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ABSTRACT. We assess the relative importance of demographic and linguistic
processes for the evolution of competence in understanding, speaking, reading and
writing Catalan in the Autonomous Community of Valencia, Spain. Our projections

involve cohorts defined by age, sex, geographic division, and language competence
level, and incorporate sociolinguistic models of transmission, acquisition and immi-
grant integration. Based on projections for a large random sample of scenarios, mul-

tiple regression shows that school acquisition, immigration and linguistic integration
of immigrants outweigh other processes in their long-term effects on competence levels.
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INTRODUCTION

The outcome of language shift and language revitalization processes
is a burning question in bilingual communities around the world, and
nowhere more so than in the Autonomous Community of Valencia in
Spain. Efforts to halt or reverse the effects of Franco’s forcible
imposition of Castilian are complicated by such factors as a dramatic
increase in overseas immigration, an extremely low birth rate, and
foot-dragging or outright opposition to Catalan by authorities at
various levels (Pradilla, 2002). Many factors may contribute to
advancing or reversing the process of language shift in a community:
language education, government practices, incentives and regula-
tions, measures to integrate immigrants, the relative prestige of the
competing languages and their social, political and ethnic associa-
tions within and outside the community. It is difficult to evaluate the
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relative importance of these factors, however, since they function
simultaneously and because they operate against a backdrop of
ongoing demographic processes, which could have a greater effect
than all the attitudinal, social and political effects combined. This is
complicated in the case of Valencia by the absence of systematic data
on language usage except for some outdated small-sample surveys
based on self-reports (CCE 1989a, 1992, 1995). At the time of this
research (2002–2003), even the available census data on language
competence dated to 1991, although results from 2001 are now
becoming available.

The aim of this article is to assess the relative importance of the
key demographic and linguistic processes for the evolution over the
next 50 years of Community-wide competence in understanding,
speaking, reading and writing Catalan. This is based on demographic
projections, where the cohorts are defined by age, sex, comarca
(county or canton), and language competence levels, into which we
incorporate models of language transmission, acquisition and immi-
grant integration.

We generate a large random sample of scenarios based on six
demographic and linguistic parameters, and apply multiple regres-
sion to the set of projections made under all of these scenarios to
evaluate the relative importance of the parameter effects. Given
that the input competence level data are severely out of date, we
cannot place too much credence in the projections of the number of
individuals at each level. But we will show that the estimates of
the parameter effects depend very little on the linguistic input data,
so that within the limitations of the models of language transmis-
sion, acquisition and integration, we can have confidence in our
assessments of the relative importance of the various processes in
play.

In the next section we present a sketch of the recent demography
of the Community, as well as the available data on levels of com-
petence in Catalan. In the following section, we discuss the processes
of language transmission, acquisition and immigrant integration,
present pertinent data from various sources and develop the models
to be incorporated into our projections. We then describe the pro-
jections themselves. In the final few sections we first investigate the
effects of the parameters one at a time, and then carry out the sam-
pling and multiple regression analyses.

Because the true measure of the vitality of a language in a situa-
tion of language shift is the extent to which a language is used: how
often, by whom and in which contexts, our projections of competence
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can only be an indirect indication of how the situation will evolve. We
take up this problem in the concluding discussion.

TRENDS IN VALENCIAN DEMOLINGUISTICS

In Valencia, as in the rest of Spain and southern Europe, high birth
rates in the sixties and seventies decreased in the ensuing period,
reaching a nadir in the mid nineties. A birthrate of 82 per thousand in
1975 fell to 34 per thousand by 1996, and has more recently begun
rising somewhat, to 38 per thousand by 2000. The total number of
births is depicted in Figure 1, which also reflects a widespread post-
ponement of childbearing among younger women. At the same time,
life expectancy has increased, from 70 (men) and 76 (women) in 1975
to 74 and 81, respectively, in 1995 (IVE [http://www.ive.es]).

Recent years have seen an enormous influx of immigrants settling
in the Community (Serra Yoldi, 2000), presently increasing the
population by more than one percent per annum. Figure 2 shows that
there are far more immigrants coming to Valencia than to either
Catalonia or Andalusia, which have much larger populations. Of
interest from the linguistic point of view is that in the last two years
the greatest source of immigrants has been Latin America, virtually
all from Castilian-speaking countries. Turning to the status of Cat-
alan, the only census-based information available is based on re-
sponses to query items about understanding, speaking competence,
and ability to read and write. This dates from the 1991 census, but
the complete tabulations were not released until 1998. Complete
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Figure 1. Number of births to women residing in the Valencia, by age group. Data
from Instituto Nacional de Estadı́stica (INE [http://www.ine.es]).
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tabulations from the 2001 census are not yet available, though partial
results are being released in late 2003.

Figure 3 summarizes the competence data from 1986 (CCE,
1989b) and 1991 (SIES, 1998). It should be kept in mind that with the
exception of a small proportion of foreign residents, virtually
everyone in Valencia understands and speaks Castilian. That
understanding and speaking competences in Catalan are so low in the
3–9 age group reflects the fact that most children are not acquiring it
at home, but rather in school. The 1986 curve for speaking and, to
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Figure 2. Foreign immigration to the four major receiving communities.
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Figure 3. Competence in Valencian, by age. Dashed lines – 1986, solid lines – 1991.
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some extent, that for understanding, reflect the steady attrition in
Catalan during the dictatorship. The 1986 curves for reading and
writing as well as all four curves for 1991 show distinct downturns
after the 14–19 age group, which would have been the first age group
to have benefited, at least for some period of time, from the Catalan
courses instituted as a part of the linguistic normalization program.
The continuing fall-off for reading and writing in the oldest age
groups may be attributable to decreased levels of literacy. It is
important to note that the diversity in competence levels is not only a
function of age group, but also varies according to the origin (place of
birth), social and political affiliations, and comarca. In our projec-
tions, we take into account the first and last of these.

Figure 4 shows that immigrants from Catalonia have competence
levels higher than those of native Valencians, while those from the
Balearic Islands have less speaking competence but claim more
writing ability. Immigrants from non-Catalan-speaking origins of
course tend to have lower scores on all four measures of competence,
but it is of interest that while the Spanish immigrants can understand
and speak more, foreign immigrants indicate that they can read and
write more. Figure 10a in the Results section portrays the geo-
graphical distribution of oral competence in Catalan. The western
and southern-most comarcas with lowest levels (least darkly shaded)
are parts of the Community that have traditionally been Castilian-
speaking. In addition, the southern comarcas, as well as those around
the cities of Valencia and Alicante, are the major recipients of
immigration.
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Figure 4. Distribution of competences in Valencian, by place of birth.
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MODELS OF LINGUISTIC PROCESSES

Our projections involve cohorts defined only by age (18 five-year
groups), sex, comarca (34) and competence level (five: can write, can
read but not write, can speak but not read, can understand but not
speak, cannot understand), numbering 18 · 2 · 34 · 5 ¼ 6120 in all.
Demographic projections usually add or remove individuals from
cohorts through birth, death or migration only. In adding the lin-
guistic dimension, we must also allow for: (i) Assigning newborns to
one of five linguistic categories, representing their predicted com-
petence. In the next subsection, we model the linguistic transmission
process in terms of the linguistic composition of the comarca,
involving the prediction of the proportion of linguistically endoga-
mous and exogamous marriages, and the effect on transmission rate
of mother’s and father’s languages, and the relative density of the
two languages in the comarca. (ii) Changing individuals from one
linguistic category to another, representing the acquisition of lan-
guage skills in school. This is not a monolingual context where
acquisition may be modeled by a rapid increase from 0% to 100%
within a few years for speaking and understanding and, in literate
societies, from zero to the literacy level within a few more years for
reading and writing. The situation here is far more complex, as is
clear from Figure 3. First, the competence level in the initial age
group varies greatly from comarca to comarca, depending on the
rate of transmission. Second, childhood acquisition of understand-
ing and speaking is not as rapid, as it is largely school-acquired and
not home-acquired. Third, the peak competence level, achieved
towards the end of high school, is generally far from 100%. Fourth,
there is a drop in competence level for those born before the mid-
1970s, who received at least part of their schooling during the period
of linguistic repression. Fifth, reading and writing competence tails
off for the older age groups, indicating a degree of illiteracy in
earlier generations. The effects of schooling, which is of key
importance in our projections, are modeled later in this section. (iii)
Incorporating immigrants of various provenances into linguistic
categories, representing whether they will be highly integrated lin-
guistically or not. In the present version of our projections, we do
not maintain separate cohorts according to origin. We do have
statistics about how many immigrants of various origins acquire
speaking and understanding of Catalan in each comarca. This will
enable us below to model the integration process in terms of the
density of Catalan speakers in the comarca. We assign immigrants to
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linguistic cohorts according to their comarca, age and sex, in pro-
portion to a pre-calculated integration rate. This does introduce a
very small bias in the competence rates, since it condenses the time
required for integration, whether one year, two years or five years,
to effectively zero, but it is difficult to avoid this since we have no
pertinent data on the dynamics of the integration process. Moreover
it allows us to keep the number of cohorts in our projection to a
manageable number, and to assign all newborns in each comarca in
a uniform way, independent of the origins of their parents, only
whether the parents are integrated or not.

Intergenerational Transmission

Whether a child speaks Catalan as a first language has been shown to
depend on parents’ languages and on the relative prevalence of
Catalan and Castilian in the environment; Querol (2000: Chapter 6)
reports the figures in Table 1 for a sample of high-school students
representative of the Valencian Community. Based on these binomial
data (e.g. 5 out of 213 children in the traditionally Catalan zone with
two Castilian-speaking parents themselves speak Catalan as a first
language), we carried out a maximum likelihood logistic regression of
the rates of transmission

log
p

1� p

� �
¼ lþ ym þ yf þ yz ð1Þ

where ym, yf and yz represent the effects of mother’s first language,
father’s first language and language zone, respectively. The values
obtained are presented in Table 2.

TABLE 1

Child’s first language by parents’ first language and zone.

Mother–Father Number of children

Traditionally Catalan zone Traditionally Castilian zone

Catalan Castilian Catalan Castilian

Catalan–Catalan 69 8 2 1
Catalan–Castilian 14 24 0 4
Castilian–Catalan 9 24 0 1

Castilian–Castilian 5 208 0 54

ACQUISITION MODELS FOR PROJECTING LANGUAGE SHIFT 113



Because we have no details of the sampling of the individual co-
marcas within each zone, we assume a linear dependence of trans-
mission parameters on the level of knowledge of Catalan within the
comarca. Then, instead of yz for the entire zone, we have separate
values yi, satisfying

yi ¼ ktki þ x ð2Þ

where ki is the proportion of the population in comarca i competent
to speak Catalan, kt ¼ 2.915 and x ¼ )1.049 are constants calculated
by fitting the two data points (kC, yC) and (kV, yV) to Equation (2),
where yC ¼ )0.79 and yV ¼ 0.14 are obtained from Table 2, and
kC ¼ 0.089 and kV ¼ 0.312 are the overall proportions of Catalan
speakers in the Castilian zone (11 comarcas) and the Catalan zone (23
comarcas), respectively (as calculated from the number of parents in
each category in Table 1). In our projections we allow the comarca
effect yi to change over time as a function of ki, the proportion of
Catalan speakers, while the overall effect l and the parent effects ym
and yf remain constant.

In order to incorporate transmission rates into our model, we need
to input the proportion of marriages of each type (endogamous:
Catalan–Catalan, Castilian–Castilian, and exogamous: Catalan–
Castilian and Castilian–Catalan) in each comarca. Under a random
marriage model we could predict these quantities to be x2, (1)x)2,
x(1)x) and x(1)x) from knowledge of the proportion x of Cata-
lan speakers in each comarca. Querol’s sample as presented in
Table 1, however, suggests a disproportionately high proportion of
linguistically endogamous marriages compared to a random mating
model.

Lacking any census reports on the linguistic composition of
marriages, we can roughly estimate the effects of linguistic endogamy
by setting up and analyzing a three-compartment model, which can
then be applied to each comarca. The model consists of two exclu-
sively endogamous subpopulations and one random marriage sub-

TABLE 2
Effects of parents and zone on transmission of Catalan.

Parameter Catalan effect Castilian effect

Mean l )1.04
Mother ym 0.99 )0.40
Father yf 0.88 )0.33
Zone yz 0.14 )0.79
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population of proportions hx, h(1)x) and (1)h)x + (1�h)(1)x),
respectively, where x is the proportion of Catalan speakers in the
comarca and h is constant across all comarcas. This compartmen-
talized model is, of course, only a first-order correction to a pure
random marriage model, but it is worthwhile to attempt some degree
of correction since marriage type is so influential on transmission
rate, and the simple adjustment suggested here is all that is warranted
by the very limited data in Table 1. Solving this model for the pro-
portions of the four marriages and for h, and using the data for the
entire Catalan zone in Table 1, we have found (Casesnoves Ferrer,
2003) that h ¼ 0.54. Surprisingly, the very different data in the Cas-
tilian zone yields a similar result, h ¼ 0.5.

Then in the projection exercises we undertake below, after the
number of births is calculated in a comarca, the proportion of Cat-
alan speakers in that comarca is used to predict the prevalence of each
type of marriage. For each type, we use the logistic-linear equation
(1) to predict the proportion of children who will turn out to be
Catalan-speaking. These are weighted by the predicted prevalence of
the marriage type in producing an overall transmission rate pi for the
comarca.

Acquisition through the School System

In a given comarca, let pe be the proportion of speakers of age e with
speaking competence in Catalan. In our school-based acquisition
model, we assume that, until the age of 19,

we ¼ log
pe

1� pe

� �
¼ wi þ ðe� 3Þa; ð3Þ

i.e., the logit of pe is linear in age, where w3 ¼ wi, the logit of the
comarca-specific transmission probability pi calculated above, and a
is a universal acquisition rate.

Let u and v be the proportion of the 3–9-year-olds and 10–14-year-
olds, respectively, with speaking competence in Catalan. Then,
assuming the transmission rate wi is relatively stable in these two
cohorts, the acquisition rate can be estimated by

â ¼ 1

6
log

vð1� uÞ
uð1� vÞ

� �
: ð4Þ

As can be seen in Figure 5, this rate is fairly stable across the
Community (mean 0.18, standard deviation of 0.055). We may also
assume that it will not vary much over time. The transmission rate wi,
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which varies from comarca to comarca could also be estimated from u
and v according to this model, but this cannot be used as a constant
in our projections since we can expect it to change as the overall rate
of speaking competence evolves in each comarca. Thus in our pro-
jections, the transmission rates are updated on an annual basis
according to our transmission model.

Integration of Immigrants

The SIES analysis of the 1991 census data distinguishes between the
competence of native-born Valencians, those born in Catalonia or the
Balearic Islands, immigrants from the rest of Spain, and those born
overseas.

Figure 6 shows to what extent immigrants integrate to the Cata-
lan-speaking community. Two observations may be made. First,
immigrants from other regions of Spain are more resistant than
immigrants of foreign origin. Second, integration may be modeled
by a piecewise linear function of overall competence levels in the
comarcas. Let x represent the proportion of all the individuals in
the comarca who can speak Catalan and y the proportion of immi-
grants who can. Then in comarcas with less than 80% speaking
competence,

y ¼ 0:44xþ 1:3 ð5Þ
for foreigners but only

y ¼ 0:21xþ 1:7 ð6Þ

for immigrant Spaniards. In comarcas with a very high concentra-
tion of Catalan speakers, however, the integration rate increases
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Figure 5. Distribution of acquisition rate across comarcas.

RAQUEL CASESNOVES FERRER AND DAVID SANKOFF116



very rapidly. Where there is more than 80% overall speaking
competence,

y ¼ 2:39x� 160:31

y ¼ 1:78x� 125:21 ð7Þ
for foreigners and Spaniards, respectively.

As mentioned above, in our projections, we did not want to
maintain separate cohorts for immigrants, because this would have
multiplied the number of cohorts by a factor of four, incorporating
the distinctions among the Valencian-born and immigrants classified
by three types of origin, or even eight, since the children of immi-
grants may acquire Catalan in a manner different from their peers
and their parents. Instead, we immediately assign all immigrants, in
the year of their immigration, to Catalan-speaking or non-Catalan-
speaking cohorts according to their comarca, age and sex, in
proportion to the appropriate integration rate in Figure 6. This
convenience comes at the cost of slightly inflating competence levels
in comarcas with receiving very large numbers of immigrants.

THE PROGRAM

We have implemented an experimental FORTRAN program in UNIX

incorporating the models developed in the previous section into

Figure 6. Integration of foreign and Spanish immigrants as a function of overall
speaking competence level in the comarca.

ACQUISITION MODELS FOR PROJECTING LANGUAGE SHIFT 117



demographic projections. At present this is specific to Valencian
territorial divisions into comarcas and traditionally Catalan-speaking
and Castilian-speaking regions, and to the structure of the data
available on Valencian demography and linguistic competence levels.
We intend to release a more general version for other operating
systems, with an interface allowing flexibility in the input of territo-
rial, demographic and linguistic information.

The Data

The population of each comarca in Valencia by sex and age group on
January 1, 2000. Our source for recent population figures was: Pad-
rón Municipal de Habitantes 2000, IVE (http://www.ive.infocentre.
gva-es/padron/p2000).

Migratory movements in 2000. We included both internal (between
comarcas in Valencia) and external migration (differentiating, only in
the case of immigration, whether it comes from the other two Cat-
alan-speaking communities, Catalonia and the Balearic Islands, other
regions of Spain, or foreign sources) (source: Estadı́stica de Variac-
iones Residenciales 2000, IVE [http://www.ive.infocentre.gva.es/vre-
si/vr2000]). These data are available broken down only by comarca,
not by age or sex. To estimate the age and sex distribution, we could
only obtain 1999 age and sex-specific immigration (broken down by
origin) and emigration statistics pertinent to the Community as a
whole, from the Instituto Nacional de Estadı́stica (Estadı́stica de
Variaciones residenciales 1999, Inebase). We then broke down our
year 2000 figures for each comarca in proportion to these Commu-
nity-wide values.

Number of births by age of mother, and death by age and sex. We
again used data for the Community as a whole (source: Movimiento
Natural de la Población 1999, INE [http://www.ine.es.inebase]).

Competence in Catalan in 1991. This is the proportion of the pop-
ulation in each comarca, by age and geographic origin (Valencia,
elsewhere in Spain and foreign), with the following abilities in Catalan:
capacity to understand, speak, read and write (source: Servicio de
Investigación y Estudios Sociolingüı́sticos de la Dirección General de
Ordenación e Innovación Educativa y Polı́tica Lingüı́stica, Consellerı́a
de Educación de la Generalitat Valenciana [http://www.gva.es]).

There are a number of limitations in our data. They come from a
variety of sources, and are not all broken down by comarca, age and
sex. In addition the competence data is only broken down into six age
groups, so that a conversion routine is required to estimate corre-
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sponding values for the 18 five-year groupings used for all the other
data. Of course the major shortcoming is the outdated nature of the
linguistic data.

The Projections

The population data were originally obtained as the number of
individuals of each sex in each age group in each comarca. To break
this number down into the linguistic cohorts necessary for initializing
our projections, we used the 1991 percentages of each type of lan-
guage competence level by age group and comarca. From these we
derived the proportion of the age group who could write, read but not
write, speak but not read, understand but not speak, and not
understand Catalan. Each population cohort from the year 2000 data
was then multiplied by these proportions to estimate the five demo-
linguistic cohorts. We used the same proportions for males as
females, lacking data on different rates.

Birth and death rates were derived for the Community as a whole,
based on 1999 numbers, divided by the January 2000 total popula-
tion. Age and sex-specific migration numbers were estimated as dis-
cussed above. Raw numbers were retained for immigration coming
from outside the community, while age and sex-specific rates were
calculated for internal migration and emigration.

We used a time increment of one year. Births, deaths and migra-
tions were calculated using the rates and numbers described above,
and then one-fifth of each cohort was transferred to the (next older)
cohort of the same sex, in the same comarca, with the same compe-
tence level.

The births were divided into six cohorts (no births entered the
write or read cohorts) per comarca, using a male births proportion of
0.525 and a transmission rate for the comarca recalculated each year
according to our transmission model. For the proportion of births
not entering the ‘can speak’ cohorts, these were divided among ‘can
understand’ and cannot understand’ cohorts in equal proportions.
We arrived at this division empirically, after studying curves like
Figure 3 for each comarca.

For individuals between four and nineteen, some were transferred
each year from the non-speaking cohorts to the speaking cohorts,
using our acquisition model. Again the allocation of the transferred
individuals among the cohorts ‘speaks’, ‘reads’ and ‘writes’ was
determined empirically to be 20%, 10% and 70%, while these indi-
viduals were drawn from the corresponding non-speaking cohorts in
proportion to the sizes of these cohorts.

ACQUISITION MODELS FOR PROJECTING LANGUAGE SHIFT 119



Immigrants from outside Valencia were allocated to speaking or
non-speaking cohorts according to our integration model, depending
on the proportion of the comarca who can speak Catalan. For non-
speaking immigrants younger than 20, this means a certain propor-
tion will learn it later, possibly even to write or read, in school. The
non-speaking immigrants are divided among ‘can understand’ and
‘cannot understand’ cohorts depending on the proportion of the co-
marca who can speak Catalan.

RESULTS

Current Projections

Figure 7 depicts the evolution of linguistic competence in Valencia,
under current demographic and linguistic processes, after 5, 10, 25
and 50 years, as indicated.

We note first that the irregular form of the year zero curves is
largely due to the necessity of converting the data classified by the age
groups in Figure 3 to the five-year groups used in our projections. All
these graphs show, to a greater or lesser extent, the competing effects
of schooling in increasing competence levels, and immigration in
decreasing them. Since the former process is focused on children and
young adults, whereas the latter affects all age groups and especially
working-age adults, the curves evolve a characteristic shape where
competence rises from a low level (determined by transmission rate)
to a peak or plateau in early post-educational adulthood, followed by
a steady drop reflecting the increasing proportion of immigrants with
no training in Catalan in the older age groups. Because the normal-
ized educational process has by now had its effect on an entire gen-
eration, the initial portion of the curves evolves rapidly into a steady
state, but since the massive immigration from abroad is a very recent
phenomenon, the shape of the curves at the older age groups continue
to evolve over the fifty years of the projection, with the minimum
competence attained at an increasingly advanced age. There is a
contrast between competence in understanding and speaking on one
hand, where competence levels in the oldest groups continue to de-
cline over the projection period, and competence in reading and
writing on the other, which actually increases steadily for all adult age
groups.

The continuities evident between Figures 3 and 7 suggest that our
projection procedures are adequately modeling ongoing processes of
linguistic shift and normalization.
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It is of interest that at present levels of fertility, density-specific
intergenerational transmission, schooling, immigration and integra-
tion, the current proportion of speakers with speaking competence
in Catalan (50.5%) will remain relatively stable over the 50 years
projected, diminishing slightly to 50.1%. We refrain from advanc-
ing this as a prediction, because of the great instability in demo-
graphic factors we documented above, the great sensitivity of
schooling and integration rates on unpredictable political and social
trends, the out-of-date status of the linguistic competence data
and the questionable pertinence of these data to actual use of
Catalan. Thus while many of the speakers who are competent to
speak Catalan actually do so in some non-school contexts, it is clear
that the relationship between competence and use is becoming
attenuated.
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speaking, reading and writing Valencian, after 5, 10, 25 and 50 years.
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Projected Response to Perturbation in Individual Parameters

As a first step in evaluating the relative importance of the individual
processes for competence levels, we undertake a series of sensitivity
studies, perturbing one parameter at a time and observing the effect
of this over time on competence. Some of the results are depicted in
Figures 8a–d.

Figure 8a depicts changes in the projected proportion of the
population with speaking competence over 50 years, as the schooling
parameter a discussed above is modified. Figure 8b shows analogous
results for the parameter l used in our transmission model. Figure 8c
treats the factor / representing potential cutbacks in external immi-
gration rates, and Figure 8d the consequences of changing integra-
tion rates. For c £ 1, the diminished integration rate is cy, where y is
given by equations (5–7). For c ‡ 1, the increased integration rate is
(c)1)x + [1)(c)1)]y, which may be thought of as representing a
proportion of immigrants with rate determined by the equation y ¼ x
rather than equations (5–7), while for the remaining proportion, the
rate is still determined by the latter formulae. The predominance of
the educational effect is clear in these studies. Not only does
increasing the rate of acquisition have large long-term effects, but also
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proportion of Catalan speakers, after 5, 10, 25 and 50 years.
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decreasing it results in a dramatic drop in the Catalan-speaking
proportion of the population. This proportion is also sensitive to
changes in both the transmission rate and the immigration rate,
but to a much lesser extent, as long as acquisition in the schools
continues to recruit both first-language Castilian speakers and chil-
dren of immigrants of other origins into the Catalan-speaking co-
horts. Note that increasing the integration rate has a very strong
effect in bolstering the Catalan-speaking proportion, since it is
equivalent to replacing immigration of both Spaniards and foreigners
by a corresponding amount of population increase in each comarca
with a level of competence approaching that of the Valencian-born
residents.

Not shown in Figure 8 is the effect of increasing the birthrate. We
examined this effect for increases up to 1965 levels, but this had
virtually no effect on competence proportions.

The importance of the immigration and integration parameters
are further illustrated in Figure 9, where the 50-year projection of
the age-dependent speaking-competence profile under current
parameter values is compared to the situations where no further
foreign immigration is received and where, in addition, the Spanish
immigrants are integrated to the same levels as Valencian-born
residents. Up to now, we have discussed results at the level of the
entire community. To what extent is the current heterogeneity of the
Community maintained over 50 years according to our model.
Briefly, the effects of universal education, internal migration and
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immigration tend to homogenize the competence levels to some
extent. In our estimates of a in the comarcas, we found no syste-
matic difference between the traditionally Catalan-speaking comar-

Figure 10. Geographical distribution of competence (a) in 1991, (b) after 50 years,
current parameters (c) with reduced education parameter and (d) with reduced
immigration.
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cas and the traditionally Castilian-speaking ones, although the latter
had consistently lower competence levels at all ages. Nevertheless,
the educational requirements pertaining to the teaching of Catalan
are absent or reduced in the Castilian speaking areas. This suggests
that our model should be modified for these comarcas. Indeed, if we
arbitrarily reduce a by a factor of 1/2 there, this maintains much of
the linguistic distinctiveness of these comarcas over the 50-year
projection. The maps in Figure 10 illustrate this, as well as the effect
of reducing foreign immigration by a factor of 1/2. In all these
maps, the darkest areas represent comarcas where speaking com-
petence is 80% or more, and the four lighter shades of gray have
thresholds of 60%, 40%, 20% and 0%, respectively.

TOWARD AN ANALYTICAL FORM FOR DEMOLINGUISTIC PROPORTIONS

A Regression Experiment

We undertook a sampling experiment to assess the dependence of
the competence proportions on all the independent parameters
simultaneously. Over 1000 different scenarios were sampled
according to a uniform distribution on the six-dimensional lattice
defined by the parameter values in Table 3. For each scenario, we
projected total population as well as proportion of Catalan speakers
after 5, 10, 20, 30, 40 and 50 years. We ran multiple regression
analyses of competence with forced entry of the six independent
variables a, l, /, the integration factors cF, cS for foreign and

TABLE 3
Parameter values for the scenario sample.

Process Parametera Values

Education a 0.00 0.09 0.18 0.27 0.36
Transmission l )3.12 )2.08 )1.04 0.00 1.04
Immigration / 0.00 0.25 0.50 0.75 1.00 1.25

Integration cF 0.00 0.50 1.00 1.25 1.50 1.75
Integration cS 0.00 0.50 1.00 1.25 1.50 1.75
Fertility m 0.00 0.25 0.50 0.75 1.00

a Parameters l and a as described in text for transmission and acquisition models.

The factor / multiplies external immigration rates (year 2000). Subscripts on c
indicate foreign (F) or Spanish (S) immigrants. For 0 £ c £ 1, the factor c multiplies
integration rate y as calculated in equations (5)–(7). For 1 £ c, the factor c)1
indicates proportion of immigrants integrating at a maximal rate (y = x). For each

female cohort, birthrate = m · 1965 rate + (1)m) · 2000 rate.
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Spanish immigrants, respectively, and the birthrate factor m, testing
for interactions among them and, given the curvilinear shape in
Figure 8a, allowing both the linear and quadratic term a2 for the
effect of schooling. Schooling also showed long-term interaction
with transmission, while an interaction between the immigration and
integration parameters for foreigners completely absorbed the effect
of integration, but not that of immigration, as could be expected.
The final regressions were thus based on a, a2, l, al, /, /cF, cS and
m. In the context of this study, change in birthrate has virtually no
effect on the competence proportions, but we included m anyway in
our regression, both to illustrate its insignificance in comparison
with the other parameters and for eventual comparison with other
studies.

The regression coefficients for the standardized variables are given
in Table 4. Figure 11 shows the evolution of these ‘beta’ coefficients
in the equation over the term of the projection experiment. The most
important results are the predominance of the schooling effect over
all others, as well as the increasingly curvilinear dependence of
competence levels on schooling, seen from the compensatory increase
in linear and quadratic terms (cf. Figure 8). The immigration effects /
and /cF are also important, affecting competence levels in opposite
directions, particularly in the early years of the experiment. The
transmission l effect remains relatively stable. The increasing size
of the schooling and transmission interaction parameter al is a
genuine effect, and not simply due to the lack of additivity of pro-
portions in those scenarios where both of the corresponding linear
parameters have high values, since repeating the entire analysis with
the logistic of the competence level gives nearly identical values of all
the beta.

The small magnitude of the birthrate effect is contrasted with its
importance in an analysis of total population size in the same sam-
pling experiment. Table 4 also gives the standardized coefficients for
this regression. Since the relative sizes of the linguistically different
age, sex and comarca cohorts, controlled by a, l and the c, do not
affect total births, deaths or total migration out or into a comarca,
these variables do not enter into the regression.

Note that our procedure for comparing effects of the different
factors, while rigorous, admits to a degree of subjectivity at an early
stage, namely with the construction of the six-dimensional space of
parameter values. To some extent the upper and lower endpoints on
each dimension are arbitrary, although chosen to represent the
researchers’ best guess at what may be socially, politically and his-
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torically conceivable. Nevertheless, the arbitrariness of the range
leads to some arbitrariness in the standard deviations used to stan-
dardize the variables in the regression analysis, and hence the mag-
nitudes of the beta coefficients.

Stability of the Estimates

Projections of total populations are of course extremely dependent on
the input structure of the population as well as of birth, death and

TABLE 4
Coefficients of (standardized) variables.

Variable Parameter Dependent variable (standardized)

Proportion
of speakers

Same, changed
initialization

Population
size

Multiple regression coefficients

Education a 1.43 1.28
Transmission l 0.44 0.41

Immigration / )0.34 )0.23 0.88
Integration cS 0.18 0.12
Fertility m 0.03 0.05 0.46

Education � transmission al )0.21 )0.14
Education � education a2 )0.68 )0.48
Immigration � integration /cF 0.26 0.18

-1

-0.5

0

0.5

1

1.5

0 10 20 30 40 50

Years

B
et

a

α

α

µ
µ

φ
φ

α2

α2

νν
αµ

αµ γγ
φγ
F φγF

Figure 11. Evolution of effects over 50 years.
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immigration rates. While we have used the latest compatible data
available for these quantities, our major concern has not been to
produce accurate projections of absolute population numbers, but
rather to study proportions of the population at various competence
levels. Since birth (and death) rates are assumed to be the same for all
competence levels, inaccuracies and variation over time in these rates
will tend to cancel out to a large degree when comparing different
portions of the population at a given time. Moreover, given that the
input competence data is severely outdated, it was not even our goal
to accurately project the proportions at different competence levels.
What we did set out to establish, and what we would like to validate,
are the effects of the various demolinguistic parameters on the
competence levels, and to what extent our estimates of these effects
depend on the input data.

We undertook the following experiment. Starting with the original
input data, we cut each cohort’s understanding, speaking, reading or
writing competence in half, and enlarged accordingly the corre-
sponding no-competence cohort. We then selected a new sample of
about 1000 scenarios, and repeated the projections, followed by the
same regression analysis as above. Figure 12 shows that this large
perturbation in initial values, while it predictably cuts the projected
competence levels (e.g. the estimated constant in the unstandardized
regression equation for the original experiment is 0.323 while in the
replications with diminished input competences, it is 0.211), has al-
most no effect on the estimates of the parameter effects. This can also
be seen in comparing the corresponding columns in Table 4. The only
effect is a moderate shrinking of the absolute value of some of the
estimates, but the approximate size and especially the relative
importance of the effects remains unchanged. The compensatory
changes in a and a2 represent not a change in the importance of
schooling but a reduced convexity of the effect.

DISCUSSION AND CONCLUSIONS

Our goal in this work was to develop a way to evaluate the relative
importance of the demographic and linguistic factors that influence
the progress of language shift and linguistic normalization processes.
To accomplish this, we postulated a series of models for language
transmission, acquisition and integration, whose parameters could be
estimated from various data and which could then be incorporated
into demographic projections. The design of the projections required
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a trade-off between efficiency and the proliferation of cohorts sub-
divided by linguistic category.

In order to be able to summarize the interplay of the factors, we
sampled a large number of scenarios from the six-dimensional space
they define, and carried out a 50-year projection for each scenario.
The results were then analyzed by multiple regression to derive an
analytical expression for the proportion of Catalan speakers in the
population as a function of the parameters.

The results underline the key role of the acquisition of Catalan in
educational programs, and to a lesser extent, the flow of immigrants
and the linguistic integration of immigrants. Birthrates have little
impact, although this may be due to the uniform way this was
modeled across the community. Transmission rate appears to have an
ancillary role when compared to Catalan instruction in the schools,
but this may be a misleading result due to our methodological focus
on competence rather than usage.

Competence is a necessary condition for usage, but it is not suffi-
cient. Indeed in the Valencian context, it is commonplace that the
youth, who manifest the highest rates of competence to speak Cat-
alan, actually use it the least. Thus, long-term projections about the
maintenance or increase in competence may be masking an actual
decrease in the vitality of the language. Furthermore, although
competence is acquired in school, usage habits may be acquired in the
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home, so that transmission rate would rank higher than school
acquisition in projections of language use.

Scientifically then, it would be preferable if the dependent variable
in our study were Catalan usage. Unfortunately, however, this is not
feasible at present. First, in contrast to speaking competence, which
may be coded ‘yes’ or ‘no’ for a given individual, language usage is
context-dependent and variable, making it much harder to model and
to predict. Moreover, there are very little data on usage, and even
these consist of self-reports, which are notoriously less reliable than
self-reports of competence, or of small-scale observational studies
that are not statistically generalizable to entire populations. These
problems are the major difficulties faced in our work and any at-
tempts to predict language shift and normalization from language
questionnaire data.

Even if we settle for competence projections for the time being, the
fact that the data on this characteristic is over a dozen years old is a
serious impediment to accurate prediction. We may only hope for the
release of the 2001 Census data on this subject, and its pre-analysis by
the SIES.

In the meantime there are a number of promising directions for
the present work. Increased efficiency of the projection software
should allow us to subdivide cohorts according to origin, leading
to more detailed models of transmission, acquisition and integration.
Given that the linguistic situations in the other Autonomous com-
munities with ‘co-official languages’ have many elements in common
with (and many different from) Valencia, and that much of the same
kind of official data is available throughout Spain, a comparative
study of the predicted output of all the programs of linguistic nor-
malization becomes possible based on our software.
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valencià 1989. [Survey of the knowledge and use of Valencian 1989.] Document.
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Montréal, Québec, Canada H3C 3J7
&
Institut Universitari de Lingüı́stica Aplicada
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