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distinguished lectures

Introduction

The study of complex self-adaptive systems is an area of re-
search in which classical domains of knowledge such as eco-
nomics, physics, mathematics, biology or sociology converge. 
Languages are an example of such systems [4].

In a world that tends towards globalization there is increas-
ing competition between them that–just like the competition 
between local economic structures–forces the modification of 
the competing languages and might even lead to the extinction 
of the minority language against the hegemonic one. In fact, 
most of the world’s languages are disappearing at an alarming 
speed which is parallel to the increase in interconnectivity be-
tween different parts of the world. It is estimated that of the 
approximately 6000 languages spoken in the world 90% might 
disappear in this generation [6], a situation that also concerns 
European languages [3].

This fact has generated a substantial increase of activity for 
this line of research. Simulation models typically used in socio-
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zation of the outcome, it shows that establishing a stable bilin-
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dictions, that it does not imply the segregation within one 
territory of the two coexisting monolingual communities. We 
propose that the key determinant of the stability of bilingualism 
is a factor that defines the interlinguistic distance between the 
competing languages and which here is calculated for the bi-
nomial Galician-Spanish. Given the model’s positive results in 
describing a real situation such as the coexistence of Galician 
and Spanish in Galicia, the stability of the involved equations 
was exhaustively studied. The results led to enlightening con-
clusions on the possible outcomes of competition between the 
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likeness between them, their coexistence becomes stable. In 
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study of stability allows the Galician-Spanish system to be situ-
ated within a wider context and, at the same time, suggests 
improved strategies for the safeguarding of both languages.
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physics are based on statistical learning theories [8]. In more 
recent studies, simulations are based on bit-string models [5], 
which bare some analogy to those used in economics and biol-
ogy. The approach is therefore somewhat local in nature.

The present work tackles the problem of the linguistic situa-
tion in Galicia from a unique perspective. It adopts an extensive 
focus, describing the states of the system and the competition 
between its parts. The averages established give way to a sys-
tem of differential equations whose resolution is only possible 
using	IT tools.

This perspective considers languages as entities in competi-
tion by their speakers and has enjoyed recent success in the 
study of specific cases, as undertaken by Abrams and Strogatz 
(2003) [1]. In their work, now considered an essential reference, 
the authors did a remarkable job in tracking the historical evolu-
tion of the number of speakers from 42 of the planet’s territories 
where two languages prevail, places such as in Peru, Scotland, 
Wales, Bolivia, Ireland, and Alsace-Lorraine (France). The well 
executed descriptions of Welsh’s competition	with English in 
Wales, Quechua’s with Spanish in Peru, and Scottish Gaelic’s 
with English in Scotland are particularly impressive.

Nevertheless, one of the main conclusions is that existing 
bilingual societies are unstable as a result of the recent mixing 
of communities with different languages that before were sepa-
rated. Our work maintains that bilingualism is possible and that 
the determining factor for its existence is a parameter that we 
refer to as the interlinguistic distance. We also have an advan-
tage in our familiarity with the situation in Galicia, a region that 
accordingly affords us a preeminent sociological laboratory in 
which results can be compared, extrapolated into the future, 
and the consequences of the respective findings analyzed.

Model

In Abrams’ and Strogatz’s view, bilingualism is strictly societal: 
two monolingual groups coexist, not by the presence of bilin-
gual individuals, but simply as two segregated communities 
occupying the same territory. In this way, of the two first lan-
guages, a speaker will clearly have only one of them. While this 
approach may at first seem odd, the situation is actually possi-
ble, as shown by the fact that in some areas of Peru in which 
Quechua and Spanish compete, cases can be found in which 
children are incapable of communication with their grandpar-
ents. The speaker is unable to make both languages his own 
and ends up prioritizing one over the other, with the conse-
quent theft of speakers between them.

However, this model fails in its description of situations like 
those of Galicia and Catalonia, where the outcome of the com-
petition between two Romance languages (one of them being 
Spanish, which has historically enjoyed high status) has been 
the establishment of large bilingual groups. 

So, where is the problem? In their work, Abrams and Stro-
gatz only considered competition between very different lan-
guages [1]. Communication between monolingual speakers of 
Quechua and Spanish is impossible, as it is between Welsh 
and English or Gaelic and English. An ideal example would cite 

the hypothetical situation of a Galician-speaking community 
mixing with a Chinese-speaking one (with communication be-
tween them being impossible). With this as the starting point, it 
is not surprising that bilingualism has no chance at being es-
tablished within this framework.

From our view, this situation limits the model of Abrams and 
Strogatz, as it is not directly applicable to cases comparable to 
Galicia’s. Galician and Spanish’s Latin roots make conversa-
tion between its monolingual speakers perfectly possible. Fur-
thermore, the similitude of their vocabulary and grammar 
makes learning one of the languages easy if a person knows 
the other, as every Galician does. 

This circumstance (odd at first for a monolingual person and 
absolutely obvious for people who, like Galicians, live within a 
bilingual society) has led us to consider the possibility that the 
emergence and survival of a socially significant bilingual group 
depends upon the degree of similitude between the conflicting 
languages. We have therefore generalized the Abrams-Strogatz 
model as described below, in order to incorporate this notion:

–  X, Y, B being the population sets that are monolingual in 
the languages X, Y, and bilingual, respectively. X, y, b be-
ing the population fractions that belong to these groups 
(as such, x + y+ b = 1)

–  Pxy being the probability, per unit time, of a speaker of 
language X converting to language Y, the notation of 
which analogously extends to the migrations between the 
remaining groups.

In this way, the change of x per unit of time is:

 
dt
dx = yPYX + bPBX - x (PXY + PXB) (1)

with analogous equations for dy/dt and db/dt.
We should now define these probabilities. As in the Abrams-

Strogatz model, we consider the probability of a speaker’s 
change from language X to language Y as increasing the 
number of the latter’s speakers to b+y, but also account for the 
change in perception of status associated with the switch, i.e., 
the social and economic opportunities that the individual per-
ceives as being enjoyed by the speakers of a determined lan-
guage. Referring to this parameter as SY (language Y’s status, 
with the analogous notation for language X), this probability–in 
the case of the strict existence of monolingual speakers–should 
theoretically take the form

 PXY = cSY (1 - x) a (2)

where c and a are constants and the status parameter is de-
fined between 0 and 1 (maximum status) and is complementa-
ry to the other language’s status, such that

 SX = 1 - SY  (3)

Now, once we assume bilingualism as a possible situation, 
this probability for change should split into the probability of 
becoming bilingual and the probability of using only language 
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Y; that is, the departure of speakers of language X to language 
Y or to the bilingual situation is:

 PXB = ckSY (1 - x) a  (4)

and

 PXY = c (1 - k)SY (1 - x) a  (5)

where we introduce for the first time a parameter, k, that re-
flects the tendency toward bilingualism and as such, in accord-
ance with our hypothesis, the similitude between the two lan-
guages. As one can see, k = 0 represents situations in which 
monolingual speakers exist, that is, conversation is impossible 
between monolingual speakers of each language (as in the 
cases studied by Abrams and Strogatz [1]), and k = 1 simply 
implies that languages X and Y are the same.

It is worth mentioning that while, until now, the similitude or 
distance between languages has been described from a theo-
retical perspective [8], the calculation of either one in practical 
cases has been nearly impossible. 

Similarly, for the departure of speakers from language Y

 PYB = ckSX (1 - y) a (6)

and

 PYX = c (1 - k)SX (1 - y) a  (7)

For the transfers of speakers from a bilingual situation to X, 
we consider PBX = PYX (given that the changes from B to X and 
from Y to X imply losing language Y). Equally, PBX = PYX.

Thus, we obtain two coupled differential equations matched 
for X and Y:

 
dt
dx = c (1 - x) (1 - k)SX (1 - y) a- x (1 - SX) (1 - x) a7 A (8)

 
dt
dy

= c (1 - y) (1 - k) (1 - SX) (1 - x) a- ySX (1 - y) a7 A (9)

Outcome

The model successfully tracks the historical evolution of the 
number of bilingual and monolingual speakers in Galician and 
Spanish in Galicia since the year 1877, the date of the first regis-
ter contained in the information from the Real Academia Galega 
[9], and, for the first time also permits measurement of the inter-
linguistic distance between Galician and Spanish [7], which, with 
k = 0.80 (that is, an 80% similitude) seems to reasonably quantify 
the extensive common stem of the two languages (Fig. 1).

The outcome of the status parameter deserves separate 
mention: a value of 0.26 for Galician (thus, 0.74 for Spanish), 
which is very low, underscores the historical reality of this lan-
guage in the period under consideration.

At this point, the meaning of the system’s two parameters c 
and a should be considered. As their interpretation has poten-

tially interesting consequences, an initial approach is described 
in the following. 

Parameter c—obtained from empirical data, as was the 
case for k and s—is related to the speed at which the described 
phenomenon happens. In the event of one language’s extinc-
tion when replaced by another, this constant would give us the 
speed at which said extinction takes place. As such, different 
values for c would have no qualitative effects on the stability of 
the system, nor on any other outcome. 

Parameter a is even more interesting; in studies of different 
cultures, it was found to be relatively constant [1]. The outcome 
for the Galician-Spanish case is within the range of experimen-
tal error. This parameter escalates the influence that the 
number of speakers of one language has in terms of attracting 
new speakers. Thus, societies with different a values would be 
societies that place distinct importance on the “status” or on 
the number of speakers of a language in deciding which lan-
guage to adopt. The fact that this parameter is constant in dif-
ferent civilizations allows us to reason that the importance con-
ceded to potential speakers at the moment of deciding on a 
language is a universal attribute of humankind.

The work is also clearly of practical interest because it opens 
up the possibility of carrying out long-term, projectional studies 
on behavior. In this article, we present our analysis up to the 
year 2100, using the same tracking parameters obtained from 
the historical data (Fig. 2). First, the Spanish monolingual frac-
tion can be seen to constantly rise while the fraction of Galician 
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Fig.	 1. Fraction of speakers according to year during the period 
1877–1975 in Galicia (data from the Real Academia Galega). In this 
era, Galician suffers a low status, whereas the status of the language 
improves after democracy is restored. The data corresponding to 1945 
are clearly an anomaly, possibly reflecting the political situation after 
the WWII. The lines demonstrate the successful tracking by our model, 
reproducing the historical evolution with the parameters a = 1.50, SGali-

cian = 0.26, c = 0.1 and k = 0.80.
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monolinguals notably drops until their presence becomes re-
sidual by around the year 2050. By the year 2100, Galician 
speakers can be considered as extinct in this simulation. It 
should be noted that the disappearance is of the monolingual 
group and not of the Galician language itself, which would con-
tinue to survive in the bilingual group.

It is worth separately pointing out the bilingual group’s be-
havior: according to the model, speakers of both languages 
formed the majority group in the last part of the 20th century 
and into the start of the 21st, an easily corroborated situation 
because it responds to the current reality in Galicia (currently, 
the majority of its population claims to be bilingual).

Nevertheless, and despite the bilingual group’s initial rise, 
which at first seemed to indicate its progressive hegemony, ac-
cording to the model the system’s dynamics takes an unex-
pected turn at the start of the 21st century. After reaching a 
maximum, the bilingual group starts to decrease, slowly, but 
surely. With Galician’s status having a value of 0.26, the bilin-
gual situation is, therefore, not stable. 

One clear affirmation of the simulations is the progress of the 
group of Spanish monolinguals, an issue that tends to gener-
ate intense controversy but which is readily confirmed by an 
impartial analysis. Interpretations aside, the scientific fact is 
that studies undertaken in the past few years have shown a 
progressive and alarming loss of the use of Galician and a cor-
responding increase in the Spanish monolingual option in 
younger generations. The inverted population pyramid of 
monolinguals in Galician reflects, in fact, the social situation of 
Galicia, in which it can be clearly seen that the use of the Gali-
cian monolingual option has decreased in direct proportion to 
the decrease in the person’s age, and along a line that coin-
cides with the analysis derived from our system of equations.

For example, according to the latest data available to us [2], 
the percent of monolinguals in Galician has fallen from 65.7% 
in people over 65 years of age to 27% in those 16–25 years of 
age. At the same time, for monolinguals in Spanish, the ten-

dency is the inverse, rising from 10.4% in those over 65 to 
33.1% in those under 16. Since the youth of today are the 
speakers of tomorrow, the sociolinguistic situation described 
by our model seems correct.

Intensive	study	of	the	stability	of	the	system		
of	equations

In searching for definitive proof that the model could lead to 
situations in which the two languages stably coexist along with 
a bilingual group, we carried out an intensive study of the equa-
tions, numerically solving them for multiple arbitrary initial con-
ditions and with 400 different pairs of values for the constants k 
and s. This also allowed us to verify the theory’s consistency 
with other, earlier ones since the Abrams-Strogatz model is in-
voked for k = 0 (i.e., a total lack of similarity between the two 
languages). Thus, it was quickly verified that for a great number 
of the pairs k-s, the instability outcomes obtained by the au-
thors remain valid and only one of the languages survives. This 
happens in situations of great asymmetry in status and for a 
large range of values in interlinguistic distance.

When the statuses of the two languages are similar but the 
interlinguistic similarity remains low, the extinction of one of the 
languages is once again inevitable, but which of them will dis-
appears depends upon the initial distribution of speakers. At 
this point in the analysis, there is no trace of stability in bilingual-
ism or in the coexistence of the two languages. 

The situation changes drastically upon sufficiently increasing 
the interlinguistic similitude. For each status value, there is a 
critical similitude factor, kc, such that if k > kc, then the situation 
can revert to being stable. This stability presumably depends 
heavily upon the initial distribution of the speakers, with it being 
equally likely that the minor-status language disappears in its 
monolingual speakers, but survives in a share of bilingual speak-
ers. If the similarity between the languages continues to in-
crease, this dependence of the stability on the initial conditions 
disappears, replaced by situations in which both languages al-
ways survive amongst their corresponding monolingual speak-
ers, with a measure of bilingual speakers always remaining.

Upon studying the Galician-Spanish system from this new 
point of view, we can see that the extinction of Galician is inevi-
table, with the initial distribution of speakers of each of the lan-
guages making no difference on the outcome. Effective modifi-
cations of the parameters–which could be a variation of status 
(a possibility already pointed out by Abrams and Strogatz) or the 
increment of the interlinguistic similitude–could bring the system 
to a point that would allow for the coexistence of the two lan-
guages, as well as the preservation of the set of bilingual speak-
ers. This eventual outcome would depend in great part upon 
the distribution of speakers reaching the desired parameters. 

Conclusions

A model was presented that reproduces the historical evolution 
of the linguistic situation in Galicia, including a description of 
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Fig.	2. Projection of the fraction of Galician speakers, Spanish speak-
ers, and bilinguals up to the year 2100, based on the tracking shown in 
Fig. 1. According to the parameters of this tracking system, the group 
of monolinguals in Spanish steadily grows while that of bilinguals, 
which had experienced a surge throughout the 20th century, reaches a 
maximum around the year 2000, at which point it steadily declines.
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the group that is bilingual. The model is a simplification of reality 
in that it reduces a complicated sociolinguistic situation to a 
few parameters in the equations. Nonetheless, the data availa-
ble to us are described with remarkable precision and we be-
lieve that, as a whole, the results are in qualitative agreement 
with the observed linguistic evolution in Galicia.

A mathematical study of the stability of the model’s equa-
tions revealed disparate behaviors that represent the possible 
distinct evolutions of a system’s two languages in terms of 
competition or coexistence. Two of these evolutionary path-
ways were already described in the Abrams and Strogatz mod-
el [1] and both necessarily imply the extinction of one of the two 
languages. The other possibilities allow for the stable coexist-
ence of the two languages, contrary to the original model. This 
coexistence does not entail the segregation of the two com-
munities but is linked to the survival of a group of bilingual indi-
viduals. 

The key to permitting the stability of bilingualism seems to 
be the introduction into our model of a factor such as interlin-
guistic distance, which softens the effect of the differences in 
status between the languages in competition. To this factor–
which has been included in different models–we can now as-
sign a quantitative value based on our tracking: 0.80 for the 
Galician-Spanish binomial (an 80% coincidence between both 
languages). 

Projections on the future of the sociolinguistic situation in 
Galicia indicate that a failure of the Galician language to reach a 
status of 0.335 would result in the sustained growth of the 
group of Spanish monolinguals—to the detriment of the group 
of Galician monolinguals or even of the bilinguals such that nei-
ther would continue to be a stable group. Thus, the survival of 
Galician would be endangered (Fig. 3).

Which of the predicted behaviors prevails depends upon the 
parameters k and s, and the “winner” will place the Galician-
Spanish system within a more global framework. This, in turn, 
will allow the pursuit of strategies to achieve a stable, desirable 
coexistence of the two languages. 
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