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1. The Public Choice of Education System under Trade

The main results of the paper are obtained where the education policy is chosen by the government
maximizing the aggregate welfare of all individuals in a country. This seems to be a reasonable ap-
proximation to reality, where education policies are often determined by government bureaucracies
rather than by a referendum or other voting process. Nonetheless, it is still possible that they are
indirectly affected by voter preferences, for example, through the choice of the ruling party or the
education minister. We develop a full-blown political economy model in this section based on both
the majority voting rule and the probabilistic voting approach, and show that our main result (i.e.,
educational choices become more divergent after trade) still holds under a variety of reasonable
political scenarios.

It is natural to use an overlapping generation framework to study the voting process. Suppose
there are overlapping generations where each generation n = 1,2,... lives for two sub-periods

labeled as childhood and adulthood. All children go to school, become adults at graduation and
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enter the workforce either in the automobile (A) or software () industry. At the beginning of
each period n, the education system characterized by d,11 is to be chosen collectively by all adults
and then to be implemented on children who will become adults of generation n + 1 in the next
period. Suppose there is a positive correlation of talent across generations such that the talent of
a child from family ¢ is equal to his parent’s initial talent ¢;y with probability ¢, and is a random
draw from the distribution G(-) with probability 1 — ¢, where g € (0,1). Note that if there is no
correlation of talent between parent and child so that ¢ = 0, all individuals’ problems would be
identical with the social planner’s problem. We focus on the steady state results where ¢ is constant
across generations.

An individual 4’s optimal choice §° maximizes his child’s expected utility
Vi(6) = qui(8) + (1 — q)U(9),

where v;(8) = &p~1"Pw(t;) — ko is the indirect utility function of a child if inherited with initial
ability t;0, net of the utility cost, given an education system 6, and & = p%(1 — 8)' =7 as derived in
the paper. Recall that U(d) = > v;(d), which is the expected net welfare of a child under the same
education system if talent is a random draw.

In the following analysis, we study the case where individuals take prices as exogenously given
when making decisions on the optimal education system ¢§, while at the aggregate level, the price is
determined endogenously by the chosen § under autarky in each country, or by §; and §y together
under trade. In the equilibrium, it can be shown that there exists a unique combination of § and
p under autarky (or d7, dy, and p under trade) that are consistent with each other, the proof of
which is similar to that in the paper and thus omitted.

Note that in the scenario where talent is not inherited but a random draw, the FOC for the

most preferred education system by an individual 7 is:
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where the last equality is obtained by the fact that the price effects % are not taken into account

by individual voters and note that % = ica auéi(g") and p% = ics a%(&ti). As expected, when

the endogenous price effects are not taken into account, the FOC above is identical to that for the
socially optimal outcome, an observation also made in the paper. In the socially optimal outcome,
the price (or terms of trade) effects are canceled out for the whole population (or the whole world);
thus, it is equivalent to considering the direct effects of § on outputs alone as assumed for the

individual voters here.

1.1. Conflict of Interests in Educational Choice

For an individual 7, the marginal gain to his child from increasing ¢ is

6 du(o) U (s)
» - T Ty
Z- 5
qﬁp‘(l‘ﬁ)agg) — gk +(1-q) dzg )

The conflict of interests in choosing ¢ across individuals is reflected by the direct effect of § on wage

8%(;1'), which differs not only across industries but also among individuals in the same industry.

Before we start, we delineate the constraints on the mean effect parameter . The parameter 7
as introduced below plays a similar role as 7 in the paper that sets an upper bound on the mean
effect of education on talent. For v < 7, an increase in é decreases the software output for each

pair of workers in the sector. The aggregate software output as a result will also decrease in 9.

Definition 1 7 = mings ;,,) 7(0,ti0) > 1, where (d,ti0) defines the critical value for v such that

83;?;2 is equal to zero and Ys; = F°[t;, m(t;)] is the software output of a pair of workers with talents

t; and m(t;).

Explanation. Define Yé”i = F[tyy, m(typ)] as the software output of a pair of workers excluding

the mean effect. Recall that t; = vty and t;, = (1 — 0)t;0 + 6fg. It follows that Ys; = ’y‘sYgi and

, ovg, oy}, I, —t, ;. .
82‘;?2 = (’Iny)YE, + 10 —2%. Note that —3 = (FY — Fy)(%=4) < 0 and 836/?1 increases in 7.
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Thus, there exists a critical value (9, t;p) = exp <— 1 S’l) > 1 such that 28 — 0. m
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Lemma 1 For 1 <y < min{e,7}, a majority of workers have > 0; they include all software

workers with abilities tiy € [t,to] and auto workers with tyy € [to,min{m(to),to}], where ty =

14+d01n~

146 1n 'yfln'yto > to-

Proof. (1) Auto workers: If a voter works in the auto industry, his child’s income will be

w(t;) = % with probability ¢, where t; = °[(1 — §)t;o + 0to]. It is easy to see that
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Note that > 0 holds for any t;o < given v > 1. In addition,

82w(ti) _ A 5[(1
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holds given v < e. That is, the marginal wage gain from a higher § is decreasing in the initial

ability t;o. Given that awagi) > 0 for t;0 = tg, we know that there must exist a unique threshold

to > to such that a%gi) = 0. When ty < m(to) holds, there are conflicting interests among auto
8w( i)

workers, where those with lower abilities (t;o < t) have > 0 while others (tj > ty) have the

8w()>0

8%%) < 0. When tg > m(fo), all auto workers have
(2) Software workers: A voter with low ability ¢; € [t;,f] works in the software industry, and his
child’s income will be

Aat

w(tl) = B

— /t pFls[s,m(s)]ds

with probability ¢, where

~
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is true, since % > 0 for t; < i, gg. = ~9(In~)t, > 0, and )‘A > pFP[t,m(t)]. To see the last result,

note that the wage profile of the software sector is convex in ¢; and has a smaller slope than the

linear wage schedule of the auto sector at £ (Grossman and Maggi, 2000, Figure 4).

o Sl < 0 holds for

Note that pYs; = w(t;) + w(m(t;)) holds given perfect competition. Since p—;
aw(t )

each pair of software workers given v < 7, the fact > 0 for the low-ability software workers



implies % < 0 for the high-ability software workers. In conclusion, a majority of workers,

with initial abilities below min{m(fy), to}, have 8“5%” >0. m

1.2. Divergent Educational Choices after Trade in Majority Voting Model

Since the main focus of our paper is the effect of trade on education policies, we assume that
countries have the same political institutions. In the following, we consider the choice of education
system based on majority voting, where recall that the majority consists of all auto workers with

initial abilities lower than min{m(y), %o}, and all low-ability software workers.

Proposition 1 If the median voter is an auto worker of low abilities with t;y < min{m(fy),to},
the educational choices become more divergent across countries after trade for any q. The same

result holds regardless of the identity of the median voter if q is sufficiently small.

Proof. When an auto worker with ¢;o < min{m(%y), o} is the median voter, his preferred choice

will be the voting result. In the case of autarky, the FOC for his optimal choice §7* in country j is

dvi(67") dw(t;) AU (69%)
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With no difference in political institutions and with the second order condition —g5*— < 0, the

difference in the utility cost of centralization k; < ki implies that the optimal choice of curriculum
centralization will be higher in Japan than in the US under autarky, i.e., d5* > 67". Hence, Japan
will have a comparative advantage in cars, as aa% >0 > % given 1 < v < 7.

When the countries open to trade, with individuals taking trade price p as given, the FOC for

the median voter’s optimal choice 5]0-* in country j becomes

V(67 p) ow(t;) U (69%; p)
Note that
oVi(d;p) dw(t;) U (6;p)




dw(tz)

Since = 0 for an auto worker, it follows that
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where the inequality follows by 6%%) > 0 for an auto worker with ;o < min{m(fy),%o}, and by

2 .
85]57%2’)) < 0 as shown in the proof of Proposition 1 of the paper. This implies that

dsge  9*Vi(69%;p) (a%m;*-m) 0

dp  960p 062
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where W < 0 holds by the SOC for 67*.

Note that the FOCs under autarky and trade are identical if the trade price were the same
as the autarky price. After trade, the equilibrium trade price p/ in fact falls in between the two
countries’ autarky prices, p%* > pl > p7 . Thus, the median voter in the auto exporting country .J
facing a lower relative price for software will choose a higher ¢ after trade. The opposite occurs in
the software exporting country U. The desired result therefore follows.

(ts)

If, instead, a low-ability software worker is the median voter, the term dwT is not zero. Based

on similar analysis as in Grossman and Maggi (2000, Section IV) but with a change in the numeraire

good, it can be shown that dué(;i) =p! {w(ti) + )‘TA(m(tA) - f)} > 0 for t; < t. Thus, for a low-
ability software worker:
9?V;(8; p) (1 ow(ty)  QPw(t) 0?U(6;p)
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where 828%2) = p_l{auéi(;i) + Aa(Inv)(f — £)} > 0, which more than offsets the first term. Thus,

2,,.(5-
there remains a positive individual-specific effect (6 ggg};p ) > 0) in case talent is inherited, against

(82U(

a negative aggregate welfare consideration Wip) < 0) in case talent is a random draw. Since

2V). (8- ~
82;37((9‘;@ in (2) increases in ¢ and is negative when ¢ = 0, there exists a critical threshold ¢; > 0

92Vi(8;p)

such that = Sop is equal to zero. Hence, the desired result holds if the probability ¢ (that talent

is inherited) is sufficiently small such that ¢ < ¢ = min; g;. =
The above findings are not dependent on the choice of the numeraire good, as can be verified

easily. In essence, among the majority of voters, each auto worker’ interest is aligned with the social



planner’s in terms of the tradeoff between § and p: the marginal gain in the individual-specific

2.,.(5:
welfare given an increase in ¢ is decreasing with the relative price of software (8537(51,);;) < 0), just

2 .
as the aggregate welfare is (881]57(8‘1;1’) < 0). In contrast, the low-ability software worker’s individual-
specific interest works in the opposite direction of the average interest. Thus, the main result
derived in the paper will continue to hold under majority voting for any ¢ if the median voter is

an auto worker. Alternatively, if the probability ¢ that talent is inherited is sufficiently small, the

result will hold regardless of the median voter’s sector affiliation.

1.3. Divergent Educational Choices after Trade in Probabilistic Voting Model

As an extension, one may also consider the probabilistic voting model. In this approach, voters’
preferences could be affected by non-economic factors. For example, voters may have ideological
beliefs about the ideal education policy and such beliefs are randomly distributed in the population;
alternatively, individuals may form special interest groups to engage in lobbying. It can be shown
that the equilibrium choice under these circumstances is equivalent to maximizing a weighted sum
of the indirect utilities of individuals, where the individual-specific weights reflect the effects of
ideological beliefs or lobbying (Acemoglu and Robinson, 2006).

Specifically, let h; denote the weight for individual ¢, which does not necessarily depend on an

individual’s initial ability t;p. Then a generic objective function in a probabilistic voting model is

mglehiVi(é) = thm(é) +(1—=q)U(9)
_ thim(a) +(1—gq) Zw(é)
— Z(qhi +1—q)(0) = Zm%‘(&
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where 1; = qh; + 1 — ¢ is used to simplify the notation. Note that the median voter model would
be a special case where h; = 1 for the median voter while h; = 0 for all others. In contrast, when
h; = 1 holds for all individuals, it is exactly the social planner’s objective function. We continue to
assume the same political institution across countries, so that h;’s are identical across countries for

individuals with the same initial talent ¢;o. The probabilistic voting approach allows for potentially



a very rich set of political scenarios, as the decision makers could be any (weighted) subset of the

population. We consider some likely political scenarios in the following proposition.

Proposition 2 Under the probabilistic voting model, if the auto sector and/or the software sector
is represented as a whole in the political process, i.e., hy = ha > 0 for alli € A and h; = hg > 0
for all i € S, the educational choices will become more divergent across countries after trade.
Alternatively if the individuals are not organized by sector, the result will still hold if any subset
of the low-ability auto workers with tiy € [fo, min{m(fo),to}] and the high-ability software workers

with tig € [m(to), tro] are the dominant decision makers.

Proof. The interest of a low-ability auto or software worker has been shown in Proposition 1.

We now look at the interest of a high-ability auto or software worker.

For a high-ability auto worker with t; > min{m(fo), %o}, he has a%gi) < 0; thus, in (1),

2.,.(5:
there is a conflict of individual-specific interest (8 ggg};p ) > 0) with aggregate welfare consideration

2 .
(aaUéigi’)m < 0), just as in the case of low-ability software workers.

For a high-ability software worker, to determine his wage, note that for any pair of software
workers, pF[t;, m(t;)] = w(t;) + w(m(t;)) for t; < £. Taking the derivative of the equation with

respect to p, we have F° [ti,m(t;)] = dﬁgi) + dw(g;(ti)). Taking the derivative of the above equation

S 2.00(1s 52 ) S . _
further with respect to §, we have 8;; = 88%;;) 4+ 9 %(ggg’)). Since 8815 < 0 given v < 7 and

. . s .
828%2) > 0 as shown in Proposition 1, it follows that %’g?l)) < 0. Recall also pa£:§ = 8%(;1) +

% < 0 and 8%7(;") > 0 as shown in Lemma 1; thus, W < 0.

Thus, for a high-ability software worker,
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where the second equality follows by the facts that paaFgS = Bué(;i) + 8w(gf;(ti)) and aggs = 628%2) +

W, and the results in (2). Thus, for a high-ability software worker, his individual-specific
P

consideration is also aligned with the social planner’s in terms of the tradeoff between ¢ and p.



Thus, if any subset of the low-ability auto workers and the high-ability software workers are the
dominant decision makers, the result of increased divergence in educational choices across countries
after trade will continue to hold.

Alternatively, if either or both sectors as a whole are represented, e.g. by an interest group, the
result will also hold. This is because the high-ability software workers’ interests will dominate those
of the low-ability software workers; similarly, the low-ability auto workers’ interests will dominate
in its sector. For example, by summing up (2) and (3) for all workers in the software sector, it
follows that,

. S .
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similarly, for the auto sector as a whole,

9?Va(8;p)
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given 1 < 7 <#. The result therefore follows. m

In summary, when the education policy is made in a political economy model where individuals
have conflict of interests, our main result still goes through in various scenarios. In particular, we
show that when political coalition is organized at the industry level, for example, when individuals in
each sector are represented collectively by a lobby group, then regardless of how the final decision is
determined (whether it is dominated by the auto or the software sector or by a weighted combination
of them), the education policies across countries will become more divergent after trade than under
autarky. The key insight is that even though the two sectors have a conflict of interests in setting
the absolute level of , they are in agreement with each other in the direction of change in ¢ after
trade, that is, they all prefer a higher § when the relative price of software p is lower. Thus, the
political decision makers in the auto exporting country facing a lower p after trade will want to
adjust § upward, while the political decision makers in the software exporting country facing a

higher p after trade will want to adjust § downward. The implications are thus the same as in the

paper with a social planner.



2. Alternative Model Setups without Utility Cost of Centraliza-
tion
2.1. Initial Difference as a Result of Multiple Optimal Choices in Autarky

Our paper’s mechanism will go through so long as there is some initial difference in autarky edu-
cation systems. Different utility (psychic) costs of centralization are one feasible rationale for such
a difference across countries with identical economic structures.

Alternatively, two countries may be identical in all aspects but still choose different autarky
education systems if there are multiple optimal education systems. This is possible as the outer
contour of the PPF's as a function of § may not be concave (see Figure 1). Under certain combi-
nations of preferences and production structures, it is possible for the national indifference curve
to be tangent to two (or more) PPF's; thus, there could exist multiple optimal §’s. This scenario is
illustrated in Figure 1, where §; and d3 attain the same optimal welfare level under autarky; do and
all the remaining possible 0’s (not shown explicitly) correspond to PPFs that attain lower welfare.

If the two countries J and U happen to choose different systems under autarky (d3 by J and d;
by U as illustrated), then with trade, all the propositions in the paper will go through by exactly
the same mechanism: Japan will face a lower relative price of software after trade than under
autarky, which will prompt it to increase its ¢ further, while the exactly opposite occurs to the
US; the terms-of-trade consideration will dampen the incentive to diverge but will not eliminate
it completely. With a world social planner, the same incentive exists to enlarge the cross-country
difference in education systems.

The shortcoming with this framework is that the existence of multiple optimal education systems
only implies the ‘possibility’ of increased divergence but does not predict it. It is equally likely that
the two countries will choose the same system under autarky and remain in that state. In contrast,
our paper’s framework (with different psychic costs of centralization) predicts increased divergence

as an inevitable outcome and not as a mere possibility.

10
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Figure 1: Multiple Optimal Education Systems in Autarky

2.2. Unstability of Symmetric Equilibria without Initial Differences

The discussions above focus on the scenario where there is an initial difference in autarky education
systems across countries, as a result of either an exogenous difference in utility costs of centralization
or multiple optimal education systems. The mechanism that drives the countries apart in education
systems after trade rests upon the gain from specialization and trade.

If countries start with exactly the same education system, it is still possible to have diverging
education systems after trade. In the cooperative setup where the world social planner chooses
the optimal systems, increased divergence is optimal after trade if the surface of the world welfare
function at the symmetric autarky equilibrium is concave in the direction of the 45° line where
ddy; = doy (so that the chosen autarky system is optimal) but convex in the directions where
(déy)(ddrr) < 0 (so that divergence is preferable). In the noncooperative setup with each country
choosing its optimal education system, increased divergence is possible if the symmetric equilibrium

is unstable; in other words, the best response function of each country has a slope greater than

11



one (in absolute value) at the symmetric autarky equilibrium. We derive the general conditions for
these scenarios below.

World Optimal Choice. Recall that the world welfare is
(4) Uw(85,00) = B°(1 — B) = Pp= =P (Yu; + pYsy + Yau + pYsu),

where we have assumed away the utility cost of centralization: k; = ky = 0, to focus on the

scenario where countries are symmetric. It is straightforward to show that

82U 32U 82U

(5) U, = (d5u) '

As discussed above, starting with a symmetric autarky equilibrium (65 = df;), increased di-
vergence is optimal after trade if at the symmetric autarky equilibrium, the surface of the world

welfare function is:

(i) concave in the direction of the 45° line where dd; = ddoy: Along the 45° line, the two national
education systems remain the same, so the two countries remain in autarky. In this case, U,
coincides with 2U; (= 2Uy ), which has a relative maximum at ¢ (= 6f;). Thus, the world
welfare function must be locally concave at (09, df;) along the 45° line. Given (5), this implies

that when dé; = ddy,

82 82U
2 —
d Uw|(5f}=5‘l}) - 852 (déJ) 86 8(5U<d5]) <0
2 2
(6) o OUw o OV e gp

862 = 80,000

where the first equality follows, because a(SUQw = 666U2w holds at 09 = ¢, since U,, is symmetric

in (07,dy). Note that a‘g gg <0.

(ii) convex along opposite directions of change where (dds)(ddyr) < 0: This condition implies that
divergence in (d7,dy) from the symmetric autarky equilibrium 03 = df; increases the world

welfare. Thus, the world optimal education systems will diverge across countries after trade.

12



Use (5) again. This condition implies that when (dd;)(ddy) < 0 but not both zero,

0?U,
2 _ w 2
d"Uw|@ga=sg) = 952 (déy)” 42
0?U,
862

82Uw aQUw 2
aéJaéU (d&])(d(sU) + W(déy) >0

(7) = >0, at 05 = &

To see this, note that there could only be four possible changes in the systems (on both sides
of the 45° line) such that (ddy)(ddy) < 0 but not both zero: (1) ddy = 0 and déy < 0: in

this case, the condition implies that 8;52” > 0; (2) doy < 0 and doy = 0: in this case, the
U

condition implies that a;6U2w > 0; (3) déy > 0 and ddy < 0: in this case, because agjggu <0,
J

the condition on the second derivatives is weaker (they could be negative); (4) dd; < 0 and

ddy > 0: this case is symmetric to the previous one with the same implication. Recall that

92Uy _ 92Uy
952 952,

arbitrary changes such that (dd)(ddy) < 0 implies the result in (7).

at 09 = 6f;. Together, the condition that U, be convex at (§%,df;) for any

In sum, starting with a symmetric autarky equilibrium (6§ = df,), increased divergence is socially

optimal after trade for the world if

U, [ °U, U,
= —_—— t 6(1 — 5(1 .
(®) < 52 < 303 ) S o007 N 01T OU

Using (4), we can translate (8) into conditions on the production functions. Note that
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based on similar derivations as in the paper, except that k; = 0 here. Recall that the world welfare
Uy coincides with the autarky welfare along the 45° line and has a relative maximum at (6%, of;).

This implies that when dd; = ddy, dUw’((sg:ég) = 0 holds. This further implies that

ou,, . U,
Wlas=sy) = 55,27 g,
(10) = 286I§jd5(] =0

where the first equality is by definition, and the second equality follows because U, is symmetric

in (07,0y) and we are evaluating dU,, along the direction where dd; = doy .

13



Use the above FOC condition that %% = 0 at (9,6f,) and the competitive profit condition
J

p = MRT (which implies that %4 + p/ G& = 0). We obtain

0°U,,
052

?Yay | ;0*Ysy  OVsyOp!

11 et a _ sa
(1) 252 "V a5z T as, a&,)’ at 0y =%

==

Similarly, we have

92U, dYsy Opf
w 3B _ 3\1=B(pf\—(1-B) sJ OP a_ sa

Note % = % at 05 = d0f;, where the two countries are symmetric. Together, given (11) and (12),
the condition in (8) is equivalent to the following

_BYSJaipf PYas | 0%y _28YSJ87PJC
a5, 05, = 053 T 02 95, 95,

(13) at 05 = of.

Yss Opf

Note that —835J a5; > 0. Thus, loosely speaking, starting with a symmetric autarky equilibrium

(09 = 0f;), increased divergence is socially optimal after trade for the world if the direct effect
of education systems on national income through production is sufficiently convex, but not too

convex. The findings in this section is summarized in the following.

Summary 2 (World Socially Optimal Symmetry Breaking) Starting with a symmetric au-

tarky equilibrium (05 = 6f;), increased divergence is socially optimal after trade for the world if

0<

2 2 2
0%U, <_an> PV oy oo — g0

= < —
952 6%, 06700y
Given no utility cost of centralization, this is equivalent to

sy Opf  0°Ya; | 0%Ysy 0Ys; Opf 0
- < —+pl < -2 = at 0% =6%.
965 965 ~ 067 962 57 Doy

Nash Equilibrium Choice. Starting with a symmetric autarky equilibrium, divergence in
education systems will arise after trade in a noncooperative setting, if the symmetric autarky
equilibrium is unstable, or in other words, the best response function of each country has a slope

greater than one (in absolute value) at the symmetric autarky equilibrium.

14



Since the two countries are symmetric, it suffices to study the condition for either one of the
two countries, say, Japan. Recall that the national welfare for Japan, without utility cost of

centralization, is
(14) Uy (8s:00) = B%(1 = B) Pp~ =) (Yas + pYsy).

The best response function for Japan 0% (dy) satisfies the condition that 8&% = 0, from which we

derive the slope of the best response function as

U
(15) do’ _ 657;85][,
92U, -
d5U (853)]2

Since both the numerator and the denominator in (15) are negative (by the gains-from-trade ar-

gument and the second order condition for §’;, respectively), it follows that ‘% > 1 if and only

e 02Uy
if @RE

82U,

> 5smoss - We translate this condition to conditions on the production functions below.
J

Recall from the paper, without utility cost of centralization,

U (dy;0u) 8 1-8 —(1— 0Yay 0Ysy apf

16 A e S 1— = (1=8) f T2 )

(16) a5, BP(1=8)""(p") a5, TP a5, a5,

where T = —(1 — 8)(p/)™'Yus + BYss = 5% < 0 is the negative terms-of-trade effect

of raising d;. To begin, note that (8%, df;) is a Nash equilibrium. There is no trade at this point,
thus p/ = p?(6%) and T' = 0; since 0% satisfies the FOC for autarky, it also satisfies the FOC (16)

for the best response 7. Next, note that given (16), we can obtain

82UJ 8 1— —(1— 82Y:4J 82YSJ
PUs 381 _ g1-B(pfy~(1-B) f
= 8= e
Ovsrop! | 0T Op! 0T )y 0

06y 906y 065 06;  Opl 0d; 6% )’

(17) +

where to obtain the result, we have used the competitive profit condition p = M RT and the FOC

%{J = 0. Similarly, we can show that
J
0*U _ o_a [OYsy0Opf AT opf op' 92/
I _ gh(1— BB ph) (15)< s Op” oS 9p )

1 = el i <
(18) 00706y oy 06y Opf By DIy 007001

f £ . .
Note that g% = 25% and T' = 0 when evaluated at 05 = df;, where countries are symmetric. Thus,

we have

(19)

0°U, _ 90U, =B - BB (pf)y~(1-8) 0*Yag + 0%Ysy + 87T87pf )
(807)2 00300 | (5550 052 962 96590,
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Given the definition of T', we have g% =—(1-8)(pH) 7! 853‘? +ﬂ8YSJ < 0 given that 8;{‘ >0 > 8Y5

Thus, the condition for the autarky symmetric equilibrium to be unstable is equivalent to

orT opf _ 9*Yay | 0%V

(20 05,08, < a2 P as

, at 05 = o).

Compare (13) and (20); their lower bounds turn out to be the same. To see this, note that

—8‘% - (—%’;?) =(1-8)(pH)! (BYAJ + faYS") = 0, where the last equality follows by (9) and

(10). Alternatively, it also follows from the FOC for ¢} in (16) and the fact that T'= 0 at 6§ = df}.

Finally, given (17), the second order condition for ¢’ requires that a&SUQJ < 0 at 7. As argued

above, gTT = 8aigsj and T' = 0 at 05 = 6f;. Note also that 5977} =—(1- B)(pf)_lag;? Bag;?

(1 —B)(p!)~2Yas > 0 given that aYA <0< aYS . Together, these suggest an upper bound smaller
than in (13):

?Ya; | ;0%Vsy or ap  oT ,9p’ ,
CAETAP LA L R R I S
o2 TP a2 <~ a5, 06, opf osy) 0 M0 =00

(21)

Summary 3 (Nash Equilibrium Symmetry Breaking) Starting with a symmetric autarky equi-

librium (05 = &f,), increased divergence is a stable Nash equilibrium outcome after trade if

sy 0p!  OPYay | 0%y 5 OYss0p!  OT (2 op’ 5
09

a5, 05, = 003 U o2 25, 95,  opf

)2, at 0% = 6%

The final question is whether the lower bound is lower than the upper bound, so the range is not
an empty set. We show that this is the case below. Recall the free trade equilibrium condition

pf = SE3arar Define V= —(1 - 8)(p/) " (Yas + Yav) + B(Yss + Ysu). Given any change

in §7, this condition always holds, which implies that g% + %g%i = 0. Recall that T'= —(1 —

B)(p?)~1Yas + BYsy. Tt is straightforward to show that

or  or opf Fr—19Yay Yy
a5, Topras, — PTG s,
oY, Y, op!
1 \—101AJ SJ _ =2 P
+(~a-me) G+ 55 -6 )
_ v vy
N 8(5J 8pf 8(5]
oY, dY; op’
_ f\—19YAU SU _ fy—2 p
(22) +<(1 A 5 B — =AW YAU> 25, <0
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. . . f . .
where the inequality holds since 86% <0< %L[f and g%] > 0. Note that in Summary 3, the difference

oo _ (ss o oT ot ol _ _ (or | or 9l opf -
of the upper and the lower bound is ( 9, T opf 95, a5, T apras, ) a5, = 0, given

5% =
(22). This completes the analysis.

To sum up this section, increased divergence in education systems after trade can still arise
without any exogenous difference in country characteristics. In particular, it can arise in the
scenario where initial autarky education systems differ as a result of multiple optimal systems;
the same mechanism as in the paper of gains from trade is at work here in driving the result.
Alternatively, in the scenario where countries start with exactly the same initial education system,
increased divergence in education systems after trade is socially optimal in a cooperative setting or is
a Nash equilibrium in a non-cooperative setting, if the direct effect of education systems on national
income through production is sufficiently convex, but not too convex. It is worthwhile noting that
the mechanism emphasized in the second scenario, if present, will reinforce the mechanism of

gains from trade highlighted in the paper and drive further divergence in education systems than

predicted in the paper.

3. The Case of Perfect Specialization

Given the paper’s setup, there is a possibility of perfect specialization under trade because the slope
of the PPF is bounded away from zero and infinity. Below, we analyze the scenario with perfect
specialization. In short, our paper’s main propositions are not affected by the possibility of perfect
specialization, except that we need to modify the free-trade equilibrium condition and the FOCs
of policy choice for the fact that a country may produce only one good, and that we need to allow

weak inequalities in the main propositions in some cases.

3.1. The Possibility of Perfect Specialization

Recall from the paper that the slope of the PPF is M RT = #ﬁét) for t € [t;,1]. If t — %, all

workers are engaged in the software sector and Y4 — 0. The slope of the PPF in this scenario (at
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the intercept of the PPF with the software axis) is:

)\AE )\AE )\A h S
( ) Fs(t,t) )\St 5 p, where Ag ( ) )

Alternatively, if ¢ — ¢;, all workers are engaged in the auto sector and Yy — 0. The slope of

the PPF in this scenario (at the intercept of the PPF with the auto axis) is:

(24) MRT Aat l((s)—> ph’ as 0 — 1;
= ——- Ep
Fs(tl,th) At h
71,5(;02%) <p" asd—0.

In (23) and (24), we have used the fact that the production technology of the software sec-
tor F5(-,-) is of constant returns to talent (so that F¥(f,7) = Agf) and submodular (so that
F5(to,tho) > F(fo, o))-

Thus, there is incomplete specialization for p € (pl(é),ph). If p > p", a country completely
specializes in software. On the other hand, if p < p!(§), a country completely specializes in auto.
In the extreme case where § = 1, all workers have the same talent level and the PPF becomes a

straight line with a slope equal to p”; in this case, there is incomplete specialization only if p = p".

3.2. The Results with Perfect Specialization

Let’s fix the scenario as in the paper where under autarky, Japan chooses a higher ¢ than the
US (09 > dfy). In autarky, perfect specialization is not possible given that preferences are Cobb-
Douglas. Thus, autarky prices must be such that p!(§) < p® < p" for § < 1 and p® = p” for § = 1.

With trade, three scenarios of perfect specialization are possible:

(i) the US completely specializes in S and Japan completely specializes in A: the former implies
that the trade price must be such that p > p” and the latter implies that p < p!(d;) < p".
Together, this implies that p = p" and §; = 1 (If §; # 1, the PPF is not a straight line. Then

given p = p, Japan will also completely specialize in S contradicting the scenario).

(ii) the US completely specializes in S and Japan produces both goods: the former implies that

p > p" and the latter implies that p < p. Together, this implies that p = p and §; = 1.
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(iii) the US produces both goods and Japan completely specializes in A: the former implies
that p'(dy) < p < p" and the latter implies that p < p'(65). Together, this implies that

p'(6u) <p < p'(ds).

We can then check how the FOCs and propositions derived in the paper under small open
economy, world optimal choice, and Nash equilibrium are affected by the possibility of perfect
specialization.

Small Open Economy. In scenarios (i) and (ii), p = p" and §; = 1 under trade. Given
87 = 1, the PPF of Japan is a straight line with M RT = p". It follows that the competitive profit
condition p = M RT still holds for Japan and so does Proposition 1 (with ‘=" in (26) of the paper
replaced by ‘>’ to accommodate a corner solution in d7). On the other hand, the US completely

specializes in S, its FOC taking the trade price as given becomes

(25) WG = =gy 09 (4555 ~k <o

since % < 0. This implies that, with trade, the US will choose d;y = 0 regardless of p. Thus,

Proposition 1 holds (weakly) for the US.
In scenario (iii), the proof for Proposition 1 is still valid for the US, as it produces both goods.

The FOC for Japan becomes

OU(5p) _ iy _ gyip,—(1-p) (OYa) _, _
and
U (8; p) OYa

= P [T -ty

= 891 - B8)"Pp (1 - B)p~Val,

where the second equality obtains because 63% = 0 since Japan has already completely specialized

in A. Based on the above condition, we get

9°U (8; p)

— B38(1 - g\ By~ (1=8) | _(1 _ =4
sy =78 (-2 <o,
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2 o. 2 0.
since % > 0. This 1mphes 7 =2 gégp’p)/ (*8 []6(562 P )> < 0. Thus, Proposition 1 continues to

hold.
World Optimal Choice. In scenarios (i) and (ii), the US completely specializes in S. The

world social planner’s FOC for §;y becomes:

0Uw(0s,00) 48 18,1 ~(1-8) |1 O¥su

OYay | 0¥y YU op’

Y 4

+<3pf T opf Tssrp opf ddy

! TN

— (1 =B) ") (Yas +p Vs +p YSU)85 —ky

_ 1 Y
27 = B () < <o,

where the last equality follows by the facts that: (1) ‘9YAJ +pf aaY 5L = 0 because p = p" = MRT in

Japan, (2) 8(;/ SU = 0 because the US has already completely specialized in S, and (3) the free-trade

equilibrium condition pf = ;3'8 Ysﬁ{/ = holds. Thus, it follows that d;7 = 0. Recall that ; = 1
in these two scenarios (with trade). Since under autarky, 05 > df;, while with trade, 6; = 1 and
0y = 0, the socially optimal education systems in the two countries must have weakly diverged
after trade compared to autarky, so Proposition 2 remains valid (possibly weakly).

In scenario (iii), the US produces both goods and Japan completely specializes in A. Note

that the appropriate conditions in this case are: (1) ‘WAU + pf BYSU = 0 by the competitive profit

condition p = M RT, which holds because the US produces both goods, (2) ag;‘f = 0 because

Japan has already completely specialized in A, and (3) the free-trade equilibrium condition pl =

1-BYas+Yau

3 Vo The world social planner’s FOC for dy turns out to be the same as in the paper,

basically since the US still produces both goods. The world social planner’s FOC for ¢ is:

OUw(91,0v) 8 18, f\-(1-8) [ O¥as
28 = 1-— — ) —k;=0
(25) 5 (1B ) ks =0,
from which it follows that
92U,
00,700y

/
(29) 19¥as 81’) <0

81— 5 0 (- )

Thus, it still holds that déggl]) < 0 and dé;Uué(fJ) < 0 in this case of perfect specialization, so

Proposition 2 remains valid.
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Nash Equilibrium Choice. Recall again in scenarios (i) and (i), p = p" and 6; = 1; the US
completely specializes in S and Japan may or may not specialize completely in A. The FOC for a

best response d07;(d.7) given §; becomes

oUy (0u;d.7)
00y

faYSU
0y

op!
+ BY, Up —ky.

(30) = 55(1 - B)l_ﬁ(pf)_( A) ooy

Compare (27) with (30). Note that 8UU(§3’6‘]) > ana(glJ]’&U), which implies that 67 (d.7) > 67(6).
Similarly, it can be easily verified that Japan’s FOCs for the world optimal choice and the Nash equi-
librium choice differ by a negative terms-of-trade component: — BYSU%, whether Japan completely
specializes in A or not. Thus, it still follows that 6"} (dr) < 6% (dr) if the solution is interior. If, in the
Nash equilibrium, §; has hit the upper bound as stipulated in this scenario, it implies that §% =1
as well. Thus, Proposition 3 still holds but weakly for Japan: 1 =6 = 67 > 65 > 6f, > of; > d.

In scenario (iii), recall that Japan completely specializes in A and the US produces both goods.

This again implies that: (1) 8YAU +pf aYSU =0 (2) aa};ﬁc" =0and (3) pf = %%, based on

which we can derive the FOC for Japan’s best response as:

oU; (856 _ s {OY YsuYay; Opf
(31) (8.3 60) _ 55(1_5)1 B(pf) 1 5)< AJ SutAJg p)—kJ:O,

04y 04y YAJ+YAU87($J

which has an extra negative terms-of-trade component compared to (28). Similarly, the FOC for

the US’s best response differs from that of the world optimal choice by a positive terms-of-trade

YsuYay Opf

ViYL 96y Thus, Proposition 3 remains valid.

component 3

4. The n-Country Case

Our theory predicts a wider divergence in education policies in a world with two countries, if they
open to trade with each other. Below, we verify that it is possible to extend this general prediction
to a setting with many countries.

With only two goods, the trade pattern is not unique if there are more than two countries. For
example, suppose there are three countries and let M 4; be the net imports of auto by country ¢ for

i1 =1,2,3. Similarly, let Mg; be the net imports of software by country i. A negative value of M

21



J :s E u J E u J E S U
S ) S ) S |
p p p

Figure 2: Trade pattern with 3 countries
corresponds to positive exports. The market clearing conditions require that:

(32) Mapar+ Mpag+Mys = 0

(33) Mg+ Mgo + Mgz = 0.

The trade-balance conditions require that M4; +pMg; = 0 for ¢ = 1,2, 3, where p as in the paper is
the relative price of software. Thus, if there are n countries and 2 goods, there are n+ 2 conditions
but 2n trade-flow variables, so the trade pattern is not unique for n > 2.

However, if we introduce some trade friction such that a country does not re-export what it
imports, it is possible to pin down the trade pattern among a set of n countries to some extent.

For example, suppose there are 3 countries, Japan, Europe, and the US, with autarky education
systems such that 6; > ég > 6y (which implies that p% > p} > pf;). Given trade friction, a
country will either import or export a good (but not simultaneously), and must export one good
in exchange for imports of the other good (of the same value). Consider Japan. Since it has the
strongest comparative advantage in auto, it will export auto and import software. By the same
token, the US will export software and import auto. The EU will then either: (1) export software
and import auto with Japan; (2) remain in autarky; or (3) export auto and import software with
the US. It will not simultaneously do (1) and (3) because of trade cost. The potential trade patterns

are illustrated in Figure 2.
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Thus, the middle country turns out to trade (at most) with only one partner country, and the
overall multilateral trade flow can be decomposed into two bilateral trade flows, where the ranking
of autarky education systems between two countries in any pair and the change in the relative price
after trade relative to autarky satisfy our propositions’ setting. For example, if scenario (1) occurs,
it implies that the trade price lies in between the autarky prices of Japan and the EU. Considering
this pair of countries alone, it holds that §% > §% and p% > p > p%. Thus, the conditions for the
mechanisms to work in our propositions are met. Similarly, for the bilateral trade flows between
Japan and the US, it is also true that 65 > df; and p§ > p > pf;; thus, similar mechanisms will also
work. In other words, for each pair of trading countries, the gains from specialization and trade
will tend to amplify the autarky difference in their education systems.

Similar results can be obtained for a setting with more than 3 countries, by using the same
conditions as above (that each country will either import or export a good, and trade is balanced
for each country). We can rule out the possibility where two countries with 6 > 5;-1 trade with
each other when p > pf > p7 or pi > pj > p. Thus, the multilateral trade flows can be decomposed
into a series of bilateral trade flows, where in each bilateral relationship ij with positive trade,
pi >p>p§ holdsif 6f > 67 fori # j € {1,2,...,n}. Thus, the mechanisms underlying the paper’s

propositions would still work to enlarge bilateral divergence in education systems.
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