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the evolution of the use of
languages



1. Dynamical models to predict the evolution of the use of languages

* Forerunners

- 2003: Abrams and Strogatz publish in Nature in which they
studied Language death Dynamics.

- 2005: Mira and Paredes improved the model of Abrams and
Strogatz
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Modelling the dynamics
of language death

housands of the world’s languages are
vanishing at an alarming rate, with
90% of them being expected to disap-

pear with the current seneration'. Here we

should yield the same transition probability
as a swap in the fraction of speakers and rel-
ative status; thus P, (xs) =P,(1 -—x1—3).
We also assume that no one will adopt a
language that has no speakers (P,,(0,5) =0)
or no status (P,(x,0)=0), and that P, is
smooth and monotonically increasing in
both arguments.

These mild assumptions imply that equa-
tion (1) generically has three fixed points. Of
these, only x=0 and x=1 are stable. The
model therefore predicts that two languages
cannot coexist stably — one will eventually
drive the other to extinction.

To test our model, we collected data on
the number of speakers of endangered lan-
guages in 42 regions of Peru, Scotland, Wales,
Bolivia, Ireland and Alsace-Lorraine, four
instances of which are shown in Fig. 1. We fit
the model's solutions to the data, assuming
transition  functions of the forms
P, (xs) =cx"sand P, (x;s) = c(1 —x)*(1 —5).
Lfnexpectedlyi the exponent a was found to
be roughly constant across cultures, with
a=1.31%0.25 (mean = standard deviation;
further details are available from the
authors).

histories of countries where two languages
coexist today generally involve split popu-
lations that lived without significant inter-
action, effectively in separate, monolingual
societies. Only recently have these commu-
nities begun to mix, allowing language
competition to begin.

So what can be done to prevent the rapid
disintegration of our world's linguistic
heritage? The example of Quebec French
demonstrates that language decline can be
slowed by strategies such as policy-making,
education and advertising, in essence
increasing an endangered language's status.
An extension to equation (1) that incor-
porates such control on s through active
feedback does indeed show stabilization
of a bilingual fixed point.

Daniel M. Abrams, Steven H. Strogatz
Department of Theoretical and Applied Mechanics,
Cornell University, Ithaca, New York 14853, USA
e-mail. dma32@cornell edu
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§ JU%o o them Delng expected to disap-
pear with the current generation'. Here we
develop a simple model of language compe-
tition that explains historical data on the
decline of Welsh, Scottish Gaelic, Quechua
(the most common surviving indigenous
language in the Americas) and other endan-
gered languages. A linguistic parameter that
quantifies the threat of language extinction
can be derived from the model and may
be useful in the design and evaluation of
language-preservation programmes.

Previous models of language dynamics
have focused on the transmission and evolu-
tion of syntax, grammar or other structural
properties of a language itself* . In contrast,
the model we describe here idealizes lan-
guages as fixed, and as competing with each
other for speakers. For simplicity, we also
assume a highly connected population, with
no spatial or social structure, in which all
speakers are monolingual.

Consider a system of two competing lan-
guages, Xand Y, in which the attractiveness of
a language increases with both its number of
speakers and its perceived status” (a parame-
ter that reflects the social or economic
opportunities afforded to its speakers) . Sup-
pose an individual converts from Y to X with
a probability, per unit of time, of P,(x.s),

whora v 3= tha Fractinm oF the momailation

turther detalls are avallable Irom the
authors).

Of the remaining parameters, status, s, is
the most relevant linguistically; it could serve
as a useful measure of the threat to a given
language. Quechua, for example, still has
many speakers in Huanuco, Peru, but its low
status is driving a rapid shift to Spanish,
which leads to an unfortunate situation in
which a child cannot communicate with his
or her grandparents.

Contrary to the model's stark p on,

bilingual societies do, in fact, exist. But the
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Figure 1 The dynamics of lan-
guage death. Symbols show the a

proportions of speakers over time 0.9
of: @, Scottish Gaelic in Sutherland,
Scotland®; b, Quechua in Huanuco,
Peru; ¢, Welsh in Monmouthshire,
Wales™; d, Welsh in all of Wales,
from historical data™ (blue) and a
single modern census' (red). Fit-
ted curves show solutions of the
model in equation (1), with para-
meters ¢, 5, & and x(0) estimated
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properties of a language itself* . In contrast,
the model we describe here idealizes lan-
guages as fixed, and as competing with each
other for speakers. For simplicity, we also
assume a highly connected population, with
no spatial or social structure, in which all
speakers are monolingual.

Consider a system of two competing lan-
guages, X and Y, in which the attractiveness of
a language increases with both its number of
speakers and its perceived status” (a parame-
ter that reflects the social or economic
opportunities afforded to its speakers). Sup-
pose an individual converts from Y to X with
a probability, per unit of time, of P, (x.s),
where x is the fraction of the population
speaking X, and 0=s=1 is a measure of X's
relative status. A minimal model for lan-
guage change is therefore

B P9 — Py (x (1

where y=1—x is the complementary frac-
tion of the population speaking Y at time f.
By symmetry, interchanging languages

900

riguare 1 e Qyiidiiies e ddlil-
guage death. Symbols show the
proportions of speakers over time
of: @, Scottish Gaelic in Sutherland,
Scotland®; b, Quechua in Huanuco,
Pemu; ¢, Welsh in Monmouthshire,
Wales™; d, Welsh in all of Wales,
from historical data™ (blue) and a
single modem census' (red). Fit-
ted curves show solutions of the
model in equation (1), with para-
meters ¢, 5, 4 and x{0) estimated
by least absolute-values regres-
sion. Where possible, data were
obtained from seweral population
censuses collected owver a bong
timespan; otherwise, a single
recent cemsus with age-structured
data was used (although ermors are
introduced, the size of which are
reflected in the differing fits in d).
Using the fraction of Catholic
masses offered in Quechua in Pen
as an indicator, we reconstructed
an approximate history of the lan-
guage’s decline.
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Evolution of the population of one species

* Verhulst equation: in the discret way

* Lotka-Volterra equations: in the continous way = differential
equacions



Differential equations

Allow us:

* to modelize the changes produced according to one determined variable
observing the changes in one relevant tangible (= physical) parameter
and/or other linked parameters.

* The continuous obervation of the changes of the variables along
infinitesimal time intervals (as in the differential concept).

e Describe the behaviour of the system as a whole.

At the last quarter of the 20th century a whole branch of the modern physics
has gone a path to try to formalise systems related with the socials sciences,
with the ecology studies and other domains (Strogatz, 1994; Kaplan and
Glass, 1995).



Abrams and Strogatz (2003)

They develop a simple model for language competition (all speakers are monolinguals)

« Population evolution of A speakers, determined by variable x, would be:
dx/dt =y P, (x,5) - x P, (x,9),
being
y the number of speakers in Language B,
P, (x,5) the probability that B speakers shift into group A depends on:

1. the number of A speakers (x) and
2. the determined by . This parametre

reflects the language appeal.

» Function of probability being expressed in these terms: P ng, é: c x2 5. In the equation c
shows the estimation of the shift pace from A _Ianguag% 0 B language, meanwhile the
exponent a controls the dependency of the probability of the language shift with the number

of A speakers, X.



Paredes and Mira Model (2005)

They included:
- A third speaker group: bilinguals.

Modulates the probability to shift among groups.

Analysis of the Galician context: Spanish-Gallician.



2. Dynamical Models: Analysing
the data from Valencian Country
and Catalonia
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Dynamical Models: Analysing the data from Valencian Country

and Catalonia

e Method

Initial research of the dynamics of the evolution of the language shift
in:

- the Valencian Country
- Catalonia
using mathematical models of differential equations

We discuss the application of Abrams and Strogatz (2003) and Mira and
Paredes (2005) to empirical data obtained by official polls.



Dynamical Model of Language
shift: Analysing the data from
Valencian Country






Dynamical Models: Analysing the data from Valencian Country

Miralles, Clara; Perucho, Manel and Querol, Ernest (2015): “Models dinamics de
competicio entre llengues aplicats al cas catala-castella al Pais Valencia”, Anuari de
Psicologia de la Societat Valenciana de Psicologia, Vol. 16, n. 1, p. 31-55.

We discussed the application of Abrams and Strogatz (2003) and Mira and Paredes (2005)
to empirical data obtained by official polls:

» Service of Research and Studies (SIES) of the Generalitat Valenciana 1989, 1992, 1995,
2005 and 2010.

» Valencian Academy of the Language (AVL) in 2004.



To compare two temporary series

e SIES:1989, 1992, 1995, 2005 and 2010.

* AVL only 2004.:

We have transformed the data obtained in intervals of age into a temporal distribution.

To be able to apply the mathematical model to the evolution of the number of speakers we
had to transfer every data dot (age, speakers' fraction) for a fixed time (year 2004)

to dots (year, speakers' fraction) for any age range in the survey.

We considered that every age range represented those aged between 20 to 30.



Analysed data with Abrams and Strogatz (2003) Model

The decreasing trend observed in the percentage of Catalan speakers is
confirmed.

Values were very similar in both surveys (SIES and AVL).



FIGURA 1. Fraccions de valencianoparlants i castellanoparlants en I’ambit familiar respecte del
temps
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Analysed data

* Paredes i Mira: The likeness parametre between Castilian and
Gallician k=0.8

e |nours: K=0.35 Castilian -Valencian



FIGURA 5. Fraccié de parlants en relaci6 amb el temps i classificades en tres grups:
valencianoparlants (punts blaus), castellanoparlants (triangles negres) 1 bilingiies (estreles roges)
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2.2. Dynamical Model of
Reversing Language Shift:
Analysing the data from
Catalonia
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Can we apply the extinction model to Catalonia?

e As the extinction model always moves downwards and the
parametres make it drop dramatically without observing the
modulation of the fall.

 The failure in the adjustment let us observe that the dymanics in
Catalonia are not those in the Valencian Country.

e The model can not reproduce a concave evolution graph (all the
adjusted curves are convex).



Percentatge d'Os del catala (respecte del castella) [EULP2013]
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Abrams-Strogatz model can only describe vanishing languages

It will not be capable of modeling the trends of recovering as the one
shown in the 2013 graph.

Unless there was an inversion in the role of the languages involved in a
timeline focal point, that is to say, that the change in its status switches
from s<0.5 to s>0.5.

* However, that would imply a time shift in the status parameter (a
wishful fact, indeed), but the model does not allow that shift, being s
a fixed parameter.
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3. Conclusions

Abrams-Strogatz:

dynamic model with vanishing
languages

It works well with the evolution
in the Valencian Country

It does not work with the
description of the evolution in
Catalunya

[t is not a case of a vanishing
language




Differential equations = Differential conclusions

* Lotka-Volterra differential equations has with time three possible
solutions called fixed:

1) The population of B disappears and only remainds population of A.
2) The population of A disappears and only remainds population of B.

3) An unstable fixed point in which there is population of both spices.
Unstable = a small perturbation can make the system tend to
one of the stable solutions 1 or 2



Differential equations = Differential conclusions

Linguistic conflict paradigm only considers 2 possibilities: extintion /
recovery

Consider a third possibility: an unstable fixed point for 2 reasons:
1. Theorical: Lotka-Volterra equations includs it.

2. Empirical: Analysis of pulls of Catalonia shows this unstable fixed
point.



From discontinuity to continuity

* Querol (1998) Catastrophe theory model studies discontinuity

¥

e Alcantera Resesarch group studies continuity:

The final aim of this line of research is to develop a mathematical modeling of the system
;cjo describe it as precisely as possible, determining the key parameters that rule language
ynamics.

The first challenge rests on the modelisation of the bid data in the Catalonia pulls (2003,
2008 i 2013) that explain the evolution of the uses in this country.

Tllﬁ search for a working model which allows us to explain the current reversing Language
shift.



4. New researchs




Further research

* Once the data form the surveys of the language uses from the
Populations in all the territories of the catalophone lands we will be
able to compare them amb the ones from 2003-04, and we will try to
modelise the evolution with the rest of territories, excepting

Catalunya.



Another line of research

* In our working group has been Predicting the use of Catalan through
supervised classification, that we have processed in this paper:

Grimaldo, f., Lopez-Inesta, E, Perucho, M. and Querol, E. (2016):
“Prediccio de I'Us del catala mitjancant la classificacio supervisada”,
Treballs de Sociolingtiistica Catalana, 26. (forthcoming July 2016).



Weaving bridges between Sociolinguistics and

mathematical applied methods

* To end, we would like to notice the need of a closeknit cooperation,
open and constructive, between the science/technical domains and
the sociology of language, so that we can enhance the working
models and reflect upon the meaning of the parameters in the
equations (status, likeness, etc.).

* Thisis, indeed, the aim of our Alcantera research team: the bridge
with sociolinguistics.
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