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Abstract

In many countries, people use their mother tongue in local business, but use the language of the
former colonizer in national business. How much weight should be placed on teaching one’s mother
tongue and the lingua franca is a critical issue in these countries.

This paper develops a model to examine these issues theoretically. It is shown that balanced
education of the two languages is critical for skill development of those with limited wealth. It is
also found that balanced bilingual education yields higher earnings net of educational expenditure
than lingua-franca-only education only when a country has favorable educational and technological
conditions (productivity is reasonably high and education is reasonably effective) and only for those

with adequate wealth. Policy implications of the results are also discussed.
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1 Introduction

Many countries in sub-Saharan Africa and countries such as India and the Philippines are populated
by multiple ethnic groups who use their mother tongue in daily life and in local business, but use
the language of the former colonizer as the lingua franca (common language) in national business
and in communications with other groups. In these countries, how much weight should be placed
on teaching one’s mother tongue and on teaching the lingua franca and which language should be
used as a language of instruction of other subjects are critical issues.? Acquiring the skill to use
one’s mother tongue is less demanding because a part of the skill is taught at home, but its use is
limited to the ethnic community. By contrast, acquiring the skill to use the lingua franca is harder,
but the skill is important in many modern sector jobs.

Students have little choice between mother tongue and lingua franca education in basic ed-
ucation, i.e., primary and lower secondary education, because relative weights of the two types
of education are mostly determined by the government. In sub-Saharan Africa, former French
colonies had maintained French as the sole language of instruction and former British colonies
had conducted mother tongue education partially, although Francophone countries began using
ethnic languages and many Anglophone countries reduced the weight on mother tongue education
recently (Albaugh, 2007; Heugh, 2011a).

A general consensus among specialists on language and education is that placing emphasis on
mother tongue education at least in primary education is effective for students to acquire adequate
language and non-language skills, and the present language policy in sub-Saharan Africa is overly
biased toward lingua franca education (Heugh, 2011a).

By contrast, we know very little what is a desirable combination of the two types of education
in terms of future earnings and what kind of educational and economic policies should be con-
ducted when both educational and economic outcomes of students are taken into account. These
questions are important because generally what concerns students and their parents most is future
earnings. Despite the recommendation for the increased weight on mother tongue education for
skill development by experts, many parents in sub-Saharan Africa are resistant to mother tongue
education because they believe that it does not help their children get a job (Albaugh, 2007).
Indeed, the economic return to a lingua franca in multilingual countries can be large: Azam, Chin,
and Prakash (2013) find that the return to speak fluent English, a lingua franca in India, is as large
as the return to secondary education and half as large as the return to undergraduate education.

The goal of this paper is to develop a model and examine the above-stated issues theoretically.

Model: In the model, two kinds of ”jobs”, called national jobs and local jobs, requiring different

types of skill exist and the final good is produced from them. In the real economy, national jobs

!The same issues are also relevant to many small nations, including ethnolinguistically homogenous nations, in
which the lingua franca in business is English because of strong dependence on international business.

2A similar conflict arises in basic education of low-income countries in general, including monolingual ones, be-
tween teaching vocational skills that are directly useful in local jobs (e.g., farming and related skills in an agrarian
community) and teaching academic skills that are important in jobs involving modern business practice and tech-
nology. Results of the paper apply to the issue of relative weights on the education of these skills as well.



correspond mainly to jobs in the modern sector (the government and a part of the private sector
using modern technology), while local jobs correspond mainly to jobs in the traditional sector
(traditional agriculture, the urban informal sector, and the household sector).

Education is costly and allows the individuals to acquire the job-specific skill for each type
of job. The skill key to national jobs is the knowledge of the lingua franca, while the use of the
mother tongue in education is the skill key for local jobs.

The individual chooses the amount of educational spending, but cannot choose its allocation
over the development of the two types of skill, which is fixed reflecting the fact that relative weights
of the two types of education are mostly determined by the government. The level of skill for local
jobs is positive without education (i.e., a portion of the mother tongue skill is taught by family
members), while the level of skill for national jobs is zero without education.

The paper mainly focuses on the case in which some individuals do not have enough wealth
to make optimal educational investment, reflecting the fact that, in many developing countries,
students must rely on family wealth to pay for study materials, commuting cost, and others even
when public schools do not charge tuitions. Because the level of skill for local jobs is positive
without education, those with limited wealth choose a local job and those with abundant wealth
choose a national job.

Results: The paper examines how a change in relative weights of the two types of education
affects educational and job choices and earnings. Main results can be summarized as follows.

First, balanced education of the two types of skill is critical for skill development of those who
have limited wealth and thus choose a local job: when the allocation of educational spending is very
biased, the return to education becomes negative for them and they do not spend on education.?

Second, balanced bilingual education yields higher earnings net of educational expenditure
than lingua-franca-only education only when the country has good educational and technological
conditions (i.e., productivity is reasonably high and education is reasonably effective in skill devel-
opment) and only for those with sufficient wealth. Net earnings of those with little wealth decrease
with the weight on mother tongue education and are highest under lingua-franca-only education.
This is true for everyone under unfavorable conditions.? In the real economy, the educational and
technological conditions tend to be related to the country’s level of economic and social develop-
ment. Hence, the result suggests that if the level of development is reasonably high, the balanced
education is economically desirable except for the very poor; otherwise, lingua-franca-only educa-
tion is desirable in terms of the economic outcome. By contrast, education biased toward mother

tongue education leads to low net earnings.’

30ne might consider the result that the very poor do not spend on education when the allocation of spending
is very biased not plausible, since the great majority of students take some education even in poor countries. The
difference arises because, for analytical tractability, the model abstracts from motives for attending school other
than the investment motive, including consumption motives (joys of studying or attending school) and social motives
(pleasure of doing what friends do, pressure from family members or the community to attend school).

4Further, numerical simulations suggest that, when the proportion of those with limited wealth is very high,
lingua-franca-only education maximizes net earnings of all.

°It is also found that bilingual education with a very small weight on mother tongue education is worse than



The results imply that a trade-off between educational and economic outcomes always exists
for the very poor and under unfavorable educational and technological conditions, for all, when the
former is measured by the mother tongue skill, which is an essential skill in daily life even for those
with a national job: under lingua-franca-only (balanced bilingual) education, their net earnings
are highest (low) but their mother tongue skill is lowest (high).

Policy implications: The results have the following policy implications. When the educa-
tional and technological conditions are favorable, the government that takes into account both
educational and economic outcomes of individuals would implement balanced bilingual education
together with a redistributive policy that enables those with little wealth to expend sufficiently
more on education so that they benefit economically from the balanced education. By contrast,
when the educational and technological conditions are not good, the government that balances
the educational outcome against the economic outcome would choose bilingual education with a
smaller (but not too small) weight on mother tongue education than under the more favorable
conditions (together with redistribution toward the very poor).

Note that the model does not consider possibly important effects the choice of languages in
education has on social capital, political participation, national unity, and public goods provision.
Policy implementation in the actual society needs to take into account these effects as well.

Related literature: To the author’s knowledge, this paper, along with Yuki (2021) in which
the common language is the mother tongue of the dominant group, is the first attempt to examine
theoretically how relative weights of the two types of education affect educational investment and
net earnings of individuals with different wealth. There exist works examining the issue empirically
and works analyzing related issues theoretically.

The effect of language policy in education on academic achievement of students is studied
extensively in education and lingustics (Heugh, 2011a; Baker and Wright, 2017) and slightly in
economics (Angrist, Chin and Goody, 2008; Ramachandran, 2017). The empirical findings are
consistent with the model’s result on the educational outcome.

Very few studies examine labor market outcomes. Angrist and Lavy (1997) find that replacing
French with Arabic as the medium of instruction in post-primary education greatly lowered returns
to schooling in Morocco. Consistent with the model’s result on earnings, the finding suggests that
a significant increase in the weight on mother tongue education lowered wages in the developing
country. Chakraborty and Bakshi (2016) show that the policy change in the Indian state of West
Bengal that abolished English education in primary schools has a negative effect on wages. This
is consistent with the model’s result that education biased toward the mother tongue skill results
in low earnings. Cappellari and Di Paolo (2018) find a positive effect on earnings of a bilingual
education reform in the Catalonia region of Spain that greatly increased the weight on Catalan in
mandatory education. The finding is not relevant for the present paper because the mother tongue

of many students (migrants from Spanish-speaking regions and their offspring) was Spanish.

lingua-franca-only education: a switch from the latter to the former does not improve the educational outcome of
students from poor families and lowers net earnings of all.



Pool (1991) examines the choice of official language(s) in a multilingual society in which earnings
are exogenous, adopting an official language is costly for the nonnative, and translation among
multiple official tongues is costly and financed by tax. He shows that there exists an efficient and fair
choice of official language(s), if proper inter-group redistribution is conducted. Ortega and Tangeras
(2008) develop a model of a society of two language groups without intra-group heterogeneity, in
which the dominant group determine the type(s) of schools (monolingual in either language or
bilingual) accessible to each group, individuals decide whether to attend school, and goods are
produced from bilateral random matching only when pairs speak the same language. They show
that the dominant group choose laissez-faire or restrict access to schools using the language of the
subordinate group, while the subordinate prefer schools using their mother tongue.®

Besides examining a different issue, the present work differs from these works in the following
respects. First, in this work, the common language is not a mother tongue of any group and
individuals are heterogenous in wealth available for education, while in the preceding works, official
or education language(s) are native languages of either group(s) and individuals are homogenous
within each group. This paper adopts different settings, because it focuses on developing countries
where the common language is typically the language of the former colonizer and family wealth
is a critical determinant of educational investment, whereas the existing works mainly focus on
developed countries. Second, unlike the other works, the present paper does not take into account
the effect of the size of language groups, such as network externalities in language usage. Finally,
unlike Ortega and Tangeras (2008), educational institutions are given rather than determined
endogenously and strategic interactions among agents do not exist.

Organization of the paper: Section 2 presents the model, and Section 3 examines educational
and job choices of individuals. Section 4 provides a preliminary analysis of how a change in relative
weights of the two types of education affects individual choices and earnings, and Section 5 presents
the main results and discusses their policy implications. Section 6 concludes. Appendices A and

B present auxiliary results, and Appendix C contains proofs of lemmas and propositions.

2 Model

Consider a developing economy in which two kinds of ”jobs”, called national jobs and local jobs,
requiring different types of skill exist. In the real world, national jobs correspond mainly to jobs in
the modern sector (government and a part of the private sector using modern technology), whose
tasks typically involve communications with people from various parts of the country and thus, in
a multiethnic country, with other groups. Local jobs correspond mainly to jobs in the traditional
sector (traditional agriculture, the urban informal sector, and the household sector), whose tasks
typically involve communications with locals and thus, in a multiethnic country, with own group.

The final good is produced from both types of jobs according to the following technology:

50ther works studying issues related to language in economics include Lazear (1999), Ginsburgh, Ortufio-Ortin,
and Weber (2005), Clots-Figueras and Masella (2013), Desmet, Ortufio-Ortin, and Wacziarg (2012), and Galor, Ozak,
and Sarid (2018). In political science, works such as Laitin (1992) and Albaugh (2007) examine political aspects of
the choice of education languages in multilingual societies.



Y = A(H,)*(H)'™, a€(0,1), (1)

where H,, (H)) is the aggregate human capital of workers in national (local) jobs and A is constant
total factor productivity (TFP). The production function implies that the two types of jobs are
essential and complementary in the final good production.

Markets are perfectly competitive. From the profit maximization problem of the final good

producer, the wage rate per human capital of each type of jobs is given by

wp = aA(IZi)la, w = (1 - @A(Z’li)a. @)

Each person has a wealth endowment to expend on education for developing the skills required
in the two types of jobs. The skill key to national jobs is the knowledge of the lingua franca, while
the use of the mother tongue in education is the skill key for local jobs.” The model would be
relevant to many countries in sub-Saharan Africa and countries such as India and the Philippines
in which the lingua franca in national business is the language of the former colonizer.®

She chooses the amount of educational spending e, which largely depends on years of schooling
in the real world, but cannot choose its allocation over the development of the two types of skill,
which is fixed reflecting the fact that relative weights of lingua franca and mother tongue education

are mostly determined by the government in basic education, i.e., primary and lower secondary

education.
The human capital production functions of the two types of skill are:°
hl(e, Sl) = h; + é5e, (3)
hn(e, s1) = 6n(1 — sp)e, (4)

where s; € [0,1], hy, 6,6, >0, and e < €.

In the above equations, h; is the level of skill for local jobs when e = 0, s; € [0, 1] is the proportion
of e allocated to the development of the skill for local jobs, and & (6,) is the productivity of the

education technology of the skill for local (national) jobs.!?

TAn alternative interpretation, which would apply to low-income countries in general, including monolingual
ones, is that the skill for local jobs corresponds to vocational skills that are directly useful in local jobs (e.g., farming
and related skills in an agrarian community) and the skill for national jobs corresponds to academic skills that are
important in jobs involving modern business practice and technology.

8For analytical tractability, the model assumes that either ethnic groups are symmetric in every respect or workers
of different groups with a given type of jobs are perfectly substitutable in production. The former assumption would
be relevant to countries in which a single dominant ethnic group does not exist. The model would also be relevant
to many small nations, including ethnolinguistically homogenous nations, in which the lingua franca in business is
English because of strong dependence on international business.

9For analytical tractability, the human capital production functions do not assume complementarities between the
two types of education, in particular, a positive effect of mother tongue education on the development of the lingua
franca skill, which is empirically plausible (Heugh, 2011a). As explained in footnote 28 of Section 5.1, assuming the
complementarity would hardly affect the main results.

106, < 8 would be reasonable considering a higher cost effectiveness of mother tongue education in skill develop-
ment (Heugh, 2011Db).



The level of skill for local jobs, i.e., the mother tongue skill, is positive without education
reflecting the fact that the skill can be developed partly at home, while the level of skill for national
jobs, i.e., the lingua franca skill, is zero without education. The production functions are assumed
to be linear to make the model analytically tractable.!! Because the marginal return to educational
investment does not depend on e, i.e., w,6,(1 — s;) — 1 for national jobs and w;é;s; — 1 for local
jobs, the upper limit € is set so that realized e does not become too large for some individuals.'?

Although the case in which no one faces the wealth constraint on educational investment is also
analyzed, the default setting is that some individuals do not have enough wealth to make optimal
investment. This reflects the fact that, in many developing countries, students must rely on family
wealth to pay for study materials, commuting cost, uniforms, and supplementary education even
when public schools do not charge tuitions. A person who has wealth (endowment) a can spend
at most e = a on education. Let F'(a) be the distribution function (and f(a) be the probability
density function) of wealth over the population, which is assumed to be continuously differentiable.

After deciding on the amount of education, each person chooses a job and receives earnings,

which, together with wealth net of educational spending a — e, are spent on final good consumption.

3 Educational and job choices

Now, educational and job choices and the determination of several endogenous variables are exam-

ined in detail.

3.1 When education is worthwhile for both types of jobs

First, consider the case in which education is worthwhile, i.e., the return to educational investment
is non-negative, for both types of jobs. In this case, those who have wealth a < € spend e = a
on education and those with a > € spend e = € on education. Because both types of jobs are
essential in final good production and h,(0,s;) = 0 < hy(0,s;) = h;, there exists et € (0,€]
satisfying wphn(et, ) = wihy(e™, s;) and wyhy(e,s;) < wihy(e,s;) holds for e < e, i.e., those
who spend e = a < e on education choose a local job. When e < €, those who spend e > e™
choose a national job, while when e™ = €, those who spend e = € are indifferent between the
two types of jobs. Figure 1 illustrates how educational and job choices and earnings depend on
wealth a when et < €. Intuitively speaking, those who have limited wealth and thus cannot
spend much on education choose a local job, because a part of the skill for the job (h;) does not

require educational spending.

1When human capital production functions exhibit diminishing marginal returns to educational spending, the
maximum level of e for each type of jobs is determined endogenously, which complicates equations determining
equilibrium significantly and, compared to the linear specification, increases the number of qualitatively distinct
cases to analyze. Further, the relationship between the distribution of wealth and realized cases becomes much more
complicated than the present setting, under which the relationship is illustrated by Figure 3 below.

12Note that the return to educational investment for national jobs is always strictly positive, because wrhn(e, s1)—
e = [wnhn(1,s1) — 1] e > wihi(0, s;) = wih; > 0 must hold for individuals choosing a national job. This implies that,
without the upper limit €, even a very wealthy individual spends her entire wealth on education.

BWhen et = €, wih; intersects with wyhy, at a = €, and those with a > € are indifferent between the two types
of jobs.
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Figure 1: Educational and job choices and earnings when education is worthwhile for all jobs and
et <e

When et <€, the aggregate human capital of workers in local and national jobs, H; and H,,

are given by

H(e™, 1) :f[)e+hl(e, s51)f(e)de and Hy(e™, s;) :fghn(e, s))f(e)de+[1 — F(e)|hn(e, s1), (5)

where e™ is determined by

wnhn(e+7 Sl) = wlhl(€+, Sl) (6)
s aHj(et,s)ha(e",s1) = (1 — a)Hy(et, s)hy(e™, s1) (from (2)). (7)

When et =€, H; and H,, are given by
Hy(mn, 50)= [y hule, s1) f(e)de+(1—mn) [1 = F(&)] hu(e, 1) (8)

and Hy (7, 81) = mp[1 — F(€)]hn (e, s1), (9)

where 7, € [0, 1] is the proportion of individuals choosing a national job among those with wealth

a > e and is equal to (from wyhy (€, s;) = wih(e, s;) and (2))

. Johule, s1) f(e)de
" {1 ’ [1—F(@)]h(e, s1) } ' (10)

3.2 When education is not worthwhile for local jobs

Next, consider the case in which education is not worthwhile, i.e., the return to educational invest-
ment is negative, for local jobs. (Education must always be worthwhile for national jobs, because
the skill for such jobs cannot be developed without education.) In this case, there exists e™ € (0, €]
satisfying w,hy(e™, s1) —et = w;h; and individuals with @ < e do not spend on education and

choose a local job. When e™ < €, those with a > e* choose a national job, whereas when e™ =€,
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Figure 2: Educational and job choices and earnings net of educational spending when education is
not worthwhile for local jobs and et < &

those with a > e™ = € are indifferent between the two types of jobs. Figure 2 illustrates how
educational and job choices and earnings net of educational spending depend on a when e™ < €.

In this case, H; and H,, when e™ <€ are given by

Hl(€+7 Sl):F(e—i_)ﬁl and HTL(€+7 Sl):fghn(ea Sl)f(e)de+[1 - F(é)]hn(éa Sl)’ (11)
where e is determined by the following equation with H; = H;(e™, s;) and H,, = H,(e™, s;):
wphn(et, s1)—et = wihy(0,8) < [wphn(1,8)—1]e™ = wh
H l1—a H «a
& aA< l) on (1—81)—1] e+:(l—a)A<> h; (from (2)). (12)
H, H

When et =€, H; and H, are given by

Hy(mn, s1)={F(e)+ 1 —m,)[1—F(e)]} h; and H, (7, s;) =mn[1—F(€)|hn(e, s;), (13)

where 7, is the solution to (12) with H; = H;(7,, s;) and Hy,, = Hy,(mp, s;).

3.3 When is education worthwhile for local jobs and when does e < & (or
et =€) hold?

So far, the individual choices and the determination of several variables are examined with the sign

of the return to education for local jobs and the magnitude relation of et to € taken as given. The

question is when education is (or is not) worthwhile for local jobs, and when et < € (or et = €)

holds. The next proposition provides the answer (see Appendix B for a fully detailed statement).

Proposition 1. Suppose that TFP, A, is not extremely low. Then,



() (a) There exist two critical values of s; € (0,1) at which the return to educational investment
for local jobs equals 0, and for s; smaller (greater) than the lower (higher) critical value, the
return is negative and individuals with wealth a < e do not spend on education, while the

return is positive and they spend e = a on education for s; between the critical values.

(b) The lower [higher] critical value of s; decreases [increases| with A (TFP), 6, and 6; (respectively,

effectiveness of education of the skill for national jobs and for local jobs).

(it) e™ < € holds if F(e) is large, and et =€ holds otherwise. When F(e) <1 — a, e™ =€ always
holds.

The first part of the proposition shows that, when the proportion of educational spending
allocated to the development of the skill for local jobs, s;, is very low or very high, the return
to educational investment for local jobs becomes negative, and those who have limited wealth
(a < e™) and thus choose a local job do not spend on education. When s; is very low, the marginal
return w;0;s; — 1 is negative because the marginal effect of e on the human capital for local jobs,
0181, is very small, which dominates high w; due to large H#; (total human capital in national jobs
relative to the one in local jobs). When s; is very high, the return is negative because wy; is very
low due to small %7, which dominates a large marginal effect of e on the human capital.'* When
s; is moderate, the return is positive and those who choose a local job spend as much as they can
on education, i.e., e = a. Increases in TFP and in effectiveness of education in skill development
widen the range of s; over which education is worthwhile for those choosing a local job, because
the wage rate or the marginal effect of educational expenditure on the human capital increase.

The result that those who choose a local job do not spend on education when s; is very low
or very high might appear implausible, since the great majority of students take some education
even in poor countries. The difference from the real economy arises because, for tractability, the
model abstracts from motives for attending school other than the investment motive, including
consumption motives (joys of studying or attending school) and social motives (pleasure of doing
what friends do, pressure from family members or the community to attend school). The result,
however, sheds light on an important source of poor academic performance of students in many
developing countries. According to the result, students from modest backgrounds have weak incen-
tive to study and thus perform poorly, either because what they learn is mostly irrelevant to future
jobs in the local or ethnic community (when s; is very low) or because their future earnings are

low due to deficient skill of workers in complementary modern sector jobs (when s; is very high).

14 Assuming a positive effect of mother tongue education [education of the skill for local jobs| on the development
of the lingua franca skill [the skill for national jobs] (footnote 9) would not affect the result qualitatively. When
s; is very small, this is because the negative return to education for local jobs of the proposition is due to a small
marginal effect of e on the skill for local jobs. When s; is very large, the negative return of the proposition is due to
low w;, which results from small % Because very large s; implies a very small weight on the education of the skill
for national jobs, it is almost certain that the direct negative effect of large s; on h,, outweighs the positive indirect
effect on h,, through the education of the skill for local jobs. Hence, %7 remains small even when the indirect effect
is taken into account.



The result shows that balanced education of the skill for national jobs and the skill for local
jobs (moderate s;) is critical for skill development of those with limited wealth. This is in line
with a general consensus among specialists on language and education that placing emphasis on
mother tongue education at least in primary education is effective for students to acquire adequate
skills (Heugh, 2011a). It is also consistent with empirical findings in economics (Angrist, Chin and
Goody, 2008; Ramachandran, 2017).15
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Figure 3: Proposition 1

The second part of the proposition states that e™ < € holds, that is, some of those who cannot
afford the optimal level of education € get a national job, if their share F'(€) is high; otherwise,
et =€ holds, that is, everyone who cannot afford € takes a local job (see Figure 3).

Figure 3 illustrates the proposition on the (s;, F'(€)) plane when foéef(e)de < (1-a)e.' When
sy is very low or very high, the return to educational investment for local jobs is negative, while the
return is positive when s; is in the intermediate region. (The lower [higher| critical s; when e™ =&,
which does not depend on F(€), is denoted by s; [§7] in the figure.) For given s;, et <€ (et =€)
holds when F(€) is relatively high (low).!” Note that et = & holds for any s; when F(¢) < 1 — a,
which is used in the later analysis.

Figure 4 summarizes how educational and job choices depend on s; and a when F(€) is high

15 Angrist, Chin and Goody (2008) analyze the effect of the policy change in Puerto Rico in 1949, in which Spanish
replaced English as the medium of instruction in secondary education, on English skills, and find that the policy
change did not lower the skills. Ramachandran (2017) finds that the educational reform in Ethiopia which introduced
mother tongue instruction in primary education has positive effects on the reading skill and education.

16\When ffef(e)de > (1 — a)e, as proved in the proof of (ii) of Proposition 1, et < € always holds when the return
is positive. When fogef(e)de = (1 — a)e, the dividing line between e* < & and e™ = € when the return is positive
equals F'(€) = 1 — a. The main results are unchanged in these cases.

1"The dividing line when the return is positive is located below the one when the return is negative on the loci for
zero return, which is proved in Claim 1 of Appendix A.

10
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Figure 4: Dependence of educational and job choices on s; and a

enough that e < € holds for not high s; (see Figure 3).!* When s; is very high or very low,
individuals who have wealth a < e’ and thus take a local job do not spend on education, while
when s; is at an intermediate level, they choose e = a. For any s;, those who have a > e™ and thus

take a national job spend e = min{a,€}.

4 Preliminary Analysis of effects of s;

This section provides a preliminary analysis of how a change in relative weights of the two types
of education affects job choices and earnings. For ease of presentation, the analysis is conducted
mostly without taking into account Proposition 1 (Figure 3), which shows that whether education
is worthwhile for local jobs or not and whether et < & or e™ = € holds depend on values of s;,
F(e), and other parameters. Based on the result in this section, the next section presents the main

results by taking into account the proposition.

4.1 Effects on job choices and wage rates

The next lemma examines the effect of s; on the variables governing job choices, i.e., e™ when

et < e and m, when et =¢e.

1 . det - dm,
Lemma 1. Whene™ <e, — >0, and whene™ =¢, — < 0.
dSl dSl
The higher the proportion of educational spending allocated to the development of the skill for
local jobs, the higher the fraction of individuals choosing a local job, i.e., % > 0 when et <€
and Cé% < 0 when e™ = €. The result can be explained as follows. For a given value of the variable
governing a job choice, i.e., e when e™ < € and 7, when e™ = €, an increase in s; weakly raises

hi(et, s;) and lowers hy(e™, s;), which induces some workers to shift from a national job to a local

+

18The line for e is upward-sloping when e™ < € because as shown in Lemma 1 below, e increases with s;.

11



job, while increased s; raises w, and lowers w; through a negative effect on the aggregate human
capital ratio %7, which induces the shift of workers in the opposite direction. When h; > 0, the
former effect dominates and thus a higher fraction of workers choose a local job.

Based on this lemma, the next lemma examines the effect of s; on wage rates.

dwy, dw
L 2. nd —
emma s, >0a dsl < 0.

When a higher proportion of spending is allocated to the development of the skill for local jobs,
the wage rate of national jobs rises and that of local jobs falls. This is because Hﬁ’; falls due to
increased (decreased) human capital of workers with a local (national) job and the shift of some

workers from a national job to a local job (Lemma 1).

4.2 Effects on earnings

Hence, an increase in s; raises (lowers) the human capital of those who choose a local (national) job
but lowers (raises) their wage rate. Which effect dominates? The following propositions examine
the effect of s; on earnings based on the lemmas. Proposition 2 examines the case in which the

return to educational investment for local jobs is negative (the outer regions of Figure 3).

Proposition 2. When s; is small or large enough that the return to educational investment for

local jobs is negative, everyone’s earnings decrease with ;.

When s; is small or large enough that the return to education for local jobs is negative, those
who choose a local job due to limited wealth (a < e™) do not spend on education (Proposition
1 (i)). The proposition shows that, under such situation, earnings of everyone decrease when a
greater proportion of educational expenditure is allocated to the development of the skill for local
jobs, i.e., the mother tongue skill. Earnings of workers with a local job decrease because their wage
rate w; falls due to lowered %7 [because of decreased human capital of those with a national job
and the shift of some workers from a national job to a local job] and their human capital remains
unchanged at the lowest level, h;. Earnings of workers with a national job fall because higher s;
lowers their human capital, which dominates a positive effect on their wage rate wy,.'*
Proposition 3 examines the case in which the return is positive and e™ = € holds (the lower-

middle region of Figure 3), assuming, for ease of presentation, that this case exists for any s;.

Proposition 3. Suppose that the return to educational investment for local jobs is positive and
Jr =
e’ =€ holds.

(1) Net earnings of workers with a national job increase (decrease) with s; for s; < (>)sj*=(1 —

hy : _ % 20
a)—aﬁ and are highest at s;=s7>.

19 Assuming a positive effect of the education of the skill for local jobs on the development of the skill for national
jobs (footnote 9) would not largely affect the qualitative result. In the model with such effect, an increase in s; raises
—L and thus w, less than the original model. Hence, earnings of workers with a national job could increase with s;
only when the effect of s; on the skill for national jobs h,, is positive. This is the case if the direct negative effect
of s; on h,, is dominated by the positive indirect effect on the skill through the education of the skill for local jobs.
However, this is very unlikely when s; is very large (footnote 14). By contrast, when s; is very small, if the indirect
effect is large and outweighs the direct effect, their earnings might increase with s;.
20 jxx —

sif=(1—-a)— oz(;’:—’g >0&e> ﬁ% is assumed thereafter.
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Figure 5: Effect of s; on earnings when the return is positive and e™ = & (Proposition 3)

(i) (a) If € < %f—g%, net earnings of workers with a local job and wealth a:e>oz(%—ll —f—E) increase
(decrease) with s; for s; <(>)s;(e) and are highest at s;=sj(e), where s;(e) <s;* and s}'(e) >

0,2! while net earnings of those with smaller wealth decrease with s;.

(b) Otherwise, net earnings of workers with a local job and an intermediate level of a(=e) decrease
with s; for s;<sj(e), increase with s; for s € (s7(e), sj(e)), and decrease with s; for s;> sj(e),

where s{'(€) <0.22 For those with large or very small a(=e), the result is same as (a).

Figure 5 (a) and (b) illustrate the proposition when e < ﬁ—g%—; and when € > %f—g% respectively.
As mentioned above, the proposition summarizes the effect of s; on earnings, assuming, for ease of
presentation, that the return is positive and e™ = € holds for any s;, although this is not true, as
shown in Proposition 1: when s; is very low or very large, the return is negative. When the main
results are presented in the next section, Proposition 1 is taken into account.

In both cases, earnings of workers with a national job (those with a > e™ = €) increase with
51 for s; < s7*, decrease with s; for s; > 57, and are highest at s; = s7*. Intuitively, a positive
expenditure on the education of the skill for local jobs maximizes earnings of workers with a national
job, because both types of jobs are complementary in production. A more precise explanation is as

follows. An increase in s; lowers their human capital h, (€, s;) but raises the wage rate w,. When

2lg¥(e) (sf(e) of (b)) is the greater (smaller) solution of —e&(s;)? + (1—Q)E—(1+O‘)% est +
o8 +5) 1 3 -0 0

[e% l:1L+E
22To be precise, when a=e € ( (6‘ ) }ma(lgll-i-e)) .

5 _ h
1+T@lﬁ [(l—a)e—(l—ka)%f
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sy is low (high), the latter effect dominates (is dominated by) the former effect mainly because the
ratio of human capital in local jobs to the one in national jobs, %’ is low (high) and thus the
marginal effect of increased Hifl on wy, is large (small) [see (2)].23

The effect of s; on earnings of workers with a local job (those with a < et = €) is different
depending on the level of a(= e) and in (a) and (b). First, consider case (a) € < ﬁ—z%—; When
the level of wealth is high enough that a = e > a(% + é) , earnings increase (decrease) with s; for
51 < (>)s;(e) and are highest at s; = sj(e), where sj(e) < sj* and s}’(e) > 0. The shape of the
graph is similar to that of earnings of workers with a national job. As e(= a) increases, the graph
shifts upward and sj(e) increases. By contrast, when a = e < a(%—; + E), earnings decrease with s;
for any s; and thus are highest at s; = 0. That is, although higher s; means a higher proportion
of expenditure allocated to the education of the skill for local jobs, no allocation to the education
maximizes earnings of workers with little wealth, who choose a local job.

An increase in s; raises human capital hy(e, s;) but lowers wage rate w; of workers with a local
job. When s; is low (high), the former effect tends to dominate (be dominated by) the latter effect,
mainly because %7 is relatively high (low) and thus the marginal effect of decreased %7 on wy is
small (large). Further, the positive effect through human capital increases with e, because one
with greater wealth and thus educational spending benefits more from the increased weight on the
education of the skill useful for local jobs. Hence, earnings of a worker with a local job increase
(decrease) with s; for small (large) s; and earning-maximizing s;, sj(e), increases with e, when she
has relatively large wealth. By contrast, when she has limited wealth to spend on education, the
positive effect through human capital is small and is dominated by the negative effect through the
wage rate even at s; = 0, thus earnings are highest at s; = 0.

In case (b) e > %%>

but, for the intermediate range of a, earnings of workers with a local job decrease with s; for

the result is similar to case (a) for large a and for very small a,

51 < s7(e)(sy'(e) < 0), increase with s; for s; € (s} (e), sf(e)), and decrease with s; for higher s;.
Finally, the case in which the return to education for local jobs is positive and et < € holds
(the upper-middle region of Figure 3) is considered. Here, only the main result is presented and
the details are relegated to Section A.1 of Appendix A. Unlike the previous cases, analytical results
cannot be obtained for some ranges of s; and as for earnings of workers with a local job, a(= e).
However, the analytical result in the appendix and numerical simulations suggest that results for
workers with a local job are qualitatively the same as the case e™ = €. Results for workers with a
national job too are qualitatively unchanged unless the proportion of those with limited wealth is

very high, in which case their earnings decrease with s; for any s;.2* Figure 6 presents a numerical

23 Assuming a positive effect of the education of the skill for local jobs on the development of the skill for national
jobs would not affect the result qualitatively. As explained in footnote 19, when s; is large, it is almost certain that
the effect of s; on h,, remains negative and thus the result does not change. When s; is small, an increase in s; raises
hy, if the positive indirect effect of s; on h, through the education of the skill for local jobs outweighs the negative
direct effect. Even if this is the case, it is almost certain that the effect of s; on g—: and thus w, remains positive or
is small negative, because an increase in s; also raises h;. Hence, the result would not change when s; is small also.

24 In this case, numerical simulations suggest that w;h; for a = e < e (i.e., earnings of those who actually choose

a local job) too decreases with s;. These results indicate that earnings of all workers decrease with s; when a large
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Figure 6: Effect of s; on earnings when the return is positive and e™ < &

example of the relationship between s; and earnings of workers with a local job when a(= e) is

large, small, and very small (in (b) only), and of workers with a national job.??

5 Main Results

The previous section examines the effects of s; on earnings for the three cases separately by assuming
that the economy is in a particular case for any s;. Proposition 1 (Figure 3) in Section 3, however,
shows that which of the cases is realized depends on s; and other parameters. By taking into
account Proposition 1 as well as the results in the previous section, this section analyzes the effects
of s; on earnings net of educational spending. The effects on net earnings rather than gross earnings
are examined now because educational spending of an individual could differ depending on which

case is realized (thus the value of s;).

5.1 When F(e) <1-a

proportion of people have limited wealth for education.
?In both (a) and (b), a = 0.5, h; = 6,/8 = 0.5, the distribution of wealth follows truncated log normal with
maximum 100, mean 6 and variance 10, and a = e = € for the earning profile for national jobs. In (a), § = 0.25,€ = 6,

A = 30, and the value of e of the profile for local jobs is 1.1a (%—Il + E) = 4.4 when e is large and 0.4A(€) = 1.6 when
o5 +2)
1+ [(1—a)e—(1+a) £

e is small, where A(e) = >, while in (b), § = 1, € = 10, A = 10, and values of e of the profile

when e is large, small, and very small are respectively « (% + E) = 5.25, 0.87A(€) = 2.4, and 0.1A(e) = 0.2759.
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The next proposition examines the effects of s; on net earnings when the share of individuals facing
the wealth constraint on educational investment is low enough that F'(€) < 1 — « holds, in which
case et = € always holds (see Figure 3). Appendix B presents a fully detailed statement of the
proposition.

Proposition 4.26 Suppose that F(e) < 1 — a and thus e™ =& hold.

(¢) If A, 6p, or 6y is small enough that s; > s;*, net earnings of all workers decrease with 5127
(13) Otherwise,

(a) Net earnings of workers with a national job decrease with s; for s; < s;, increase with s; for
51 € (81,57), and decrease with s; for s; > s;*. The net earnings are maximized at s; = s;*
when A, b,, and & are sufficiently large.

(b) Net earnings of workers with a local job and wealth above a certain level decrease with s; for
s; < max{sy, sj(e)}, increase with s; for s; € (max{s, sj(e)},sj(e)), and decrease with s; for
51 > sj(e), while net earnings of workers with wealth below the threshold decrease with s; for
any s;. Net earnings of the former workers with wealth a = e are mazimized at s; = sf(e),
when A, bn, and & are sufficiently large.

(c) s1 in (a), max{s;, s;(e)} and the threshold wealth in (b) decrease with A, 6y, and 6.

The first part of the proposition shows that, if A, é,, or §; is small, net earnings of all workers
decrease with s; for any s;. This implies that allocating educational spending completely to the
education of the skill for national jobs, i.e., lingua franca education, maximizes net earnings of
everyone, when TFP is low or education is not effective in skill development.

The result can be explained as follows. Proposition 2 in the previous section shows that, when
51 is low or high enough that the return to education for local jobs is negative, i.e., s; < s; or 5; > 5,
net earnings of everyone decrease with s;. Proposition 3 shows that, when s; is in the intermediate
range and thus the return is positive, net earnings of those with wealth below a threshold decrease
with s;, while net earnings of wealthier individuals increase (decrease) with small (large) s; and
are highest at intermediate s, i.e., s;* or s7(e). When TFP is low or education is not effective, the
return to education is low for given s;. Hence, the return to education for local jobs is negative for a
wide range of s;, i.e., s; is large and 57 is small. Thus, the range of s; for which the return is positive

and net earnings of the wealthier increase with s; becomes ineffective, i.e., s; > s7*(> sf(e)).?®

26 As used in Figure 3, s; (37) is the lower (higher) critical level of s; at which the return to education for workers
with a local job is 0 when e™ =&.

275, decreases with A, 8,, and & from Proposition 1 (i)(b) and s;* = (1 — a) — a%.

28The most important and perhaps surprising results of the paper would be (i) and the result for individuals with
little wealth of (ii)(b) of the proposition, and the corresponding results for the case et < & below (Proposition 6).
Assuming a positive effect of mother tongue education [education of the skill for local jobs] on the development of
the lingua franca skill [the skill for national jobs] (footnote 9) would hardly affect the results. The result for those
with little wealth is clearly not affected, because they choose a local job. As the explanation of the result in the main
text suggests, (i) of the proposition relies on Propositions 1—3, in particular, the results that the return to education
for local jobs is negative (positive) for s; < s; and s; > 5 (for s; € (s1,57)), net earnings decrease with s; when the
return is negative and when the return is positive and s; is large. Footnotes 14, 19, and 23 show that assuming
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By contrast, if A, 6,, and §; are not small, net earnings of those with wealth above a certain
level, who choose a national job or a local job depending on wealth and s;, decrease with s; for
small s;, increase with s; for intermediate s;, and decrease with s; again for large s;. This result
could be understood from Proposition 2 and Figure 5 (Proposition 3). Either an intermediate level
of s; (s;* for those with a national job and sj(e) for those with a local job and a =€) or 5; = 0
maximizes their net earnings, and when TFP and the effectivness of education are sufficiently high,
allocating the expenditure to both types of education is economically optimal for them.

Finally, net earnings of those with wealth below the threshold, who choose a local job, decrease
with s; for any s;. Hence, their net earnings are maximized at s; = 0 regardless of the level of
TFP and the effectiveness of education. A greater emphasis on the education useful for their jobs
lowers the earnings, because a positive effect of higher s; on their human capital is small due to
their limited educational spending and is dominated by a negative effect on the wage rate of local
jobs due to decreased human capital in complementary national jobs. What is crucial for this
result is the assumption that human capital for local jobs, i.e., the mother tongue skill, is positive
without education, i.e., iy > 0. If h; = 0, net earnings of everyone increase (decrease) with s; for
s; < (>)1 — a when the return to education for a local job is positive. The assumption makes the
negative effect of higher s; on earnings through decreased w; greater relative to the positive effect
through increased h; for those with very small wealth.

The last part of the proposition shows that as A, 6,, and §; increase, the wealth threshold
falls and the range of s; over which net earnings of those with wealth above the threshold increase
with s; expands. The result implies that higher TFP and more effective education make a higher
proportion of people benefit from the balanced education.

The first result implies that, if TFP or the effectiveness of education is low, dual education lowers
net earnings of workers irrespective of their wealth. This can be seen clearly by considering the

case in which everyone has enough wealth to make optimal educational investment, i.e., F'(€) = 0.
Corollary 1. Suppose that everyone has wealth greater than €, i.e., F(e) = 0.

(¢) If A, 6p, or 6y is small enough that s; > s;*, net earnings of all individuals decrease with s;.

(i1) Otherwise, net earnings of all individuals decrease with s; for s; < s, increase with s; for
51 € (s1,87%), and decrease with s; for s; > s;*. Their net earnings are maximized at s; = s7*

when A, bn, or O; are sufficiently large.

Without the wealth constraint, if A, 6,, or §; are large enough, a balanced allocation of expen-
diture to both types of education (s; = sj*) maximizes net earnings of everyone, but if not, the

full allocation to the education of the skill for national jobs remains economically optimal for all.

the complementarity in skill development would not affect these results qualitatively, except that net earnings of
workers with a national job might increase with s; if s; < s; and the positive indirect effect of s; on h, through the
education of the skill for local jobs is large and outweighs the negative direct effect. If this is the case, their net
earnings increase with s; for very small s; and decrease with s; for greater s; when A, 6, or §; is small.
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5.2 When F(e) >1—a

When the proportion of those whose educational investment is constrained by wealth is high enough
that F(€) > 1 — « holds, e™ < € as well as e™ = € could happen depending on levels of s; and
other parameters (see Figure 3). When e™ = €, Proposition 4 applies. When e™ < €, Proposition
6 of Appendix A presents analytical results. The results are mostly similar to the case e™ = €,
although unlike before, the proposition does not cover intermediate ranges of A, 6,, 6;, and a and
as for one result, some ranges of 5;.2° As when e™ = €, the full allocation of expenditure to the
education of the skill for national jobs, i.e., lingua franca education, is economically optimal for
those with little wealth, and when TFP or the effectiveness of education in skill development is
low, for everyone; while when TFP or the effectiveness of education is high, the balanced education
maximizes net earnings of those with sufficient wealth.

When the proportion of wealth-constrained individuals is very high, however, the result is
qualitatively different from the case e™ = €. In this case, an analytical result for those with a
national job (Proposition 5 (i)(a) of Appendix A) and numerical simulations for those with a local

job suggest that net earnings of everyone are highest under lingua-franca-only education.

5.3 Policy and other implications

This section discusses policy and other implications of the above results.

5.3.1 Conflict between educational and economic outcomes of bilingual education

As mentioned in Section 3.3, a general consensus among specialists on language and education
is that using mother tongues at least in primary education is effective for students to acquire
adequate skills (Heugh, 2011a), and empirical studies in economics (Angrist, Chin and Goody,
2008; Ramachandran, 2017) find that the introduction of mother tongue education has a positive
effect on academic skills and education. Consistent with them, Proposition 1 implies that balanced
education of lingua franca and mother tongue skills (moderate s;) is critical for skill development
of those who choose a local job due to limited wealth.

The results in the previous sections, however, show that the advantage of the balanced ed-
ucation in skill development does not necessarily translate into high economic returns of such
education. Earnings net of educational spending of those with little wealth decrease with s; and
thus lingua-franca-only education brings the highest return to them.?® Further, when educational
and technological conditions of a country are poor, i.e., the level of TFP is low or the effective-

ness of education in skill development is low, net earnings of everyone decrease with s; and such

29Unlike the case e™ = €, net earnings change discontinuously when the return to educational investment for local
jobs turns from negative to positive or the other way around with a change in s;. This is because Z2 changes
+

H,
discontinuously with the discontinuous change in educational spending by the poor. When e™ = € (Proposition 4),
by contrast, net earnings change continuously because a discontinuous change in 7, (the proportion of workers with
a national job among those with a > et = €) makes the change of Z’l‘ continuous.

30To be precise, when e < €, their net earnings decrease with s; except at the higher s; such that the return to
education for local jobs is 0. The net earnings, however, are always highest at s; = 0. A similar caveat applies to the

next sentence as well.
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education is best for all in terms of the economic outcome. In the real economy, these conditions
tend to be related to the level of economic and social development of a country. Hence, the result
suggests that if the level of development is reasonably high, the balanced education is economically
desirable except for the very poor; otherwise, lingua-franca-only education is desirable in terms
of the economic outcome. Consistent with this implication, Angrist and Lavy (1997) find a sig-
nificant increase in the weight on mother tongue education lowers wages in a developing country,
Morocco.3!

These results imply that a trade-off between educational and economic outcomes exists for those
with little wealth and when the educational and technological conditions are poor, for all: under
lingua-franca-only (balanced bilingual) education, their net earnings are highest (low) but their
mother tongue skill, which is an essential skill in daily life even for those with a national job, is
lowest (high).

The results also imply that improved academic performance of students after the expansion of
mother tongue education s not necessarily a proof that the greater emphasis on the education is
desirable. When the initial situation is such that the return to educational investment for local
jobs is negative due to very low s;, the government can turn the return to positive by raising s;
appropriately, and can boost educational investment (from 0 to a) of those who have limited wealth
and end up in a local job. The policy change succeeds in raising their skill. However, it always
lowers net earnings of the very poor (it could raise their gross earnings), and when educational

and technological conditions of a country are not good, lowers net earnings of others also.

5.3.2 Socially desirable policies

Then, what kind of policies should be implemented when both educational and economic outcomes
are taken into account? Suppose that the government chooses the education policy s; along with
a redistributive policy (tuition subsidy or income transfer) financed by lump-sum tax to maximize
a social welfare function that depends on both the educational outcome (the mother tongue skill
h;) and the economic outcome (consumption, which equals the sum of net earnings, wealth, and,
if any, means-tested transfer minus tax) of individuals.3?

The above results suggest that, when educational and technological conditions of a country are
good (i.e, TFP is reasonably high and education is reasonably effective), the welfare-maximizing
government implements balanced bilingual education together with a redistributive policy that en-

ables those with little wealth to expend sufficiently on education.?® Redistribution toward the

31 Angrist and Lavy (1997) find that replacing French (the common language in the modern sector of the economy
even after the reform) with Arabic as the medium of instruction in post-primary education greatly lowered returns
to schooling in Morocco.

32The educational outcome is measured by the mother tongue skill because, as mentioned above, it is an essential
skill in daily life even for individuals with a national job.

33The mother tongue skill h; = h;, + & ;e is maximized at s; very slightly less than 37 or 5;(f) (5i(f) denotes
the higher s; such that the return to education for local jobs is 0 when et < €) for those choosing a local job
from Proposition 1 (i)(a) and at s; = 1 for those choosing a national job. Without redistribution, consumption is
maximized at s; = 0 for the very poor and at some s; € (s1,57) or (si(f),5i(f)) , whose value differs depending on e
and thus a, for others from Proposition 4 (ii) and Proposition 6 (ii) and (iii) in Appendix A. A redistributive policy
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wealth-constrained very poor is socially desirable because the policy not only raises their consump-
tion significantly but also makes it higher under the balanced education, which also brings good
economic outcomes to the wealthier and good educational outcomes to all.

By contrast, when the educational and technological conditions are not good, the policy tools
cannot bring good educational and economic outcomes to everyone: the trade-off between the two
outcomes exists for all and as Corollary 1 shows, redistributive policies cannot change it. Then,
the government that balances the educational outcome against the economic one would choose
bilingual education with a smaller (but not too small) weight on mother tongue education than
under the more favorable conditions, e.g., s; slightly greater than s; when e™ = €, together with
redistribution toward the very poor.?* Such a policy achieves the better educational outcome than
lingua-franca-only education at the relatively small loss of consumption.

Proposition 2 also implies that bilingual education with a very small weight on mother tongue
education, e.g., s; < s; when et = €, is worse than lingua-franca-only education: net earnings of
everyone are lower than and mother tongue skills of those who have limited wealth and thus choose
a local job are as low as under the latter education.

Note that the model does not take into account possibly important effects of the choice of lan-
guages in education. Mother tongue education would raise the ethnic language skill and contribute
to the accumulation of social capital in the local ethnic community. It might also stimulate polit-
ical participation and increase support for democracy (Albaugh, 2016). Lingua franca education,
on the other hand, would help people identify with the nation and contribute to national unity
and stability in an ethnically diverse society. It might also reduce linguistic diversity and promote
public goods provision and economic growth (Desmet, Ortuno-Ortin, and Wacziarg, 2012). Policy
implementation in the actual society needs to take into account these effects as well as the skill
and earnings effects considered in the model.

Finally, the result that the redistributive policies are essential for the very poor to benefit
economically from the balanced education gives another justification for governmental support of
basic education, in addition to usual rationales based on positive externality, human rights, and so

on, in multilingual countries.

that, at the expense of the rich, induces the wealth-constrained very poor to spend sufficiently more on education not
only raises their consumption significantly for given s; (the increase is greater than the magnitude of consumption
decrease of the unconstrained rich) but also makes it highest at an intermediate s;. Hence, the education policy with
some s; € (s1,51) or (si(f),si(f)) together with such a redistributive policy would maximize social welfare.

34 As mentioned in footnote 33, the mother tongue skill h; is highest at s; very slightly less than 37 or 57(f) for those
choosing a local job, i.e., the poor, and at s; = 1 for those choosing a national job. At the same time, unlike when
the conditions are good, consumption of everyone decreases with s; and is highest at s; = 0. Hence, the welfare-
maximizing s; is smaller than under the better conditions. Further, unless the weight on the educational outcome
and the one on the poor in the social welfare function are small, social welfare would be higher when e > 0 holds
for the poor and s; is relatively close to 0, e.g., s; slightly greater than s; (s;(f)) when et = (<)e. Redistribution
toward the very poor raises social welfare because as mentioned in footnote 33, an increase in their consumption is
greater than the magnitude of consumption decrease of the rich.
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6 Conclusion

In many developing countries, people use their mother tongue in daily life and in local business,
but use the language of the former colonizer as the lingua franca in national business and in
communications with other ethnic groups. How much weight should be placed on teaching one’s
mother tongue and teaching the lingua franca and which language should be used as a language of
instruction of other subjects are critical issues in these countries.

Specialists on language and education generally stress the importance of mother tongue edu-
cation, at least in primary education, for skill development. By contrast, we know very little what
is a desirable combination of mother tongue and lingua franca education in terms of earnings and
what kind of policies should be conducted when both educational and economic outcomes are taken
into account.

This paper has developed a simple model to examine these issues. It is shown that balanced
education of the two languages is critical for skill development of students with limited wealth
for education. It is also found that balanced bilingual education yields higher earnings net of
educational expenditure than lingua-franca-only education only when the country has favorable
educational and technological conditions, i.e., productivity is reasonably high and education is
reasonably effective in skill development, and only for those with sufficient wealth. This implies
that a trade-off between educational and economic outcomes exists for those with little wealth and
under unfavorable conditions, for everyone.

Main policy implications are as follows. When educational and technological conditions of a
country are favorable, the government that takes into account both educational and economic out-
comes of individuals would implement balanced bilingual education together with a redistributive
policy that enables those with little wealth to expend sufficiently on education. By contrast, when
the conditions are not good, the welfare-maximizing government would choose bilingual educa-
tion with a smaller (but not too small) weight on mother tongue education than under the more

favorable conditions (together with redistribution toward the very poor).
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Appendix A: Analysis of the effect of s; on earnings when e™ <e

This appendix examines in detail the effect of s; on earnings when et < .
A.1 When the return to education for local jobs is constrained to be positive

First, as in Section 4.2, the effect is examined under the assumption that the return to educational
investment for local jobs is positive for any s;. The next proposition summarizes analytical results,
based on Proposition Al in Appendix B, which presents a fully detailed statement. This proposition
is the counterpart of Proposition 3 when e = €. In the proposition, symbol e™ (s;) is used to signify

the dependence of e™ on s; (e*’(s;) > 0 from Lemma 1).

Proposition 5. Suppose that the return to education for local jobs is positive and e™ < € holds.
(i) (a) If the proportion of those with limited wealth is high enough that e*(0) < 1% ;” holds,

d(wnhn
(le) < 0 for any s;.

(b) Otherwise, d(qz’;h") > (<) 0 for small (large) s;. s; maximizing wphy, is smaller than s;*, the

critical s; when e™ = €.

(ii) (a) Ife< = Lol (ziéli”) > (<) 0 for small (large) s; when a(= e) is large, while (w’hl <0 for
any s; when a(= e) is small. In the former case, s; maximizing wih; is greater than sl( e), the
+_3

critical s; when e e.

(b) Otherwise, d(zji;lhl) 18 negative for small s;, positive for middle s;, and negative for large s
when a(= e) is intermediate, while when it is small and large, results are similar to (a). In
the former case, s; maximizing (minimizing) wih; is greater (smaller) than sy(e) (s7(e)), the
critical s; when e™ = €.

d(wzhl)

(¢) The mazimum a(= e) such that < 0 holds for any s; is lower than when e = €.

As shown in Proposition Al in Appendix B, unlike the case et = €, analytical results cannot
be obtained for some ranges of s; and as for wih;, a(= e). However, the above proposition and

numerical simulations suggest that results for workers with a local job are qualitatively the same as

the case e” =€ : when e < 112 %l , wyhy increases (decreases) with s; for small (large) s; when a(= e)
is large, and w;h; decreases with s; for any s; when it is small; when € > Hg %’, wih; decreases
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with s; for small s;, increases with s; for middle s;, and decreases with s; for large s; when a(= e)
is intermediate, while the results when it is large and small are similar to the previous case. As
for the relationship between s; maximizing w;h; and a(= ¢), unlike the case e™ =€, an analytical
result is not obtained but numerical simulations suggest that the relationship is positive as before.

There exist minor differences from the case et = €. First, s; maximizing earnings of workers
with a local job and a above the threshold is greater than s} (e), the critical s; when e™ = €. Second,
the maximum level of a(= e) such that the earnings decrease with s; for any s; (and thus s; = 0
maximizes the earnings) is lower than when e™ = €. From Proposition 1, for given s;, e™ < (=)e
holds when F'(€) is relatively large (small). Hence, these results suggest that individuals choosing
a local job are more likely to benefit from the education of the skill useful in their future jobs when
the share of those who face the wealth constraint on educational investment, including themselves,
is high, i.e., e < €, than when the share of such individuals is low, i.e., et = &.

Results for workers with a national job are also similar to the case et = €, but some differences
exist. First, if the proportion of those with limited wealth is high enough that e™(0) < ﬁ%—;, Wphy
decreases with s; for any s;. Numerical simulations suggest that w;h; of those who actually choose
a local job (i.e., those with a < e (s;)) also decreases with s; in this case. These results indicate

that earnings of all workers decrease with s; when a large proportion of people have limited wealth

_a
1—a 6,0

Hence, in contrast to workers with a local job, workers who have abundant wealth to choose a

for education. Second, when et (0) > $; maximizing wyhy, is smaller than s}* when et =e.
national job are less likely to benefit from the education of the skill for local jobs when e™ < €

than when et = e.

A.2 When the return to education for local jobs is endogenous

Now, as in Section 5, the effects of s; on earnings net of educational spending is examined by
taking into account the fact that whether the return to education for local jobs is positive or not is
endogenously determined, drawing on Propositions 1 and 2 as well as Proposition 5. The following
proposition is the counterpart of Proposition 4 when et = €. Note that unlike when et = €, the
proposition does not cover intermediate ranges of A, 6,, 6;, and a and as for (iii) of the proposition,
some ranges of s;. In what follows, s;(f) (51(f)) denotes the lower (higher) s; such that the return
to education for local jobs is 0 when et < €. (" f” is to indicate the dependence of their values on
the distribution of wealth.) Appendix B provides a fully detailed statement of the proposition.
Proposition 6. Suppose that e™ < € holds.
(i) When A, 6,, or &, is small, net earnings of all workers decrease with s; except at s; = si(f),
s; = 51(f), or both, where they increase discontinuously.3®
s =0 if A, b, or & is sufficiently small.

35 Net earnings of workers who have abundant wealth and thus choose a national job for any s;, ie., a >
min{e® (1),€}, decrease with s; except at s; = s;(f); net earnings of workers who have limited wealth and thus
choose a local job for any s;, i.e., a < e*(0), decrease with s; except at s; = 57(f); and net earnings of workers who
choose a national (local) job when s, is small (large) decrease with s, except at either s, = s,(f), s; = 51(f), or both.

The net earnings are mazximized at
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(1) Those with wealth below a certain level choose a local job for any s;. Their net earnings decrease

with s; except at s; = 51(f), where they increase discontinuously, and are maximized at s; = 0.

(tit) When A, by, and &; are not small, net earnings of those with wealth greater than a certain level
decrease with s; for small s;, increase with s; for middle s;, and decrease with s; for large s;.
When &; is sufficiently large, their net earnings are mazimized at s; € (si(f),si(f)).>

The first part of the proposition shows that, if A, §,, or ¢ is small, net earnings of everyone
decrease with s; except at either s; = 5;(f), s; = 5;(f), or both, where, differently from the case
et = €, they increase discontinuously. But, as before, net earnings are highest at s; = 0 if A4,
bn, or 6; is sufficiently small. The second part shows that irrespective of values of A, é,, and &,
net earnings of those with little wealth decrease with s; except at s; = §;(f), where, unlike when
et = e, the earnings increase discontinuously, but as before, are highest at s; = 0. The last part
shows that, when A and §, are not small and §; is sufficiently large, net earnings of those with
sufficient wealth are highest at s; € (s;(f),51(f)).

Appendix B: More precise statements for several propositions and
a claim

This appendix presents more precise statements for Proposition 1 in Section 3.3, Proposition 4 in
Section 5, and Propositions 5 and 6 in Appendix A. The appendix also presents Claim 1 that is

used for drawing Figure 3 in Section 2.

(0%
Proposition 1. Suppose that A is not extremely low so that w;é;s1—1 = (1—a)A {%% b181—

1>0 at s; satisfying Ql{(l —si—as)ly Fle)+[1—s —a)&lslfoezf(e)de}—i—%[(l —si—as)hy+1—s;—a)s;6et]
xhy(et, s1)etflet) =0 when et < @37 Then,

(i) (a) There exist two critical values of s; € (0,1) at which the return to educational investment for
local jobs equals 0, and for s; smaller (greater) than the lower (higher) critical value, the return
is negative and individuals with wealth a < e* do not spend on education, while the return is

positive and they spend e = a on education for s; between the critical values.

(b) The lower [higher] critical value of s; decreases [increases| with A (TFP), 6, and é; (respectively,
effectiveness of education of the skill for national jobs and for local jobs).
(ii) When s; is small or large enough that the return to educational investment for local jobs is nega-

. 1—
tive, et < (=)e holds iff F(€) is large (small) enough that [F(EI;}S[);_(;Z;})PQA((STZO — 1)) (%) “s

h;+81s foeef(e)de

Bt (i—a)e " When

(<)1. When the return is positive, et < (=)e holds iff F(e) > (<)1 —
F(e) <1—a, e =€ always holds.

36Gimilar to (i), net earnings increase or decrease discontinuously at s; = s;(f) and s; = 57(f). See Lemma A4 in
the proof of the proposition for details on the directions of change.
37e* does not depend on A.
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Proposition 4 . Suppose that F(e) <1 — « and thus e™ =€ hold.

(¢) If A, Op, or & is small enough that s; > s7*, net earnings of all workers decrease with 5.8

(73) Otherwise,
(a) Net earnings of workers with a national job decrease with s; for s; < si, increase with s; for
s1 € (s, 8]%), and decrease with s; for s; > s7*. The net earnings are mazimized at s; = s7* when

l—« 11—«
A, b,, and b; are large enough that [(1;2‘1)2} a(l + %) (6;) - <{F(e)+7(ri[1”}[(16)]5(6)]%> 39

(b) Net earnings of workers with a local job and wealth above a certain level decrease with s; for
s; < max{sy, sj(e)}, increase with s; for s; € (max{s, sj(e)},sj(e)), and decrease with s; for
51 > s} (e), while net earnings of workers with wealth below the threshold decrease with s; for any

s1. The threshold equals e satisfying s} (e) = s if € < th—ll and if € > 1+0‘]g—ll and s7(A(e)) < s,

+
where A(e) = (51 e) 5, otherwise, it equals A(€). Net earnings of the former
1+6—l,{(17a)57(1+a)2}
4he &

workers with wealth a = e are mazimized at s; = sy (e), when A, 6,, and &, are large enough

* o _ — 11—«
that A (6,2)° {(1—a) ["“%gf”] (@l+5ls;(e)é)1—a—a({F@)*ﬁnffﬂgf <‘f”}ﬁl) } te—e>0.

(¢) s1 in (a), max{s;, sj(e)} and the threshold wealth in (b) decrease with A, 6, and 6.

Proposition 6 . Suppose that e™ < € holds.

(1) When A, 6y, or & is small enough that either et (0) < laa% or si(f) > 8? (slﬁ satisfies 5] =
(1—a) —046%7’”)) and s;(f) > s, (€) hold,* net earnings of all workers decrease with s; except

et (s — )
at s = s1(f), si = 31(f), or both, where they increase discontinuously.*’ The net earnings are

11—« l—a
mazimized at s; = 0 if A, bn, or & is small enough that ( ~ #%) > [(1—04)2/161]704.

(ii) Those with wealth below a certain level choose a local job for any s;. The threshold wealth equals
min{eJr (0), a[%—ll—i-E(e]e < e*(O))}} when E(ele<e™(0)) < }f—g%—; and equals min{e™ (0),Q(e™(0))}

a( 5 +E(ele<e (0)
e T
net earnings decrease with s; except at s; = 5;(f), where they increase discontinuously, and are

. Their

when E(ele<e™(0)) > if—g%—;, where Q(e™(0)) =

maximized at s; = 0.

(111) When A, 6, and &; are large enough that et (0) > < —aé—, E(ele<e™(0)) > amax {ﬁ%—l’, e;:r(g)} :
hy

81 E(ele<et(s?)) )’

and mln{sl,slh( e)} > si(f) (s satisfies s; = (1—a)—a net earnings of those

by
o€

39The LHS increases with § and the RHS decreases with A and §,, because 7, 1nclreases with them

“ONote that e™(0) does not depend on A, §,, and &, si(f) decreases with these variables, and Sz increases with ;.
51, (e) is defined in Proposition A1 (ii)(a) and si(f) > s,%, () holds when A, é,, and & are small.

4INet earnings of workers who have abundant wealth and thus choose a national job for any s;, ie., a >
min{e™ (1),€}, decrease with s; except at s; = s;(f); net earnings of workers who have limited wealth and thus
choose a local job for any s;, i.e., a < e*(0), decrease with s; except at s; = 57(f); and net earnings of workers who
choose a national (local) job when s; is small (large) decrease with s; except at either s; = si(f), si = 5i(f), or both.

*x —

385, decreases with A, &,, and & from Proposition 1 (i)(b) and s;* = (1 — a) — «
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with wealth greater than max {a(%ll —i—e*(O)) ,A(é)} decrease with s; for small s;, increase with
l1—a
s; for middle s;, and decrease with s; for large s;.4> When & is large enough that (e%(lo)> <

(M) B (1—s0)® for those with a national job and (1—a)A <6nﬁ>a{(ae)a[hl+6l (1—a)el'~@

€

—ET(0)*(h) " —e > 0 for those with a local job and wealth a = e, their net earnings are

mazimized at s; € (si(f),s1(f)). 4344

The following proposition presents more precise results for Proposition 5. Note that except
(i)(a) of the proposition, conditions are sufficient but not necessary. Proofs of the proposition and
the claim below are contained in Appendix D posted on the author’s webpage (http://www.econ.kyoto-

u.ac.jp/ yuki/english.html).
Proposition A1l. Suppose that the return to education for local jobs is positive and e™ < € holds.

() (a) If eT(0) < La%, which is true when the proportion of individuals with limited wealth is

high, M < 0 for any s;.

(b) Otherwise, dwnhn) g for g > 8?, where 5? € (0, s7*) satisfies sljj =(l-a)—« b and when

dsl 5le+(s?)’
e (0)
d
E(e|e<e+(0))z% > max {ﬁ%—l’, afif)}, d(uc’l’;lh”) >0 for s; < s}, where s} € (0, sl)
. h
satisfies s = (1 — ) — QWM'

oo e)) when 6>max{ (gll —l—e+(0)>,A(E)} ,

A
d(giélhl) < 0 for s; > slvh(e) when e > max{ [ E(ele<et (0 ))] Q(é)} (Q(e) < A(e)), and

d(‘;f;l’bl) < 0 for any s; when e < a[*l—{—E( le<e™ (0 ))] where SlAh( ) is the greater solution

of L(s;) = —ee™(s1)s? + [(1—0[)6+( - (1+a)5 }esl—i-[ (gfll—i—e (Sl))—ﬁ—e}% =0 and A(e) =

(if) () [fe< el 40l 50 for 5 <7 (e) € (s7(e), s

a Q—i—é
. ( ) —, while s)’,(e) is the greater solution of M(s;) = 0, where M(s;) equals
lJr@llE [(1*0&)6 (14a) ll] ’
L(s;) with et (s;) replaced with E(ele < e™(s;)), and Q(e) equals A(e) with € replaced with

E(ele < e).
(b) Otherwise, d(wlhl >0 for s € {max{() s, l( )},sfh(e)} when e > max {a(%—l’ +e+(0)>,A(E)},45
(wlhl) <0 for s;<max{0, s l( e)} and s Zslyh(e) when e>max {a [%zl +E(e|e<e+(0))] , Q(E)} 46

*2Note that s} increases with &, s;(f) decreases with A, &,, and &, and sfh(e) is defined in Proposition A1 (ii)(a)
and does not depend on A, é,, and §;.

43The RHS of the first condition increases with s} that increases with 6; and the expression inside the curly bracket
of the second condition is large positive when §; is sufficiently large.

“4Similar to (i), net earnings increase or decrease discontinuously at s; = s;(f) and s; = 57(f). See Lemma A4 in
the proof of the proposition for details on the directions of change.

453lAl( ) < 0 when eZa(%—lUrE) .

*5Y(e) < 0 when e > a[%—l’+E(e|e<E)] and when E(ele <€) < if—z%—l’ sph(e) < s, Sle) < sfh(e) < 8,(e) and
Q(e) < A(e) hold.
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and (w’hl) < 0 for any s; when e < Q(et(0)) and when E(ele < e (0)) < Mol yng e <
oa[g—lH-E( |e<e+(0))}, where 31%( ) (SE( e)) is the smaller solution of L(s;)=0 (M (s;)=0).

Claim 1. Suppose fogef(e)de € (0, (1 —a)e]. As illustrated in Figure 3, on the (s;, F'(€)) plane, the
dividing line between et < € and e™ = € when the return to educational investment for local jobs

18 positive is located below the dividing line when the return is negative on the loci for zero return.

Appendix C: Proofs of Lemmas and Propositions (Possibly online

publication)

Proof of Proposition 1. (i)(a) Suppose that education is worthwhile for local jobs. Consider
case et < € first. From (2)—(4) and (7), the marginal return to education for local jobs when

et < € equals

(67475 €+,S o o S
Wi —1 = (1—04)14[%] Sis1— 1= (1—a)A[(1§)((,}”—+gl{w)] Si51— (14)

In the above equation,

d(%%) (@l+6lsle+)( Spet +6,(1— sl)de+) On(l—s)e (5le++6lsl d51>
ds; - (hy+ 65167
— (y+6e)bpe™ +hy6,(1— sl)d6+
a (hy+6y516+F

where the numerator equals, from (37) in the proof of Lemma 1 below,
§le+{( ) fe+ef(e)de+—[1 F(e e}ﬂfo ef(e }
fe+ef(e)de-H1—F(E)]€}+hz(e+,81)e+f(e+)
— b sre [ ef >de+u—F<*>r} +h(e, sl>e+f<e+>}
1811 = s)ly {1~ )|[7 ef (e)de+[1~ F(@)]e| —afy f (e)de}
(=) | [ef(e)de+[1-F@)E]| +hu(et, s)et f(e?)
hy(et, sl)(l o)hy [eref( )de—i—[l—F(E)]é] +@l+5le+)hl(e+,sl)e+f(e+)+6l(1—sl)ﬁlafOeJref(e)de

(=) | [ ef(e)de+[1-F@)] +hu(et, s)et f(e)

— @l—i_ 6l6+)6n6++h16n( _Sl) Cﬁz: - - (Ql"‘éleJr)éne+ +ﬁ16n(1_5l)

() 2

_ne

—bpet < 0.
(16)

The sign of the derivative of w;d;s; — 1 with respect to s; is same as the sign of the following

derivative, which, by using the above equations, can be expressed as
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Sn(1—sp)et é 6n(1—sp)et 1
d <Ez+5lsze+ (s1) ) _d <bl+51816+) (s))% +6n(1 spet L 1 (Sl)‘i
dSl - dSl hl+6lsle+
kst ) hy(et, sl){(l_ei)bl [fgef(e)de—l—[l—F( )] }+Ll+6le+ Yetf(e }+6l 1—s hlozfo ef .
hy+érsiet hy+osiet 1_a Q fief 6 d€+[1_F( )] ]+hl(€+ Sl)e—i-f( ) o s

hale®, s) {28 [[7, ef (e)de+ (1= F(@)Je| + (i)t f )} + 81— shhya [ ef (e)de
1 — L5 (e, ) { OS2 [ [ ef()de+ (1= F@)e | +hu(et, s)et f(eh)}

- _ (s)e =6n +
Putet P (=) | [ ef(e)de+ 1= F(@)e]| +hulet, s)et f(e?)
hu(e’s ) {1 o |7, of (e)de+ [1— F()Je | + (=252 + 12226t e}
%l(l—sl)ﬁlafgz (e)de

(=) 2| JF ef(e)de+[L—F(@)]e| +hu(e*, s)et f(e)

_ (s1) é bnet
[h(et,s)]”

(17)

et

Since (1—a) [fief e)de+[1 — F(e)] }hl et s1) = a [fo hl—i-élsle f(e )de}e*’ from (7), (5), (3),

and (4), the numerator of the above equation becomes (s ) Spet times

l_sfsiz_mhlfoe (hy+oisie)f (e )de‘i'(l Frra ) +lsme e > )—55(1—sl)ﬁlafoezf(e)de
_%{ﬁl {(1—31—@81)@17(6 )+ —s1—a)éysify ef(e)d ] L1—si—as)h+(1—s,—a) s8] (e, sl)e+f(e+)}.
(18)

The following lemma presents the critlcal result on (18).
Lemma A1l. There exists an s; € (1—q, 1+ ) such that (18) equals zero and the equation is positive

(negative) for lower (higher) s;.

Proof of Lemma A1. Clearly, (18) is positive for s; < 1 — a and negative for s; > 1 . (18) is

positive for s; greater than 1 — a and weakly lower than the unique s; € (1 — satlsfymg

a, 1+a)
(1—s;—as))h+(1—s;—a)s;6e™ = 0 too, because, for such s;, (1—s;—as;))h;+(1—s;—a)s;5e™ >0
and (1—s;—as)yF(et)+(1 — s — ) 6lslfoezf(e)de > —(1—s,—a)és [e*F(e*) — foezf(e)de} >

0, where the former statement is true from

—8]—Qas —8]—«)Ss e+ +
d[(1-s l)ﬁl(‘i:(ll i—e)sibiet] —(+Q)h+1—2s;—a)set + (1 —s,— )(5[5165;
l

—(+a)hy+(1-2s5;—a)fet <0 for s;>1—a  (since % ds > 0). (19)

Thus, the lemma is proved if the derivative of the expression inside the curly bracket of (18) with

respect to s; is negative for s; greater than the critical value and lower than IJ%Q, which equals
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et
d{(I_SI_asl)hlp(e+)+(1_sl_a)élsl\fo ef(e)de} 1 d[(l—sz—asz)hr‘r(l—sl—a)sz5ze+]

hy s, +3 —ds; hl(e+7 sl)eJrf(eJr)
et,sp)et flet
—|—é[(l—sl—asl)hl—i—(l—sl—a)sléleﬂ 4l ’dl;l i )], (20)

et
d{(1fslfasl)ﬁlF(e+)+(1fsl7a)6lslf0 ef(e)de]
dSl

where
et
ds;
—(1+a)yF(e")+(1-2s— )8 [y ef )de < 0 for s; greater than the critical value,  (21)

= —(1—|—oz)th(e+)—I—(1—2sl—a)6lfoegf(e)de+ (1—s;—as)h+(1—s;—a)sibe™] f(e™)

where the first inequality sign is from (19). Hence, the derivative of (18) is negative if the last
term of (20) is negative, which holds unless f’(e™) is negative and |f’(e™)| is very large, since
(1—s;—as))h+(1—s;—a)s;det < 0 for such s;. d

From the lemma, there exists an s; € (1—a, 7 + ) such that the derivative of the marginal return
w;b1s; — 1 with respect to s; equals zero, and the marginal return increases (decreases) with s; for s;
smaller (greater) than the critical value. Because the marginal return equals —1 at s; = 0,1 from
(14), if A is high enough that w;é;s; — 1 > 0 holds at s; such that (18) equals zero, there exist two
critical values of s; satisfying w;6;s; — 1 = 0 and the marginal return is negative for s; smaller than
the lower critical value and greater than the higher one and positive for s; between them. Next,

consider case e” = €. In this case, from (9), (8), and (10),

Hi(#mn,5) = (o) {[1= F ()] u(e,50) + fghu(es0) f(€)de}, Ho(e,mn,s) = ad[1= F (@) (E.0)+ fyhu(e.51) f (e)de} ey,

(22)
Thus, from (2)—(4), the marginal return when e™ = € equals
o _ 1@
ahy,(€,s abn(l—s;)e(s)) «
wibysy — 1= (1—@4%} Ssi—1= (1—a)A[(1(a)(h§)+§l;l)@] §—1. (23)

In the above equation,

6n(1—sy)E 1 6n(1—sp)e s
4 (granre0e) (355 ()3 Ealimse (02 _ (502802~ Bt 60+t b))

ds; a ds; ot hytosie g, h;+61sie h;+61sie

1
_ (81)abne 0481 (1—s;—as))hy+oes(1—s—a) (24)
- hytoisie h;+6sie ’

which is positive (negative) for s; smaller (greater) than the critical value satisfying (1—s;—as;)h;+

Siesi(1—s;—a) = 0. Hence, the statement is true as in the case of et < €. (b) The result when

et =€ is straightforward from (23). When e™ < €, the marginal return depends on e™ from (14),
thus how these exogenous variables affect the return through e must be examined. From (7), (5),
(3), and (4), e is a solution to

afoe+@l+6lsle)f(e)dee 1—a) [fgaf Jde+[1—F(e ]Ll—i—élsle 1. (25)

Thus, et does not depend on A and 6, and the result on these variables is straightforward from
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(14). e™ depends positively on & from (35) in the proof of Lemma 1 and the derivative of the
RHS — LHS of the above equation with respect to §;, which equals

et
e SN et h;+6;s1e) f(e)dee™ et
(1—a){fe+ef(e)de+[1—F(e)] e}sle+—af0 slef(e)dee+:asle+{f0 ( lhlﬁéllsl)ef ) —Jo ef(e)dep > 0.

(26)

The result on §; is clear from (14) and de > 0. (ii) When the return to education for local jobs is

positive, e™ = € iff (10) satisfies m, < 1, i.e.,
af()éhl(ev Sl)f(e)de < (1 - Oé)[ F( )] <67 Sl)
& afs by +8sie) f(e)de < (1 — a)[l — F(e)] (y + 7€)
& WF(©) + st |afsef(e)de + (1 - a)eF(@)] < (1-a) (hy + 8i5i2)

(=) (y + 8siE) — Sisiefyef(e)de hy + 6151 [y e f(e)de
Fe) < =1- . 2
&R < hy+osi(1—a)e “ hy+ 6s1(1 — a)e (27)

When [yef(e)de > (1 — a)e, which implies F(€) > 1 — a, e* = € cannot hold, because the RHS
of (27) decreases with s; and is smaller than 1 — o. When foéef(e)de < (1 — a)e, the RHS weakly
increases with s;, hence et = € could hold and e™ = € always when F(e) < 1 — a. The rest of
the statement is straightforward from (27) (note that F'(€) raises fog ef(e)de and lowers the RHS).
When the return is negative, from (12), (4), and (13), wphn(€, s;) — € = wihy is expressed as

[a A(FQs e >1}h) a5n(1—sl)—1]e:(1—a) AL ) (28)

Tn[1—F(€)]hn (€,51) {F@E+(1—mn)[1-F(e)]}hy

€ (0,1] satisfying the above equation exists, that is, et = € holds iff the LHS of the above
equation is weakly smaller than the RHS at =, =1 :

h l1-« _ 1—F (@) hn(e,5)\*
[QA <%) on(l — 81)—1} e< (1-@,4(%) by
- e —F(e)e\™
[O‘A([l (F)< e ) —(6n( — ) ]GS(I—a)A([lF(i;h)l} ) hy
& (6nl =)~ >A([1 (th)l] ) [17?@)15[1?(@)_(1_&)]

F(@)—(1-a) YT
@ TR ra e ACa - ) () <1 (29)

Clearly, the condition is satisfied when F'(€) <1—«. It holds when F'(€) is low because the derivative
of the first part of the LHS of (29) with respect to F'(€) equals

[F(e)*[1-F(@)]*~°f {1 ~0-o)(Fy - )} _ FEI-FEI"f ©{- O
(P I—FE—F {F@I"1-F@E) Y
_ [FEII-F@E)]'""f(e)a(l=a) _ (30)

{[FE*1-F@E )
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Proof of Lemma 1. [When the return to educational investment for local jobs is posi-

tive] When et < €, by totally differentiating (7), one obtains
|:aHl(€+ s )m—(l—a)[—[n(eJr Sl)ahl(e+,sl) e s s p (e )—(1—a)mh (e Sl)]de

de™t Oe™t de™t

[ozHl(e 1) 2l (o), (e, ) 2Pl g @ HT ) (o, 5y) — (1 o) Pl no) ot sl)]dsl —0, (31)
where % = hi(e*, s))f(et) >0, % = —hu(et,s)f(et) <. (32)

OHife sn) — [ Ohes) f(o)de = §, [ e f (e)de > 0. (33)

PHnfetoo) — [7 hulen) f(e)de + [1 — F(e)] &) = 6, { [Cef(e)de + 1~ F@)e} < 0. (34)

n (31), the term of de™ equals
aHi(e*, s0) et — (1= a)Hy (et ) 22 + ho(et, shu(e® s0) ()
- 6% {aHl(e+, s))hn(et, s1) — (1 — a)Hy(et, s) [hl(e+, 51) — Ql] } + hn(e, s))hi(et, 5) f(eT)
= (L= (e 0+ a0 () from (1)
— 6,01 — 5) {(1 —a) [f+ef )de + [1 — F(a)]a} +eThy(et, s,)f(e+)} >0, (35)

The terms of ds; equals (6 = ‘2—7)

aHy (e, 1) P2 — (1= @) Hy (e s 2
ahn(et,s) i 2UE0 f(e)de — (1 - a) [ 5 2202 f(e)de + [1 - F(e)] 25E0 | (et )

e

—§, {—e+[aHl(e+, s1)8+1—a)Hy (e, 51)] +ahn (et s1) [ ef (e)de+ (1 — ) [ e ef(e)de+1 —F(a)]e}hl(et sl)}

s *% (hu(e 1) +hae™, 1) o ()
+ahs(et, 1) [ ef (¢)de+(1— )6 [f;ef(e)de+[1—F(a)]a]hl(e+,sl)

iy - & ef (€)de (1= P ] Bhule®, s +hae*, )
: +ahg(e™, s1) [y ef de—f—(l—a)é[f;ef(e)de—i—[l—F(é)]E}hl(e+,$l)

:—6lhn(e+,sl){(1—a) [f;ef( )de +[1 — F(2) *} —af ef(e)d }<o, (36)

} (from (5) and (4))

where the last inequality holds because

[hlfo de—i—élslfo ef(e } tT=(1-q [f:ief(e)de—i—[l—F(é)}E} (B + sibie™)

<:>{ozF(e+)e+—(1—a)[f;ef(e)de+[1—F(E)]é}}hl:816le+{1—a)[ff+ef( Jde+[1—F(e ] ozfo ef (e }from (7)
and thus sign{(l—a)[f;ef( Jde+[1—F(e } afy ef de}—szgn{aF( )e+—(1—a)[f:+ef(e)de+[l—F(E)]é]}.

Hence,
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det  Oilnle®, sl){(l —a) [jjef(e)de Y- F(E)]é] - af§+ef(e)de}
ds; e%r(l —a)Hy(et, )by + hp(et, sp)hi(et, s;) f(et)

- 6le+{(1 —a) [f;ef(e)de +[1- F(é)]é} — af;+ef(e)de}
(-l [fjef(e)de Y- F(e)]a} + (et s)et f(et)

> 0. (37)

When et =€, from (10),
dr,, hy(e, s7) f%:sl)f(e)de - %z’sl)foéhl(e, s1)f(e)de bily (foéef(e)de - Ef(jéf(e)d‘f)

=«

ds, 1= F@)] (e, s0) T = FE) )P

[When the return is negative] First consider case e < €. From (12), (4), and (11), wphy (e, s;)—

et = wh; can be expressed as

l-a = «a
[5ref(@det1-F(@)]e t6n(1—5)
aAl 1= e by Snl —s)—1le"=1-)A { - Fe )k } Sl
{ I ef(e)de—l—[l—F(E)]é}én 1—s) M

l1-a z L \®
“ {“"‘Q g ) <6n<1sz>>“] e+=<1—a>A(fe*ef(?fe?i_F“)]e) PN

S ef (e)deH1-F (@)

Since the LHS increases with e, the RHS decreases with e', and the LHS decreases with s;,
et satisfying the above equation increases with s;. When et = €, from (12), (4), and (13),

wphn(€, s1) —€ = wih; can be expressed as

F(&)+(1—m0)[1—F (&) h, \ ~ _ mn[l—F(e)e \
[aA<{ O I L5, (1 — )1 o= (1) A (e ) B

(-7 [1-F

F(&)4+(1—mp)[1—F(e)]}h, L~ —a|— Tnl[l—F(e)]e o
N [a (L@l o ) ]e_(1—a)A({F(e)m[_ﬂn)[(111”6)]}]”) h.  (40)

Since the LHS decreases with ,, the RHS increases with m,, and the LHS decreases with s;, 7,

satisfying the above equation decreases with s;. ]

Proof of Lemma 2. [When the return to educational investment for local jobs is posi-
tive] When e™ < €, from (2) and (32) in the proof of Lemma 1,

Own, - (1 . a)w 1 0Hy(et,s1) 1 OHp(et,s))
det | Hi(et,s;) Oe™t Hy(et,s;) Oet

hi(et,s hn(et,s
=(1- a)wnf(€+) [I{ll((€+78lz)) - Hn((€+78ll))}

€+ S
= wp f(e") Y (from (7))

wpet +
= — n e") > 0. 41
fee+ef(e)de+[1—F(E)}€f( ) (41)

From (2), (33), and (34) in the proof of Lemma 1,
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awn OH;(et,s OH,(et,s
s (1- a)wn[Hl(el‘*,sl) lésl d Hn(zal+,sl) ésl l)}
et = —\1—
— (1 - a)bun {mfo ef(e)de + g [fe+ef(e)de . F(e)]e} }
Jy eseya
— (1 — Oé)(sleL 0 ef(e) < + 6l(11_8l)
lfO de+6lslf0 ef(e

Wfo (e) de+f0 ef(e)de
T T
(1—syp) |:hlfoe f(e) de—i—élslfoe ef(e }

{hlfo de+6lf0 ef( e)de}
(I=s))hi(eT,s1)

= (1 — a)bwy,

wpet

[5 et e)der1-F(@)e

> 0. (42)

The last equality is because « [hlfo e)de+6s; [ ef de] et = (1—(1)“:1 ef (e)de+[1 —F(é)]é} hi(et, s)
from (7). From (41), (42), and (37) in the proof of Lemma 1,
dw, 0w, Ow,de"

ds;  Os + Oet ds;
o Oz|:ﬁlF(€+)+6lf0€+€f(6)d€} Sifete +{(1—a)[fe+ef Jde+[1—F(e ] O[foe+6f (e) de}
= = 7 —|—
Jeref@aerirere | (1=sfulet,5) (—a) 2| [Z ef (e)de+[1- F (o) ]+hl< s)etfet)

(a[th(e+)+5lf;+ef( ]{1 a%[e+ef )de+[1—F(z }+hl s }
}

+(1—sl)/11(e+,sl)élf(e+)e+{(1 a)[f+ef( Yde+[1—F(e } afy ef

J5 e (e)der1-Fe)e (1— s, (e, sl){(l o) &4 [ Jeef(e )de+[1—F(é)]é}+hl(e+, s)et fle )}
a[ﬁlF(eJr +6fy ef (e) e} (1—04)% {feief(e)de—l—[l—F(é)]é}
o +hu(et s)etFeN {1 - s —a)| [Lef (e)de+ (1= F@)e|+a b Fe)+ dis fi ef (e)de] |
" et eriF e (1= shu(et, s){i—a) & [ JEef(e)de+ 1= F@)e| +hulet, s)etf )}

(1—04){04g [hl RDEZIIN ef e) e] + <e%+6l> Iy(et, sl)e+f(e+)}
=) 2| [5 ef (e)de+[L-F@)JE| +hulet, sp)et fle)

>0, (43)

where the last equality is again from (7). When e =€, from (8), (9), and (10),

_ Eh e,s;) f(e)de _ —_
Hl(ﬂ'n, Sl) = foehl(e, Sl)f(e)de + <].—Oé{1 + {%}) [1 — F(e)] hl(e, Sl)

—(1-a {jjh, e, s1)f(e)de + [1 — F(e)] (e, 1) } , (44)
Hy (0, 57) = anlesd) {fo hi(e, s1)f(e)de + [1 — F(2)] (2, 1) } (45)

By substituting the above equations into (2),
wn = A (%%)17& (46)
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Thus,

ds; (1= ajun (hz(évsz)éle + hn(EvSl)éne)
B 1 hl(é,sl)+%hn(asz)
- (1 - a)w” 1—s; hz(gsl) > 0. (47)
Since w; = (1 — )A (H#;> =(1-a)A <%> " from (2), % - _ﬁ%dﬂ? < 0. [When the

return is negative] Straightforward from Lemma 1 and the first equation of (39) when et < e
and of (40) when et =e. O

Proof of Proposition 2. When et < €, wih; = wyhp(e™, s)—et = [wphy(1,8)—1] e decreases
with s; from Lemma 2. Then, wyhy, (e, s;)—e = [wph,(1,5)—1] e for e > e also decreases with s;,
because wyhy,(1,s;)—1 decreases with s; from the above equation and % > 0 (Lemma 1). When

et =€, wih; = wphy(e, s;) — € decreases with s; from Lemma 2. O

Proof of Proposition 3. (i) From (47) in the proof of Lemma 2,

dlwphp(e, )] dw,, dhy (e, s;)
= hn (€, T
dsl dSl (e 8l) tw dSl
_ wnha(&,s1) hu(E,50)+ 5L hn (€,51)
- 1-s; : (1 B ) hl(asl) B
 wnhn (@) (1=0) gL hn(€51) —ahy(€,51)
- 1—s; : : hi(e,s;) : (48)
d(wnhn _ _
Thus, (u:iSl> Z0& (1-a)s(1l—s)e—a(h+se) =0
& 5 § (1—04)—04(%—%. (49)
(ii) From (47) in the proof of Lemma 2 and (2),
d[wlhl(e, Sl)] dwl dhl(e, Sl)
IR 20 2y bl St il 73
dSl dSl 1(67 Sl) +w dSl
dhl(e,sl)

= o wmdunp (o g)

l—a wy ds; ds;

e e {—04 [hl(E, s1) + s-ha(e, SZ)} hu(e, s1) + bie(1 — si)hue, SZ)} - (50)

Thus,
d(wh
(;”; ) Z 04 —a(ly+8¢) (b + &sie) + de(l — s) (hy + &is2) Z 0
1
o —ee(s;)?+ [(l—oz)é—(l + a)%ﬂ es; + [_O‘(%f+é> —I—e] %ll z 0. (51)

(a) Suppose that the LHS of (51) is positive at s; = 0, i.e., e > a(%—l’ —i—é) . Because the derivative
of the LHS at s; = 0 is non-positive, i.e., (1 —a)e — (1 + a)%ll < 0 and the LHS at s; = 1 equals
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—e€ + {(1 —a)e—(1+ a)%—] + [—a (%—ll + e) + e} hll = —a(% —i—é) (%—; + e) < 0, there exists an
s7(e) € (0,1) such that (Z’lhl) Z0& s § s7(e), where s}’(e) > 0, since, from (51),

[(1_a)a—(1+a)%;} e+\/[(1—a)e—(1+a)g;}262+4€e [_a(%%)ﬂ}%
2ee
[(—a)e— +a)ft|+ \/[a—a)e—<1+a>';;}2+4e[_a(g;+e)e—1+%

_ - . (52)

si(e) =

sf(e) < st* for e < e, since wihy(e,s;) = wphp(€,s;) (thus sf(e) = s;*) and sj’(e) > 0. Sup-
pose instead that the LHS of (51) is non-positive at s; = 0, i.e., e < a(%—f—i—é). Because the

derivative of the LHS at s; = 0 is non-positive and the LHS at s; = 1 is negative, d(:;i;lhl) <0

for any s; > 0 (and d(wlhl) < (=)0 at s = 0 when e < (:)a(%—;—i-é)). (b) The case in which
the LHS of (51) at s; = 0 is positive, ie., e > a(%—f—i—é), can be proven as in (a). Sup-

pose that the LHS at s; = 0 is zero, i.e., e = a(%—ll—i—é). Since the derivative of the LHS at
s; = 0 is positive, i.e., (1 —a)de — (1 + a)h; > 0, there exists an s7(e) in (0,1) such that the
LHS of (51) equals 0, and the LHS is zero at s; = 0, positive for s; € (0,s}(e)), and negative
for s; > sj(e). Thus, d(géjl’) d(gfélh’) = 0 at s; = 0. Instead,
suppose that the LHS of (51) at s; = 0 is negative, e < a(%—i—é) . Since the derivative of the
LHS at s; = 0 is positive, i.e., (1 —a)de — (1 + a)h; > 0, the LHS is positive (negative) when

(5 +e)§ (hl-i-e) A
S e ) e A e e e < a(§+7) when & >0

i <
; 0 for positive s; = sj(e) and

and —es; + [(1_a)é—(1+a)%;] >0e s € (0,(1—a)—(1+a)

ol 2=~

). So the LHS of (51) is
hz

negative for any e < OZ(%;+€> when s; > (1 —a) — (1+a) Forsj < (1—a)— (1+oz) , the LHS

o(5+e) 3t .
m —, where the RHS is lowest
—esi+|(1—a)e—(1+a) 5 | bs: 5

14+
M Hence, the LHS of (51) is

of (51) is positive (negative) when e > (<){

when —es; + [(1 —a)e—(1 +a)%ﬂ —es=0& g =

2e
e a(F+e) (1—a)e (1+a)£
negative, i.e., (wlhl) < 0, for any s; wher< [{ — +[(1 <)6l (1161)’”]} = at s; = 265] —
—es; —a)e— o E—l s 5
a(gﬂ-E)g a(g-&-E) (1—a)e— (1-i-oz)g (g-&-é)
. . R12 5 n z,eXCeptatSl:Tﬁande_ 51 -
N L S GGk 14 [(—a)e—(1+a) 2]
l €
. : C a(%ﬁ) h .
in which the derivative is zero. When e € - L —, a(g—l —|—é) , there exist s} (e)
1+ g [(1-a)e—(1+a) & !

hy

and s7(e), where 0 < s7(e) < sf(e) < (1 —a) — (1 + )<L < s;*, such that the LHS of (51)
equals 0, and the LHS is negative for s; < s7(e) and s; > s7(e) and positive for s; € (s7(e), sj(e)) .
sy'(e) > 0 > s7’(e) from (52). O
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Proof of Proposition 4.e" = € always holds when F(e) < 1 — « from Proposition 1 (ii). The
following lemma is used in the proof of the proposition.
Lemma A2. When et = €, net earnings change continuously when the return to educational

investment for local jobs turns from megative to positive with a change in s;.

Proof of Lemma A2. When e™ = € and the return is negative, w,h, (€, s;)—€ = wihy(0,s;) <
[ozA(ﬁi)la&n(l - 31)1]6 - (1704),4(%7)&@1, where H; = {F(e)+(—m)[1—F(@)] by and H, =
[l —F(€)|hn(€, s1), from (13) and (12). When et = € and the return is positive, w,h, (€, s;) —
e = whe s) — e < [aA(ﬁi)l_aén(l—sl)—l}e =(1- )A(g—?)a(ﬁl—l—élslé) — €, where H; =
foghl(e, s1)f(e)de+(1—my,)[1 — F(€)|hi(e, s;) and Hy, = mp[1 — F(€)]hn(€, s1), from (2), (8), and (9).

-«
When the return is zero, i.e., w;é;s; — 1 = 0, this equation becomes [ozA (Hii) on(l — sl)—l}e:

o
(1— )A(Hﬁf;) h;, the same equation as the case of the negative return, and net earnings of all workers
are the same. Since %’; satisfying this equation is uniquely determined for given s;, net earnings

when the return is zero are same as net earnings when the return is negative and s; — s;, 5. [

(i) Earnings decrease with s; when the return to education for local jobs is negative from
Proposition 2, while when it is positive and e* = €, earnings of all decrease with s; for s; > sj* =
(1—a) — a% from Proposition 3. From Proposition 1 (i)(b), the lower critical value for the negative
return, s;, decreases with A, é;, and ¢,. Hence, from Lemma A2, net earnings of all decrease with
s; when A, §, and 6, are small enough that s; > s/* =sf(et)=sf(€) = (1 — a) — a%. Note that
57 is smaller than the higher critical value 57, since s;* <1—a <3 from Lemma Al in the proof
of Proposition 1. (ii) (a) When s; < s}* = sf(e™) = s} (€), from Propositions 2 and 3 and Lemma
A2, net earnings of workers with a national job decrease with s; for s; < s;, increase with s; for
51 € (s1,s1™), and decrease with s; for s; > s7*. Thus, their net earnings are maximized at either

51 =0 or s; = 57*. From the proof of Lemma A2, net earnings of such workers at s; = 0 equal

N _ l—«a
[ oA ({F(e)+(1—7rn)[1—F(e)]}m) 85— 1} g, (53)

mn[1—F(€)|bne

where 7, is a solution to (28) in the proof of Proposition 1. From (2) and (22) in the proof of

Proposition 1, net earnings of such workers at s; = 57 equal
-«
(1—c)(hy+657*€ _ 1—a)? § 1@ h _
{aA [M} 8n(1 — Sl**)_l}e - {aA [ a0 (14 1) —1}6. (54)

From these equations, the net earnings are maximized at s; = s;* if

{(1;3)2}1”@ (1 + %)(51)1—(1 S <{F(E)+7$,11[_1T2ﬂ[(1§;]§@]}ﬁl>1_a | )

which holds when A, 6n, and 5[ are large. This is because Tn increases with A and 6n from (28),
_ -1 2 (l—a)—a—hl, *x
h, l—a - . 1 h 1\ h 5 s
1—|——l,) wit fi 1-— *—(1—}——17) (—)fl—_ L= = L ,
( 55)(01) 7 increases with § from (1 — ) 5 5) % 61(1 £%> 51(1 (%%) >0
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11—« — 11—«
and the condition does hold when m, = 1, i.e., [(1;3)2} (1 + 5 e) > (%) . Since

F(e) <1—aat sy =0 from (27) in the proof of Proposition 1, the last statement is proved

if [(1 @) r—aoa <1 + gle) (UQ;‘E > o) % (1 + (616) 1) <%> > 1 holds, which is

true, because s;7* = (1 —a) —azt >0 & ;le < 122 and the LHS decreases w1th
-1
o (Tla a— (1—04)(%) 13 1—
be l€ e 1€
(b) Consider case e < 1T first. Since s}(e) increases with e, s;( %—;%—E)) =0, and sj(e) = s;*

from (52) in the proof of Proposmon 3, there exists an ef € (a(%—ll +€),e), such that sf(ef) = s;.
Then, the relationship between s; and net earnings of workers with a local job and e > e is similar
to that of workers with a national job: their net earnings decrease with s; for s; < s;, increase with

sy for s; € (s1,87(e)), and decrease with s; for s; > sj(e) from Propositions 2 and 3 and Lemma

tak gy

A2. As for workers with e < ef, net earnings decrease with s;. Now consider case € > “ad

hy
()5t

A, 6y, and 6,, are small enough that s7( g—ll—ké)) =1l—-a- < sy, the result is same as the

a(%—l—é) N (17a)7(1+a) 5
l I sH(o(F4E) > s> st (e) = —F5——,
1_"_%[(1_0‘)6_(1_’_(1)%]2 l ( 61 )) ol l ( ( )) 2

there exists an ef € <A(€), a(%ll —|—é>) such that s}(et)=s;. The results for those with e > a(%—ll —1—6)
and those with e < A(€) are same as the corresponding cases (e > el and e < ef respectively) of
h
(1+a) gk

e< 2 ]gl As for those with e € (A(E),oz(%—l’ —i—é)), sp(e) < (1_@% = sf(A(e) < si(ef) =5

holds for any e from (51) and (52) in the proof of Proposition 3. Hence, the result of those with

case of € < li%— Let A(e)=

e> el is similar to that of those with e > oz(g +E>, and the result of those with e <et is same as

1+a hl except that the critical

that of those with e <A(€). In sum, the result is similar to when &<
is ef T
wealth level is e*, not el. Fmal(lia?f};l (A(e)) > s;, since s7(e) decreases Wlth e, s (a( 5 +e) =0,
and s7(A(2) = stA@) = "= from (51) and (52), there exists an e* € (A(é),a(%;+e))
such that sj(e*)=s;. Hence, as for workers with e € (A(E), a %—FE , net earnings of those with
e<e* decrease with s; for s; < s7(e), increase with s; for s; < (sj(e), s;(e)), and decrease with s;
for s; > sj(e), while net earnings of those with e > e* decrease with s; for s; < s, increase with
sy for s; € (s1,57(e)), and decrease with s; for greater s;. The results for those with e > a(%—l’ +€)
and those with e < A(€) are same as the previous case. In sum, net earnings of workers with
wealth greater than a certain level decrease with s; for s; < max{s;,sj(e)}, increase with s; for
s; € (max{s;, sj(e)},s7(e)), and decrease with s; for s; > s7(e), while net earnings of workers
with a = e smaller than the threshold decrease with s;. Thus, net earnings of workers with wealth
greater than a threshold are maximized at either s; = 0 or s; = sj(e). From (28) in the proof
of Proposition 1, net earnings of such workers at s; = 0 is same as net earnings of workers with

a national job, which equals (53). From (23) in the proof of Proposition 1, net earnings of such
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workers with e at s; = s7(e) equal

adn s
(1—a)A[(1 atall—site l)()é)e)] (hy+6,5(e)e)—e. (57)

Thus, the net earnings are maximized at s; = s} (e) if

o1=s7 ()] S\l—a e)+(1—mp)[1-F(e 1=
Ao {0-af T st o) o (EOHL SRy ooe o, (s8)

11—«

which holds when A, é,, and §; are large, because 7, increases with A and 6,, the derivative of the
first term of the expression inside the large curcly bracket with resepct to s; is 0 at s; = sj(e) and

negative for s; > sj(e), and thus the expression is positive when A and ¢; are large from (55):

a(l—sr(e a e o . 11—«
(- ertasirm) ™ o (O g )

-«

— (6o} {[(1;3)2} 1*“a(1 F)- ({F(e)J;il[:r;)([elﬂ—ézl«;(e)]}hl)la} >0 (59)

*x )] — — 1—a
> ( —a)[a(lisl )} (ﬁl+518l**é)1fa—a<{F(e) Srlnf[ffgg)f(e)]}m) (from Proposition 3 (ii)(a))

Um

(¢) From the proof of (b), the threshold wealth when & < li is ef € (a(%—ll +¢),€) such that
sy(e')=s;. The threshold when e > 1+0‘ 5 is et € (af 5l—|-€) €) if 57 (« g——I—é)) <sy, et €<A(é) a(g—i—E))

such that s7(ef) = s if 5] (a(g—l +e)) >ﬂ> sf(A(e), and A(e) if sj(A(€) > s;. When & > 112 by

1—a &

Ao’

case sj( %—ll—l—é)) < s is realized when A, §;, and 6, are small, and case s;(A(e)) > s; is reahzed
when they are large, because s; decreases with A, ¢;, and 6,, from Proposition 1, and s;( %—;+€)) =
(1—a)— (1+o¢)6le and s7(A(e) = 3 [(1 —a) - (1+a); e} increase with §;. Further, ef and et decrease
with A, 6;, and 6, because s](e) increases with 6; at e = ef, et from Lemma A3 below and increases
with e, and s; decreases with A, é;, and é,,. Hence, the threshold of wealth decreases with A and
6y, (except when the threshold is a<g+é> and A(€)) and §;. O

le (e )

Lemma A3. >0 and 8Sl (e ) >0

Proof of Lemma A3. From (52) in the proof of Proposition 2, the derivative of s} (e) with respect

to &; equals a constant times

(1+a)@l—%{—(1+a)hﬂ [(1 a)e—(1+a) }+4e[ (%—l’—ké)(e)ﬁl%—l}ﬁl—lléa%(e)*lﬁl}

X {[(1—04)(3 - (1+a)%ll} 2+45% [—a(%ll +é> (e)—1+1} hl}l/z . (60)
Thus,
a‘;’}f) Z0s —(1+a)h2 [(1 Q)e (1+a) }+4e[ (%;%) (e)‘1+1}@l—4éa%; (e) ' iy S 214y

x {[(1 —aJe - (1+a)%;] 2+45% [—a (%; —|—E> (e '+ 1]hl}1/2 . (61)
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8sl

The lemma is proved if it is shown that (e) < 0 cannot hold at e = ef,ef. From the above

88; (e)

equation,
when (1— a)e—(1+a) <0se< H—gg—’ or —a(%—l’—i—é)(e)_l—i—l—a%—l’ e)'>0se> a(Q%—i—é) .

When the LHS is pos1t1ve, the above equation can be expressed as

< 0 is possible only when the LHS of the equation is positive, which is true only

a‘g;le) Z0e {—(1+a)ﬁ,2 [(1 a)e—(1+a) ]+4e[ ( ) } —ealt (e) hl}
= [2(1+a)hl]2{[(1—a)e— (1+a)%;] +42 [—a(%;+é (e)*1+1 hl} (62)
<:>—(1+a)[(1—04)6—(1—1—0()%]{—a(Q%—i—E)() +1} [a( ) ]
= (1—1-04)26% [—a(%’ +é>(e)_1+1} Iy
o [—a(Q%—f-i—E) (e)*1+1] [— (2%;+e) (e)*1+a} e (1+a)% (%;) (e iy S0. (63)

The expression is clearly negative when e > « (2%—;4—@) . Hence, asgé(le) < 0 is possible only when € <

1t hl and e < « (2 =L +e) In this case, the LHS of (61) is weakly smaller than (14+«)h;2 [(1—{—04)% —( —a)é} ,
whﬂe, since ef > a(*——i—e) (e does not exist) when & < 1+°‘ B the RHS of (61) is greater than

—a b
8Sl (e ) > 0 holds in this case. The fact that et does not exist

(1+a)ﬁ12{(1+a)——(1 a)} Hence,

l+a hl 9} (et)
o6

when e < proves that < 0 cannot happen. ]

Proof of Corollary 1. Since F(€)=0< 1—a, the proof of Proposition 4 can be applied with a >¢e
for anyone. The result is straightforward from the proof, since e=e=e" and thus s}(e) = s} (e) = s}*

for those choosing a local job, and é>a<%—ll +é) by assumption (see footnote 20). O

Proof of Proposition 6.In order to prove the proposition, the following lemma is used.

Lemma A4. When e™ < €, net earnings of workers with given wealth and a national job increase
discontinuously and those of workers with a local job decrease discontinuously, when the return to

educational investment for local jobs turns from negative to positive with a change in s;.

Proof of Lemma AJ. When et < € and the return is negative, wyh,(et,s;)—et = wh <
[aA(ﬁi) Sl — sp)— 1] et =(01-aq) (%) h;, where H;= F(e")h; and H, = fihn(e,sl)f(e)de—i—
[1 — F(€)]hn(e, s;), holds from (11) and (1

et = wily(et,s) —et & [aA(ﬁi)l aén(l - sl)—l} et =(@1- )A(H?T;)a(hl—f-élsleﬂ — e, where

2). When e™ < € and the return is positive, wy,hy, (e, s;)—

H;, = f()e+hl(e, s1)f(e)de and H, = f;hn(e,sl)f(e)de—i—[l — F(€)])hn(e, s;), holds from (2) and (5).
-«
When the return is zero, i.e., w;6;s; — 1 = 0, this equation becomes [ozA (%) On(l — sl)—l] et =

«
1—a)A(H2) h,. the same equation as the case of the negative return. Because Z= under the
H, = q g H
l l

negative return is greater than under the positive return for given e™ and %7 decreases with e™,
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et and Hﬁ; satisfying the above equation are greater when the return is negative. Hence, net
earnings of those with a local job are greater and of those with given a(> e*) and a national
job are smaller when the return is negative and s; approaches a value at which the return is zero
than when the return is zero. That is, net earnings of those with a national (local) job increase

(decrease) discontinuously when the return turns from negative to positive with a change in s;. [

(i) Let the lower (higher) s; such that the return to education for local jobs is 0 when e < €
be s;(f) (51(f)), whose existence is shown in the proof of Proposition 1. As for those who have

abundant wealth and choose a national job for any s;, i.e., @ > min{e™ (1), €}, net earnings decrease

with s; except at s; = s;(f), where they increase discontinuously from Lemma A4, if e™(0) < ﬁ%—l’
or s;(f) > sljj satisfying sljj =(1-a) —a—2_ from Propositions A1 (i) and 2. The former condition

Spet (s]
holds when §; is small, because e (0) cllers lr)10t depend on A, 6,, and 6§ from (D3) in the proof of
Proposition Al in Appendix D. The latter condition holds when A, ¢,, and 6; are small, since s;( f)
decreases with A, 6,, and §; from Proposition 1 and is greater than 1 — o when these variables are
small from the part of the proof of Proposition 1 (i)(a) just after Lemma Al, while slli <1l-—a.
As for those who choose a local job for any s;, i.e., a = ¢ < e (0), net earnings decrease with s
except at s; = 57(f), where net earnings increase discontinuously from Lemma A4, when E(e|e <
et (0) < ﬁ—g% and e < a(%ll+E(e|e<e+(0))> , when E(ele<e™(0)) > %% and e <Q(e™(0)), and
when s;(f) > syh(e) for greater e, where sl?h(e) is the greater solution of M (s;)= 0 (M(s;) equals

e+(5l)e e)ae
L(s;) with eT(s;) replaced with E(ele <e™(s))) = ‘)F(e+7(fl()))d), from Propositions A1l (ii) and 2.

Thus, irrespective of a = e, net earnings decrease with s; except at s; = 5,(f), if si(f) > 5,% (e).
The condition holds when A, 6,, and §; are small, because as shown above, s;(f) > 1 — a when

they are small, while 1 — a > slvh(e) holds when ¢; is small. The latter statement is true because

M(1—-a)= faK%—ll+E(e|6<e+(1 - a))) fae] %—ll < fa(%fae)%—ll < 0 when ¢ is sufficiently small.
Finally, as for those who choose a national (local) job at small (large) s;, if the above conditions
hold, net earnings decrease with s; except at s; = s;(f), s; = 51(f), or both depending on at which
s; the switch to a local job occurs, where net earnings increase discontinuously from Lemma A4.
Under the above condition, net earnings of workers with a < e'(0) are maximized at s; = 0,
because their earnings when the return is negative decrease with s; from Proposition 2 and thus
the earnings when s; — 5;(f) from above are lower than the earnings at s; = 0. Net earnings of
workers with a > min{e*(1),e} are maximized at either s; = 0 or s; = s;(f), since the earnings
increase discontinuously at s; = s;(f). From the proof of Lemma A4, net earnings of such workers

with educational spending e at s; = 0 equal
Hy(et, l1—a _ h l-a
[ozA () - 1} e = {OA (2 slg) 6 1] e, (64)

where the equality sign is from (7). From (14) in the proof of Proposition 1 and (2), their net

earnings at s; = s;(f) equal
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l1-a
{aA [W} On(l — sp)— 1}6 = {aA[(l—a)Aélsl]% on(l — s)— 1}6 (65)

1—

< {ozA[(l—a)2A6l]aa§na—1}e (from s;(f) < 1—av), (66)

where the equality sign is from the fact that the return for local jobs is 0 at s; = s;(f). From (64)

and (66), the net earnings are maximized at s; = 0 if

_ h l1-a 1-a
(5o skim) > [0-a?48] =, (67)
which holds when A, §,, and § are small, since e*(0) does not depend on A, §,, and §. As for
those who choose a national job at small s; and a local job at large s;, the proof for those who
choose a local (national) job for any s; applies if the switch to a local job occurs at s; < s;(f)
(s1 > 5(f)). If the switch occurs at s; € (s;(f),5;(f)), the proof of those who choose a national job

for any s; applies, since earnings when the return is negative decrease with s; from Proposition 2.

(ii) From the above results, if a < min{eJr (0), a(%—l’ +FE(ele<et (0)))} when E(ele<e™(0)) < ﬁ—g% or

if a<min{e™(0),2(e™(0))} when E(e|e<e™(0)) > %%7 workers choose a local job for any s;, and
their net earnings decrease with s; except at s; = 5;(f), where the earnings increase discontinuously.

Net earnings of such workers are maximized at s; = 0, because the earnings when the return is

negative decrease with s; from Proposition 2. (iii) As for workers who choose a national job for any

s, 1.e., a > min{e*(1),e}, their net earnings decrease with s; for s; < s;(f) and s; > 5;(f) from
Proposition 2, increase (decrease) discontinuously at s; = s;(f) (at s; = 5;(f)) from Lemma A4, and
increase (decrease) with s; for s; € (si(f), s7] (for s; € [s?,sﬁ(f))), ifet(0) > ﬁ%, E(ele<e™(0)) >
h, et (o . h
ﬁg—l’, eH(a)}, and 8? > 51(f), where SE’ € (0,3?) satisfies 3;’ =1-a)-— am,
from Proposition A1 (i). (s, s? < 1—a < 35(f) from Proposition Al (i) and Lemma Al in the

amax{

proof of Proposition 1.) The condition holds when A, &,, and §; are large, because e*(0) does not
depend on these parameters, slb increases with §; (since e™(s;) increases with & from the proof of
Proposition 1 (i)(b)), and s;(f) decreases with A, 6y, and §; and approaches 0 as these parameters

increase from Proposition 1 and its proof. The net earnings are maximized at s; = 0 or s; satisfying

d(%;") = 0, where the latter satisfies s; € (57,1 — ) and thus s; < 1 — a < 5;(f) from Proposition
Al (i) and Lemma Al. From (64) and (65) above, net earnings of such workers with educational
spending e at s; = 0 is smaller than their net earnings at s; = s? (and thus the earnings at s
e dwnha) o s R \1TY  (R+sstet(sh) l-a b . .
satisfying ==z = 0) iff (T(lo)) < <W (1—s;)%, which holds if
l1—a b=y 1—a
() < () a-she. (68)

The condition holds when §; is sufficiently large, because e*(0) does not depend on A, é,, and &,

s'l’ increases with ¢;, and the RHS increases with s? :
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€
_ —— 51
1—a e — o — sie(1—a—s?)—ah — E(ele<et(s?))
hy+és0e 1-s; = (h+éisie)(1—s?) = (hy+oisie) (1-s7)

> 0. (69)

As for workers who choose a local job for any s;, i.e., a < e™(0), their net earnings decrease with s;
for s; < s;(f) and s; > 5;(f) from Proposition 2, decrease (increase) discontinuously at s; = s;(f) (at
51 =51(f)) from Lemma A4, and increase (decrease) with s; for s; € (s;(f), min(sfh(e),sﬁ(f))] (for
51 € [57,(€),5i(f)) when 57, (e) < 5i(f)), if si3,(¢) > si(f) and e = a>max {a(%+e+(0)) ,A(E)}
from Proposition Al (ii). The condition holds when A and §,, are large, because e*(0), A(e), and
sfh(e) do not depend on these parameters, and s;(f) decreases with A and 6,. The condition holds
when §; is large, because A(€) decreases with &, th(e) € (0,1) from the proof of Proposition Al
(ii) in Appendix D, while s;(f) approaches 0 as 6; increases, which is from s;(f) being decreasing in
1, and from (14) and Lemma Al in the proof of Proposition 1. Their net earnings are maximized
at either s; =0, or s; € (th(e),sﬁ(f)) such that (w’hl)

than the earnings when s; — 3;(f) from above and thus cannot be the maximum.) From (2) and

= 0. (The earnings at s; = 5;(f) are smaller

(6), net earnings of such workers at s; = 0 equal

et 0N\ o et
(- A () by = - A (502 ) . (70)

d(wzhl)

From (2) and (6), net earnings of such workers with e = a at s; satisfying = 0 equal

1-aA i ai)((,iljél)s;f(’m} (h;+6151€) — e. The net earnings at such s; is greater than at s; = 0 iff

(1—a)A (5n13a) {[%} (hy+6,516) ( U) hl}—e >0, (71)
which is true if

(-0 A (sur25) {I(1 = s)el tutersi) ™= (€ (0)7 () ~"p e > 0, (72)

When §; is sufficiently large, 1—a € (s;(f),5i(f)) from Lemma Al in the proof of Proposition 1.

Hence, the above condition holds if

L-)4 (8u325) {(ae) T+l —a)el == (0) ()~} —e > 0, (73)

which is true when ¢; is sufficiently large, because the expression inside the curly bracket is large
positive (e™(0) does not depend on &;). Finally, as for workers who choose a national (local) job
when s; is small (large), i.e., a € [e*(0), min{e*(1),€}), the result is clearly similar to workers who
choose a national (local) job for any s;, when the shift to a local job occurs at s; > 57(f) (s1 < si(f))-
When the shift occurs at s; € [s;(f),5;(f)], their net earnings increase discontinuously at s; = s;(f)

and s; = 5;(f), and they are maximized at s; = 0 or s5; € (5;(f),51(f)) satisfying either d(%slh”) =0,
d(zji;;”) =0, or a = e = et (s;) (s; at which the switch to a local job occurs). (The earnings at

s; = S1(f) are smaller than the ones when s; — §;(f) from above and thus cannot be the maximum.)
From the argument above, the net earnings are maximized at the latter s; when §; is sufficiently

large. O
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