher/pupil ratio studies, 15% had a positive and
statistically significant coefficient, 13% had a negative, statistically significant coefficient, 27%
had a positive, insignificant coefficient, 25% had a negative and statistically insignificant
coefficient, and 20% had a coefficient that was not significantly different from 0.

W

How should we interpret these results since we can't confirm a definite positive or negative
relationship?
1) Class size and funding/student don't make much of a difference. What are we assuming
about a school's behavior here? That schools are trying t o maximize test scores.
2) Resources and class size may affect achievement in a different organizational structure.
a) I n most students, the test scores were not visible Presently, most states have their
own standards or even tests and the results are very public
b) How did class size variations appear? What causes them? Chance

W
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I n theory, why is a smaller class size supposed t o improve educational achievement?
There can be more teacher attention per student which leads t o better achievement test and
educational outcomes. However, it is difficult for teachers t o change their teaching style and
lesson plans each year because class size is random.
These problems make good natural experiments hard t o find.
Generally, controlled experiments are hard t o implement in education:
STAR Experiment: Grades K-3
-3 types of classes:
Small class size: averaged 15.7 students
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Large class size: averaged 22.7 students
Large class with teachers aide: averaged 23.4 students
-Attempted to keep students in the same type of classroom for all 4 years
-School had to have enough students to be able to offer all 3 options to participate
-Teacher assignment was random
-Initial student assignment to a class type was random
-Test is very visible
The experiment was designed to last for 4 years. Since everyone knew the design of the
experiment, all participants knew they were participating in the experiment. Specifically, teachers
knew they'd be teaching the same size-type class for all 4 years, giving them incentive to adapt
their teaching style and lesson plans to their assigned class type. Teachers also had incentive to
teach to the test since the test results were publicized. However, this is OK, as long as the test is
designed properly.
Attrition rate: 40.50% of student were in the program from grades K-3, the full 4 years.
You do have to consider that, in very low income schools, students change schools and home
town very often. I n other words, the student turnover in low income schools is huge. This is
definitely a problem if you are using test scores to evaluate quality of teaching.
Regression:
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Did small classes work?
Students in regular class sizes with a teacher's aide didn't achieve much differently from students
in a regular class size.
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14.48, Economics of Education
Prof. Frank Levy
Lecture 14
Kruger:
In his analysis, he takes individual raw scores on the Stanford Achievement Test and
converts them into percentile scores
Independent variables:
-Dummy variable for small class size
-Dummy variable for regular class size plus TA
-Dummy variable for free lunch
-Dummy variable for gender
-Dummy variable for race/ethnicity
-Dummy variable for having a teacher with a master’s
-Teacher’s years of experience
-School fixed effects
The restricted model only includes the dummy variables for different class sizes. The
complete model includes all of the above-mentioned independent variables.

Small Class Size
Regular class w/ TA
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Restricted Model Complete Model
8.43
7.40
(1.21)
(1.19)
2.22
1.78
(1.00)
(.99)
---13.61
--(.87)
--6.97
--(1.19)
--.48
--(1.07)
--.05
--(.06)

V
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Free lunch
Race/ethnicity
Teacher w/ Masters
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W

Teacher experience

W

How should we interpret the restricted model results? A student in a small size class
scores 8.43 percentile points higher than a student in a regular sized class, all other
things equal.

W

In the complete model, we might be worried that the control variables Kruger added
will collapse the effects of class size from the restricted model. For example, a
master’s degree may have no relevance to classroom performance or many master’s
degrees could be from very low quality schools. Boiling down the wide range of
programs and experiences into a 0 or 1 dummy variable is difficult.
Do the effects of class size get larger over time?
K
5.37
1
6.37
2
5.26
3
5.24
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Are the same students tested each year? No. There is a lot of turnover in these
classrooms so, each year, the group of students tested are new to the
program/experiment.
Using the whole sample:
Was your initial class (K) a small class? (0,1)

3.16
(.9)
.49
(.67)
1.05
(.38)
.25
(.37)

Was your initial class a regular class w/ TA? (0,1)
Cumulative years in small class
Cumulative years in regular class w/ TA

If you’re first assignment is a small class, according to the results above, your
percentile score increases by 3.16 percentile points.
The Value Added Model:

(TestScore ) June , 07 − (TestScore ) June , 06 = change in test score over a year
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Problems with applying the value added model? If the major benefits of small classes
accrue after the first year of the program, then the benefit will be built into the test
scores in subsequent years.

V
S

How big is the overall effect?
In the complete model, the effect of being in a small class is 7.4 percentile points. Is
that a big magnitude? A small magnitude? How much money would you spend to get
that effect? In other words, in order to interpret these results, you may want to run
a cost-benefit analysis.
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Alternatively, you could compare the small class size effect from the complete model
to the effects of other important control variables you are interested in such as
race/ethnicity. The coefficient on race/ethnicity is 6.97, which is quite close to 7.40.
Could small classes for minority students overcome the White/Asian and minority
test gap? Well, we must first factor in the rest of our variables, especially the
coefficient on the “free lunch” variable, which has an even larger magnitude.

W

W

Average gain from being in a small class sized: .22 SD
Basic Black/White test score gap: 1 SD
How would you do a cost-benefit analysis?
Money is not free. Neither is managerial and administrative time.

ln(w) i = α + β 1 ( Ed ) i + β 2 ( Age) i + δ (TestScore) i + ε i
See paper for Krugman’s full cost-benefit analysis.
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School Vouchers: This may be the most continuous issue that we will look at during
this semester. Many people that study school vouchers approach their research with
an already established viewpoint, so you need to be careful when evaluating
research in this area.
Theory:
Public schools have not shown dramatic improvements over the last 25 years, on the
whole, as measured by NAEP scores. How could you use an economic argument to
explain this? There is a lack of competition in public school systems so schools are
not forced to improve to compete for students. In the past, schools did not give
parents good information about how well they were education students. Additionally,
there were virtually no consequences for teachers or administrators in poorly
performing schools.
There are 2 ways to evaluate policy.
1) Natural experiments
2) Controlled/structured experiments
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With school choice, is it possible to have a natural experiment?
In some cases, there can be competition among public school districts.

Tiebout: He theorized that people make decisions about where to live based upon
their own preferences and the tax, housing and public service bundles that various
town offer.
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Say you have 2 geographic areas of the same size. One area is one large school
district. The other area is split up into many school districts. If the theory is right,
the geographic area with many school districts should have better performing
schools because of competition.
But how are school district lines drawn? They may be endogenous.

W

Hoxby: Harvard economist who studied school choice using steams as an
instrumental variable. Why? Because one of the chief reasons for relatively old
school district boundaries was a stream. She argued that areas with more small and
large streams resulted in more school districts that, in turn, resulted in somewhat
higher student achievement. There is current debate over Hoxby’s method for
classifying streams and whether or not her argument is accurate.

W

W

In other words, we really need a structured experiment to evaluate school choice and
school vouchers.
What parameters do we have to lay out for a successful voucher program?
1) The amount of the voucher, including transportation
2) Who is eligible?
3) What schools can accept the voucher?
4) How many years can a student use the vouchers?
5) Application process
6) How do participating schools choose among voucher students? Does the
voucher have to be accepted as full tuition?
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N students in public schools in a certain district
M students apply for vouchers
X students get vouchers
Z students show up and use vouchers in the first year
W students use vouchers for all 4 years
N>M>X>Z>W
Who is your treatment group? X
Who is your control group? Students in M who didn’t get a voucher
The treatment is whether or not the government gives a student a voucher, now
whether or not a student actually uses the voucher.
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14.48, Economics of Education
Prof. Frank Levy
Lecture 15
Questions from last lecture:
Q: How do you reconcile researches with policy agendas with good economic
research when evaluating the studies we look at?
A: Well, that’s what we’re trying to do today in lecture
Q: How common it is for different sets of researchers to reach different conclusions
with the same data?
A: When a line of research is new, there are often various and conflicting hypothesis,
but over time, opinions usually converge was more research is done. In the case of
school vouchers, you would ideally want to run many experiments in a variety of
cities so you can verify whether they are effective under in a variety of places.
Q: In the Milwaukee experiment, is there a problem of selection bias?
A: There was an eligibility requirement: A family’s income had to be less than 1.75
times the poverty line. Therefore, we can’t say anything about how the voucher
program might affect students from wealthier backgrounds.
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Q: The average cost per student in public schools is much larger than the average
cost per student in private schools. Why aren’t school districts shifting towards
privatization on their own to take advantage of these lower costs?
A: To scale privatization up nationally, you need to know that the cost structure can
be scaled up too. A major portion of any school’s costs is teacher salaries. Private
(especially parochial) schools are generally paid less than public school teachers.
There is no guarantee that there would be a large enough pool of teachers willing to
work for lower wages in order to make the lower cost structure of private schools
feasible on a larger scale.
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Q: What do you do when you have multiple studies with different results?
A: We’ll discuss this soon.

W

W

W

N= # of students in a public school system
M= # of students who apply for vouchers
X= # students awarded vouchers
Y= # of students who actually use vouchers
Z= # of students who use vouchers for more than 1 year
What is your treatment group? X. The treatment in this experiment is being awarded
a voucher. The government cannot control whether or not a student uses the
voucher. They can only award the vouchers.
What is your control group? M-X, the students who apply for vouchers but do not
receive one. Why isn’t our control group N-X? Because then we’d have a selection
bias issue.
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Milwaukee experiment complications:
1) Students applied to a specific school, not to the voucher program as a whole.
Oversubscribed schools help lotteries to allocate spots. Why does this do to
our experiment design? We are trying to eliminate any systematic differences
between lottery winners and losers that may affect achievement. We want to
isolate the effect of voucher schools that might affect achievement. However,
if the private schools are of different qualities, the probability of getting into
the better schools will be lower than the lower performing schools because
more students will apply to the better schools. The particular school you apply
to affects your chance of getting a voucher, which affects the school, you go
to which affects student achievement. Therefore, we have to control for which
lottery a student applied to. There were effectively 3 private schools included
in the experiment, one attended almost exclusively by Hispanic students and
two attended by almost exclusively African American students so they
researchers could extrapolate which schools a specific student applied as long
as they knew his or her race.
2) Attrition from the control group. Ideally, the control group would continue to
attend Milwaukee public schools. However, many lottery losers enrolled in
suburban public schools or other private schools w/o a voucher. The more
highly motivated students and families from the control group were seeking
out other opportunities even if they lost the lottery resulting in their attrition
from the control group because, once these students leave the Milwaukee
public school system, we don’t have data on them. The control group is
whittled down to lottery losers with less motivated parents. Therefore, the
analysis may be overestimating the effects of the voucher program.
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3) Lack of base comparison data. When you look at a test score, you want to
control for individual background. In this study, we’d want to use an earlier
test score for comparison in addition for family fixed effects. The problem with
using earlier test scores is that the data is usually unavailable.

W

W

Parameters of 1996 Milwaukee experiment:
1) Income limited to less than $21,000
2) Mean reported income of applicants was $12,000
3) Mean reported income of families with children enrolled in Milwaukee public
schools was $43,000
4) Experiment couldn’t involve more than 1% (later 1.5%) of Milwaukee public
school students. This resulted in a small sample size, very little change in the
composition of students in the Milwaukee public school students and little
incentive for competition between Milwaukee public schools and private school

W

M=Number of applicants
X=Number of vouchers awarded
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583
376
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558
452

1992
558
321

1993
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3 studies use data from the Milwaukee voucher experiment
1) Witte et al:
These researches thought the best approach was to take as the control group a set
of public school students matched to the voucher students matched with various
characteristics.
Results: Students awarded vouchers showed no significant improvements in test
scores.
Problems: It’s very difficult to control for/match parental involvement and ambition.
We don’t want a random sample of Milwaukee public school students because the
system wide average income is much higher than the average income of voucher
applicants and recipients. Therefore, the treatment students should be matched with
a control student based on income, pre-program achievement test scores and other
controls. The matched control group isn’t ideal but it is certainly better than nothing.
2) Green et al:
This study compares losers and winners in the same lottery.
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Problems: They have a very small control group. Additionally, MPS records don’t tell
you what schools students applied to. As discussed earlier in the lecture, the
researchers use ethnicity to infer what school students applied to.
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Results: Vouchers are most effective after a student has been in the program for 3
years or more.
Math: Students attending voucher schools for 3 years scored 5 percentile
points (.24 SD) above the control group. After 4 years, voucher students
score 10.7 percentile points (.51 SD) above the control group.

W

W

Reading: Student attending voucher schools for 3 years gain 2-3 percentile
points on reading achievement tests. Students attending voucher schools for
4 years gain 5.8 percentile points. These results are significant only when you
take the 3rd

W

What’s wrong with this approach?
The treatment group is those who used the vouchers for 3-4 years and NOT all those
students awarded vouchers. Not every student who started in the voucher program
continued using a voucher for 4 years. In fact, the program had a 50% attrition rate,
and those who dropped out of the program are arguably systematically different
from those who stayed. Those who dropped out were likely not doing well in their
private school whereas those who did stay were doing well. The treatment group
used by these researchers was actually just a subset of the true treatment group.

3) Rouse:
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4

(TestScore ) i ,t = α 0 + ∑ β k z k + δ i (win t −1 ) + ( FixedEffects ) i + ( EthnicCont rolsForLot teries ) i + ε i
i =k

The data Rouse uses does not say whether students actually used the vouchers.
Results: On average, students awarded vouchers had better math scores than
students not awarded vouchers, but there was no effect on reading scores. Winning
the lottery added 1.5-2.3 percentile points (.32-.48SD) to math scores per year after
winning a lottery.

When considering these results (and results from other policy analysis studies) we
need to consider first whether the results are statistically significant. If they are,
then we need to consider whether the effects are big enough to warrant government
action. Without all the time, money and resources in the world, governments have to
pick and chose which reforms to enact.

N
I
.
E

V
S

S
.B

W

W

W

14.48, The Economics of Education
Prof. Frank Levy

Lecture 15
Page 4 of 4

www.bsscommunitycollege.in www.bssnewgeneration.in www.bsslifeskillscollege.in

www.onlineeducation.bharatsevaksamaj.net

50

www.bssskillmission.in

14.48, Economics of Education
Prof. Frank Levy
Lecture 16
Rouse Model:
Rouse uses a sample of students who either won or lost the lottery and looks at the
number of years a student has been in the voucher program.
Student test scores: Ait
Say t=1993 and we want to position this against when the student applied to the
voucher program.

z 4t = Dummy for 4-years after voucher application
z −3t , z − 2t , z −1t , z 0t , z1t , z 2t , z 3t
⎛ 4
⎞ ⎛ 4
⎞
Ait = α 0 + ⎜ ∑ β kt z kt ⎟ + ⎜ ∑ δ kt z kt S t −1 ⎟ +ε 0
⎝ k = −3
⎠ ⎝ k =1
⎠
ResultsMath: Test score increase of 1.5-2.0 percentile points/year due do voucher
program. This is equal to 7-8 percentile points (.32-.48 SD) over 4 years.
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Reading: Very little gains.

V
S

How do we make sense of this?
-The white-black test gap is equal to approximately 1 SD.
-The return on math scores due do the voucher program is about equal to the return
to smaller class sizes.
-The comparison groups used:
1) Randomized group of MPS students
2) P5- schools with extra funding aimed at very disadvantaged students,
generally have smaller class sizes: higher gains in reading, similar in math
3) Citywide magnet schools: no difference in results

S
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W

W

Voucher/private schools generally had smaller class sizes so we might just be picking
up the effect of smaller class size on test scores.

Cullen, Jacob and Levitt:
Students are lotteried randomly into schools they’ve applied to. This program was
implemented in response to desegregation efforts. ½ of HS students go to a HS
other than the one to which they were originally assigned.
What would you want to know about the program?
1) Which students were attracted to the program?
2) How much does it cost to run the program?
3) What school did individual students leave? What school did they switch to?
Are there any systematic differences? In other words, are students seeking
out better schools?
4) Were there better outcomes for students who switched schools?
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Did students move to better schools?
We need some way of determining whether a school is better that another.
Options:
-High test scores, but we may just be picking up the fact that some schools have
higher students SES levels than others
-The percentage of students that graduate, percentage of students that go on to
higher education
-Class size, computers/student
-A value added measure, in other words, some measurement of how good schools
are at improving test scores
-School safety, a very real consideration in city schools
-Extracurricular activities
Results:
Better schools—based on test scores—had more students apply. How would you
know this econometrically?
Using a sample of lottery winners and losers:

(%ofFreeLunchEligibleStudents) i = α 0 + ∑ β j x j + δwi + ε i
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w=1 if individual wins lottery, 0 otherwise
x= various control variables

With the above regression, we measure how much of a difference the lottery makes,
given a student’s background.

V
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The effect of winning on going to the school to which the lottery applied: .28

S
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Schools in top quartile of CPS achievement: .063
% of students eligible for free school lunch: -.21

W

Index of crime in school neighborhood: .194 (1/3 SD of crime index)

W

Bottom line: Students end up in better schools that they would have with out the
lottery.

W

Did the shift make the lottery winners better students?
No. Not in terms of achievement test scores or reading percentile scores. However,
students who won a lottery were less likely to be arrested, felt safer in their schools,
and enjoyed from higher computer/student ratios.
How do we interpret this? Is this program worthwhile?
These students are also more likely to be in an environment where there peers are
going to college at higher rates, which might encourage students who otherwise
would not have gone to college to consider going to college—this is known as a peer
group effect. The CPS lottery may allow students to self-segregate into those who
want to learn and those who don’t. Does that mean that some schools will be turned
into dumping groups for difficult students?
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Crime rates are very important to applicant students and their families. The Moving
to Opportunities program run by the Department of Housing and Urban Development
gave lottery winners vouchers to allow families to move from cities to working class
suburbs. While these families didn’t benefit from higher incomes, which is what the
program was targeting. However, lottery winners had much higher mental health
indicators than lottery losers, most likely attributable to living in lower crime
neighborhoods, which reduced stress levels about family and property safety.

Questions from last lecture:
Q: Why can’t we directly compare public and private school costs?
A: Private schools pay much lower salaries than public schools. Therefore, we may
run into issues if we try to scale up private schools because there may not be enough
teachers willing to work for lower wages to staff more private schools. Private
schools may also benefit from more parents volunteer hours for which they don’t
have to pay. Additionally, the educations that public and private schools offer are not
equal so how do we compare costs when the outcomes are not the same?
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1) NAEP tests: Since 1978, there have been modest improvements in math and
almost no improvement in reading.
2) Since th4e 1970s, the College-HS wage gap has increased greatly
3) Parental attitude towards schools: Generally, parents think their children’s
schools are doing ok but that the nation’s schools are doing very poorly.
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Implications:
Parents aren’t well informed about the actual performance and the implications of
the performance of their schools their children attend. There is a market failure due
to insufficient performance information. Parents are often unwilling or don’t have
enough information to pressure schools to change.

W

W

W

To remedy the market failure, most states now have:
1) Educational standards
2) Assessments or tests to look at whether students and teachers are meeting
the educational standards
3) Failure to meet standards often results in sanctions such as loss of funding,
management change, teacher reassignment, or whole school reorganization
The goal is to produce statistics on the percentage of children in a particular school
who are meeting an external, visible standard. Schools all have internal standards
because they have grades which allow for comparison between students in the same
class. External standards allow for a larger comparison. Visible means that the scores
are published and easily accessible.
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Problem: This sounds like a great idea, but how do you implement it?
Design issues1) What is the test? You want the test to measure worthwhile thinking skills and
knowledge
2) What standards do you use for success? By applying one set of standards
across a state, you aren’t taking into account the effects SES can have on
academic performance and achievement test results. If standards are too
high, staff and at low performing schools may become discouraged, teachers
may leave, and cheating might occur. How would teachers cheat? They could
change answers after the fact or they could discourage students likely to
perform poorly from coming to school on testing days.
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14.48, Economics of Education
Prof. Frank Levy
Lecture 17
1) How do you measure a fair standard against which to measure school
performance?
2) How do we assess whether the Dallas program worked?
When we want to know whether or not a school is doing well, we could:
--compare schools against the average test score for a certain grade. Comparing
schools with low SES students against schools with high SES students might elicit
complains from politicians, parents, school administrators, etc because you aren’t
account for inherent differences in what resources schools have to work with and
where they are starting from.
--compare a schools based on how much they improved over the course of the year.
However, we may be penalizing high performing schools because they have less
room for improvement than lower performing schools. You also need to decide how
you are going to measure improvement.
You could take the average of the following, across all students in every school of
interest:
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(TestScore) it − (TestScore) it −1

Looking at absolute test scores might distort the effects of different reforms. As
mentioned earlier, how much you are expected to improve should have some basis
in the socioeconomic status and starting points of the students in a particular school.
If potential improvement in a student’s score depends on where he started from, we
need some way of measuring the starting point.
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South Carolina:
A regression was used to estimate a predicted score for each individual student and
improvement was the difference between the predicted score and the actual score.

W

For example, for each student in a 5th grade reading class:
^

W

th

S 6 = Predicted 6 grade reading score
S 6 = Actual 6th grade reading score

W

Rewards are based on the difference between the predicted and actual 6th grade
reading score:
^
⎛
⎞
⎜ S6 − S6 ⎟
⎝
⎠

What if we instituted a passing standard/cutoff score and based rewards on the
fraction of students who pass the exam?
Teachers would then have an incentive to focus most of their teaching efforts on
students who just missed passing the exam the previous year because tudents who
did very well do not need his or her help to pass and students who are very low
performing would need to much extra help to pass.
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^

How do we calculate S 6 ?

S 6 = α 0 + β 1 R5i + β 2 M 5i + β 3 (R5i , M 5i ) + β 4 (R5i ) + β 4 (M 5i )
^

2

2

Once we’ve calculated the predicted test scores, we look at the year to year changes
in each school.
What about random noise? Of course there will be random noise, if only because of
the changing demographics in schools over time. All students can have good and bad
days which can affect their test scores. Additionally, student absences on testing
days affect a school’s overall score. The smaller the school, the larger the random
variation in test scores from year to year.
Dallas:
Texas instituted a yearly achievement testing called the TAAS in 1990, which was
actually the basis for much of President Bush’s thinking on NCLB.
In the 1991-1992 school year, Dallas started it’s teacher incentives program. Let’s
assume that school achievement is measured fairly.
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Our dependent variable is the pass rate in school i for the 7th grade:

Pi , 7

V
S

How do you test whether the Dallas incentive program actually had any affect:
Use a differences-in-differences approach comparing the scores across multiple years
from multiple cities.

S
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Set Up:
Data available—
School characteristics including the percentage of students that are Black, Hispanic,
eligible for free lunch or have English difficulties as well as 7th grade TAAS pass rates
from 1991-1994 for schools in Dallas, Houston, Fort Worth, San Antonio, El Paso,
and Austin.

W

W

W

⎛
⎞ ⎛ 5
⎞ ⎛ 3
⎞
Pi ,t = α 0 + ⎜ ∑ β i ( SchoolCharacteristics ) i ,t ⎟ + ⎜ ∑ γ i (City ) i ⎟ + ⎜ ∑ δ i (Year ) i ⎟
⎝ i =1
⎠ ⎝ i =1
⎠ ⎝ i =1
⎠
6

How do we extend this model to testing the Dallas program effects?
We need an interaction term between the Dallas city dummy variable and the year
dummy variables for 1992 and after.

⎛ 6
⎞ ⎛ 5
⎞ ⎛ 3
⎞ ⎛ 3
⎞
Pi ,t = α 0 + ⎜ ∑ β i ( SchoolCharacteristics ) i ,t ⎟ + ⎜ ∑ γ i (City ) i ⎟ + ⎜ ∑ δ i (Year ) i ⎟ + ⎜ ∑ λi (Year ) i * ( Dallas ) ⎟
⎝ i =1
⎠ ⎝ i =1
⎠ ⎝ i =1
⎠ ⎝ i =1
⎠
If the program works, then
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14.48, Economics of Education
Prof. Frank Levy
Lecture 20
Regression Model to measure the effectiveness of individual teachers:

Why do we add the characteristics of the other students in the class? Because the
quality of the other students in a classroom can affect teaching methods and the
quality and effectiveness of those methods. Uncertified teachers often teaching the
low achieving students. More generally, teacher assignments are NOT random.
Separate regressions for each of two years:
'k,Z007"k,Z006
represent the teacher effects
Ideally, we are looking for a high correlation between the two coefficients to prove
that there is a teacher effect.
However, if the coefficients are not highly correlated, you could be working with poor
data or measuring the wrong thing. Alternatively, teachers could just have good
years and bad years.

N
I
.
E

V
S

S
.B

There was a .3SD measured difference is student test score outcomes between
teachers in the top quartile and teachers in the bottom quartile, similar to the
difference between students in small and large class sizes.
Which is more expensive, small class sizes or better teachers? Not clear that one is
significantly and consistently more expensive that the other.

W

W

How do you expand the teacher hiring pool?

W

Alternative certification is much faster than traditional certification methods. Teach
for America is a program that offers temporary and quick certification. Essentially,
they are taking in a set of people who want to teach for a few years, but likely
wouldn't have otherwise if they had to go through the traditional certification
process.
Are there simple says to distinguish between good teachers and bad
teachers?
Traditionally, teachers were hired on the basis of whether or not they were certified.
I n other words, certification was used as a signal for teaching skills. Does teacher
certification have value?
Let's look at the following groups of teachers:
1) Certified
2) Teach for America
3) NY Teaching Fellows
4) International
5) Uncertified
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Now, how do we test for differences among teachers with different certifications? We
use a set of 4 dummy variables for all but one of the different types of certification.
We also drop the individual teacher variables in our regression. We aren't interested
in the effects of individual teachers, just the effects of different types of certification.

We omit the certified group.

Test(,,J , 2rm)
= [Student Characteristics]+ [CharacteristicsofOther Students ]
+[Certz~cationDummies]
+Test(,,Jm2,,,6)
Certified teachers are the baseline comparison for this regression. Therefore, the
coefficients for the certification dummies reflect the difference between the
performance of students taught by a traditionally certified teacher and the four
other certification methods.

1 Certification Method
1 TFA
1 Fellow

1 Math

1 International

1.029 (.008)

1 Uncertified

, 0 0 1 (.003)
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1.03 1 (.009)
1.04 (.05)
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1
1
1
1

1
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How do we interpret these results?
They have been transformed into an SD variable. Therefore, the TFA teachers have
an effect of +. 03SD over certified teachers, which is about 1/10 of the effect of
having a good teacher versus having a bad teacher. Overall, these results tell us that
certification status cannot be used as a way of separating good teachers from bad
teachers.

W

W

Solution?
-Increase the pool of teaching applicants
-Hire more new teachers
-Base tenure decisions on performance in the classroom after the first few years on
the job

W

How can we relate this discussion t o the news about Marilee Jones?
There was no college education requirement for the secretary job that Marilee Jones
first applied t o at MIT. However, since she lied of her resume, when promoted t o
other upper level jobs, people assumed that she met the academic qualifications for
those jobs.
Why would MIT or any other school want their Dean of Admissions t o have a BA?
First, they would want that person t o have gone through the undergraduate
experience t o be able t o relate t o what these students are applying for. Second, on
average, a randomly chosen person with a HS diploma would be less qualified than a
randomly chosen person with a BA. Therefore, if you require at least a BA for the
job, then you are saving yourself time spent weeding out unqualified HS applicants.
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What should you do with someone who has falsified his or her credentials?
-Make her resign to protect the Institute's integrity and make sure that other's do
not have incentive to lie of their resumes
-What about her 30 years of good work?
-She is also very likely a desirable candidate for jobs at other schools because of
those 30 years of experience
-Sometimes, you just can't weaken an institution for the sake of one individual
Currently, in the US public schools, the default decision for teacher tenure is less. A
teacher would really have to screw up in his or her first few years not to get it.
Proposed change:
Your first 203 years of teaching performance determine the outcome of your tenure
decision. Schools should drop the bottom 20-30% of the new teacher cohort.
Overtime, the stock of teaching in the US will be upgraded to higher quality, higher
performing teachers.
Loeb and Page:
The impact of wages on:
-test scores
-drop out rates
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Hanushek would probably respond negatively to a plan to increase wages of teachers
for the sake of increasing test scores and decreasing drop out rates. His basic stance
is that resources do not effect outcomes in most cases because they are not used
efficiently.

And
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Test Scores =f (TeacherQuality)

W

TeacherQuality= f ( Wages)

W

Loeb and Page argue that we need to focus on more than just wages for teachers.
We need to put those wages in the context of the current wages for other jobs, the
cost of living in the area around individual schools, and basic differences between
schools including quality of the facilities, behavior of the students, other benefits
offered, etc

W

One alternative to hiring a large crop of new teachers in retraining existing teachers
to help them become better teachers.
The current popular training method involves one day, lecture style conferences that
present new teaching techniques to a large group of teachers. They are giving no
help in implementing these news methods or giving any formal time to practice
them. This can easily lead to frustration, causing teachers to go back to their old
methods. Teacher training needs to be in the spirit of kaizan, the Japanese
manufacturing process of continuous improvement that is the responsibility of
everyone.
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The New York City school district is broken down into smaller units. District 2 in
Upper Manhattan has taken a unique approach to improve the quality of teaching in
its schools.
To improve teachers:
1) Teachers have to be able to observe good teachers
2) Teachers have to be coached, to practice lessons, and to reflect on how to
perform better
Most K-12 teachers spend the day alone in their own classrooms, which is very
isolating unless they and their school administrators work hard to make time
available to discuss and collaborate.
I n NYC District 2, there are several kinds of teachers
1) Resident teachers
2) Adjunct teachers
3) Regular teachers
Resident teachers allow other teachers to visit and work with them to boost their
teaching skills. Adjunct teachers temporarily take over the classrooms of regular
teachers to allow them to observe resident teachers.
The process is as follows: Regular teachers work with resident teachers for 3 full
weeks. I n the week prior, an adjunct teacher visits the regular teacher's classroom to
prepare for taking over the regular teacher's classroom. Following the 3 weeks of
observation and teaching with the resident teacher, the regular teacher is given
follow up coaching an assistance.
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14.48, Economics of Education
Prof. Frank Levy
Lecture 21
Guest Lecturer: Jill Burnstein, from ETS.
Jill has a PhD in Linguistics and is interested in natural language processing and
computational linguistics.
ETS works on educational measurement and administers tests such as the TOEFL,
GRE and GMAT.
One component of K-12 education is to help students master basic writing skills such
as grammar, spelling, punctuation, etc. However, writing classes take up a lot of
teacher time because of the time-intensive nature of grading pieces of writing.
Additionally, statewide tests that have writing components require a large number of
grading hours.
In general, on statewide tests and other standardized tests, essays are graded by 2
readers and the scores are averaged. If the 2 scores are different, a 3rd reader is
used and the essay is given the most common score.
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Criterion is targeted at middle school students. Initial reactions from English teachers
were very negative. They complained that essay scoring technology stifled creative
writing and could not pick up writing techniques such as allegory, similes, irony, etc.
However, this software is not meant for creative writing. It is meant to evaluate the
basic, 5 paragraph essay that is the basis of US writing education.
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Criterion is consistent in its grading while human scorers are not, especially when
they often grade for hours at a time. Some people become more lenient graders
when they are tired while others become harsher.

W

History:

W

1) PEG, 1960s essay scoring technology was the first of its kind. It was
developed by Page and basically transformed essay length into a score and
incorporated limited syntactic analysis. It is important to note that human
scorers often associate longer essay with better quality and give longer
essays higher scores
2) Writer's Workbench (Cherry et al, 1982) was a writing editing tool intended
for students. However, it was Unix based and, therefore, had a very limited
audience.
3) Intelligent Essay Assessor
4) E-Rater (Burnstein et al, 1998) used natural language processing and
analyzed aspects of writing such as grammar, mechanics, usage and
vocabulary

W

Market Readiness:
In the 1960s, there were no computers in American classrooms and essays were
done by hand so there was very little use for PEG since no one had the hardware
available to use it. However, since the 1960s there has been a huge increase in
school computer access. In fact, state assessment are now frequently administered
14.48, The Economics of Education
Prof. Frank Levy

Lecture 21
Page 1 of 4

www.bsscommunitycollege.in www.bssnewgeneration.in www.bsslifeskillscollege.in

www.onlineeducation.bharatsevaksamaj.net

61

www.bssskillmission.in

on computers, making essay scoring technology much more viable to a large market
of school, teachers, and students.
Motivations:
1) Making more writing possible in the classroom
2) Allowing students to create electronic writing portfolios
3) Individual performance assessment
4) Classroom assessments
Criterion offers cost savings for large-scale assessments. Additionally, there is a
market for practice assessments for the GRE, TOEFL, etc and Criterion is often used
by clients practicing for these tests.
Educational and Business Considerations:
1) Assessment type: High stakes? Is the software reliable?
2) Reliability benefits: does Criterion increase consistency for assessments?
3) Cost/Performance: are there actually cost benefits?
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Technology Development Considerations:
Qualities of a well-written essay:
-Clearly states the author's position
-Well-organized
-Develops its arguments
-Varied sentence structure
-Good word choice
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Mapping Writing Features to Natural Language Processing (NLP) Tools:

W

Writing Features:
-grammar Errors, sentence structures
syntactic parsers
-vocab usage
-sentence, word level mechanics
-organization and development of ideas

W

W

NLP Tools:
-part of speech (pos) taggers,
-content analysis, pos taggers
-spelling tool, pos taggers
-discourse analyzers

1st version of E-Reader: 02/99 – 09/04
-Writing relevant features: syntactic structure, discourse structure, content, lexical
complexity
-NLP tools
-Scoring analysis
**In a timed situation, there is little room for creativity. Additionally, readers
spend approx 3
min on each essay, trying to get a general impression and not
read every word.
If a human reader grades consistently, there must be some set of rules that they
follow. If these rules can be articulated, then the graders job can be programmed.
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The 5 paragraph essay is seen as a starting point for writing, not where everyone
should end up. It is the basis for more complex, creative writing.
This service and state assessments are used to bring the bottom performers up to a
certain level of competence but can hold back the more advanced/creative writers.
E-reader was first used on GMAT scores, but isn't used on them anymore.
It is important to realize that E-reader and Criterion are meant for good faith writing.
You can trick the software if you want to, but that's not the intended use. ETS has
developed some methods for detecting poor writing and those trying to trick the
system.
Educational Considerations:
Criterion gives students immediate feedback on their writing; they can see their
score go up as they improve.
Technology Development Decisions:
Free: Spell check
Not free, already developed: Grammar check, usage, mechanics and style analyzers
Not developed: essay based organization and development analyzers
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Organization and Development: Essay based discourse analyzer

V
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Uses a machine learning approach:
-Probable discourse label sequences
-essay sub language: agree, should, would, opinion, because, however
-rhetorical parse info: contrast, elaboration, antithesis
-syntactic structure: infinitive, complement, subordinating clauses
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E-rater version 2: 09/04 – the present
None of the features in E-rater correlate strongly with essay length
*Set of 8-10 features relevant to writing standards
-Grammar, usage, mechanics: error types
-Style: repeated words, sentence length, sentence type
-Organization: thesis, main point, support, conclusion
-Content: vocab usage
-E-rater/Human agreement: increased from 50% in the 1st version to 62%, 98%
exact+adjacent
-Builds scoring models with multiple regression, human training

W

W

This year: Criterion added essay planning templates which gives ETS more data on
how people plan and its correlation with performance on the essay.
Criterion offers a less risky environment for students to get feedback on their writing
before they have to turn anything in to their teachers.
Results: Between the 1st and last draft that a student submits, there is a 25% error
reduction.
See http://ets.org/research/erater.html for more information
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14.48, Economics of Education
Prof. Frank Levy
Lecture 22
Rouse:
Results on technology in the classroom are NOT clear.
“The Computer and the Dynamo”:
1990 paper by Paul David, an economic historian at Stanford
By the 1960s, mainframe computers were fairly widespread, and the 1st Apple
personal computer was introduced around 1979.
However, productivity statistics from the 20th century do not show immediate
benefits from personal computers:
1947-1965: 3.2% GDP/hr worked growth per year
1965-1973: 2.3%
1973-1996: 1.4%
1996-2005: 3.0%
Productivity didn’t revive while computers spread throughout American business and
industry. Solow said, “You can see computers everywhere, except in productivity
numbers.”
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In the 1910s and 1920s, the dynamo allowed the provision of commercial electricity
to spread, but it took a long time for electricity use to become prevalent.
Why?
Infrastructure turnover takes time. There were already things like gas lamps and
steam engines in places that worked so many saw no need to replace them with
something that used electricity. In order for homes and businesses to actually use
electricity, you needed transmission lines in place, which takes time and money.
Motors used in manufacturing took quite awhile to change over to electricity.
Additionally, electricity use allowed US plants to be located anywhere there were
transmission lines rather that right near hydroelectric or coal sources. It also took
awhile for people to work out the kinks of using electricity to power many everyday
things and manufacturing machines and tools.
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The same was true of computers. When they were first introduced to offices, they
were often just used as typewriters. As networking and digital information sharing
developed, productivity rapidly increased.
The same case could be made for educational technology—the technology in place
now is still in a very early state but has great potential.
How is software involved in:
Basic Skills:
Computer aided learning is very good for online tests, tutorials and engaging
students in drills, which you can customize based on students needs and past
performance. In fact, if exercises are rules based, then additional practice is great for
them. If a particular wrong answer corresponds to a specific wrong model or
approach, then a computer can address that immediately. One advantage is of using
computers to help students practice rules based problem solving is the freeing up of
14.48, The Economics of Education
Prof. Frank Levy

Lecture 22
Page 1 of 5

www.bsscommunitycollege.in www.bssnewgeneration.in www.bsslifeskillscollege.in

www.onlineeducation.bharatsevaksamaj.net

65

www.bssskillmission.in

teachers’ time for other activities. Also, students are given immediate feedback on
their performance, instead of having to wait for a teacher to grade their work.
Advanced Skills:
Case based reasoning can be developed and tested using computers by giving, for
example, Toyota mechanics problem solving experience more quickly that they
would accumulate it on the job by throwing a bunch of simple and not so simple
problems at them. By running them through a lot of difficult simulations, then they
would be prepared when faced with a difficult problem on the job.
How can you begin to use software instruct people in complex problem solving when
the rules aren’t easily articulated? You can use the software to dialogue with the
user, acting like an “expert” in the field giving suggestions and hints and telling the
person what information to focus on.
Say you were designing a simulation for 14.01 to teach students about how markets
worked.
You could either just put this diagram on the board:
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Or, you could have the class simulate the market for a certain book.
½ of the class would be assigned as buyers and given a unique valuation for the
book.
The other ½ of the class would be assigned as sellers and given a unique reservation
price.
We can think of the supply curve as a collection of points representing different
sellers and their reservation price for the book.
Each seller would want to make the most money possible by maximizing the gap
between their selling price and their reservation price.
Each buyer would want to get the book for as low a price and possible and maximize
the gap between their buying price and their valuation of the book.
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Using multiple rounds where sellers advertise their selling price and buyers advertise
their buying price, the price should eventually converge to the market equilibrium
shown in the diagram.
Is this better than just putting up a diagram?
Yes. It engages students intellectually and forces them to pay attention. It also
allows students to internalize the process of risk evaluation that is central to
business decision making, often discussed in classes, but very difficult to understand
until you have experienced it.
For this market game, technology isn’t essential but would help in compiling buyer
and seller offers.

Two studies:
Angrist and Lavy: Foundation in Israel had a significant amount of money to put
computers in some Israeli schools. They asked for applications, a portion of Israeli
schools applied and some did not. Ideally, we’d want the foundation to assign
funding randomly to schools that applied. Unfortunately, they allocated funding
based on a set of criteria.

( AchievementTest ) i = α 0 + [ChactersicsofSchool ] + δ i (0,1) + ε i
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δ = 1 if a school gets computers, 0 otherwise. It only represents intent to treat. It
doesn’t mean that schools actually used the computers or used them correctly. It
says nothing about how the computers were used or whether or not teachers
received training on using computers in the classroom.
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Angrist and Lavy found no positive results of computers in the classroom and slightly
negative results on 4th grade math scores. Perhaps teachers spent so much time
trying to understand how to use the computers that they slacked on actual teaching,
negatively affecting math scores.
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Rouse and Krueger: Studied computers used for reading education combined with
auditory stimulation and fMRI data. Unfortunately, results only included students
who completed the whole program so there was a very small sample size.

Higher Education
US News and World Report: Top 10 Colleges in the US
1)
2)
3)
4)
4)
4)

Princeton
Harvard
Yale
Caltech
Stanford
MIT
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7) UPenn
8)Duke
9) Columbia
9) Dartmouth
Suppose you want to rank the top 10 car companies:
1) Toyota
Clearly, you don’t use the same criteria to rank the top car companies and the top
colleges.
We understand what car companies do. They maximize profits—over the short run or
the long run--. What do universities maximize? Why? How can we rank them?
College graduates:
1940: 5% of the workforce had an undergraduate degree or higher
1950: 10%
2000: 30%
2020: 32% (projected)

N
I
.
E

The baby boom generation went to college at much higher rates than past
generations and was much larger than previous generations.
1990: Only Canada and Finland had more college graduates than the US
Now: 4 countries have more college grads than the US
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Steps to a college degree:
1) Getting in
2) Graduating

1968: 36% of 23 year olds had gone to college at some point, 14% had BA’s
2000: 55% of 23 years olds had gone to college at some point and 19% had BA’s

W

W

Why? College is getting more expensive so many students are forced to drop out and
work before they finish. Additionally, there is a lot of pressure from teachers,
parents, peers, etc to attend college, even if a student isn’t prepared or suited for
college.

W

In other words, the problem in the US isn’t getting people to start college in the first
place but rather getting them to stay in college and finish.
What if students just aren’t prepared for colleges?
Currently, colleges do a lot of remedial work the summer before freshman year and
during freshman year with unprepared students. This may not be the best way to
use university resources, but its being done.
Back to our rankings:
Why is Toyota the #1 car company?
-Quality of product
-Profits
-Market share, # of cars sold
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-Brand
-NOT based on whom Toyota sells cars to
For colleges:
Top colleges have very low overall enrollment and market share.
What makes Princeton the #1 college in the US?
-Facilities
-Expenditure/student
-Quality of other students
-Brand/prestige
-Selectivity, the product is only offered to select customers
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14.48, Economics of Education
Prof. Frank Levy
Lecture 23
Questions and Answers from last class:
Q: If schools like Harvard, Yale and Princeton fiercely compete for students and are
very selective, why would they risk their reputations by admitting lesser-qualified
athletes?
A: We’ll address this later in the lecture
Q: If it actually costs universities $65k to provide a year’s education per student but
they only charge $20k, why do schools raise tuition when they will just have to raise
financial aid payments anyways?
A: We’ll also discuss this later.
Q: In theory, a low admissions rate reflects a college filled with highly qualified
students. However, the pool of applicants is also self-selected. The admission
process is almost self-fulfilling—highly qualified students pick highly ranked schools
because they are highly ranked and colleges are highly ranked because highly
qualified students chose to go there. So, why do college participate in the rankings?
A: Most schools can’t afford NOT to be in the rankings. For some lower ranked
schools, its also acts as free advertising.
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Q: Lowering tuition increases social welfare so why aren’t there more low cost
colleges?
A: In the college market, price/tuition embodies quality so a low cost college is seen
as a low quality college.
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US News and World Report:
Ranking factors for colleges—
1) Matriculation/yield rate
2) Student-faculty ratio
3) Endowment/student
4) Fraction of freshmen in top 10% of HS class
5) Acceptance rate
6) Average freshmen retention rate
7) SAT scores
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Students are customers and products of universities. However, universities still have
to make pricing decisions, and they want to attract as highly qualified a student body
as possible.
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In the sort run, the supply of student slots at a given university, say Dartmouth, is
inelastic. Demand in downward sloping. Is tuition set at the market clearing
equilibrium? Assuming that (Tuition + Research Royalties=Costs) at universities,
then yes. This is also how you’d maximize the parental income of your student body.

Dartmouth Tuition

QS
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$T*

V
S

$T, actual
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Excess Demand

QD

W

Quantity of Freshman at Dartmouth
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However, if a college wants to maximize student quality, it will lower tuition below
T*, resulting in excess demand for the college and allowing the college to select who
attends the college.
In this scenario:
(Lower Tuition + Research Royalties < Costs)
How do schools cover all of their costs? Fundraising and endowment income from
corporations, alumni and other donors. Evidence shows that highly selective schools
clearly subsidize their education.
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1995 data, schools ranked by SAT scores:
Enrollment Avg
Education Cost
Top Decile:
3300
28500

Subsidies
22800

Net Price
5700

Avg SAT
1090

9th Decile:

4100

4600

940

2700

8700

How does this work?
1)
2)
3)
4)
5)

Good reputation for a school results in….
Good students at a school, which results in….
Good/rich alumni, which results in….
More donations and a bigger endowment, which results in….
Subsidies which permit higher education costs, which result in a good
reputation for the school

What lesson is there for thinking about voucher schools is schools sort according to
the model outlined in the Avery paper? What are we trying to do with a voucher
system?
A voucher system aims to create more equal educational opportunities for all
students. However, in the above pattern, there is intense sorting of students into
schools based on their wealth and ability. We can reasonably expect the same kind
of sorting within a voucher program, which is why voucher programs should require
that a significant portion of their student are selected by a randomized lottery.
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What is wrong with early streamlining of students into high and low ability classes? It
is very difficult to know when to start streamlining. You don’t want to put students
into a low achieving track too early if they have the potential to become high
achieving students as they mature.

W

Alumni are key players in higher education funding.
Why do they keep giving? Tradition, tax deductions, helps get their kids in when they
apply (but perhaps this doesn’t happen often at MIT).

W

W

So why do colleges let in lower academically achieving athletes?
-Good sports teams attractive for prospective students
-Publicity for the school
-Alums more likely to give if alma mater has good football and other high profile
teams
-Direct source of revenue. Yes, but only for a handful of sports at a handful of
schools
What should we look at in trying to understand how a university functions?
Early Decision:
A HS senior can apply to a school in November and get a decision in December.
However, the student has to attend the school he or she applied to and can’t apply to
any other schools. Early decision gives schools more control over the composition of
its incoming freshman class and increases their matriculation rates. However, for
students who need financial aid to attend elite schools, it is risky because they aren’t
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able to apply to many schools and then compare the schools’ financial aid
packages—so it increases a school’s power to price discriminate.
1990s: 7 or 8 prominent schools allowed students to apply without ACT or SAT
scores because the schools felt they weren’t good assessments of a student’s ability
to perform in college. However, only people with good SAT scores would have an
incentive to report them and only those who had bad SAT scores would have an
incentive not to report them. Therefore, the schools will only receive good SAT
scores, thus increasing their average reported SAT score for accepted students and
boosting their US News ranking. It also encouraged more students who aren’t
qualified to apply to these schools since they thought they might have a chance if
the schools didn’t see their SAT scores—this also increased the schools’ selectivity as
the application pool increased and the number of incoming freshman slots stayed
relatively stable.

Remedial Education in US Colleges:
K-12 schools as organizations: It is not clear how schools were doing before testing
results were made public.
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If a HS student isn’t prepared for college, he or she can still get it. However, this
does not mean that he or she will go to a good college or can do college level work.
In other words, getting into college is not a signal of good HS quality.
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Many students come to college not ready to do college level work.
In 2001, 1/3 of entering freshmen had to take 1 or more remedial classes.
1996 cost estimate of remedial course work at US colleges: $1 billion—the total is
certainly more than that today.
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There are not a lot of studies analyzing whether or not remedial coursework is good
for students.

W

Ideally, we’d take a group of students—all of whom need remedial coursework—and
randomly assign only half of them to remedial classes and the other half to nonremedial classes. Obviously, no school would be willing to do this so we have to
settle for an imperfect set of data.

W

W

Outcome variable: Does the person get a BA within 4 years? 1=yes, 0=no

BAi = α 0 + [Family _ Characteristics ]i + δ (remedial _ dummy ) i + ε i
Remedial dummy=1 if in remedial class as a freshman, 0 otherwise
Problem:
If you run the regression for the whole freshman class, the effect of remedial classes
might seem negative because lower achieving students generally attend the remedial
classes. To control for this, we add SAT scores as a proxy for ability.
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BAi = α 0 + [Family _ Characteristics ]i + δ (remedial _ dummy ) i + +ϕ ( SAT ) i + ε i
If there is significant collinearity between remedial_dummy and SAT, then we won’t
get meaningful results.
We are looking for different schools with different criteria for who qualifies for
remedial classes. Then, we can look at students with the same abilities across
schools, some in remedial classes and some not—based upon they school they
attended. We also have to test this against the overall standards at the individual’s
school.
**This is similar to the GED signaling paper we looked at earlier in the semester
Problem:
If people choose their schools based on whether or not they have to attend remedial
classes, we may run into selection bias issues.

N
I
.
E

V
S

S
.B

W

W

W

14.48, The Economics of Education
Prof. Frank Levy

Lecture 23
Page 5 of 5

www.bsscommunitycollege.in www.bssnewgeneration.in www.bsslifeskillscollege.in

www.onlineeducation.bharatsevaksamaj.net

74

www.bssskillmission.in

14.48, Economics of Education
Prof. Frank Levy
Lecture 24
Questions and Answers from last class:
Q: A huge cost for state governments in state colleges and universities. How
important are they? Do the benefits outweigh the costs of the subsidy?
A: State colleges are often touted as a key part of a state’s economic development
strategy. Look at California, in the 2nd ½ of the 20th century and what they have
achieved. Also, look at the DC metro area—for many people, the quality of the state
university is important so they move to Virginia because UVA is much better that
University of Maryland. The strength of a state’s public university generally depends
on how old the state is and the strength of the private colleges in the area. New
Jersey had Princeton before Rutgers, which is just an OK school. Massachusetts has
Harvard, MIT, and many other schools and UMass-Amherst is pretty low quality.
Q: How should we decide when to use an OLS regression and when to use an
Instrumental Variable?
A: We’ll discuss this later today.
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Q: Say we have 2 students of equal ability, but one is motivated and one is
unmotivated. The motivated student chooses a college where he will have to take
remedial classes. The unmotivated student chooses a college where he won’t have to
take remedial classes. If we try to test the benefits of remedial courses, won’t our
results suffer from selection bias?
A: Yes. We’ll discuss this further later today.
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The current fraction of college graduates in the workforce: 30%
The projected fraction of college graduates in the workforce in 2020: 32%
Should college education be geared towards jobs unlikely to be moved overseas?
This is something we might want to think about.

W

W

Our goal: To make more people graduate from college.
The steps to a college degree—
1) Preparing
2) Getting admitted
3) Attendance, retention
4) Graduating

W

Why isn’t the 2020 project higher than 32%? What’s going on?
More people are starting college than ever before but many of these students are not
staying to graduate.
Percentage of 23 year olds with college experience:
Percentage of 23 year olds with a BA:

1968
36%
14%

2000
55%
19%

Some students get an associates degree, but we still have a real problem getting
people to stay in college and finish.
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Dynarski:
In 2000, 57% of persons aged 22-34 with some college experience had a BA or AA.
(.57*.55)=30% of those aged 23 in 2000 had some sort of degree
Something like 9% of students don’t even make it through their first year of college.
Reasons for dropping out of college:
-Financial hardship
-Bad fit
-Cheating
-poor HS preparation

Policy Solutions
-Financial aid
-This might be OK
-Let them go
-Remedial courses

OLS:

(CompleteCollegeDummy) i = α 0 + β ( Personal _ Characteristics ) i + γ (remedial _ dummy ) i + ε

Complete College Dummy=1 if a student completes college in 4 years, 0 otherwise
Remedial dummy=1 if a student enrolls in remedial courses, 0 otherwise
Remedial students often do worse in college in general because they are not
prepared. The above regression, if run for all undergraduates, will make it seem like
remedial courses are bad for academic performance. Problem: omitted variable bias
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We want to control for pre-college ability so we will use SAT or ACT scores. If all
colleges have the same cutoff for remedial courses, then we can’t compare a set of
students with the same ability, some in remedial courses and some not. If different
colleges have different cutoffs for remedial courses, how do you know motivated
students don’t’ choose where they’ll be so that they can attend remedial courses and
the unmotivated students don’t’ choose wehre they’ll be so that they don’t have to
attend remedial courses? Well, you don’t so wwe may have selection bias issues that
we result in an upward bias in our remedial coefficient.

V
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IV:
Instrument is the probability that a student enrolled in remedial classes, similar to
the intent to treat in school voucher analyses.

W

W

Pic =the probability that a student i attends college c
Picr =the probability that a student i is in remedial courses, conditional on his
attending college c
20

∑P
c =1

ic

* Picr

W

How do you estimate Picr?
Using a sample of all college freshmen at student c:

(remedial _ dummy ) i = α 0 + β 1 ( Family _ Income) i + β 2 ( SAT _ Score) i + β 3 ( AcademicTrack , HS ) i + ... + ε i
What about Pic? How do determine the probability that a student attends a certain
college?
Well, within the sample, 75% of Ohio students went to school within 100 miles of
home. 60% went to school within 50 miles of home. Clearly, distance from home is
an important factor for many HS seniors when deciding where to go to college
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Conditional Logit Model:
First developed to estimate transportation usage in the Bay Area.
1) Hedonic Representation
Essentially, you take a commodity, break it down into pieces. The idea behind it is
that the value of a good is the sum of the value of its components.
This method is used frequently to analyzing housing markets.
What components would you break a house down into?
-Rooms
-square feet
-proximity to parks
-Lot size
-when the kitchen was remodeled
-local crime rates
Characteristics of a trip:

Person 1 Bus
Car
Rapid Transit

Total Travel
Time
X,b11
X,c11
X,rt11

Total Time in
Transfer
X,b51
-----

Travel Cost Parking Cost # Transfers
X,b21
--X,b41
X,c12
X,c13
--X,rt12
--X,rt13
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There must be some underlying utility function that results in a person deriving more
utility from the from of transportation that a person chooses over the other two. To
figure that out, we need to use the travel data on many people.

V
S

Linear Utility Function:
5

Utility of taking the bus:

∑β X
i

i =1

S
.B

b1i

The dependent variable is whether or not an individual completed a BA or BS in 4
years.

W

Math remediation:
OLS regression: -.007(.0066)
This result implies that a student is 77% less likely to graduate if he is in a remedial
math class.
IV: +.0998(.0337)
A student is 10% more likely to graduate from college if he is in a remedial class,
once we’ve controlled for ability.

W

W

English Remediation:
IV: +.17
The overall effect of remedial classes, controlling for ability, is a 12% increase in the
probability of finishing college in 4 years.
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How important is this result?
2000: 55% of those aged 23 have had a college experience while only 19% of that
55% actually has a BA.
What percentage of students in US college are in remedial classes? About 30%
(.3*.55)=18% of the 23 year old age cohort with a college experience is was
enrolled in remedial courses
(.12*.18)=2%
Therefore, remedial courses either have already increased the percentage of 23
years old with a BA by 2% to 19% or, if remedial course programs were weak in
2000, then they have the potential to increase that 19% to 21%. That reflects
roughly a 10% change in the college degree rates of a cohort, which is a big deal.
Yes, it would be better if HS did a better job of preparing students for college.
However, that is not the case so colleges have to compensate in many wats.
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What about the costs of an undergraduate education and financial aid?

Loans? If loan rates are low and the return to an education is so high, why are low
income people still weary of taking up loans to pay for college? They often have little
experience or interaction with those who have gone to college and succeeded, so
college itself may seem like a risky investment. Also, poorer people tend to have
higher discount rates, making college a less attractive investment for them than for,
say, a middle class student.
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Financial Aid? What difference does it mane in starting and finishing college?
How do you even test the effect of financial aid on college attendance?

W

You could look at cross college data by looking at fellowship winners. However, there
is ability bias in the pool of fellowship winners because they are often chosen based
on their academic and extracurricular peformance.

W

W

We need some sort of situation or experiment where money is given without ability
bias. Georgia: Gives out financial aid based upon minimum GPA and maximum
family income standards.
But if everyone in the state is eligible for the aid, who is the control group??
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14.48, Economics of Education
Prof. Frank Levy
Lecture 25
Dynarski:
27% of people in their mid to late twenties have a BA
Arkansas:
Scholarship program was started in 1991 for those students who had not yet
enrolled in college.
To qualify for the program a student must have a GPA greater than or equal to 2.5, a
19 or above on the ACT (19 is generally the 40th percentile), and a family income
below $35,000 in 1991.
In 1999, the income limit was $75,000.
The median family income in Arkansas is approximately $49,000.
Payments—
1991: $1000
1994: $1500
1997: $2500
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State college tuitions in Arkansas: $1100-2200

Why did the state government increase the payment by so much in such a short
time?
1) This program appeals to a lot of voters
2) State government scared that everyone who qualified for the program would take
up the money and they wouldn’t be able to fund it. Therefore, they started the
scholarship out small and increased in once they gauged demand.
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Georgia had the Hope Scholarship Program, which was similar to the program in
Arkansas.

W

W

Treatment:
**Qualifying for the program NOT whether or not you take up the scholarship. The
government can’t control whether or not people use the scholarship, just whether or
not they qualify.

W

The analysis on the Arkansas data is similar to the diff-in-diff analysis in Duflo’s
Indonesia paper.
Using the 2000 census, we look at people in Arkansas. For now, we’re ignoring
whether or not people move into and out of the state.
Overall, there is a modest decline from year to year since each older cohort has
more time to complete college than the younger cohort.
If the scholarship program worked, then we should see a kink upwards around 1991
because the scholarship program helped to attract more students to college.
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Cohort that was 18 in year X
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However, there may be other factors that might have caused people to go to college
at higher rates starting in 1991. To control for this, we need to compare Arkansas to
other states.

W

W

After controlling for other states, the upward effects were real. The Arkansas
program increased college enrollment rates by +3% on average, more for black
women.
A 3% increase on a 27% BA completion rate for the 22-29year old cohort is a real
success. Comparatively, remedial college course programs increase college
completion rates by 2-3%.

W

Issue:
Economics now emphasizes proving causality and exploring falsification tests.
Suppose a lot of people get BA’s in Arkansas and then move out of the state. Then
we’re underestimating the effect of the scholarship program.
Alternatively, say Arkansas has a lot of people move into the state that already have
BAs, then we’d be overestimating the effect of the scholarship program. How do we
test for this?
1) We run our regression in 2000 on people born in Arkansas
2) We run it again in 2000 for people who live in Arkansas in 2000, regardless of
3) state of birth.
If the program really works, then only 1) will give you significant results.
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Problem Set 2 Solutions
11.126/11.249/14.48
Due March 20, 2007 in class
1. (25 points) In 2001, Mexico instituted a program called Programa
Escuelas de Calidad (PEC). Primary schools enrolled in PEC received a
5-year grant of $15, 000 for supplies and teacher skill development and free
training for the principal. PEC also requires school staff and parent
associations to become actively involved in drafting a plan for school
improvement. In principle, every primary school may participate; in practice,
about 10% did by the 2003 − 04 school year. The program specifically targets
disadvantaged urban schools through an advertising campaign.
You have a data set that tells you the dropout rate (the proportion of
students who did not return to school in the following year) at 74, 701 primary
schools in each year from 2000 − 01 to 2003 − 04. Of these schools, 1767
became enrolled in PEC at the beginning of 2001 − 02, an additional 7477
became enrolled by the beginning of 2003 − 04, and 65, 457 were still not
enrolled by the end of the period covered. (You can assume that once a
school becomes enrolled, it stays with the program for 5 years.) You want to
estimate the effect of participation in PEC on a school’s dropout rate.
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a. (5 points) Someone suggests that you look at the 1767 schools that
were enrolled in 2001 − 02 and compare their dropout rate in
2000 − 01 to their dropout rate in 2003 − 04. Do you think this is a
good approach? Explain why or why not.
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Answer: No, it is not. This approach confounds the effect of PEC
with the effects of any other factors that are changing over time. For
example, dropout rates may be changing in response to
improvements in the economy or other programs that affect
schools.

W

W

W

b. (5 points) Someone else suggests that you compare the 1767
schools that had been receiving PEC from the start to the 65, 457
schools that never enrolled, and take the difference in their
2003 − 04 dropout rates as the effect of PEC. Do you think this is a
good approach? Explain why or why not.
Answer: No, it is not. The schools that enrolled in PEC are clearly
not equivalent to the non-PEC schools in every respect except for
their participation in PEC. It is unclear in which direction this
comparison is biased, however. On the one hand, the PEC schools
had sufficient motivation (from staff and parents) to enroll in the
program, and urban schools were targeted (urban schools very
likely have lower dropout); these factors suggest that the PEC
schools would have lower dropout even without PEC. On the other
hand, the PEC schools felt they had some need to enroll and
disadvantaged schools were targeted; these factors suggest that
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the PEC schools would have higher dropout without PEC. Even
though we can’t be sure in which direction this approach is biased,
there is little reason to believe that it correctly estimates the causal
effect of PEC.
c. (10 points) Using this data set, devise your own research strategy
to estimate the effect of PEC on dropout. Be precise in describing
how you will calculate your estimate.
Answer: You likely want to do some kind of difference-in-differences
comparison, but there is more than one reasonable answer. The
simplest approach is to calculate the change in the dropout rate
over 2000 − 01 to 2003 − 04 for the 1767 schools that enrolled initially
and the 65, 457 schools that never enrolled. The difference between
these changes would be our estimate of the causal effect of PEC.
Alternatively, you could use the 7477 schools that enrolled later as a
control group and calculate changes in the dropout rate over
2000 − 01 to 2001 − 02. The advantage of this strategy is that the
control group likely corresponds more closely to the treatment
group, since both eventually enroll in PEC; the disadvantages are
that the sample size is smaller (so standard errors will be larger)
and we have to measure the change in dropout over a single year
(which might make PEC look less useful than it really is if some of
its effects take a while to kick in).
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d. (5 points) Even though you believe your strategy in (c) to be a good
one, it probably requires some assumptions in order to be valid.
Explain the conditions under which your approach in (c) would give
you a misleading estimate of the causal effect of PEC.

W

Answer: The key assumption, if you answered
difference-in-differences in (c), is that the underlying trend in
dropout must be the same across treatment and control schools.
That is, absent PEC, the schools that enrolled in PEC would have
had the same change in dropout rates as the schools that didn’t
enroll.

W

W

You do NOT need to assume that assignment to PEC is essentially
random. If we had a true experiment here, then there would be
nothing wrong with the method outlined in part (b); random
assignment means that, absent PEC, the level of dropout would be
the same in treatment and control schools.
2. (21 points) You want to estimate the return to an additional year of
schooling, but you are concerned about ability bias. Consider each of the
following empirical approaches, and explain why or why not you think it
would solve the ability bias problem and correctly estimate the return to
schooling:
a. (7 points) You have data on each person’s state of birth. You
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regress average earnings of people born in state s on average
years of schooling for people born in state s.
Answer: This removes ability bias if we believe that average ability
is the same across high-education and low-education states. This
could be false if high-ability parents tend to move to places like
Massachusetts or New York, where they have high ability children.
Even if we believe that average ability is the same across states,
this approach probably does not correctly estimate the return to
education. High education states tend to be much more urban and
have higher costs of living; these considerations will push up
earnings there.
Some people read this question as proposing to estimate a
standard earnings regression with data on individuals, but including
only individuals born within one state (s). I’m not sure how the
references to "average earnings" can be interpreted in that context,
but I didn’t dock marks for interpreting the question that way as long
as you had a good explanation.
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b. (7 points) You find a data set on twins. You regress an individual’s
earnings on his or her years of schooling, controlling for the
individual’s age and the twin’s years of schooling.

V
S

Answer: This certainly controls for ability to some extent, especially
if the twins are identical and grew up in the same household.
However, consider exactly what this approach is doing. Suppose
we have individuals A and B with 18 and 12 years of schooling
respectively (assume they are the same age). We know that A ′ s
twin (A T ) and B ′ s twin (B T ) each have 16 years of schooling. This
approach is saying that the earnings difference between A and B
can be attributed entirely to the schooling difference between A and
B, because the fact that A T and B T have the same years of
education means that we have controlled for ability. However, there
are at least two problems with this inference:

S
.B
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i. On average, A ′ s family has higher years of schooling than
B ′ s family (17 versus 14 years). It is natural to infer that
genetic and family background characteristics are "better"
in A ′ s family.
ii. The fact that A achieved a higher level of schooling than
his twin suggests that he might be higher ability than his
twin. Obviously if the twins are identical and grew up
together, they must have the same genes and family
background, but A may have had life experiences that
made him more motivated or more interested in pursuing a
high-profile career.
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The upshot is that this method likely controls for ability to
some extent, but not fully. This was a hard question, and
grading was largely based on the justification you gave for
your answer.
c. (7 points) You have data on the Socio-Economic Status (SES) of
each person’s parents. You regress earnings on years of schooling
and age, and you instrument years of schooling with parental SES.
(If you’re confused about instrumental variables, try looking at the
econometrics notes for recitation again.)
Answer: This is a horrible instrument! Parental SES very likely has
a direct effect on earnings apart from its effect on education: e.g.,
high SES parents may teach their kids more outside the formal
school system or may give their kids access to better job networks.
This violates one of the two key assumptions necessary for the IV
strategy.
3. (24 points) Read "How Experts Differ From Novices." The author lists six
characteristics of experts.
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a. (12 points) To what extent do you think changes in technology have
increased demand for these expert characteristics? (One paragraph
is sufficient. The last two characteristics may not be relevant.)

V
S

Answer: Answers will vary. A 12/12 answer made specific reference
to some of the expert characteristics (not just experts in a general
sense) and mentioned specific ways in which technology has (or
has not) increased demand for workers with this characteristic. A 9
or 10 means a "good" answer.
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For example, experts’ knowledge of a subject area is organized
around a set of "big ideas" that they use to determine how to attack
a problem (characteristic #2). Novices may be able to solve a
problem once they have slotted it into a category, but they have a
harder time determining which category is correct (characteristic
#3). Computers are similar to novices in this way. Once the
universe of possible answers is well defined, computers are very
efficient at searching this universe for the right answer. However, it
is very difficult to design a simple algorithm for choosing the
appropriate universe in the first place; experts use a large number
of clues in the statement of a problem, some of which may conflict
with one another, and aggregate them to determine the problem’s
most likely category. The problem is made worse by the fact that
experts cannot even articulate what their procedure is
(characteristic #5). Thus the development of computers has
substituted for novice workers and increased the relative demand
for experts.

W

W
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b. (12 points) Consider the teaching of algebra in 8th or 9th grade, a
subject most people would classify as problem solving. Does all of
this subject matter qualify as "expert problem solving" in the sense
defined by the chapter? Does any part of the subject matter qualify?
Explain why teaching the kinds of skills involved in "expert problem
solving" may be harder than teaching basic algebra. (Again, one
paragraph is sufficient and the last two characteristics may not be
relevant.)
Answer: Once a problem has been transformed into equations, the
equations can be solved by applying simple, articulable rules; this
does not qualify as expert problem solving. The transformation of a
problem in words into a set of equations is certainly closer to expert
problem solving, since there is often no easy algorithm that tells a
student whether two numbers should be added, subtracted,
multiplied, or divided. Poorly designed algebra problems, however,
may allow students to set up the equations by application of rote
rules (e.g., if the problem mentions two numbers and uses the word
"sum" in the final question).
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It is relatively difficult to teach expert problem solving skills precisely
because the skills involved cannot be enunciated in a set of simple
and articulable rules. Teachers cannot tell students how to solve
algebra problems like an expert; instead, they must know what
experiences are most likely to give students an intuitive
understanding of which method to apply to a given context.
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4. (30 points) Consider the following model: there is a very large number of
workers, and they vary uniformly in their lifetime productivity between 0 and
1. If we label each worker by her productivity y, this means that the average
level of productivity for workers in the interval y, y is

W

W

W

1
y−y

y

 y ydy

Each worker decides whether or not to go to college before entering the
workforce. A worker chooses to go to college if the increase in lifetime
earnings is greater than her monetary and psychological cost; the cost for a
worker of productivity y is cy  1 − y. That is, more productive workers have
a lower cost of going to college. Going to college doesn’t affect productivity
for a given individual.
Employers can’t observe anything directly about a person’s productivity.
In fact, for the purposes of the model they never observe an individual’s
productivity until that person retires. All the employer can observe is whether
a person went to college. Thus they offer a wage w 1 to people with a college
degree and a wage w 0 to people without a college degree. Because of
competition, the wage for a college-educated worker must equal the average
lifetime productivity of people with a college degree, and the wage for people
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without college must equal their average lifetime productivity.


a. (8 points) There will be some cutoff y such that workers above y go

to college and workers below y don’t. Find w 1 and w 0 as a function

of y.
Answer: We know that w 1 is the average productivity of workers

above y, so
1
w 1  1    ydy
1−y y
 1   1 y 2 | 1y
1−y 2
1/2
2

 1 − y 
1−y

1y

2
Similarly,
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E



1  y ydy
w0  
y 0
1/2 
  y2
y

y

2
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b. (8 points) In making their schooling decisions, workers all want to
maximize the value of their wage minus their cost of going to
college. Using this information, which workers will go to college in
equilibrium? What is the wage premium for going to college
(w 1 − w 0 )?

Answer: We have w 1 − w 0  1/2 no matter the value of y. Since the

worker at y must be indifferent between going to college or not, we

can conclude that y  1/2. That is, all workers with y  1/2 go to
college, all workers with y  1/2 do not, and the worker with y  1/2
is indifferent.

W

W

W

c. (4 points) Suppose that we had cy  12 for all workers instead.
What would be the wage premium for going to college in that case?
Explain why. (You shouldn’t need to do any calculations.)
Answer: This is slightly confusing because if cy  12 then in
equilibrium no one would go to college. However, the idea is that if
the cost of college is constant, then it can’t serve as a signal; if you
got that much, full marks. The "hypothetical" wage premium that a
person believes they could get by going to college must certainly be
less than 12 . We would expect it to be 0 because employers have
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no particular reason to believe that a renegade who went to college
is more likely to be high ability than low ability.
d. (5 points) Go back to the original model with cy  1 − y. We run an
OLS regression to figure out the return to college from an
could
individual’s perspective (i.e., how much more a given person

earn if she
 decided to go to college); call our estimate  Do we
expect  to overestimate the individual’s return, underestimate it, or
get it right?
Answer: It gets the individual return right. Even a person with y  0
can get a wage premium w 1 − w 0 in this model; she just doesn’t
want to because going to school is too costly.
e. (5 points) A government official is considering a program that would
increase college attendance by a proportion  of the population. If
he uses the same regression as above and concludes that society
will be  richer as a result of the program, is he overestimating the
social benefit, underestimating it, or getting it right (from the
perspective of this model)?
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Answer: He is overestimating the benefit, because the true social
benefit is 0. Remember, no one’s productivity increases by going to
college–in this model, it would be efficient to prevent anyone from
getting a degree!
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Problem Set 3
11.126/11.249/14.48
Due April 24, 2007 in class

I. Class Size: Hanushek vs. Krueger (20 points)
Hanushek’s literature review on the effects of class size suggests that there is no
strong association between class sizes and test scores in the United States. Table 6
shows that across many (non-experimental) studies, small classes are associated with
lower test scores as often as higher test scores. Table 7 shows that the same result
holds for the relationship between class size and a student’s improvementin test score
over the course of the year. On the other hand, Krueger’s paper on the Tennessee
STAR experiment found large gains from small class sizes.
1. (10 points) Suppose that small class sizes really do have a substantial
effect on student achievement, i.e., Krueger is right. How might you explain
the patterns summarized by Hanushek?
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2. (10 points) Now suppose that small class sizes don’t have a very strong
effect on achievement (on average), i.e., Hanushek is right. How might you
explain the findings of the STAR experiment if the average effect of class
size is negligible?
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II. Vouchers and School Choice (25 points)
In the readings on school choice and in our discussions in class, the focus has
always been on the effect of allowing a small number of children to enroll in the school
of their choice (or their parents’ choice). That is, we are looking at the effect of school
choice on an individual student, holding the school system as a whole approximately
constant. Imagine implementing a voucher program nation wide. Write a short essay
discussing the additional effects such a program might have, effects that are not
captured by small scale experimental studies. Do these effects make you more or less
inclined to support a national voucher program?

W

W

W

III. Incentive and Accountability Systems (25 points)
1. (10 points) In 1996, Chicago Public Schools instituted an accountability
reform. An important element of the reform was to put poorly-performing
schools on probation. Probation means that the school loses some of its
autonomy, and if it fails to improve staff can be dismissed or reassigned to
other institutions; it is something that teachers and administrators would
strongly like to avoid. The rule is that a school goes on probation if fewer
than 15% of its students perform at or above national norms (the national
median) on a reading test, with students in Special Education programs
omitted from the calculation. Discuss some of the "perverse" incentives of
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this program, i.e., incentives that were probably not intended by the program
designers. (I see four perverse effects.)
2. (15 points) Suppose you are designing an incentive system for schools
based on their test scores. You can base your incentive scheme on one of
three measures: a) the raw average of test scores in a school (normed to the
population at large); b) a school’s change in average test score compared to
the same school’s score last year; or c) a school’s average test score minus
the school’s "predicted" score, where the predicted score comes from a
regression of test scores on student Socio-Economic Status, race, and other
similar measures. Discuss the advantages and disadvantages of each
option.

IV. Policy Brief (30 points)
You are an education aid to Janet Napolitano, Governor of Arizona. Napolitano is a
moderate Democrat who respects both the government and markets. She believes
strongly that Arizona’s future depends on improving the quality of the state’s K-12
education. She is considering proposing either a demonstration voucher program
(which could include private schools) or a demonstration public school open
enrollment program. She has not yet decided on the size of the program and she is
still considering whether it should be run in one location or multiple locations. Before
she makes these decisions, she wants to better understand what such a program
might accomplish.
Earlier today, the governor called you into her office and asked you to write a short
policy brief (approximately 600 words), based upon your reading, which summarizes
what existing studies say about the effectiveness of a voucher program or an open
enrollment program in raising student achievement and in improving school quality. If
existing studies contain important lessons about how to design a demonstration, you
should briefly include those lessons as well.
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Economics of Education
14.48J/11.126J

Frank Levy
Spring, 2006
Final Exam - Answer All Questions

1) (20 points) Each week, the U.S. Professional Golfers’ Association (PGA) publishes an
updated ranking of the world’s best professional golfers. These are the top seven golfers in the
PGA ranking based on professional golf tournaments through May 14, 2006:
1 - Tiger Woods, 2 - Phil Mickelson, 3 - Retief Goosen, 4 - Vijay Singh 5 - Jim Furyk
6 - Ernie Els, 7 - Sergio Garcia,
a) (10 points) Briefly discuss the likely methods the PGA uses to construct their weekly ranking.
Explain why you think the PGA ranking of top golfers is more or less accurate than the U.S.
News and World Report ranking of the top U.S. colleges and universities.
b) (10 points) Both the PGA ranking and the U.S. News ranking are examples of
commensuration - a process of applying the same numerical yardstick to different units
(different golfers, different universities) in order to rank them. Based on the topics we have
discussed this semester, identify a second important education example of commensuration and
explain its advantages and limitations.
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2) (20 points) Congress is currently debating U.S. immigration policy including whether the
nation should maintain a large guest worker program that would allow significant numbers of
Latin American citizens to work here on a temporary basis.

S
.B

a) (10 points) We know from basic economic theory that when labor becomes scarce and
expensive, employers have an incentive to substitute capital for labor. If Congress fails to renew
a guest worker program, to what extent will employers be able to directly substitute computers
for the work previously done by Latin American guest workers? Most of the work? Some of the
work? Not much of the work? Carefully explain your logic and illustrate your answer with some
specific examples.

W

W

W

b) (10 points) During the semester, we argued that computers play a role in determining the
earnings gap between college graduates and high school graduates. Does this argument have any
relevance for the demand for guest workers? Explain why or why not.

3) a) (15 points) Construct an argument supporting very early childhood education (ages 6
months to 5 years) as a central piece of U.S. educational policy. Back up the points you make by
references to specific readings and ideas discussed in class.
b) (5 points) Briefly summarize evidence for the counter argument that we don’t yet know
enough to spend large sums of money on very early childhood education.
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4) (20 points) Assume that in the year 2001, the Colorado state legislature recognized that
student access to public school computers varied dramatically across the state’s counties. Urban
and suburban counties averaged three students per computer and most of the computers had
internet access. Poorer rural counties averaged 21 students per computer and many of the rural
school computers lacked internet access.
Members of the legislature believed that lack of computer and internet access was depressing
achievement test scores of rural students. Correspondingly, the legislature funded a program that
was supposed to purchase computers, software and internet access for “computer poor” counties.
It is now 2006 and the legislature wants to set up an evaluation of the computers’ impact. They
have turned to you to do the job.
a) (10 points) When administrators establish a program like this, problems often arise that limit
the possibility of doing a good evaluation. For example, suppose that you have heard anecdotes
that some rural teachers who received the state-funded computers and software used their own
funds to purchase in-service training on how to use computers in the classroom. If that actually
happened, would it prevent you from evaluating the computers’ impact on test scores? Explain
why or why not. Describe two other problems (other than data problems) that might prevent you
from doing a good evaluation of the computers’ impact.
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b) (10 points) Assume that none of these problems actually arise. Explain how you would
structure an evaluation of computers’ impact on test scores - the data you would need, the way
you would use the data, and so on.
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5) (20 points) For many years, educational production functions have had a central role in
economists' study of education. As in production function analysis for private sector firms, the
idea is to collect data from schools to estimate the relationship between a school’s inputs and a
particular school output – normally some kind of student test score.

W

W

W

In both firms and schools, the estimated relationship between inputs and an output depends on
several factors. There is an underlying technology that specifies the maximum amount of a
particular output that can be achieved with a particular combination of inputs. There is also the
behavior of managers, workers, etc. that determines whether the maximum of a particular output
is actually achieved. For example, technology may say that an office worker has the potential to
write 45 pieces of correspondence in a day, but this output will be far lower if the worker is told
to answer incoming telephone calls as well as write correspondence.
a) (6 points). When economists use private sector data to estimate a production function - for
example, the production function for automobile plants - what assumptions are they making
about the manager and worker behavior that generated the data? What are the implications of this
behavior for the estimated inputs-output relationship?
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b) (7 points) Explain how the principal and teacher behavior that generate data for a standard
educational production function may differ from the behavior in a private sector firm. What are
the implications of these differences for the estimated educational production function?
c) (7 points) Use your answers in (a) and (b) to explain why it makes sense to run careful
experiments on the impact of class size (e.g. Krueger's STAR experiment in Tennessee) or to
carefully describe a successful model for in-service training of tenured teachers (e.g. Elmore's
study of New York City District 2). In other words, why haven't schools already discovered this
knowledge in the course of their normal behavior?

*********************
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Economics of Education
14.48J/11.126J

Frank Levy
Spring, 2006
Final Exam - Answer All Questions

1) (20 points) Each week, the U.S. Professional Golfers’ Association (PGA) publishes an
updated ranking of the world’s best professional golfers. These are the top seven golfers in the
PGA ranking based on professional golf tournaments through May 14, 2006:
1 - Tiger Woods, 2 - Phil Mickelson, 3 - Retief Goosen, 4 - Vijay Singh 5 - Jim Furyk
6 - Ernie Els, 7 - Sergio Garcia,
a) (10 points) Briefly discuss the likely methods the PGA uses to construct their weekly ranking.
Explain why you think the PGA ranking of top golfers is more or less accurate than the U.S.
News and World Report ranking of the top U.S. colleges and universities.
Answer: While each tournament has multiple players, we can think of a tournament as a set of
head-to-head competitions and so the PGA ranking likely focuses on who beats who. In addition,
the order of finish in different tournaments may get different weights depending on the number
of competitors, the tournament’s prestige (which may determine how hard people try, etc).
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This ranking is likely to be more accurate than the U.S. News Ranking of universities since it is
unambiguous that a professional golfer’s only goal is winning tournaments. The University, by
contrast, has multiple goals, some of which, like the quality of teaching, are not easy to measure
and so the U.S. News Rankings are more based on surrogate measures that do not get exactly
what you want.
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A different way of thinking about it is that we have seen that universities can manipulate the U.S.
News rankings by encouraging more applicants, by doing strategic admissions, etc. (none of
which are likely to change the university’s quality) while if my description of the PGA rankings
is correct, it is not clear how those rankings can be manipulated.
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b) (10 points) Both the PGA ranking and the U.S. News ranking are examples of
commensuration - a process of applying the same numerical yardstick to different units
(different golfers, different universities) in order to rank them. Based on the topics we have
discussed this semester, identify a second important education example of commensuration and
explain its advantages and limitations.
Answer: The major example is the use of statewide testing programs that are part of the
standards movement. The advantage of these tests is that it helps to clarify a school’s objective
function and creates information that is of some use to parents. The disadvantage is that the tests
may measure only part of what you would like to accomplish in education but preparing for the
tests is likely to absorb much of a school’s efforts (“What you test is what you get.) A secondary
disadvantage is that the test scores have a lot of year-to-year fluctuation which can be a problem
if too much is riding on them.
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2) (20 points) Congress is currently debating U.S. immigration policy including whether the
nation should maintain a large guest worker program that would allow significant numbers of
Latin American citizens to work here on a temporary basis.
a) (10 points) We know from basic economic theory that when labor becomes scarce and
expensive, employers have an incentive to substitute capital for labor. If Congress fails to renew
a guest worker program, to what extent will employers be able to directly substitute computers
for the work previously done by Latin American guest workers? Most of the work? Some of the
work? Not much of the work? Carefully explain your logic and illustrate your answer with some
specific examples.
Answer: I would think that not much substitution is possible. A significant fraction of immigrant
labor works in lower wage physical and service jobs – restaurants, meat packing plants, domestic
work, janitorial work, construction etc. This work is characterized by non-routine physical
activity and, in some cases, face-to-face transactions. Both kinds of tasks are hard to express in
rules and so hard to computerize.
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b) (10 points) During the semester, we argued that computers play a role in determining the
earnings gap between college graduates and high school graduates. Does this argument have any
relevance for the demand for guest workers? Explain why or why not.
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Answer: Ultimately, you would think that there is relevance. When computers substitute for
workers in assembly line, clerical and other similar rules based jobs, the displaced workers have
to find work elsewhere in the economy – i.e. they either have to move up the wage scale (which
requires additional skill) or move down. If the supply of workers moving down gets large
enough, some will begin to complete in the same occupations now dominated by immigrants.

W

W

(There may be a different answer here about high school drop outs and high school graduates not
really competing – you should use your judgment on that and give good points for sensible
answers ot this kind).

W

3) a) (15 points) Construct an argument supporting very early childhood education (ages 6
months to 5 years) as a central piece of U.S. educational policy. Back up the points you make by
references to specific readings and ideas discussed in class.
Answer: The argument by citing the work of Heckman that argues three main points:
•

IQ measures have a fair amount of predictive power in both labor market measures
(educational attainment, adult earnings even holding education constant), and also
other measures like drug use, out-of-wedlock pregnancy, etc.

•

IQ measures are set relatively early (e.g. by age 4 or 5).
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•

But evidence from very early childhood programs like Perry Pre School and
Abcderian (not spelled right) show that IQ measures can be raised by such
interventions.

•

Additional points came from class discussion of the black/white test score gap
The discussion of the Fryer Levit paper showing that tests of cognitive
function at 8 months showed virtually no black/white differences while IQ
scores at 4-5 years showed the standard 1sd gap.

o

o Limited evidence on interracial adoptions showing that black children
raised in adoptive white homes scores significantly higher on IQ tests than
black children raised in adoptive black homes).
o Both of these piece of evidence point to a need for some kind of
environmental intervention in a child’s very early years.
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b) (5 points) Briefly summarize evidence for the counter argument that we don’t yet know
enough to spend large sums of money on very early childhood education.

V
S

Answer:

S
.B

•

Heckman’s evidence for IQ gains is really based on only a couple of studies. In addition,
Mike Anderson’s work shows the evidence is really only there for girls.

•

The possibility, raised in class, that we are not really sure what the 8 month cognitive
tests are measuring and it could be that if you could ask the 4 year old IQ questions to the
8 month old infants, you would see the same 1sd black white difference.

W

W

W

4) (20 points) Assume that in the year 2001, the Colorado state legislature recognized that
student access to public school computers varied dramatically across the state’s counties. Urban
and suburban counties averaged three students per computer and most of the computers had
internet access. Poorer rural counties averaged 21 students per computer and many of the rural
school computers lacked internet access.
Members of the legislature believed that lack of computer and internet access was depressing
achievement test scores of rural students. Correspondingly, the legislature funded a program that
was supposed to purchase computers, software and internet access for “computer poor” counties.
It is now 2006 and the legislature wants to set up an evaluation of the computers’ impact. They
have turned to you to do the job.
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a) (10 points) When administrators establish a program like this, problems often arise that limit
the possibility of doing a good evaluation. For example, suppose that you have heard anecdotes
that some rural teachers who received the state-funded computers and software used their own
funds to purchase in-service training on how to use computers in the classroom. If that actually
happened, would it prevent you from evaluating the computers’ impact on test scores? Explain
why or why not. Describe two other problems (other than data problems) that might prevent you
from doing a good evaluation of the computers’ impact.
Answer: If some teachers purchase training, it does not invalidate the evaluation. The
“treatment” we want to evaluate in this case is putting computers into the schools with the
understanding that the state has no ability to control how the computers are used (including
whether teachers buy training). In this sense, the evaluation is similar to the Rouse analysis of
Milwaukee (the policy was whether the kid won a chance to go to private school, whether or not
the used the chance) or the Dynarski evaluation of the Georgia and Arkansas scholarship
programs (the policy is making the scholarship available, whether or not students actually used
them) or the DuFlo evaluation of the Indonesian Schools (the policy was building schools in
particular areas whether or not kids actually attended them.)
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If training is effective and only some teachers buy it, results may be statistically insignificant
since classrooms where the teachers got training may show positive results and classrooms
where teachers didn’t get training may show no results (i.e. a high variance). But that would be
an accurate representation of reality – that simply putting computers in the classroom does not
guarantee results.
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Some other factors that might undermine an evaluation: Unknown to you, the “computer rich
schools” started additional programs of their own. The computers in the computer-poor schools
caused new students (either high achievers or low achievers) to move into the area, etc. One
factor that would not invalidate the experiment was teachers putting computers in the closet.
Again, we are not evaluating “how much can computers raise test scores under ideal conditions”
but rather “how much can the state raise test scores by buying computers for schools and
dropping them off at the schoolhouse door.”.

W

W

W

b) (10 points) Assume that none of these problems actually arise. Explain how you would
structure an evaluation of computers’ impact on test scores - the data you would need, the way
you would use the data, and so on.
Answer: The question is: Who is your control group? One possibility are kids in the
urban/suburban Colorado schools. Presumably, they start at a higher level of achievement than
the rural kids (which is why the legislature passed the program). So the evaluation here would
have to be difs-in-difs: comparing the changes over time in test scores for four groups of kids:
a) Rural kids who went through school before the computers
were put in rural schools
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b) Rural kids who went through school after computers were put
in rural schools.
c) Urban/Suburban kids who went through schools before
computers were put in RURAL schools.
d) Urban/Suburban kids who went through schools after
computers were put in RURAL schools.
As with the examples we would expect the gap between (b) and (a) to be larger (more
improvement) than the gap between (d) and (c)
Alternatively, you could think about trying to find a control group using rural counties in other
states that were similar in the test they took, their test scores, etc., but they had no computer
program. If we could find such a control group, then we could again do difs-in-difs or put this
into a single regression, etc.
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5) (20 points) For many years, educational production functions have had a central role in
economists' study of education. As in production function analysis for private sector firms, the
idea is to collect data from schools to estimate the relationship between a school’s inputs and a
particular school output – normally some kind of student test score.

V
S

In both firms and schools, the estimated relationship between inputs and an output depends on
several factors. There is an underlying technology that specifies the maximum amount of a
particular output that can be achieved with a particular combination of inputs. There is also the
behavior of managers, workers, etc. that determines whether the maximum of a particular output
is actually achieved. For example, technology may say that an office worker has the potential to
write 45 pieces of correspondence in a day, but this output will be far lower if the worker is told
to answer incoming telephone calls as well as write correspondence.

S
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a) (6 points). When economists use private sector data to estimate a production function - for
example, the production function for automobile plants - what assumptions are they making
about the manager and worker behavior that generated the data? What are the implications of this
behavior for the estimated inputs-output relationship?
Answer: They assume that the output of the production function is the firm’s focus and that
profit maximization is insuring that everyone in the firm is working to get the maximum amount
of that output from the available inputs. In other words, what you observe is the maximum that
the technology allows.

b) (7 points) Explain how the principal and teacher behavior that generate data for a standard
educational production function may differ from the behavior in a private sector firm. What are
the implications of these differences for the estimated educational production function?
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Answer: The most important factor is that it is not clear schools are trying to maximize
achievement test scores. They may be emphasizing skills that the tests do not capture; they may
be trying to keep kids from dropping out; they may want to avoid making waves, etc.. Any of
these things will cause schools to not reach the potential relationship between inputs and outputs.
c) (7 points) Use your answers in (a) and (b) to explain why it makes sense to run careful
experiments on the impact of class size (e.g. Krueger's STAR experiment in Tennessee) or to
carefully describe a successful model for in-service training of tenured teachers (e.g. Elmore's
study of New York City District 2). In other words, why haven't schools already discovered this
knowledge in the course of their normal behavior?
Answer: You need experiments like these to understand the shape of the “potential” educational
production function. For example, in the case of the STAR experiment, teachers knew they were
part of an experiment and that lots of attention would be paid to the children’s test scores. Given
that teachers are focused on the test scores, the experiment can give us some evidence on
whether teachers in small classes can do a better job raising test scores than teachers in larger
classes. This is particularly true since the experiment ran over multiple years giving teachers a
chance to adjust.
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In a normal (non-experimental) situation – e.g. the various studies summarized by Hanushek –
this relationship may be hard to discover statistically because small classes may be correlated
with other (omitted) variables like low achieving students; teachers may not be fully focused on
test scores and so there is no reason for them to discover the relationship, etc.
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*********************
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������ ������ ���� �������� �� ������
� ����� ��������� ��� ���������� ���� ��������� �������� ������
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� �� ��� ����� ���� �� ����� ������ ��������������� ����� ��� ���� ���
������ �� � ������� ��������� ��� ���� ��� �� ������ ���� ����� �� �������
���� ������ �� �������� ����� ������� �������
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� �� �� ����� ���� ��� ���� ����������� �������� ��� ������ ���� ����������
�� ��������� ���� �������� ���� ������� ���� ����� ������� ����������
����������
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�� ���� ��������

S
.B

W

W

W

�

www.bsscommunitycollege.in www.bssnewgeneration.in www.bsslifeskillscollege.in

136

www.onlineeducation.bharatsevaksamaj.net

www.bssskillmission.in

Economics of Education
14.48J/11.126J

Frank Levy
Spring, 2007

Midterm Exam - Answer All Questions
PLEASE USE ONLY YOUR MIT ID ON BLUEBOOKS – NO NAMES
Q's 1,2 in one bluebook, Q's 3,4 in a second bluebook
This is a long exam. Read it through so you can allocate your time effectively.
1) In the fictitious economy of Staten Island, each 18 year-old makes the college-going
decision by applying the net-present value calculations of human capital theory. Below
are the earnings data that faced 18 year-olds in 1969 and 1999 respectively. All dollar
figures have been adjusted for inflation and are expressed in 2006 dollars.
1969: Annual Earnings of a High School Graduate
(earnings are constant from age 18-65)

$22,000

Annual Earnings of a College Graduate
(earnings are constant from age 22-65)

$33,000

1999: Annual Earnings of a High School Graduate
(earnings are constant from age 18-65)

$31,000

Annual Earnings of a College Graduate
(earnings are constant from age 22-65)

N
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S

$39,000

S
.B

a) (5 points) Use your knowledge of the U.S. economy since World War II to briefly
explain how the real earnings of college and high school graduates could both be higher
in 1999 than they were in 1969.

W

b) (10 points) Using labor supply and labor demand, give two different scenarios that
could have generated the changed relationship between high school and college earnings
over the thirty years. Illustrate your scenarios with appropriate diagrams.

W

W

c) (5 points) Explain what data you would need to distinguish between the two scenarios
and how you would use these data.
d) (5) Are there conditions that would make college a better investment in 1999 than it
was in 1969? Briefly explain why or why not.
2) (25 points) We have proposed skill-biased technical change (SBTC ) as one
explanation of the rising ratio [median college graduate earnings/median high school
graduate earnings] over recent decades. A closer look at recent earnings data reveals the
following additional patterns:
-

The variance of earnings among college graduates has been
increasing.

1
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The variance of earnings among of high school graduates has been
relatively stable.

a) (15 points) Sketch a more detailed theory of SBTC that can explain these two trends.
b) (10 points). Given the existence of these two additional trends, explain whether college
can continue to serve as a signal to employers.
3) (25 points) In a paper called “Computing Inequality: Have Computers Changed the
Labor Market?”, the authors examine the hypothesis that computers have increased
demand for skilled workers. In one of their exercises, they estimate the following
regression:

ΔEi = 0.028 + 0.152ΔCi + ε i
(0.059) (0.025)
where ΔEi is the change in the proportion of workers with a college degree in industry i
from 1979 to 1993 and ΔCi is the change in the proportion of workers who use a
computer in industry i between 1984 and 1993. (Standard errors are in parentheses.)

N
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E

a) (5 points) State precisely what the coefficient on ΔCi means. How do you know
whether it reflects a real pattern in the world and not just random chance in the authors’
sample?

V
S

S
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b) (10 points) A modern-day Luddite seizes upon this regression and announces, “Ahah!
Computers have caused demand to shift toward workers with a college degree and away
from less educated workers. If I could somehow get rid of all the computers, this
regression proves that demand for workers without a college degree would go up.”
Explain why the Luddite’s inference might be incorrect. (Try to give a concrete reason
why we might estimate the regression above even though the Luddite is mistaken.)

W

W

W

c) (10 points) In the next table, the authors present similar regressions, but with the
change in college-level employment calculated over different time periods. The change in
computer use is always calculated between 1984 and 1993. They obtain the following
results:

2
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ΔEi1960−1970 = 0.085 + 0.071ΔCi + ε i
(0.058) (0.025)
ΔEi1970−1980 = 0.279 + 0.127 ΔCi + ε i
(0.073) (0.031)
ΔEi1980−1990 = 0.287 + 0.147ΔCi + ε i
(0.108) (0.046)
ΔEi1990−1996 = −0.171 + 0.289ΔCi + ε i
(0.196) (0.081)
where superscripts on ΔEi indicate the years over which the change is calculated. How
do these results affect your interpretation of the original regression? To what extent do
they make you conclude that the original regression is spurious (not causal), and to what
extent do they make you conclude that computers did have a causal effect on demand for
skilled workers?

N
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E

4) (25 points) During the period 1910-1940, there was a movement in the United States to
make high school attendance the norm for teenagers. Part of this movement was the
tightening of compulsory schooling laws, which made school attendance mandatory up to
a certain age. The minimum age for leaving school was chosen by each state, and many
states increased this minimum over 1910-1940. However, there was wide variation in the
year that states chose to tighten their laws.

V
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W

You have a large data set from the 1960 census that gives you each person’s state of
birth, age, years of education, and earnings in 1960. You also have data on the minimum
age at which a person could legally leave school in each year, for each state.

W

W

a) (10 points) You first want to estimate the effect of stricter compulsory schooling laws
on a person’s years of education. Explain the best way you can think of to estimate this
effect using the data at your disposal.
b) (10 points) It occurs to you that you might be able to use these data to estimate the
effect of education on earnings without ability bias contaminating your results. Explain
the best way you can think of to estimate the return to schooling using these data. Why is
your approach likely to avoid ability bias?
c) (5 points) Suppose that an individual’s return to education is mostly due to signaling,
not to the accumulation of human capital. Would you expect your estimate in part (b) to
underestimate the individual return, overestimate it, or get it right? (By individual return,
we mean the change in earnings one person could expect to get if they decided to stay in
school for an extra year.) Explain why.

3
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Economics of Education
14.48J/11.126J

Frank Levy
Spring, 2006

Midterm Exam - Answer All Questions
PLEASE USE ONLY YOUR MIT ID ON BLUEBOOKS – NO NAMES
Q's 1,2 in one bluebook, Q's 3,4 in a second bluebook
This is a reasonably long exam so read it through so you can allocate your time
effectively.

1) (15 points) On the eve of the British Industrial Revolution, most textiles were made
by weavers working with hand-powered looms in their homes. The techniques they used
took some time to learn and typically were passed from one generation to the next.
One aspect of the Industrial Revolution was the shifting textile production from home
looms to machines in factories. From the 1790s to the 1830s, more than 100,000 power
looms with 9,330,000 spindles were put into service in England and Scotland. These
looms were tended people who had previously worked as farm laborers.
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S

Compare and contrast the labor market impacts of these power looms to the labor market
impact of computers as discussed in the readings and in class.

S
.B

2) (25 points) Over time, several different researchers have done versions of the
following analysis:

W

- The analysis begins by classifying jobs in today’s economy – e.g. auto
mechanic, lawyer, secretary, etc. – by the amount of education the job
requires.

W

W

- The analysis then presents projections by the U.S. Bureau of Labor Statistics
that show that the proportions of the work force who will be lawyers, auto
mechanics, secretaries, etc. 20 years into the future will not be radically
different from those proportions in today’s work force.
- The analysis then concludes that projected shift in demand for more college
graduates is wrong and that policies to encourage college attendance risk
creating “The Overeducated American” all over again.
a) (15 points) Assuming the Bureau of Labor Statistics projections are correct, explain
why you think this analysis is or is not a reasonable basis for making educational policy.
If possible, choose a specific occupation and use it to illustrate your answer.
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2
b) (10 points) Considering how economists usually determine the existence of demand
shifts, explain what kinds of basic economic data you could collect to see if the
researchers’ analysis is turning out to be correct.
3) (30 points) In most of our class discussions, we implicitly or explicitly model an
individual’s career as having two separate periods:
- A first period – schooling - in which the individual acquires education full
time. During this period, we assume they do little or no work for pay. For
most people, this period ends sometime between the ages of 17 and their
mid-20's.
– A second period – a work history - in which the individual works fulltime in
a sequence of jobs. This period begins when the individual's education ends
and it lasts until they retire - say, at age 65. During this period, we assume
they acquire no fulltime education.
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a) (10 points) In the standard human capital model of educational attainment, why does
this two-period model make sense? That is, why should a person want to finish all their
education before they start to work?

V
S

b) (15 points) In real life, of course, some people who have worked full time can go back
to get additional education - for example, starting junior college or college in their late
20's or early 30's. Should we expect that the fraction of young people choosing this
option should have been higher in the 1980s or the 1990s? Explain.

S
.B

W

c) (5 points) Explain how did labor market conditions from the late 1970s through the
1980s violated a basic assumption of the standard human capital model.

W

4) (30 points) It is 1995 and you are education advisor to the governor of Massachusetts.
You have just been given a regression that was done by your predecessor in the job who
was assessing the effectiveness of high school teachers having a Masters Degree. The
regression is based data collected from a random sample of schools in the state.
Unfortunately, your predecessor left before the research was finished. The governor has
called you into her office to explain what the regression says.

W

What appears below is part of the estimated regression:
Test ScoreJUNE

I,J

= 3.63 - 2.89*MAI + (other variables )
(1..01)
(-.93)

(figures in parentheses are the standard errors of the coefficients)
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3
Where: Test ScoreJUNE I,J is the June Standardized Test Score of Student I in High School
Subject J (i.e. math, history, English, etc.)
MAI = 1 if the teacher of Student I in High School Subject J has a Masters
Degree in at least one subject.
= 0 if the teacher or Student I in High School Subject J has no
Masters Degree (or PhD) in any subject.

a) (10 points).According to the regression, does having a Masters Degree have a
statistically significant effect on a student’s achievement test score? Explain how you
know. If you believe the regression is correct, what policy implications do you draw?
b) (10 points) Describe, as completely as you can, why the estimated regression might not
be correct and so should not be used for policy.
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c) (10 points) Assume the governor throws the current study out and asks you to
determine whether having a Masters Degree increases student performance. Briefly
explain how you would approach the problem. You are free to generate new data if you
think it is relevant.

V
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S
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***********************

W

W

W
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Economics of Education
14.48J/11.126J

Frank Levy
Spring, 2006
Mid-Term Answers

1) The introduction of power looms was similar to the computerization of jobs in that
both are examples of technology eliminating a significant number of jobs. The two
technologies are different in that power looms displaced skilled workers – weavers who
had taken some time to learn their craft – and increased demand for low skilled workers –
the farm laborers. Computerized work has the opposite effect displacing lower skilled
workers – e.g. assembly line workers – and increasing demand for higher skilled workers.
If computers are “skill-biased” technical change, the power looms were “low-skill bias”
technical change.
2) a) The projections may be misleading because they ignore the kinds of changes in skill
requirements that can happen within an occupation. For example, before computerized
modules, auto mechanics didn’t have to know much about electronics or how to use
computerized testing equipment including the ability to read testing equipment manuals.
They need to know all of that today and so a new auto mechanic typically has to attend
one or two years of post-high school training.
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b) An economist usually measures shortages by tracking prices and quantities. Suppose
you collect data in the coming years that shows that the number of college educated
workers grows faster than the number of high school educated workers. If there really is
no strong demand for college educated workers, the wages of college educated workers
should fall (because they are in excess supply) and the college-high wage gap should
close.
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W

What occurred from 1980 through the present was the opposite: the number of college
graduates grew faster than the number of high school graduates and yet the college-high
school wage gap grew. It was this combination that demonstrated that labor market
demand was shifting toward more educated workers.

W

W

3a) In the standard human capital model, you should acquire all your education at the
beginning of your career so you can benefit from the higher earnings for as long as
possible through your career. If we think about a career as having a fixed retirement date,
postponing education for a year means you are substituting a low earnings year for a high
earnings year.
3b) It probably would have been higher in the 1980s than the 1990s because of the very
sharp increase in the return to education between the late 1970s and the mid 1980s.
Because of this sharp change, it is likely that there were many people in the late 1970s
who decided not to go beyond high school since the returns to education were very low
(The Overeducated American reading) but then went back to school when the returns
increased so much beginning with the 1980-83 blue collar recession. The return to
education didn’t change so much from the 1980s to the 1990s, so there aren’t likely to be
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as many people going back to school in the 1990s to benefit from a higher return to
education…..the people who were ever to acquire a lot of education would have already
done it earlier.
3c) The assumption is that the incomes a person can receive from the various levels of
education are known in advance. Although this assumption need not hold literally in
order for the model to be useful, the wide fluctuations in the return to education over
between the late 1970s and mid 1980s might make us want to consider a richer model
that allows for some uncertainty in the return to education.
4a) The t-statistic is -2.89/.93, which is about -3.1. Thus, it looks from this regression
that the teacher having a masters degree has a statistically significant negative impact on
a student’s test score. If you are to believe this, then it would be the case that you
probably don’t want to have a teacher with a masters degree.
4b) There are probably some important variables missing from the regression. Perhaps
the teachers with the advanced degrees are placed with students who are lowerperforming anyway, and this may not be adequately controlled for in the regression. This
would explain why we would observe a negative relationship in the data between a
masters degree and low test scores by students without the masters degree being the cause
of the low test scores.
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4c) The best thing to do would be a randomized controlled experiment. Take a set of
students and a set of teachers, some of whom have a masters degree and some of whom
do not. Randomly allocate the students to the teachers (in a way that keeps class size as
equal as possible), and compare the average score of the students with an MA teacher to
the average score of the students without an MA teacher on some achievement test given
later on.
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Economics of Education
14.48J/11.126J

Frank Levy
Spring 2007

Answers to the First Midterm

1) (General Comment – this question could have been improved by explaining more
carefully that unless otherwise noted, all answers should be based on the data for
the Staten Island Economy – not the U.S. economy).
a) Increasing economy-wide labor productivity (due to capital deepening and
technical change) can cause wage levels to rise throughout the economy. We
discussed this in the beginning of the course when we examined whether better
educational attainment in the population was an important determinant of
productivity growth – the determinant of rising living standards (it wasn’t). Labor
productivity growth can create a situation like that shown in the data for this
problem: high school and college wages can both increase in absolute value even
as they change relative to each other.
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b) The question refers to the data for 1969 and 1999 you were given in the problem.
The fact to explain is why, over the 30 years, high school and college wages have
become relatively closer. We know from 14.01 (or the secretary example in
class) that this closing of the wage gap has two main explanations.
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i. A supply-side explanation is that the number of college graduates
has grown faster than the number of high school graduates – i.e.
the relative supply of college graduates has increased - while the
demand for each group remains stable.

W

W

W

Relative price of
college graduates
(college wage
premium)

Relative
supply in
1969

Relative
supply in
1999

Relative
demand
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ii. A demand –side explanation is that the relative demand for college
graduates falls while the relative supplies of the two groups remain
stable.

Relative
supply

Relative price of
college graduates
(college wage
premium)

Relative
demand in
1999

Relative
demand in
1969
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c) To distinguish between these two scenarios, you would need data on the supply of
college and high school graduates to see whether the college graduates grew at a
faster rate (supply side explanation) or slower rate (demand side explanation) than
high school graduates.

W

W

d) This question was meant to refer to Staten Island, not the U.S. Thinking about
college as investment involves both the benefits and costs of additional education.
Due to the narrowing wage gap, the benefits must have narrowed. But college
could still be a better investment if the cost of education had sufficiently fallen,
either because tuition fell or because there was more financial aid, etc.

W

2)
a) In class, we have been discussing skill-biased technical change (SBTC) as it
changes demand for college graduates versus high school graduates. But in the same
way, SBTC can change demand for among college graduates with different skills. For
example, the rapid development of information technologies might increase the
demand for computer science majors relative to literature majors, widening the wage
gap between them. This kind of phenomenon could account for growing wage
variance among college graduates. At the same time, technology has limited job
opportunities for less skilled workers by eliminating rules-based jobs and so it could
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have produced a stable (or even declining) variance of wages for high school
graduates.
b) As long as college graduates are more skilled on average than high school
graduates, a college degree still has some signaling value. It does, however, have
less signaling value than it used to have because of the variance of skills among
college graduates.
3)
a) The coefficient means that in industries where the proportion using computers
went up by 1% more, the proportion of workers with a college degree went up
0.152% more. We know that this coefficient is significant because it is more than
two times its standard error.
b) One possible answer is that the increase in college-educated workers caused the
increase in computer usage. For example, suppose that some industries are hiring
more college labor for independent reasons, and college workers like to use
computers. The computers are a perk for the college-educated workers that the
industry would be hiring in any case.
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Alternatively, some third factor could be causing both the increase in computer
usage and the increase in college labor within an industry. Maybe some industries
changed their organizational structure, e.g., to make it less centralized. The
organizational change could have made it more profitable both to increase
demand for college labor and to buy more computers (but the former would have
happened even if computers weren’t available).
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You didn’t need to talk about either of these specific scenarios; you just needed to
explain why a significant regression coefficient isn’t necessarily indicative of a
cause and effect relationship.
c) The big thing to notice here is that the change in computer use is always measured
from 1984-1993; it might have been clearer to put 1984-1993 superscripts on all
of the ΔCi . Notice that there is a significant relationship between the change in
computer use from 1984-1993 and the change in college employment during the
1960’s and the 1970’s. That can’t be causal, because the change in computer use
is happening after the changes in labor demand. Since we observe a positive
regression coefficient when we know it can’t be causal, this should make you
suspicious of interpreting the original regression as causal.

W

W

W

That was the main point. But you might also notice that the coefficients on
computer use are going up over time; they’re much higher in periods where it
would make sense to interpret them as a causal effect. So perhaps a part of the
original coefficient is causal after all. (It wasn’t necessary to mention this part.)
Some of you thought that the change in computer use was measured over the
same period as the change in college employment in each regression. This got
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partial credit depending on what argument you made from there. One reasonable
argument is that the regression relationship seems to be getting more important as
computers have become a more important part of the economy. You might have
thought that the causal effect of greater computer use should also be bigger when
computers are important (in the 1960’s, other changes swamp the introduction of
computers in determining demand for college labor). So the pattern of regression
coefficients seems to mirror the pattern of causal effects that we would expect,
and we should become more confident in the original regression.
4)
a) The basic idea is that you want to do a difference-in-difference design. That
is, you find some states that increased their level of compulsory schooling
over a period of time (say 1920-1930) and another set of states that didn’t.
You can figure out how much schooling people got in each state at each time
by using the information on age and state of birth (assuming most people go to
school where they were born). Then if we define the following,
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A = average years of schooling for people in high school in 1930, born in state
that tightened its law
B = average years of schooling for people in high school in 1920, born in state
that tightened its law
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C = average years of schooling for people in high school in 1930, born in state
that didn’t tighten its law
D = average years of schooling for people in high school in 1920, born in state
that didn’t tighten its law

W

W

one possible difference-in-difference estimator is (A-B) – (C-D).

W

You could also say that you would regress years of schooling on the minimum
schooling-leaving age in a person’s state of birth when they were in high
school. However, it is important in this case to say something about
controlling for a person’s state of birth and for a person’s age (equivalent to
the year they entered high school). If you don’t control somehow for state of
birth, you’re saying that if schooling levels are always higher in (say)
Massachusetts, and compulsory schooling requirements are high too, then the
latter causes the former. That could very easily be false: a pro-education
culture might lead people to go to school for longer and to require others to
stay in school for longer too (by making the laws strict). If you don’t control
for age, you’re saying that the increase in schooling levels from one
generation to the next is due to the tighter compulsory schooling laws—but all
sorts of other things are changing over time too.
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b) This question was easier if you remembered the Duflo paper on school
construction in Indonesia, because the idea is almost identical. (Few people
seemed to make the connection, though.) The important part was to note
somehow that the changes in compulsory schooling laws might be a good
source of “random” variation in years of schooling, and we could then use that
random variation to see whether people’s earnings increased.
One way to do this is to set up the same kind of difference-in-difference
design as in part (a). That is, let
A’ = average earnings (or log earnings) for people in high school in 1930,
born in state that tightened its law
B’ = average earnings (or log earnings) for people in high school in 1920,
born in state that tightened its law
C’ = average earnings (or log earnings) for people in high school in 1930,
born in state that didn’t tighten its law
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D’ = average earnings (or log earnings) for people in high school in 1920,
born in state that didn’t tighten its law

V
S

The difference-in-difference estimate of the effect of tighter laws on earnings
is (A’-B’) – (C’-D’). That’s a good start (worth most of the 10 points), but to
get the effect of schooling on earnings, you want to divide this by the effect of
tighter laws on schooling. So your estimate would be
( A '− B ') − (C '− D ')
( A − B) − (C − D)

S
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W

Alternatively, you could say that you would use instrumental variables. You
would regress a person’s earnings (or log earnings) on their years of
schooling, and you would instrument years of schooling by the minimum
school-leaving age when the person was attending high school. Again, it is
important to say you would control for state of birth and age, for the same
reasons as in (a).

W

c) This one was very tricky. The thing to notice is that tighter compulsory
schooling laws increase years of education for everyone in my cohort, not just
for me. The signaling theory is all about how if I have more schooling than
other people, employers will conclude that I’m more productive and pay me
more. But insofar as stricter laws increase everybody’s schooling at the same
time, employers won’t conclude anything new about me, and I won’t get paid
anything more. So if the return to education is all about signaling, then we
should estimate something pretty close to 0 in part (b). However, this
underestimates an individual’s return to education: the individual could
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convince employers that she has higher productivity (at the expense of other
people in her cohort) by staying in school for longer.
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