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Abstract

We address the problem of assessing the value of a language. We consider a stylized model of multi-
lingual societies in which we introduce axioms formalizing the principles of impartiality, monotonicity,
invariance and consistency. We show that the combination of these axioms characterizes a family of com-
municative benefit functions which assign a value to each language in the society. The functions within
the family involve a two-step procedure. First, they identify the groups of agents that can communicate in
each language. Second, each group is assigned an aggregate (size-dependent) value, which is evenly divided
among the languages in which the group can communicate. Our novel approach could be useful in a wide
range of empirical applications and policy decisions.
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1. Introduction

The latest version of the Ethnologue database (www.ethnologue.com) contains more than
seven thousand distinct languages spoken all over the world. As there are only a few hundred
nations, it follows that a large number of them, if not most, are multilingual. The distribution of
linguistic skills in multi-lingual societies is crucial to explain opportunities and challenges, both
at the individual and societal level. Moreover, the linguistic landscape is not static and could be
altered by the presence of economic and cultural incentives to acquire languages in addition to
one’s mother tongue.

Economists and social scientists alike have long been concerned with studying the impact
of acquiring foreign languages on economic outcomes (see, for instance, Ginsburgh and Weber
(2020) and the literature cited therein). From the individual perspective, each agent must evaluate
the benefits of learning other languages and weigh them against the cost of language acquisition.
Proficiency in languages has important consequences on earnings. Job opportunities are more
often open to applicants who speak several languages, though not all languages are identical in
that respect. Another important aspect of language acquisition for individuals is the challenges
of migration. Once in the new country, or even prior to that, the migrant might have to learn
(or at least improve the knowledge of) the local language to get a job, and thus be faced with a
learning decision. The importance of linguistic skills for migrants’ labor-markets is confirmed
by the literature on patterns of language acquisition by immigrants in various countries.'

Linguistic policies in multilingual societies, such as the selection of official languages (e.g.,
Pool, 1991) or the choice of the language of school instruction (e.g., Ginsburgh and Weber,
2020), are of great importance and might have profound economic and societal implications. A
decision on which official documents, collective goods or public services are offered in each
language, and the subsidization (partial or full) of the acquisition of some languages may im-
pact the patterns of language acquisition and, consequently, the economic development of the
society.

Both the individual decision of learning a new language and the implementation of a linguistic
policy require a proper cost-benefit analysis, which relies on the measurement of the benefits
associated to a given language (or set of languages).

The formal approach to the benefits of language learning was initially developed in the sem-
inal paper by Selten and Pool (1991), which subsumes both private monetary rewards and ‘pure
communicative’ benefits of exposure and access to different cultures. The more people an in-
dividual can speak with, the more advantageous the learning of other languages may seem. As
Lazear (1999) points out, “the incentives are greater for each individual to learn the majority
language when only a few persons in the country speak his or her native language.” The ben-
efits could be related to expanded employment opportunities and higher monetary returns, but
being immersed into a different culture and gaining unfiltered access to its history, arts, and lit-
erature in the original language could be viewed as important by some. To make the approach

' Dustmann and Fabbri (2003) showed that, in the UK, language proficiency has a positive effect on employment
probabilities, and lack of English fluency leads to earning losses. Bleakley and Chin (2004) found a significant positive
effect of English proficiency on wages among adults who immigrated to the United States as children. Ginsburgh and
Prieto-Rodriguez (2007) showed that a second language (in most cases, English) raises wages in the range of five to
fifteen percent in Austria, Finland, France, Germany, Greece, Italy, Portugal and Spain. Albouy (2008) found substantial
wage differentials and, therefore, incentives, for a French-speaking Canadian to learn English, while the reverse is not
true. For a survey of this growing brand of the literature, the reader is referred to Chiswick and Miller (2014).
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in Selten and Pool (1991) operational, Church and King (1993) examined a model where the
communicative benefits are simply represented by the number of people an individual can com-
municate with.”

The growing attention to the nature of the economic trade-off between benefits and costs of
language acquisition, and the intuitive appeal of the notion of communicative benefits, leave open
the search for fundamentals on which this notion can be built on. The purpose of this paper is to
axiomatically analyze the measurement of the value of a language, interpreted as evaluating the
communicative benefits it yields. We acknowledge that a language might be valuable for many
reasons and we certainly do not pretend to capture all of them. Our aim is to focus on its role
to permit interactions and economic activity, thus leaving aside its “pure consumption value”,
or its diversity value. Consequently, we approach the problem in a purely objective fashion and
without reference to individual subjective views about languages. This will become clear in the
axioms considered in our model.

Our analysis can be done from the individual perspective (i.e., how much benefit an agent
obtains from knowing each language) or from the social one (i.e., how much benefit society as
a whole obtains from the knowledge of each language). We adopt this second approach in our
main analysis, but we will discuss later how the results can be adapted to the individual learning
decisions.

In our model, a linguistic landscape of a society is described by a matrix with dichotomous
entries, depending on whether the corresponding agent (row) speaks the corresponding language
(column) or not. The aim is to derive the communicative benefits of each of the languages in
society. Instead of assuming a specific functional form, as it is done in the existing literature, we
approach the problem by introducing several axioms that formalize appealing principles from a
normative perspective. Our first two axioms refer to the principle of impartiality, one of the most
basic principles in the theory of justice (e.g., Moreno-Ternero and Roemer, 2006). A monotonic-
ity axiom and an invariance axiom reflect how the communicative benefits should react to certain
changes of the linguistic landscape. We also introduce a consistency axiom, another notion with
a long tradition of use in normative economics (e.g., Thomson, 2012).3 Our main result states
that the combination of these five axioms characterizes a family of communicative benefit func-
tions, assigning to each language its value by means of a two-step procedure: First, it identifies
the groups of agents that can communicate in that language. Second, each group is assigned an
aggregate communicative size-dependent value, which is evenly divided among the languages of
communication of this group.

We believe our work could be useful in a variety of policy implications. For instance, in a
multilingual society, public authorities might be interested in promoting multilingualism upon
subsidizing the acquisition of one (or some) specific language(s). Which should be the chosen
language(s)? We believe this decision could be driven by the communicative benefit functions
derived in this paper, which allows us to rank all the existing languages, as well as to evaluate lin-
guistic policies, as we shall show in Section 4. In a cost-benefit framework, one could actually use
the cost per unit of (communicative) benefit gained, akin to what the so-called cost-per-QALY-
gained concept conveys in the economic evaluation of health care programs (e.g., Neumann et
al., 2014).*

2 See also Ginsburgh et al. (2007), Gabszewicz et al. (2011) and Athanasiou et al. (2016).

3 When formally introducing each of the axioms in Section 3, we shall discuss in detail the value judgments they
formalize, as well as some of the implications they convey.

4 See Hougaard et al. (2013) for an axiomatic characterization of QALY's as a measure of health outcomes.
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Moreover, our analysis has potential empirical applications. Our family of communicative
benefit functions could be used, for instance, to measure the value of different languages in
the (pre and post-Brexit) European Union (e.g., Ginsburgh et al., 2017), the choice of official
languages (e.g., in South Africa, see Ginsburgh and Weber, 2011), as well as in multilingual
countries where the linguistic policies were linked to economic development (Easterly and
Levine, 1997) or devastating conflicts (Castafieda-Dower et al., 2017). Our measures might also
be relevant to study the welfare effect of language barriers in communication (e.g., Giovannoni
and Xiong, 2019) or the effects of communicative benefits in models of language dynamics (e.g.,
Abrams and Strogatz, 2003).

The rest of the paper is organized as follows. In Section 2, we introduce the notation and
definitions. In Section 3, we present our axioms and the characterization result. In Section 4, we
develop some applications of our result. Section 5 offers some additional insights from our result
and, finally, Section 6 concludes. The proofs are relegated to the Appendix A.

2. Notation and definitions

Let AV be the universal set of agents and £ be the universal set of languages. Both sets can be
finite or infinite. A particular situation is a triple (N, L, A), where N € \ is a finite set of agents,
L C L is afinite set of languages, and A is a 0 — 1 matrix that summarizes the multilingual reality
of the society N over the set of languages L. Formally, a;; = 1 if agent i € N speaks language
l € L, and a;; = 0 otherwise. We thus assume that there is no distinction between speaking a
language well or not, or between native and non-native languages. Let S be the set of possible sit-
uations. We define, for each situation (N, L, A) € S, the set of speakers of a given language [ € L
by Na(l),i.e., No(l) ={i € N : aj; = 1}. Then, a set of agents M can communicate with a given
language / if M C N4(I). We denote the collection of all coalitions that can communicate with
languages in L by N4 (L), i.e., No(L) = {M C N : there exists [ € L for which M C N4(l)}.
We also define, for each situation (N, L, A) € S, the indicator function that describes if group
M C N can communicate in language / € L or not as di‘ (M), ie., df4 M)y=1if M C N4g(),
and di(M) = 0 otherwise. We denote the number of languages in which group M C N can
communicate by d§ (M), i.e., df (M) =Y., d\ (M).

Given a pair of situations (N, L, A), (N, L', A") € S, with L N L' = @, we define the union of
them as a new situation (N, L U L’, AU A’) in the natural way. For each situation (N, L, A) € S,
and for each L’ C L, we denote the situation restricted to L’ by (N, L', A|;/), where A|;/ is the
resulting matrix from A after dismissing all the columns from L \ L.

Given a situation (N, L, A) € S, we define a communicative benefit function ¢, 4): L —
R that associates, for each language / € L, a non-negative real number indicating the com-
municative benefits of this language in this situation.” We define ¢ = Uw.2.4)es Bv.L,4)- For
normalizing purposes, we assume that there exists a situation (N, L, A) € S and alanguage / € L
such that ¢z, 4)(1) =0. Let ® : S — R be such that (N, L, A) = ;.; ¢w,1,4) (1) for
each (N, L, A) € S. This function ® indicates the total communicative benefits of all languages
in a society.”

5 We denote by N the set of natural numbers, by R the set of real numbers, and by R the set of non-negative real
numbers.

6 Note that we assume an unweighted aggregation of each language’s communicative benefits, thus reflecting an im-
partiality judgment to be properly formalized next.
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3. Axioms and characterization

Our goal is to derive communicative benefit functions axiomatically. For that matter, we im-
pose some axioms that we find compelling.

Our first axiom, Anonymity, is a standard formalization of the principle of impartiality, which
refers to the fact that the identity of each agent should not matter in the evaluation. To define
it formally, let TV be the class of bijections from A into itself. For each (N, L, A) € S, and
each 7 € I'IN, let w(N, L, A) = (w(N), L, (ar@y)inenxt), where m(N) = {i eN:nli)e
N}.

Anonymity: For each (N, L, A) € S,each € MV and each [ e L, o, L,a0) =dzw,L,4)0).

Anonymity requires that the name of each of the agents (an ethically irrelevant information)
should be excluded from the evaluation process. The next axiom, Equal Treatment of Equal
Languages, establishes a similar idea for languages expressed in very weak terms.

Equal Treatment of Equal Languages: For each (N, L, A) € S and each pair [, !’ € L such that
ajp =a;p foreachi e N, ¢, 1. 4)(1) =, L. 4) (O

Equal Treatment of Equal Languages implies that if we have a situation in which two lan-
guages have the same set of speakers, then their communicative benefits are the same. Observe
that this property is weaker than the classic Neutrality property, which says that a permutation of
languages permutes analogously the languages’ communicative benefits.’

The previous two axioms prevent asymmetric treatment of equal (according to the model)
agents and languages. There might be convincing reasons to do otherwise. For instance, one may
want to advocate placing a higher value on languages spoken, say, by native people if they have
suffered past injustices. This is, obviously, an interesting issue, but needs to be addressed with a
more general model (including dynamic aspects) than the one we present here.®

To introduce the next axiom, we define the following concept of communicational inclusion of
situations: for each pair (N, L, A), (N, L', A") € S, we say that (N, L, A) C (N, L’, A’) when-
ever for each [ € L, there exists I’ € L’ such that alf y = 1foreachi € N with a;; = 1.° Then, the
axiom of Communicational Inclusion Monotonicity says the following:

Communicational Inclusion Monotonicity: For each pair (N, L, A), (N, L', A") € S such that
(N,L,A)S(N,L",A"), ®(N,L',A") = ®(N, L, A).

The Communicational Inclusion Monotonicity axiom conveys two ideas of weak monotonic-
ity (adding languages is weakly good for the total communicative benefits of society, and adding
speakers to a language is also weakly good for the same purpose) and an idea of supermodularity
(it is not worse for the total communicative benefits of society to have a common language than a
set of languages whose union of speakers coincides with the speakers of the common language).
The following example illustrates this axiom.

7 The formal definition of Neutrality is: For each (N, L, A) € S, each possible bijection u from L to itself, and
eachl € L, ¢y, 1,4)(D) = dpu(n,L,4) (1)), where (N, L, A) = (N, u(L), (@ uq)) (i,))eNxL)s With p(L) ={l € L:
w~L() € L}. Note that, although Neutrality implies Equal Treatment of Equal Languages, the opposite is not true.

8 We briefly outline in Section 6 a possible extension of our model in this direction.

9 Note that it is possible that (N, L, A) € (N, L', A’) with L ¢ L and even with L’ C L.
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Example 1. Let N = {1,2,3,4,5,6}, L ={a,b,c}, L>={a,b,c,d}, L*> = {e, ¢}, and

a b c a b ¢

1{0 1 O 1 {0 1 1
211 1 0 211 1 0
A:3 0 0 1 A1:3 0 0 1
411 0 O 411 0 O
510 0 1 510 0 1
6\0 1 O 6\0 1 O

a b c d e ¢

1{0 1 0 O 1({1 O
211 1 0 O 211 0
A2:3 0 01 0 A3:3 0 1
411 0 0 O 411 0
510 0 1 1 510 1
6\0 1 0 1 6\1 O

Note that the only difference between situation (N, L, A) and situation (N, L, Al is that
agent 1 speaks language c in the latter, but not in the former. Thus, (N, L, A) € (N, L, Al) and,
by Communicational Inclusion Monotonicity, ®(N, L, Al) > ®(N, L, A). Similarly, the only
difference between situation (N, L, A) and situation (N, L?, A2) is that a new language d is
added in the latter. Thus, (N, L, A) C (N, L2, A2) and, by Communicational Inclusion Mono-
tonicity, ®(N, L, A%) > ®(N, L, A). Finally, the only difference between situation (N, L, A)
and situation (N, L3, A) is that languages a and b are replaced by language e, and it turns out
that all agents speaking one of the former languages (a and b) in the first situation speak the
new language e in the last situation. Thus, (N, L, A) C (N, L3, A3) and, by Communicational
Inclusion Monotonicity, ®(N, L3, A3) >O(N,L,A).

Communicational Inclusion Monotonicity has important and non-trivial implications. For in-
stance, given a society N, if everyone can speak a common language, then this is the first-best
scenario according to the total communicative benefits of the society and it does not matter who
else can speak any other language. Formally, if (N, L, A) € S is such that there exists [ € L with
ajj=1foralli € N,then (N, L', A") C (N, L, A) forany (N, L’, A") € S and, thus, by Commu-
nicational Inclusion Monotonicity, ®(N, L, A) > ®(N, L', A’). Somewhat related, suppose we
want to compare a situation in which there exists one common language with another in which
this common language coexists with other languages. In that context, by the above argument,
Communicational Inclusion Monotonicity implies that the total communicative benefits of both
situations are exactly the same (note that the axiom can be applied in both directions). In other
words, what matters is whether agents can communicate or not. The number of languages in
which that occurs is irrelevant.

The next axiom is called Irrelevance of Non Speakers. It says that the communicative ben-
efits of a new language in a situation should not depend on the agents that do not speak that
language.
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Irrelevance of Non Speakers: For each trio (N, L, A), (N, L, A’), (N,{l}, A”) e S, withl ¢ L,
such that a;; = alfk foreachi € Ny»(l) and each k € L,

o, Loy, auany () = o, Lugy, aruany ().

This axiom is reminiscent of the classical axiom of Independence of Irrelevant Alternatives
in social choice theory (e.g., Arrow, 1951). It excludes the possibility that information about
agents who do not speak a language influence the value of such a language, as Independence
of Irrelevant Alternatives excludes information about other alternatives when deciding the social
ranking about a pair of alternatives. The following example illustrates this axiom.

Example 2. Let N ={1,2,3,4,5,6}, L={a, b, ¢}, and

a b ¢ a b c l

1 {0 1 O 10 1 1 1 (0
211 1 0 211 1 0 211
A=3 0 0 1 A’=3 0 0 1 A”=3 0
411 0 O 411 0 O 411
510 0 1 510 0 1 511
6\0 1 O 6\0 1 O 6 \1

a b ¢ 1 a b c |1

1{O0 1 0 O 10 1 1 0

211 1 0 1 211 1 0 1
AUA”:S 0 01 0 A/UA”=3 0 0 1 0
411 0 0 1 411 0 0 1

510 0 1 1 510 0 1 1

6\0 1 0 1 6\0 1 0 1

Let [ ¢ L. Then, the situation (N, {I}, A”) reflects that, except for agents 1 and 3, all other
agents in N speak language /. Observe that all those agents (2, 4, 5 and 6) have the same language
proficiency (of languages a, b and ¢) in situations (N, L, A) and (N, L, A"). Thus, by Irrelevance
of Non Speakers, ¢(n.Luyy, auary (D) = dv,Lugy, auary (D).

The final axiom is called Null Agent Consistency. It says that the addition of an agent that
does not speak any language has no impact on the total communicative benefits of the situation.
This is the only axiom of our set of properties that refers to populations of different sizes.

Null Agent Consistency: For each pair (N, L, A), (N U {i}, L, A’) € S such thati ¢ N, and for
eachl € L, a;; =0 and a}l =aj foreach j € N,

S(NU(i},L,A)=d(N, L, A).

This axiom implies that the communicative benefit function should take into account the
agents that speak the language, but not the remaining ones. Thus, Null Agent Consistency is
compatible with functions that are based, for example, on the absolute number of speakers of
each language. It is incompatible though with functions that include relative measures, such as,
for instance, the proportion of individuals speaking each language in society.

7
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We now describe a specific family of communicative benefit functions. Each of them assigns
a value to each language [ in a situation (N, L, A) by means of the following procedure. First, it
focuses only on the groups of agents that can communicate between them in this language: these
are the subgroups M such that M € N4 (/). Second, each group M has a total communicative
value that depends on its size, w(]M|), and this value is divided evenly between the languages
in which the group can communicate. Then, the communicative benefits of language / for the
dl (M)
d (M)
sum of these values for all coalitions that can communicate in this language.'”

subgroup M are w(|M]|) - . Finally, the total communicative benefits of language / are the

Definition 1. A communicative benefit function ¢ belongs to the class F if there exists a mapping
w: N — R such that

_ dy (M)
o= Y. (‘“('M')'d};w))’

MCN, M2

for each (N, L,A) € Sandeach!l € L.

The members of this class of communicative benefit functions differ on the weights of each
subgroup size, represented by the mapping w, for which the unique restriction is that they should
be non—negative. For each mapping w, we shall denote by ¢ the communicative benefit function
within class F associated with w. Observe that if ¢ = ¢®, then

OUN, L, A=Y ¢ oD= D (M),
leL MCNA(L), M#)
foreach (N,L,A) € S.
The main result of the paper states that the set of axioms introduced above characterizes the
class of communicative benefit functions F.

Theorem 1. A communicative benefit function ¢ satisfies Anonymity, Equal Treatment of Equal
Languages, Communicational Inclusion Monotonicity, Irrelevance of Non Speakers and Null
Agent Consistency if and only if it belongs to the class F.

Theorem 1 is a tight result, as the next proposition states.

Proposition 1. Anonymity, Equal Treatment of Equal Languages, Communicational Inclusion
Monotonicity, Irrelevance of Non Speakers and Null Agent Consistency are independent ax-
ioms.

As we have mentioned in the Introduction, we have decided to develop the model measuring
the social benefits of each language, but a similar approach can be done to measure the benefits
each agent obtains from each set of languages. This would imply the construction of a function
@(N,L,A) that associates for each agent i € N the communicative benefits this agent obtains from

10 Ag di‘(M) = 0 for the languages in which the group M cannot communicate, we can express the total value of

dl (M)
A

df (M)

language / by the formula at Definition 1. Note also that, if de‘ (M) = dﬁ (M) =0, we replace by 0
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situation (N, L, A). A family of these functions, dubbed F*, sharing the spirit of our family F
characterized above, would be the following:

M
(pEUN’L’A)(i): Z (,()(| |)’

ieMCN |M|
CNa(L)

for each (N, L, A) e Sandeachi € N.

In words, first the groups in which i can communicate are identified (formally, M € N4 (L)
such that i € M). Second, the total communicative value of each of these groups (defined by
o (|M]) as in Definition 1) is divided evenly among its members. It can be shown (with similar
arguments to the ones used at the proof of Theorem 1) that a suitable adaptation of the axioms
presented above would also characterize this family of individual communicative benefit func-
tions.'!

To conclude with this section, we provide an example to illustrate how to calculate the com-
municative benefits of languages and agents with the functions from families F and F™*.

Example 3. Let N = {1,2,3,4,5}, L = {a, b, c}, and

a b ¢ a b c
1/0 1 1 1/0 1 0
211 1 1 211 1 1

A=311 0 1| A=3]0 0 1
4l1 1 0 411 0 1
5\1 1 0 5\0 1 1

The following tables collect the communicative benefits that the functions from F and F*
yield for each agent i € N and each language [ € L, at situations (N, L, A) and (N, L, A"),
depending on the weight function w.

l *n.r.ayD oy L.anD

a o) +402) + o 3) + @) 2u() + $0(2)

b o) +402) + Jw3) + @) o) +3w2) + @)

c Fo() +20(2) + »(3) To()+50(2) +40(3) + 0 (@)

~.

¢n, .00 P(n,z,an 0

1 o()+20Q)+320@) +io@ o) +w@) +i003)

(1) +20(2) +203) + Jw(4) o(1) +20(2) + 03) + o)
(1) +202) + F03) + jo4) o)+ 302) +03) + jo )
o()+20Q2)+30B3) + 0@ o) +30Q@) +w@) +lo@)
o(1) +202) + 303) + J04) o(1) +202) + 30 3) + jo@)

S \°)

11 Observe that 21:\/ ‘p?)N,L,A)(i) = 12;‘ ¢?)N,L,A)(l) = ®Y(N, L, A), for each w.
ie €

9
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Consequently, the total values of situations (N, L, A) and (N, L, A’) are

QN L, A) =) ¢% 1 4D =0l 1.4 =50(1)+100(2) + 8w(3) + 20(4),

leL ieN
and
OU(N, L, A= ¢ 1 ayD=D_ 0% 1 4 =50(1) +80(2) + 50(3) + 0 (4),
leL ieN
respectively.

We could move beyond the previous example to apply our measures to survey data. For
instance, the so-called Special Eurobarometer 386 provides information about the citizens’ atti-
tudes towards foreign languages and multilingualism within the European Union (EU). It looks
at the ways in which Europeans learn and use foreign languages. From here, we could potentially
estimate the situation (in the parlance of our model) associated to the EU, and obtain the com-
municative benefits of each language and each agent therein, using a member from our family.

4. Applications

In this section, we aim to illustrate how our novel approach could be useful in a wide range of
empirical applications and policy decisions.

We first present a simple model to analyze linguistic policies in dual language societies. '
More precisely, we explore subsidizing language education in such societies. We show that,
in such a setting, some interesting results (with non-trivial policy implications) are robust to
considering the whole family 7 of communicative benefit functions.

We then move to scrutinize two seminal models within the existing literature on the economics
of language: the selection of official languages and individual decisions for language acquisition.
In both cases, (individual or government) decisions are modeled upon describing the costs and
benefits of each of the existing alternatives. And the proposed benefit functions try to reflect the
communicative benefits (for the individual, or the whole society) each of the alternatives yield.
Typically, as we shall show, those functions are specific members of our family. We analyze
whether results are robust to changes of the communicative benefit function within our family or
rather depend on its particular choice. We show that, for both models, some of the conclusions
that can be obtained are contingent on the selection of communicative benefit functions within
the family.

4.1. Subsidizing language education

Consider a society partitioned into two non-empty disjoint linguistic groups. Denote by 1
and 2 the two languages and by Nj and N, the two corresponding sets of agents speaking each
(and only) one of those languages.'? For each i € {1,2}, let n; denote the size of group N;.
Thus, communication only exists within groups, but not between them. In order to improve this
situation, the central government might consider two possible policies:

12 We thank an anonymous referee for suggesting this specific application.
13 The non-existence of bilingual agents can be dismissed and the ensuing arguments would just be easily extended.
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(a) subsidizing some agents of each group to learn the other language,
(b) subsidizing some agents of both groups to learn a neutral third language.

To appeal to a real-life case, one may think of a dual language country, such as Canada,
where some regions are English-speaking and others are French-speaking. The Canadian gov-
ernment could then subsidize learning French in the English-speaking provinces and English in
the French-speaking provinces, or rather subsidizing learning a neutral third language in both
provinces.'* We will call the first option a bilingual policy and the second option a monolingual
policy. Formally, a bilingual policy is a pair (n12, n21) such that n;; denotes the number of subsi-
dies allocated to group N; to learn language j. Similarly, a monolingual policy is a pair (m1, m3)
such that, for each k € {1, 2}, m; denotes the number of subsidies allocated to group Ny to learn
the neutral language.'”

In what follows, we show how our family of communicative benefit functions can help the
government deal with this policy choice. To do that, we introduce first the concept of policy
dominance. We say that policy S weakly dominates policy T, which we write as § = T, if there
is no member of F assigning a strictly higher increase in the total communicative benefits of the
society with the application of T than with the application of S.'® We say that policy S strictly
dominates policy T, which we write as S > T,if S =~ T butnot T - S.

As the following example illustrates, 7~ only induces a partial ordering.

Example 4. Let n; = ny = 10. Let S be the bilingual policy defined by n12 = ny; =5, and let
T denote the monolingual policy defined by m; = my = 8. Let ¢ € F be such that w(2) =1
and w(i) = 0 for each i # 2. Finally, let #“ € F be such that »'(16) = 1 and /(i) = 0 for
each i # 16. Then, according to ¢, S increases the total communicative benefits by 75, whereas
T increases the total communicative benefits by 64. However, according to ¢“’l, S leaves total
communicative benefits unchanged, whereas T increases the total communicative benefits by 1.
Thus, neither S 2 T nor T 7 S.

As shown next, in spite of not having a complete ordering of policies, we are able to deduce
some interesting policy comparisons.

First, two almost trivial comparisons. On the one hand, a bilingual policy weakly dominates
all other bilingual policies with weakly less subsidies in each dimension. And this domination
becomes strict when there are strictly more subsidies in the former policy, provided not all agents
from any group are subsidized in the latter policy. Formally,

FACT 0a: If n|, < ni2 and ny; < nay, then (n12,n21) I (n,, n%,). If, additionally, at least one
of the inequalities is strict, and neither n', = ny nor ny; = n, then (n12, nz1) > (n,, n%,).

14" Another somewhat related case is the so-called 3 = 1 language policy, successfully implemented in India in the 1960s.
English and Hindi shared the status of All-Union languages. The third language was the language of the state in which
each Indian was living. This meant that some (those living in states with Hindi as official language) only had to learn
3 — 1 =2 languages, whereas others (those whose mother tongue was neither the state language nor one of the All-Union
languages) had to learn 3 + 1 = 4 languages (see Laitin, 1989). Similar policies were also implemented later in other
countries such as Nigeria, Senegal or Kazakhstan.

I3 We assume subsidies always guarantee learning the language, which naturally implies n1y <ny, noy <np, mj; <nj
and mp <njp.

16 This concept of policy dominance may depend on the society (n1, n) in which policies are applied. However, for
ease of exposition, we shall avoid this dependence in the notation.
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Similarly, a monolingual policy weakly dominates all other monolingual policies with less
subsidies in each dimension. Again, this domination becomes strict when there are strictly more
subsidies in the former policy, provided the number of subsidies in each group in that policy is
strictly positive. Formally,

FACT Ob: If m| <my and m), < my, then (m1, ma) 7 (m}, mj). If, additionally, at least one of
the inequalities is strict, and mymy > 0, then (m1,my) > (m', m}).

The previous (monotonicity) comparisons are not extremely interesting because more subsi-
dies in both dimensions render the subsequent policy more expensive. Thus, we focus on more
interesting comparisons. First, suppose that the government has decided to adopt a bilingual pol-
icy and that extra funding becomes available to subsidize one more agent (to learn the language
of the other group). Then, as the next fact states, this agent should be picked from the minoritarian

group.
FACT 1: (n;p + 1,n21) 7, (n12,n21 + 1) < ny <np.

Fact 1 establishes that, with bilingual policies, it is unambiguously better, from the commu-
nicative benefits perspective, to subsidize an agent from the minoritarian group rather than an
agent from the majoritarian group. The argument is simple: learning the language of the other
group allows to create communication between the chosen agent and all the agents from the
other group. Thus, the bigger the other group is, the higher the added communicative benefits.
As stated next, it is possible to establish a similar result for monolingual policies.

FACT 2: (m1 + 1,mp) 7, (my,my+ 1) < my <my.

Fact 2 establishes that, with monolingual policies, it is unambiguously better, from the com-
municative benefits perspective, to evenly subsidize the learning of a new language to the two
groups. Observe that the sizes of the two original groups are irrelevant for this fact. Again, the
argument is simple: learning the neutral language allows an agent to have new communication
channels, provided this neutral language is also learnt by agents from the other group; thus, it is
better to evenly subsidize the learning of this new language in both groups, rather than concen-
trating subsidies on only one group.

Although our family of communicative benefit functions only cares about the efficiency of the
communication among agents, thus ignoring equity aspects, both Facts 1 and 2 convey an equity
flavor in the distribution of the subsidies. On the one hand, as just mentioned, Fact 2 suggests an
equal distribution of the subsidies across groups. On the other hand, Fact 1 goes one step further
defending to prioritize the subsidies to the agents from the minoritarian group.'’

The next fact illustrates that our family not only serves to unambiguously compare poli-
cies from the same type, but also policies from both types. For instance, if a bilingual and
a monolingual policy have the same number of overall subsidies, then the former weakly
dominates the latter. And this domination becomes strict if the policies do not subsidize all
agents.

17 Nevertheless, as will be discussed later, the minoritarian group might oppose that policy because it might threaten its
native culture (eventually making it disappear in the long run).
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FACT 3: If m| + my = nyp + npy, then (n12,n21) = (my, my). If, additionally, 0 < m| +my <
ni + no, then (n12,n21) > (m1, my).

Fact 3 establishes that it is always better to implement a bilingual policy than a monolin-
gual policy with the same number of learners. The underlying argument is the following: with a
monolingual policy, any learner of the neutral language can only communicate with the members
from the other group that also learned this neutral language. However, if the agent has learnt the
language of the other group, which is the case with a bilingual policy, then she can also commu-
nicate with the remaining members of the other group. Therefore, if the cost of subsidizing the
learning of a new language is the same across both policies, our family of communicative benefit
functions clearly favors bilingual policies. Note that Fact 2 had established that the best way to
implement a monolingual policy is to divide evenly the learners of the new language between
the two original groups. Fact 3 shows that, even in that case, it is always better to implement any
bilingual policy with the same number of learners.

Nevertheless, it is always possible to add enough subsidies to the monolingual policy to re-
vert the above-mentioned domination.'® The minimal number of additional subsidies to reach
that goal is what we call the monolingual premium. More precisely, for each bilingual policy
(n12,n71) and group sizes (ny,n»), we define k((n12,n21), (n1,n2)) as the minimal number
for which there exists a monolingual policy (m1,m>), with m| + my = k((n12,n21), (n1, n2)),
such that (n12, n21) does not strictly dominate (m1, m2) in a society with group sizes (n1, n2).
Thus, [((n12,n71), (n1,n2)) =k((n12,n21), (n1,n2)) — (n12 + ny1) is the number of extra learn-
ers of the neutral language in a monolingual policy that are needed to compensate with re-
spect to the bilingual policy (n12,n21) in a society with group sizes (ny,n2). We refer to
I((n12,n21), (n1, ny)) as the monolingual premium. 19 The next fact establishes the monotonicity
of the monolingual premium with respect to the size of each group.

FACT 4: If n12 > 0 and ny =0, then [((n12, n21), (n1, n2)) is strictly increasing on ny and is
constant on ni. If no; > 0 and n13 =0, then [((n12,n21), (n1, n2)) is strictly increasing on n
and constant on ny. If n1a > 0 and ny1 > 0, then [((n12,n21), (n1, n2)) is strictly increasing on
ny and n».

We explain the first of the three statements (the other two are along the same lines). Whereas
Fact 3 established that subsidizing a certain number of agents from group 1 to learn the neutral
language is worse than subsidizing them to learn the language of group 2, Fact 4 establishes
that this loss (associated to a monolingual policy) becomes larger as group 2 becomes larger, but
remains constant with the size of group 1. The reason for the former is that learning the language
of the other group contributes with more efficiency gains when the size of the other group is
larger and, therefore, more learners of the neutral language are needed to compensate that the
government would opt for a monolingual policy. The reason for the latter is that learning the
language of the other group does not increase the communication options with the members of
your own group.

18 For instance, the monolingual policy (m1,mp) such that m; =n| and my = nj is not strictly dominated by any
bilingual policy (112, n21).

19 A similar analysis can be done if k((n12,n21), (n1,n7)) is defined as the minimal number such that there exists
a monolingual policy (m1,mp) with m| +my = k((n12,n21), (n1,n2)) and (my,my) > (n13,n31), in a society with
group sizes (ny,n2).
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To conclude, we deduce an interesting feature from all the previous facts, which builds onto
the following two items:

e By Fact 3, bilingual policies dominate monolingual policies with the same number of subsi-
dies. Also, by Fact 1, fixing a number of subsidies, the optimal bilingual policy in terms of
communicative benefits is to concentrate these subsidies on the minoritarian group. Then, it
can be deduced that, from the communicative benefits perspective, and assuming that all sub-
sidies are equally expensive, the optimal solution is clear: select the bilingual policy in which
agents from the minoritarian group learn the language from the majoritarian group. Formally,
if n1 < n», the optimal policy with ¢ subsidies is the bilingual policy (n12, n21) = (c, 0).

e By the first statement of Fact 4, I((c,0), (n1,n2)) < I((c,0), (n1,ny + 1)) and I((c, 0),
(n1,n2+ 1) =1((c,0), (n; — 1,no + 1)). Thus, I((c, 0), (n1,n2)) <I((c,0),(n; —1,ny +
1)). This result holds for any group sizes and, in particular, when n| < n,.

Joining the two items above, we can conclude that the extra cost for adopting a monolingual
policy with respect to the optimal bilingual policy is higher when polarization is lower.”’ The
reason behind this conclusion is the following: as the optimal bilingual policy only subsidizes
agents from the minoritarian group, its impact (in terms of communicative benefits) is bigger
when the majoritarian group is bigger and is not affected by the size of the minoritarian group.
Furthermore, by Fact 2, the impact of the monolingual policies is not affected by the sizes of
the groups. It thus becomes clear that a monolingual policy with more subsidies is necessary to
compensate the bigger impact of an optimal bilingual policy when polarization is lower.

This conclusion is somewhat related to what we mentioned in Footnote 17. We argued there
that a bilingual policy could create political conflicts because the minoritarian group can feel that
its native culture is discriminated and that, eventually, might disappear. And the more similar
the sizes of both groups, the higher the risk for political conflict because both groups would
feel more unfair the intentions of imposing the other group’s language as the prioritarian one.
Therefore, the decision of opting for a monolingual policy to avoid political conflicts would be a
more attractive decision for highly polarized societies. However, as we have seen, apart from this
political reason, there is an economic one to hope to find more monolingual policies in highly
polarized societies: the monolingual premium is lower when polarization is higher.

4.2. Selecting official languages

The choice of official languages is another natural application of our analysis. Governments,
firms, associations, and international organizations decide the languages that they require or per-
mit to be used in official businesses. This is a natural political question that calls for an economic
evaluation of the available options. Pool (1991), in what can be considered as the seminal paper
to deal with this issue, suggests to formalize the benefits of each option as the number of agents
that speak at least one of the languages deemed as official. Ginsburgh et al. (2005) endorse the
same idea to determine optimal sets of official languages in the European Union.”' This corre-

20 Observe that, in our context, (n1,np) is a more polarized society than (n; — 1,ny 4+ 1) when ny <nj.

21 To be precise, both papers consider translation costs and adoption costs (or benefits expressed in negative numbers).
The latter depend on the languages spoken by each agent and the set of official languages. On aggregate terms, these ben-
efits can just be expressed as the number of agents that speak at least one of the official languages (under the assumption
that adoption is homogeneous across languages).
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sponds to a particular communicative benefit function within our family F; namely, ¢ such that
w(l)=1and w(i) =0, for each i # 1.

The above assumption conveys an important (albeit questionable) value judgment: the only
interactions that matter with respect to the official languages are the ones generated by single
agents. This is meaningful, for instance, when the main concern is to guarantee the individual
access to official documents. Nevertheless, other important concerns could also be considered.
For instance, many official meetings require, by law, that they are carried out in one of the official
languages. Closer to home, think for example of university department meetings in many coun-
tries. Regulation at the university determines the official languages, and any department member
has the right to veto the choice of another language to carry out an official department meeting.
This implies that the selection of the appropriate communicative benefit function should also
yield a positive weight to groups of size greater than 1. Our family F yields many options to do
so. As we show in the next example, a change of the communicative benefit function, from the
one adopted by Pool (1991) and Ginsburgh et al. (2005) to another within the family F, could
change the selection of the official languages in some instances.

Example 5. Let N ={1,2,3,4,5,6,7}, L ={a, b, c}, and

a b ¢

1({1 0 O
211 0 1
311 0 1
A=4]10 1 1
510 1 1
610 1 O
7\0 0 O

If the cost of selecting more than one official language is very high compared with the cost
of selecting only one official language, the decision is straightforward (not only with the specific
communicative benefit function in Pool (1991) and Ginsburgh et al. (2005), but also with any
other member within the family F): ¢ should be the unique official language.”” However, if
the cost of selecting two official languages is similar to the cost of selecting only one official
language, the situation changes. To wit, if one adopts the specific communicative benefit function
in Pool (1991) and Ginsburgh et al. (2005), a and b should be the official languages. Nevertheless,
with other members of the family F (more precisely, those ¢ for which w (4)+3w(3)+2w (2) >
(1)), then ¢ should be one of the official languages.”?

4.3. Individual decisions for language acquisition

We now turn to individual decisions for language acquisition. Lazear (1999) introduced an
influential model of culture and language, in which those decisions were instrumental to analyze

22 Note that (N, {a}, Al{a)) = (N, {b}, Aljp)) = 3w (1) +3w(2) + 0 (3), whereas @ (N, {c}, Al(¢}) = 4o (1) +
6w (2) + 4w (3) + w(4).

23 Note that PN, {a,b}, Aligp) = 60() + 6w(2) + 20(3), whereas (N, {a,c}, Aljge) =
QO(N, {b, ¢}, Al(p.c)) = So(1) + 8w (2) + 50 (3) + w(@).
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important issues such as optimal patterns of assimilation, culture adoption or immigration poli-
cies. In his model, individual decisions for language acquisition were based on the benefits side
on the number of new individuals you can communicate with. This is also the case in the model
introduced by Church and King (1993).>* This modeling assumption is a specific case within our
family F*; namely, the one associated with w such that w(2) =1 and w(i) = 0 for each i # 2.
Other cases could thus be considered and, as shown next, they would have different implications.

Example 6. Let N ={1,2,3,4,5,6,7,8}, L ={a, b, ¢}, and

a b c

1 /1 0 1
211 0 1
311 0 O
A=4 010
510 1 1
610 1 1
710 1 0O
8\0 1 O

Suppose that agent 4, who speaks language b, faces the option of learning language a or c. If
the cost of learning each is the same, and we endorse Lazear’s communicative benefit function,
the decision is straightforward: agent 4 should learn language a. Nevertheless, with other mem-
bers of the family F* (more precisely, those for which %w(S) + %w(4) + %w(3) > %a) (2)), agent
4 should learn language c instead.”

5. Further insights

Our axioms characterize a whole family of functions, giving freedom to consider arbitrary
weights for group sizes. For instance, the communicative benefit function assigning a value of
zero to all languages in all situations belongs to the family F. This implies that our axioms are
rather weak, to the extent that they cannot discard a trivial function such as the one just suggested.
Nevertheless, they are sufficiently strong to describe a stylized family with well-defined struc-
ture, as Theorem 1 states, and with interesting applications, as the ones described in Section 4.
If one wants to discard the trivial constant function just mentioned, it is necessary to slightly
strengthen one of the axioms of the result. More specifically, note that our axiom of Commu-
nicational Inclusion Monotonicity is defined with a weak inequality, although there would be
some comparisons embedded in this axiom in which it would be very natural to assume a strict
inequality: for instance, when L’ = L U {I} and the new language [ is spoken only by agents that
do not speak any other language of L. Strengthening this axiom requiring a strict inequality in
some cases (like those ones) would be enough to rule out the trivial constant function mentioned

24 More recently, Armstrong (2015) has considered a different model, which postulates that the command of a non-
native language may provide employers with a verifiable signal of the skills of an employee. In this setting, the individual
benefits associated to learning the non-native language are the extra wage employers pay to workers with that skill.

2 By learning a, agent 4 would increase her communicative benefits by %w(4) +o3)+ %a)(Z), whereas, by learning

¢, she would increase them by %w(S) +w@) + %w(3) +w(2).
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above. One might be interested into being more accurate and shrink the family to a unique or just
several functions, which could be obtained adding axioms with implications on the weights. For
instance, one could consider the basic axiom stating that a canonical society with a unique agent
offers null communicative benefits.”® This would amount to imposing the condition w(1) =0
in the definition of our family (thus, shrinking it). Likewise, one could also consider additional
axioms that would end up reflecting into the monotonicity of the w mapping.

An implication of our family that deserves attention can be illustrated with the following
comparison of situations, both concerning the society N = {1, 2, 3,4, 5, 6}. First, consider the
situation (N, L, A), with L ={l, a, b, c}, such that three individuals (say agents 1, 2 and 3) speak
language ! and the other three all speak their own language and are unable to communicate with
anyone else. Second, consider another situation (N, L, A”) such that language / has no speakers
and each of the other three languages has two different speakers, thus everyone can talk with one
other person. That is,

l a b c l a b c

1{1 0 0 O 1{0 1 0 O
211 0 0 O 210 1 0 O
A=3 1 0 0O A’:3 0 01 0
410 1 0 O 410 0 1 O
510 0 1 O 510 0 0 1
6\0 0 0 1 6\0 0 0 1

If we compute the communicative benefits of each agent with a member of family F*, we ob-
tain that (p(N L.AN (i) = 2a)(2) + w(1) for each i € N, whereas (p<N L.A) ()= 3a)(3) +w®)+
w(1) foreach j € {1,2,3} and ga(N I A)(k) w(l) foreach k € {4, 5, 6} Thus, although the dis-
tribution of the communicative benefits is more unequal in (N, L, A) thanin (N, L, A’), the sum
of communicative benefits of all agents is higher in the former situation. This implies a trade-off
from the social point of view. Our family opts in this trade-off for a utilitarian perspective, as
®® is constructed by adding the communicative benefits ¢ of all individuals. Thus, our family
states that situation (N, L, A) is weakly better-off (in the sense of giving more communicative
benefits to the society) than situation (N, L, A’). Alternative perspectives, making use of alterna-
tive aggregation procedures (for instance, a Rawlsian one) might also be applied and could well
generate the opposite ranking between situations (N, L, A) and (N, L, A").

A plausible question arising from our work is to check whether agents endorse our family
to measure the value of languages in their decisions. To answer this question we would need to
test the empirical content of our axioms or, more directly, our family of communicative bene-
fit functions. This question is related to the theory of revealed preference, which has a very long
and distinguished tradition in economics (e.g., Chambers and Echenique, 2016). It is based on the
idea that agents’ preferences are revealed with their choices. In our context, a data point is a situa-
tion, and as this is a much more complicated object than a choice set, the observability problem is
more severe than it would be in a standard decision theoretic setting. Nevertheless, we could po-
tentially address this issue (at least, partially) in some applications, such as those presented in the
previous section. For instance, consider the case of selecting official languages within the EU.
Although languages from countries joining the EU become official languages, three (English,

26 Formally, for each (N, L, A) € S such that |[N| =1, ®(N, L, A) =0.
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French and German) have been selected as ‘procedural’ languages.”’ This implicitly says that
they have reached a higher net value than other combinations. More precisely, for each subset of
official languages K, ®“(N,{E, F, G}, Al(g,r,c}) —C{E, F, G}) = ®“(N, K, Alx) — C(K),
where C is a function that reflects the translation costs of implementing each set of languages
as ‘procedural’. As the matrix A can be inferred from the Special Eurobarometer mentioned in
Section 3, we can compute from this condition some restrictions to the weights w. Similar con-
ditions could be obtained upon scrutinizing individual decisions regarding learning languages,
which are also questioned in the Special Eurobarometer.

We also acknowledge that our model implicitly assumes that a society N is “closed”, in the
sense that there are no individuals outside N interacting with those of N (either because N
is the entire world, or because the agents in N do not interact with those in the rest of the
world). We obtain the communicative benefits a language (or a set of languages) yields to this
society under that assumption. To address the communicative benefits of languages for an open
society, one should consider the knowledge of each language by the agents outside the society.
Then, denoting N as the entire world, we should construct, for each society S € N, each set of
languages L and each matrix A describing the knowledge of languages, a measure @y, 1., 4)(S)
that evaluates the communicative benefits this open society S obtains from this situation of the
entire world. Observe that this analysis has been already done for the specific case in which S
is a singleton. More precisely, in Section 3, we have computed the communicative benefits each
individual i obtains in each situation (N, L, A), thanks to ¢y, 1, 4)(i). This approach could be
extended to non-singleton sets.

While our model is distinctive and generates an innovative and novel result, we would like to
point out some links to classical contributions in the literature. First, the communicative benefit
function we derive for each language is reminiscent to the Shapley value for cooperative games
(e.g., Shapley, 1953). More precisely, for each situation (N, L, A) and each mapping w : N —
R, we can describe a TU-game (L, v*), where v is the characteristic function that assigns to
each subset of languages K C L the amount

(K= Y e(M),

MCNA(K),M#)

to be interpreted as the communicative benefits K generates within the situation (N, L, A), ac-
cording to w. The Shapley value of the TU-game (L, v®) yields precisely qbf”N’ L. A).zx Shapley
(1953) characterized his value relying on an additivity axiom, a symmetry axiom, and an axiom
requiring that the sum of the awards to non-dummy players equals the value of the grand coalition
(Axiom 2 in Shapley, 1953). The last axiom can be decomposed into two axioms: efficiency and
dummy player. Our characterization of the family F involves two symmetry axioms (Anonymity
and Equal Treatment of Equal Languages) and a dummy axiom (Null Agent Consistency). Ad-
ditivity cannot be mimicked in our model, but its role in Shapley’s proof is similar to the one
played here by Irrelevance of Non Speakers: whereas Shapley’s original proof uses the symme-
try and dummy axioms to address “canonical” games, and the additivity axiom to extend them

27 Almost all documents are written in these languages, and then translated to the other official languages (e.g., Gins-
burgh et al., 2017).

28 Analogously, we could describe a TU-game (N, v®), for agents instead of languages, whose Shapley value rational-
izes the ¢® function (instead of the ¢ function).
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to general games, we address “nested” situations” with Anonymity and Null Agent Consistency
(as well as Communicational Inclusion Monotonicity) and then use Irrelevance of Non Speakers
to move from nested situations to general ones. Thus, one might say that, in some sense, we
align with the tradition of deriving Shapley value functions for a diverse range of problems, in-
cluding airport problems (e.g., Littlechild and Owen, 1973), telecommunication problems (e.g.,
van den Nouweland et al., 1996), museum-pass problems (e.g., Ginsburgh and Zang, 2003) or
broadcasting problems (e.g., Bergantifios and Moreno-Ternero, 2020).

Second, the input of our problem coincides with that of approval voting (e.g., Brams and
Fishburn, 1978). In that case, each voter casts her vote for as many candidates as she approves.
The votes are then added by candidate, and the winner is the one who gets the largest number
of approvals. All other candidates can also be ranked, according to the number of approvals they
obtain. An alternative aggregation procedure, akin to the one we obtain here, is Cumulative Vot-
ing (e.g., Glasser, 1959; Sawyer and MacRae, 1962), which allows voters to distribute points
among candidates in any arbitrary way.>’ An interesting case is the one in which every agent is
endowed with a fixed number of points that are evenly divided among all candidates for whom
she approves. In our setting, if we interpret that each group of agents (instead of only individuals
alone) approve the languages in which they can communicate, our family of communicative ben-
efit functions coincides with the Cumulative Voting score of each language (when all coalitions
of the same size receive the same number of points).

6. Conclusion

We have explored in this paper the axiomatic approach to the problem of measuring com-
municative benefits of languages. We show that the combination of intuitive axioms reflecting
the celebrated principles of impartiality, monotonicity, invariance and consistency characterizes
a family of two-stage communicative benefit functions. First, the groups of agents that can com-
municate in a given language are identified. Second, each member of the family associates to
each group a value that depends on its size, and this value is divided evenly among the languages
in which the group can communicate. As such, our work fully aligns with the tradition of ax-
iomatic work that can be traced back to the seminal contributions of Nash (1950), Arrow (1951)
and Shapley (1953). The aim is to provide a list of requirements (axioms) formalizing ethical or
operational principles that a rule should satisfy. The ideal is to derive the set of rules that fulfill
such axioms. During the ensuing seven decades countless authors have applied the axiomatic
approach to a variety of problems and measures ranging from conventional concepts such as tax-
ation (e.g., Young, 1988), income inequality (e.g., Bossert, 1990), or claims problems (e.g., Ju et
al., 2007) to more sophisticated ones (and somewhat unconventional) such as polarization (e.g.,
Esteban and Ray, 1994) or resilience (e.g., Asheim et al., 2020).

As mentioned at the Introduction, there is by now an established field dealing with the eco-
nomics of language (e.g., Ginsburgh and Weber, 2020). There is consensus that Marschak (1965),
who explicitly introduced economic concepts such as costs and benefits into linguistic analysis,
should be credited for the origin of the field as a separate discipline. Linguist Joseph Greenberg
suggested possible connections with economics a decade earlier (Greenberg, 1956), but it was

29 Nested situations are those in which there exists a language that is spoken by everyone that speaks another language.
The formal definition is in the Appendix A, where we include the proof of our theorem.

30 Both Approval Voting and Cumulative Voting can be seen as members of a family of voting procedures dubbed as
Size Approval Voting, characterized by Alcalde-Unzu and Vorsatz (2009).
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probably not until the 90’s that a large number of articles connected language, economics, and
business (we already referred to some of them earlier in the paper). Rubinstein (2000) collected
some influential essays briefly addressing some issues between economic theory and the study of
language, such as the evolutionary development of the meaning of words, the distinct targets of
binary relations, or the rhetoric of game theory. We largely depart from this existing literature by
studying a theoretical framework in which we provide normative foundations for the measure-
ment of communicative benefits. This was a pending issue in the field and we aimed to fill the
gap with our work.

Finally, our work can be extended in plausible ways.

One refers to the case in which intermediate levels of language proficiency related to par-
tial learning (e.g., Blume, 2000) are considered. Recently, Brock et al. (2021) have extended
the dichotomous language acquisition framework to allow for the option of a limited language
acquisition at a lower cost than that of full learning. Augmenting their analysis to provide an
axiomatic support for the language acquisition model with partial learning would represent an
interesting avenue for future research.

Another refers to the case in which linguistic distances (e.g., Dyen et al., 1992) might play a
role in determining the communication of a group of agents.

Yet another is to deal with linguistic justice as part of rectificatory justice. This would require a
dynamic extension of our model to be able to deal with several periods and the linguistic reality
in each of them. A possibility would be to consider two periods with the same set of agents,
(N, L1, A1), (N, Ly, Az), such that the value of each language / at L, in the second period
should depend also on the individual values the speakers of / in period 2 obtained in period 1
from the entire set of languages. These lines are left for further research.

Appendix A
A.l. Proof of Theorem 1

We first need two lemmata providing several implications of the axioms in the statement of the
theorem. To present the first lemma, we need to introduce some notation. We say that a situation
is nested if there exists a language that is spoken by all agents that speak any other language.
Formally, (N, L, A) € S is nested if there exists / € L with a;; = 1 for each i € N such that
a;p = 1 for some I’ € L.>' We denote the set of nested situations as S* C S. If (N, L, A) € S*,
we denote lz‘N’ L)@ language that is spoken by the maximal set of agents in this situation.”
Then, the first lemma states that, under Anonymity, Communicational Inclusion Monotonicity
and Null Agent Consistency, the total communicative benefits of all languages in any nested
situation only depend on the number of speakers of the maximal language.

Lemma 1. Let ¢ be a communicative benefit function that satisfies Anonymity, Communicational
Inclusion Monotonicity and Null Agent Consistency. Then, there exists a mapping Q : N U {0} —
R such that, for each (N, L, A) € ¥,

(N, L, A) = QUNAWy 4D

31 This is reminiscent of the concept of nested graphs (e.g., Konig et al., 2014; Joshi et al., 2020).

32 Observe that leN,L,A) may not be unique.
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Proof. Letx € N U {0} and (N, {I}, A) € S be such that [Na (/)] = x. Let Q(x) = ®(N, {I}, A).
We first show that for each (N {l} A) € S such that |N (l)| =X, CD(N {l} A) Q(x). To
do so, we distinguish two cases:

Case 1: |N| = |N|.

Let 7 € TV be such that 7(Na(1)) = N;()) and 7(N) = N. Then, w(N, {I}, A) =
(N, A, (ax@y)ien)- By Anonymity, b 1), 4) (D) = ¢z (v, (1), 4) (D). Therefore, (N, {I}, A) =
CI>(N {1}, (az@y)ien). Observe that (N, {1}, (az@y)ien) S (N, {1}, A) and (N, {I}, A) €
(N A}, (ax@y)ien)- Then, we can apply Communicational Inclusion Monotonicity twice
to obtain that ®(N, {1}, (aziy)ien) = PN, {{}, A). Thus, D(N, {I}, A) = ®(N, {i}, A).

Case 2: |[N|# |N]|.

Assume, without loss of generality, that IN| > |N |. Let (N, {l} A) € S be such that N C N
IN| = |N]|, a;; =0 for each i eN\N and a . l_a for each j eN.As INA(D| = |NA(1)|

and |[N| = |N|, we can deduce from Case 1 that <I>(N {l} A) CID(Ni {l}; A)_. Therefore,
by iterated application of Null Agent Consistency, O(N, {l 1, A) = (N, {l}, A) and, thus,
O(N, {I}, A) = D(N, {I}, A).

Second, let (N, L, A) € S* be such that |]§7~(l~*~ i )| = x. By the analysis above, we
know that ®(N, {ZZ‘NLA)} A|{1* })_Q(x) As (N L A) C (N, {IE"N LA)} A|{[* ) }) and
(N, {I*

i A)} A|{[* }) - (N L A) we can apply Communicational Inclusion Monotomczty

twice to obtain thatCI>(N,L,A) O(N, {I*.

Al .Thus, ®(N,L, A) =Q(x). W
(N.L A)} |{l(1\7.i,fi)}) us (N ) (x)

The second lemma states that, under Irrelevance of Non Speakers, the communicative benefits
of any language in any situation coincide with the communicative benefits that this language has
in a particular nested situation in which it is a maximal language.

Lemma 2. Let ¢ be a communicative benefit function that satisfies Irrelevance of Non Speakers.
Foreach (N, L, A) €S, and eachl € L, let A’ be such that, for eachl’ € L,

o =] a fieNaD
i 0  otherwise.

Then,
o, LA =ow,L,anD).

The proof of Lemma 2 is obtained by applying Irrelevance of Non Speakers to the situations
(N, L\A{1}, Alp\gy), (N, L\ {1}, A'|L\py) and (N, {1}, Algy).

With Lemmas 1 and 2, we can now proceed to prove Theorem 1.

It is straightforward to check that all communicative benefit functions within class F sat-
isfy the axioms in the statement. Conversely, let ¢ be a communicative benefit function that
satisfies these axioms. By Lemma 1, there exists a mapping Q2 : N U {0} — R such that for
each (N,L,A) € S*, ®(N,L,A) = Q(|NA(Z(N I A))l). We now construct iteratively from
the mapping @ : N U {0} — R as follows:
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Q(x) ifx=0

~ _ y=x—1

w(x) = Q(x) — ’ > [(’;) .&)(y)] otherwise.
y=0

Observe that then, for each x € N,

aw-5() 0]

y=0

Note that there are two differences between @ and the w mapping introduced in the definition
of the communicative benefit functions within class F. On the one hand, the domain of ® does
not include only the natural numbers, but also 0. On the other hand, it is not clear with this
construction whether the range of @ includes only non—negative real numbers, as it occurs with
.

The rest of the proof is decomposed into four steps. The first one establishes that the com-
municative benefits of a language can be computed applying a similar formula to the one from
Definition 1, but with two differences: on the one hand, it calculates the communicative value
of each group M by &(|M|) instead of w(|M|) and, on the other hand, it also considers that the
empty group could have a value ®(0). The two intermediate steps are dedicated to prove that the
range of @ is Ry and that ®(0) = 0. Finally, the last step wraps up the previous three steps to
finish the proof.

Step 1: For each (N, L, A) € S and eachl € L,

_ . dy (M)
dov.L.al) = EN (w(|M|) o M)) :

Let (N,L,A) € S and [ € L. Assume that we have already proved that

(M)

i
¢(NiA)(i)= Z O(M)) - /2 for each (N, L, A) € S and each [ € L with
” dz(M)

MCN
IN; DI <IN,
and we are going to prove that ¢y 1, 4)(/) follows the formula of the statement of Step 1.3
Let A’ be such that, foreach !’ € L,

a = a;p foreachi e Nao(l)
i"710  otherwise.

By Lemma 2, ¢y, 1,4)(1) = v, 1,47y (). Thus, it suffices to show that

d' (M)
NO= (M) - -4 .
o .L.an (@) Mzgv(wu ) dﬁ(M)>

Observe that (N, L, A’) € S* and that IE‘N’L’A,) =1[. Then, we can apply Lemma [ to obtain

33 In order to avoid redundancy, we do not explicitly provide the proof of the base case (i.e., when |N4 (/)| = 0) because
its proof is analogous to the upcoming one.
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y=IN4 D]

INA DI\ .
O(N,L, A)=Q(INy (D= ) [( o) |-
— y
y=0
Note that ®(N, L, A") = > owrand+ > ¢w.r.an() and, thus,
N (DTN 4 () EN (=N 4 (1)
Y=IN g ()]
A INa(DI\ . -
Y. dwrad= Y [( A R > dwrand).
EN (=N () y=0 BN DTNy (1)

()
Let/ € L be such that Ny (1) C Na (). By the induction hypothesis,

_ X d’, (M)
dov.L.an@) = MgN (w(|M|) x M)> :

As di,(M) =0 for each M ¢ N/ (1), it follows that

) dl, (M)
dwLan@D= (@(|M|)- A )
MCN 4 (1) del’(M)

Observe now that, for each [ € L such that Ny (f) = Na (), di,(M) =1foreach M C Ny (I).
Letoy =|{{ € L : Nos(I) = N (1)}]. Thus,

i dl, (M) —
A/

LNy (TN 4 (1) MCN () I'eL
Then,
_ R o
Z dwv.L.an) = Z |:a)(|M|) . (1 T (M))i| .
LN (TN 4 (1) MCN 4 () A

Note that (lNAy’(Z)I) =|{M C Ny () : |[M|=y}| foreach y €{0,..., |Na )|} It follows by
(1) that

N A . o
Y b= ) (“’(|M|) dj,(M))'

BNy (D=N 4 () MCN 4/ ()

By Equal Treatment of Equal Languages, o - $(n, 1, an(1) = > ¢>(N,L,A/)(ZA). There-
EN (=N 4 (D)
fore,

. 1
b= 3 (“’('M v dgw)) '

MCN ()
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As di‘,(M) =1 for each M C Ny (l), and d',, (M) = 0 for each M g_ N4/ (1), we have

d', (M)
dwv.Lan) =) (c?)(IMI)~ A ) .
MCN dﬁ’(M)

Finally, observe that, by construction of A’, for each M C N:

e d',(M) = 1if and only if (M) = 1,
o If d',,(M) = 1, then d%,(M) = a5 (M).
Therefore, for each M C N,
d\ (M) d'\ (M)
dk,m) — akm)

Consequently,
d' (M)
., (0) = (@(|M|)- 4 :
2 P aan
as desired.

Step 2: @(x) > 0 for each x € N U {0}.

Let x e N U{0}. Let (N, {I}, A) € S be such that |[N4(l)| = x. By Lemma 1, ®(N, {l}, A) =
Q(x). As there is only one language in this situation, ®(N, {I}, A) = ¢, 1,4)(/) and, thus,
Sy, 4 1) = Q(x).

If x =0, then Q(x) = &(x) and, thus, ¢y, (13,4)([) = ©(x). As, by definition, the range of ¢
is R4, we obtain that @(0) € R.

If x> 1, then Q) = yix[();).@(y)]. Thus, ®(N, (I}, A) = yf[(;).@m]. Let
y=0"-" y=0

(N, L, A" € S be such that

e |[L|=x, .
o [Ny()|=x—lforeachle L,
o Na(l) # Ny (I') for each pair /,/' € L, and
o UNa)=Nal).
leL
By Step 1,
. dl, (M) _
dwv.L.anl) = Z (67)(|M|)- = foreach/ e L.
MCN d g (M)

As, foreach M ¢ Na(l), dl_,(M) =0 for each [ € L, we have

_ d (M _
dwv,L,anl) = E H(M|) - ’2 M) foreach/ e L.
' dk, (M)
MCNa() A
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Thus,
) dt (M
¢(N,L,A/):Z¢(N,L,A’)(l):Z Z ((I)(|M|)d‘2 (M)>
feL feL MCNA(D) M
., (M)
= > oqmp-[Y 4
MCN4() leL d (M)

- - dl, (M
Now, for each M C N4(l), there is [ € L such that M C N4/ (I). Then, (Z dﬁ EM;> =1 for
leL A

each M C N4(l). Therefore,

O(N.L.AY= Y a(M]).
MCNa()

Finally, observe that there are exactly (| A’ﬁ“) subsets of N4 (I) with size |M|. Therefore,

y=x—1

QN L A= Y [(X> -c?)(y)}
y=0 Y
We have then deduced that ®(N, {I}, A) = ®(N,L, A +o(x). As (N, L, A’) C (N, {l}, A),
it follows, by Communicational Inclusion Monotonicity, that ®(N, {l}, A) > ®(N, L, A).
Therefore, ®(x) > 0, as desired.

Step 3: ©(0) =0.

One of the assymptions of the model is that there exists (]V L, A) € S and a language I e L such
that ¢y 1 z,(!) =0. Then, by Step 1,

. (M)
¢ inh=0="Y |aqm). 2
MCN dﬁ(M)

As, by Step 2, &(x) > 0 for each x € N U {0}, a necessary and sufficient condition for this
equality to hold is that ®(0) = ... = &(|N ;(1)|) = 0, which concludes the proof.

Step 4: Conclusion.

By Step 1, we have that for each (N, L, A) e S andeach/ e L,

d' (M)
D)= (M) - -2 .
dwv.L.a)D) M§N<w<| ) dﬁ(M))

By Step 3, ®(0) = 0 and, therefore, we have that for each (N, L, A) e S and eachl € L,

d'y (M)
ow,L.aHl) = (c?)(lMl) .4 ) .
MENZ,M#(ZJ dy (M)
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Let w be the restriction of @ to the domain N. That is, w : N — R is such that w(x) = @(x) for
all x € N. By Step 2, the range of w is R .. Therefore, we have shown that there exists a mapping
o N — R} such that for each (N, L, A) e Sandeachl € L,

d. (M
dvrah= Y (w(|M|>- a( )>.

L
MCN,M#) dy(M)

Thus, ¢ belongs to class F.
A.2. Proof of Proposition |
Consider the following communicative benefit functions:

e Let v! be a communicative benefit function that behaves similarly to one from class F,
but only taking into account the coalitions to which one particular agent j € N belongs to.
Formally, consider a mapping & : N R such that £(M) =1 if j € M and O otherwise,
and a mapping w : N — R . Then, v! is such that, for each (N,L,A)eSandeachl/e L,

dly (M)
dyM) )

Uiy = Z (a)(|M|) ~E(M) -

McN

Then, v! satisfies Equal Treatment of Equal Languages, Communicational Inclusion Mono-
tonicity, Irrelevance of Non Speakers and Null Agent Consistency, but not Anonymity.

e Let v? be a communicative benefit function that considers the groups of agents that can
communicate in each language and the value of each group, that depends on its size, is
divided among the languages in which the group can communicate, but unevenly. Formally,
consider a particular language [ € £ and a mapping & : £ — R such that §(/) =2 and
8(1"y =1 for each I’ € £\ {I}. Consider also a mapping @ : N — R_.. Then, v is such that,
for each (N, L,A) e Sandeachl/ e L,

d\ (M) - §(
viv D= Y |eiMD- *‘E/ 120
vk 3 (dhon-s@))

l'eL

Then, v? satisfies Anonymity, Communicational Inclusion Monotonicity, Irrelevance of Non
Speakers and Null Agent Consistency, but not Equal Treatment of Equal Languages.

e Let v be the communicative benefit function that yields for each language a value equal to
its number of speakers. Formally, for each (N, L, A) e Sandeach!/ € L,

iy L@ =INa@l.

Then, v’ satisfies Anonymity, Equal Treatment of Equal Languages, Irrelevance of Non
Speakers and Null Agent Consistency, but not Communicational Inclusion Monotonicity.
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e Let v* be the communicative benefit function arising from normalizing a member within the
class F. Formally, consider a communicative benefit function ¢ within the class F, and let
v* be such that, for each (N, L, A) e Sandeach!/ € L,

4 _ ow.L,a)
Ve D =GN T A

Then, v* satisfies Anonymity, Equal Treatment of Equal Languages, Communicational In-
clusion Monotonicity and Null Agent Consistency, but not Irrelevance of Non Speakers.

e Let v’ be the communicative benefit function arising from combining two members within
the class F, depending on whether the number of agents in the situation is odd or even.
Formally, consider two communicative benefit functions ¢, ¢’ within the class F, and let v
be such that, for each (N, L, A) e Sandeach/ e L,

US (l)— ¢(N,L,A)(l) 1f|N|ISOdd
(N.L,AOH — ¢EN’L,A)(1) if | V| is even.

Then, v’ satisfies Anonymity, Equal Treatment of Equal Languages, Communicational In-
clusion Monotonicity and Irrelevance of Non Speakers, but not Null Agent Consistency.

References

Abrams, D., Strogatz, S., 2003. Modeling the dynamics of language death. Nature 424, 900.

Albouy, D., 2008. The wage gap between Francophones and Anglophones: a Canadian perspective, 1970-2000. Can. J.
Econ. 41, 1211-1238.

Alcalde-Unzu, J., Vorsatz, M., 2009. Size approval voting. J. Econ. Theory 144, 1187-1210.

Armstrong, A., 2015. Equilibria and efficiency in bilingual labour markets. J. Econ. Behav. Organ. 112, 204-220.

Arrow, K., 1951. Social Choice and Individual Values. John Wiley and Sons, New York.

Asheim, G., Bossert, W., D’ Ambrosio, C., Vogele, C., 2020. The measurement of resilience. J. Econ. Theory 189, 105104.

Athanasiou, E., Moreno-Ternero, J., Weber, S., 2016. Language learning and communicative benefits. In: Ginsburgh, V.,
Weber, S. (Eds.), The Palgrave Handbook of Economics and Language. Palgrave Macmillan, London, pp. 212-230.

Bergantifios, G., Moreno-Ternero, J., 2020. Sharing the revenues from broadcasting sport events. Manag. Sci. 66,
2417-2431.

Bleakley, H., Chin, A., 2004. Language skills and earnings: evidence from childhood immigrants. Rev. Econ. Stat. 86,
481-496.

Blume, A., 2000. Coordination and learning with a partial language. J. Econ. Theory 95, 1-36.

Bossert, W., 1990. An axiomatization of the single-series Ginis. J. Econ. Theory 50, 83-92.

Brams, S., Fishburn, P., 1978. Approval voting. Am. Polit. Sci. Rev. 72, 831-847.

Brock, W., Chen, B., Durlauf, S., Weber, S., 2021. Partial language acquisition: theory and dynamics. Mimeo.

Castaiieda-Dower, P., Ginsburgh, V., Weber, S., 2017. Colonial legacy, polarization and linguistic disenfranchisement:
the case of the Sri Lankan war. J. Dev. Econ. 127, 440-448.

Chambers, C., Echenique, F., 2016. Revealed Preference Theory. Econometric Society Monograph, vol. 56. Cambridge
University Press.

Chiswick, B., Miller, P., 2014. International migration and the economics of language. In: Chiswick, B., Miller, P. (Eds.),
Handbook of the Economics of International Migration, vol. 1. North-Holland, Amsterdam, pp. 211-269.

Church, J., King, I., 1993. Bilingualism and network externalities. Can. J. Econ. 26, 337-345.

Dustmann, C., Fabbri, F., 2003. Language proficiency and labour market performance of immigrants in the UK. Econ.
J. 113, 695-717.

Dyen, I., Kruskal, J., Black, P., 1992. An Indo-European Classification: A Lexicostatistical Experiment. Transactions of
the American Philosophical Society, vol. 82. iv+132 pp.

Easterly, W., Levine, R., 1997. Africa’s growth tragedy: policies and ethnic divisions. Q. J. Econ. 112, 1203-1250.

Esteban, J.-M., Ray, D., 1994. On the measurement of polarization. Econometrica 62, 819-851.

27


http://refhub.elsevier.com/S0022-0531(22)00058-8/bib6BD50E04108F22BBB9C96A5FBA7A3C4Es1
http://refhub.elsevier.com/S0022-0531(22)00058-8/bib5A939824135CE008EC49C5B192AC4608s1
http://refhub.elsevier.com/S0022-0531(22)00058-8/bib5A939824135CE008EC49C5B192AC4608s1
http://refhub.elsevier.com/S0022-0531(22)00058-8/bib50F3135507D3D42DEDF178E54341E278s1
http://refhub.elsevier.com/S0022-0531(22)00058-8/bib378C79ECE61E1DBE4242B66A948A27B4s1
http://refhub.elsevier.com/S0022-0531(22)00058-8/bibF88D58850BFA50C7F4A97D882E76A896s1
http://refhub.elsevier.com/S0022-0531(22)00058-8/bib96900F96891E64AAF137B7B088D0A5DEs1
http://refhub.elsevier.com/S0022-0531(22)00058-8/bib0EB2FDF72B158B5893AC6CF206D28A8Fs1
http://refhub.elsevier.com/S0022-0531(22)00058-8/bib0EB2FDF72B158B5893AC6CF206D28A8Fs1
http://refhub.elsevier.com/S0022-0531(22)00058-8/bibB7489DCB723E99B905CB11BE9C713A4Ds1
http://refhub.elsevier.com/S0022-0531(22)00058-8/bibB7489DCB723E99B905CB11BE9C713A4Ds1
http://refhub.elsevier.com/S0022-0531(22)00058-8/bib823AC90CE938ABD911BC77812680ED65s1
http://refhub.elsevier.com/S0022-0531(22)00058-8/bib823AC90CE938ABD911BC77812680ED65s1
http://refhub.elsevier.com/S0022-0531(22)00058-8/bib0F421FA86E656A0D778E1C22A671E273s1
http://refhub.elsevier.com/S0022-0531(22)00058-8/bib2EEECF415DBE27FE77105722B6402876s1
http://refhub.elsevier.com/S0022-0531(22)00058-8/bib7FDB247675DC35E3164D8FCCD4CC0436s1
http://refhub.elsevier.com/S0022-0531(22)00058-8/bibE8F92D13E4B6DC91A798054583175C01s1
http://refhub.elsevier.com/S0022-0531(22)00058-8/bibE8F92D13E4B6DC91A798054583175C01s1
http://refhub.elsevier.com/S0022-0531(22)00058-8/bibE553C9078E3024BA286D5F98C31229EAs1
http://refhub.elsevier.com/S0022-0531(22)00058-8/bibE553C9078E3024BA286D5F98C31229EAs1
http://refhub.elsevier.com/S0022-0531(22)00058-8/bib77F4DB396396C4A733E3442F197B8168s1
http://refhub.elsevier.com/S0022-0531(22)00058-8/bib77F4DB396396C4A733E3442F197B8168s1
http://refhub.elsevier.com/S0022-0531(22)00058-8/bibA66A58FBD50CB60C0F129EA358CC73E1s1
http://refhub.elsevier.com/S0022-0531(22)00058-8/bib36CEB16D178CB86F5815EE42EA9F9BBEs1
http://refhub.elsevier.com/S0022-0531(22)00058-8/bib36CEB16D178CB86F5815EE42EA9F9BBEs1
http://refhub.elsevier.com/S0022-0531(22)00058-8/bibEC3F685E15C0958E9A3D975A02F2DFEBs1
http://refhub.elsevier.com/S0022-0531(22)00058-8/bibEC3F685E15C0958E9A3D975A02F2DFEBs1
http://refhub.elsevier.com/S0022-0531(22)00058-8/bib9349A9F03C670A56911968A7A17AAE66s1
http://refhub.elsevier.com/S0022-0531(22)00058-8/bib7E92DF321357B03AB88C489C6A4D16F7s1

J. Alcalde-Unzu, J.D. Moreno-Ternero and S. Weber Journal of Economic Theory 203 (2022) 105468

Gabszewicz, J., Ginsburgh, V., Weber, S., 2011. Bilingualism and communicative benefits. Ann. Econ. Statist. 101/102,
271-286.

Ginsburgh, V., Moreno-Ternero, J., Weber, S., 2017. Ranking languages in the European Union: before and after Brexit.
Eur. Econ. Rev. 93, 139-151.

Ginsburgh, V., Ortuno-Ortin, I., Weber, S., 2005. Disenfranchisement in linguistically diverse societies: the case of the
European Union. J. Eur. Econ. Assoc. 3, 946-965.

Ginsburgh, V., Ortuflo-Ortin, 1., Weber, S., 2007. Learning foreign languages: theoretical and empirical implications of
the Selten and Pool model. J. Econ. Behav. Organ. 64, 337-347.

Ginsburgh, V., Prieto-Rodriguez, J., 2007. Returns to foreign languages of native workers in the European Union. Ind.
Labor Relat. Rev. 64, 599-618.

Ginsburgh, V., Weber, S., 2011. How Many Languages do We Need? The Economics of Linguistic Diversity. Princeton
University Press, Princeton.

Ginsburgh, V., Weber, S., 2020. The economics of language. J. Econ. Lit. 58, 348-404.

Ginsburgh, V., Zang, 1., 2003. The museum pass game and its value. Games Econ. Behav. 43, 322-325.

Giovannoni, F., Xiong, S., 2019. Communication under language barriers. J. Econ. Theory 180, 274-303.

Glasser, G., 1959. Game theory and cumulative voting for corporate directors. Manag. Sci. 5, 151-156.

Greenberg, J., 1956. The measurement of linguistic diversity. Language 32, 109-115.

Hougaard, J., Moreno-Ternero, J., @sterdal, L., 2013. A new axiomatic approach to the evaluation of population health.
J. Health Econ. 32, 515-523.

Joshi, S., Mahmud, A., Sarangi, S., 2020. Network formation with multigraphs and strategic complementarities. J. Econ.
Theory 188, 105033.

Ju, B.-G., Miyagawa, E., Sakai, T., 2007. Non-manipulable division rules in claim problems and generalizations. J. Econ.
Theory 132, 1-26.

Konig, M., Tessone, C., Zenou, Y., 2014. Nestedness in networks: a theoretical model and some applications. Theor.
Econ. 9, 695-752.

Laitin, D., 1989. Language policy and political strategy in India. Policy Sci. 22, 415-436.

Lazear, E., 1999. Culture and language. J. Polit. Econ. 107, S95-S126.

Littlechild, S., Owen, G., 1973. A simple expression for the Shapley value in a special case. Manag. Sci. 20, 370-372.

Marschak, J., 1965. The economics of language. Behav. Sci. 10, 135-140.

Moreno-Ternero, J., Roemer, J., 2006. Impartiality, priority, and solidarity in the theory of justice. Econometrica 74,
1419-1427.

Nash, J., 1950. The bargaining problem. Econometrica 18, 155-162.

Neumann, P.J., Cohen, J.T., Weinstein, M.C., 2014. Updating cost-effectiveness — the curious resilience of the $50,000-
per-QALY threshold. N. Engl. J. Med. 371, 796-797.

van den Nouweland, A., Borm, P., van Golstein Brouwers, W., Groot Bruinderink, R., Tijs, S., 1996. A game theoretic
approach to problems in telecommunication. Manag. Sci. 42, 294-303.

Pool, J., 1991. The official language problem. Am. Polit. Sci. Rev. 85, 495-514.

Rubinstein, A., 2000. Economics and Language. Cambridge University Press.

Sawyer, J., MacRae, D., 1962. Game theory and cumulative voting in Illinois: 1902-1954. Am. Polit. Sci. Rev. 56,
936-946.

Selten, R., Pool, J., 1991. The distribution of foreign language skills as a game equilibrium. In: Selten, R. (Ed.), Game
Equilibrium Models, vol. 4. Springer-Verlag, Berlin, pp. 64-84.

Shapley, L., 1953. A value for n-person games. In: Kuhn, H.-W., Tucker, A.W. (Eds.), Contributions to the Theory of
Games II. Princeton University Press, pp. 307-317.

Thomson, W., 2012. On the axiomatics of resource allocation: interpreting the consistency principle. Econ. Philos. 28,
385-421.

Young, H.P., 1988. Distributive justice in taxation. J. Econ. Theory 44, 321-335.

28


http://refhub.elsevier.com/S0022-0531(22)00058-8/bib163FF108D54F94B4AF4EF6A3A071BB45s1
http://refhub.elsevier.com/S0022-0531(22)00058-8/bib163FF108D54F94B4AF4EF6A3A071BB45s1
http://refhub.elsevier.com/S0022-0531(22)00058-8/bibC304179CDDF4F3A5DE3F5E4BDA4FBEA8s1
http://refhub.elsevier.com/S0022-0531(22)00058-8/bibC304179CDDF4F3A5DE3F5E4BDA4FBEA8s1
http://refhub.elsevier.com/S0022-0531(22)00058-8/bib3E124390B3C67DB5A48E378BB98CDCEDs1
http://refhub.elsevier.com/S0022-0531(22)00058-8/bib3E124390B3C67DB5A48E378BB98CDCEDs1
http://refhub.elsevier.com/S0022-0531(22)00058-8/bib69098473417D71D9667F66D42AC94D13s1
http://refhub.elsevier.com/S0022-0531(22)00058-8/bib69098473417D71D9667F66D42AC94D13s1
http://refhub.elsevier.com/S0022-0531(22)00058-8/bib810D0CA2DE7E1FFEC7D134D54F76ED69s1
http://refhub.elsevier.com/S0022-0531(22)00058-8/bib810D0CA2DE7E1FFEC7D134D54F76ED69s1
http://refhub.elsevier.com/S0022-0531(22)00058-8/bibD240EC772EBFC734040303DB5E47D6B7s1
http://refhub.elsevier.com/S0022-0531(22)00058-8/bibD240EC772EBFC734040303DB5E47D6B7s1
http://refhub.elsevier.com/S0022-0531(22)00058-8/bibA7C4CEF9FAF64052F789A10CD0012728s1
http://refhub.elsevier.com/S0022-0531(22)00058-8/bibB1C0363B84DF6C11AB80E861879AAFE0s1
http://refhub.elsevier.com/S0022-0531(22)00058-8/bibEFBE0CCFDA219F64D6880DD4129EC62Ds1
http://refhub.elsevier.com/S0022-0531(22)00058-8/bib76B8D2BCB139486EE690CE8493F64647s1
http://refhub.elsevier.com/S0022-0531(22)00058-8/bibAD3D498A506D1D34AB2EABAFD74B36C4s1
http://refhub.elsevier.com/S0022-0531(22)00058-8/bib1A6094E587DA91E0F26ECEB549EB448Bs1
http://refhub.elsevier.com/S0022-0531(22)00058-8/bib1A6094E587DA91E0F26ECEB549EB448Bs1
http://refhub.elsevier.com/S0022-0531(22)00058-8/bib5F5DA6FCAAB4004D349CC83CE310C590s1
http://refhub.elsevier.com/S0022-0531(22)00058-8/bib5F5DA6FCAAB4004D349CC83CE310C590s1
http://refhub.elsevier.com/S0022-0531(22)00058-8/bib9D1DE7BA3F59367DC4AEC9A426795F0Fs1
http://refhub.elsevier.com/S0022-0531(22)00058-8/bib9D1DE7BA3F59367DC4AEC9A426795F0Fs1
http://refhub.elsevier.com/S0022-0531(22)00058-8/bibBE7D846CB2DD86C8157284A67D58215Bs1
http://refhub.elsevier.com/S0022-0531(22)00058-8/bibBE7D846CB2DD86C8157284A67D58215Bs1
http://refhub.elsevier.com/S0022-0531(22)00058-8/bib5EAD58C9F6F98A96CEC3802E58AA31DAs1
http://refhub.elsevier.com/S0022-0531(22)00058-8/bibB70BCB16938D80C20FD6B98F3BBABA13s1
http://refhub.elsevier.com/S0022-0531(22)00058-8/bib80CF8D854C0734DED76A14262D5CDF9Ds1
http://refhub.elsevier.com/S0022-0531(22)00058-8/bib618682DC47EB7E4E6EBC33238668CA6As1
http://refhub.elsevier.com/S0022-0531(22)00058-8/bib94F49DAA6EB54712EDE9BD8C6A407867s1
http://refhub.elsevier.com/S0022-0531(22)00058-8/bib94F49DAA6EB54712EDE9BD8C6A407867s1
http://refhub.elsevier.com/S0022-0531(22)00058-8/bibAC61A0045979930F40FF855D3F3DC4D3s1
http://refhub.elsevier.com/S0022-0531(22)00058-8/bib9333338B4ED7BAC69A86EBF96F3E7F02s1
http://refhub.elsevier.com/S0022-0531(22)00058-8/bib9333338B4ED7BAC69A86EBF96F3E7F02s1
http://refhub.elsevier.com/S0022-0531(22)00058-8/bib8CAD14A0E8D0054F85DBF43B6BC8C7AAs1
http://refhub.elsevier.com/S0022-0531(22)00058-8/bib8CAD14A0E8D0054F85DBF43B6BC8C7AAs1
http://refhub.elsevier.com/S0022-0531(22)00058-8/bib321B4D0D2C9B66CFA69CFB27943AF300s1
http://refhub.elsevier.com/S0022-0531(22)00058-8/bib808E08FE2D2C462BFBA3A9E46D4C1892s1
http://refhub.elsevier.com/S0022-0531(22)00058-8/bib08A8728362047B72A9FCBC27A0DC50CDs1
http://refhub.elsevier.com/S0022-0531(22)00058-8/bib08A8728362047B72A9FCBC27A0DC50CDs1
http://refhub.elsevier.com/S0022-0531(22)00058-8/bibABBB8033E3E8C29A397849264F797D04s1
http://refhub.elsevier.com/S0022-0531(22)00058-8/bibABBB8033E3E8C29A397849264F797D04s1
http://refhub.elsevier.com/S0022-0531(22)00058-8/bib89B0E41713FCE0A9E62711E126ED9E04s1
http://refhub.elsevier.com/S0022-0531(22)00058-8/bib89B0E41713FCE0A9E62711E126ED9E04s1
http://refhub.elsevier.com/S0022-0531(22)00058-8/bib57E72C68496D7BE2FCDE62AC4C9032A5s1
http://refhub.elsevier.com/S0022-0531(22)00058-8/bib57E72C68496D7BE2FCDE62AC4C9032A5s1
http://refhub.elsevier.com/S0022-0531(22)00058-8/bib93C91659E8B26AD3FCCE4CE126133E24s1

	The measurement of the value of a language
	1 Introduction
	2 Notation and definitions
	3 Axioms and characterization
	4 Applications
	4.1 Subsidizing language education
	4.2 Selecting official languages
	4.3 Individual decisions for language acquisition

	5 Further insights
	6 Conclusion
	References


