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1 Introduction

The economic literature has dealt with the way linguistic variables and linguistic diver-
sity impact economic outcomes. The reverse direction that represents how the economic
variables impact linguistic diversity, the evolution and the acquisition of languages, is ex-
plored to a lesser degree. One can immediately point out that the linguistic diversity and,
more specifically, an equal distribution of linguistic skills in multi-lingual societies offers
both individual and societal opportunities and challenges. Indeed, there are economic
and cultural incentives to acquire languages in addition to one’s mother tongue. It may
be beneficial for an individual to acquire languages spoken by important trade partners
of her own country. If there would be a universal and dominant lingua franca spoken by
everybody, the incentives of learning foreign languages in our increasingly globalized so-
ciety would not be that strong. Even though de Swaan (2001) claims that “Globalization
proceeds in English”, a lot of commercial and trade negotiations in China, India, Latin
America and other parts of the world are conducted in languages different from English.
China’s and India’s populations are much larger than that of all English speaking coun-
tries combined, and one can wonder why a Chinese businessman would learn English, as
he has a direct access to a billion and a half of potential domestic customers. The same
applies to individuals in English speaking countries. However, the improving English-
language skills in China, and the ever raising demand for studying Chinese in the US and
Africa, imply that the language acquisition is enhanced by trade, as Ginsburgh, Melitz
and Toubal (2014) demonstrate.

Other examples of economic benefits from learning other languages include direct im-
pact on earnings. Job opportunities are more often open to applicants whose linguistic
repertoire includes several languages. In their study of European labor markets, Gins-
burgh and Prieto (2011) show that while the foreign language wage premium is almost
nonexistent in the UK and quite low in the Netherlands, where the majority of the pop-
ulation is conversant in English, the second language premium is substantial in Austria,
Finland, France, Germany, Greece, Italy, Portugal and Spain.! Another example is the

importance of languages in making immigration decisions. Once in the new country, the

1See also Chiswick and Miller (2007), MacManus, Gould and Welsh (1978), Vaillancourt and Lacroix
(1985), and Ginsburgh and Weber (2011).



migrant will have to learn, or at least polish the knowledge of the local language to get a
job, and thus he faces a learning decision as described above. The importance of linguistic
skills for migrants’ labor-markets is confirmed by the literature on patterns of language
acquisition by immigrants in traditional immigration targets such as Australia, Canada,
Germany, Israel, the United Kingdom, and the United States (see Chiswick and Miller,
2014). For the cultural non-economic effects, one may notice that being immersed into
a different culture and gaining unfiltered access to its history, arts, and literature in the
original language, is worthwhile for some individuals.

From the economic viewpoint, the individuals must evaluate economic benefits of
learning other languages and weigh them against the cost of language acquisition, which
may include tuition fees charged by schools and payments to private teachers, as well as
the opportunity cost of time commited to classes and homework. In evaluating economic
benefits of language acquisition, for the large part of this paper we utilize a general concept
of communicative benefits introduced in the seminal paper by Selten and Pool (1991),
which subsumes both private monetary rewards and ‘pure communicative’ benefits of
exposure and access to different cultures. The communicative benefits of every individual
are assumed to be positively correlated with the number of others with whom she can
communicate by using one of her spoken languages. Naturally, a larger number of people
to communicate with raises the attractiveness of the learning of other languages.

The rest of the paper is organized as follows. By relying on the concept of the Selten-
Pool communicative benefits we describe and characterize the language acquisition Nash
equilibrium that emerges in societies with multiple linguistic groups. We then proceed
with the efficiency analysis, which is, in turn, divided into three parts. First, we examine
efficiency properties of the equilibrium and discuss public policies, including cost subsi-
dies, for the efficiency enhancement. To complement our efficiency discussion, we extend
our search for social beneficial communication patterns within the society and for the
socially optimal language acquisition mechanisms. We will then expand our efficiency
analysis to include a possibility of selecting official languages for the purpose of efficiency
enhancement and increasing communication levels within a society. We conclude with

final remarks and the list of references.



2 Communicative benefits

Suppose that the society N, which consists of a finite? set of individuals, is partitioned
in two linguistic groups, N¥ and N¥, the population of which will be denoted by ng
and np, respectively. Each citizen speaks the native language of her group, E or F', and,
moreover, everybody is unilingual and nobody speaks the language of the other group.

An individual 7 may choose to learn the foreign language or not. The parameter
a; € {0,1} captures the individual decision. We write a; = 1 to denote that individual
1 speaks the foreign language and a; = 0 to denote that she does not. Thus, the vector
ay € {0,1}" provides a pattern of language acquisition, or, in simpler terms, determines
whether each individual ¢ € N learns the foreign language or not.

The linguistic composition of the society and patterns of linguistic acquisition deter-
mine communicative benefits introduced in Selten and Pool (1991), who cover a wide
range of economic, cultural and social advantages gained by learning languages.®> The
societal linguistic data can be conveyed in a succinct manner with the help of a simple
drawing. In Figure 1 a set of 5 individuals has been divided in two language groups,
NP ={1,2,3} and N¥ = {4,5}. Nodes represent individuals. An arrow stemming from
a node and pointing to a set of nodes denotes the fact that the individual that is rep-
resented by that node speaks the foreign language. Thus, this simple picture represents
both initial conditions and the prevailing pattern of communication. In the situation
depicted in Figure 1 only individual 1 learns the foreign language. This means that only
1 among the members of N¥ may communicate with each member of N¥ and that each

member of N may communicate with 1, and 1 alone, among the members of N.

In broad terms, the communicative benefit assigns a utility value to the partition
{NE N} and patterns of language acquisition ay. In other words, the communicative
benefit conveys the individual disposition over situations that can be fully described by

pictures that bear the characteristics of the one depicted in figure 1.

2The finiteness of the set of individuals is not essential. In fact, some models surveyed in this paper

are derived for societies with an infinite number of individuals.
3The game-theoretical Selten-Pool model is, in fact, much more general than its variant presented

here.



NE NF

1

4
2

)
3

Figure 1

For each i € N, let Qf € R, capture the value that individual ¢ derives form being
able to communicate with individual j belonging to the other language group. Let 6; =
(6},...,0'") € R}". In this setting, let g : R, — R, be an increasing function. For each
i € N and each ay € {0,1}", the communicative benefit of i is given by the expression

Vi) =g( Y 0/ min{1,a;+a;}).
jENF

Similarly, for every j € N and each ay € {0,1}", the communicative benefit of j is
given by the expression

Vi(an) = g( Z 6’; min {1,a; + a,}).
IENE

This formulation accommodates two manifest features of the communicative benefit.
Individuals care with whom they communicate. The benefit of communication increases
with the number of individuals one is able to communicate with. Each link between two
individuals that is generated by the pattern of language acquisition is evaluated separately
by the individual to reflect the fact that the possibility of communicating varies across
the individuals of the foreign group. However, for each individual, these agent-specific
benefits are summed in order to reflect that the incidence of communication has value in
itself. Hence, an individual may be driven to learn a foreign language either by some key
individual in the foreign group that is of particular significance, or by the mere size of the
foreign group. The communicative benefit does not incorporate a utility valuation of the
initial conditions, that is the partition of individuals into language groups. Admittedly,

this carries value, too. However, the communicative benefit focuses on the evaluation of



the pattern of language acquisition and is influenced by the effect of the initial conditions
only in so far as they affect the final outcome.

The role of the min operator is to ensure that communication between two individuals
via more than one language does not have a bearing on the communicative benefit. Indeed,
the value of min {1, ai+aj} is 1 if at least one of the individuals 7 and j learns the language
of the other group, and zero if both refrain from learning. This formulation treats language
as means to an end, rather than an end in itself. Hence, it captures some of the factors
(but not all) that drive people to learn foreign languages. The preferences underlying the
expression above are effectively defined over the opportunities that language acquisition
presents to the individual and their corresponding value. They are not defined over
languages themselves.

To complete the specification of the utility function we need to address the issue of the
cost language learning entails. For each A € {F, F'}, let the cost of learning language A
be ¢y, > 0. There is no a priori reason for having cg = cp. A key factor that underlies the
cost of learning a foreign language is the linguistic distance between your native and the
target language (e.g., Ginsburgh and Weber, 2011). However, this does not necessarily
entail that, other things being equal, the cost of learning Spanish if one speaks Portuguese
natively is the same as the cost of learning Portuguese for a native Spanish speaker. But
individual aptitude has an undisputed influence on the cost. For eachi € N let s; € [0,1]
be a parameter that captures individual facility with foreign languages. The individual
cost of learning language A\ can then be captured by the expression s;c,. Having s; = 0
may reflect a situation where an individual is brought up into a bilingual environment or
can learn another language in her sleep. Hence, this modeling choice allows for some form
of native bilingualism. Utility is thus given by the expression

Uilan) = g< Z 9{ min {1, a; + aj}> — a;8;CF,
jENF
for each i € N¥. Similarly, for each j € N, we have the expression for the net commu-

nicative benefit:

Uj(ay) = g< Z 0% min {1, a; + ai}> — a;jS;Cp.

JENE
The existence of linguistic equilibrium under those (and, in fact, more general) con-

ditions has been shown by Selten and Pool (1991). In order to achieve characterization
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results one needs to impose additional conditions as it has been done in the subsequent
literature. Church and King (1993) construct a simplified model, where for all pairs of
individuals the value of pairwise communication benefit 93 is independent of ¢ and j and
is simply set to one. Moreover, the cost of learning is the same across individuals and
language groups. In other words, the utility function for an individual i € N¥ is reduced
to:

Ui(ay) = g( Z min {1,az~ + aj}> — a;c.

JENF

Under these simplifying assumptions the value of the cost parameter becomes the deter-
mining factor in the model and all members of the same group exhibit identical behavior
at equilibrium, yielding the existence of corner solutions only. Church and King demon-
strate that there are three ranges of the cost parameter c. If this parameter is high then
no group learns the language of the other and if the cost is low then everybody learns
the language of the other community. The most interesting is the intermediate case when
only the members of a smaller community learn the other language, while the members of
a larger community refrain from doing so. The explanation is quite obvious; the number
of members of the other group justifies the language acquisition for a smaller community
but not for a larger one.

The Church and King model has been extended by Ginsburgh, Ortuno-Ortin and We-
ber (2007) for the case of multiple (more than two) linguistic communities. They show
that a unique linguistic equilibrium arises if the function ¢ in the expression for the com-
municative benefit exhibits super-modularity and individuals share the same preferences
for communication. A further extension of this model to the case with heterogeneous
learning aptitudes across the country has been extensively studied by Gabszewicz, Gins-
burgh and Weber (2011). The assumption that the individuals in the same community
face different learning costs, enriches the set of equilibrium outcomes. In fact, they con-
sider the linear functional form of communication benefits for each member i € N¥ and

j € N¥, respectively:

Ui(ay) = Z 05 min {l,ai + aj} — ;SiCF,

JENF

Uj(an) = Z 0? min {1,a; +a;} — a;s;ck,

JENE



where both values s; and s; are distributed uniformly over the interval [0, 1].

In this framework, at equilibrium, some (yet not all) individuals in a given language
group may opt to learn the foreign language. The size of each language group along
with the profile of learning costs fully determine which equilibrium outcome will pre-
vail. Gabszewicz, Ginsburgh and Weber (2011) find that such interior equilibria are often
unstable and outline the circumstances under which the stability of equilibrium is guar-
anteed. They also describe a wide range of comparative statics results that evaluate the
dependence of the share of learners with respect to different parameters of the model.
In particular, the number of learners declines if the cost of learning the other language
raises. Probably, less obvious is the fact that the number of learners in the community is
positively correlated with the learning costs of their own language. Indeed, the effect is
secondary: the raise of the learning costs of language E reduces the number of learners in
F. Thus, the acquisition of F' becomes more attractive for members of E, as by learning of
F they receive an access to a larger group of unilingual members of F. Also, an increase
in population of a group makes its language more attractive to acquire.

This model was taken to data by Ginsburgh, Ortuno-Ortin and Weber (2007), and
Ginsburgh, Melitz and Toubal (2014). The latter paper estimates an equation that relates
learning decisions of 13 of the most important world languages by citizens who live in some
190 countries and find that learning is influenced positively by trade, which exhibits a

special form of communicative benefits.

3. Efficiency

As all papers above recognize, an inherent component of the communicative benefit is
that it induces a network externality. Let us assume that individuals only care about the
amount of communication they may achieve, although their general disposition towards
communication may vary. Let us also assume that all individuals have the same ability
to learn the foreign language. For each i € N¥, each j € NI and each ay € {0,1}", the

expression for the individual utility of ¢ thus reduces to

Ui(CLN) = 92 Z min{l,ai +aj} — a;Cp,

JENF



and
Uj(an) =0, Z min {1, a; + a,;} — a;cg.
iENE

Consider the following example. Let N¥ = {1,2}, N¥ = {3,4,5} and 6y = [(1,1)(0,0,0)].
For some arbitrarily small ¢ > 0, let cg = np + € and cp = €. Each individual’s pure
strategy is simply a decision on whether to learn the foreign language or not. For each
ay € {0,1}" and each i € N,

if a; = 1 then v;(ay) = 6; Z min{l, 1+ aj} — Ccp = —€.
JENF
Therefore, each individual in N has a dominant strategy not to learn. The same applies
to individuals in the group N¥".

In stark contrast, the linguistic assignment that maximizes the sum of utilities is
ay = [(0,0)(1,1,1)]. If this pattern of communication were to prevail, all individuals
would be communicating with each other. For efficiency to come about though, a mode
of sharing the benefits of communication needs to be established.

Communication externalities may also take the form of mis-coordination. Consider
the following example. Let N¥ = {1,2}, N = {3,4} and 6y = [(1,1)(1,0)]. For
some arbitrarily small ¢ > 0, let ¢cg = ¢p = 1 + €. There are two Nash equilibria:
ay = [(1,1)(0,0)] and a} = [(1,0)(1,0)]. Only the first among the two corresponds to
the optimal social outcome.

Externalities are inherent in the nature of communication. Consequently, the pattern
of communication that emerges in groups of individuals that act on their self-interest fails

to achieve the social optimum.

3.1. Efficiency of Equilibria

Let us first examine the case of identical learning cost studied in Church and King (1993).
If the social planner cannot discriminate between different communities and individuals,
we can still examine whether the equilibrium satisfies constrained efficiency.

Note that if there are two Nash equilibria where one of the groups learns the language
of the other, only one could be efficient. A smaller community should engage in learning,
while the larger one should not do so. Suppose, for the sake of presentation, that the

population ng is larger than ng. Then, we have three ranges of the cost of learning c:



(I) the costs are high so that no learning occurs in equilibrium, which is also a
constrained-efficient outcome;

(IT) the costs are low so that the situation where only community F studies the lan-
guage of E is both an equilibrium and constrained-efficient allocation;

(ITI) in the intermediate cost range the learning of the language of E by community F is
efficient, whereas no learning emerges as a Nash equilibrium. The divergence between the
efficient and equilibrium outcomes is rooted in network externalities. When an individual
makes a language acquisition choice, she does not take into account that her potential
learning of the other language allows others to communicate with her and to raise the
total level of societal communicative benefits.

One of the possible remedies for reducing the gap between efficiency and equilibrium
is the subsidization of learning costs across the society. By offering tuition reductions (in
the case of schools) the government could shrink the range of cost values that yield the “no
learning” equilibrium and expand the range where equilibrium and efficiency requirements
produce the same outcome where the community F learns the language of E.

The same subsidization policy could be applied in the case of a heterogeneous dis-
tribution of learning aptitudes. As Gabszewicz, Ginsburgh and Weber (2011) point out,
in the interior equilibrium where only a part of individuals in each community learns
the other language, the number of learners is suboptimal and insufficient. The reason is
exactly the one mentioned above. In presence of network externalities, the best response
considerations do not take into account the impact of learning choices of an individual
on members of the other community. The latter group would obviously benefit if the
other group learns. In absence of a direct mechanism to enforce the learning, the cost
subsidization policies could be a step in the right direction of the societal communicative

benefit.

3.2 The Planner’s Problem

The purpose of this section is to explore the scope of public intervention in the process
of language acquisition. In turn, we discuss the reasons that legitimize public policy, the
constraints that incentives place on its design, and the various objectives it should strive

to accomplish.
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A benevolent Planner aims at bringing about desirable social outcomes. He operates
under constraints. Principal among them is the necessity to accommodate individual
incentives. The Planner’s problem allows for more possibilities if individuals have quasi-
linear preferences. We will assume that this is the case. Hence, allowing for the possibility
of an individual transfer ¢; € R, the final utility of each agent ¢ € N, at assignment
an € {0,1}", becomes

wi(an, t;) = vi(an) + t;.

The problem the Planner faces amounts to assigning a linguistic assignment coupled with
a profile of transfers to each possible economy e = ((O,,0n,); (ca;cs)) in the domain

{0,1}" x R7. A mechanism is a function
¢ :{0,1}" x RZ — {0,1}" x R.

A mechanism can be construed as the Planner’s prescription. It assigns an outcome to
each contingency that may arise. Hence, p(e) = (aN, (t1,... ,tn)), while the individual

bundle prescribed to i € N by ¢ is denoted by ¢;(e) = (a;, t;).

3.3. Efficient Assignments

The main reason for studying the Planner’s problem stems from the fact that decentralized
outcomes are generically inefficient. It is therefore legitimate to wonder whether public
intervention may bring about a welfare improvement or even ensure the implementation
of efficient outcomes. A linguistic assignment is efficient if it maximizes the sum of net
communication benefits.

Depending on the particular list of initial parameters at hand, we need to solve the

following optimization problem:
P(e) IaNIél{%}i}n [ Z <9 Z min{1, a;+a;}) alcF) Z (0 Z min{1, a;+a;})— alcE)]
jENF JENF iENFE

For each e € {0,1}" x R%, let X(e) be the set of assignments that solve P(e). This is a
discrete optimization problem. Athanasiou, Dey and Valletta (2013) provide an algorithm
that produces for each e € &, one ay € Y(e). For each e € &, there are at most 21!

candidate solutions. As the set of candidate solutions is finite, for each e € £, X(e) # 0.
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A naive algorithm that solves P(e) enumerates all the candidate solutions. Athanasiou
Dey and Valletta propose an algorithm that runs in polynomial time, that is, it enables
a computer to solve the problem quickly, far more so compared to the naive algorithm.
However, this depends on the assumption of two language groups. For an arbitrary
number of language groups their algorithm becomes computationally cumbersome.

Efficient linguistic assignments take various forms depending on the economy. Gener-
ically, optimality does not involve all members of a language group to learn. What is
more, at an efficient assignment people from either language group may learn. These are
not eccentric possibilities. To the contrary, they are prevalent as long as the number of
individuals in both groups remains finite. Quite naturally, in large populations, one-sided
learning prevails.

These possibilities already allude to the fact that the implementation exercise is in-
volved. A mechanism satisfies efficiency if it always selects an efficient linguistic assign-
ment.

Assignment Efficiency: For each e € &£, if (an,ty) = p(e) then ay € X(e).

3.4 Implementing Efficient Linguistic Outcomes

A natural question to raise is whether a mechanism ¢ that satisfies Assignment Efficiency
may also accommodate incentives.

A mechanism can be manipulated in three distinct ways. First, the individual may
misreport relevant information she holds private. In particular, she may lie about her
disposition towards communication. Second, the individual may choose not to conform
to the prescriptions of the mechanism. Third, the individual may refuse to participate. A
mechanism is effectively implementable if it is impervious to these forms of manipulation.

First, under all possible circumstances, the mechanism should induce all individuals to
reveal their willingness to communicate truthfully independently of whether others choose
to do so. This property, called Strategy-Proofness, facilitates the implementation exercise
in a fundamental way. The Planner does not need to know neither the exact type of each
individual, nor the distribution of types across the population.

Strategy — Proofness: For each e € £, i € N and 0, € R,

ui(@i(On, ce, cr); 6;) > wi(i(0;, Onngiy, C, CR); 65).

12



Second, the mechanism should ensure compliance by all individuals involved. There
are two ways in which an individual may exhibit non-compliance. First, he may choose to
ignore a prescription to learn. Second, he may learn despite being prescribed not to (he
may be ‘home-schooled’). Between the two, the latter is significantly more costly to ward
against. However, neither of the two possibilities transpire if the mechanism is efficient.
If an individual finds it profitable to unilaterally deviate from the linguistic assignment
bearing the full cost of her action, then the assignment cannot be optimal. Therefore,
Assignment Efficiency bears also an incentive justification. It facilitates compliance and
reduces the cost of implementation.

Finally, participation to the mechanism needs to be voluntary. The mechanism should
refrain from coercion. This is a minimal legitimacy requirement.

Individual Rationality: For each e € £ and i € N, u;(p;i(e); 0;) > 0.

Unfortunately, any mechanism that complies with these three properties runs a deficit.
This deficit can be construed as a measure of the cost communication externalities place
on society. This result can be traced back to Green and Laffont (1979). Athanasiou,
Dey and Valletta (2013) provide a proof that is context specific. Moreover, building on
results by Krishna and Perry (1997), they show that the phenomenon is quite prevalent

by providing a set of sufficient conditions for a deficit to ensue.

Proposition 1. If a mechanism ¢ satisfies Strategy-Proofness, Assignment Efficiency
and Individual Rationality, then there exists e € {0, 1}"XR% such that (e) = (an, (t1,...,t,))
and ) .yt > 0.

Thus the cost of implementation takes the form of a loss in welfare that can be readily
expressed in pecuniary form. As a phenomenon, the incidence of the deficit constitutes
a concrete consequence communication externalities bear on policy. In its intensity it
captures the barriers policy faces and may explain the circumstances that impede patterns

of language acquisition that enable communication among all.
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4. Efficient choice of official languages

Another policy instrument of raising the level of communicative benefit within a multi-
lingual society is the introduction of a relatively small number of official languages,* that
are used in education, courts, and media (see Pool, 1991). The knowledge of common
languages enhances economic, cooperation and cross-regional economic links, enhances
economic efficiency and often leads to strengthening of national cohesiveness. However,
there is another side to the choice of official languages. A person whose native language is
not accepted as an official language can feel disenfranchised (Ginsburgh and Weber, 2011).
As Pool (1991, p. 495) points out, “[t|hose whose languages are not official spend years
learning others’ languages and may still communicate with difficulty, compete unequally
for employment and participation, and suffer from minority or peripheral status.”

Thus, in order to consider the introduction of official languages as as efficiency-
enhancing device that raises the level of communicative benefits, one has to carefully
examine the selection of official languages. The purpose of this section to place the choice
of official language on fair and attractive foundations, by focusing on commonality of
agents and mitigating the negative aspects of unavoidable restriction on the number of
official languages. We also like to point out the model also applies to establish conventions
for the choice of language in a conversation involving a group of multinational agents. In
this sense it enriches the setting of Section 2 to account for the existence of a larger
number of languages.

Let M ={1,2,...,m} be the set of all languages spoken in the society N. If individual
i € N speaks language [ € M, we write a; = 1. Otherwise, we write a; = 0.° As before,
we assume that there is no distinction between speaking a language well or not, or between
native and non-native languages. Let A = (a/l'l)(i’l)e ~nxu denote the resulting 0 — 1 matrix
that hence summarizes the multilingual reality of the society N. Let A denote the set of
such matrices.

A rule R: A — M is a mapping selecting for each matrix A a given language [ € M.

4Even though there are eleven official languages in South Africa.
®Note that in presence of two languages only, as in Section 2, the notation a; is sufficient to indicate

whether individual i speaks another language. In the multi-lingual setting we need to specify whether

individual ¢ speaks language [, which necessitates the double index notation.
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That is, we assume from the outset that rules only yield unary sets. In order to address
the subsequent issue of tie breaks, which arises from this assumption, we assume the
existence of a given (exogenous) strict ordering > among languages. We refer to > as the
tie-breaking rule.

The first obvious rules that come to mind are the so-called dictatorial ones. A lan-
guage dictatorship would always select a given language, whereas an agent dictatorship
would always select the language spoken by a given agent, provided the tie-breaking rule
introduced above.® The dictatorial rules would be in conflict with standard formaliza-
tions of the principle of impartiality, which refers to the fact that ethically irrelevant
information is excluded from the evaluation process. More precisely, agent dictatorships
would violate the axiom of anonymity, which says that the identity of agents should not
matter and the choice of an official language should not depend on who speaks them.
Language dictatorships, on the other hand, would violate the natural counterpart axiom
of anonymity, neutrality, which says that the name of languages should not matter either.
Neutrality expresses a symmetric treatment of languages. There are compelling reasons
in our setting to endorse a symmetric treatment of agents (as formalized by the axiom of
impartiality), but not necessarily of languages. For instance, one might want to provide
a slight advantage to the language identified in the status quo. Somewhat related, one
might want to break hypothetical ties in a precise way, given our assumption of unary
images of rules, i.e., that there exists a unique official language. For these reasons, we
shall define weak neutrality as the property of neutrality, when restricted to the case in
which there are no ties to break. Language dictatorships will also violate this axiom and,
hence, we shall discard them from our analysis.

Another axiom with normative appeal in this context is monotonicity, which estab-
lishes the fact that if a language is selected, it would also be selected after one agent, who
did not speak it before, learns it, ceteris paribus.

As stated below, the three previous axioms together characterize a unique rule. This
is the so-called minimal disenfranchisement rule, which selects a language excluding (dis-

enfranchising) the lowest possible number of agents.” Formally,

6Note that the tie-breaking rule could be considered in itself as a language dictatorship.
"The name is inspired by the notion described by Ginsburgh, Ortufio-Ortin and Weber (2005).
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MD: For each A € A, let

Am:argmax{z:ail:le M}

€N

Then, M D(A) = [*, where [* € A™ is such that [* > [ for each [ € A™ \ {I*}.

In words, M D is the rule selecting the language with a highest number of speakers
(score). If several languages have the same score, we resort to the given (exogenous) strict
ordering among languages mentioned above, as a tie-breaking norm.®

We have the following characterization result:”

Proposition 2. The minimal disenfranchisement rule is the only rule satisfying anonymity,

weak neutrality and monotonicity.

It is worth mentioning that the minimal disenfranchisement rule also selects in this
context the language that maximizes communication benefits, as described in the previous

section, i.e., the number of pairs of agents that can communicate with a given language.

Our (benchmark) model just described could be considered as a model of collective
choice under dichotomous preferences. The contrast between our model and the semi-
nal work on the topic, by Bogomolnaia, Moulin and Stong (2005), is that we consider
a specific tie-breaking norm to obtain deterministic rules, whereas they endorse a prob-

10" More precisely, the alternative

abilistic approach and consider lotteries/time sharing.
to our M D rule in Bogomolnaia, Moulin and Stong (2005) is the so-called utilitarian
mechanism, defined as the uniform lottery over the subset of outcomes liked (languages
spoken, in our model) by the largest number of agents. Such a mechanism is anonymous,
neutral, strategy-proof and ex-ante efficient (although it is not characterized by such a
combination of properties). Somewhat related, our minimal disenfranchisement rule is a
specific instance of approval voting (e.g., Brams and Fishburn, 1978), with the proviso

that only one alternative is selected (based on our tie-breaking norm). If no specific car-

dinality is imposed into the definition of a social choice function, then approval voting

8Note that > icn @i yields the number of agents speaking language [, i.e., the 1 entries in the I-th
column of A. Obviously, n — >,y a; yields the number of agents not speaking (disenfranchised by)

language [, i.e., the 0 entries in the [-th column of A.
9A proof can be found in Moreno-Ternero and Weber (2015).
10See also Bogomolnaia and Moulin (2004).

16



is characterized in this context by anonymity, neutrality, strategy-proofness and strict
monotonicity (e.g., Vorsatz, 2007). Massé and Vorsatz (2008) characterize a family of
rules generalizing approval voting, upon weakening the neutrality condition and, hence,
allowing for heterogeneous importance (modeled as, possibly different, weights) of the
alternatives (languages in our case). It is worth mentioning that they work on the general
domain of preferences (not necessarily dichotomous). The family of weighted approval
voting they characterize contains as a specially interesting subclass those lexicographic
voting rules that always choose a unique alternative (except when no alternative receives
any vote) by applying first approval voting (all weights are the same) and selecting af-
terwards, among the subset of alternatives with maximal support, the unique alternative
that maximizes a given strict order. That is, precisely, our minimal disenfranchisement
rule. They characterize the family by means of the axioms of consistency in alternatives
(the analogue of Arrow’s Choice Axiom; which has a questionable normative appeal in
the context we consider here) and voters (which requires that if two disjoint electorates
elect a common set out of two feasible alternatives, then exactly this set has to be elected
when the two electorates are assembled), anonymity, coherence (which asks that for every
alternative, when confronted with another alternative, there must exist a situation, with
strictly positive votes for both alternatives, at which the considered alternative is elected,
perhaps together with the other one), and the no-support condition (one alternative with-
out any vote is elected, when confronted with another alternative, if and only if the second
alternative does not receive any vote either). However, they offer no additional axiom to
single-out the above rule that would be a counterpart of our minimal disenfranchisement
rule.

The problem of the choice of official languages becomes more complex when one ex-
tends the benchmark model presented before in either of several plausible directions. One
plausible extension (that we shall not consider here) is that in which a distinction between
speaking a language well or not (or between native and non-native languages) is made.
Another plausible extension is to analyze the case in which several official languages are
allowed. In what follows, we elaborate for the case of two official languages.

Let M? be the set of pairs of different languages in M. Now, a rule R : A — M?

selects for each matrix A a pair of languages {l, ¢} € M. We shall name those rules as pair
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rules, although we might refer to them simply as rules if there is no possible confusion.
A natural starting point is to propose pair rules that extend to this setting the minimal
disenfranchisement rule highlighted above. Two plausible options arise. One refers to
selecting the pair of languages such that the number of agents speaking none of them
is as low as possible. Another refers to selecting the pair of languages with the highest
individual scores. Furthermore, the former option suggests a somewhat dual rule, which
would select the pair of languages such that the number of agents speaking both of them
is as high as possible. As a matter of fact, the three rules just outlined could be seen
as members of a general family of pair-scoring rules. In order to introduce it formally,
we need a piece of additional notation. Let f : {0,1}> — R be a non-decreasing and
symmetric function, i.e., f(0,0) < f(1,0) = f(0,1) < f(1,1). Let F denote the set of

such functions.
D’: For each f € F, A€ A, and {I,m} € M?, let

pf(lv m) = Z f{a’il> aim}v
iEN

and
APS = argmax {ps(l,m) : {l,m} € M* /| = m}.
Then, D'(A) = {I*, m*}, where (I*,m*) € A?s is such that either [* = [ for each (I,m) €

Ars \ {(I*,m*)}, or m* = m for each (I*,m) € AP# \ {(I*,m*)}.

In words, each rule of the family selects the two languages with a highest score,
according to the corresponding function f (with ties broken via >). Note that if f(-,:) =
max(-,-) then Df = D™ is the first rule suggested above. Similarly, if f(-,-) = >_(-,")
then D/ = D*™ is the second rule suggested above. Finally, if f(-,-) = min(-,-) then
D/ = D™ is the third rule suggested above.

We now introduce another pair rule, inspired by the notion of communicative benefits.

DSF: For each A € A, and {l,m} € M?, let
psp(l,m) =1{(i,j) € N*: there exists A € {I,m} such that a;y = a;y =1},

and

APsP = argmax {psp(l,m) : {l,m} € M* /1 = m}.
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Then, D" = {I*,m*}, where (I*,m*) € APs? is such that either [* = [ for each (I,m) €

APsP\ {(I*,;m*)}, or m* = m for each (I*,m) € APs? \ {(I*,m*)}.

In words, D7 selects the pair of languages guaranteeing the highest number of pairs
of agents that can communicate thanks to a language in the pair.
The following example shows that D" is not equivalent to any of the three other focal

rules presented above.!!

011
011
A=11 0 1
1 00
011

It is straightforward to see that D°F(A) = {1,3}, whereas D*“™(A) = {2,3} =
D™n(A), and D™>(A) = {1, 2}, provided 2 >~ 3.

All the rules presented above satisfy the extensions to this setting of the three axioms
characterizing the minimal disenfranchisement rule for the case of the choice of a unique
official language. The following axioms allow to distinguish among those rules.

First, we consider the axiom of consistency, stating that the (pair) rule always selects
as a member of the pair the language selected by M D for the same problem. In other
words, the rule consistently extends MD to the setting of pairs of languages.'? It is
straightforward to show that D**™ and DS obey consistency. The following examples

show that neither D™ nor D™® do so.

1 As a matter of fact, D5 is not a pair-scoring rule.
12The axiom is inspired by a notion that has played a fundamental role in axiomatic work, and for

which normative underpins have been provided (e.g., Thomson, 2012).
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Al = AP=110 0
10 1 D1
00 1 o
010 01

The next axiom, no redundancy, states that if an agent speaks one of the two se-
lected languages, the knowledge of the second does affect the selection of the pair. It is
straightforward to show that D™ obeys no redundancy. The following example shows

that neither D*“™ nor D™, do so.

—_— == O O O

o O =)= =
o O O O ==

Similarly, the following example shows that D" also violates no redundancy.

01 1
01 1
A=110 1
100
01 1

The normative appeal of the no redundancy axiom might be questionable. This mo-
tivates an alternative weaker variant, known as evenness, which says that if the pair of
languages is selected under an uneven distribution of language proficiency, it would also
be selected when this distribution is more even. The previous example also shows that

D™ violates it.
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5. Conclusion

We have focussed in this paper on a relatively unexplored topic dealing with the economic
incentives of learning foreign languages. This is in contrast to the main bulk of economic
research on languages, which targets (mostly, from an empirical angle) the impact of
various facets of linguistic diversity on economic outcomes.

Here we use the Selten-Pool notion of communicative benefits to establish equilib-
rium patterns of language acquisition, and describe theoretical and empirical finding in
this relatively new field of research. It is important to point out the explanation of why
equilibrium outcomes often fail the efficiency (and even the constrained efficiency) test.
The problem lies in network externality: in making her language acquisition decision, an
individual does not take into account how the level of communicative benefits of others
is affected by her own decision. We then proceed with the discussion of possible public
policies that can reduce the gap between equilibrium and desired efficiency. Our anal-
ysis of efficiency leads us identifying the requirements that guarantee socially beneficial
communication patterns and optimal language acquisition mechanisms within a society.

We augment our quest for raising the level of communicative benefits (and under-
lined economic efficiency) by analyzing optimal choices of sets of official languages that
facilitate economic cooperation, cultural exchange and enhanced trade relationship with
a country and with other trading partners. However, the selection of official languages is
a delicate and often daunting task, due to, according to Pool (1991), divisive, symbolic
and contentious nature of language conflict, inherent incompatibilities between language
communities, reluctance of the majority group to concede linguistic rights to minorities,
and the power of civil servants to protect their linguistic privileges. The paper therefore
lays down fair and sound principles that help to overcome those difficulties.

We would like to point out that most of the issues described here are relatively new.
They therefore require a further research effort, both theoretical and empirical, to address
the patterns of language acquisition emerging in our rapidly changing economic and so-
cial environment. The tools described here could be also useful for examining economic
benefits and costs of linguistic policies in several countries in Europe, South and North

America, and Africa.
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