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Recall A Simple Version of The Education Model
▷ Suppose that individuals are distinguished by ability, zi

▷ Drop the subscript i hereafter to be concise

▷ Individuals decide whether to obtain education, which costs c

▷ Wage of an individual:
▷ No education: w0(z) = z
▷ Education: w1(z) = α0 + α1z , with α0 < c
▷ α0 > 0 : return from education, irrespective of ability
▷ α1 > 1 : returns from education by magnifying ability

▷ Individuals make their schooling choices to maximize wage

▷ ⇒ All individuals with z ≥ z∗ ≡ c−α0
α1−1 will obtain education

▷ For those with z∗, two choices are indifferent: z∗ = α0 + α1z∗ − c

▷ ⇒ High-ability individuals are (positively) self-selected into
education

▷ Note if α0 > c and α1 < 1, we can have negative selection
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Illustration

(You can also see why self-selection generates selection bias here: a simple comparison
between those w/ and those w/o education is not comparing apple with apple!)
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Generalization

▷ Above simple model: only one ability, two options, and two
corresponding wage functions

▷ Now think about, say, majors
▷ Each major is an option
▷ Each major has its own skills/abilities
▷ Each major has its own skill price (wage) on the labor market

▷ ⇒ Multi-dimensional human capital/ability (zm)

▷ ⇒ Major-specific skill returns (wm)

▷ Yet, the self-selection is the same: maxm{z1w1, z2w2, . . . , zMwM}
▷ More generally, maxm{w1(z1),w2(z2), . . . ,wM (zM )} or

maxm{w1(z),w2(z), . . . ,wM (z)}
▷ Option-specific costs are abstracted for brevity
▷ Often say based on ”comparative advantage” (a rather ad-hoc term)
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Application of the Roy Framework
▷ It’s call Roy model b.c. Roy (1951) gave the first narrative description

of a framework of this kind (hunting vs. fishing)

▷ Roy’s general framework has been applied to a variety of labor
market settings, including

▷ choice of schooling (Willis and Rosen, 1979)
▷ major and occupation choice (Kirkeboen et al., 2016)
▷ choice of industry (Heckman and Sedlacek, 1990)
▷ female labor force participation (Heckman, 1974)
▷ internal and international migration (Borjas, 1987)
▷ training program participation (Ham and LaLonde, 1996)
▷ ...

▷ In each application, the researchers replace the choice of
”occupation” in Roy’s original paper with a parallel choice to enter

▷ Core: observed economic relationships should generally be viewed
as endogenous outcomes of numerous optimizing decisions

▷ (Can even combine two or more into a dynamic setting)
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The Nobel Price for Self-Selection (Intro for the Public)
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https://www.nobelprize.org/prizes/economic-sciences/2000/popular-information/
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Who Would Migrate?

▷ Consider immigrants migrating from home country (say, India,
China, or other Asian countries) to US (or Japan)

▷ Where would these immigrants locate in their home country’s skill
distribution?

▷ Borjas (1987) formalized the Roy framework and applied it to
migration

▷ Tradeoff: income in home country vs. income in US - migration cost

▷ (Of course, in practice, immigration policies, purchasing power, and idiosyncratic
preference all matter a lot! In fact, they are often included in more advanced models!)
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Self-Selection of Immigration

(Relative payoff for skills across countries determines what skill-type workers migrate)
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Migration Destinations of German College Graduates
Parey et al. (2017)

(Predicted earnings is constructed through a Mincer regression with a rich set of personal
characteristics; Credit constraints and other migration barriers are unlikely to be binding)
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The Roy Model
▷ Each agents possesses two skills (S1,S2) with associated skill

prices p1 and p2 (taken as given)

▷ Assume skill 1(2) is useful only in occupation/sector 1(2): earnings
are W1 = p1S1 + 0S2, W2 = 0S1 + p2S2

▷ An agent chooses occupation one (o = 1) if her potential earnings
are greater there, i.e., p1S1 > p2S2

▷ Assume the population join distribution of skills is F (S1,S2)
▷ E.g. S1 and S2 are log normal with µ1, µ2, σ2

1 , σ2
2 , and σ12 = ρσ1σ2

▷ What will F (S1|o = 1) and F (S2|o = 2) look like?
▷ Do the people who work in 1 or 2 have highest skills 1 or 2 in the

population?

▷ What will F (W1|o = 1) and F (W2|o = 2) look like?

▷ Here, we show a graphical treatment (Sattinger, 1993, sec 3.C)
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https://en.wikipedia.org/wiki/Joint_probability_distribution
https://en.wikipedia.org/wiki/Log-normal_distribution


Positive Correlated Skills in Population (ρ12 > 0)

µ1 = µ2; σ2
2 > σ2

1

(A certain contour line indicates combinations of (S1,S2) with same density)
(The 45◦ line: p2S2 > p1S1 ⇒ S2 > (p1/p2)S1 ⇒ log(S2) > log(p1/p2) + log(S1))11 / 21



F (S1|o = 1) and F (S2|o = 2)

(While agents who choose trout fishing are best fishers in general, agents who select rabbit
hunting are not best hunters in population, but with ”comparative advantages” on hunting)

(What will happen if negative correlated skills in population?)
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F (W1|o = 1) and F (W2|o = 2)

Positively correlated skills: more disparity Negatively correlated skills: less disparity
(In both cases, upper tail is dominated by workers in the high variance sector, and vice versa)
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Self-Selection vs. Random Assignment
(Play the model by yourself through this notebook)

(Heckman and Honore (1990) prove that, under log normal, the pursuit of comparative
advantage reduces both within and overall earnings inequality compared to the case of

random assignments; and aggregate log earnings distributions are right skewed)
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https://colab.research.google.com/drive/133grAWa_FbqngwcbR39qYfwtejW9cnaE#offline=true&sandboxMode=true


Positive Correlated Skills + An Increase in p2
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Return to Major/Fields of Study

▷ Estimating return to majors is again subject to the problems of
selection based on unobservables (and unordered choices)

▷ Kirkeboen et al. (2016) leverages the centralized admission system in
Norway: unpredictable admission cutoffs for different fields as IV

▷ Their findings:
▷ Widely different payoffs across fields, rivaling college wage premium
▷ Field of study matters more than rank of institution
▷ Individuals choosing fields based on comparative advantage
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Admission Cutoffs
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Average Earning around Admission Cutoffs
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Distribution of Earning Payoffs (Offer - Next-Best)

Distribution of payoffs among the compliers
for every combination of preferred field and
next-best alternative

Weighted averages of payoffs to different
completed fields across next-best fields
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Distribution of Earning Payoffs Differences (A,B vs B,A)

(Distribution of [ payoffs of A-B among those whose preferred choices are A,B
- payoffs of A-B among those preferred choices are B,A ])
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