
Essays on the Economics of Language and Language Policy

by

Alex Armstrong

A thesis submitted to the

Graduate Program in Economics

in conformity with the requirements for the Degree of Doctor of Philosophy

Queen�s University

Kingston, Ontario, Canada

June 2013

Copyright c Alex Armstrong 2013



Abstract

This thesis concerns the economic dimensions of second language knowledge and acquisition

and the economic implications of language policies. The value of the ability to speak and

understand a second language depends on the extent to which it enlarges one�s communicative

sphere which, in turn, depends on the language abilities of others. This implies that second

language acquisition decisions are associated with strategic considerations and spillover e¤ects.

Consequently, the equilibrium distribution of language skills may not be socially e¢ cient and

policy remedies may be called for.

The �rst essay of the thesis investigates the relationship between earnings, second language

knowledge and the distribution of language skills in local labour markets in Canada using census

data. We estimate the elasticity of local language complementarity in earnings: a parameter

that measures the importance of the linguistic environment in the earnings of the individual as

well as the importance of language in the economy generally.

The second essay addresses the e¢ ciency of second language acquisition decisions in a theo-

retical model where bilingualism is rewarded with a higher wage for two reasons. First, language

skills constitute a form of human capital in the sense that a worker�s productivity is positively

related to the proportion of the population with whom she shares a language. Second, language

skills serve as a signal of productivity to employers. In general, the private and social bene�ts

of bilingualism do not align due to counteracting network and signalling welfare e¤ects.

The third essay concerns the role of language policy in improving social outcomes. A tax-

subsidy system is considered under various assumptions about the ability of the government

or planner to discriminate between individuals and groups. A Pareto improvement is possible

if the government can condition the tax-subsidy system on language acquisition costs but not
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otherwise.

The fourth essay considers the optimal provision of public services when individuals�e¤ective

consumption of the services depends on their pro�ciency in the language they are provided

in. The planner faces a trade-o¤ between compensating minority language speakers for their

lower wages and encouraging their integration by rewarding higher levels of dominant language

pro�ciency.
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Chapter 1

Introduction

Language is a prerequisite for the formation of society and the bene�ts it brings to individuals.

It is a tool that can establish and reinforce social hierarchies, enable the division of labour

between complementary tasks, store cultural knowledge, facilitate trade and encode legal rights

and obligations. Without language, economies could not exist. It would therefore appear

evident that language should be a subject of interest to economic researchers.

However, language does not �t neatly into the typology of elements that make up economic

models. Practically every individual born is endowed with the capacity to communicate using

language. Furthermore, languages cost nothing to produce and they can be neither bought nor

sold: So languages are not subject to scarcity, nor are they goods in the standard economic

sense of the term. The linguist Florian Coulmas (1992) suggested the analogy of language as

currency, in the sense that it is intrinsically worthless but represents something valuable. While

compelling, this suggestion does not lend itself to formal economic analysis.

This thesis will take the position that language can be regarded as a special type of tech-

nology that is a means of both consumption and production. While individuals are born with
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language in a generic sense and usually grow up speaking a language in the speci�c sense, the

knowledge of other languages can be acquired at some cost. It is a special type of technology

because it is primarily the ability to communicate through language with others that confers

bene�ts to the individual. So the value of understanding and being able to speak any particular

language is not independent of the linguistic abilities of those with whom he or she may want

to communicate.

For example, there is a di¤erent payo¤ to learning Latin as a second language as opposed to

English. The knowledge of Latin may enable the learner to read classical texts in their original

form and provide insight into the structure of modern romance languages. However, it does

nothing or little to expand one�s communicative sphere. Whereas the knowledge of English gives

a non-native speaker the ability to communicate with potentially hundreds of millions of other

individuals. This is so not just because English is the �rst language of hundreds of millions, but

also because hundreds of millions of non-native speakers have also made the decision to learn

English.

Second language acquisition expands consumption and production possibilities not only

for the individual but also, potentially, for those whose language is learned. In this way of

thinking, learning a second language is an economic decision that is associated with spillover

e¤ects. This being so, the private and social values of language acquisition may not be aligned

and a normative case for policy intervention can be made. In another interpretation, a shared

language is a public good. So in principle, the most e¢ cient allocation of linguistic knowledge

is to establish a single language as the common means of communication. There are obvious

ethical problems with this solution, not the least of which is that, fundamentally, it violates

the sovereignty of the individuals to choose their language of interpersonal communication.
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Importantly, there are costs associated with encouraging second language acquisition that may

outweigh the bene�ts. If they do not, it is not clear if the costs should be borne privately or

collectively and how any redistribution of the costs would a¤ect private incentives.

In the following chapters we will employ empirical analysis and theoretical modeling tech-

niques to address the following questions. What are the earnings bene�ts associated with

acquiring a second language? How do second language acquisition decisions a¤ect the economic

well-being of others? What is the role of strategic considerations in second language acquisition

decisions? To what extent should we expect that the decentralized equilibrium of language

skills will be ine¢ cient? What is the possible role of language policy in improving social out-

comes? How should e¢ ciency and equity considerations be balanced when deciding on language

policies?

Before proceeding to an overview of the thesis, we �rst review the existing economic litera-

ture dealing with language.

1.1 Related Literature

It seems that the �rst mention of the term the economics of language appeared as the title of an

article by Marschak (1965) who was interested in the extent to which the structures of language

evolve into optimal communication systems. He used evolutionary biology as a metaphor to

speculate about how favorable characteristics of a language would be more able to survive over

time than those characteristics that were less e¢ cient. In spite of the direction of this early

theoretical contribution, the literature on the economics of language in the years following was

focused less on the structural analysis of language itself - i.e., semantics and grammar - than
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the interplay between language and economic variables. Recent work by Rubenstein (2000) and

others has reopened Marschak�s line of inquiry by using game theoretic tools to address purely

linguistic questions. This literature is unrelated to the current subject matter so we refer the

interested reader to the survey by Zhang and Grenier (2012).

A number of surveys on the literature dealing with the role of language in the economy exist:

Vaillancourt (1983), Grin (1994, 1996b), Ginsburg and Weber (2011) and others. At this point

the literature is large enough that a comprehensive survey is beyond the scope of this thesis.

So we will review the broad lines of the literature, noting the most important contributions and

focusing on those that relate directly to the research presented in the following chapters.

1.1.1 Empirical Literature

Much of the literature has had an empirical orientation and has e¤ectively been embedded in

the �eld of labour economics. The main lines of inquiry deal with the relationships between

language knowledge and pro�ciency, linguistic background and labour market outcomes. Of

these, two are predominant. The �rst concerns the e¤ect that host country language acquisition

and pro�ciency has on the earnings of immigrants and the second concerns earnings di¤erentials

among major language groups in populations where more than one language is commonly in

use.

In the literature on immigrant earnings, the knowledge of the language of the receiving

country is seen as an element of human capital. For example, the early studies by McManus

et al. (1983) and Grenier (1984) investigated the role of English-language pro�ciency in the

wage determination of Hispanic-American males and arrived at similar results: wage di¤er-

entials between Hispanics and white non-Hispanics were largely attributable to English lan-
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guage de�ciencies. Further work examined the role of ethnic enclaves on the relationship be-

tween language and earnings (Bloom and Grenier (1992b)), the endogeneity between language

and earnings (Chiswick and Miller (1995)), the development of earnings di¤erentials over time

(Carliner (1996)) and the importance of di¤erent aspects of host language pro�ciency in earn-

ings (Chiswick (1991), Carnevale et al. (2001)).

Much of the literature on immigrant earnings and language has been done in the United

States with reference to the Spanish-speaking minority. Notable exceptions include Chiswick

and Miller (1995) for Australia, Dustmann and Van Soest (2002) for Germany and Chiswick

and Miller (2003) for Canada. The situation in a number of other countries is addressed in the

volume by Chiswick and Miller (2007).

The other main line of empirical literature involves the relationship between earnings and

language in multilingual labour markets. While some recent work has been done in Euro-

pean countries - Henley and Jones (2005), Rendon (2007), Garrouste (2008) and Paolo and

Raymond (2012) - most of this literature has focused on Canada. The "Canadian tradition"

(Grin (1996b)) grew out of an interest and concern for the economic status of the French-

speaking minority relative to the English-speaking majority.

Aside from government studies launched in connection with the Royal Commission on Bilin-

gualism and Biculturalism of 1963, early papers along this line include Veltman et al. (1979),

Boulet and Raynauld (1977), Vaillancourt (1980) and Boulet (1980). In general this research

found that Francophones were at an earnings disadvantage even in mainly French-speaking

Quebec. More recent studies by Shapiro and Stelcner (1981, 1997), Grenier (1987), Bloom and

Grenier (1992a) and Nadeau (2010) have documented a gradual decrease in the wage gap be-

tween Francophones and Anglophones over the past forty years. Albouy (2008) attributes this
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phenomenon more to a relative decrease in wages paid to Anglophones in Quebec than to an

improvement in the economic position of Francophones.

In the course of measuring the Francophone-Anglophone wage gap, most of the studies addi-

tionally estimated the bilingual wage premium: the labour market return to having knowledge

of and pro�ciency in both o¢ cial languages. A number of other papers dealt speci�cally with

the wage premium. Carliner (1981) developed a model based on the notion that, in multilingual

societies, if the demand for speakers of a given minority language exceeds the supply, a bilingual

premium will result for native speakers of the majority language. Similarly, Robinson (1988)

characterized the wage premium as a function of the demand for language-speci�c skills. Other

papers include Christo�des and Swidinsky (1998, 2010) and Pendakur and Pendakur (1998).

Christo�des and Swidinsky (2010), focused not just on the in�uence of second language knowl-

edge on earnings, but also on whether that language was actually used in the workplace. In

general, the literature has found that bilingual skills are rewarded in the Canadian labour mar-

ket, although that reward depends on one�s mother tongue as well as where one lives in the

country. Further discussion of the literature on the bilingual wage premium along with a table

of selected estimates of the premium is presented in chapter 2.

1.1.2 Theoretical Literature

The theoretical literature on the economics of language is somewhat less developed than the

empirical literature. Aside from the above-mentioned article by Marschak, early contributions

to theoretical aspects of the economics of language are due to Hocevar (1975) and Breton (1978)

who addressed the roles of language in local product markets and international trade respec-

tively.
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The seminal articles by Selton and Pool (1991) and Church and King (1993) initiated a lit-

erature that examines language acquisition using game theory. The former paper was concerned

with characterizing the existence and stability of the equilibrium distribution of language skills,

while the latter�s focus was the e¢ ciency of the equilibrium. The models in both papers draw

on the same motivating notion: that the private bene�t to learning a language increases with

the number of people it helps one communicate with. Since this bene�t may depend on the

language acquisition decisions of others, there is a strategic dimension to the decision. This

intuition was later adopted by Lang (1986) who applied it to explaining segregation in the

workplace and by Lazear (1999) whose interest was in characterizing the assimilation process

of immigrants. More recent contributions that draw on the Selton-Pool-Church-King model are

Ginsburg et al. (2007), Gabszewicz et al. (2011a) and Gabszewicz et al (2011b).

Other papers have considered language use and acquisition as a choice variable in dynamic

settings. Hocevar (1983) and Grin (1992) developed models of language death whereby a lan-

guage may fall into disuse after successive generations of decline. The latter paper is speci�cally

concerned with the notion of a minimum threshold of use beyond which a language is doomed

to extinction. A similar macro model is presented in Abrams and Strogatz (2003). The papers

by John and Yi (1997) and Wickstrom (2005) are concerned with second language acquisition

decisions and their interaction with locational and parental socialization decisions respectively.

While the empirical literature reviewed above generally considers earnings di¤erentials be-

tween language groups to be the result of human capital de�ciencies, a number of theorists

have analyzed the issue from the perspective of discrimination. Lang (1986), cited above, is

one such paper in this vein. Cornell and Welch (1996) develop the idea of screening discrimi-

nation whereby employers favour prospective employees from their own cultural group because
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the signals about their characteristics are less noisy than those of out-group individuals. This

sort of intuition has been applied in more recent papers by Lundberg and Startz (2007) and

Morgan and Vardy (2009). Related also is Austin-Smith and Fryer (2005) who characterize the

mode of self-expression of members of a minority group as a signal that can either induce higher

wages or foster acceptance within the group.

Questions of language policy have received relatively little attention from economic theorists.

A number of articles have discussed how economics can contribute to the largely interdisciplinary

�eld of language policy and planning (Grin (1996a), Gazzola and Grin (2007)). An early e¤ort

to model an "optimal" language policy mathematically is actually due to the political scientist

Jonathan Pool (Pool (1991)). Pool�s model concerned the choice of an o¢ cial language for a

population where more that one language was in use. He shows that a fair language policy

(according to some de�nition of fairness) can also be e¢ cient under certain assumptions. The

trade o¤ between fairness and e¢ ciency in choosing language policies has been also discussed

in other contexts by Laitin (1994) and Van Parijs (2011). In their book "How Many Languages

do we Need?" Ginsburg and Weber (2011) use economic tools to evaluate the optimum number

of languages that should be recognized as o¢ cial by the European Union.

1.2 Outline of the Thesis

The next chapter motivates the theoretical models presented in the rest of the thesis with an

empirical analysis of the labour market returns to bilingualism in the Canadian labour market

using census data. We take a novel approach to the subject based on the notion that the

value of a set of language skills depends on local complementarities. For example, the earnings
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bene�t for an Anglophone associated with being able to speak French will be higher in a

largely French-speaking community than in a largely English-speaking community. Likewise a

monoglot Anglophone should earn a higher wage in a largely English-speaking community than

in a largely French-speaking community, other things being equal. The parameter of interest

in our model is the elasticity of language skill complementarity in earnings which measures

the marginal sensitivity of the wage with respect to the proportion of the local population the

individual shares a language with. So while the bilingual wage premium is a measure of the

gross individual return to investing in language skills, this elasticity parameter is a measure of

the spillover e¤ect of second language acquisition.

These spillovers are an essential feature of the theoretical model presented in chapter 3. We

consider a labour market where two languages are commonly in use and each individual may

make a costly investment to learn the language which is not his or her mother tongue. Language

skills are productive in a human capital sense and can also be used to signal unobservable

traits to employers. Due to the informational asymmetry between workers and employees, the

equilibrium rate of bilingualism in the economy may exceed the socially e¢ cient level. On the

other hand, the spillovers associated with second language acquisition may imply there is not

enough bilingualism relative to the social optimum. We consider the circumstances under which

either the "signalling" or the "network" welfare e¤ects dominate in equilibrium. Depending on

the parameter values of the model, policies of either encouraging or discouraging the investment

in language skills may be welfare enhancing.

The following two chapters deal speci�cally with language policies. Chapter 4 develops a

variant of the Selton-Pool-Church-King model to characterize an optimal tax-subsidy system

designed to internalize the network externality associated with second language acquisition.
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The resulting system is analogous to a set of Pigovian subsidies that �ll the missing market

left by the inability of individuals to bribe others to learn to speak their language. We solve

the planner�s problem under a variety of assumptions about the capacity and willingness of the

government to discriminate between individuals when setting policy.

In chapter 5, we consider language policy from the point of view of balancing e¢ ciency

and equity. Here a planner must decide on the appropriate level of public services to provide

in the language of a minority population. Since the minority group is economically disadvan-

taged, there is a motivation to set a relatively high level of public services provided in their

language. However, since there may be economies of scale associated with the production of

public services in a single language, it may be particularly costly to duplicate services in two

languages. Furthermore, providing a relatively high level of public services reduces the minority

language speakers� incentives to invest in pro�ciency in the dominant language. This has an

adverse e¤ect on the tax base. In the case where minority language speakers all have the same

costs of acquiring dominant language pro�ciency, there are two local maxima to the planner�s

problem. The �rst is associated with an accommodationist policy that sets a relatively high

level of public service provision in the minority language and the other is an assimilationist

policy that only provides public services in the dominant language. An extension characterizes

the unique optimal policy when acquisition costs are heterogeneous.

Chapter 6 concludes the thesis with a summary of its contributions to the literature and a

brief discussion of questions that may be addressed in future research.
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Chapter 2

Local Language Skill

Complementarities and Earnings in

the Canadian Labour Market

The literature concerning the labour market return to language skills focuses on the earnings ad-

vantage enjoyed by individuals who have communicative pro�ciency in more than one language.

One branch of this literature concerns the relationship between the earnings of immigrants and

their pro�ciency in the dominant language of the receiving country. Another analyzes the e¤ect

on earnings of second language skills in countries where more than one language is commonly

in use. In both of these lines of research, the knowledge of a second language is viewed as

an element of human capital: that it is embodied in the individual and that it contributes to

productivity. In this interpretation, the acquisition of language skills is an investment that

personally bene�ts the individual in the form of a higher wage and wider employment oppor-
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tunities.

The theoretical literature on the economics of second language acquisition has suggested that

the acquisition decision is associated with network externalities.1 In particular, an individual

who decides to learn a second language indirectly bene�ts those whose mother tongue is learned

if they do not already share a language with the learner. Conceptually, the externality comes

in the form of an increase in utility which, in concrete terms, corresponds to social, cultural

and economic bene�ts. By this argument, the acquisition of a second language may, in theory,

be associated with an increase in productivity, and hence earnings, of individuals who speak

only that language.

While much has been learned about the personal earnings bene�t to investing in language

skills in various contexts, little is known about how the language skills of an individual and

the distribution of language skills in a local labour market interact to in�uence the individual�s

earnings. This essay addresses this question by presenting and estimating a model of wage de-

termination where earnings depend on local language skill complementarities. The fundamental

parameter of interest, the elasticity of language skill complementarity in earnings, measures the

percentage change in wages associated with a one percent increase in the proportion of the local

population the individual shares a language with. An analysis of Canadian census data �nds

that the elasticity is higher for women than for men, that it appears to have increased over the

past thirty years and that it is higher at lower points on the conditional earnings distribution,

although not on the unconditional earnings distribution.

The next section motivates the analysis with a discussion of the return to second language

skills in the Canadian labour market and how it relates to local linguistic demography. Section

1Church and King (1993), Gabszewicz et al (2011b).
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2.2 presents and estimates the model using data from the 2006 Canadian census. Census data

from previous years is also analyzed to shed light on how the importance of language skills and

local complementarities in earnings has evolved over the past thirty years. Unconditional and

conditional quantile regression techniques are applied to characterize the sensitivity of language

complementarities with respect to earnings at di¤erent points on the wage distribution. Section

3.3 concludes the chapter with a summary of the �ndings and a brief discussion of their policy

implications.

2.1 The Bilingual Wage Premium in Canada

Estimates of the labour market return to language skills in the literature are typically made

with some reference to human capital theory. The ability to speak a second language satis�es

the requirements to be considered human capital in that it is productive, it can be acquired at

some cost and it is embodied in the individual. So the standard approach taken in estimating

the bilingual (i.e., French-English) wage premium in Canada is to �rst estimate the following

human capital earnings function (Mincer (1974)) that includes explanatory variables capturing

second language skills:

lnwi = �Ei

�
�mE (1� �i) + �bE�i

�
+ �Fi

�
�mF (1� �i) + �bF �i

�
+Xi� + "i (2.1)

Here lnwi is the logarithm of wages or earnings of individual i, �Ei (�Fi ) is a dummy vari-

able that equals to one if the individual�s mother tongue is English (French), �i is a dummy

variable that equals to one if individual i can speak both o¢ cial languages, Xi is a vector of

observable variables thought to otherwise in�uence earnings and "i is a stochastic error term
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that captures unobservable factors. One of the ��s corresponding to the benchmark language

category is set equal to zero and the rest are unknown parameters to be estimated. Then, fol-

lowing Halvorsen and Palmquist (1980), the average earnings advantage enjoyed by bilingual

individuals over monoglots after accounting for other factors is given by:

�wj = e
b�bj�b�mj � 1, j = E;F (2.2)

where b�bj and b�mj are the OLS estimates of �bj and �mj . So �wj is the bilingual wage premium
for language group j.2 Table 2.1 presents a selection of estimates of the bilingual wage premium

found in the literature.

The variety in the scale of the estimated premia shown in the table is attributable to di¤ering

methodologies and data restrictions. Nonetheless a couple of patterns emerge. We see that the

wage premium for Francophones tends to be higher than that for Anglophones. Furthermore,

bilingual skills tend to be rewarded at a higher rate in the province of Quebec than in the rest

of Canada. Indeed, it is recognized by almost all studies that the province of Quebec is a unique

labour market in terms of the returns to language skills due both to its linguistic demography

and the in�uence of language policies in the workplace. So it is entirely appropriate to run

separate regressions for Quebec and the rest of Canada when estimating the bilingual wage

premium.

To elaborate on this point, table 2.2 presents estimates of the bilingual wage premium

along with statistics related to the linguistic demography of Canada, Quebec and the Rest of

Canada (R.O.C.) based on an analysis of the 2006 Canadian Census Public Use Microdata

2The bilingual wage premium is frequently reported as b�bj � b�mj since b�bj � b�mj � eb�bj�b�mj � 1 when b�bj � b�mj
is relatively small.
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Table 2.1: Selected Estimates of the Bilingual Wage Premium in Canada
Study Data Source and Sample Premium

Veltman et al. (1979) 1971 Census Anglophones: 4.5%
Montreal males Francophones: 6.0%

Vaillancourt (1980) 1971 Census Anglophones: n.s.
White Quebec males Montreal Francophones: 6.0%

Quebec Francophones: 10.5%
Boulet (1980) 1971 Census Anglophones: n.s.

Montreal males Francophones: 3.0%
Shapiro and Stelcner (1981) 1971 Census Anglophones: n.s.

Canadian males and females Francophones: 7.5%
Carliner (1981) 1971 Census Anglophones: 2.0%

Canadian males Francophones: 10.0%
Grenier (1987) 1981 Census Anglophones: 13.0%

Quebec males Francophones: 4.5%
Robinson (1988) 1981 Census and 1973 CARMAC 1981 Census: 5.5%

Canadian males and females 1973 CARMAC: 5.0%
Bloom and Grenier (1992) 1986 Census Anglophones: 4.0%

Canadian males Francophones: 5.0%
Shapiro and Stelcner (1997) 1991 Census Male Anglophones: n.s.

Canadian males and females Male Francophones: 4.5%
Female Anglophones: n.s.
Female Francophones: 9.5%

Christofides and Swidinsky (1998) 1991 Census Male Anglophones: 2.5%
Canadian males and females Male Francophones: 4.5%

Female Anglophones: 3.5%
Female Francophones: 5.5%

Pendakur and Pendakur (1998) 1991 Census Montreal males 5.0%
Canadian males and females Montreal females 6.0%

Toronto males 4.5%
Toronto females 3.0%

Albouy (2008) Censuses 1971, 19812001 Quebec Francophones 10.9%, 8.1%
Quebec Anglophones n.s., 5.0%

Christofides and Swidinsky (2010) 2001 Census Males ROC: 3.8%, 5.4%
Canadian males and females Females ROC: 6.6%, 9.3%

Males Quebec: 7.0%, 18.2%
Females Quebec: 8.1%, 14.9%

Nadeau (2010) Censuses 1971, 19812001 Francophones Quebec: 6.7%, 5.8%
Anglophones Quebec: n.s., 5.5%
Francophones ROC: n.s., 4.8%
Anglophones ROC: 2.9%, n.s.

n.s. = not statistically signi�cant
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Table 2.2: The Distribution of Language Skills and Bilingual Wage Premia in Canada 2005
% Who Can Speak

% of Population Both Official
Languages Males Females Males Females

Canada
Anglophones 58.0 9.4 0.50 1.41* 1.21 2.94**
Francophones 22.1 42.4 4.08** 7.36** 8.11** 10.41**

Quebec
Anglophones 7.8 69.0 6.82** 6.08* 10.19** 8.22**
Francophones 80.1 35.8 3.87** 6.93** 7.36** 9.86**

Rest of Canada
Anglophones 73.6 7.4 0.80 2.12** 2.84** 4.08**
Francophones 3.4 83.6 8.11** 4.71** 9.09** 9.42**

Bilingual Wage Premium (%)
I/O Controls Included I/O Controls Excluded

Data Source: 2006 Canadian Census. Full regression results are reported in the appendix. ** p <.01. * p <.05.

File (Individuals). The dataset consists of the responses of 2.7% of the Canadian population

to the long form census which includes questions on earnings, employment, education and

demographics as well as on language use and knowledge. The sample is limited to include

only Francophones and Anglophones who were between 17 and 65 years of age, who were not

self-employed, worked full-time and earned more than $1000 in wage income in 2005. The

dependent variable is the log of wage and salary income and the controls used are: age, age

squared, marital status dummy variables, place of residence dummy variables, and highest

educational degree dummy variables. Two sets of estimates are presented, one that includes

controls for occupation and industry and one that does not.3

Francophones are a minority in Canada overall as well as outside of the province of Quebec,

while Anglophones are a minority within Quebec. As may be expected, rates of bilingual

knowledge are higher among the minority language group, since being able to speak the language

of the majority enables access to social and economic resources. Indeed, the bene�t of this access

3The full regression results are reported in the appendix - tables 2.A.1 and 2.A.2.
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is re�ected in the wage premia. There is a statistically signi�cant premium paid to bilingual

Francophones both inside and outside of Quebec. Bilingual Anglophones also earn a premium,

although it is much smaller outside of Quebec and in some cases not statistically signi�cant.

This suggests that the wage is an increasing function of what Gabszewicz et al (2011b) refer to

as one�s communicative bene�t from learning a second language: the increase in the proportion

of the population with whom one shares a language. For example, for a Francophone living

in a region where 50% of the population is Francophone, 50% is Anglophone and 50% of the

Anglophones can speak French, the communicative bene�t to learning English is 25%: the

proportion of Anglophones who don�t speak French.

In the case of Anglophones living outside of Quebec, the communicative bene�t is small since

the majority is Anglophone and a large proportion of the Francophone minority is bilingual.

Within Quebec, the communicative bene�t is relatively large as approximately half of the

population is unable to speak English. This line of argument also explains the signi�cant

bilingual wage premium for Francophones outside of Quebec where the communicative bene�t

is very large. For Francophones within Quebec, the communicative bene�t is much smaller,

however there is still a signi�cant bilingual wage premium. It seems likely that this is due to

the status of cultural and economic dominance that English enjoys, not just in Quebec, but in

North America and around the world.

Relating the discussion back to human capital theory, this all suggests that the economic

value of a given set of language skills is not independent of the environment it is used in.

Languages can be thought of as being collaborative technologies in that they enable groups of

individuals to engage in collective activities such as trade and production that create economic

value (Lang (1986), Lazear (1999)). So the more people in the relevant environment an indi-
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vidual is conversant with, whether they are co-workers, management, subordinates, customers,

competitors, etc., the more value he or she will have on the labour market. Furthermore, sharing

a language with a larger proportion of the population may increase the size and quality of one�s

social network which could lead to better job prospects. The next section presents an extension

to the human capital earnings model, equation (2.1), that incorporates this observation.

2.2 Earnings and Local Complementarities in Language Knowl-

edge

Let each individual i reside in a particular locality j. What constitutes a locality in the analysis

will be discussed below, but in general it is intended to represent a local labour market. For

the purposes of exposition, we will assume that the population of each locality is composed

of Francophones and Anglophones only. Let F j and Aj be the proportions of Francophones

and Anglophones living in locality j and BjF and B
j
A be the proportions of Francophones and

Anglophones who are bilingual (speak both languages) in locality j. Then the proportion of

the population in locality j that individual i shares a language with is given by:

pi =

8>>>>>><>>>>>>:

F j +AjBjA

Aj + F jBjF

1

if individual is

Francophone and cannot speak English

Anglophone and cannot speak French

Bilingual

(2.3)

We assume that the wage of individual i is an increasing function of pi according to the following

speci�cation:

wi = p�i �ie
"i (2.4)
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Here �i is a function of observable characteristics thought to in�uence productivity and, as

before, "i is a stochastic error term. We refer to the parameter � as the elasticity of language

skill complementarity in earnings. It is independent of the linguistic demography of the locality,

so it is a structural parameter that captures the importance of language skills in the labour

market generally. Taking logs of both sides of (2.4) we get a linear model suitable for estimation:

lnwi = � ln pi +Xi� + "i (2.5)

where Xi� = ln �i, Xi is a vector of observable characteristics (including an intercept) and �

is a vector of parameters.

An important distinction between the model (2.5) and the standard wage regression model

with language group dummy variables (2.1) is that a prudent estimation of the latter requires

splitting the sample up on a regional basis. For the reasons outlined above, the bilingual wage

premia for each of the language groups will inevitably be di¤erent in di¤erent parts of the

country. The regression model (2.5), however, exploits the regional linguistic heterogeneity of

the country and so splitting the sample is neither necessary nor desirable.

The Canadian Census Public Use Microdata Files use two variables to refer to respondents�

place of residence: Census Metropolitan Area (CMA) and province. CMA�s refer to the 22

largest urban areas in Canada. We de�ne the locality of an individual to be either the CMA in

which he or she resides or the province in which he or she resides if not a resident of a CMA.

The number of localities is then 33: 22 CMA�s plus 10 provinces plus Northern Canada which

includes the Yukon, the Northwest Territories and Nunavut.

Figure 2-1 plots the distributions of p for gender and mother tongue subsamples of the
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Figure 2-1: Distributions of the Proportion of the Local Population with whom Individuals
Share a Language 2005
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Source: 2006 Canadian Census and author�s calculations.
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population. We see that the distributions are quite similar across genders. There are peaks

at the second highest bin before p = 1, indicating that most respondents are not bilingual but

nonetheless share a language with large majorities of the localities in which they live. The

distributions across language groups show a di¤erent pattern. For Francophones the peak in

the distribution is at p = 1, re�ecting their high rate of bilingual knowledge.

2.2.1 The Elasticity of Local Language Complementarity

The OLS estimation results for the regression model (2.5) are reported in table 2.3.4 The

parameter estimate of primary interest, b�, is associated with the regressor ln p. Regression
model I (the �rst and fourth columns of the table) is the standard speci�cation. Here the

regressors are the same as in the model equation that estimated the bilingual wage premia

reported in table 2.2 except that the language group dummy variables are now replaced with ln p.

As we would expect, the estimates of � for both men and women are positive and statistically

signi�cant. The interpretation is that a one percent increase in the proportion of the local

population that an individual shares a language with corresponds to a .078% increase his wage

if he is a man or a .093% increase in her wage if she is a women evaluated at the conditional

means of the wage distributions for the speci�cation that includes industry and occupational

(I/O) controls. In the speci�cation without I/O controls the estimates of � are 0.038 and 0.047

percentage points higher for males and females respectively.5

There is a close relationship between value of the elasticity parameter � and the bilingual

4Full regression results are presented in the appendix: tables 2.A.3 and 2.A.4.
5Since p = 1 for bilingual individuals and since we may expect the return to bilingualism would provide an

incentive to learn a second language, p may be regarded as an endogenous variable. This being so, the estimates
of � are likely to be biased. With the present data there does not appear to be a satisfactory way to deal with
this endogeneity. In any case, we are less concerned with the true value of � than with how it changes over time
and over the earnings distribution.
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Table 2.3: Estimates of the Elasticity of Local Language Skill Complementarity in Earnings:
Canada 2005

(I) (II) (III) (I) (II) (III)
Males

ln p 0.078 0.078 0.063 0.116 0.115 0.078
(4.14)** (4.13)** (3.26)** (5.75)** (5.72)** (3.76)**

Francophone 0.007 0.014
(1.04) (1.98)*

Bilingual 0.017 0.042
(3.60)** (8.55)**

Industry and Occupational Controls

F Statistic 984.50 972.65 972.89 989.84 971.26 973.10
Sum of Squared Residuals 37572.70 37572.38 37568.77 44700.35 44698.96 44674.34
Observations 123901 123901 123901 125446 125446 125446
Rsquared 0.39 0.39 0.39 0.29 0.29 0.29

Females
ln p 0.093 0.094 0.057 0.140 0.142 0.084

(4.95)** (5.01)** (2.96)** (6.89)** (6.99)** (4.03)**
Francophone 0.014 0.028

(2.20)* (3.95)**
Bilingual 0.038 0.059

(8.55)** (12.19)**
Industry and Occupational Controls

F Statistic 874.84 864.39 865.81 857.76 842.00 845.62
Sum of Squared Residuals 24836.84 24835.63 24818.52 30085.16 30080.49 30040.64
Observations 99137 99137 99137 100417 100417 100417
Rsquared 0.42 0.42 0.42 0.31 0.31 0.31

Included Not Included

Included Not Included

Source: 2006 Canadian Census and author�s calculations. ** p.<.01. * p.<.05. Absolute values of t-statistics in
parentheses. Control variables included but not reported: age, age squared, marital status, place of residence,
occupation, industry and highest educational degree. See the appendix for complete regression results.
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wage premium. The higher is �, the higher will be the premium for any given language group

in any given population. However, they are not the same thing. The elasticity � measures

the sensitivity of an individual�s earnings with respect one�s own language skills as well as to

the language skills of the others in the immediate environment. The bilingual wage premium

measures the sensitivity of an individual�s earnings with respect only to one�s own language

skills. So one estimate does not replace the other. They are in fact complementary measures

of the role of language skills in earnings.

Model II includes a dummy variable indicating if the individual is Francophone. The coe¢ -

cient estimates on the Francophone dummy are positive and, in the case of the male subsample

with I/O controls, not statistically signi�cant. This result contrasts with �ndings that have

shown a persistent earnings disadvantage for Francophones relative to Anglophones in Canada,

both outside and inside Quebec (Vaillancourt (1980), Shapiro and Stelcner (1997)).6 This sug-

gests that the Francophone-Anglophone wage gap may be in part attributable to di¤erences in

the local rates of language complementarity as re�ected in the distributions of p depicted in

�gure 2-1.

It has been suggested by some authors that bilingual ability is rewarded in part because it

signals unobservable ability to employers (Christo�des and Swidinsky (2010)). If that were the

case, then the estimates of � would be biased upwards. In particular, the model that generated

the data would feature a discontinuity in the value of � at p = 1. To partially account for this,

model speci�cation III includes a dummy variable indicating if the individual was bilingual. So

the estimate on the dummy bilingual re�ects the discrete di¤erence in earnings between bilingual

and monoglot individuals, while the estimate on ln p indicates the elasticity of earnings with

6Although it appears the the wage gap has narrowed considerably over the past thirty years (Albouy (2008)).
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respect to changes in the proportion of the population with whom one shares a language. The

inclusion of the dummy variable reduces the estimates of the elasticity parameter relative to

those of model I as would be expected if signalling was a factor in wage formation. However,

since ln p and the dummy variable are correlated by construction, it cannot determined how

much of the bilingual wage premium is attributable to the signalling of unobservable abilities

as opposed to the direct productive element of language complementarity. It can nonetheless

be concluded that the results are consistent with a signalling e¤ect.

2.2.2 The Elasticity of Local Language Complementarity over Time

It was remarked above that we consider �, the elasticity of language complementarity in earn-

ings, to be a structural parameter of the economy. Presumably a number of factors in�uence

its magnitude including the industrial structure of the economy, the degree of urbanization

in the country and the extent to which local economies are open to external markets. So we

may expect that a higher proportion of economic activity in service industries as opposed to

manufacturing industries would put a greater emphasis on language skill complementarity and

therefore be associated with a higher value of �. By the same token, a higher concentration of

the population living in urban areas increases the rates of face-to-face interactions which would

also put a greater emphasis on language skill complementarities. Greater openness to external

markets, however, would decrease the importance of language skill complementarities, at least

at the local level since there is relatively less reliance on the ability to converse with individuals

living in the same community to be productive.

Over the past thirty years, the Canadian economy has seen a shift towards service industries

and increased urbanization while becoming more open to external markets, particularly since
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the passage of the North American Free Trade Agreement in 1994. So it is unclear a priori

how we would expect these changes to cumulatively e¤ect the elasticity of language skill com-

plementarity in earnings. Figures 2-2 and 2-3 show estimates of the elasticity using analyses of

the 1981, 1986, 1991, 1996, 2001 and 2006 censuses.7 At �rst glance, there doesn�t appear to

be an obvious trend in the estimates either upwards or downwards for males or females. The

time trend for males appears to be relatively �at while that of females is more volatile. For

both subsamples, however, the estimates of � in 1995, 2000 and 2005 are all higher than those

for the previous three census years. This suggests the possibility that the role of language in

earnings has become more pronounced over the last �fteen to twenty years. An analysis of the

2011 Census Public Use Microdata File when it becomes available or comparable data from

non-census years would be helpful in either lending support to or falsifying this hypothesis.

Another factor that we would expect to in�uence the value of � is language policy. The

Canadian federal government and the governments of several provinces, most notably Quebec,

have language policies that have a direct bearing on the workplace. The federal government

has explicit policies of preferential treatment for o¢ cial-language bilingual employees in hiring,

promotion and compensation. In speci�c regions of the country, including the National Capital

Region and parts of Quebec, Ontario and New Brunswick, federal o¢ ces must operate in an

environment where English and French are accorded equal status. The only jurisdiction in

Canada that regulates the language of work in the private sector is Quebec. Large �rms require

a certi�cate of Françisation which is obtained from the Bureau de la Langue Française after the

�rm has demonstrated that certain standards of French use in the work place have been met.

Additionally, there are regulations dealing with language use in human resource management

7Full regression results are presented in the appendix: tables 2.A.5 through 2.A.9.

25



Figure 2-2: Estimates of the Elasticity of Local Language Skill Complementarity in Earnings:
Canada 1980 to 2005. - Industry and Occupational Controls Included

Source: Author�s calculations from the 1981, 1986, 1991, 1996, 2001 and 2006 Canadian Censuses. Full
regression results presented in the appendix. All estimates statistically signi�cant at 5 percent except for
females in 1985.
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Figure 2-3: Estimates of the Elasticity of Local Language Skill Complementarity in Earnings:
Canada 1980 to 2005. - Industry and Occupational Controls Excluded

Source: Author�s calculations from the 1981, 1986, 1991, 1996, 2001 and 2006 Canadian Censuses. Full
regression results presented in the appendix. All estimates statistically signi�cant at 5 percent.
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functions such as recruitment and promotion.

In general we would expect language policies to decrease the value of �. Whether the

policy either promotes or discourages the use of particular languages, in the present context we

can think of its e¤ect as being a distortion. By arti�cially in�uencing the reward to language

knowledge, the role of local complementarities is subsumed. However, we would not expect

there to be any noticeable e¤ect of policy on the estimates over time presented in tables 2-2

and 2-3 since little consequential language legislation related to the labour market has been

passed in Canada since the late 1970s.

2.2.3 The Elasticity of Local Language Complementarity over the Earnings

Distribution

As stated above, the OLS estimate b� measures the elasticity at the conditional sample mean
of the earnings distribution. While this provides a convenient summary of the role of language

skill complementarities in earnings generally, it fails to show how this e¤ect may be realized at

alternative points on the earnings distribution. To address this issue we employ the comple-

mentary techniques of unconditional quantile regressions (Firpo et al. (2009)) and conditional

quantile regressions (Koenker and Bassett (1978), Koenker and Hallock (2001)).

The �th quantile of a distribution of a random variable y is the value q� (y) at which �

percent of the observations lie below q� (y). So, for example, the 50th quantile of a distribution

is its median. Just as reporting the quantile values of a distribution can be more informative

than just reporting its mean, reporting the marginal e¤ects of independent variables on the

quantiles of a distribution can be more informative than reporting just the standard ordinary

least squares estimate.
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As the names suggest, the distinction between unconditional and conditional quantiles es-

timates is that the former measures the marginal e¤ect of perturbing an independent variable

of interest on the quantiles of the unconditional distribution of the dependent variable whereas

the latter estimates the marginal e¤ect on the quantiles of the distribution, conditional on the

independent covariates of the model.

We �rst present the unconditional quantile estimates of � in �gures 2-4 and 2-5. Here the

estimates are plotted at 5% intervals along with their 95% con�dence intervals as well as the

OLS estimate of � for the model speci�cations with and without industry and occupational

controls respectively. We see that the quantile estimates of � over most of the unconditional

distribution of log wages deviate only very slightly from the OLS estimate in both the male and

female subsamples. In other words, the e¤ect of increasing the proportion of the population

one shares a language with on earnings is more or less the same at the mean as at other points

of the earnings distribution. Only at the low end of the distribution for males and at the high

end of the distribution for females is there a substantial di¤erence between the quantile and

OLS estimates. Even still, the OLS estimates fall comfortably within the quantile estimate

con�dence intervals.

In contrast, the plots of the unconditional quantile estimates of the bilingual wage premium

for Francophones in Quebec show a di¤erent pattern (�gure 2-6). For both males and females,

the wage premium estimates are higher at higher points in the unconditional earnings distribu-

tion. Taken together, the unconditional quantile estimates of � and the wage premium indicate

that a marginal increase in p is associated with a more or less constant earnings increase across

the unconditional distribution whereas the discrete di¤erential in earnings between monoglots

and bilingual individuals is increasing with the unconditional quantile.
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Figure 2-4: Unconditional Quantile Estimates of the Elasticity of Local Language Skill Com-
plementarity in Earnings, Industry and Occupational Controls Included: 2005

Source: Author�s calculations from the 2006 Canadian Census. Full regression results available upon request.
All estimates statistically signi�cant at 5 percent except for at the 10th, 15th and 20th quantiles for males and
at the 5th and 10th quantiles for females.
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Figure 2-5: Unconditional Quantile Estimates of the Elasticity of Local Language Skill Com-
plementarity in Earnings, Industry and Occupational Controls Excluded: 2005

Source: Author�s calculations from the 2006 Canadian Census. Full regression results available upon request.
All estimates statistically signi�cant at 5 percent except for at the 10th quantile for males and the 5th quantile
for females.
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Figure 2-6: Unconditional Quantile Estimates of the Bilingual Wage Premium for Francophones
in Quebec 2005

Source: Author�s calculations from the 2006 Canadian Census. Full regression results available upon request.
All estimates statistically signi�cant at 5 percent except for at the 5th through 35th percentiles for males and
the 5th through 15th percentile for males in with I/0 controls included and at the 5th through the 20th
percentiles for males and the 5th and 10th percentiles for females with I/O controls excluded.
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Figures 2-7 and 2-8 plot the conditional quantile estimates of � at 5% intervals along with

their 95% con�dence intervals and the OLS estimate of � at the distribution mean. We see that

for both males and females, the elasticity of language skill complementarity is higher at lower

points on the conditional earnings distribution. The estimate of � for males at the 5th quantile

is .164 and declines steadily as the quantiles increase. For females the peak of the estimates

is at the 25th quantile (b� =.145). This indicates that earnings are more sensitive to language
skill complementarities at points lower in the conditional wage distribution.

The explanation for this result is not related to the fact that individuals employed in service

industries both tend to rely more on language skills at work and earn below average wages.

The pattern shows up in both of the speci�cations with and without industry and occupation

controls. Furthermore, the variance in the conditional earnings distribution is attributable to

unobservable heterogeneity: the attributes of the workers that in�uence earnings but are not

captured in the variables in the regression equation. These may include personal characteristics

such as ability, intelligence and attitude or other factors such as the availability and value

of social networks. So a one percent increase in p has a larger e¤ect on earnings for those

individuals whose unobservable attributes place them at the lower end of the wage distribution,

other factors being equal.

As with the unconditional quantile estimates, �gure 2-9 plots the conditional quantile es-

timates of the premium for Francophones in Quebec. Here again the estimates increase with

the quantile. So for this particular mother tongue language group in this particular region of

the country, the earnings di¤erence associated with learning English is higher as unobservable

attributes put them at a higher rank on the conditional earnings distribution. A possible ex-

planation for this result is that those at the higher end of the conditional earnings distribution
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Figure 2-7: Conditional Quantile Estimates of the Elasticity of Local Language Skill Comple-
mentarity in Earnings, Industry and Occupational Controls Included: 2005

Source: Author�s calculations from the 2006 Canadian Census. Full regression results available upon request.
All estimates statistically signi�cant at 5 percent except for males at 85th, 90th and 95th quantiles and females
at 5th quantile.
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Figure 2-8: Conditional Quantile Estimates of the Elasticity of Local Language Skill Comple-
mentarity in Earnings, Industry and Occupational Controls Excluded: 2005

Source: Author�s calculations from the 2006 Canadian Census. Full regression results available upon request.
All estimates statistically signi�cant at 5 percent except for females at 5th quantile.
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Figure 2-9: Conditional Quantile Estimates of the Bilingual Wage Premium for Francophones
in Quebec 2005

Source: Author�s calculations from the 2006 Canadian Census. Full regression results available upon request.
All estimates statistically signi�cant at 5 percent except for at 5th and 10th quantiles for both males and
females with I/O controls included and at the 5th quantile for both males and females with I/O controls
excluded.
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may be more pro�cient in the second language. Since the census variable concerning knowledge

of o¢ cial languages does not distinguish between degrees of language �uency, this would be

captured in the error term.

2.3 Conclusion

This essay has proposed a simple model of the return to language skills where the ability to

speak a second language is considered a specialized form of human capital. The productive value

of a set of language skills depends on the extent to which it enables the individual to participate

in collaborative activities with others. Thus local complementarities imply that there is not an

absolute value to learning a second language. While the literature that characterizes bilingual

wage premia and other measures of the returns to language skills are concerned with conditional

earnings di¤erentials for certain groups in certain populations, the present essay focuses on a

deeper model that generates the premia. Admittedly, the approach taken here is one alternative

of perhaps many. The virtue of proceeding as we have is that the output of the analysis

is a simple interpretable estimate of a parameter of interest: the elasticity of local language

complementarity in earnings.

We �nd that the elasticity is higher for females than for males. This correlates directly

with the tendency for females to enjoy higher returns to language skills generally. Our analysis

of the evolution of the elasticity over time was less conclusive. While it has been higher for

the past three census years than the previous three for both men and women it is di¢ cult

to discern a trend. More interesting were the conditional quantile regression estimates that

found the sensitivity of local language complementarities to be higher at lower ranks of the
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conditional earnings distribution. In contrast the conditional quantile wage premium estimates

increase with the quantile, at least for the Francophone subsample in Quebec. This points to

the importance of the distinction between the discrete e¤ect of language acquisition and the

marginal e¤ect of increased complementarities on earnings. The source of this distinction is not

obvious, although it may point to di¤erences in second language pro�ciency.

In normative terms, the observation that an individual�s earnings depend on the second

language acquisition decisions of others suggests an ine¢ ciency. If bilingual knowledge is the

outcome of a rational cost-bene�t analysis, those individuals with low costs of acquisition may

not consider the external bene�ts of learning a second language. So to the extent that lan-

guage policies promote second language acquisition (or discourage it) there may be a potential

for a welfare-improving intervention. Furthermore, the result that the elasticity parameter is

higher at lower ranks of the conditional earnings distribution suggests that there may be a

distributional bene�t to encouraging second language acquisition among the more able.
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Chapter 3

Equilibria and E¢ ciency in Bilingual

Labour Markets

A fundamental source of ine¢ ciency in competitive markets is the presence of asymmetric

information. The inability of economic agents to verify the quality of goods subject to trade can

lead to violations of the �rst welfare theorem even when those possessing superior information

can take costly actions to signal quality. It is well known that the same kind of failure can occur

in labour markets as demonstrated by Spence (1973)�s model of educational signalling. In this

case, there are instances where educational investments are individually rational but socially

unproductive.

In principle, the same argument applies to investments in the knowledge of a second lan-

guage. Language skills are costly to acquire and may serve as a veri�able signal to employers

that an individual possesses desirable attributes as an employee. However acquired language

skills and more general forms of education di¤er in important ways. First, the ability to learn a

39



second language is a particularly noisy signal of unobservable productivity. While there is a cor-

relation between linguistic abilities and favorable cognitive abilities and personality traits, the

correlation is weak. The e¢ ciency with which an individual is able to learn a second language

depends primarily on exposure to the language, which typically conveys little information about

the innate productive potential of the individual. Second, as the previous chapter investigated

empirically, languages are technologies that depend fundamentally on complementarities. The

value of knowing any particular language depends on the extent to which it is understood by

others. An implication of this is that the acquisition of a second language may indirectly bene�t

the speakers of that language. Consequently there may be a production externality associated

with second language acquisition that is not considered by individuals who make a rational

cost-bene�t analysis regarding their investment decision.

This essay formalizes these observations by presenting a model of a labour market where

wages depend both on the worker�s innate ability in production and on his language skills. It

is assumed that two languages coexist in the economy so that a worker who chooses to learn a

second language is rewarded with a bilingual wage premium which is determined endogenously

by the equilibrium distribution of language skills. In general, the equilibrium is socially inef-

�cient due to two counteracting e¤ects. First, the decision to become bilingual is associated

with a positive network welfare e¤ect since learning a second language indirectly contributes to

the productivity of monoglot speakers of the acquired language. Second, since ability in second

language learning and unobservable abilities are assumed to be only weakly correlated, pure

separating equilibria do not occur. This contrasts with standard job market signalling models

where workers� ability types can be fully revealed by their investment decisions. Here, the

acquisition of a second language alters the wage distribution through a signalling e¤ect which
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is shown to decrease welfare at the margin. At the equilibrium, social welfare may be improved

by either increasing or decreasing the rates of bilingual knowledge in each of the communities.

This essay contributes to the theoretical literature on second language acquisition in the

following ways. First, we relate the acquisition decision directly to the market return to language

skills: something that is readily observable in the data. Second, the acquisition decision in the

model here is partially motivated by a signalling bene�t which has not been considered in

previous theoretical models. Third, the model results lead to novel implications concerning the

welfare e¤ects of language policies.

The following section develops a model of second language acquisition and bilingual wage

premium formation. Subsection 3.1.1 presents the full information human capital version of the

model. The following subsection 3.1.2 develops an alternative model version where language

skills are not productive but second language acquisition serves as a signal to employers of

unobservable ability. Subsection 3.1.3 synthesizes the human capital and signalling models. In

section 3.2 the human capital model is brought to the data with an analysis of local rates of

o¢ cial language knowledge taken from the 2006 Canadian Census. Section 3.3 concludes with

a brief discussion of policy implications.

3.1 Model

We consider a population of individuals, each of whom is endowed with one of two mother

tongues: language x and language y. The mother tongue is a language the individual grew up

speaking, which cost them nothing to learn and which they will never lose. In what follows we

refer to the two subsets of individuals with either language as a mother tongue as the language
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communities x and y. Normalizing the measure or size of the total population to unity, the size

of language community x is given by � and the size of community y is 1� � where � 2 (0; 1).

Beyond membership in one of the language communities, individuals are di¤erentiated in

two other respects: by their abilities in second language learning and by their non-linguistic

productive capacities on the labour market. Language learning ability is captured by the

cost term c which is a continuous random variable with support [0;1) and non-linguistic

productive capacity is captured by a binary parameter � 2 fl; hg where l and h refer to low and

high ability respectively (l < h). The cost term c is taken to be a reduced form representing

both individual aptitude in second language acquisition and any exogenous circumstances that

otherwise a¤ect the ability of the individual to become bilingual. The proportion of high types

in each community is � 2 (0; 1) which is the same for each language community. The probability

that an individual in language community j = x; y with ability type � has a learning cost below

c is given by the conditional cumulative distribution function Gj (cj�). We impose the following

assumptions:

A.1. Gj (cj�) is continuous and strictly increasing.

A.2. Gj (cjl) < Gj (cjh) for j = x; y and all c 2 (0;1)

A.3. Gy (cj�) � Gx (cj�) for � = l; h and all c 2 (0;1).

Assumptions A.1 is imposed to minimize technical complications in what follows. Assump-

tions A.2 and A.3 deserve some motivation. According to assumption A.2, Gj (cjl) �rst-order

stochastically dominates Gj (cjh) which implies that there is a weak correlation between ability

in second language acquisition and nonlinguistic abilities. The literature on second language

acquisition highlights both cognitive abilities and personality traits as important determinants
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of individual variation in linguistic aptitude (Dörnyei (2006)). Key among these cognitive abil-

ities is working memory (Miyake and Friedman (1998)) which involves the "temporary storage

and manipulation of information that is assumed to be necessary for a wide range of complex

and cognitive activities" (Baddeley (2003): p. 189). Personality traits that have been found

to be in�uential in second language acquisition include internal motivation and the degree of

extroversion. So to the extent that these personal attributes also contribute to productivity

in a broad sense, it is reasonable to assume that language learning abilities and productivity

unrelated to linguistic skills are at least weakly correlated.1

According to assumption A.3, the cost distributions for community y (weakly) stochastically

dominate those for community x. This allows for the possibility that one of the languages -

in this case y - is, on average, easier to learn than the other. Such a situation may arise for

purely structural linguistic reasons as when one language is phonetically or syntactically more

complex than the other. Alternatively, one of the languages may enjoy a status of cultural

dominance. In that case, the non-dominant community is exposed to the dominant language

through media channels - music, television, internet and so forth - that diminish the costs of

becoming bilingual.

Utility is assumed to be separable in income and the cost of language learning. De�ne the

indicator variable � where � = 1 if the individual learns the other language and � = 0 if she

1Many bilingual individuals learn their second language in childhood due to the active involvement of their
parents. Recognizing this, the decision-making unit in the model may be broadened to refer to the family rather
than just the individual, so long as the parents are understood to be acting in the interests of the child. Those
children who grow up in bilingual households - where each parent speaks a di¤erent language - have a learning
cost parameter value that lies close to zero.
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does not.2 Then utility is given by:

u (�; �; c) = wj (�; �)� �c (3.1)

where wj (�; �) is the wage paid to type � individual in community j conditional on �. The only

decision made by the individual is whether or not to become bilingual.3 We assume that she

will become bilingual in case of indi¤erence, so � (�; �) = 1 when:

wj (�; 1)� c � wj (�; 0) (3.2)

Evaluating (3.2) as an equality de�nes a cuto¤ value c� (�) = wj (�; 1) � wj (�; 0) for the cost

term, below which the individual becomes bilingual and above which she does not. In what

follows we refer to �w�j � wj (�; 1)� wj (�; 0) as the bilingual wage premium for type � = l; h

in language community j = x; y. For given wage premia, the proportions of each ability type

who become bilingual in community j are given by:

b�j = Gj (�w�j j�) ; � = l; h; j = x; y (3.3)

and the total proportion of the population who becomes bilingual in community j is:

Bj = �bhj + (1� �) blj (3.4)

2 In the interests of clarity, the analysis neglects the issue of variable �uency in the second language. Either
the individual becomes bilingual or does not. If variable �uency were to be included, the solution concept would
refer to a continuous distribution of language skills rather than a binary distribution. In either case, the main
conclusions of the paper would remain the same.

3 It should be noted that in this speci�cation, there is no inherent value to learning a second language beyond
the earnings advantage it entails.
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Although individuals take the wage premium as given when making their decision, it is deter-

mined in equilibrium by the rates of language learning by each community and by the behaviour

of �rms on the demand side of the labour market.

The productivity of an individual in a job is a function of her non-linguistic ability � and

of p, the proportion of the population with whom she shares an language. We assume the

functional form:

f (p; �) = p�� (3.5)

where � 2 [0; 1] is the elasticity of language skill complementarity in production. In case � = 0,

language skills are completely unproductive.4 We would expect � to vary with the structure of

the economy. For example, a shift towards services and away from manufacturing would tend

to increase �. Additionally, greater urbanization would be associated with a higher value of �.

Since there are only two languages, for all bilingual individuals, p = 1: The value of p for

monoglots depends on the rate of second language learning by the other language community.

So when the proportion By of language community y is bilingual, for monoglots in community

x : p = � + (1� �)By. Likewise for monoglots in community y : p = (1� �) + �By. For ease

of exposition we introduce the functions:

mx (�;By) = �+ (1� �)By (3.6)

my (�;Bx) = (1� �) + �Bx

4The assumption that language skills and non-lingusitic abilities are complements in production is restrictive
but not unreasonable. Consider as an extreme example the value of a genius who is unable to communicate with
his manager or coworkers.
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3.1.1 Pure Human Capital Model

As a baseline, we �rst assume that �rms can observe both the language skills of workers and

their non-linguistic abilities. In the context of wage formation, it is irrelevant whether language

learning costs are observable to employers since they play no direct role in productivity. A set

of �rms makes wage o¤ers à la Bertrand so that the Nash equilibrium entails workers being paid

wages equal to their productivity.5 Without loss of generality, we characterize wage formation

for language community x. For bilingual individuals of ability type �, w (�; 1) = � and for

monoglots of ability type �, w (�; 0) = m�
x�. So for community x there are two bilingual wage

premia:

�w�x = (1�m�
x) �; � = l; h (3.7)

Since h > l by assumption, it is clear that �whx > �wlx. Furthermore, due to assumption

A.3, bhx > blx: the proportion of bilingual high types will always be strictly greater than the

proportion of bilingual low types.

For both ability types, wage premia and, by extension, the rates of language learning in

community x depend negatively on By, the rate of language learning in community y. In

particular, for a given By the total rate of bilingual learning in community x is determined by

the reaction function Bx (By) = �bhx+(1� �) blx where bhx and blx are functions of By through

(3.3) and (3.7):

Bx (By) = �Gx ((1� [mx (�;By)]
�)hjh) (3.8)

+(1� �)Gx ((1� [mx (�;By)]
� l) jl)

5Workers of high and low type are perfect substitutes in production.
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Figure 3-1: The Equilibrium Distribution of Language Skills

For language community y the counterpart expression to (3.8) is:

By (Bx) = �Gy ((1� [my (�;Bx)]
� h) jh) (3.9)

+(1� �)Gy ((1� [my (�;Bx)]
� l) jl)

We refer to any solution to the system of equations (3.8) and (3.9), as an equilibrium distribution

of language skills.

Figure 3-1 graphically depicts one such equilibrium as the intersection of the reaction curves

Bx (By) and By (Bx) in fBy; Bxg space. Depending on the shape of the functions Gj (cj�)

multiple equilibria are possible. The consideration of multiple equilibria does not substantially

alter the analysis beyond adding some tedious complications. To avoid this possibility, we

impose the following su¢ cient condition:
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A.4. Let:

E [gx (cj�)] � �gx (cjh) + (1� �) gx (cjl) ;

E [gy (cj�)] � �gy (cjh) + (1� �) gy (cjl)

where gj (cj�) � G0j (cj�) denotes the conditional probability density function for j = x; y.

Then for all c 2 [0;1):

E [gx (cj�)]E [gy (cj�)] < 1

This leads to the following:

Proposition 1 Under assumption A.4. the solution
�
B�x; B

�
y

	
to the system (3.8) and (3.9) is

the unique stable equilibrium distribution of language skills in the pure human capital model.

We leave all proofs for the appendix. At this level of generality, there is no closed form solu-

tion for the equilibrium distribution of language skills. However, it is relatively straightforward

to show how the equilibrium depends on the relative sizes of the language communities:

Proposition 2 Let B�x (�) and B
�
y (�) denote the equilibrium distribution of language skills as

functions of �: Then:

1. The equilibrium rates of second language acquisition for each community decrease with

the size of the community:

dB�x
d�

< 0;
dB�y
d�

> 0

2. B�x goes to zero as � approaches one and B
�
y goes to zero as � approaches zero.
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The content of proposition 2 is intuitively appealing: the bene�t of learning a second lan-

guage, as re�ected in the bilingual wage premium, is increasing in the proportion of the popu-

lation who have that language as a mother tongue.

The equilibrium distribution of language skills is associated with equilibrium wage premium

for each community and ability type. In order to characterize how the premia depend on the

relative sizes of the language communities and the cost distribution functions, de�ne:

� �
�
�

Z 1

0
cdGx (cjh) + (1� u)

Z 1

0
cdGx (cjl)

�
(3.10)

�
�
�

Z 1

0
cdGy (cjh) + (1� u)

Z 1

0
cdGy (cjl)

�

Since Gy (cj�) � Gx (cj�), � � 0. Furthermore � = 0 only if Gy (cj�) = Gx (cj�) for � = l; h.

So the value � is a summary measure of how much more di¢ cult x is to learn than y. Initially

suppose that � = 1
2 and Gx (cj�) = Gy (cj�), � = l; h. The symmetry of the reaction curves

imply that B�x = B�y and by implication: �w�x = �w�y, the wage premia are the same for

both communities. Now consider the e¤ect of perturbing the cost distributions so that � > 0.

Language x becomes relatively more di¢ cult to learn so that fewer individuals in community

y become bilingual. This will increase the wage premium for community x which in turn

encourages more individuals in that community to become bilingual. This drives down the

wage premium in community y so that when � > 0 results in �w�x > �w�y.

Now suppose again that � = 1
2 and Gx (cj�) = Gy (cj�), � = l; h, and consider a perturbation

of � holding the cost distributions constant. When � > 1
2 , proposition 1 implies that B

�
y > B�x,

so �w�x < �w�y. Conversely, � < 1
2 implies that B

�
y < B�x, so �w�x > �w�y. These results are

summarized in the form of a phase diagram in f�; �g space in �gure 3-2. Due to the continuity
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Figure 3-2: Di¤erences in the Bilingual Wage Premia

of the cost distributions and de�nitions of the wage premia, there is a locus of values of � and

� such that �w�x = �w�y.

Since language learning by one community increases the productivity of monoglots in the

other community, the private and social bene�ts of second language acquisition at the equilib-

rium fail to coincide. To demonstrate this, de�ne the social welfare of �-types in community x

as the per capita unweighted sum of utilities for a particular cuto¤ learning cost value c� where

those with c � c� are bilingual and those with c > c� are monoglots.6 Since G (cj�) is strictly

increasing we can invert the de�nition b�x = G (c�j�) to express social welfare in terms of b�x

and mx:

s�x (b�x;mx) �
Z G�1x (b�xj�)

0
[� � c] dGx (cj�) + [1� b�x]m�

x� (3.11)

6Since employers make zero pro�ts in equilibrium, we only need to consider utilities in the social welfare
calculation.
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where the �rst term on the right-hand-side is the summed utilities of bilingual individuals and

the second term is the summed utilities of monoglots. Then de�ne the social welfare of the

entire population as:

SW (bhx; blx; bhy; bly) = � (�shx + (1� �) slx) + (1� �) (�shy + (1� �) sly) (3.12)

Note that, due to the linearity of utility, there is no consideration of equity in this social welfare

speci�cation. In what follows we refer to @SW=@b�j as the net social bene�t of the marginal

learner of ability type � in community j = x; y. So for high types in community x, the net

bene�t is7:

@SW

@bhx
= ��

�
h�G�1x (bhxjh)�m�

xh
�

(3.13)

+�� (1� �)�
�
� (1� bhy)m��1

y h+ (1� �) (1� bly)m��1
y l

�

where �rst term is the private bene�t of the marginal learner becoming bilingual and the

second term is the external bene�t enjoyed by monoglots in community y whose productivity

is increased due to the marginal learner becoming bilingual. This implies that:

Proposition 3 In the pure human capital model, the net social bene�t of the marginal second

language learner at the equilibrium is positive.

In the absence of the productivity bene�t to the other language community, the �rst welfare

theorem would apply and the net social bene�t at the margin would equal to zero. In what

7 @shx
@bhx

= h � G�1 (bhxjh) g
�
G�1 (bhxj) j

� dG�1(bhxjh)
dbhx

� h�m1��
x . And by the inverse function theorem:

g
�
G�1 (bhxj) j

� dG�1(bhxjh)
dbhx

= 1.
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follows, we will refer to this external bene�t term as the network e¤ect attributable to the

marginal second language learner. We can characterize the network e¤ect more concisely by

treating � and bj as random variables and de�ning:

E [�] � �h+ (1� �) l; E [bj�] � �bhjh+ (1� �) bljl

Then evaluating the sum @SW=@bhx + @SW=@blx at the equilibrium gives community x�s mar-

ginal network e¤ect:

NEx = �� (1� �) (E [�]� E [by�])m��1
y (3.14)

Equivalently for community y:

NEy = �� (1� �) (E [�]� E [bx�])m��1
x (3.15)

Equations (3.14) and (3.15) show how the network e¤ects respond to changes in the model

parameters. As � ! 0 or � ! 1, the e¤ects vanish. This indicates that, when the linguistic

population shares are highly uneven, the equilibrium approaches a social optimum.8 In this

case, there are relatively few monoglot minority speakers who would bene�t from a higher

level of second language acquisition on the part of the majority, and the marginal bene�t to

majority monoglots to a higher level of second language acquisition by the minority is miniscule.

An increase in the elasticity of language skill complementarity in production � increases the

e¤ect. Furthermore, the network e¤ects are decreasing in the general level of bilingualism in

the economy: �Bx + (1� �)By. As a consequence, it is not possible to determine the sign of

8This may be a local optimum since it has not been established that there is necessarily a unique global
optimum.
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the derivatives @NEx=@� and @NEy=@� for all values of � 2 [0; 1].

3.1.2 Pure Signalling Model

In their analysis of 2001 Canada Census data, Christo�des and Swidinsky (2010) found evidence

that bilingual wage premia are paid to employees even when they make no use of the second

language in the workplace. They suggest that this implies that employers use linguistic ability

as a screen for otherwise unobservable ability.9

Here we incorporate this insight by assuming that employers cannot observe the productivity

of individual workers but can observe who is bilingual and the proportions of each ability type

who become bilingual. So while language skills are unproductive, there is still a bene�t to

learning a second language in that it potentially serves as a signal of high ability since, on

average, high types have lower costs of learning than low types. The assumption of weak

correlation replaces the single-crossing property assumed in the canonical signalling literature

(as in Spence (1973)). As a consequence, there is no issue of market unravelling in this game.

To draw a clear distinction between this version of the model and the one presented in

the previous section, here we assume that � = 0, so that the production function of a type �

individual is now:10

f (�) = � (3.16)

In this case, language skills have no productive use.

The equilibrium is de�ned in terms of a set of conditional beliefs about worker productivities

9This view is supported by Chorney (1998) who, in his analysis of bilingualism in employee recruitment,
quoted a human resource manager at an Ontario high-tech company: "Ability to master a second language
shows skills in other areas: social skills, perseverance. It�s a good sign." p. 204.
10 In this section, we drop the subscript denoting the language community since there are no cross-community

e¤ects from language learning.
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on the part of employers that, when translated into o¤ered wages, are consistent with the

observed reactions of workers. We let E [�j� = 0] and E [�j� = 1] represent the employers�

beliefs about the productivity of monoglot and bilingual employees respectively. We examine

three possible equilibria: pooling, where no individual of either type becomes bilingual; hybrid,

where some proportion of each types becomes bilingual; and full separating, where only high

types become bilingual.11

It should be clear that full separation cannot be sustained as an equilibrium. If so, con-

sistency requires that E [�j� = 1] = h and E [�j� = 0] = l and the wage premium would be

�w = h� l > 0. Since the support of G (cjl) is [0;1), this premium will always motivate some

positive measure of low types to become bilingual.

A pooling equilibrium, where no individual of either type becomes bilingual, requires the

wage premium �w = 0. Thus by implication E [�j� = 1] = E [�j� = 0]. Since these beliefs

must be con�rmed in equilibrium, E [�j� = 0] = E [�j� = 1] = E [�] where, as above, E [�] �

�h+ (1� �) l is the unconditional expectation of the � for the entire population. Such beliefs

will sustain a pooling equilibrium, however there is possibly an issue of stability. On the one

hand, if some worker is chosen at random from the population and induced to become bilingual,

his expected productivity will indeed be E [�]. On the other hand, some �rm may choose to

test its beliefs and o¤er a small wage premium �w = � > 0 to bilingual workers. This will

motivate the proportions G (�jh) and G (�jl) of high and low workers to become bilingual. The

11The fourth possibility of a pooling equilibrium, where all workers become bilingual, is ruled out due to the
in�nite upper bound on the support of the learning cost distributions.
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resulting expected productivity of bilingual workers is then determined by Bayes�rule:

E [�j� = 1;�w = �] =
�G (�jh)h+ (1� �)G (�jl) l
�G (�jh) + (1� �)G (�jl) (3.17)

O¤ering �w = � will be pro�table for the �rm provided that:

�h+ (1� �) l + � < �G (�jh)h+ (1� �)G (�jl) l
�G (�jh) + (1� �)G (�jl) (3.18)

which, after some manipulation, becomes:

�G (�jh)
(1� �)G (�jl) <

� (l � h)� �
�+ (1� �) (l � h) (3.19)

But since � (l � h)� � < 0 for any � > 0 this inequality never holds. We then conclude that the

"no-learning" pooling equilibrium is stable.

In the hybrid equilibrium, �rm�s beliefs satisfy E [�j� = 1] > E [�j� = 0]. Then when b� > 0

for both types these conditional expectations are:

E [�j� = 1] = E [b�]

B
(3.20)

and for the second term on the right hand side:

E [�j� = 0] = E [�]� E [b�]
1�B (3.21)

where B = �bh + (1� �) bl is the total rate of second language acquisition.

Then subtracting (3.21) from (3.20) and cross-multiplying the denominators gives the fol-
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lowing formula for the wage premium:

�w =
Cov (b�;�)

B� (1�B�) (3.22)

where Cov (b;�) � E [b�] � E [b]E [�] and E [b] � B. The asterisks indicate equilibrium

values.

The covariance term in the numerator re�ects the value of the signalling game in distin-

guishing between high and low types. If the covariance between b� and � was zero or negative,

there would be no bene�t to rewarding second language learning. To see this more clearly, the

covariance can be expanded:

Cov (b�;�) = � (1� �) (h� l) (b�h � b�l ) (3.23)

so that, for any given B�, the wage premium is increasing in the di¤erences h� l and b�h�b�l . As

b�h � b�l increases, the signalling game is more e¤ective at sorting between high and low types.

Although b�h and b
�
l are equilibrium values, since there is only one bilingual wage premium,

their di¤erence in equilibrium is determined by the stochastic dominance relation between the

distributions G (cjh) and G (cjl). So the greater is the correlation between the second language

learning abilities and non-linguistic productivities, the greater is the wage premium in this case.

Furthermore as h� l increases, the higher is the bene�t to employers of the sorting.

For an equilibrium where �w > 0 is to exist, we require that the system of equations:

b� = G (�w (bh; bl) j�) ; � = l; h (3.24)
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where �w (bh; bl) = E [�j� = 1] � E [�j� = 0] from equations (3.20) and (3.21), has a solution

b�h > 0 and b
�
l > 0. Since (3.24) is a system of �xed point equations mapping [0; 1]2 into itself,

there is always a solution where b�h 2 [0; 1] and b�l 2 [0; 1]. However, there may or may not be

a �xed point solution where both values b�h and b
�
l are positive.

Whenever more than one equilibrium exists, they can be ranked in terms of their associated

social welfare levels. In particular, social welfare is strictly decreasing in the overall rates of

second language acquisition.

Proposition 4 In the pure signalling model, whenever more than one equilibrium exists, the

highest level of social welfare is attained in the pooling equilibrium.

In other words, social welfare is maximized when no one becomes bilingual. The intuition is

straightforward: bilingualism has no productive purpose other than sorting workers into wage

categories. When some workers become bilingual, the sorting process will not change the sum

of wages and resources will be expended.

3.1.3 Mixed Human Capital - Signalling Model

In this section, we incorporate the polar cases analyzed in the two previous sections into a

general model where language skills both are productive and serve as a signal of unobservable

ability. So as in the pure signalling model, � is treated as a random variable from the point

of view of employers. Furthermore, there exists the possibility of a "no-learning" pooling

equilibrium. Firms may hold the belief that there is no di¤erence in productivity between

bilingual and monoglot individuals. However, provided that �rms have some knowledge of the

production technology, this belief is not rational, nor is this equilibrium welfare maximizing in
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the sense described above. On this basis we rule out the possibility of a no learning equilibrium

in what follows.

Following the arguments made in the previous section, the equilibrium distribution of lan-

guage skills is given by the solution
n
b�hx; b

�
lx; b

�
hy; b

�
ly

o
to the system of equations:

b�j = Gj (�wj j�) ; � = l; h; j = x; y (3.25)

where the wage premia are determined by Bayes�rule:

�wj =
�bhjh+ (1� �) bljl
�bhj + (1� �)blj

�m�
j

�h+ (1� �) l � (�bhjh+ (1� �) bljl)
1� (�bhj + (1� �)blj)

; j = x; y (3.26)

We note that, in contrast to the pure human capital model in section 3.1.1, there is a single

wage premium (i.e., not type-speci�c) for each community, and in contrast to the pure signalling

model in section 3.1.2, the equilibrium in each community depends on the rates of second

language learning in the other community.

Despite the informational asymmetry in this version of the model, the comparative static

results for the full information case also apply here. The bilingual wage premium and the rate

of bilingual knowledge will always be higher in the minority language community. Furthermore,

the stochastic dominance relation in the cost distributions imply that a higher proportion of

high ability types will become bilingual than low ability types in both communities.
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The net social bene�t of high ability type marginal learners in community x is:

@SW

@bhx
= ��

�
�wx �G�1 (bhxjh)

�
(3.27)

+� (�bhx + (1� �) blx)
@wbx
@bhx

+� (� (1� bhx) + (1� �) (1� blx))
@wmx
@bhx

+�� (1� �)� (� (1� bhy) + (1� �) (1� bly))
@wmy
@bhx

As with expression (3.13), the �rst term is the private bene�t of becoming bilingual to the

marginal learner which is equal to zero in equilibrium by substituting in (3.25). The term on

the fourth line is the network e¤ect which increases the productivity of monoglots in community

y and is strictly positive.

The two middle terms represent a signalling e¤ect imposed by the marginal high type learner

on members of his own community. Since workers are receiving wages corresponding to their

expected productivity conditional on language skills, the marginal high type learner drives up

the equilibrium bilingual wage and drives down the equilibrium monoglot wage. Conversely,

the marginal low type learner drives up the monoglot wage and drives down the bilingual wage.

In order to untangle the net e¤ect, it is convenient to calculate the welfare e¤ects of both the

marginal low and high types in conjunction. In fact, for the purposes of policy analysis, it is the

average marginal contribution that matters since presumably the government would be unable

to observe abilities any better than �rms. This leads to the conclusion:

Proposition 5 In the mixed human capital - signalling model, marginal second language learn-

ers, on average, decrease the sum of utilities of their own language community and increase the

sum of utilities of the other language community. Thus the sign of the average net social bene�t
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is ambiguous.

The proof shows that on balance, the sum of signalling e¤ects in community x is given by:

SEx = ��
Cov (b�x;�)

B�x (1�B�x)
�
1�B�x

�
1�

�
�+ (1� �)B�y

���� (3.28)

The corresponding signalling e¤ect for community y is:

SEy = � (1� �)
Cov

�
b�y;�

�
B�y
�
1�B�y

� �1�B�y (1� ((1� �) + �B�x)�)� (3.29)

As long as there is a positive bilingual wage premium in both communities, both (3.28) and

(3.29) will be strictly negative. This is because the wage premium will induce some positive

measure of both types to become bilingual. Due to the stochastic dominance relation between

the cost distributions, the covariance term will be positive. The adverse social impact of the

marginal learner is due to a mismatch between private and social values; in equilibrium, the

marginal cost is set equal to the average bene�t (the wage premium) while social welfare would

be optimized if the marginal cost where set equal to the marginal bene�t.

The reason that the summed signalling e¤ects are negative has to do with how marginal

learners in�uence the wage distribution. The marginal learners�average productivity is less than

the average productivity of all bilingual individuals and greater than the average productivity

of all monoglots. So their learning decision drives down the expected productivities, and hence

wages, of both groups.

In the special case where language skills are unproductive (� = 0) as presented in section
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(3.1.2), the signalling e¤ect for each community reduces to:

�
Cov

�
b�j ;�

�
B�j

�
1�B�j

� ; j = x; y (3.30)

times the community�s population share. Since the wage premium is equal to this covariance

term in equilibrium, the signalling e¤ect is minimized when the premium is equal to zero and

no one becomes bilingual.

When language skills are productive, the signalling e¤ects also depend on the rate of second

language acquisition in the other community. In particular @SEx=@B�y > 0 and @SEy=@B
�
x >

0, which implies that bilingualism has the second-order bene�t on the other community of

mitigating the welfare loss associated with signalling.

The formulas for the network e¤ects in this case are as they were in the full information

case (equations 3.14 and 3.15). In general, it cannot be claimed that either the signalling or

network e¤ects on social welfare will dominate in any given equilibrium. However, the results

that the network e¤ects vanish as � ! 0 and as � ! 0 remain in force. The same cannot be

said of the signalling e¤ects: the sum of equations (3.28) and (3.29) may be far from zero even

in the case of highly uneven population shares. Rather it is the covariances between the rates

of second language learning b�j and the ability types � that dictate the how adverse the e¤ects

of signalling on social welfare will be. In particular, if either the correlation between language

learning abilities and productivity is weak or the productivity di¤erence between high and low

types is small then the signalling e¤ect will be small. If this is the case and there is a relatively

large language minority, then we would expect the network e¤ects to dominate and that social

welfare could be improved by increasing the general level of bilingualism in the economy. The
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converse situation is true if the correlation between learning abilities and productivity is weak

and the productivity di¤erence between low and high types is large or the minority is relatively

small. Then we would expect the signalling e¤ects to dominate and that social welfare could

be improved by reducing the level of bilingualism in the economy.

3.1.4 Summary

Table 3.1 presents a summary of results from the three models presented above. Inspection of

the formulas for the bilingual wage premia show how the pure human capital model and the

pure signalling model are limiting special cases of the mixed human capital - signalling model

presented in section 3.1.3.

First to show that the pure human capital model is a special case, consider the wage premium

for community x in the human capital - signalling model:

�wx =
E [bx�]

Bx
�m�

x

E [�]� E [bx�]
(1�Bx)

(3.31)

then set � = 1. This e¤ectively eliminates the informational asymmetry between workers and

�rms since all workers are high types. Then because E [bx�] = bhxh, E [�] = h and Bx = bhx

when � = 1, the wage premium is:

�wx =
bhxh

bhx
�m�

x

h� bhxh
(1� bhx)

(3.32)

= (1�m�
x)h

as in the pure human capital model. By the same argument, setting � = 0 yields the wage

premium for low types.
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Then, to show that the pure signalling model is a special case, when � = 0, the wage

premium in the human capital - signalling model is:

�wx =
E [bx�]

Bx
� E [�]� E [bx�]

(1�Bx)
(3.33)

which after cross-multiplying becomes:

�wx =
Cov (bx;�)

Bx (1�Bx)
(3.34)

which is the wage premium in the pure signalling model.
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3.2 Second Language Acquisition in Canada

The regressions presented in chapter 2 neglected the issue of language acquisition. Given that

there is a labour market reward associated with being able to speak both o¢ cial languages,

there is naturally an incentive for individuals to make costly investments in language skills. The

theoretical model presented above rests on the claim that the bilingual wage premia and the

distribution of language skills are simultaneously determined. However, there seems to be no

obvious way to deal with this simultaneity using census microdata. As an alternative empirical

approach, we leave aside the issue of the individual connection between earnings and language

skills and employ the 2006 Canadian Census data in a di¤erent form to analyze second language

acquisition and the distribution of language skills at the local level. Instead of individuals, the

units of observation here are the 148 CMA�s and Census Aggregations (CA�s) identi�ed in the

census. Whereas CMA�s are urban areas, CA�s are areas outside of major urban centres. Each

CMA and CA roughly corresponds to what we will consider to be a community.

Figure 3-3 is a scatter plot of rates of second (o¢ cial) language knowledge in the 148 CMA�s

and CA�s for Francophones and Anglophones, respectively. It is clear from the graph that there

is a tight negative correlation of bilingual knowledge at the local level. This suggests that

second language skills can be considered strategic substitutes in the sense that the bene�t to

learning a second language is decreasing in the proportion of the population who speak one�s

mother tongue as assumed in the human capital model above.12 To test this claim, we proceed

with a joint equation regression analysis.

As above, let F j and Aj be the proportions of Francophones and Anglophones resident in

12Of course the second language acquisition decision is not all that is in play here. Presumably people may
migrate to communities where their language skill set is more valuable.

65



Figure 3-3: Knowledge of Both O¢ cial Languages in Canadian Communities by Mother Tongue
2005
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Source: 2006 Canadian Census.

locality j and BjF and B
j
A be the proportions of bilingual Francophones and Anglophones in

locality j. Then, the proportions of French and English speakers, respectively, in locality j are

given by:

mj
F = F j +AjBjA (3.35)

mj
A = Aj + F jBjF :

Using these variables, we will estimate a version of the system of equations (3.36): the reaction

functions that determine the equilibrium distribution of language skills. The regression model

is:

lnBjF = F lnm
j
F +X

j�F+"
j
F (3.36)

lnBjA = A lnm
j
A +X

j�A+"
j
A
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where Xj is a vector of community-speci�c controls. The controls include: a dummy variable

indicating if the community is in the province of Quebec; if the community is a CMA; the

community�s median income; the logarithm of the proportion of the local workforce employed

in the public sector; and the logarithm of the proportion of the population whose mother tongue

is neither English or French. We impose the restriction that the error terms "jF and "
j
A are

correlated for each locality:

E
�
"jF "

j
A

�
= �2j 8j; E

�
"jF "

k
A

�
= 0 j 6= k (3.37)

This is the assumption behind Zellner (1962)�s Seemingly Unrelated Regression (SUR) method-

ology. We assume that unobservables in the model are potentially correlated within localities

but not across localities in order to improve the e¢ ciency of the estimates. We would expect

highly signi�cant estimates of �j because the error terms "
j
F determine B

j
F which in turn de-

termine mj
A and hence B

j
A. Similarly, "

j
A a¤ects both dependent variables as well. SUR will

also provide a gain in e¢ ciency, as compared to OLS, because the two equations do not have

the same regressors.

We expect that, if language skills are indeed strategic substitutes, the estimates of F and

A will be negative. The regression results presented in table 3.2 show that this is the case.
13

Model I includes all controls as well as interaction terms between lnmj and the province of

Quebec dummy. Model II excludes the interaction terms as well as the CMA dummy and the

median income variable which turn out to be not statistically signi�cant. Model III excludes

all controls except the intercept term.

13One observation was dropped because mj
F = 0.
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Table 3.2: SUR Model Estimates of Rates of Bilingual Knowedge in Canada 2005

ln BF ln BA ln BF ln BA ln BF ln BA

ln mF 0.082 0.132 0.365
(3.19)** (4.59)** (25.74)**

ln mA 9.617 1.311 2.614
(8.07)** (7.53)** (28.15)**

ln mF * Quebec 1.662
(6.43)**

ln mA * Quebec 8.551
(7.23)**

Quebec 0.647 1.616 0.446 1.372
(9.62)** (12.20)** (6.25)** (9.41)**

CMA 0.014 0.172
(0.43) (2.21)*

Median Income 0.000 0.000
(1.40) (0.95)

ln % Public Admin 0.126 0.368 0.141 0.463
(5.14)** (6.55)** (5.31)** (7.82)**

ln % Allophones 0.129 0.185 0.139 0.250
(7.81)** (3.93)** (10.03)** (5.98)**

Constant 0.555 1.456 0.338 0.509 0.956 2.592
(2.71)** (2.92)** (3.40)** (1.99)* (30.74)** (48.91)**

BreuschPagan Test χ2(1)

"RSquared" 0.91 0.93 0.87 0.90 0.65 0.69
Observations

(I) (II) (III)

147

91.485**7.471**4.911**

Data Source: 2006 Canadian Census. ** p.<.01. * p<.05. Absolute values of estimated z-statistics in
parentheses. Observations weighted by population. The Breusch-Pagan statistic tests the null hypothesis that
the error covariance in equation (3.37) is zero. See text for variable de�nitions.
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Across the models, there is a large di¤erence between the elasticity estimates bF and bA.
The rate of Anglophone bilingualism tends to be more sensitive to changes in the proportion of

the English-speaking population than Francophone bilingualism is sensitive to changes in the

proportion of the French speaking population. This is likely due to the cultural dominance of

English; outside of Quebec, the limited exposure to French makes it di¢ cult for Anglophones

to become functionally bilingual. On the other hand, even in communities where the dominant

language is French, Francophones may nonetheless have access to English through the media.

Thus the propensity to become bilingual is likely to be less sensitive to the local population

shares for Francophones.

We see that including a dummy variable for Quebec and interacting it with lnmj
F and

lnmj
A has signi�cant e¤ects. This may be due either to the cultural dominance of French in

that province or to language policies that promote the use of French. It is also interesting

that a greater share of the workforce employed in public administration has a positive e¤ect on

second language acquisition for both Francophones and Anglophones. This may be due to the

preferential treatment of bilingual employees of the federal government.

Model III excludes all controls from the speci�cation. Even still, a large part of the variation

in the rates of second language acquisition in each of the language groups is explained by the

proportion of the population able to speak that language. The R squared statistics are .65 and

.69 for the dependent variables lnBF and lnBA, respectively.
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3.3 Conclusion

The preceding analysis has developed a model of second language acquisition where the incen-

tive to become bilingual is driven by the market demand for language skills. Thus we implicitly

assume that individuals are primarily driven to learn a second language by pecuniary motives.

This is obviously a simpli�cation made in order to focus on the matter at hand. It should be

recognized that other bene�ts of bilingualism include expanded social and cultural opportuni-

ties.

Bilingual ability is rewarded in the model both due to its productive value and due to its

capacity to signal unobservable traits. The equilibrium level of second language acquisition

may either exceed or fall short of the welfare maximizing level of second language acquisition

depending on whether network or signalling welfare e¤ects dominate. Network externalities

increase as: a) the size of the minority language community is relatively large and b) the

elasticity of language skill complementarity in production increases.

Thus as the linguistic diversity of a population is higher or the structure of the economy

puts more emphasis on language complementarities, language polices that increase the rate

of second language acquisition may be welfare-improving. Under the opposite circumstances,

where second language acquisition serves mainly as a signal, social welfare could be increased

by discouraging second language acquisition. Real world language policies a¤ect the costs and

bene�ts of language use and acquisition in a multitude of ways. Examples of such policies

include educational policies that lower marginal costs of learning, and labour market policies

that increase bene�ts. O¢ cial recognition of minority languages frequently results in govern-

ment services being made available in the language in question. In this case, there is both a
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reduced incentive to become bilingual and a potential for greater employment opportunities for

minority language speakers. While language policies in practice are almost never motivated by

concerns about productive e¢ ciency, this analysis has contributed a number of insights about

the economic dimensions of language policy.
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Chapter 4

Second Language Acquisition and

Optimal Language Policy

The theoretical literature on the economics of second language acquisition has taken a game-

theoretic approach to the subject. The seminal articles in this line of research, Selton and

Pool (1991) and Church and King (1993), are motivated by the notion that individuals bene�t

from being able to communicate with one another. Thus in environments where more than one

language is in use, there is an incentive for individuals to become bilingual or multilingual. The

payo¤ to doing so depends on the language acquisition decisions of others in the population.

For example, if a large proportion of another language group is able to speak a particular

individual�s language, there is little incentive for her to learn the mother tongue of that group.

Furthermore, those in that group who consider learning the individual�s language may not

account for the indirect bene�t enjoyed by the individual of doing so when they weigh the costs

of learning against the bene�ts.
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Church and King (1993) point to this indirect bene�t as a network externality that can

imply that the Nash equilibrium of the language learning game is not aligned with the social

optimum. In their discussion of the policy implications of their model, they suggest that, in

an extension where language learning costs are distributed continuously across the population,

the �rst-best allocation of language skills may be attainable with the implementation of an

appropriate subsidy system. Gabszewicz et al (2011b) adopt the suggested extension to Church

and King�s model and �nd that insu¢ cient second language acquisition can occur in equilibrium

relative to a utilitarian social objective. They point to a possible role of policy in obtaining a

welfare improvement without specifying how such a policy would work.

The purpose of this essay is to more thoroughly investigate the role of policy in correcting

the departure from e¢ ciency identi�ed in the previous literature. A simple model of second

language acquisition is developed where individuals� incentives can be in�uenced by a tax-

subsidy system implemented by the government.1 In the case that there is insu¢ cient second

language acquisition in the decentralized equilibrium, the optimal tax-subsidy system resembles

a Pigovian tax that internalizes the network externality of acquisition. We consider a number

of restrictions on the policy instruments available to the government concerning the ability to

condition taxes and subsidies on learning costs and the mother tongue of individuals. If there is

no restriction on the instruments, then the welfare-maximizing allocation is attainable and it is

possible to make all individuals better o¤ than in the absence of a policy. When the tax-subsidy

system can only be conditioned on mother tongue type, then the welfare-maximizing allocation

is also attainable, however a true Pareto improvement is not. If the tax subsidy can only

1The model is recognizable as a somewhat simpli�ed version of the human capital model from the previous
chapter.
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be conditioned on language acquisition and not mother tongue, then the welfare-maximizing

allocation is not attainable. In this last case, a formula for the constrained optimal subsidy is

derived.

The next section presents the basic model in the absence of the tax-subsidy system and

characterizes the possible equilibria. Section 4.2 compares these results to the planner�s allo-

cation that would maximize the sum of utilities of the population. Section 4.3 evaluates the

ability of a tax-subsidy system to attain the planner�s objective under the restrictions described

above and section 4.4 concludes with a brief discussion.

4.1 Model

We consider a population of individuals each of whom is endowed with a mother tongue. In

order to keep the analysis simple, let there be two languages x and y, where nx > 0 and ny > 0

are the numbers of individuals with each language as a mother tongue respectively. In what

follows, we may refer to individuals as being of x or y type. We normalize the total population

to unity so that nx and ny are also the proportions of the language groups. Each individual

may learn the other language at a cost ` that varies across the population. The learning costs

for x and y types respectively are:

`x = �
c

nx
(4.1)

`y = �
c

ny

where � > 0 is a �xed parameter and c varies over the group according to the uniform dis-

tribution over the interval [0; 1]. We refer to c as ability, however, in general it captures any
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exogenous factor that in�uences the di¤erential propensities of individuals to learn a second

language. For example, those who were enrolled in second-language education as children would

have low c regardless of their innate linguistic aptitude. The denominators re�ect the notion

that it is easier to learn another language in an environment with more individuals with that

language as a mother tongue.2

Utility is equal to the proportion of the population with whom the individual shares a

language minus the cost of second language learning, if applicable. One way of motivating

this construction is to suppose that individuals are randomly matched with each other in pairs

(as in Lazear (1999)). If the pair share a language, then the match is productive and each

individual receives a payo¤ of 1. Otherwise they both receive nothing. So utility is the expected

payo¤ conditional on whether they learn a second language. Thus for those who are bilingual

ux = 1� � c
ny
and uy = 1� � c

nx
. Letting bx and by denote the proportions of bilingual x and y

types, utility for monoglots is:

ux = nx + byny (4.2)

uy = ny + bxnx

So the net payo¤to learning a second language depends on four factors: the common learning

cost parameter �, the idiosyncractic learning cost parameter c, the relative proportions of the

mother tongue language groups nx and ny and the rate of second language learning done by

the other language group: by or bx. Given �, nx = 1 � ny and the values bx and by, those

individuals with high abilities (low c) learn the other language while those with low abilities

2The dependence of learning costs on the population shares is the main di¤erence between this model and
that of Gabszewicz et al (2011b).
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(high c) remain monolingual. This yields the cuto¤ values of c for each group:

cex = [1� (nx + byny)]
ny
�

(4.3)

cey = [1� (ny + bxnx)]
nx
�

below which it is worthwhile for the individual to become bilingual. Then since c is distributed

uniformly on the unit interval, we can characterize following reaction functions for each language

group:

bx (by) =

8>><>>:
(1� by)

n2y
�

1

if
by > 1� �

n2y

by � 1� �
n2y

(4.4)

by (bx) =

8>><>>:
(1� bx) n

2
x
�

1

if
bx > 1� �

n2x

bx � 1� �
n2x

In general @bx (by) =@by � 0 and @by (bx) =@bx � 0. That is, the more language learning group

x does, the less incentive there is for group y to learn and vice versa.

There are �ve candidates for equilibria:

1. bex < 1 and b
e
y < 1. Where b

e
x and b

e
y are the solution to the system:

bex =
�
1� bey

� n2y
�

(4.5)

bey = (1� bex)
n2x
�

76



We refer to this in what follows as an interior equilibrium. Solving the system yields:

bex = ny
�ny ��nx
�2 ��2

(4.6)

bey = nx
�nx ��ny
�2 ��2

where � � nxny is an index that measures the linguistic diversity in the population.

Indeed, letting �(nx) = nx (1� nx), it is easy to see that: argmax� (nx) = 1
2 and

�(0) = �(1) = 0. It can be shown that @bex=@ny > 0 and @bey=@nx > 0 because the

smaller the population share of one�s language group, the greater the incentive to learn

a second language. The net bene�t is higher and the cost is lower. The total rate of

bilingualism in the interior equilibrium is:

Be = nxb
e
x + nyb

e
y (4.7)

=
�

� +�

So overall second language learning is decreasing in the cost parameter � and increasing

in linguistic diversity �, as we would expect.

2. bex = 1 and b
e
y < 1. We refer to this as a corner solution. Since b

e
x = 1 > 1� �

n2x
, then:

bey = (1� bex)
n2x
�
= 0 (4.8)

There is no incentive for anyone in group y to learn language x since all x types are

bilingual in equilibrium. The total rate of bilingualism is Be = nx.
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Table 4.1: Linguistic Equilbria
Parameter range Equilibrium
� � min

�
n2x; n

2
y

	
2 or 3

n2x < � � n2y 2

n2y < � � n2x 3

� > max
�
n2x; n

2
y

	
1

3. bex < 1 and b
e
y = 1. This is the other possible corner solution. By the same argument as

above, this implies that: bex = 0. The total rate of bilingualism is Be = ny.

4. bex = 1 and b
e
y = 1. Whenever b

e
x = 1, b

e
y = 0 so this cannot be an equilibrium.

5. bex = 0 and b
e
y = 0. Either b

e
x = 0 � 1� �

n2x
or bex = 0 > 1� �

n2x
. In the former case, bey = 1

and in the later case, bey =
n2x
� (1� 0) > 0. So this cannot be an equilibrium. Notice,

however, that bex ! 0 and bey ! 0 as � !1.

When will each of these equilibria obtain? Consider equilibrium 2. It must be that the

highest cost individual in group x �nds the net bene�t of becoming bilingual positive when no

one in group y is bilingual, so for the cuto¤ condition (4.3) � � n2y. By the same argument

for equilibrium 3, � � n2x. If both these conditions are satis�ed, then either equilibrium 2 or 3

may occur. If neither of these conditions is satis�ed, then (at least) the highest cost individuals

in each of the groups remain monolingual and then equilibrium 1 occurs. The possibilities are

summarized in table 4.1.

4.2 Welfare and E¢ ciency

Due to the fact that individuals do not take into account the external bene�t of their own

language learning enjoyed by monoglots of the other language group, it is possible that the

equilibrium distribution of language skills is ine¢ cient. In order to demonstrate this, we de�ne
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the conditional social welfare functions for each language group as the unweighted sums of

utility3:

SWx (bx; by) =

Z bx

0
1� �c

ny
dc+ [1� bx] (nx + nyby) (4.9)

SWy (bx; by) =

Z by

0
1� �c

nx
dc+ [1� by] (ny + nxbx)

Here the �rst term of these expressions is the sum of utilities of bilingual individuals and the

second term is the sum of utilities of monoglots. We de�ne the optimal distribution of language

skills as the solution to:

max
bx;by

nxSWx (bx; by) + nySWy (bx; by) (4.10)

The �rst order necessary conditions for the problem (4.10) are4:

b�x : 1�
�
nx + nyb

�
y

�
+ ny

�
1� b�y

�
� �b�x

ny
� 0 (4.11)

b�y : 1� (ny + nxb�x) + nx [1� b�x]�
�b�y
nx

� 0

3This is the same utilitarian objective function used in chapter 3 - equation (3.11).
4Note that the second order su¢ cient conditions for a maximum are satis�ed.
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The inequalities recognize that both b�x and b
�
y can take on a maximum value of 1. So the

conditional optimal values can be expressed as follows:

b�x =

8>><>>:
2
�
1� b�y

� n2y
�

1

if
b�y > 1� �

2n2y

b�y � 1� �
2n2y

(4.12)

b�y =

8>><>>:
2 (1� b�x)

n2x
�

1

if
b�x > 1� �

2n2x

b�x � 1� �
2n2x

Then depending on the parameter values � and nx = 1� ny, there are a number of candidate

optimal distributions:

1. b�x < 1 and b
�
y < 1. Solving this system gives:

b�x = 2
�n2y � 2�2

�2 � 4�2
(4.13)

b�y = 2
�n2x � 2�2

�2 � 4�2

As with the equilibrium distributions, @b�x=@ny > 0 and @b�y=@nx > 0, the social opti-

mum always favours language learning by the minority group. The optimal total rate of

bilingualism is:

B� = nxb
�
x + nyb

�
y (4.14)

=
2�

� + 2�

It is clear that B� > Be. So for sets of parameter values where both the equilibrium and

optimum are interior, there is not enough second language acquisition in the equilibrium
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Table 4.2: Optimal Linguistic Distributions
Parameter Range Optimal distribution

� � min
�
2n2x; 2n

2
y

	 8<:
2
3

2 or 3
if

nx < ny
ny < nx
nx = ny

2n2x < � � 2n2y 2

2n2y < � � 2n2x 3

� > max
�
2n2x; 2n

2
y

	
1

relative to the optimum.

2. b�x = 1 and b
�
y < 1. By (4.12), this implies that b

�
y = 0, so from the �rst order conditions

(4.11) it would require that:

� � 2n2y (4.15)

holds for this to be the optimal distribution of language skills.

3. b�y = 1 and b
�
x < 1. As above, this implies that b

�
x = 0, so we require:

� � 2n2x (4.16)

4. b�x = 1 and b
�
y = 1. This cannot be the optimal distribution language skills since, by (4.12)

it would require that:

1 = b�y � 1�
�

2n2y
< 1 (4.17)

5. b�x = 0 and b
�
y = 0. This cannot be the optimal distribution of language skills since:

0 = b�x = 2
�
1� b�y

�
n2y = 2n

2
y > 0 (4.18)
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Figure 4-1: Optimal and Equilibrium Distributions when nx < ny

From possibilities 2 and 3 we see that if � � min
�
2n2x; 2n

2
y

	
, either

�
b�x; b

�
y

�
= (1; 0) or�

b�x; b
�
y

�
= (0; 1) maximize (4.10). However, these cannot both be the optimal distributions of

language skills in this circumstance. In any corner solution, every individual shares a language

with the entire population, so that social welfare is equal to 1 minus the sum of learning

costs. Then the optimum must be the distribution that minimizes learning costs. In particular,

the second language acquisition should be done by the minority language group. Table 4.2

summarizes.

At this point, we address the circumstances under which the decentralized equilibrium will

fail to produce the optimal distribution of language skills. This will depend on the value of the

parameter � relative to the population shares nx and ny. Without loss of generality, suppose

that nx < ny. Then if � � 2n2y; the optimal distribution is the corner solution
�
b�x; b

�
y

�
= (1; 0),

and if � > 2n2y the optimal distribution is the interior solution corresponding to equations (4.13).

However, on the range � � n2x; the corner solution
�
bex; b

e
y

�
= (0; 1) is a possible equilibrium

and on the range � > n2y, the interior solution corresponding to equations (4.6) is the unique

equilibrium. Figure 4-1 illustrates the possibilities.
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4.3 Policy

At this point, we investigate the e¢ cacy of a tax-subsidy scheme in eliminating or minimizing

the ine¢ ciency of the laisser-faire equilibrium. Although the scheme is framed as a speci�c

�scal policy, we may interpret it as any government policy or group of policies that have

an e¤ect on the costs or bene�ts of second language learning. As examples, consider public

sector hiring policies that favour bilingual knowledge or state-run broadcasting in minority

languages. We consider several variants of the scheme that depend on the information available

to the government (i.e., the benevolent taxing authority) and its ability to discriminate between

individuals. In doing so, we borrow and (mildly) abuse some terminology from the public �nance

literature and refer to the policy variants as �rst-best, second-best and third-best.

In order to avoid an unnecessarily complicated analysis, we assume from now on that the

value of � is high enough that both the optimum and equilibrium distributions are interior.5

The net transfer, subsidy s minus tax t, enters the utility function in an additive fashion:

Ux = ux + �(s� t) (4.19)

Uy = uy + �(s� t)

where � > 0 is a �xed parameter.

4.3.1 First Best

As a benchmark, we assume that the government can observe the ability level of each individual

and can set personalized transfers between individuals. The tax-subsidy scheme takes the

5 In particular, � > max
�
2x2; 2y2

	
:
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following form: (sx (c) ; tx (c) ; sy (c) ; ty (c)).

Proposition 6 If the language acquisition abilities of individuals are observable and inter-

personal transfers can be conditioned on language learning, language types and abilities, then

there exists a tax-subsidy scheme that implements the optimal distribution of language skills and

makes all individuals better o¤ than in the laisser-faire equilibrium.

A formal proof of the proposition is given in the appendix. Here the mechanism is described.

First, since transfers can be conditioned on actions and abilities, there is no question of incentive

compatibility. Those who should become bilingual in the optimum face a tax for not becoming

bilingual that is onerous enough that they would never choose that option. Under the scheme,

those who would have become bilingual in the absence of a policy neither receive a subsidy nor

pay a tax. Those who should become bilingual in the optimum, but would not in the absence

of a policy, receive a subsidy that maintains their utilities at the decentralized equilibrium

levels. Those who remain monolingual pay a tax that also maintains utility at the decentralized

equilibrium levels. These taxes measure the willingness-to-pay for the policy of the remaining

monolingual individuals. If the sum of taxes exceeds the sum of subsidies, then the scheme is

self-�nancing and creates a surplus that can be distributed lump sum over the entire population.

At �rst glance, the content of proposition 6 may appear trivial. The government�s problem

is to redistribute the costs of language learning in such a way that the network externalities

are internalized. However, this is not as simple as calculating a set of Pigovian taxes, since the

tax-subsidy scheme is actually a pair of schemes, one for each language group, that interfere

with each other. In particular, the subsidies paid to bilingual individuals in group x bene�t, and

are paid for by, monolingual individuals in group y. Likewise, the subsidies paid to bilingual
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individuals in group y bene�t, and are paid for by, monolingual individuals in group x. The

complication is that an increase in the subsidy transfer to group x (y) increases language

learning in that group and reduces that tax base available to fund the subsidy transfer to group

y (x). Proposition 6 implies that this con�ict is not severe enough to interfere with a true

Pareto improving policy reform.

It is also worth noting that this result depends on the centralized action of a government

authority. The ine¢ ciency of the laisser-faire equilibrium is, in one interpretation, the result

of a missing market. Those individuals with very high costs of learning would willingly pay

some price for those with lower costs in the other group to learn their language. It is tempting

to suppose that a Coase-type bargaining solution to the problem may exist if individuals were

allowed to bribe each other to become bilingual. However, this presupposes that individuals

within each language group would be able to agree and commit to a bargaining position. In the

decentralized spirit of the model, free-riding behaviour would inevitably erode any e¢ ciency

gain associated with the bargained result.

4.3.2 Second Best

Now we assume that the government cannot condition taxes or subsidies on abilities on the

grounds that abilities are private information. We then consider a tax-subsidy scheme of the

form (sx; sy; t) where sx and sy are subsidies transfered to individuals who become bilingual

in each language group and t is a tax levied on all individuals regardless of action, ability or
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language type. Then the utility levels of monolingual individuals of each type are:

nx + byny � �t (4.20)

ny + bxnx � �t

and of bilingual individuals:

1� �c

ny
� � (t� sx) (4.21)

1� �c

nx
� � (t� sy)

Note that the assumption of a common across-the-board tax is no restriction on the design of

the policy. Any type-speci�c or action-speci�c tax can be rede�ned with a poll tax and net

subsidy. In what follows, we impose budget balance:

t = sxnxbx + synyby (4.22)

The interior equilibrium distribution of language skills can be expressed as functions of the

subsidies:

bsx (sx; sy) = ny
� (ny + �sx)��(nx + �sy)

�2 ��2
(4.23)

bsy (sx; sy) = nx
� (nx + �sy)��(ny + �sx)

�2 ��2

For the derivation, see the appendix. The following proposition states the limitation of the

proposed policy.
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Proposition 7 If interpersonal transfers cannot be conditioned on abilities, then there does

not exist a tax-subsidy scheme that makes all individuals better o¤ than in the absence of any

policy intervention.

See the appendix for the proof. The argument goes as follows. Let:

Umx (sx; sy) = nx + b
s
yny � �

�
sxnxb

s
x + synyb

s
y

�
(4.24)

Umy (sx; sy) = ny + b
s
xnx � �

�
sxnxb

s
x + synyb

s
y

�

where it is understood that bsx and b
s
y are functions of the policy parameters - equations (4.23).

Then de�ne the sets:

�x = fsx; sy � 0jUmx (sx; sy) � Umx (0; 0)g (4.25)

�y =
�
sx; sy � 0jUmy (sx; sy) � Umy (0; 0)

	

which are the subsidy combinations that make monoglots in each language group at least as well

o¤ as in the absence of any policy. We restrict the policy space to non-negative subsidies since

a negative subsidy would surely make some individual who became bilingual in the absence

of the policy worse o¤. The proof shows that �x\ �y = (0; 0). That is, any positive subsidy

combination must necessarily make some monolingual individual worse o¤. Since the policy

cannot distinguish between bilingual individuals who require incentives and those who don�t,

for any positive subsidy rate, monolingual individuals pay more than the value of the increase

in the rate of bilingualism.

Nonetheless, the optimal distribution of language skills is attainable with this tax-subsidy
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program:

Proposition 8 If interpersonal transfers can be conditioned on language learning and language

types but not on abilities, the optimal distribution of language skills is attainable with subsidies

s�x and s
�
y �nanced by a poll tax t. Furthermore, s

�
x > s�y as ny > nx.

The proof is given in the appendix. In this case, the government can distinguish between

speakers of the two mother tongues. To state the reasoning informally, the deviation from the

optimum in the interior solutions is more severe among the minority group. As a result, the

higher subsidy is directed towards the minority.

4.3.3 Third Best

The second best policy described above allowed the government to discriminate between the

two language groups in setting its policies. It is perhaps more realistic to suppose that the

government is even further constrained by ethical or political considerations to treat both

language groups equally. Here we consider a transfer scheme of the form (s; t) where s is the

subsidy granted to all bilingual individuals and t is the poll tax that �nances it.

Proposition 9 If interpersonal transfers can only be conditioned on language learning but not

on types or abilities, then the optimal distribution of language skills is attainable only if nx = ny.

Otherwise the constrained welfare maximizing subsidy for second language learning is:

s�� =
�

2� (� + 2�)
(4.26)

If nx = ny then there is no need to set di¤erent subsidy rates for each of the language groups.

So the subsidy is simply equal to : s�� = s�x = s�y from proposition 8. For the derivation of
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(4.26) see the appendix. Note that s�� is decreasing in both � and �. A higher value of � means

that the transfer has a greater incentive e¤ect through the utility function, so the subsidy does

not need to be as high. With higher diversity, the di¤erence between the laisser-faire and the

optimum is relatively small and so a small subsidy is called for.

4.4 Conclusion

What practical policy lessons may be taken away from the analysis in section 4.3? There are,

perhaps, two. First, if the government can allow itself to discriminate between the two language

groups, proposition 3 suggests that the minority group should generally be encouraged to learn

the language of the majority. Second, if the government cannot or is unwilling to discriminate

between the language groups and there is a relatively high level of linguistic diversity in the

population, proposition 9 suggests that there is little motivation for policy intervention.

However, the conclusions of the analysis must be quali�ed since the social objective in

this case is rather narrow: e¢ ciency. There is no consideration given to the fairness of the

policies. Indeed, encouraging the adoption of the majority language may intensify existing

economic inequality by pushing low ability minority-language individuals to the margins of

society. Furthermore, the environment studied here is an instance of "stable" bilingualism

where there is no threat of erosion or extinction of the minority language. Language policies

in the real world typically have as an objective the maintenance and survival of linguistic and

cultural heritages. This has not been the concern here, although it should be considered as an

alternative and possibly con�icting objective in future work.
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Chapter 5

The Provision of Language-Speci�c

Public Services

Much of what constitutes language policy concerns the ability of minority language speakers

to access public services. In many countries, there are statutory or constitutional guarantees

of linguistic rights which ensure that individuals can participate in legal, administrative and

judicial domains in their mother tongue. Access to health and educational services may also be

provided in the language of the minority, to varying degrees. Such policies are usually motivated

by the principle that individuals should not be deprived of equal treatment in the public sphere

simply because of their linguistic background. In other words, public services are provided in

minority languages due to a concern about equity.

From an economic perspective, the bene�ts associated with the provision of minority lan-

guage public services should be balanced against their �scal costs.1 In principle, such provision

1See Grin (2004) and Vaillancourt et al. (2012) for estimates of the costs of language policies in the European
Union and Canada respectively.
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may be deemed ine¢ cient in at least two ways. First, there may be gains associated with

economies of scale in the production of public services that are eroded by their duplication in a

second language. Second, the provision of public services in the minority language may reduce

incentives for the minority to acquire pro�ciency in the majority language at a socially e¢ cient

level.

This essay investigates these issues by developing a model where a government taxes labour

income to �nance the provision of public services in (possibly) two di¤erent languages: a dom-

inant language and a minority language. The consumption of these services is exclusive (in-

dividuals must consume either one or the other) and depends on the individual�s pro�ciency

in the particular language it is being provided in. Individuals in the population are di¤eren-

tiated by their mother tongue, that is, the language they have full pro�ciency in. Minority

language speakers may make a costly investment to increase their pro�ciency in the dominant

language. The bene�t to doing so is two-fold. First, increased pro�ciency in the dominant

language is associated with higher wages and, hence, more private consumption. Second, if

dominant language pro�ciency is beyond a certain threshold, they enjoy a high level of public

service consumption.

The optimal provision of language-speci�c public services is characterized under a number of

competing normative objectives. In general, there is a trade-o¤ between compensating minority

language speakers for their lower wages with a higher level of public service provision in the

minority language and providing incentives for the minority language speakers to invest in

dominant language �uency by providing a higher level of public services in that language. In

cases where the costs of acquiring second language �uency are the same for all minority language

speakers, there exist two local maxima to the planner�s problem: an accommodationist policy
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where a positive level of minority language public services are provided and an assimilationist

policy where public services are only provided in the dominant language. In an extension with

heterogeneous learning costs, there is a unique optimum to the planner�s problem.

In many countries it is typical for constitutions to identify a national o¢ cial language

while specifying o¢ cial recognition of one or more minority languages. A notable exception

is the United States where linguistic rights have been interpreted through the broader lens

of civil rights (Spolsky (2004) ch. 7). In 2000, President Clinton signed Executive Order

13166, "Improving Access to Services for Persons with Limited English Pro�ciency" which is

administered by the civil rights division of the federal Department of Justice. The order�s intent

is to "...improve access to federally conducted and federally assisted programs and activities for

persons who, as a result of national origin, are limited in their English pro�ciency".2

Such policies have received resistance in the form of the O¢ cial English movement which

seeks to make English the o¢ cial language of the United States. One O¢ cial English movement

organization, US English, states on its website: "Declaring English the o¢ cial language means

that o¢ cial government business at all levels must be conducted solely in English. This includes

all public documents, records, legislation and regulations, as well as hearings, o¢ cial ceremonies

and public meetings."3

Despite the movement�s somewhat dubious claim that English in the United States is under

threat of being supplanted by Spanish as the dominant language, one of its stated motivations

relates incentives for non-English speakers to learn English: "Declaring English the o¢ cial

language sends a message of assimilation and encourages non-English speakers to learn the

2http://www.lep.gov/13166/eo13166.html.
3http://www.us-english.org.
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common language in America so they are able to fully participate in society." While there are

no federal laws specifying an o¢ cial language of the United States, as of 2013, 29 states have

designated English as the o¢ cial language.4

This contrasts with countries such as Belgium, Switzerland, Finland, Canada and others

who have designated more than one o¢ cial language. Canada, in particular, is remarkable

for its patchwork of language policies dealing primarily with French and English, but also

with aboriginal and immigrant minority languages. The British North America Act of 1867

established o¢ cial French-English bilingualism federally, in Quebec and in the western provinces

that joined confederation after 1867. However, Manitoba declared itself to be English unilingual

in 1890. With the rise of Quebec nationalism and the coming to power of the sovereignist Parti

Quebecois in the 1970s, Quebec used Manitoba�s precedent to declare itself French unilingual

in 1977. The law was subsequently overturned on constitutional grounds, however successive

Quebec governments have sought to promote French as the main language of the public sphere

to the exclusion of English. One of the principle aims of these policies has been to integrate

immigrants into Quebec (i.e., Francophone) society (Maurais (2010) p. 173). The federal

government of Canada, however, maintains a policy not just of o¢ cial bilingualism but also

multiculturalism.

Countries in Europe have tended to take an approach of accommodation towards minority

language rights. The European Charter of Regional and Minority Languages was adopted by

the Council of Europe in 1992. Part III of the charter deals with minority language access to

education, the legal system, government administration and other public services. The charter�s

de�nition of what constitutes a minority language notably excludes immigrant languages and

4www.tlfq.ulaval.ca/axl/amnord/usa_4etats-ANGLAIS-o¤.htm.

93



is subject to a considerable degree of interpretation by its signatories. For example, the prin-

cipality of Liechtenstein rati�ed the charter while declaring that it had no regional or minority

languages within its borders (Spolsky (2004), p. 124). Despite the �exibility of the charter,

it had been rati�ed by only twenty-�ve of the forty-four members of the Council of Europe as

of 2013.5 This reluctance points to a tension between the ideological desire of governments to

grant accommodation to linguistic minorities and the �scal realities of providing it.

This essay concerns how governments go about resolving this tension. We ask: under

what circumstances and what normative criteria should public services be provided in the lan-

guage of the minority and, when they are, to what degree? The modeling framework used

is somewhat stylized but still rich enough to draw out answers to these questions. The the-

oretical approach is related to the one applied in the analysis of local public and club goods

(Sandler and Tschirhart (1980), Cornes and Sandler (1996)). Here the investment in second

language �uency is analogous to migration or membership choices in those literatures. In con-

trast, there is no issue of crowding. Those whose language is learned, the dominant language

group, only bene�t when the minority language speaking members integrate into the economy

by increasing their dominant language �uency. The constraint on providing public services in

either language is related to its �scal costs. In this way, the model follows in the tradition of the

public �nance literature dealing with the provision of public goods under distortionary taxation

(Dahlby (2008)). Another related strand of literature concerns inequality and the e¢ cient level

of integration of an economy (Lazear (1999), Sethi and Somanathan (2004), Kónya (2007)). As

opposed to the focus in those papers, here we are primarily concerned with the �scal arrange-

ments dealing with integration.

5http://conventions.coe.int/Treaty/Commun/ChercheSig.asp?NT=148&CM=8&DF=&CL=ENG
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The next section outlines the model. Section 5.2 characterizes how the dominant-language

�uency decision of the minority language speakers is taken. In section 5.3, the planner�s problem

is stated and the optimal provision of language-speci�c public services is characterized under

utilitarian and maximin objectives as well as under a majority voting rule. Section 5.4 presents

a model extension where language acquisition costs are heterogeneous. Section 5.5 concludes

with a brief discussion.

5.1 Model

We consider a population of individuals in which two languages, D (dominant) and M (mi-

nority), are in use. Each individual is characterized by the vector P = [PD PM ], where the

value Pj 2 [0; 1] denotes the individual�s pro�ciency or ability to converse and understand lan-

guage j = D;M . Pj = 1 indicates full pro�ciency and Pj = 0 indicates a complete absence

of knowledge of language j. Let there be N individuals where Nj � N of these are endowed

with language j as a mother tongue which implies full pro�ciency in j. We assume that each

individual is endowed with exactly one mother tongue so that the linguistic demography of the

economy satis�es ND +NM = N .

An individual may acquire a level of pro�ciency Pj in the language which is not his mother

tongue at a cost of '` (Pj) in dollar terms where ' > 0, `0 (Pj) > 0, `00 (Pj) > 0, ` (0) = 0

and limPj!1 `
0 (Pj) = 1. This last assumption indicates that it is prohibitively expensive to

attain full pro�ciency in the other language. This is adopted for the convenience of insuring an

interior solution to the individual�s problem, however we may motivate this by interpreting full

pro�ciency to mean that the individual can converse in the language with no trace of a foreign
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accent. For adult learners of second languages, this is typically di¢ cult, if not impossible, to

achieve.

Utility is de�ned over private consumption x and consumption of public services g:

U (x; g) = x+ u (g) (5.1)

where the sub-utility function is u (g) increasing, concave and twice di¤erentiable. Individuals

in each of the language groups inelastically supply one unit of labour at the wage wj which is

taxed at the proportional rate t. Let one dollar of wage income be transfered into one unit of

private consumption, so private consumption net of taxes and language learning costs is given

by:

x = wj (1� t)� '` (Pk) , j = D;M; k 6= j (5.2)

Public services are produced in two varieties: gD and gM ; indicating that the services are

language-speci�c. The e¤ective consumption of public services is:

g = max fgDPD; gMPMg (5.3)

So consumption of public services is exclusive: they must only be consumed in one or the other

language and each individual chooses the highest pro�ciency-weighted level of public services

available.

Language D is dominant in the following senses. First, ND > NM so that dominant lan-

guage speakers outnumber minority language speakers. Second, in the labour market, wages

depend solely on the worker�s pro�ciency in the dominant language according to the func-
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tion: w (PD) where w (1) = 1, w (0) = wM < 1, w0 (PD) > 0 and w00 (PD) � 0. This as-

sumption is supported by a wealth of empirical literature on the relationship between lan-

guage pro�ciency and wages (McManus et al. (1983), Dustmann and Van Soest (2002) and

Chiswick and Miller (2007)). Finally, the dominant language is constitutionally accorded o¢ -

cial language status so that gD � gM : the provision of public services in the minority language

must never exceed its provision in the dominant language.

5.2 Dominant Language Fluency of the Minority

Before characterizing the �scal arrangements related to the government�s problem, we �rst

determine how they in�uence the dominant language pro�ciency of the minority. The choice

problem for a representative minority language speaker is:

max
PD

w (PD) (1� t)� '` (PD) + u (max fgDPD; gMg) (5.4)

Clearly there is a kink in the objective function at PD = gM=gD. To deal with this we split

the problem up into two non-linear programming problems with inequality constraints. De�ne

H � gM=gD and let P
�
D solve:

max
PD�H

w (PD) (1� t)� '` (PD) + u (gM ) (5.5)
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The �rst order Karush-Kuhn-Tucker conditions for this problem are:

w0
�
P�D
�
(1� t)� '`0

�
P�D
�
� 0 (5.6)

H � P�D � 0

�
w0
�
P�D
�
(1� t)� '`0

�
P�D
�� �

H � P�D
�
= 0

Then let P+D solve:

max
PA�H

w (PD) (1� t)� '` (PD) + u (gDPD) (5.7)

The �rst order conditions for this problem are:

w0
�
P+D
�
(1� t)� '`0

�
P+D
�
+ ug

�
gDP

+
D

�
gD � 0 (5.8)

H � P+D � 0

�
w0
�
P+D
�
(1� t)� '`0

�
P+D
�
+ uG

�
gDP

+
D

�
gD
� �
H � P+D

�
= 0

Then let the partial indirect utility functions associated with each of these constrained

problems be de�ned:

V � (t; gD; gM ) � w
�
P�D
�
(1� t)� '`

�
P�D
�
+ u (gM ) (5.9)

V + (t; gD; gM ) � w
�
P+D
�
(1� t)� '`

�
P+D
�
+ u

�
gDP

+
D

�
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Then the solution P �D to (5.4) is:

P �D (t; gD; gM ) =

8>><>>:
P�D

P+D

if
V � (t; gD; gM ) > V + (t; gD; gM )

V � (t; gD; gM ) � V + (t; gD; gM )

(5.10)

So equation (5.10) is a simple model that relates economic variables to dominant language

pro�ciency. Pro�ciency increases in its payo¤ in terms of wages and decreases in terms of learn-

ing costs. We can compare this to the model proposed and tested by Chiswick and Miller (2007)

which relates language pro�ciency to three factors: the exposure the individual has to the target

language, the e¢ ciency with which the individual can learn and the economic incentives the

individual has to invest in language skills. The �rst two factors relate directly to '` (PD), the

cost of learning, and the �nal factor clearly relates to w (PD) (1� t), the net wage.

The model also predicts that pro�ciency is in�uenced by the language of public service

provision. This also relates to the exposure factor that Chiswick and Miller refer to, however

they do not speci�cally include the language of public service provision in their estimation.

Indirect evidence of this e¤ect is found in the sociolinguistic literature on language shift and

language death where the life cycle of a language is characterized by the extent of its use

in various domains: home, workplace, education etc. (Crystal (2000), Fishman (2001)). If a

language is in use in the public sphere (administration, legal and judicial domains), it will tend

to be in less danger of falling into disuse in the core domain of the home. The logical implication

of this is that according status to a minority language in the public sphere eases the forces that

would tend to drive it to extinction in favour of the dominant language, which in turn would

diminish incentives (other things being equal) to learn the dominant language.

Inspection of the optimality conditions (5.6) and (5.8) shows that the boundary solution
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P �D = H will never obtain. Notice that:

w (H) (1� t)� '` (H) + u (gM ) = w (H) (1� t)� '` (H) + u (gDH) (5.11)

since H � gM=gD. So if P �D = H, then P�D = P+D = H.6 For this to be, the conditions (5.6)

and (5.8) require that:

w0 (H) (1� t)� '`0 (H) � 0 (5.12)

w0 (H) (1� t)� '`0 (H) + ug (gDH) gD � 0

but since ug (gDH) gD > 0; both these conditions cannot hold. Then, since P �D = H is not a

solution, the conditions (5.6) and (5.8) can simply be expressed as:

w0
�
P�D
�
(1� t)� '`0

�
P�D
�
= 0 (5.13)

w0
�
P+D
�
(1� t)� '`0

�
P+D
�
+ uG

�
gDP

+
D

�
gD = 0

Since the �rst order conditions on the constrained maximization problems hold as strict

equalities, we will be able to apply the envelope theorem to the indirect utility function of the

minority language individuals. To do so, de�ne the indicator variable:

q (t; gD; gM ) =

8>><>>:
0

1

if
P �D (t; gD; gM ) < H

P �D (t; gD; gM ) > H

(5.14)

6Suppose not, that P �D = P�D = H but that P+D 6= H. By (5.10) it must be that P+D yeilds a lower level of
utility than P�D = H. But if that is so then P+D cannot solve (5.7). The argument also applies by reversing P�D
and P+D .
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We note that q is a function of the policy instruments so it will be included as an argument in

the government�s problem in what follows. The indirect utility of a minority language speaking

individual is:

VM (t; gD; gM ) = w (P �D) (1� t)� '` (P �D) + (1� q)u (gM ) + qu (gDP �D) (5.15)

V D (t; gD; gM ) is continuously di¤erentiable, so the envelope theorem implies that:

@V B (t; gD; gM ) =@t = �w (P �D) < 0 (5.16)

@V B (t; gD; gM ) =@gD = qug (gDP
�
D)P

�
D � 0

@V B (t; gD; gM ) =@gM = (1� q)ug (gM ) � 0

We can also use the indicator function q and conditions (5.13) to implicitly characterize P �D:

w0 (P �D) (1� t)� '`0 (P �D) + qug (gDP �D) gD = 0 (5.17)

Since @q=@gD = @q=@gM = @q=@t = 0, the following comparative statics results hold:

dP �D
dt

=
w0 (P �D)�

w00
�
P �D
�
(1� t)� '`00

�
P �D
�
+ qugg

�
gDP �D

�
g2D
� < 0 (5.18)

and

dP �D
dgD

= � qugg (gDP
�
D) gDP

�
D

w00
�
P �D
�
(1� t)� '`00

�
P �D
�
+ qugg

�
gDP �D

�
g2D

� 0 (5.19)

where the inequality becomes strict in case q = 0.

Since gD � gM by assumption and wages only depend on pro�ciency in the dominant
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language, those individuals whose mother tongue is the dominant language have no incentive

to invest in minority language �uency. Thus members of the dominant language group are

essentially passive participants in the model. So we can express their indirect utility as:

V D (t; gD; gM ) = 1� t+ u (gD) (5.20)

So taking the derivative of this pseudo-indirect utility function with respect to the policy pa-

rameters yields:

@V D (t; gD; gM ) =@t = �1 < 0 (5.21)

@V D (t; gD; gM ) =@gD = ug (gD) > 0

@V D (t; gD; gM ) =@gM = 0

5.3 The Provision of the Language-Speci�c Public Services

The cost to the government of providing public services at the levels gD and gM is given by:

C (gD; gM ) = c (q (ND +NM )
� gD + (1� q) (N�

DgD +N
�
MgM )) (5.22)

where c > 0 and � 2 [0; 1]. This speci�cation allows for the possibility that there may be

economies of scale in the production of public services. To see how the duplication of public

services in two languages a¤ects the �scal costs of provision, suppose that the government

is faced with choosing between the following polices: gD = gM = g and gD = g, gM = 0.
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Supplying public services only in the dominant language will be cheaper

(ND +NM )
� g < (N�

D +N
�
M ) g (5.23)

when � < 1 since the function f (y) = y� is strictly concave. However when � = 1; there are

no economies of scale in production and the cost of each of the policies is the same.

An alternative interpretation to the cost function is in terms of the rivalrousness in con-

sumption of the public services. In particular, when � = 1, public services are purely private

goods and when � = 0 public services are purely public goods.7 In the case that � = 1; the

question of why the government would be providing private goods naturally arises. We simply

assume that these are particular services which the government has a constitutionally mandated

authority to provide as a monopoly.

5.3.1 Utilitarian Objective

First, assume the government chooses t, gD and gM to maximize the generalized social welfare

function:

W (t; gD; gM ) = 	DNDV
D (t; gD; gM ) + 	MNMV

M (t; gD; gM ) (5.24)

subject to budget balance:

t (ND +NMw (P
�
D)) = C (gD; gM ) (5.25)

7An example of a public good we have in mind here could be o¢ cial government publications made available on
the internet. Otherwise, educational or health services can be more or less thought of as being publicly-provided
private goods.
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where 	D � 0 and 	M � 0 are welfare weights that we will adjust to address some more

speci�c cases in what follows. There is also the constraint that, gD � gM , the provision of

public services in the dominant language must always exceed that in the minority language.

For now, we will assume that the constraint does not bind and verify this after solving the

problem.

Where � is the Lagrangian multiplier on the budget constraint, the �rst order conditions

for this problem are:

t : �	DND �	MNMw (P �D) + �
�
ND +NM

�
w (P �D) + tw

0 (P �D)
dP �D
dt

��
� 0

gD : 	DNDug (gD) + q	MNBug (gDP
�
D)P

�
D + �

�
qtNMw

0 (P �D)
dP �D
dgD

� CgD
�
� 0

gM : 	M (1� q)NMug (gM )� �CgM � 0 (5.26)

Recalling that the indicator variable q is a function of t, gD and gM , there are two sets of the

�rst order conditions, one for which q = 1 and one for which q = 0.

First, suppose that q = 0, then the optimal provision of public services in the dominant and

minority languages respectively are:

	DNDug (gD)

	DND +	MNMw
�
P�D
� = cN�

D

ND +NMw
�
P�D
� �
1 + t��wt

� (5.27)

	MNMug (gM )

	DND +	MNMw
�
P�D
� = cN�

M

ND +NMw
�
P�D
� �
1 + t��wt

� (5.28)

where:

��wt �
w0
�
P�D
�

w
�
P�D
� dP�D

dt
< 0 (5.29)
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is the semi-elasticity of the minority language group wage with respect to the tax rate.

The formulas (5.27) and (5.28) recall the modi�ed Samuelson (1954) Condition for the

optimal provision of public goods using distortionary taxation (Wildasin (1984)). The left

hand side represents the marginal bene�t of providing public services and the right hand side

represents the marginal cost. Here, the distortion is attributable to the negative e¤ect of

taxation on the choice of dominant language �uency by the minority rather than the standard

labour-leisure choice. Nonetheless, the e¤ect is analogous: the higher is the absolute value of

the elasticity ��wt, the higher is the marginal cost of providing public services, and the lower is

the optimal level of public service provision.

Because the denominators in (5.27) and (5.28) are the same, we can cancel terms to get an

expression relating the optimal provisions of gD and gM to each other:

ug (gM )

ug (gD)
=
	D
	M

�
ND
NM

�1��
(5.30)

Recalling the restriction that gD � gM and that the sub-utility function u (g) is concave, the

left hand side of (5.30) can take a minimum value of 1 at gD = gM . The optimal provision of

public services in the minority language is increasing relative to the optimal provision of public

services in the dominant language as: the welfare weight 	M increases relative to 	D, as NM

increases relative to ND and as � increases. A higher value of � implies lower economies of

scale so the duplication of public services in two languages is less costly.

Now consider the case when q = 1. The equilibrium level of dominant language pro�ciency

of the minority exceeds the threshold H which implies that no one consumes public services in
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the minority language. Thus, optimal policy has that: gM = 0 and gD satis�es:

	DNDug (gD) + 	MNBug
�
gDP

+
D

�
P+D

	DND +	MNMw
�
P+D
� =

c (ND +NM )
� �NM tw

�
P+D
�
�+wgD

ND +NMw
�
P+D
� �
1 + t�+wt

� (5.31)

where:

�+wgD �
w0
�
P+D
�

w
�
P+D
� dP+D
dgD

> 0 (5.32)

is the semi-elasticity of the minority language group wage with respect to the provision of gD

and as above:

�+wt �
w0
�
P+D
�

w
�
P+D
� dP+D

dt
< 0 (5.33)

As with formulas (5.27) and (5.28), (5.31) is a modi�ed Samuelson Condition. In addition

to the adjustment for the distortionary e¤ects of taxation, the cost side of the equation now

includes the �scal bene�t (NM tw
�
P+D
�
�+wgD) of providing the public good in the dominant

language. In particular, the higher is gD, the greater is the incentive for the minority language

speakers to invest in dominant language pro�ciency which, in turn, increases the tax base.

So the optimal level of public service provision is increasing in the semi-elasticity �+wgD and

decreasing in the semi-elasticity �+wt.

Since no public services are provided in the minority language under the policy characterized

by the formula (5.31), dominant language �uency by the minority is maximized. We may refer

to this as an assimilationist policy in contrast to the policy characterized by the conditions

(5.27) and (5.28), which we may refer to as an accommodationist policy. What is important to

recognize is that both solutions to the government�s problem are local maxima. Whether the

assimilationist policy dominates the accommodationist policy or vice versa will depend on the
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elasticities, welfare weights and population sizes. To address this question in more detail, we

adopt more restrictive forms of the social objective (4.10) in what follows.

5.3.2 Maximin Objective

Let 	D = 0 and 	M = 1=NM ; then the government objective is to maximize the indirect utility

of a representative member of the minority language speaking group:

max
t;gD;gM

VM (t; gD; gM ) (5.34)

s:t: t (ND +NMw (P
�
D)) � c (q (ND +NM )

� gD + (1� q) (N�
DgD +N

�
MgM ))

s:t: gD � gM

Since the minority language group�s wage and e¤ective consumption of public services will

always be below that of the dominant group�s, this social objective maximizes the utility of the

least well-o¤ individual in the economy. For this reason, we refer to this problem as a maximin

or Rawlsian objective.

First, suppose that the government pursues an accommodationist policy: q = 0:

max
t;gD;gM

V � (t; gD; gM ) + �
�
t
�
ND +NMw

�
P�D
��
� c ((N�

DgD +N
�
MgM ))

�
+  [gD � gM ] (5.35)

Since the provision of public services in the dominant language contributes nothing to the utility

of minority language speakers, the constraint gD � gM will always bind. So let g = gD = gM
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and rewrite the problem:

max
t;g

V � (t; g) + �
�
t
�
ND +NMw

�
P�D
��
� c (N�

D +N
�
M ) g

�
(5.36)

The �rst order conditions are:

t : �w
�
P�D
�
+ �

�
ND +NMw

�
P�D
�
+ tNMw

0 �P�D � dP�Ddt
�
� 0 (5.37)

g : ug (g)� � [c (N�
D +N

�
M )] � 0

Substituting out the multiplier leads to the formula:

ug (g
�)

w
�
P�D
� = c (N�

D +N
�
M )

ND +NMw
�
P�D
� �
1 + t���wt

� (5.38)

This characterizes the optimal public service provision g� and tax rate t� under the accommo-

dationist policy.

Now suppose that the government pursues an assimilationist policy: q = 1. Since no one

consumes public services in the minority language, it is optimal to set gM = 0. So the constraint

gD � gM will not bind provided that gD > 0. Then the government�s objective is:

max
t;gD

V + (t; gD; 0) + �
�
t
�
ND +NMw

�
P+D
��
+ c (q (ND +NM )

� gM )
�

(5.39)
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The �rst order conditions to this problem are:

t : �w
�
P+D
�
+ �

�
ND +NMw

�
P+D
�
+ tNMw

0 �P+D � dP+Ddt
�
� 0 (5.40)

gD : ug (gD) + �

�
tNMw

0 (F �D)
dP+D
dgD

� c (ND +NM )�
�
� 0

These lead to the formula:

ug (g
+)

w
�
P+D
� = c (ND +NM )

� �NM t+w
�
P+D
�
�+wgD

ND +NMw
�
P+D
� �
1 + t+�+wt

� (5.41)

where g+ and t+ are the optimal public service provision and optimal tax rate under the

assimilationist policy.

As with the utilitarian objective, the assimilationist policy may dominate the accommoda-

tionist policy or vice versa under any given set of parameter values. In order to investigate how

the parameter values a¤ect the optimal policy de�ne:

Z� (�; '; c;ND; NM ) � V �
�
t�; g�

�
(5.42)

+�
�
t�
�
ND +NMw

�
P�D
��
� c (N�

D +N
�
M ) g

��
Z+ (�; '; c;ND; NM ) � V +

�
t; g+D; 0

�
(5.43)

+�
�
t+
�
ND +NMw

�
P+D
��
+ c (ND +NM )

� g+M
�

Equations (5.42) and (5.43) are social value functions associated with each of the competing

policies. Let: �Z (�; '; c;ND; NM ) � Z+ (�; '; c;ND; NM ) � Z� (�; '; c;ND; NM ), then as

�Z > 0 the assimilationist policy is preferred and as �Z < 0 the accommodationist policy is
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preferred.

By the envelope theorem:

@�Z (�; '; c;ND; NM )

@'
= `

�
P�D
�
� `
�
P+D
�
< 0 (5.44)

@�Z (�; '; c;ND; NM )

@c
= �

�
(ND +NM )

� g+M � (N�
D +N

�
M ) g

�� ? 0 (5.45)

So (5.44) indicates that, as the personal costs of language acquisition increase, the assimilationist

policy becomes less attractive from the point of view of the planner. This result is intuitive:

the assimilationist policy requires a higher level of �uency. Then as ' increases, the relative

cost of the policy increases without a¤ecting the bene�t. The sign of the derivative of �Z with

respect to c ambiguous. As �! 1, �Z=@c > 0 since g+M > g�. However at � = 0:

@�Z (0; '; c;ND; NM )

@c
= g+M � 2g� (5.46)

this may be either positive or negative.

From this we can conclude that, if the production of public services exhibits greater economies

of scale or public services are pure public goods (� = 1), then an assimilationist policy is pre-

ferred as the �scal cost of public service provision increases. The reason is that the government

can economize by providing public services in only one language. However, as � decreases this

bene�t is eroded and the assimilationist policy becomes relatively more expensive.
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To see how the population shares a¤ect the choice of policy, let � � NM=ND < 1 and then:

@�Z (�; '; c;ND; �)

@�
= �

�
t+w

�
P+D
�
� t�w

�
P�D
��
ND (5.47)

+�
�
(1 + �)��1 g+M � ���1g�

�
�cN�

D

The �rst term on the right hand side of this expression is unambiguously positive. As the

relative size of the minority language community increases, the greater is the �scal bene�t of

pursuing a policy of assimilation since it increases the tax base. The sign of the second term

is ambiguous. As � ! 1; the interior of the parentheses approaches g+M � g� > 0 indicating

that the assimilationist policy is relatively less costly. As � decreases towards zero, the value

of the second term decreases and may become negative depending in the relative values of �,

g+M and g�. As above, a lower value of � erodes the bene�t of providing public services in only

one language due to economies of scale in production.

5.3.3 Majority Voting

Until this point, the analysis of the government�s problem has been approached from a normative

perspective. Here, as an alternative, we characterize the provision of language speci�c public

services as it would be decided by majority voting. Since ND � NM ; the median voter is a

dominant language speaker so the majority voting outcome will be the solution to:

max
t;gD;gM

V D (t; gD; gM ) (5.48)

s:t: t (ND +NMw (P
�
D)) � c (q (ND +NM )

� gD + (1� q) (N�
DgD +N

�
MgM ))

s:t: gD � gM
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This is equivalent to setting 	D = 1=ND and 	M = 0 from the utilitarian objective (4.10).

Since the dominant language group only consumes public services in their own language, it is

optimal to set gM = 0: So, in this case, only the assimilationist policy will be chosen and the

restriction gD � gM does not bind. Then the problem becomes:

max
t;gD

V D (t; gD; gM ) + � [t (ND +NMw (P
�
D))� c (ND +NM )

� gD] (5.49)

The �rst order conditions associated with (5.49) are:

t : �1 + �
�
(ND +NMw (P

�
D)) + tNMw

0 �P+D � dP+Ddt
�
� 0 (5.50)

gD : ug (gD) + �

�
tNMw

0 �P+D � dP+DdgD
� c (ND +NM )�

�
� 0

So the formula characterizing the optimal public service provision and tax rate is:

ug
�
g+D
�
=
c (ND +NM )

� � tw
�
P+D
�
NM �

+
wgD

ND +NMw
�
P+D
� �
1 + t+�+wt

� (5.51)

At this level of generality, it is not convenient to compare this outcome with either the

utilitarian or maximin normative optima. However, it is interesting to investigate how the

presence and size of the minority language speaking group in�uences majority voting outcome

relative to the standard optimal public �nance case found in the literature. In particular,

suppose that the economy is linguistically homogeneous: that NM = 0. Then the formula

becomes:

NDug
�
g+D
�
= cN�

D (5.52)
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When � = 0 this is just the standard Samuelson Condition for the optimal provision of public

goods and when � = 1 the private individual marginal bene�t of provision is equated with its

marginal cost. Comparing (5.51) with (5.52) we see that the provision of public services under

majority voting in an economy with linguistic minority may be greater than in a homogenous

society. This will be so unambiguously if: � = 0 public services are purely public and the

absolute value of the semi-elasticity �+wt is less than one. The reason is that increasing the

public services encourages dominant language �uency which increases the tax base. Provided

that this e¤ect is not o¤set by the negative e¤ect on �uency of higher taxes, the marginal cost

of provision is lower in a more heterogeneous society.

5.4 Heterogeneous Learning Costs

The multiple local maxima result to the planner�s problem above is due to the fact that in-

dividuals in the minority language group are assumed to all face the same private costs of

acquiring pro�ciency in the dominant language. Under this assumption, if one individual de-

cides to choose a level of pro�ciency above the threshold level, all others will. Here we relax

this assumption by presenting an extension to the model where individuals have heterogeneous

acquisition costs. Indeed this is a more realistic assumption. People have di¤ering innate ca-

pabilities and motivation levels in second language learning as with other skills. Even more

important in this context are the circumstances facing the individual: age, network of family,

friends and acquaintances, employment situation and so on. The consequence of introducing

heterogeneity into the model is that the solution to the decision problem of the minority lan-

guage speakers will be a distribution of �uency levels rather than a single level of �uency. As
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a result, the planner�s problem will have a unique optimum.

5.4.1 Dominant Language Fluency of the Minority

Now let the cost of attaining pro�ciency PD in the dominant language be:

'i` (PD) (5.53)

where 'i is distributed over
�
';'

�
by F (') where f (') � F 0 ('). So those individuals with a

low value of ' are able to learn the dominant language very easily while those with a high value

have more di¢ culty. In this case, there will be a cuto¤ value b' (t; gD; gM ) such that, for those
minority language speakers whose parameter value 'i is less than (or equal to) b' will choose
a level of pro�ciency in the dominant language P �D > H � gM=gD and those whose parameter

value lies above b' will choose P �D < H.8 The value b' is de�ned as:
V + (t; gD; gM ; b') = V � (t; gD; gM ; b') (5.54)

where as above the partial indirect utility functions are de�ned as:

V � (t; gD; gM ; 'i) � w
�
P�D ('i)

�
(1� t)� 'i`

�
P�D ('i)

�
+ u (gM ) (5.55)

V + (t; gD; gM ; 'i) � w
�
P+D ('i)

�
(1� t)� 'i`

�
P+D ('i)

�
+ u

�
gDP

+
D ('i)

�
8 In the interests of clarity we make the assumption that the corner solutions b' = ' and b' = ' do not obtain.
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and the levels of dominant language pro�ciency as functions of 'i satisfy:

w0
�
P�D ('i)

�
(1� t)� 'i`0

�
P�D ('i)

�
= 0 if 'i > b' (5.56)

w0
�
P+D ('i)

�
(1� t)� 'i`0

�
P+D ('i)

�
+ uG

�
gDP

+
D ('i)

�
gD = 0 if 'i � b'

Conditions (5.56) induce a distribution of pro�ciency levels conditional on the policy vari-

ables. From this distribution, we can characterize the average indirect utility of the minority

language speakers:

eVM (t; gD; gM ) = Z b'
'
V + (t; gD; gM ; 'i) f ('i) d'+

Z '

b' V � (t; gD; gM ; 'i) f ('i) d' (5.57)

and the average wage of the minority language speakers:

ew (t; gD; gM ) = Z b'
'
w
�
P+D ('i)

�
f ('i) d'+

Z '

b' w
�
P�D ('i)

�
f ('i) d' (5.58)

The appendix presents comparative statics results on P+D ('i), P
�
D ('i) and b', envelope

results on the average indirect utility function and derivatives of the average wage with respect

to the policy parameters.

5.4.2 The Provision of Language Speci�c Public Services

Here we restrict our attention to the unweighted utilitarian social objective (	D = 0, 	M = 0).

The planner�s problem is to maximize the generalized social welfare function:

W (t; gD; gM ) = NDV
D (t; gD; gM ) +NM eVM (t; gD; gM ) (5.59)
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subject to budget balance:

t (ND +NM ew (P �D)) = C (t; gD; gM ) (5.60)

Under heterogeneous learning costs, the cost of providing language-speci�c public services at

the levels gD and gM is:

C (t; gD; gM ) = c ((ND +NMF (b'))� gD + (NM (1� F (b')))� gM ) (5.61)

Notice now that the government cost function includes the tax rate as an argument since

b' = b' (t; gD; gM ). Increasing the tax rate (other things being equal) reduces the incentives for
minority language speakers to invest in dominant language �uency. As shown in the appendix,

this has a negative e¤ect on the cuto¤ level: @b'=@t < 0. Furthermore, higher levels of public

service provision in the majority language increase the cuto¤ level @b'=@gD > 0 and higher

levels of public service provision in the minority language reduce the cuto¤ level @b'=@gM < 0.

Then, the �rst derivatives of the cost function with respect to the policy parameters are:

@C (t; gD; gM )

@t
= c� (ND +NMF (b'))��1 gDNMf (b') db'

dt
(5.62)

�c� (NM (1� F (b')))��1 gMNMf (b') db'
dt

@C (t; gD; gM )

@gD
= c� (ND +NMF (b'))��1 gDNMf (b') db'

dgD
(5.63)

+c (ND +NMF (b'))�
�c� (NM (1� F (b')))��1 gMNMf (b') db'

dgD
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@C (t; gD; gM )

@gM
= c� (ND +NMF (b'))��1 gDNMf (b') db'

dgD
(5.64)

�c� (NM (1� F (b')))��1 gMNMf (b') db'
dgD

+c (NM (1� F (b')))�

In the case of perfect economies of scale: � = 0, the cost function is unresponsive to the tax

rate: @C (t; gD; gM ) =@t = 0. In the case of no economies of scale: � = 1, the �scal cost of

provision falls with the tax rate @C=@t < 0 since:

c (gD � gM )NMf (b') db'
dt

< 0 (5.65)

A higher tax rate reduces the number of minority language speaking individuals who reach

the threshold level of pro�ciency to consume public services in the dominant language. Since

gD � gM this can only reduce costs of provision.

Furthermore, under all values of �, @C=@gD > 0. However, the sign of @C=@gM is indeter-

minate. Under perfect economies of scale a higher level of gM increases the cost of provision.

However as � is lower, an increase in gM may reduce costs for the same reason that an increase

in the tax rate might reduce costs: in discourages minority language speakers from attaining

the threshold �uency level.

The �rst order conditions to the government problem are:

t : �ND �NM ew (t; gD; gM ) (5.66)

+�

�
ND +NM ew (P �D) + tNM @ ew (P �D)

@t
� @C (t; gD; gM )

@t

�
= 0
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gD : ND
@V D (t; gD; gM )

@gD
+NM

Z b'
'
ug
�
gDP

+
D ('i)

�
P+D ('i) f ('i) d' (5.67)

+�

�
tNM

@ ew (P �D)
@gD

� @C (t; gD; gM )

@gD

�
= 0

gM : NM
@ eVM (t; gD; gM )

@gM
+ �

�
tNM

@ ew (P �D)
@gM

� @C (t; gD; gM )

@gM

�
= 0 (5.68)

Substituting out the multipliers leads to the optimal provision formulas:

NDug (gD) +NM
R b'
' ug

�
gDP

+
D ('i)

�
P+D ('i) f ('i) d'

ND +NM ew �P �D� (5.69)

=

@C(t;gD;gM )
@gD

� t ew (P �D)NMe�wgD
ND +NM ew �P �D� (1 + e�wt)� @C(t;gD;gM )

@t

for gD and:

NM
R 'b' ug (gM ) f ('i) d'
ND +NM ew �P �D� =

@C(t;gD;gM )
@gM

� t ew (P �D)NMe�wgM
ND +NM ew �P �D� (1 + e�wt)� @C(t;gD;gM )

@t

(5.70)

for gM where the semi-elasticities are de�ned:

e�wt � 1ew �P �D� @ ew (P
�
D)

@t
< 0 (5.71)

e�wgD � 1ew �P �D� @ ew (P
�
D)

@gD
> 0

e�wgM � 1ew �P �D� @ ew (P
�
D)

@gM
< 0

Recognizing that the denominators in the formulas (5.69) and (5.70) are the same, we can

cancel out terms to arrive at an expression that relates the optimal provision of public services
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in each language to one another:

NM
R 'b' ug (gM ) f ('i) d'

NDug (gD) +NM
R b'
' ug

�
gDP

+
D ('i)

�
P+D ('i) f ('i) d'

=

@C(t;gD;gM )
@gM

� t ew (P �D)NMe�wgM
@C(t;gD;gM )

@gD
� t ew �P �D�NMe�wgD

(5.72)

Equation (5.72) recalls equation (5.30) from the homogenous learning cost case in section 5.3.

The left hand side is the ratio of the sums of marginal bene�ts of public service provision in

each language. The right hand side is the ratio of the marginal costs of provision: the marginal

�scal cost minus the marginal response of the tax base. Recall that the signs of the marginal

responses of the tax base are opposite since e�wgD > 0 and e�wgM < 0. Evidently, lower costs

of provision for services in the minority language will recommend a higher level of provision

in that language and vice versa. The appendix shows that the left hand of (5.72) is strictly

increasing in gM and strictly decreasing in gD. The right hand side of the equation is more

di¢ cult to analyze. In the simplest case where � = 0, the marginal cost terms are constant:

@C (t; gD; gM ) =@gM = @C (t; gD; gM ) =@gD = c. So the ratio of the marginal costs of provision

depend only on the marginal responses of the tax base. In particular, as the average wage

of minority language speakers is more sensitive to the provision of public services in either

language the more costly it is to provide services in the minority language. In other words, as

the absolute values of the elasticities e�wgM and e�wgD increase, the lower is the optimal ratio of
public service provision in each language: gM=gD.

5.5 Conclusion

The preceding analysis has shown that, under a variety of normative objectives, the optimal

levels of public service provision in each language depend primarily on two factors: the re-
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sponsiveness of the dominant language acquisition decision to the provision and the extent of

economies of scale in the government�s cost function. If the provision of public services in the

dominant language has a strong incentive e¤ect on the dominant language pro�ciency of the

minority, it may be used as a tool to encourage integration. Under majority voting, when only

the preferences of the dominant language group are considered, the provision of public services

is likely to be set at a higher level than it would be in a linguistically homogeneous society.

This hypothesis would seem to have some empirical relevance. If correct, we would expect that

countries with relatively large linguistic minorities or levels of immigration should also have

more comprehensive public services provided in the dominant language.

Concerning the cost function, it was shown that the optimal level of minority language

public service provision is higher as economies of scale in production decrease. So pure public

goods, like public broadcasting for example, are costly to duplicate in a second language and,

hence are likely to be o¤ered only in the dominant language. Conversely, publicly provided

private goods, such as health care services, are relatively less costly to duplicate and are more

likely to be also provided in the minority language.

In the benchmark case where all minority language speakers face the same cost of acquiring

dominant language pro�ciency, there are two local maxima to the planners problem correspond-

ing to the accommodationist and assimilationist policies. Either could be chosen as the optimal

policy under fairly similar sets of model parameter values. This could account for the fact that

we see countries with similar socio-linguistic pro�les embrace vastly di¤erent language policies.

Consider the relatively strict unilingual policies pursued by countries like France and Turkey

with their large linguistic minorities and contrast them with a country like Canada which has

enshrined bilingualism.
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It is of course true that language policies are not simply determined by �scal considerations.

The well developed academic literature on language policy and language planning has identi�ed

ideology, history and politics as contributing factors in how policies are set. So it is recognized

that the economic approach to characterizing the provision of language-speci�c public services

tells only part of the story.
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Chapter 6

Conclusion

The preceding essays have addressed economic issues related to second language knowledge and

acquisition from a number of di¤erent angles. The empirical analysis in chapter 2 put a new

spin on a well-studied subject: the return to language skills in the Canadian labour market.

Rather than estimating conditional wage di¤erentials between language groups, the approach

taken here considered the environment in which wages are formed. In doing so, we shed light on

the role of language complementarities in wage formation and on the importance of language in

the labour market generally. It was found that the elasticity of local language complementarity

in earnings is higher for women than for men and has been, on average, higher over the past

�fteen to twenty years than it was previously.

The empirical analysis set the stage for chapters 3 and 4 which considered second language

acquisition decisions in an environment where complementarities matter. In these theoretical

models, second language skills are strategic substitutes, a view for which we �nd supporting

evidence. Contrary to previous theoretical analyses of language acquisition decisions, we do

not conclude that there is necessarily insu¢ cient bilingualism relative to the social optimum.
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In case language skills can also serve as a signal of unobservable ability, there may in fact

be too much acquisition in equilibrium. However, if the role of language complementarities

in production is high or if the linguistic minority is relatively large, then the network welfare

e¤ects will dominate and a policy that encourages bilingualism may be called for.

Chapter 4 addresses the e¢ cacy of such a policy in the context of constraints that limit the

ability of the government (or planner) to discriminate between individuals. In the benchmark

case, where the government can observe language learning costs, a Pareto improvement is

achievable. Otherwise, when the government can or is willing to only discriminate between

language groups, the optimum distribution of language skills can be implemented, but it will

necessarily make someone worse o¤. In this case the minority should be encouraged to learn

the language of the majority. If the tax subsidy system cannot discriminate between language

groups, then the optimum cannot be achieved. However, if the minority group is relatively

large, there is little motivation for policy intervention.

Whereas the policy instruments considered in chapter 4 were somewhat abstract, chapter 5

concerned the provision of public services in a minority language. A discussed above, this is a

matter for policy debate in a great number of countries. The main conclusion of the analysis is

that the optimal provision will depend crucially on the nature of the services being provided.

Those that can be produced using a technology that features economies of scale - as in pure

public goods - will be relatively expensive to duplicate in a second language. In this case,

public services in the dominant language may be optimally provided at a higher level than they

would be in a linguistically homogeneous population in order to encourage the assimilation of

the minority.

A number of loose threads remain that will have to be addressed in future research. One of
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these concerns migration decisions. In the empirical analysis of chapter 3 that dealt with rates of

bilingual knowledge at the local level, it was remarked that there was also a locational decision

driving the results. Just as people invest in language skills and other forms of human capital,

they also choose were to live, in part, to maximize the bene�t from those investments. This

suggests that agglomeration e¤ects may be a particularly relevant feature of second language

acquisition decisions.

The models presented here rest on the assumption that people value languages only to the

extent that they enable communication. This is of course highly unrealistic. Language, and

culture generally, is fundamentally tied to the notion of group identity. Thus policies that

encourage assimilation or acquisition of a dominant language by the minority will be associated

with psychic costs to the extent that they threaten the identity of the minority. This has not

been considered here, but it is clearly an important feature of real world language policy debates

that may be included in future extensions of this research.
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Appendix A: Chapter 2 Regression Results

Table A.1. Log Wage Regressions with Language Group Dummy Variables: Males

Canada Quebec R. O. C. Canada Quebec R. O. C.

Bilingual Anglophone 0.005 0.066 0.008 0.012 0.097 0.028
(0.65) (2.76)** (0.99) (1.62) (3.76)** (3.25)**

Monolingual Francophone 0.025 0.073 0.078 0.043 0.082 0.072
(2.81)** (3.37)** (2.31)* (4.46)** (3.54)** (1.99)*

Bilingual Francophone 0.015 0.111 0.000 0.035 0.153 0.015
(2.12)* (5.16)** (0.04) (4.48)** (6.64)** (1.54)

Age 0.081 0.081 0.080 0.094 0.096 0.092
(78.83)** (44.56)** (64.11)** (85.48)** (48.96)** (69.08)**

Age squared 0.001 0.001 0.001 0.001 0.001 0.001
(68.06)** (38.38)** (55.23)** (74.40)** (42.76)** (59.87)**

Divorced 0.078 0.075 0.081 0.107 0.100 0.115
(11.69)** (7.13)** (9.56)** (15.05)** (8.90)** (12.74)**

Married 0.197 0.138 0.220 0.261 0.189 0.290
(47.68)** (18.91)** (43.83)** (59.10)** (24.04)** (54.18)**

Separated 0.077 0.049 0.092 0.111 0.085 0.129
(8.06)** (2.42)* (8.38)** (11.03)** (3.96)** (11.13)**

Widowed 0.060 0.030 0.077 0.099 0.075 0.115
(2.61)** (0.82) (2.63)** (4.07)** (1.92) (3.80)**

Newfoundland & Laborador 0.195 0.196 0.189 0.191
(13.85)** (13.63)** (12.60)** (12.41)**

PEI 0.287 0.290 0.327 0.328
(11.39)** (11.24)** (12.58)** (12.32)**

Nova Scotia 0.215 0.217 0.243 0.244
(16.52)** (16.28)** (17.37)** (17.08)**

New Brunswick 0.216 0.209 0.221 0.215
(15.98)** (14.87)** (15.32)** (14.31)**

Quebec 0.091 0.017 0.082 0.071
(8.93)** (1.17) (7.48)** (4.49)**

Manitoba 0.118 0.119 0.100 0.101
(7.76)** (7.68)** (6.15)** (6.05)**

Saskatchewan 0.099 0.102 0.039 0.041
(7.05)** (7.16)** (2.62)** (2.68)**

Alberta 0.106 0.101 0.198 0.196
(11.28)** (10.49)** (20.02)** (19.36)**

British Columbia 0.041 0.039 0.034 0.034
(4.47)** (4.10)** (3.45)** (3.31)**

Northern Canada 0.106 0.114 0.152 0.159
(3.66)** (3.84)** (4.98)** (5.06)**

Halifax 0.121 0.118 0.131 0.129
(8.55)** (8.15)** (8.74)** (8.34)**

Moncton  St. John 0.159 0.156 0.183 0.179
(9.47)** (9.08)** (10.30)** (9.88)**

Language Group (Benchmark = Monolingual Anglophone)

Marital Status (Benchmark = Single Never Married)

Place of Residence  Province or CMA (Benchmark = Ontario)
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Table A.1. Continued

Quebec City 0.083 0.013 0.085 0.084
(6.58)** (0.81) (6.23)** (4.82)**

Montreal 0.028 0.078 0.027 0.016
(3.03)** (5.51)** (2.76)** (1.05)

Sherbrooke  TroisRivieres 0.097 0.102 0.099
(5.79)** (5.69)** (4.80)**

Ottawa  Gatineau 0.027 0.089 0.050 0.037 0.068
(2.68)** (4.53)** (4.43)** (3.48)** (5.66)**

Oshawa 0.148 0.148 0.174 0.174
(9.94)** (9.72)** (10.98)** (10.73)**

Toronto 0.094 0.095 0.109 0.115
(13.02)** (12.88)** (14.20)** (14.49)**

Hamilton 0.085 0.086 0.097 0.099
(7.10)** (6.98)** (7.53)** (7.53)**

St. Catherines  Niagara 0.025 0.025 0.022 0.021
(1.64) (1.61) (1.38) (1.28)

Kitchener 0.090 0.090 0.104 0.106
(6.57)** (6.44)** (7.09)** (7.07)**

London 0.024 0.025 0.012 0.015
(1.78) (1.75) (0.85) (0.97)

Windsor 0.157 0.158 0.140 0.142
(9.44)** (9.27)** (7.85)** (7.77)**

Brantford  Guelph Barrie 0.063 0.064 0.077 0.079
(4.67)** (4.61)** (5.34)** (5.33)**

Kingston Peterborough 0.036 0.035 0.060 0.058
(2.07)* (1.94) (3.21)** (3.07)**

Sudbury  Thunder Bay 0.010 0.008 0.003 0.008
(0.58) (0.47) (0.18) (0.42)

Winnipeg 0.086 0.084 0.084 0.082
(7.51)** (7.16)** (6.81)** (6.45)**

Regina  Saskatoon 0.072 0.072 0.052 0.051
(5.38)** (5.20)** (3.65)** (3.46)**

Calgary 0.119 0.119 0.177 0.179
(12.43)** (12.08)** (17.26)** (17.08)**

Edmonton 0.100 0.099 0.144 0.145
(10.43)** (10.11)** (14.08)** (13.81)**

Vancouver 0.050 0.052 0.056 0.059
(5.71)** (5.74)** (5.91)** (6.14)**

Victoria 0.034 0.032 0.043 0.041
(2.13)* (1.95) (2.51)* (2.32)*

Kelowna Abbotsford 0.028 0.029 0.029 0.029
(1.66) (1.67) (1.61) (1.57)

Professionals 0.197 0.196 0.198
(29.59)** (15.65)** (25.23)**

SemiProf and Technicians 0.334 0.329 0.335
(44.38)** (23.36)** (37.71)**

Supervisors 0.264 0.263 0.263
(30.36)** (15.78)** (25.86)**

Occupation N.O.C. (Benchmark = Managers)
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Table A.1. Continued

Admin and Snr. Clerical 0.357 0.349 0.362
(28.63)** (15.61)** (24.21)**

Skilled Sales and Service 0.234 0.263 0.223
(25.45)** (15.41)** (20.52)**

Skilled Crafts and Trade 0.337 0.319 0.341
(50.20)** (24.81)** (43.36)**

Clerical 0.542 0.510 0.551
(67.14)** (34.81)** (57.16)**

Intermediate Sales and Service0.373 0.354 0.376
(47.88)** (24.27)** (40.99)**

SemiSkilled Manual 0.494 0.478 0.495
(73.44)** (37.18)** (62.72)**

Other Sales and Service 0.582 0.554 0.587
(64.47)** (34.46)** (53.99)**

Other Manual 0.590 0.572 0.591
(64.46)** (34.18)** (54.20)**

Mining and Oil 0.562 0.516 0.549
(38.65)** (14.15)** (33.26)**

Utilities 0.445 0.575 0.396
(26.77)** (18.83)** (20.09)**

Construction 0.075 0.161 0.047
(6.04)** (6.90)** (3.20)**

Manufacturing 0.223 0.291 0.199
(18.98)** (13.50)** (14.21)**

Wholesale Trade 0.153 0.205 0.133
(11.82)** (8.53)** (8.69)**

Retail Trade 0.106 0.037 0.130
(8.37)** (1.58) (8.66)**

Transport and Warehousing 0.174 0.253 0.146
(13.72)** (10.80)** (9.75)**

Information and Cultural 0.180 0.288 0.139
(12.06)** (10.58)** (7.88)**

Finance and Insurance 0.302 0.309 0.297
(20.41)** (11.12)** (17.05)**

Real Estate and Rental 0.018 0.043 0.020
(1.03) (1.27) (0.96)

Professional and Scientific 0.140 0.177 0.126
(10.29)** (7.02)** (7.86)**

Management of Companies 0.405 0.357 0.414
(7.02)** (3.14)** (6.18)**

Waste Management 0.131 0.036 0.161
(9.15)** (1.31) (9.58)**

Education 0.055 0.029 0.086
(3.93)** (1.12) (5.18)**

Health Care 0.028 0.012 0.039
(1.94) (0.48) (2.21)*

Arts and Entertainment 0.161 0.063 0.192
(8.98)** (1.88) (9.11)**

Industry NAICS (Benchmark = Agriculture, Forestry, Fishing and Hunting)
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Table A.1. Continued

Accommodation and Food 0.395 0.301 0.425
(26.13)** (10.85)** (23.70)**

Other Services 0.078 0.035 0.094
(5.56)** (1.36) (5.68)**

Public Administration 0.235 0.333 0.199
(18.35)** (14.00)** (13.12)**

High School 0.094 0.124 0.085 0.142 0.174 0.132
(17.48)** (12.47)** (13.28)** (24.77)** (16.54)** (19.34)**

Other Trade Certificate 0.118 0.154 0.092 0.181 0.219 0.155
(17.66)** (15.18)** (10.42)** (25.64)** (20.51)** (16.53)**

Apprenticeship Certificate 0.195 0.116 0.213 0.280 0.181 0.301
(25.86)** (8.36)** (23.78)** (35.91)** (12.29)** (32.83)**

College or CEGEP 0.086 0.103 0.078 0.173 0.191 0.163
(6.82)** (2.83)** (5.63)** (12.87)** (4.91)** (11.11)**

College or CEGEP 0.162 0.152 0.158 0.269 0.248 0.265
(23.24)** (10.38)** (19.63)** (37.08)** (16.03)** (31.81)**

College or CEGEP 0.225 0.272 0.202 0.376 0.437 0.342
(31.30)** (22.51)** (22.73)** (50.85)** (36.11)** (37.16)**

University Certificate 0.201 0.274 0.175 0.362 0.445 0.328
(20.83)** (16.25)** (14.94)** (36.01)** (25.71)** (26.90)**

Bachelor's Degree 0.314 0.358 0.298 0.537 0.583 0.517
(43.75)** (26.75)** (35.09)** (78.95)** (47.43)** (63.68)**

University Cert. Above BA 0.370 0.401 0.359 0.577 0.618 0.559
(27.63)** (15.76)** (22.84)** (42.01)** (23.50)** (34.78)**

Degree in Medicine etc. 0.546 0.460 0.558 0.652 0.549 0.668
(14.91)** (6.16)** (13.24)** (16.85)** (6.93)** (15.06)**

Master's Degree 0.416 0.445 0.404 0.659 0.696 0.640
(40.54)** (23.99)** (32.95)** (65.13)** (38.50)** (52.79)**

Doctorate 0.610 0.705 0.576 0.748 0.848 0.709
(32.11)** (20.19)** (25.61)** (38.22)** (23.64)** (30.52)**

Constant 8.846 8.568 8.893 8.207 8.066 8.238
(364.87)** (172.41)** (308.42)** (372.50)** (174.65)** (313.94)**

F Statistic 961.59 375.92 739.80 955.70 525.10 754.87
Sum of Squared Residuals 37566.85 8450.71 28978.76 44668.73 9953.05 34557.60
Observations 123907 32556 91351 125453 32748 92705
Rsquared 0.39 0.39 0.39 0.29 0.29 0.29

Highest Degree (Benchmark = None)

Data Source: 2006 Canadian Census. ** p < .01. * p < .05. Absolute values of t-statistics in parentheses.
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Table A.2. Log Wage Regressions with Language Group Dummy Variables: Females

Canada Quebec R. O. C. Canada Quebec R. O. C.

Bilingual Anglophone 0.014 0.059 0.021 0.029 0.079 0.040
(2.21)* (2.27)* (2.89)** (4.05)** (2.85)** (5.02)**

Monolingual Francophone 0.038 0.022 0.016 0.041 0.032 0.040
(4.23)** (0.92) (0.51) (4.25)** (1.27) (1.16)

Bilingual Francophone 0.033 0.089 0.030 0.058 0.126 0.050
(4.61)** (3.75)** (3.38)** (7.54)** (4.96)** (5.20)**

Age 0.072 0.070 0.072 0.091 0.087 0.091
(65.47)** (34.95)** (54.72)** (77.27)** (41.10)** (64.61)**

Age squared 0.001 0.001 0.001 0.001 0.001 0.001
(53.85)** (28.52)** (45.08)** (64.52)** (34.19)** (53.97)**

Divorced 0.013 0.001 0.020 0.032 0.013 0.045
(2.17)* (0.07) (2.74)** (4.97)** (1.28) (5.61)**

Married 0.013 0.012 0.024 0.044 0.006 0.061
(3.19)** (1.63) (4.63)** (9.78)** (0.73) (11.03)**

Separated 0.042 0.038 0.038 0.036 0.028 0.031
(5.02)** (2.08)* (4.03)** (3.98)** (1.42) (2.97)**

Widowed 0.038 0.090 0.017 0.030 0.093 0.003
(2.92)** (3.84)** (1.11) (2.12)* (3.72)** (0.20)

Newfoundland & Laborador 0.185 0.181 0.195 0.194
(13.51)** (12.89)** (13.22)** (12.76)**

PEI 0.172 0.169 0.176 0.174
(7.22)** (6.97)** (7.08)** (6.81)**

Nova Scotia 0.212 0.208 0.250 0.247
(15.87)** (15.22)** (17.36)** (16.74)**

New Brunswick 0.181 0.179 0.196 0.192
(13.28)** (12.61)** (13.32)** (12.44)**

Quebec 0.127 0.170 0.129 0.002
(11.99)** (11.46)** (11.30)** (0.15)

Manitoba 0.090 0.087 0.068 0.065
(5.60)** (5.28)** (3.91)** (3.65)**

Saskatchewan 0.122 0.119 0.122 0.120
(8.55)** (8.14)** (7.89)** (7.59)**

Alberta 0.015 0.018 0.029 0.031
(1.47) (1.77) (2.65)** (2.79)**

British Columbia 0.023 0.018 0.044 0.040
(2.38)* (1.77) (4.09)** (3.66)**

Northern Canada 0.222 0.228 0.311 0.317
(7.79)** (7.82)** (10.20)** (10.14)**

Halifax 0.068 0.061 0.058 0.053
(4.97)** (4.39)** (3.92)** (3.48)**

Moncton  St. John 0.106 0.101 0.118 0.114
(6.36)** (5.89)** (6.61)** (6.20)**

Language Group (Benchmark = Monolingual Anglophone)

Marital Status (Benchmark = Single Never Married)

Place of Residence  Province or CMA (Benchmark = Ontario)
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Table A.2. Continued

Quebec City 0.093 0.146 0.065 0.053
(7.34)** (9.14)** (4.74)** (3.03)**

Montreal 0.028 0.076 0.005 0.119
(2.99)** (5.34)** (0.50) (7.60)**

Sherbrooke  TroisRivieres 0.116 0.166 0.121
(6.63)** (8.40)** (6.41)**

Ottawa  Gatineau 0.090 0.112 0.167 0.254 0.189
(8.99)** (9.93)** (15.48)** (12.32)** (15.55)**

Oshawa 0.106 0.107 0.139 0.140
(6.75)** (6.68)** (8.29)** (8.11)**

Toronto 0.143 0.147 0.188 0.193
(19.76)** (19.79)** (24.09)** (24.05)**

Hamilton 0.101 0.104 0.118 0.121
(8.30)** (8.33)** (8.94)** (8.88)**

St. Catherines  Niagara 0.005 0.000 0.038 0.036
(0.34) (0.01) (2.31)* (2.15)*

Kitchener 0.085 0.085 0.130 0.132
(5.91)** (5.82)** (8.40)** (8.32)**

London 0.034 0.036 0.043 0.045
(2.41)* (2.55)* (2.83)** (2.91)**

Windsor 0.106 0.108 0.102 0.105
(6.21)** (6.16)** (5.55)** (5.57)**

Brantford  Guelph Barrie 0.065 0.066 0.076 0.078
(4.66)** (4.65)** (5.06)** (5.07)**

Kingston Peterborough 0.020 0.017 0.009 0.008
(1.17) (0.93) (0.49) (0.41)

Sudbury  Thunder Bay 0.033 0.029 0.018 0.016
(1.88) (1.63) (0.97) (0.82)

Winnipeg 0.031 0.025 0.006 0.011
(2.62)** (2.13)* (0.48) (0.83)

Regina  Saskatoon 0.012 0.019 0.043 0.050
(0.89) (1.36) (3.01)** (3.35)**

Calgary 0.113 0.118 0.176 0.182
(11.30)** (11.48)** (16.44)** (16.54)**

Edmonton 0.043 0.047 0.080 0.085
(4.25)** (4.56)** (7.36)** (7.57)**

Vancouver 0.095 0.101 0.126 0.132
(10.48)** (10.86)** (12.77)** (13.06)**

Victoria 0.037 0.045 0.050 0.057
(2.35)* (2.76)** (2.97)** (3.25)**

Kelowna Abbotsford 0.017 0.013 0.019 0.015
(0.95) (0.73) (1.02) (0.78)

Professionals 0.082 0.088 0.079
(12.40)** (7.00)** (10.15)**

SemiProf and Technicians 0.348 0.311 0.360
(44.76)** (21.45)** (39.11)**

Supervisors 0.260 0.192 0.276
(23.38)** (8.77)** (21.38)**

Occupation N.O.C. (Benchmark = Managers)
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Table A.2. Continued

Admin and Snr. Clerical 0.324 0.328 0.318
(44.44)** (23.86)** (36.87)**

Skilled Sales and Service 0.337 0.324 0.338
(33.13)** (17.40)** (27.95)**

Skilled Crafts and Trade 0.402 0.442 0.364
(19.84)** (13.95)** (14.01)**

Clerical 0.413 0.350 0.431
(62.56)** (27.37)** (55.91)**

Intermediate Sales and Service0.474 0.408 0.493
(66.92)** (29.69)** (59.61)**

SemiSkilled Manual 0.540 0.545 0.527
(49.13)** (27.85)** (39.81)**

Other Sales and Service 0.581 0.534 0.594
(66.07)** (32.47)** (57.13)**

Other Manual 0.648 0.574 0.670
(43.00)** (22.33)** (36.25)**

Mining and Oil 0.594 0.533 0.582
(21.70)** (6.16)** (18.97)**

Utilities 0.576 0.655 0.545
(21.06)** (14.34)** (16.09)**

Construction 0.208 0.129 0.227
(9.15)** (3.12)** (8.42)**

Manufacturing 0.326 0.344 0.326
(16.91)** (10.12)** (14.04)**

Wholesale Trade 0.299 0.339 0.286
(14.62)** (9.29)** (11.67)**

Retail Trade 0.009 0.074 0.014
(0.45) (2.13)* (0.58)

Transport and Warehousing 0.286 0.315 0.276
(13.79)** (8.39)** (11.17)**

Information and Cultural 0.326 0.395 0.301
(15.53)** (10.59)** (11.96)**

Finance and Insurance 0.319 0.365 0.302
(16.21)** (10.39)** (12.84)**

Real Estate and Rental 0.125 0.175 0.108
(5.38)** (3.94)** (3.95)**

Professional and Scientific 0.236 0.262 0.230
(11.88)** (7.33)** (9.65)**

Management of Companies 0.367 0.261 0.405
(6.86)** (2.73)** (6.34)**

Waste Management 0.042 0.126 0.022
(2.04)* (3.28)** (0.89)

Education 0.148 0.221 0.125
(7.59)** (6.35)** (5.36)**

Health Care 0.210 0.240 0.202
(10.95)** (7.02)** (8.82)**

Arts and Entertainment 0.000 0.097 0.029
(0.00) (2.28)* (1.04)

Industry NAICS (Benchmark = Agriculture, Forestry, Fishing and Hunting)
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Table A.2. Continued

Accommodation and Food 0.198 0.100 0.228
(9.85)** (2.76)** (9.53)**

Other Services 0.014 0.079 0.007
(0.69) (2.17)* (0.27)

Public Administration 0.386 0.428 0.376
(19.77)** (12.27)** (16.07)**

High School 0.135 0.180 0.118 0.244 0.304 0.222
(20.78)** (15.10)** (15.28)** (35.34)** (24.60)** (26.77)**

Other Trade Certificate 0.101 0.158 0.069 0.198 0.266 0.160
(12.01)** (11.95)** (6.28)** (22.12)** (19.36)** (13.55)**

Apprenticeship Certificate 0.110 0.124 0.104 0.205 0.232 0.196
(8.14)** (5.61)** (6.19)** (14.24)** (9.92)** (10.92)**

College or CEGEP 0.155 0.228 0.135 0.303 0.409 0.276
(15.75)** (7.92)** (12.37)** (28.92)** (13.43)** (23.69)**

College or CEGEP 0.208 0.223 0.194 0.384 0.382 0.371
(27.95)** (14.61)** (22.44)** (49.74)** (24.30)** (41.17)**

College or CEGEP 0.300 0.344 0.282 0.540 0.572 0.529
(37.06)** (25.43)** (27.78)** (65.05)** (43.09)** (50.09)**

University Certificate 0.290 0.387 0.250 0.562 0.673 0.512
(31.07)** (23.94)** (21.95)** (57.83)** (41.51)** (42.84)**

Bachelor's Degree 0.397 0.474 0.368 0.738 0.819 0.703
(51.14)** (32.92)** (39.96)** (98.22)** (62.13)** (77.62)**

University Cert. Above BA 0.434 0.518 0.406 0.779 0.863 0.747
(35.88)** (21.88)** (28.74)** (63.54)** (35.91)** (52.29)**

Degree in Medicine etc. 0.542 0.479 0.579 0.939 0.868 0.969
(15.75)** (8.26)** (13.72)** (25.23)** (14.09)** (21.12)**

Master's Degree 0.502 0.567 0.476 0.896 0.947 0.871
(47.38)** (29.63)** (37.60)** (84.63)** (50.58)** (68.40)**

Doctorate 0.555 0.595 0.541 0.910 0.939 0.896
(22.92)** (13.93)** (18.55)** (35.22)** (20.93)** (28.69)**

Constant 8.635 8.559 8.663 7.872 7.736 7.868
(288.62)** (143.38)** (244.24)** (331.05)** (152.53)** (279.19)**

F Statistic 856.01 351.03 658.42 830.82 519.95 638.79
Sum of Squared Residuals 24817.09 5694.48 19024.39 30036.55 6671.46 23295.27
Observations 99146 26296 72850 100426 26453 73973
Rsquared 0.42 0.42 0.42 0.31 0.33 0.30

Highest Degree (Benchmark = None)

Data Source: 2006 Canadian Census. ** p < .01. * p < .05. Absolute values of t-statistics in parentheses.
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Table A.3. Log Wage Regressions with ln p as a Regressor: Males

(I) (II) (III) (IV) (V) (VI)
ln p 0.078 0.078 0.063 0.116 0.115 0.078

(4.14)** (4.13)** (3.26)** (5.75)** (5.72)** (3.76)**
Francophone 0.007 0.014

(1.04) (1.98)*
Bilingual 0.017 0.042

(3.60)** (8.55)**
Age 0.081 0.081 0.081 0.094 0.094 0.094

(78.82)** (78.78)** (78.88)** (85.37)** (85.31)** (85.52)**
Age squared 0.001 0.001 0.001 0.001 0.001 0.001

(68.04)** (68.01)** (68.09)** (74.31)** (74.26)** (74.42)**

Divorced 0.078 0.078 0.078 0.108 0.108 0.107
(11.73)** (11.74)** (11.72)** (15.13)** (15.15)** (15.10)**

Married 0.197 0.197 0.197 0.261 0.262 0.262
(47.69)** (47.69)** (47.76)** (59.12)** (59.15)** (59.26)**

Separated 0.077 0.077 0.077 0.112 0.112 0.112
(8.10)** (8.11)** (8.08)** (11.10)** (11.13)** (11.07)**

Widowed 0.060 0.060 0.060 0.097 0.098 0.098
(2.59)** (2.59)** (2.61)** (4.02)** (4.03)** (4.06)**

Newfoundland & Laborador 0.197 0.197 0.195 0.195 0.193 0.189
(14.06)** (14.01)** (13.89)** (12.96)** (12.88)** (12.61)**

PEI 0.290 0.290 0.289 0.331 0.330 0.328
(11.49)** (11.47)** (11.44)** (12.73)** (12.70)** (12.62)**

Nova Scotia 0.217 0.217 0.216 0.246 0.246 0.243
(16.65)** (16.62)** (16.56)** (17.60)** (17.55)** (17.40)**

New Brunswick 0.205 0.207 0.211 0.203 0.207 0.218
(15.22)** (15.20)** (15.55)** (14.05)** (14.19)** (15.01)**

Quebec 0.103 0.109 0.107 0.102 0.114 0.111
(13.95)** (11.61)** (14.30)** (12.68)** (11.22)** (13.68)**

Manitoba 0.119 0.119 0.118 0.102 0.102 0.100
(7.83)** (7.81)** (7.76)** (6.29)** (6.26)** (6.13)**

Saskatchewan 0.101 0.100 0.099 0.043 0.042 0.039
(7.20)** (7.16)** (7.06)** (2.89)** (2.83)** (2.59)**

Alberta 0.104 0.104 0.106 0.195 0.196 0.198
(11.09)** (11.12)** (11.24)** (19.67)** (19.74)** (20.02)**

British Columbia 0.039 0.039 0.040 0.030 0.031 0.034
(4.24)** (4.29)** (4.40)** (3.05)** (3.13)** (3.41)**

Northern Canada 0.106 0.106 0.106 0.153 0.153 0.153
(3.65)** (3.66)** (3.68)** (4.99)** (5.01)** (5.01)**

Halifax 0.123 0.123 0.122 0.136 0.135 0.133
(8.75)** (8.72)** (8.65)** (9.02)** (8.97)** (8.84)**

Moncton  St. John 0.157 0.158 0.160 0.178 0.180 0.185
(9.41)** (9.45)** (9.56)** (10.04)** (10.14)** (10.47)**

Quebec City 0.094 0.100 0.098 0.099 0.112 0.111
(8.78)** (8.18)** (9.12)** (8.66)** (8.54)** (9.61)**

Marital Status (Benchmark = Single Never Married)

Place of Residence  Province or CMA (Benchmark = Ontario)
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Table A.3. Continued

Montreal 0.027 0.033 0.036 0.021 0.032 0.043
(3.78)** (3.68)** (4.71)** (2.76)** (3.39)** (5.31)**

Sherbrooke  TroisRivieres 0.107 0.113 0.112 0.115 0.127 0.128
(6.93)** (6.85)** (7.22)** (6.99)** (7.24)** (7.74)**

Ottawa  Gatineau 0.033 0.031 0.026 0.052 0.047 0.033
(3.37)** (3.07)** (2.63)** (4.99)** (4.45)** (3.17)**

Oshawa 0.145 0.146 0.147 0.170 0.171 0.174
(9.80)** (9.82)** (9.90)** (10.72)** (10.77)** (10.96)**

Toronto 0.094 0.094 0.095 0.109 0.109 0.111
(13.02)** (13.05)** (13.15)** (14.13)** (14.21)** (14.40)**

Hamilton 0.084 0.084 0.085 0.094 0.095 0.097
(6.96)** (6.99)** (7.08)** (7.26)** (7.32)** (7.55)**

St. Catherines  Niagara 0.023 0.023 0.024 0.025 0.025 0.022
(1.53) (1.55) (1.60) (1.58) (1.54) (1.40)

Kitchener 0.088 0.088 0.089 0.100 0.101 0.104
(6.45)** (6.48)** (6.56)** (6.88)** (6.93)** (7.13)**

London 0.022 0.023 0.024 0.009 0.009 0.012
(1.64) (1.67) (1.75) (0.58) (0.64) (0.84)

Windsor 0.156 0.156 0.157 0.137 0.137 0.139
(9.35)** (9.36)** (9.39)** (7.69)** (7.72)** (7.80)**

Brantford  Guelph Barrie 0.061 0.061 0.062 0.073 0.074 0.077
(4.51)** (4.54)** (4.62)** (5.06)** (5.12)** (5.31)**

Kingston Peterborough 0.039 0.038 0.038 0.064 0.063 0.061
(2.20)* (2.18)* (2.14)* (3.41)** (3.37)** (3.28)**

Sudbury  Thunder Bay 0.009 0.010 0.011 0.005 0.004 0.001
(0.56) (0.59) (0.64) (0.29) (0.21) (0.07)

Winnipeg 0.088 0.088 0.087 0.087 0.087 0.085
(7.66)** (7.64)** (7.56)** (7.04)** (7.00)** (6.85)**

Regina  Saskatoon 0.075 0.075 0.073 0.057 0.057 0.053
(5.59)** (5.55)** (5.44)** (4.00)** (3.93)** (3.68)**

Calgary 0.117 0.118 0.119 0.174 0.174 0.177
(12.27)** (12.30)** (12.41)** (16.98)** (17.04)** (17.27)**

Edmonton 0.098 0.098 0.099 0.141 0.142 0.144
(10.26)** (10.29)** (10.40)** (13.80)** (13.86)** (14.09)**

Vancouver 0.051 0.051 0.052 0.057 0.058 0.058
(5.81)** (5.85)** (5.90)** (6.03)** (6.12)** (6.19)**

Victoria 0.037 0.036 0.035 0.047 0.046 0.044
(2.28)* (2.26)* (2.20)* (2.75)** (2.70)** (2.57)*

Kelowna Abbotsford 0.029 0.028 0.027 0.031 0.030 0.027
(1.70) (1.68) (1.62) (1.72) (1.67) (1.52)

Professionals 0.197 0.197 0.197
(29.61)** (29.61)** (29.56)**

SemiProf and Technicians 0.335 0.335 0.334
(44.46)** (44.46)** (44.38)**

Supervisors 0.265 0.265 0.264
(30.47)** (30.48)** (30.37)**

Admin and Snr. Clerical 0.357 0.357 0.357
(28.63)** (28.63)** (28.61)**

Occupation N.O.C. (Benchmark = Managers)
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Table A.3. Continued

Skilled Sales and Service 0.234 0.234 0.233
(25.50)** (25.50)** (25.42)**

Skilled Crafts and Trade 0.338 0.338 0.337
(50.52)** (50.53)** (50.29)**

Clerical 0.542 0.542 0.542
(67.23)** (67.24)** (67.16)**

Intermediate Sales and Service 0.373 0.373 0.373
(47.85)** (47.85)** (47.86)**

SemiSkilled Manual 0.496 0.496 0.495
(73.81)** (73.82)** (73.53)**

Other Sales and Service 0.583 0.583 0.582
(64.64)** (64.65)** (64.48)**

Other Manual 0.592 0.592 0.590
(64.82)** (64.82)** (64.58)**

Mining and Oil 0.562 0.562 0.561
(38.68)** (38.67)** (38.62)**

Utilities 0.444 0.444 0.445
(26.72)** (26.72)** (26.74)**

Construction 0.075 0.075 0.075
(6.02)** (6.02)** (6.01)**

Manufacturing 0.223 0.223 0.223
(18.95)** (18.95)** (18.94)**

Wholesale Trade 0.153 0.153 0.153
(11.81)** (11.82)** (11.80)**

Retail Trade 0.107 0.107 0.107
(8.43)** (8.42)** (8.41)**

Transport and Warehousing 0.174 0.174 0.174
(13.78)** (13.79)** (13.72)**

Information and Cultural 0.180 0.180 0.180
(12.12)** (12.12)** (12.06)**

Finance and Insurance 0.302 0.302 0.302
(20.40)** (20.40)** (20.38)**

Real Estate and Rental 0.019 0.019 0.019
(1.08) (1.07) (1.08)

Professional and Scientific 0.140 0.140 0.140
(10.29)** (10.30)** (10.26)**

Management of Companies 0.405 0.405 0.405
(7.02)** (7.02)** (7.01)**

Waste Management 0.132 0.131 0.132
(9.16)** (9.15)** (9.18)**

Education 0.055 0.055 0.055
(3.97)** (3.98)** (3.99)**

Health Care 0.030 0.030 0.029
(2.03)* (2.04)* (2.01)*

Arts and Entertainment 0.160 0.160 0.161
(8.97)** (8.97)** (8.99)**

Accommodation and Food 0.395 0.395 0.396
(26.12)** (26.12)** (26.15)**

Industry NAICS (Benchmark = Agriculture, Forestry, Fishing and Hunting)
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Table A.3. Continued

Other Services 0.078 0.078 0.078
(5.61)** (5.60)** (5.61)**

Public Administration 0.235 0.235 0.234
(18.32)** (18.31)** (18.25)**

High School 0.096 0.096 0.095 0.146 0.146 0.143
(17.75)** (17.77)** (17.62)** (25.45)** (25.50)** (25.03)**

Other Trade Certificate 0.118 0.118 0.118 0.182 0.182 0.181
(17.68)** (17.67)** (17.62)** (25.74)** (25.72)** (25.58)**

Apprenticeship Certificate 0.196 0.196 0.195 0.282 0.282 0.280
(26.00)** (26.01)** (25.92)** (36.17)** (36.18)** (35.99)**

College or CEGEP 0.088 0.088 0.087 0.178 0.178 0.175
(6.95)** (6.96)** (6.88)** (13.21)** (13.23)** (12.97)**

College or CEGEP 0.163 0.163 0.162 0.273 0.273 0.270
(23.48)** (23.50)** (23.33)** (37.78)** (37.81)** (37.29)**

College or CEGEP 0.227 0.227 0.226 0.382 0.382 0.378
(31.66)** (31.66)** (31.45)** (51.79)** (51.79)** (51.12)**

University Certificate 0.203 0.203 0.202 0.368 0.368 0.363
(21.07)** (21.07)** (20.91)** (36.71)** (36.71)** (36.17)**

Bachelor's Degree 0.316 0.316 0.314 0.544 0.545 0.537
(44.23)** (44.24)** (43.80)** (80.82)** (80.84)** (79.21)**

University Cert. Above BA 0.372 0.373 0.370 0.586 0.586 0.578
(27.84)** (27.85)** (27.64)** (42.71)** (42.72)** (42.06)**

Degree in Medicine etc. 0.549 0.550 0.546 0.661 0.661 0.652
(14.99)** (15.00)** (14.90)** (17.08)** (17.09)** (16.84)**

Master's Degree 0.419 0.419 0.416 0.669 0.669 0.660
(40.97)** (40.98)** (40.58)** (66.51)** (66.53)** (65.27)**

Doctorate 0.613 0.613 0.609 0.760 0.760 0.749
(32.36)** (32.38)** (32.12)** (38.91)** (38.93)** (38.27)**

Constant 8.850 8.850 8.846 8.212 8.212 8.204
(365.35)** (365.33)** (364.74)** (372.96)** (372.92)** (372.40)**

F Statistic 984.50 972.65 972.89 989.84 971.26 973.10
Sum of Squared Residuals 37572.70 37572.38 37568.77 44700.35 44698.96 44674.34
Observations 123901 123901 123901 125446 125446 125446
Rsquared 0.39 0.39 0.39 0.29 0.29 0.29

Highest Degree (Benchmark = None)

Data Source: 2006 Canadian Census. ** p < .01. * p < .05. Absolute values of t-statistics in parentheses.
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Table A.4. Log Wage Regressions with ln p as a Regressor: Females

(I) (II) (III) (IV) (V) (VI)
ln p 0.093 0.094 0.057 0.140 0.142 0.084

(4.95)** (5.01)** (2.96)** (6.89)** (6.99)** (4.03)**
Francophone 0.014 0.028

(2.20)* (3.95)**
Bilingual 0.038 0.059

(8.55)** (12.19)**
Age 0.071 0.071 0.072 0.091 0.090 0.091

(65.30)** (65.24)** (65.59)** (77.03)** (76.92)** (77.43)**
Age squared 0.001 0.001 0.001 0.001 0.001 0.001

(53.70)** (53.65)** (53.93)** (64.34)** (64.25)** (64.64)**

Divorced 0.013 0.013 0.013 0.031 0.032 0.032
(2.17)* (2.21)* (2.20)* (4.94)** (5.01)** (4.98)**

Married 0.013 0.014 0.014 0.044 0.045 0.045
(3.20)** (3.28)** (3.26)** (9.73)** (9.87)** (9.83)**

Separated 0.041 0.041 0.041 0.035 0.035 0.035
(4.97)** (4.94)** (4.96)** (3.94)** (3.89)** (3.92)**

Widowed 0.038 0.037 0.038 0.029 0.029 0.029
(2.91)** (2.89)** (2.90)** (2.11)* (2.08)* (2.09)*

Newfoundland & Laborador 0.190 0.188 0.185 0.203 0.201 0.196
(13.86)** (13.75)** (13.49)** (13.76)** (13.59)** (13.25)**

PEI 0.174 0.174 0.173 0.180 0.180 0.178
(7.33)** (7.31)** (7.27)** (7.23)** (7.20)** (7.15)**

Nova Scotia 0.215 0.214 0.212 0.255 0.254 0.251
(16.09)** (16.04)** (15.88)** (17.70)** (17.61)** (17.40)**

New Brunswick 0.166 0.170 0.180 0.170 0.178 0.191
(12.13)** (12.32)** (13.05)** (11.48)** (11.92)** (12.84)**

Quebec 0.147 0.159 0.152 0.147 0.172 0.156
(18.55)** (16.33)** (19.19)** (17.10)** (16.21)** (18.05)**

Manitoba 0.092 0.091 0.089 0.072 0.070 0.067
(5.72)** (5.68)** (5.52)** (4.13)** (4.06)** (3.86)**

Saskatchewan 0.126 0.125 0.121 0.129 0.127 0.121
(8.81)** (8.73)** (8.49)** (8.33)** (8.20)** (7.86)**

Alberta 0.011 0.012 0.015 0.022 0.024 0.028
(1.11) (1.20) (1.50) (2.08)* (2.23)* (2.63)**

British Columbia 0.027 0.026 0.023 0.050 0.048 0.044
(2.76)** (2.66)** (2.36)* (4.69)** (4.51)** (4.13)**

Northern Canada 0.220 0.221 0.223 0.309 0.310 0.312
(7.73)** (7.75)** (7.85)** (10.14)** (10.18)** (10.26)**

Halifax 0.071 0.070 0.069 0.063 0.061 0.059
(5.23)** (5.17)** (5.05)** (4.27)** (4.17)** (4.03)**

Moncton  St. John 0.100 0.103 0.109 0.106 0.111 0.120
(6.02)** (6.15)** (6.53)** (5.97)** (6.23)** (6.74)**

Quebec City 0.112 0.125 0.118 0.081 0.106 0.091
(10.54)** (10.30)** (11.07)** (7.05)** (8.08)** (7.87)**

Marital Status (Benchmark = Single Never Married)

Place of Residence  Province or CMA (Benchmark = Ontario)
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Table A.4. Continued

Montreal 0.025 0.036 0.042 0.009 0.012 0.018
(3.39)** (4.04)** (5.56)** (1.19) (1.26) (2.16)*

Sherbrooke  TroisRivieres 0.134 0.147 0.141 0.136 0.160 0.146
(8.32)** (8.57)** (8.73)** (7.83)** (8.70)** (8.43)**

Ottawa  Gatineau 0.103 0.099 0.087 0.192 0.183 0.165
(10.62)** (9.89)** (8.73)** (18.44)** (17.07)** (15.52)**

Oshawa 0.102 0.103 0.106 0.134 0.136 0.138
(6.52)** (6.57)** (6.73)** (7.96)** (8.05)** (8.23)**

Toronto 0.142 0.143 0.144 0.188 0.190 0.190
(19.69)** (19.78)** (19.92)** (24.04)** (24.23)** (24.30)**

Hamilton 0.098 0.099 0.101 0.113 0.115 0.118
(8.04)** (8.11)** (8.31)** (8.58)** (8.71)** (8.92)**

St. Catherines  Niagara 0.008 0.007 0.005 0.043 0.041 0.038
(0.53) (0.49) (0.31) (2.59)** (2.51)* (2.30)*

Kitchener 0.081 0.082 0.085 0.125 0.126 0.130
(5.69)** (5.75)** (5.95)** (8.07)** (8.18)** (8.43)**

London 0.030 0.031 0.034 0.036 0.038 0.043
(2.14)* (2.21)* (2.43)* (2.40)* (2.53)* (2.82)**

Windsor 0.105 0.105 0.106 0.099 0.100 0.101
(6.12)** (6.15)** (6.19)** (5.41)** (5.46)** (5.53)**

Brantford  Guelph Barrie 0.061 0.062 0.065 0.070 0.072 0.076
(4.39)** (4.45)** (4.64)** (4.67)** (4.77)** (5.01)**

Kingston Peterborough 0.024 0.023 0.021 0.015 0.013 0.010
(1.38) (1.32) (1.21) (0.81) (0.71) (0.56)

Sudbury  Thunder Bay 0.030 0.032 0.034 0.013 0.016 0.020
(1.73) (1.82) (1.96) (0.71) (0.87) (1.05)

Winnipeg 0.033 0.032 0.031 0.003 0.004 0.006
(2.80)** (2.76)** (2.64)** (0.25) (0.32) (0.44)

Regina  Saskatoon 0.007 0.008 0.012 0.036 0.038 0.043
(0.54) (0.62) (0.92) (2.50)* (2.63)** (3.00)**

Calgary 0.110 0.111 0.113 0.173 0.174 0.177
(11.04)** (11.11)** (11.31)** (16.09)** (16.23)** (16.46)**

Edmonton 0.040 0.041 0.043 0.076 0.077 0.081
(3.96)** (4.03)** (4.29)** (6.95)** (7.08)** (7.38)**

Vancouver 0.095 0.096 0.097 0.126 0.128 0.128
(10.49)** (10.58)** (10.66)** (12.81)** (12.99)** (12.99)**

Victoria 0.033 0.034 0.036 0.045 0.046 0.049
(2.11)* (2.17)* (2.31)* (2.63)** (2.74)** (2.89)**

Kelowna Abbotsford 0.019 0.018 0.016 0.024 0.022 0.018
(1.10) (1.04) (0.88) (1.26) (1.15) (0.97)

Professionals 0.083 0.083 0.082
(12.46)** (12.48)** (12.40)**

SemiProf and Technicians 0.350 0.351 0.349
(45.02)** (45.04)** (44.80)**

Supervisors 0.261 0.261 0.260
(23.48)** (23.50)** (23.41)**

Admin and Snr. Clerical 0.325 0.325 0.324
(44.58)** (44.60)** (44.45)**

Occupation N.O.C. (Benchmark = Managers)
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Table A.4. Continued

Skilled Sales and Service 0.339 0.339 0.337
(33.30)** (33.31)** (33.14)**

Skilled Crafts and Trade 0.405 0.405 0.403
(19.99)** (20.01)** (19.87)**

Clerical 0.414 0.414 0.413
(62.67)** (62.69)** (62.54)**

Intermediate Sales and Service 0.475 0.475 0.474
(67.01)** (67.01)** (66.91)**

SemiSkilled Manual 0.546 0.546 0.541
(49.68)** (49.70)** (49.26)**

Other Sales and Service 0.584 0.584 0.582
(66.31)** (66.33)** (66.08)**

Other Manual 0.653 0.654 0.649
(43.36)** (43.37)** (43.04)**

Mining and Oil 0.593 0.593 0.595
(21.67)** (21.67)** (21.73)**

Utilities 0.574 0.574 0.576
(20.97)** (20.95)** (21.03)**

Construction 0.207 0.207 0.207
(9.10)** (9.10)** (9.12)**

Manufacturing 0.327 0.327 0.326
(16.94)** (16.95)** (16.93)**

Wholesale Trade 0.301 0.301 0.299
(14.70)** (14.71)** (14.63)**

Retail Trade 0.007 0.007 0.008
(0.36) (0.36) (0.41)

Transport and Warehousing 0.287 0.287 0.286
(13.85)** (13.87)** (13.80)**

Information and Cultural 0.327 0.327 0.326
(15.58)** (15.59)** (15.55)**

Finance and Insurance 0.317 0.317 0.318
(16.14)** (16.13)** (16.17)**

Real Estate and Rental 0.125 0.125 0.125
(5.36)** (5.37)** (5.38)**

Professional and Scientific 0.236 0.236 0.236
(11.87)** (11.87)** (11.87)**

Management of Companies 0.366 0.366 0.368
(6.84)** (6.85)** (6.88)**

Waste Management 0.042 0.042 0.042
(2.03)* (2.04)* (2.02)*

Education 0.146 0.146 0.146
(7.49)** (7.47)** (7.52)**

Health Care 0.207 0.207 0.209
(10.79)** (10.79)** (10.90)**

Arts and Entertainment 0.000 0.000 0.001
(0.01) (0.00) (0.02)

Accommodation and Food 0.198 0.198 0.198
(9.87)** (9.87)** (9.87)**

Industry NAICS (Benchmark = Agriculture, Forestry, Fishing and Hunting)
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Table A.4. continued

Other Services 0.013 0.013 0.013
(0.62) (0.62) (0.65)

Public Administration 0.386 0.386 0.385
(19.77)** (19.74)** (19.71)**

High School 0.137 0.137 0.136 0.248 0.248 0.245
(21.12)** (21.15)** (20.88)** (35.89)** (35.94)** (35.44)**

Other Trade Certificate 0.103 0.103 0.101 0.201 0.200 0.198
(12.18)** (12.15)** (11.99)** (22.40)** (22.33)** (22.10)**

Apprenticeship Certificate 0.112 0.112 0.110 0.208 0.208 0.206
(8.28)** (8.27)** (8.15)** (14.44)** (14.43)** (14.25)**

College or CEGEP 0.158 0.158 0.156 0.307 0.308 0.304
(16.04)** (16.07)** (15.89)** (29.34)** (29.40)** (29.07)**

College or CEGEP 0.211 0.212 0.209 0.389 0.390 0.385
(28.45)** (28.48)** (28.09)** (50.51)** (50.54)** (49.89)**

College or CEGEP 0.304 0.304 0.301 0.545 0.545 0.540
(37.55)** (37.56)** (37.19)** (65.77)** (65.76)** (65.16)**

University Certificate 0.295 0.295 0.291 0.569 0.569 0.562
(31.56)** (31.56)** (31.16)** (58.60)** (58.58)** (57.91)**

Bachelor's Degree 0.403 0.403 0.397 0.747 0.748 0.737
(52.09)** (52.12)** (51.17)** (100.10)** (100.13)** (98.19)**

University Cert. Above BA 0.441 0.441 0.434 0.790 0.790 0.777
(36.51)** (36.54)** (35.86)** (64.62)** (64.64)** (63.44)**

Degree in Medicine etc. 0.553 0.553 0.544 0.955 0.955 0.940
(16.09)** (16.09)** (15.81)** (25.68)** (25.68)** (25.28)**

Master's Degree 0.510 0.511 0.502 0.909 0.909 0.895
(48.38)** (48.40)** (47.40)** (86.43)** (86.44)** (84.57)**

Doctorate 0.566 0.567 0.555 0.927 0.927 0.909
(23.40)** (23.42)** (22.92)** (35.91)** (35.94)** (35.18)**

Constant 8.646 8.645 8.631 7.885 7.885 7.868
(289.36)** (289.35)** (288.53)** (332.10)** (332.09)** (331.01)**

F Statistic 874.84 864.39 865.81 857.76 842.00 845.62
Sum of Squared Residuals 24836.84 24835.63 24818.52 30085.16 30080.49 30040.64
Observations 99137 99137 99137 100417 100417 100417
Rsquared 0.42 0.42 0.42 0.31 0.31 0.31

Highest Degree (Benchmark = None)

Data Source: 2006 Canadian Census. ** p < .01. * p < .05. Absolute values of t-statistics in parentheses.
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Table A.5. Wage Regressions 1981

ln p 0.059 0.074 0.089 0.119
(4.12)** (4.93)** (4.47)** (5.59)**

Age 0.067 0.075 0.047 0.059
(63.84)** (68.75)** (35.26)** (41.63)**

Age squared 0.001 0.001 0.001 0.001
(56.59)** (60.64)** (29.32)** (35.04)**

Divorced 0.091 0.099 0.021 0.015
(7.86)** (8.22)** (1.97)* (1.36)

Married 0.216 0.252 0.005 0.013
(45.08)** (50.42)** (0.86) (2.21)*

Separated 0.109 0.131 0.005 0.025
(9.91)** (11.38)** (0.40) (1.96)*

Widowed 0.111 0.125 0.012 0.017
(5.10)** (5.46)** (0.86) (1.12)

Newfoundland & Laborador 0.135 0.132 0.074 0.058
(11.04)** (10.38)** (4.26)** (3.10)**

Nova Scotia 0.181 0.184 0.127 0.126
(15.45)** (14.98)** (7.38)** (6.83)**

New Brunswick 0.104 0.107 0.093 0.091
(9.64)** (9.48)** (6.02)** (5.55)**

Quebec 0.056 0.066 0.014 0.007
(8.89)** (9.94)** (1.57) (0.67)

Manitoba 0.071 0.071 0.034 0.022
(4.53)** (4.37)** (1.52) (0.93)

Saskatchewan 0.012 0.019 0.051 0.071
(1.18) (1.78) (3.73)** (4.85)**

Alberta 0.118 0.135 0.043 0.045
(12.38)** (13.70)** (3.20)** (3.12)**

British Columbia 0.132 0.142 0.094 0.091
(16.72)** (17.30)** (8.18)** (7.37)**

Northern Canada & PEI 0.068 0.073 0.045 0.026
(3.28)** (3.40)** (1.70) (0.90)

Halifax 0.061 0.061 0.034 0.009
(4.27)** (4.07)** (1.87) (0.47)

Quebec City 0.011 0.007 0.107 0.128
(1.08) (0.67) (7.62)** (8.57)**

Montreal 0.028 0.020 0.093 0.105
(4.49)** (2.97)** (10.84)** (11.54)**

Ottawa  Hull 0.028 0.032 0.101 0.151
(2.85)** (3.10)** (8.07)** (11.43)**

Toronto 0.061 0.060 0.095 0.122
(9.49)** (9.10)** (11.43)** (13.87)**

Hamilton 0.088 0.086 0.021 0.025
(7.69)** (7.21)** (1.33) (1.48)

Males Females

Place of Residence  Province or CMA (Benchmark = Ontario)

Marital Status (Benchmark = Single Never Married)
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Table A.5. continued

St. Catherines  Niagara 0.044 0.044 0.063 0.081
(2.88)** (2.76)** (2.72)** (3.26)**

Kitchener 0.008 0.001 0.004 0.009
(0.52) (0.07) (0.20) (0.40)

London 0.016 0.033 0.027 0.032
(1.06) (2.12)* (1.39) (1.54)

Winnipeg 0.002 0.002 0.024 0.049
(0.18) (0.15) (1.63) (3.11)**

Calgary 0.121 0.146 0.102 0.146
(11.67)** (13.60)** (7.52)** (10.22)**

Edmonton 0.135 0.144 0.093 0.122
(13.23)** (13.55)** (7.00)** (8.63)**

Vancouver 0.166 0.158 0.156 0.180
(19.84)** (18.07)** (14.22)** (15.38)**

Natural Sciences/Eng./Math 0.149 0.084
(17.64)** (4.21)**

Social Sciences 0.174 0.197
(11.09)** (11.64)**

Teaching 0.096 0.010
(7.37)** (0.69)

Medicine & Health 0.199 0.058
(11.39)** (4.53)**

Art/Lit/Rec 0.308 0.226
(19.05)** (10.13)**

Clerical 0.349 0.263
(46.37)** (30.13)**

Sales 0.203 0.261
(26.64)** (21.26)**

Services 0.310 0.460
(38.35)** (37.43)**

Farming/Hort 0.400 0.436
(20.00)** (10.40)**

Other Primary 0.284 0.347
(20.49)** (4.52)**

Processing 0.243 0.317
(27.38)** (16.81)**

Machine/Fab/Assemble 0.273 0.410
(40.09)** (28.60)**

Construction 0.289 0.172
(34.76)** (3.86)**

Transport/Storage 0.297 0.529
(34.16)** (18.15)**

Communication 0.330 0.337
(40.51)** (20.15)**

Other Primary 0.507 0.456
(22.62)** (10.55)**

Industry (Benchmark = Agriculture)

Occupation (Benchmark = Managerial and Admin)
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Table A.5. Continued

Manufacturing 0.346 0.333
(16.62)** (8.72)**

Construction 0.298 0.300
(13.81)** (7.14)**

Transport/Storage 0.382 0.386
(17.75)** (9.64)**

Communication 0.472 0.476
(20.76)** (12.07)**

Electric Power 0.512 0.557
(21.78)** (12.06)**

Wholesale Trade 0.259 0.284
(12.04)** (7.31)**

Retail Trade 0.169 0.132
(7.92)** (3.45)**

Finance/Insurance/Real Estate 0.314 0.358
(14.20)** (9.40)**

Education 0.215 0.338
(9.52)** (8.71)**

Health/Welfare 0.089 0.297
(3.86)** (7.82)**

Recreation 0.041 0.067
(1.48) (1.49)

Business Management 0.215 0.278
(9.60)** (7.17)**

Personal Services 0.057 0.006
(1.70) (0.15)

Accomodation/Food Services 0.058 0.055
(2.44)* (1.41)

Misc Services 0.178 0.240
(7.38)** (5.89)**

Public Admin & Defence 0.359 0.419
(17.12)** (11.01)**

Secondary School 0.114 0.150 0.091 0.187
(24.48)** (31.40)** (15.00)** (30.04)**

Trade Cert/Diploma 0.133 0.142 0.097 0.179
(27.23)** (28.40)** (11.98)** (21.18)**

Other NonUniversity 0.173 0.241 0.158 0.329
(28.14)** (39.18)** (21.63)** (46.09)**

University < Bachelor 0.215 0.315 0.246 0.503
(16.52)** (23.63)** (17.98)** (36.57)**

Bachelor Degree 0.281 0.394 0.295 0.567
(37.90)** (58.43)** (28.52)** (59.66)**

University > Bachelor 0.356 0.459 0.359 0.663
(24.72)** (32.16)** (17.70)** (32.47)**

Medicine/Dentist/Vet/Opt 0.686 0.640 0.595 0.832
(22.47)** (21.55)** (11.51)** (15.13)**

Masters 0.395 0.487 0.498 0.770
(33.01)** (42.05)** (23.96)** (36.43)**

Doctorate 0.490 0.566 0.598 0.891
(24.47)** (28.24)** (11.33)** (15.90)**

Constant 8.018 7.865 8.146 7.860
(283.57)** (398.38)** (178.72)** (306.71)**

Observations 80021 80021 44722 44722
Rsquared 0.35 0.28 0.32 0.22

Highest Degree (Benchmark = None)

Data Source: 1981 Canadian Census. ** p < .01. * p < .05. Absolute values of t-statistics in parentheses.
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Table A.6. Wage Regressions 1986

ln p 0.043 0.046 0.039 0.080
(2.44)* (2.48)* (1.59) (3.02)**

Age 0.081 0.093 0.063 0.083
(66.99)** (74.07)** (41.64)** (51.47)**

Age squared 0.001 0.001 0.001 0.001
(58.83)** (64.77)** (35.69)** (44.53)**

Divorced 0.098 0.115 0.013 0.023
(8.56)** (9.61)** (1.24) (2.00)*

Married 0.229 0.271 0.012 0.025
(43.74)** (49.68)** (1.98)* (3.86)**

Separated 0.140 0.172 0.011 0.012
(11.77)** (13.80)** (0.90) (0.89)

Widowed 0.132 0.157 0.006 0.002
(5.31)** (6.02)** (0.34) (0.14)

Newfoundland & Laborador 0.126 0.118 0.084 0.062
(9.00)** (8.06)** (4.48)** (3.11)**

PEI 0.209 0.235 0.038 0.035
(7.51)** (8.03)** (1.10) (0.95)

Nova Scotia 0.116 0.113 0.060 0.051
(11.28)** (10.48)** (4.22)** (3.35)**

New Brunswick 0.108 0.112 0.072 0.060
(9.16)** (9.04)** (4.50)** (3.48)**

Quebec 0.081 0.088 0.039 0.045
(12.61)** (13.07)** (4.33)** (4.68)**

Manitoba 0.018 0.024 0.022 0.003
(1.08) (1.34) (0.93) (0.11)

Saskatchewan 0.038 0.044 0.008 0.007
(2.58)** (2.85)** (0.40) (0.32)

Alberta 0.069 0.080 0.034 0.016
(6.30)** (7.08)** (2.27)* (1.01)

British Columbia 0.050 0.061 0.033 0.023
(5.62)** (6.62)** (2.61)** (1.64)

Northern Canada 0.099 0.127 0.288 0.356
(2.75)** (3.36)** (5.78)** (6.67)**

Montreal 0.019 0.009 0.063 0.076
(2.86)** (1.24) (6.95)** (7.83)**

Ottawa  Hull 0.041 0.058 0.109 0.182
(3.99)** (5.54)** (8.48)** (13.69)**

Toronto 0.101 0.099 0.131 0.161
(15.22)** (14.43)** (15.57)** (17.97)**

Hamilton  Kitchener  St. Cath. 0.067 0.067 0.006 0.007
(7.45)** (7.07)** (0.50) (0.51)

Winnipeg 0.012 0.017 0.064 0.098
(0.95) (1.34) (4.12)** (5.89)**

Males Females

Marital Status (Benchmark = Single Never Married)

Place of Residence  Province or CMA (Benchmark = Ontario)
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Table A.6. Continued

Saskatoon  Regina 0.000 0.001 0.115 0.149
(0.00) (0.03) (6.19)** (7.48)**

Calgary 0.100 0.122 0.150 0.195
(8.85)** (10.41)** (10.65)** (13.15)**

Edmonton 0.118 0.120 0.104 0.128
(10.92)** (10.55)** (7.48)** (8.65)**

Vancouver 0.095 0.084 0.148 0.163
(10.30)** (8.74)** (12.66)** (13.04)**

Natural Sciences/Eng./Math 0.118 0.056
(13.56)** (3.11)**

Social Sciences 0.225 0.201
(14.06)** (12.75)**

Teaching 0.112 0.059
(7.99)** (4.06)**

Medicine & Health 0.139 0.018
(7.17)** (1.46)

Art/Lit/Rec 0.291 0.187
(17.71)** (8.52)**

Clerical 0.337 0.254
(41.44)** (31.78)**

Sales 0.210 0.263
(26.06)** (22.06)**

Services 0.254 0.448
(30.02)** (39.32)**

Farming/Hort 0.476 0.551
(27.02)** (15.31)**

Other Primary 0.263 0.432
(17.02)** (4.82)**

Processing 0.222 0.276
(22.51)** (13.39)**

Machine/Fab/Assemble 0.268 0.369
(37.25)** (24.76)**

Construction 0.279 0.136
(30.70)** (3.24)**

Transport/Storage 0.312 0.562
(33.03)** (18.30)**

Communication 0.300 0.303
(35.06)** (17.16)**

Other Primary 0.469 0.472
(33.91)** (17.97)**

Manufacturing 0.334 0.308
(33.35)** (24.41)**

Construction 0.205 0.152
(16.73)** (6.85)**

Transport/Storage 0.364 0.404
(31.06)** (20.90)**

Occupation (Benchmark = Managerial and Admin)

Industry (Benchmark = Agriculture)
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Table A.6. Continued
Communication 0.474 0.527

(39.51)** (34.00)**
Wholesale Trade 0.214 0.241

(18.38)** (15.34)**
Retail Trade 0.111 0.052

(10.01)** (4.07)**
Finance/Insurance/Real Estate 0.280 0.329

(22.22)** (26.69)**
Business Services 0.165 0.241

(12.53)** (17.03)**
Gov't Services Federal 0.369 0.460

(30.40)** (29.80)**
Gov't Services Other 0.324 0.388

(27.70)** (27.62)**
Education 0.193 0.325

(13.92)** (22.48)**
Health & Soc. Services 0.091 0.259

(5.85)** (20.87)**
Accomodation, Food & Bev. 0.141 0.019

(9.27)** (1.36)

Secondary School 0.108 0.143 0.101 0.193
(21.52)** (27.52)** (15.45)** (28.33)**

Trade Cert/Diploma 0.135 0.142 0.084 0.157
(24.45)** (25.00)** (9.51)** (16.90)**

Other NonUniversity 0.168 0.238 0.167 0.339
(26.26)** (37.28)** (21.94)** (45.04)**

University < Bachelor 0.185 0.283 0.233 0.452
(13.88)** (20.67)** (16.42)** (31.00)**

Bachelor Degree 0.293 0.406 0.341 0.587
(38.71)** (58.67)** (33.75)** (62.60)**

University > Bachelor 0.372 0.464 0.387 0.661
(23.41)** (29.28)** (18.93)** (32.05)**

Medicine/Dentist/Vet/Opt 0.741 0.723 0.389 0.671
(20.40)** (20.45)** (6.48)** (10.45)**

Masters 0.399 0.492 0.496 0.738
(33.76)** (43.14)** (25.97)** (38.00)**

Doctorate 0.508 0.582 0.646 0.896
(24.25)** (27.70)** (12.93)** (16.81)**

Constant 8.023 7.748 8.164 7.684
(321.22)** (334.37)** (264.08)** (258.86)**

Observations 77499 77499 48156 48156
Rsquared 0.36 0.30 0.33 0.22

Highest Degree (Benchmark = None)

Data Source: 1986 Canadian Census. ** p < .01. * p < .05. Absolute values of t-statistics in parentheses.
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Table A.7. Wage Regressions 1991

ln p 0.074 0.098 0.056 0.105
(4.91)** (6.15)** (3.06)** (5.37)**

Age 0.075 0.089 0.062 0.081
(75.09)** (85.89)** (52.14)** (64.03)**

Age squared 0.001 0.001 0.001 0.001
(66.50)** (75.81)** (45.95)** (56.59)**

Divorced 0.092 0.115 0.037 0.048
(13.71)** (16.33)** (5.59)** (6.75)**

Married 0.203 0.254 0.007 0.010
(51.40)** (61.18)** (1.48) (2.06)*

Separated 0.118 0.148 0.006 0.011
(13.34)** (15.80)** (0.68) (1.15)

Widowed 0.150 0.180 0.008 0.011
(7.75)** (8.77)** (0.60) (0.83)

Newfoundland & Laborador 0.125 0.117 0.106 0.101
(11.12)** (9.83)** (7.62)** (6.71)**

PEI 0.230 0.257 0.087 0.125
(10.20)** (10.75)** (3.51)** (4.69)**

Nova Scotia 0.167 0.162 0.159 0.181
(15.59)** (14.38)** (11.63)** (12.33)**

New Brunswick 0.116 0.104 0.131 0.120
(12.23)** (10.30)** (10.88)** (9.22)**

Quebec 0.068 0.074 0.095 0.108
(11.27)** (11.70)** (12.13)** (12.88)**

Manitoba 0.085 0.075 0.102 0.109
(6.34)** (5.32)** (6.09)** (6.07)**

Saskatchewan 0.129 0.130 0.171 0.218
(10.41)** (9.91)** (11.42)** (13.58)**

Alberta 0.016 0.013 0.082 0.089
(1.85) (1.43) (7.48)** (7.54)**

British Columbia 0.045 0.062 0.036 0.061
(5.89)** (7.79)** (3.61)** (5.66)**

Northern Canada 0.145 0.203 0.233 0.282
(5.44)** (7.22)** (7.50)** (8.44)**

Halifax 0.030 0.009 0.065 0.048
(2.50)* (0.72) (4.52)** (3.12)**

Quebec City 0.026 0.032 0.007 0.018
(2.82)** (3.28)** (0.65) (1.55)

Montreal 0.028 0.031 0.047 0.069
(4.76)** (4.99)** (6.47)** (8.91)**

Sherbrooke  TroisRivieres 0.047 0.061 0.081 0.094
(3.41)** (4.20)** (4.70)** (5.03)**

Ottawa  Hull 0.064 0.091 0.112 0.204
(7.67)** (10.59)** (11.51)** (20.12)**

Males Females

Marital Status (Benchmark = Single Never Married)

Place of Residence  Province or CMA (Benchmark = Ontario)
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Table A.7 Continued

Oshawa 0.193 0.204 0.146 0.179
(13.94)** (13.95)** (8.38)** (9.56)**

Toronto 0.148 0.159 0.193 0.224
(25.52)** (26.25)** (28.04)** (30.44)**

Hamilton 0.099 0.105 0.091 0.104
(9.81)** (9.93)** (7.26)** (7.70)**

St. Catherines  Niagara 0.042 0.028 0.024 0.003
(3.29)** (2.11)* (1.50) (0.15)

Kitchener 0.054 0.062 0.035 0.053
(4.34)** (4.76)** (2.31)* (3.23)**

London 0.038 0.024 0.066 0.084
(3.06)** (1.89) (4.67)** (5.53)**

Windsor 0.099 0.090 0.074 0.067
(6.56)** (5.66)** (4.01)** (3.37)**

Sudbury  Thunder Bay 0.097 0.127 0.039 0.059
(6.98)** (8.70)** (2.25)* (3.15)**

Winnipeg 0.041 0.030 0.001 0.040
(4.13)** (2.85)** (0.11) (3.15)**

Regina  Saskatoon 0.046 0.046 0.023 0.008
(3.84)** (3.68)** (1.63) (0.50)

Calgary 0.034 0.062 0.044 0.090
(3.84)** (6.64)** (4.09)** (7.83)**

Edmonton 0.042 0.052 0.025 0.061
(4.79)** (5.65)** (2.38)* (5.34)**

Vancouver 0.101 0.105 0.113 0.128
(13.74)** (13.63)** (12.85)** (13.55)**

Victoria 0.035 0.028 0.016 0.014
(2.45)* (1.91) (0.92) (0.77)

Natural Sciences/Eng./Math 0.251 0.162
(20.54)** (6.26)**

Social Sciences 0.367 0.166
(29.67)** (6.54)**

Teaching 0.459 0.329
(35.31)** (12.62)**

Medicine & Health 0.428 0.279
(25.79)** (10.16)**

Art/Lit/Rec 0.398 0.499
(29.02)** (14.69)**

Clerical 0.452 0.395
(28.79)** (15.52)**

Sales 0.393 0.397
(29.59)** (14.92)**

Services 0.466 0.592
(37.38)** (18.50)**

Farming/Hort 0.628 0.458
(48.11)** (18.03)**

Other Primary 0.503 0.593
(39.00)** (23.11)**

Occupation (Benchmark = Managerial and Admin)
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Table A.7 Continued

Processing 0.598 0.617
(48.14)** (23.00)**

Machine/Fab/Assemble 0.715 0.596
(52.89)** (22.72)**

Construction 0.671 0.645
(49.49)** (22.21)**

Other Primary 0.597 0.566
(41.88)** (23.10)**

Manufacturing 0.443 0.408
(34.73)** (23.50)**

Construction 0.323 0.283
(24.10)** (13.06)**

Transport/Storage 0.443 0.417
(32.89)** (20.31)**

Communication 0.508 0.561
(36.46)** (29.25)**

Wholesale Trade 0.353 0.354
(25.77)** (18.43)**

Retail Trade 0.200 0.179
(14.98)** (10.01)**

Finance/Insurance/Real Estate 0.376 0.382
(26.08)** (21.32)**

Business Services 0.354 0.313
(24.72)** (16.98)**

Gov't Services Federal 0.478 0.557
(33.60)** (28.98)**

Gov't Services Other 0.420 0.442
(30.31)** (23.96)**

Education 0.322 0.363
(22.66)** (20.17)**

Health & Soc. Services 0.269 0.358
(17.77)** (20.33)**

Accomodation, Food & Bev. 0.042 0.011
(2.66)** (0.59)

Other Services 0.142 0.070
(9.74)** (3.78)**

Secondary School 0.091 0.139 0.088 0.184
(22.39)** (33.02)** (17.59)** (35.39)**

Trade Cert/Diploma 0.126 0.183 0.088 0.191
(28.34)** (40.43)** (13.18)** (27.30)**

Other NonUniversity 0.156 0.266 0.157 0.348
(30.58)** (52.85)** (27.53)** (61.27)**

University < Bachelor 0.177 0.315 0.223 0.494
(16.05)** (27.73)** (20.96)** (45.02)**

Bachelor Degree 0.260 0.432 0.301 0.611
(42.46)** (78.09)** (40.78)** (89.74)**

Highest Degree (Benchmark = None)

Industry (Benchmark = Agriculture)
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Table A.7 Continued

University > Bachelor 0.290 0.456 0.361 0.705
(24.09)** (38.18)** (26.37)** (51.51)**

Medicine/Dentist/Vet/Opt 0.649 0.741 0.482 0.837
(23.90)** (26.61)** (11.18)** (18.20)**

Masters 0.352 0.531 0.409 0.766
(37.37)** (58.92)** (31.86)** (59.40)**

Doctorate 0.498 0.635 0.489 0.855
(28.82)** (36.70)** (13.44)** (22.11)**

Constant 8.570 8.046 8.583 7.964
(336.59)** (409.10)** (226.42)** (333.63)**

Observations 127537 127537 89952 89952
Rsquared 0.36 0.29 0.34 0.24

Data Source: 1991 Canadian Census. ** p < .01. * p < .05. Absolute values of t-statistics in parentheses.
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Table A.8. Wage Regressions 1996

ln p 0.117 0.152 0.111 0.177
(5.90)** (7.17)** (4.83)** (7.12)**

Age 0.082 0.099 0.073 0.099
(70.01)** (80.38)** (52.90)** (67.87)**

Age squared 0.001 0.001 0.001 0.001
(61.39)** (70.21)** (45.94)** (59.16)**

Divorced 0.087 0.115 0.023 0.029
(12.36)** (15.42)** (3.43)** (3.98)**

Married 0.187 0.244 0.011 0.033
(42.78)** (52.70)** (2.27)* (6.26)**

Separated 0.101 0.130 0.016 0.013
(10.48)** (12.75)** (1.70) (1.27)

Widowed 0.130 0.148 0.002 0.010
(5.74)** (6.12)** (0.16) (0.62)

Newfoundland & Laborador 0.158 0.158 0.170 0.164
(11.85)** (11.14)** (11.35)** (10.16)**

PEI 0.224 0.283 0.198 0.213
(9.25)** (11.01)** (7.69)** (7.67)**

Nova Scotia 0.234 0.243 0.234 0.250
(18.92)** (18.47)** (15.71)** (15.48)**

New Brunswick 0.142 0.138 0.192 0.183
(13.27)** (12.08)** (15.27)** (13.46)**

Quebec 0.076 0.070 0.121 0.126
(11.07)** (9.58)** (14.20)** (13.71)**

Manitoba 0.133 0.138 0.161 0.164
(8.86)** (8.65)** (9.23)** (8.72)**

Saskatchewan 0.131 0.127 0.196 0.237
(9.84)** (8.99)** (12.59)** (14.12)**

Alberta 0.017 0.002 0.156 0.182
(1.82) (0.18) (13.40)** (14.48)**

British Columbia 0.058 0.070 0.001 0.021
(7.06)** (8.04)** (0.09) (1.91)

Northern Canada 0.168 0.224 0.184 0.274
(5.87)** (7.36)** (6.12)** (8.45)**

Halifax 0.106 0.112 0.091 0.083
(7.69)** (7.64)** (5.91)** (5.02)**

Quebec City 0.050 0.065 0.048 0.037
(4.82)** (5.89)** (3.96)** (2.85)**

Montreal 0.007 0.009 0.005 0.022
(1.05) (1.29) (0.68) (2.63)**

Sherbrooke  TroisRivieres 0.071 0.089 0.088 0.098
(4.54)** (5.35)** (4.75)** (4.87)**

Ottawa  Hull 0.027 0.048 0.072 0.142
(2.88)** (4.85)** (6.77)** (12.74)**

Place of Residence  Province or CMA (Benchmark = Ontario)

Males Females

Marital Status (Benchmark = Single Never Married)
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Table A.8 Continued

Oshawa 0.152 0.172 0.141 0.176
(9.73)** (10.38)** (7.78)** (8.98)**

Toronto 0.106 0.118 0.146 0.185
(15.77)** (16.74)** (19.28)** (22.85)**

Hamilton 0.075 0.086 0.080 0.098
(6.44)** (6.94)** (5.91)** (6.70)**

St. Catherines  Niagara 0.046 0.038 0.013 0.028
(3.13)** (2.47)* (0.74) (1.48)

Kitchener 0.035 0.045 0.004 0.025
(2.56)* (3.06)** (0.23) (1.45)

London 0.012 0.011 0.049 0.064
(0.85) (0.73) (3.13)** (3.77)**

Windsor 0.156 0.155 0.079 0.063
(9.67)** (9.03)** (4.17)** (3.06)**

Sudbury  Thunder Bay 0.050 0.081 0.034 0.040
(3.17)** (4.85)** (1.78) (1.95)

Winnipeg 0.079 0.077 0.054 0.022
(7.08)** (6.55)** (4.20)** (1.55)

Regina  Saskatoon 0.050 0.042 0.055 0.022
(3.75)** (2.98)** (3.63)** (1.38)

Calgary 0.020 0.038 0.006 0.024
(1.98)* (3.62)** (0.51) (1.92)

Edmonton 0.004 0.012 0.043 0.012
(0.37) (1.10) (3.65)** (0.91)

Vancouver 0.106 0.101 0.136 0.159
(12.89)** (11.57)** (14.35)** (15.62)**

Victoria 0.012 0.019 0.050 0.080
(0.76) (1.14) (2.93)** (4.30)**

Natural Sciences/Eng./Math 0.253 0.124
(17.63)** (4.66)**

Social Sciences 0.366 0.149
(25.57)** (5.70)**

Teaching 0.479 0.313
(31.85)** (11.63)**

Medicine & Health 0.444 0.256
(23.54)** (9.01)**

Art/Lit/Rec 0.408 0.394
(25.58)** (11.58)**

Clerical 0.471 0.383
(26.32)** (14.59)**

Sales 0.415 0.410
(27.00)** (14.93)**

Services 0.495 0.505
(33.98)** (14.51)**

Farming/Hort 0.671 0.456
(44.55)** (17.46)**

Other Primary 0.561 0.588
(37.45)** (22.26)**

Occupation (Benchmark = Managerial and Admin)
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Table A.8 Continued

Processing 0.651 0.628
(44.92)** (22.48)**

Machine/Fab/Assemble 0.745 0.595
(47.66)** (21.99)**

Construction 0.721 0.670
(45.42)** (22.02)**

Other Primary 0.623 0.598
(38.04)** (21.84)**

Manufacturing 0.475 0.487
(32.56)** (26.06)**

Construction 0.275 0.337
(17.72)** (13.71)**

Transport/Storage 0.441 0.499
(28.69)** (22.81)**

Communication 0.518 0.609
(32.36)** (29.54)**

Wholesale Trade 0.359 0.406
(23.17)** (20.01)**

Retail Trade 0.160 0.187
(10.39)** (9.71)**

Finance/Insurance/Real Estate 0.390 0.426
(23.53)** (22.11)**

Business Services 0.329 0.350
(20.24)** (17.75)**

Gov't Services Federal 0.449 0.523
(27.17)** (25.11)**

Gov't Services Other 0.431 0.515
(26.83)** (25.81)**

Education 0.292 0.385
(17.91)** (19.97)**

Health & Soc. Services 0.239 0.385
(14.03)** (20.46)**

Accomodation, Food & Bev. 0.110 0.003
(6.24)** (0.15)

Other Services 0.124 0.135
(7.53)** (6.80)**

Secondary School 0.088 0.135 0.090 0.185
(18.43)** (26.91)** (15.40)** (30.12)**

Trade Cert/Diploma 0.111 0.171 0.063 0.161
(21.05)** (31.64)** (8.17)** (19.70)**

Other NonUniversity 0.146 0.258 0.166 0.350
(26.21)** (46.58)** (26.34)** (55.46)**

University < Bachelor 0.157 0.301 0.220 0.473
(13.12)** (24.10)** (19.65)** (40.51)**

Bachelor Degree 0.256 0.445 0.302 0.616
(37.70)** (72.10)** (38.80)** (84.93)**

Industry (Benchmark = Agriculture)

Highest Degree (Benchmark = None)
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Table A.8 Continued

University > Bachelor 0.299 0.482 0.350 0.699
(22.21)** (35.85)** (25.30)** (50.64)**

Medicine/Dentist/Vet/Opt 0.693 0.801 0.581 0.907
(24.16)** (27.12)** (14.34)** (20.91)**

Masters 0.348 0.550 0.422 0.786
(34.01)** (56.24)** (33.94)** (63.56)**

Doctorate 0.496 0.657 0.449 0.816
(27.22)** (35.90)** (14.15)** (24.21)**

Constant 8.537 7.901 8.414 7.657
(284.25)** (331.37)** (202.43)** (271.63)**

Observations 110871 110871 80843 80843
Rsquared 0.36 0.27 0.37 0.26

Data Source: 1996 Canadian Census. ** p < .01. * p < .05. Absolute values of t-statistics in parentheses.
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Table A.9. Wage Regressions 2001

ln p 0.087 0.131 0.160 0.211
(4.13)** (5.86)** (6.98)** (8.67)**

Age 0.083 0.096 0.074 0.094
(76.91)** (83.63)** (58.20)** (70.00)**

Age squared 0.001 0.001 0.001 0.001
(67.53)** (73.46)** (49.70)** (60.22)**

Divorced 0.062 0.085 0.014 0.023
(9.25)** (11.96)** (2.11)* (3.29)**

Married 0.177 0.232 0.011 0.034
(41.79)** (52.09)** (2.33)* (6.81)**

Separated 0.074 0.108 0.015 0.018
(8.01)** (10.96)** (1.63) (1.80)

Widowed 0.072 0.100 0.014 0.008
(3.01)** (3.94)** (0.94) (0.51)

Newfoundland & Laborador 0.195 0.211 0.161 0.161
(14.32)** (14.58)** (11.04)** (10.40)**

PEI 0.300 0.341 0.195 0.201
(12.45)** (13.45)** (7.82)** (7.66)**

Nova Scotia 0.204 0.235 0.207 0.233
(16.03)** (17.50)** (14.22)** (15.03)**

New Brunswick 0.151 0.166 0.146 0.143
(14.15)** (14.64)** (12.12)** (11.21)**

Quebec 0.075 0.074 0.113 0.109
(10.84)** (10.08)** (13.64)** (12.41)**

Manitoba 0.110 0.104 0.133 0.131
(7.36)** (6.55)** (7.70)** (7.13)**

Saskatchewan 0.131 0.110 0.160 0.171
(9.54)** (7.56)** (10.45)** (10.58)**

Alberta 0.041 0.082 0.087 0.095
(4.37)** (8.44)** (7.91)** (8.21)**

British Columbia 0.069 0.053 0.017 0.001
(8.30)** (6.05)** (1.67) (0.07)

Northern Canada 0.103 0.149 0.181 0.284
(3.42)** (4.67)** (5.60)** (8.26)**

Halifax 0.078 0.098 0.071 0.056
(5.72)** (6.86)** (4.77)** (3.57)**

Quebec City 0.064 0.073 0.049 0.021
(6.06)** (6.58)** (4.19)** (1.69)

Montreal 0.012 0.024 0.022 0.058
(1.85) (3.41)** (2.87)** (7.24)**

Sherbrooke  TroisRivieres 0.057 0.066 0.093 0.083
(3.63)** (3.97)** (5.11)** (4.30)**

Ottawa  Hull 0.064 0.078 0.123 0.206
(6.86)** (7.92)** (12.07)** (19.28)**

Males Females

Marital Status (Benchmark = Single Never Married)

Place of Residence  Province or CMA (Benchmark = Ontario)
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Table A.9 Continued

Oshawa 0.155 0.179 0.092 0.126
(10.44)** (11.35)** (5.35)** (6.94)**

Toronto 0.126 0.152 0.158 0.212
(18.88)** (21.61)** (21.37)** (27.28)**

Hamilton 0.102 0.118 0.067 0.089
(8.94)** (9.76)** (5.15)** (6.41)**

St. Catherines  Niagara 0.022 0.007 0.021 0.006
(1.54) (0.44) (1.29) (0.32)

Kitchener 0.078 0.110 0.025 0.065
(5.84)** (7.81)** (1.63) (4.02)**

London 0.050 0.043 0.048 0.064
(3.65)** (2.94)** (3.16)** (3.98)**

Windsor 0.210 0.214 0.145 0.138
(13.58)** (13.08)** (7.82)** (7.04)**

Sudbury  Thunder Bay 0.024 0.041 0.009 0.022
(1.43) (2.32)* (0.47) (1.12)

Winnipeg 0.079 0.085 0.025 0.015
(7.16)** (7.22)** (2.02)* (1.11)

Regina  Saskatoon 0.044 0.039 0.032 0.013
(3.23)** (2.73)** (2.17)* (0.84)

Calgary 0.060 0.103 0.089 0.145
(6.39)** (10.49)** (8.31)** (12.89)**

Edmonton 0.070 0.089 0.006 0.025
(7.28)** (8.81)** (0.57) (2.14)*

Vancouver 0.091 0.096 0.164 0.199
(10.87)** (10.85)** (17.50)** (20.05)**

Victoria 0.021 0.047 0.049 0.089
(1.26) (2.73)** (2.79)** (4.82)**

Middle Managers 0.237 0.208
(19.28)** (10.59)**

Professionals 0.331 0.230
(26.96)** (12.00)**

SemiProf and Technicians 0.462 0.453
(35.65)** (22.81)**

Supervisors 0.478 0.405
(26.49)** (18.19)**

Supervisors: Craft and Trade 0.414 0.516
(28.83)** (18.59)**

Admin & Senior clerical 0.472 0.450
(28.83)** (23.09)**

Skilled Sales and Service 0.388 0.445
(28.04)** (21.11)**

Skilled Crafts and Trades 0.488 0.558
(38.79)** (20.74)**

Clerical 0.664 0.521
(49.01)** (26.99)**

Intermediate Sales and Service 0.513 0.595
(38.83)** (30.26)**

Occupation (Benchmark = Senior Managers)
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Table A.9 Continued
Semiskilled Manual 0.635 0.677

(50.41)** (31.60)**
Other Sales and Service 0.729 0.672

(51.67)** (32.70)**
Other Manual 0.695 0.714

(49.34)** (29.27)**

Mining and Oil 0.486 0.501
(32.51)** (16.29)**

Utilities 0.407 0.512
(24.44)** (17.74)**

Construction 0.097 0.244
(8.03)** (9.91)**

Manufacturing 0.243 0.355
(21.68)** (18.16)**

Wholesale Trade 0.151 0.320
(12.01)** (15.08)**

Retail Trade 0.049 0.065
(3.95)** (3.21)**

Transport and Warehousing 0.196 0.344
(16.10)** (15.95)**

Information and Cultural 0.206 0.367
(14.35)** (16.93)**

Finance and Insurance 0.251 0.331
(17.38)** (16.23)**

Real Estate and Rental 0.004 0.176
(0.25) (7.28)**

Professional and Scientific 0.175 0.283
(13.08)** (13.68)**

Management of Companies 0.416 0.460
(6.92)** (8.83)**

Waste Management 0.064 0.140
(4.46)** (6.39)**

Education 0.007 0.196
(0.52) (9.67)**

Health Care 0.013 0.230
(0.92) (11.59)**

Arts and Entertainment 0.139 0.101
(7.85)** (4.14)**

Accommodation and Food 0.298 0.100
(20.09)** (4.79)**

Other Services 0.072 0.012
(5.30)** (0.57)

Public Administration 0.178 0.405
(14.27)** (19.97)**

Secondary School 0.075 0.114 0.082 0.163
(15.61)** (22.70)** (13.87)** (26.53)**

Highest Degree (Benchmark = None)

Industry NAICS (Benchmark = Agriculture, Forestry, Fishing and Hunting)
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Trade Cert/Diploma 0.114 0.176 0.078 0.162
(21.61)** (32.65)** (10.37)** (20.78)**

Other NonUniversity 0.145 0.261 0.174 0.335
(26.23)** (47.39)** (27.98)** (54.24)**

University < Bachelor 0.161 0.313 0.253 0.482
(13.80)** (25.83)** (23.05)** (42.76)**

Bachelor Degree 0.269 0.472 0.344 0.624
(40.16)** (77.01)** (45.87)** (89.93)**

University > Bachelor 0.313 0.499 0.389 0.684
(22.83)** (36.11)** (29.98)** (53.68)**

Medicine/Dentist/Vet/Opt 0.716 0.831 0.529 0.862
(24.40)** (27.53)** (15.27)** (23.67)**

Masters 0.347 0.564 0.449 0.775
(34.28)** (57.72)** (38.92)** (68.40)**

Doctorate 0.506 0.654 0.518 0.822
(27.14)** (34.83)** (18.58)** (28.29)**

Constant 8.837 8.109 8.628 7.830
(331.83)** (363.97)** (233.55)** (300.60)**

Observations 120984 121199 92217 92354
Rsquared 0.35 0.27 0.34 0.26

Data Source: 2001 Canadian Census. ** p < .01. * p < .05. Absolute values of t-statistics in parentheses.
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Appendix B: Chapter 3 Proofs

Proof of Proposition 1. The proof relies on the intermediate value theorem. De�ne the

inverse of Bx (By):

H (Bx) � B�1x (By) : (6.1)

and:

 (Bx) � H (Bx)�By (Bx) : (6.2)

Note that  (Bx) is de�ned over the domain
�
0; Bx

�
where Bx satis�es:

Bx = Bx (0) < 1 (6.3)

Then to establish proof of uniqueness we need to show that:

 (0) > 0

 
�
Bx
�

< 0

and that under assumption A.4.,  (Bx) is strictly decreasing. This will imply that there is a

single value of Bx that satis�es  (Bx) = 0.

First observe that:

�Gx ((1� [mx (�;By)]
�)hjh) + (1� �)Gx ((1� [mx (�;By)]

� l) jl) = 0 (6.4)
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only when mx (�;By) = 1 or, equivalently, By = 1, which implies that:

H (0) = 1: (6.5)

Furthermore:

By (0) < 1: (6.6)

Otherwise, if By (0) = 1, then both bilingual wage premia for community y must be in�nite in

order for the highest learning cost individuals to become bilingual. Inspection of equations 3.7

gives the upper bounds of the premia as l and h. And since l < h, this implies that �wyl <1.

So then:

 (0) � 1�By (0) > 0: (6.7)

By the same argument as above Bx < 1, so:

By
�
Bx
�
> 0: (6.8)

It remains to show that  (Bx) is strictly decreasing under assumption A.4. This is so when:

dH (Bx)

dBx
� dBy (Bx)

dBx
< 0

Di¤erentiating equations 3.8 and 3.9 and rearranging gives:

dH (Bx)

dBx
= � 1

(�gx (�jh) + (1� �) gx (�jl))�m��1
x (1� �)

(6.9)
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and:

dBy
dBx

= � (�gy (�jh) + (1� �) gy (�jl))�m��1
y � (6.10)

then the condition above becomes:

(�gy (�jh) + (1� �) gy (�jl)) (�gx (�jh) + (1� �) gx (�jl))�2m��1
x m��1

y � (1� �) < 1

then using the de�nitions E [gx (cj�)] � �gx (cjh)+ (1� �) gx (cjl) and E [gy (cj�)] � �gy (cjh)+

(1� �) gy (cjl), the condition becomes:

E [gx (cj�)]E [gy (cj�)]� �2 �m�
ym

�
x �

�

mx

1� �
my

< 1

and since �2 � 1, m�
ym

�
x � 1, �

mx
� 1 and 1��

my
� 1 it is su¢ cient that E [gx (cj�)]E [gy (cj�)] < 1

for the inequality to hold.

Proof of Proposition 2. First observe that the following results hold from equations 3.8

and 3.9:

@Bx (By)

@By
< 0;

@Bx (By)

@�
< 0;

@Bx (By)

@�
> 0 (6.11)

@By (Bx)

@Bx
< 0;

@By (Bx)

@�
> 0;

@By (Bx)

@�
> 0: (6.12)

The �rst statement in the proposition follows directly from the results above and the chain rule:

dB�x
d�

=
@Bx
@�

+
@Bx
@By

@By
@�

< 0 (6.13)
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and:

dB�y
d�

=
@By
@�

+
@By
@Bx

@Bx
@�

> 0: (6.14)

The second statement follows from the fact that the term 1�m�
x = 1� (�+ (1� �)By)

� goes

to zero as � approaches one and the term 1 �m�
y = 1 � ((1� �) + �Bx)� goes to zero as �

approaches zero.

Proof of Proposition 3. The equilibrium rate of bilingualism for high types in community

x is: b�hx = G ((1�m�
x)hjh). Thus the �rst line of 3.13 is:

��
�
h�G�1 (b�hxjh)�m�

xh
�
= �� (h� h (1�m�

x)�m�
xh) (6.15)

= 0:

What remains, the external bene�t term, is strictly positive.

Proof of Proposition 4. In the "no learning" pooling equilibrium, the per capita wage bill

for �rms for each language community is equal to the expected productivity of a given worker:

�h+(1� �) l. Since no one becomes bilingual, no resources are expended on language learning

and all workers receive the same wage, so the wage bill is also equal to the social welfare of the

language group in question. In any hybrid equilibrium, the per capita wage bill is equal to:

B
E [b�]

B
+ (1�B) E [�]� E [b�]

1�B = E [�] (6.16)

which is just the same as in the pooling equilibrium. However, in this case, resources are being

expended on language learning. Thus the sum of utilities must be higher under the pooling

equilibrium.
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Proof of Proposition 5. We consider net social bene�t of the marginal learners of each type

in community x:

@SW

@bhx
= �

�
�
@shx
@bhx

+ (1� �) @slx
@bhx

�
+ (1� �)

�
�
@shy
@bhx

+ (1� �) @sly
@bhx

�
(6.17)

@SW

@blx
= �

�
�
@shx
@blx

+ (1� �) @slx
@blx

�
+ (1� �)

�
�
@shy
@blx

+ (1� �) @sly
@blx

�
:

Let:

wbx = E [�j� = 1] (6.18)

=
�bhxh+ (1� �) blxl
�bhx + (1� �)blx

and

wmx = E [m�
x�j� = 0] (6.19)

= m�
x

�h+ (1� �) l � (�bhxh+ (1� �) blxl)
1� (�bhx + (1� �)blx)

:

So:

@shx
@bhx

= wbx �G�1 (bhxjh)� wmx + bhx
@wbx
@bhx

+ [1� bhx]
@wmx
@bhx

(6.20)

@slx
@bhx

= blx
@wbx
@bhx

+ [1� blx]
@wmx
@bhx

@shy
@bhx

= [1� bhy]
@wmy
@bhx

@sly
@bhx

= [1� bly]
@wmy
@bhx

;
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and:

@slx
@blx

= wbx �G�1 (blxjl)� wmx + blx
@wbx
@blx

+ [1� blx]
@wmx
@blx

(6.21)

@shx
@blx

= bhx
@wbx
@blx

+ [1� bhx]
@wmx
@blx

@shy
@blx

= [1� bhy]
@wmy
@blx

@sly
@blx

= [1� bly]
@wmy
@blx

:

In equilibrium wbx �G�1 (b�hxjh)� wmx = 0 and w
b
x �G�1 (b�lxjl)� wmx = 0, so we classify what

remains into signalling e¤ects:

@Sx
@bhx

= �

�
�
@shx
@bhx

+ (1� �) @slx
@bhx

�
(6.22)

= �

�
�

�
b�hx

@wbx
@bhx

+ [1� b�hx]
@wmx
@bhx

�
+ (1� �)

�
b�lx

@wbx
@bhx

+ [1� b�lx]
@wmx
@bhx

��
@Sx
@blx

= �

�
�
@shx
@blx

+ (1� �) @slx
@blx

�
= �

�
�

�
b�hx

@wbx
@blx

+ [1� b�hx]
@wmx
@blx

�
+ (1� �)

�
b�lx
@wbx
@blx

+ [1� b�lx]
@wmx
@blx

��
;

and network e¤ects:

@Sy
@bhx

= (1� �)
�
�
@shy
@bhx

+ (1� �) @sly
@bhx

�
(6.23)

= (1� �)
�
�
�
1� b�hy

� @wmy
@bhx

+ (1� �)
�
1� b�ly

� @wmy
@bhx

�
@Sy
@blx

= (1� �)
�
�
@shy
@blx

+ (1� �) @sly
@blx

�
= (1� �)

�
�
�
1� b�hy

� @wmy
@blx

+ (1� �)
�
1� b�ly

� @wmy
@blx

�
:
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Adding together the signalling e¤ects of each type:

@Sx
@bhx

+
@Sx
@blx

= �B�x

�
@wbx
@bhx

+
@wbx
@blx

�
+ � (1�B�x)

�
@wmx
@bhx

+
@wmx
@blx

�
(6.24)

= �B�x

�
� (1� �) (h� l) b�lx

(B�x)
2 � �(1� �) (h� l) b�hx

(B�x)
2

�
+� (1�B�x)

�
�m�

x

�(1� �) (h� l) (1� b�lx)
(1�B�x)

2 +m�
x

� (1� �) (h� l) (1� b�hx)
(1�B�x)

2

�
= ��� (1� �) (h� l) (b�hx � b�lx)

�
1

B�x
+

m�
x

1�B�x

�
= �� Cov (b

�
x;�)

B�x (1�B�x)
�
1�B�x

�
1�

�
�+ (1� �)B�y

����
< 0:
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Appendix C: Chapter 4 Proofs

Proof of Proposition 6. The conditional subsidies s (c) that maintain the utility levels of

those who become bilingual in the optimum but who would otherwise remain monolingual in

equilibrium satisfy:

1 + �sx (c)�
�c

y
= nx + nyb

e
y c 2 (bex; b�x] (6.25)

1 + �sy (c)�
�c

x
= ny + nxb

e
x c 2 (bey; b�y]

The sums of these subsidies for each language group are:

Sx =
nx
�

Z b�x

bex

�c

ny
�
�
1� bey

�
nydc (6.26)

=
nx�

ny�

Z b�x

bex

cdc�
�
1� bey

�
(b�x � bex)

nxny
�

Sy =
ny
�

Z b�y

bey

�c

nx
� (1� bex)nxdc (6.27)

=
ny�

nx�

Z b�y

bey

cdc� (1� bex)
�
b�y � bey

� nxny
�

The taxes that monolingual individuals pay to keep their utility levels constant satisfy:

nx + nyb
�
y � �tx = nx + nyb

e
y (6.28)

ny + nxb
�
x � �ty = ny + nxb

e
x
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In sum:

Tx = (1� b�x)
�
b�y � bey

� nxny
�

(6.29)

Ty =
�
1� b�y

�
(b�x � bex)

nxny
�

So we want to show that Tx > Sy and Ty > Sx, in which case the tax-subsidy scheme is self-

�nancing and a surplus is created that can be transfered lump sum to the entire population.

Due to the symmetry of the inequalities, it is su¢ cient to show that Tx � Sy > 0:

Tx � Sy = (1� b�x)
�
b�y � bey

� nxny
�

�
 
ny�

nx�

Z b�y

bey

cdc� (1� bex)
�
b�y � bey

� nxny
�

!
(6.30)

=
ny
�

 
(1� b�x)

�
b�y � bey

�
nx + (1� bex)

�
b�y � bey

�
nx �

�

nx

�
b�y
�2 � �bey�2
2

!

=
ny
�

�
(1� b�x)nx �

�b�y
2nx

+ (1� bex)nx �
�bey
2nx

��
b�y � bey

�

When there is insu¢ cient second language acquisition, b�y � bey > 0. Then Tx � Sy is positive if

the sum within the parentheses is positive. Using the de�nitions of b�x, b
�
y, b

e
x and b

e
y, we inspect

the �rst two terms and the last two terms separately:

(1� b�x)nx �
�b�y
2nx

=

�
1� 2ny

�ny � 2�nx
�2 � 4�2

�
nx �

�

2nx
2nx

�nx � 2�ny
�2 � 4�2

(6.31)

= �
�nx � 2nxn2y
�2 � 4�2

� ��nx � 2�ny
�2 � 4�2

= 0

(1� bex)nx �
�bey
2nx

=

�
1� ny

�ny ��nx
�2 ��2

�
nx �

�

2nx
nx
�nx ��ny
�2 ��2

(6.32)

= �
�nx ��ny
�2 ��2

1

2
> 0
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So the surplus created is equal to ny
� �

�nx��ny
�2��2

1
2

�
b�y � bey

�
> 0. Likewise it can be shown that

Ty � Sx = nx
� �

�ny��nx
�2��2

1
2

�
b�x � b0x

�
> 0.

Derivation of Equations (4.23). The cuto¤ values of � for each language group are:

csx = [1 + �sx � (x+ byy)]
y

�
(6.33)

csy = [1 + �sy � (y + bxx)]
x

�

which gives the reaction functions:

bx (by) =

8>><>>:
[�sx + (1� by)ny] ny�

1

if
by > 1�

�
�
ny
� �sx

�
1
ny

by � 1�
�
�
ny
� �sx

�
1
ny

(6.34)

by (bx) =

8>><>>:
[�sy + (1� bx)nx] nx�

1

if
bx > 1�

�
�
nx
� �sy

�
1
nx

bx � 1�
�
�
nx
� �sy

�
1
nx

For bsx = 1 and b
s
y = 0, � � (ny + sx)ny and for bsy = 1 and bsx = 0, � � (nx + sx)nx. So the

interior equilibrium obtains if � > max f(nx + sx)nx; (ny + sx)nyg. If that is the case, then

the equilibrium is the solution to the system:

bsx =
�
�sx +

�
1� bsy

�
ny
� ny
�

(6.35)

bsy = [�sy + (1� bsx)nx]
nx
�

which is the equations (4.23).

177



Proof of Propostion 7. De�ne the sets:


x =
�
sx; sy 2 R2jnx + bsyny � �

�
sxnxb

s
x + synyb

s
y

�
� nx + b

e
yny
	

(6.36)


y =
�
sx; sy 2 R2jny + bsxnx � �

�
sxnxb

s
x + synyb

s
y

�
� ny + b

e
xnx
	

where 
x and 
y are bounded by:

@
x =
�
sx; sy 2 R2jnx + bsyny � �

�
sxnxb

s
x + synyb

s
y

�
= nx + b

e
yny
	

(6.37)

@
y =
�
sx; sy 2 R2jny + bsxnx � �

�
sxnxb

s
x + synyb

s
y

�
= ny + b

e
xnx
	

There are two things to note about @
x and @
y. First, they share at least one point in sy�sx

space at (sx; sy) = (0; 0). The second is that the equations nx + bsyny � �
�
sxnxb

s
x + synyb

s
y

�
=

nx + b
e
yny and ny + b

s
xnx � �

�
sxnxb

s
x + synyb

s
y

�
= ny + b

e
xnx can be rewritten (respectively):

axs
2
y + 2cxsxsy + dxs

2
x + 2fxsy + 2gxsx = 0 (6.38)

ays
2
y + 2cysxsy + dys

2
x + 2fysy + 2gysx = 0

where: ax = dx = ay = dy = ��, cx = cy = ���, fx = nx(�+�)
2 , gx = �nx(�+�)

2 , fy =

�ny(�+�)
2 , gy =

ny(�+�)
2 . The equations (6.38) are bivariate quadratic curves that form ellipses

in sy � sx space. Thus 
x and 
y are convex. Di¤erentiating @
x and @
y with respect to sx

and sy and evaluating
dsy
dsx

for each at the origin gives:

@
x :
dsy
dsx

����
(sx;sy)=(0;0)

=
�+ (�ny ��nx)
� � (�nx ��ny)

= 1 (6.39)
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Figure 6-1: The Pareto Sets for Each Language Group are Weakly Disjoint

@
y :
dsy
dsx

����
(sx;sy)=(0;0)

=
� � (�ny ��nx)
� + (�nx ��ny)

= 1 (6.40)

So the ellipses @
x and @
y share the point (sx; sy) = (0; 0) and the tangency vector sx = sy

at (sx; sy) = (0; 0). At (0; 0) Umx is increasing as sy increases and sx decreases while Umy is

increasing as sx increases and sy decreases:

@Umx
@sy

����
(sx;sy)=(0;0)

� @Umx
@sx

����
(sx;sy)=(0;0)

= (� +�)
2ny��

�2 ��2
> 0 (6.41)

@Umy
@sx

����
(sx;sy)=(0;0)

�
@Umy
@sy

����
(sx;sy)=(0;0)

= (� +�)
2nx��

�2 ��2
> 0

So the set 
x lies to the northwest of the tangency vector and the set 
y lies to the southeast.

Figure 6-1 illustrates.
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To complete the proof observe that �x is a subset of 
x and �y is a subset of 
y and that

�x and �y share the point (0; 0). Thus �x\ �y = (0; 0).

Proof of Proposition 8. Substituting the interior equilibrium conditions (6.35) into the �rst

order necessary conditions for the optimum (4.11) gives:

�sx = ny
�
1� bsy

�
(6.42)

�sy = nx [1� bsx]

These resemble the Pigovian subsidies that internalize the network externality. However, bsx

and bsy are themselves functions of the subsidies:

�sx = ny

�
1� nx

� (nx + �sy)��(ny + �sx)
�2 ��2

�
(6.43)

�sy = nx

�
1� ny

� (ny + �sx)��(nx + �sy)
�2 ��2

�

We can express this system as:

�1sx + �2sy = �ny ��nx (6.44)

�1sy + �2sx = �nx ��ny

where �1 =
�
�

�
�2 � 2�2

�
and �2 = ��. Solving the system gives:

s�x =
(�2�+ �1�)ny � (�2� + �1�)nx

�21 � �22
(6.45)

s�y =
(�1� + �2�)nx � (�1�+ �2�)ny

�21 � �22
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Then s�x > s�y as:

(�2�+ �1�)ny � (�2� + �1�)nx > (�1� + �2�)nx � (�1�+ �2�)ny (6.46)

ny > nx

Proof of Propostion 9. First, suppose that a common subsidy can obtain the welfare

optimum. Then from proposition 8 the subsidy rate must satisfy s�� = s�x = s�y. But this can

only be if:

(�2�+ �1�)ny � (�2� + �1�)nx = (�1� + �2�)nx � (�1�+ �2�)ny (6.47)

ny = nx

Then the single welfare-maximizing subsidy is the solution to:

max
s
nxSWx

�
bsx; b

s
y

�
+ nySWy

�
bsx; b

s
y

�
(6.48)

We have that:

@SWx

@s
= ��x +

�
1 + �s� �

ny
bx � (nx + nyby)

�
@bx
@s

+ [1� bx]ny
@by
@s

(6.49)

��
�
nxb

s
x + nyb

s
y + s

�
nx
@bx
@s

+ ny
@by
@s

��
@SWy

@s
= �by +

�
1 + �s� �

nx
by � (ny + nxbx)

�
@by
@s

+ [1� by]nx
@bx
@s

��
�
nxb

s
x + nyb

s
y + s

�
nx
@bx
@s

+ ny
@by
@s

��
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Using these derivatives, the interior equilibrium conditions (6.35) and rearranging, the �rst

order condition for an interior maximum is:

nx [1� bx]ny
@by
@s

+ ny [1� by]nx
@bx
@s

= �s

�
nx
@bx
@s

+ ny
@by
@s

�
(6.50)

So the marginal external bene�t is equal to the marginal �scal cost of the subsidy. Then using

equations (4.23) and simplifying this becomes:

s�� =
�

2� (� + 2�)
(6.51)
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Appendix D: Chapter 5 Comparative Statics and Derivations

Comparative Statics with Heterogeneous Learning Costs

Di¤erentiating the �rst order conditions (5.56) gives:

dP+D ('i)

dt
=

w0
�
P+D ('i)

�
w00
�
P+D ('i)

�
(1� t)� 'i`00

�
P+D ('i)

�
+ ugg

�
gDP

+
D ('i)

�
g2D

< 0

dP�D ('i)

dt
=

w0
�
P�D ('i)

�
w00
�
P�D ('i)

�
(1� t)� 'i`00

�
P�D ('i)

� < 0 (6.52)

dP+D ('i)

dgD
= �

ugg
�
gDP

+
D ('i)

�
gDP

+
D ('i)

w00
�
P+D ('i)

�
(1� t)� 'i`00

�
P+D ('i)

�
+ ugg

�
gDP

+
D ('i)

�
g2D

> 0 (6.53)

Applying the envelope theorem to equation (5.54) gives:

db'
dt
= �

w
�
P+D (b')�� w �P�D (b')�

`
�
P+D (b')�� ` �P�D (b')� < 0 (6.54)

db'
dgD

=
ug
�
gDP

+
D (b')�P+D (b')

`
�
P+D (b')�� ` �P�D (b')� > 0 (6.55)

db'
dgM

= � ug (gM )

`
�
P+D (b')�� ` �P�D (b')� < 0 (6.56)

Envelope Results on the Average Indirect Utility of Minority Language Individuals

@ eVM (t; gD; gM ) =@t = � ew (t; gD; gM ) (6.57)

@ eVM (t; gD; gM ) =@gD =

Z b�
�
ug
�
gDP

+
D ('i)

�
P+D ('i) f ('i) d'

@ eVM (t; gD; gM ) =@gM = (1� F (b'))ug (gM )
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Derivatives of the Average Wage with Respect to the Policy Parameters

@ ew (t; gD; gM )
@t

= w
�
P+D (b')� f (b')� w �P�D (b')� f (b') db'dt (6.58)

+

Z b'
'
w0
�
P+D ('i)

� dP+D ('i)
dt

f ('i) d'+

Z '

b' w0
�
P�D ('i)

� dP+D ('i)
dt

f ('i) d'

< 0

@ ew (t; gD; gM )
@gD

=
�
w
�
P+D (b')�� w �P�D (b')�� f (b') db'dgD (6.59)

+

Z b'
'
w0
�
P+D ('i)

� dP+D ('i)
dgD

f ('i) d'

> 0

@ ew (t; gD; gM )
@gM

=
�
w
�
P+D (b')�� w �P�D (b')�� f (b') db'

dgM
< 0 (6.60)

Derivatives of Equation of the Left Hand Side of (5.72) with Respect to gM and gD

Let LHS denote the left hand side of equation (5.72). Then

@LHS

@gM
=

NM
R 'b' ugg (gM ) f ('i) d'�NMug (gM ) f (b') db'

dgM

NDug (gD) +NM
R b'
' ug

�
gDP

+
D ('i)

�
P+D ('i) f ('i) d'

(6.61)

�
NM

R 'b' ug (gM ) f ('i) d'�NMug �gDP+D (b')�P+D (b') f (b')�
NDug (gD) +NM

R b'
' ug

�
gDP

+
D ('i)

�
P+D ('i) f ('i) d'

�2 db'
dgM

> 0
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since db'=dgM < 0. And:

@LHS

@gD
=

�NMug (gM ) f (b') db'
dgD

NDug (gD) +NM
R b'
' ug

�
gDP

+
D ('i)

�
P+D ('i) f ('i) d'

(6.62)

�
NM

R 'b' ug (gM ) f ('i) d'� �NDugg (gD) +NMug �gDP+D (b')�P+D (b') f (b') db'
dgD

�
�
NDug (gD) +NM

R b'
' ug

�
gDP

+
D ('i)

�
P+D ('i) f ('i) d'

�2
< 0

since db'=dgD > 0:
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