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Studies aimed at observing Spanish contact-induced changes in Catalan among
Spanish-Catalan bilinguals in Catalonia have evidenced both assimilation and dis-
similation in the production of Catalan mid front vowels. However, the general
lack of studies aimed at observing Catalan contact-induced changes in Spanish is
an oversight of bidirectionality as an expectation of language contact. Accordingly,
the present study uses both Catalan and Spanish mid front vowel production data
from Barcelona to investigate the roles of age, gender, and language dominance
in the processes of assimilation (Catalan cognate effects in Spanish) and dissimi-
lation (distinctly produced cross-linguistic mid front vowel categories). While no
cognate effect was observed in Spanish, younger speakers maintain less distinction
between Catalan mid front vowel categories than older speakers, and females have
less overlap between Spanish /e/ and Catalan /E/ than males. These results are con-
sistent with a male-led change towards greater assimilation and more overlapping
productions of all three mid front vowel categories. While cognitive factors such
as language dominance and cognate status are central to models of bilingual pho-
netic representation, it is paramount to situate the bilingual individual within the
context of the community and acknowledge the external social factors which also
mediate variation in acquisition and production.

1 Introduction

In Barcelona, Spanish and Catalan have been in close contact for centuries and
many instances of lexical and phonological imposition and borrowing have been
recorded (Galindo i Solé 2003, 2006, Arnal 2011). However, the nearly exclu-
sive focus on the variable acquisition of Catalan in Spain has furthered a long-
standing asymmetry favoring the study of the Spanish-influence in Catalan over
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Catalan-influence in Spanish (Galindo i Solé 2003: 18). This trend in the literature,
exemplified by Arnal (2011: 22) who states that “in the current situation of gen-
eralized bilingualism in Catalonia, the change caused by contact does not affect
Spanish, but rather only affects Catalan”, runs counter to the expectation of bidi-
rectionality in language contact situationswithwidespread bilingualism (Thoma-
son & Kaufman 1988, Davidson 2020). Furthermore, the lack of cross-linguistic
production data in the literature limits the conclusions that can be drawn about
outcomes of language contact, especially regarding the processes of assimilation
and dissimilation theorized by the Speech Learning Model (SLM; Flege 1995) and
the revised Speech Learning Model (SLM-r; Flege & Bohn 2021).

A variable studied among Spanish-Catalan bilinguals in which this asymmetry
is often present is the production of mid vowels in Catalan. The mid front and
mid back vowels of Catalan are contrasting, yielding minimal pairs (e.g. /net/
‘grandson’ and /nEt/ ‘clean’; /os/ ‘bear’ and /Os/ ‘bone’). Regarding the mid front
vowels, withwhich this study is concerned, Spanish /e/ is produced lower (higher
F1) than the Catalan /e/, but higher (lower F1) and more fronted (higher F2) than
the Catalan /E/ (Figure 1). However, the most significant sources of variability

Figure 1: Vowel Spaces of Spanish (Ladefoged & Johnson 2015: 237) and
Catalan (Carbonell & Llisterri 1999: 62)

among the three vowel categories are found across F1, not F2 (Bosch & Ramon-
Casas 2011, Cortés et al. 2019, Recasens & Espinosa 2006, Simonet 2011). Certain
factors, such as cognate status, language dominance, and age have been linked to
the variable production of these vowels cross-linguistically. Therefore, the pro-
duction of these mid front vowels in bilingual settings have been the focus of
many studies as they provide an opportunity to study outcomes of language
contact, phonological representations of bilinguals, and the social factors that
mediate these processes.
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1.1 Models of phonological acquisition and representation

The Speech Learning Model (SLM; Flege 1995) and the Revised Speech Learn-
ing Model (SLM-r; Flege & Bohn 2021) postulate that bilingual speakers do not
maintain separate phonetic systems for each language, rather, the two systems
co-exist in a mutual phonetic space and may influence one another. Whereas the
SLM focuses on between-group differences and whether L2 speakers are able to
produce target L1 categories, the SLM-r shifts focus to the individual and an in-
dividual’s differentiation of L1 and L2 categories based on quantity and quality
of input of L1 and L2.

1.1.1 Assimilatory outcomes

Both the SLM and SLM-r postulate that if phonetic differences between an L2
category and an L1 category are not perceived by a bilingual individual, the for-
mation of a new category will be blocked. Blockage of category formation results
in assimilation, by which the speaker may produce a composite L1-L2 category
(Evans & Iverson 2007, Kendall & Fridland 2012). The acoustic properties of this
composite category are “defined by the statistical regularities present in the com-
bined distributions of the perceptually linked L1 and L2 sounds” (Flege & Bohn
2021: 41). A number of factors, such as the quality and quantity of L1 and L2 input
the bilingual receives in their lifetime (Flege 2002, Yeni-Komshian et al. 2000), in-
dividual cognitive differences (Lev-Ari & Peperkamp 2013), or relative language
activation (Grosjean 2001), will affect the overall acoustic profile of this compos-
ite sound. Additionally, assimilation may occur between two L2 categories when
sufficient acoustic differences are not perceived or produced within the contrast.

1.1.2 Dissimilatory outcomes

Alternatively, the SLM and SLM-r describe the process of dissimilation, which
may occur in the inventory of a bilingual that is able to perceive sufficient acous-
tic difference between the L1 and L2 categories, or between two L2 categories,
thus preventing assimilation from occurring. In this case, the individual main-
tains distinct categories in each language. Categories may “deflect” one another
to maintain contrast in the shared phonetic space (Baker & Trofimovich 2005,
Flege & Bohn 2021), yielding categories that differ from those of a monolingual
speaker. However, evidence of cross-linguistic dissimilation is less abundant in
the literature as many studies report perception or production data from only
one of the languages in question.

251



Annie Helms

1.2 Cognate effects

Through a cognate effect, the phonology of cognate words in the non-target lan-
guage may be activated during speech, potentially affecting the production of a
word in the target language (Costa et al. 2000, Colomé & Miozzo 2010). Assimila-
tion may be realized through cognate effects, where the influence of the L1 on L2
category production is strengthened in words that are cognate between the L1
and L2. Amengual (2016a) provides evidence for a cognate effect in the produc-
tion of Catalan mid back vowels in Mallorca, where productions of Catalan /O/
with incongruent Spanish cognates are raised, evidencing assimilation towards
Spanish /o/.

1.3 Language dominance

Language dominance is a measure of linguistic history, linguistic attitudes, lan-
guage proficiency, and language use, and is often a predictor of category produc-
tion and perception of bilinguals (Birdsong et al. 2012). Under the SLM and SLM-
r (Flege 1995, Flege & Bohn 2021), language dominance, through language expo-
sure and experience, can predict whether assimilation or dissimilationmay occur.
Amengual (2016b) provides evidence for language dominance as a predictor of as-
similation, where Spanish-dominant bilinguals assimilated both Catalan /e/ and
Catalan /E/ to Spanish /e/. Alternatively, Bosch & Ramon-Casas (2011) find that
systematic and consistent exposure to Catalan (i.e., greater Catalan-dominance)
contributes to the production of distinct Catalan mid front vowel categories by
bilinguals raised in Spanish-dominant homes, thus providing evidence for dis-
similation between two L2 categories. No cross-linguistic comparisons were per-
formed in the study, thus it is unknown whether or not language dominance ad-
ditionally contributed to cross-linguistic dissimilation between Catalan /e/ and
Spanish /e/ among these bilinguals.

1.4 Age and gender

Within the variationist sociolinguistic framework, social factors such as age and
gender are correlated with sound changes in progress. Under the apparent-time
construct (Bailey 2004), generational sound change can be observed by compar-
ing the speech of older speakers from that of younger speakers, where the speak-
ers pertain to separate generations (Labov 1994: 45–46). Patterns of language
use across gender often are consistent with the Gender Paradox, where “women
conform more closely than men to sociolinguistic norms that are overtly pre-
scribed, but conform less than men when they are not” (Labov 2001: 292–293).
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Therefore, in both changes from above and below the level of conscious aware-
ness, women tend to be the leaders of change. The combination of this principle
with the apparent-time construct results in the methodological practice of treat-
ing younger women’s speech patterns as suggestive of possible community-wide
changes in progress (Labov 2001: 279).

In Barcelona, age is additionally a correlate to access to explicit language in-
struction as the Catalonian Linguistic Normalization Law of 1983 has yielded a
generational divide between those that have and have not had access to Catalan
instruction in school. Although most studies of Spanish and Catalan production
in Catalonia focus on the effects of language dominance and other cognitive fac-
tors, Cortés et al. (2019) examine the language of preschool-aged children and
their parents in three neighborhoods of Barcelona. They observe that the chil-
dren’s ability to produce Catalan mid vowels is most affected by the language
environment (i.e., strength of Spanish-influence in neighborhood), whereas the
production of adults is more affected by personal relationships and connections
maintained in the present and the past. Despite the relative lack of research on
the role of age and gender in vowel production in this bilingual community, but
due to increasing immigration and the documented mid front vowel merger in
progress in some areas in Barcelona (Mora & Nadeu 2012), I predict that a po-
tential change in progress, if observed, would be led by younger female speakers
and be advancing in the direction of vowel assimilation.

1.5 The present study

The present study uses cross-linguistic production data to address the following
research questions relating social factors to processes of assimilation and dissim-
ilation. First, how do the factors of gender, age, and language dominance mediate
a cognate effect from Catalan in the production of Spanish /e/, demonstrating as-
similation? I hypothesize that a cognate effect will occur less among less Catalan-
dominant speakers, less in females than males, and less in younger speakers –
despite exposure to new Catalan educational policies – as these speakers are less
likely to have maintained the Catalan mid front vowel contrast, thereby inhibit-
ing a cognate effect. Secondly, how do these social factors mediate the degree
to which Spanish /e/ overlaps with each Catalan mid front vowel? I hypothesize
that decreased Catalan-dominance will contribute to greater overlap (assimila-
tion), and that female speakers and younger speakers will additionally produce
categories with less acoustic distinction.
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2 Methodology

2.1 Subject population

Seventeen participants were recruited with flyers posted at the University of
Barcelona and were stratified according to age and gender. Two generations are
represented, one group between 18–25 years old and the other between 40–65
years old. All participants are bilingual in Spanish and Catalan and have lived in
Barcelona for the past 10 years. All participants were connected to the Univer-
sity, or had been connected in the past, which may yield a similar exposure to
Catalan in a professional setting across participants.

Table 1: Number of participants and mean language dominance scores
(with standard deviations) across the four social cells

Participant Group Count Language Dominance

Younger Women 6 +55.7 (17.2)
Older Women 4 +50.8 (77.5)
Younger Men 4 +1.0 (47.0)
Older Men 3 +93.9 (10.4)

Each participant was assigned a Catalan-Spanish dominance score (minimum:
−218; maximum: +218) after completing the Bilingual Language Profile (Birdsong
et al. 2012), where a more positive dominance score is correlated with greater
dominance in Catalan and a more negative dominance score is correlated with
greater dominance in Spanish. Table 1 shows the distribution of participants
across the four participant groups, as well as themean language dominance score
for each group. The relatively low number of speakers that are more Spanish-
dominant (n = 4) and the imbalance of their distribution across the four social
cells prevent the use of a categorical dominance score without crossing language
dominance with other social factors. Instead, dominance will remain a continu-
ous factor in the present analysis and will not interact with either gender or age.
Although the sample size is relatively small, 3–5 participants per cell is the statis-
tical minimum to reflect group tendencies more than individual idiosyncrasies
(Tagliamonte 2006: 31). At the time of data collection, no participant reported
ever having any history of speech or hearing disorders.

2.2 Materials and procedure

All experimental sessions took place in an empty classroom at the University
of Barcelona. Participants were asked if they would prefer to interact with the
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researcher in Spanish or in Catalan. All communication, including the consent
form, questionnaire, and sociolinguistic interview, were subsequently conducted
in the preferred language. First, the participants were instructed to read and sign
the consent form and complete the Bilingual Language Profile (Birdsong et al.
2012), adapted as a Qualtrics survey (Qualtrics 2005). Next, the participants en-
gaged in a sociolinguistic interview (data not analyzed in the present study), fol-
lowed by two elicited production tasks, the first in Spanish and the second in
Catalan. The productions of these token stimuli were recorded using a Zoom
H4N Multitrack Recorder and Comica Lavalier microphone.

The Spanish word list1 used in the elicited production task was stratified ac-
cording to cognate status: 20 words have congruent Catalan cognates (e.g., Sp.
conc[e]pto, Cat. conc[e]pte ‘concept’); 20 words have incongruent Catalan cog-
nates (e.g., Sp. inter[e]s, Cat. inter[E]s ‘interest’); and 20 words have no Catalan
cognate (e.g., Sp. mad[e]ra, Cat. fusta ‘wood’). In order to determine the target
vowel for each Catalan cognate, an online dictionary with transcriptions of the
Barcelona variety of Catalan was consulted (Alcover & Moll 2002). The Catalan
word list consisted only of the 40 congruent and incongruent Catalan cognates.
According to the online corpus NIM (Guasch et al. 2013), all words from the Span-
ish word list have a relative frequency of at least 10 parts per million (ppm), and
all words from the Catalan word list have a relative frequency of at least 5 ppm.
In each word list, all target vowels occur in stressed syllables. Additionally, Span-
ish words where /e/ is followed by a palatal consonant, or either an /x/ or an /r/,
were excluded, as these segments either lower or raise the F1 of /e/ (Hualde 2013:
115). Before data collection began in Barcelona, four trained linguists who are
native speakers of Catalan and/or Spanish participated in a pilot study. After the
experiment, none of the participants were able to identify the sound of interest,
so to reduce the duration of the experiment, neither word list included filler to-
kens. Each word list was randomized and all participants saw the same list orders
appear on a tablet in the form of isolated words.

2.3 Acoustic analysis

A total of 1,020 Spanish mid front vowels (17 participants x 20 words x 3 cognate
levels) and a total of 680 Catalan mid front vowels (17 participants x 20 words x
2 target vowels) were submitted to acoustic analysis. For the Spanish data, time-
aligned, word- and phoneme-segmented Praat TextGrid files were generated us-
ing Montreal Forced Aligner (McAuliffe et al. 2017) with a Spanish dictionary
(Morgan 2017). The TextGrids were hand-corrected in Praat (Boersma&Weenink

1Spanish and Catalan word lists available at https://anniehelms.github.io/lsrl50_supplemental/
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2019), and a Praat script (Riebold 2013) was used to extract measurements for F1,
F2, and F3 at the midpoint of each stressed /e/ phone marked in the TextGrid in
order to minimize co-articulation effects upon the formant measurements. The
same procedure was carried out for the 680 Catalan mid front vowels, and vowel
categories were classified following the target vowels in the word list. The F1
and F2 measurements for all mid front vowels of Spanish and Catalan were nor-
malized across vocal tract length, using the Lammert and Narayanan ΔF normal-
ization method (Johnson 2020), which can be calculated using only a subset of
vowels from the acoustic space.

2.4 Statistical analysis

To analyze a possible mid front vowel merger in Catalan, a Pillai score was cal-
culated for the two mid front Catalan vowels for each speaker in the data set
and measures of F1 were submitted to a mixed effects linear regression model.
Although normally both Pillai scores and measures of Euclidean distance are em-
ployed to analyze possible mergers, the two Catalan mid front vowels predomi-
nantly differ across F1, so the regression model of F1 measures provides roughly
the same information as Euclidean distance. The Pillai score is a measure of the
degree of overlap between vowel categories and is calculated for each speaker
from multivariate analysis of variance (manova) models fitted with F1 and F2
measurements by vowel category (Nycz & Hall-Lew 2013). The Pillai scores from
each speaker were calculated using a custom function and submitted to a fixed
effects linear regression model using the glm() function in R (R Core Team 2018).
The model includes a main effect of language dominance and a two-way in-
teraction term of age and gender. The mixed effects linear regression model
predicting F1 was built using the lmerTest package (Kuznetsova et al. 2017). This
model serves as another indicator of a possible mid front vowel merger, and addi-
tionally provides information about variation occurring across this formant axis.
Themodel contains a two-way interaction of language dominance and target
catalan vowel, a three-way interaction of gender, age, and target catalan
vowel, and random intercepts of participant and token word.

In order to observe a possible cognate effect within productions of Spanish
/e/, F1 measures were submitted to a mixed effects linear regression model. The
model included a two-way interaction of language dominance and catalan
cognate vowel, a three-way interaction between gender, age, and catalan
cognate vowel, and random intercepts of token word and participant. Ad-
ditionally, to observe the impact of social factors on the degree of overlap be-
tween Spanish /e/ and Catalan /e/, and between Spanish /e/ and Catalan /E/, Pillai
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scores were calculated for each participant for each vowel category comparison.
Scores were submitted to separate fixed effects linear regression models with the
two-way interaction between age and gender and the main effect of language
dominance. For these regression models, and all previous models, the emmeans
package (Lenth 2021) was used to calculate Cohen’s d effect sizes for pairwise
comparisons and to perform necessary post-hoc tests using a Tukey pairwise
comparison. The heplots package (Fox et al. 2021) was used to calculate par-
tial eta-squared (𝜂2𝑝) effect sizes for fixed effects models, and the r2glmm package
(Jaeger 2017) was used to calculate marginal R-squared (𝑅2) effect sizes for mixed
effects models.

3 Results

3.1 Catalan production

Table 2: Regression coefficients for fixed effects linear model predicting
overlap between Catalan /e/ and Catalan /E/ (Pillai scores) across the
two-way interaction of age and gender and the main effect of lan-
guage dominance (Dom.). The intercept is the overlap of older female
speakers with a language dominance score of 0.

Estimate Std. Error t-value p-value

(Intercept) 0.3669835 0.0822150 4.464 0.000774 ∗∗∗
Younger −0.1727733 0.0900524 −1.919 0.079134 ∗
Male −0.1587978 0.1126758 −1.409 0.184121
Dom. 0.0003611 0.0008584 0.421 0.681425
Younger: Male 0.2068923 0.1626608 1.272 0.227497

To look for evidence of assimilation via a cognate effect, it must first be deter-
mined if /e/ and /E/ are produced as distinct vowel categories. An initial visual
examination of the Catalan mid front vowels (Figure 2) suggests that older fe-
males produce more contrasting vowels than other participants. To investigate
this observation further, Pillai scores and productions along F1 were analyzed.
The coefficients of the regression model of individuals’ Pillai scores (Table 2) in-
dicate that neither age, gender, or language dominance significantly impact
the degree of overlap between the two mid front vowel categories. However, the
main effect of age is approaching significance, where younger speakers produce
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Figure 2: Vowel space plot showing distribution of three vowel cate-
gories in acoustic space, and displayed across social factors of age and
gender. Ellipses are drawn 1 SD from the mean. Formant values appear
in normalized units, derived originally from raw hertz values.

Catalan mid front vowels with greater overlap than older speakers (𝛽 = −0.17, 𝜂2𝑝
= 0.565, p = 0.079).

Regression coefficients for the mixed effect linear regression model predicting
Catalan F1 (Table 3) indicate significant main effects of language dominance,
target catalan vowel, gender, and a significant interaction of target cata-
lan vowel and age. A post-hoc Tukey pairwise comparison of target catalan
vowel and age reveals that /e/ is produced significantly higher than /E/ for older
speakers (𝛽 = 0.0771, d = 1.474, p < 0.001) and for younger speakers (𝛽 = 0.0433, d
= 0.828, p < 0.05). Additionally, while the acoustic distinction between the /E/ of
older speakers and the /E/ of younger speakers is not significant, older speakers
produce /e/ higher than younger speakers (𝛽 = 0.0885, d = 1.691, p < 0.01). Main
effects of language dominance (𝛽 = 0.00059, 𝑅2 = 0.047, p < 0.05) and gender
(𝛽 = −0.095, 𝑅2 = 0.068, p < 0.01) indicate that mid front vowels are produced
lower with increasing Catalan-dominance, and that male productions are higher
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than female productions. Although these social factors influence Catalan produc-
tion, they do not impact the degree of acoustic distinction between the two mid
front vowel categories.

Table 3: Regression coefficients for mixed effects linear model pre-
dicting Catalan F1, with a three-way interaction of age, gender, and
target vowel and a two-way interaction of language dominance
(Dom.) and target vowel. The intercept is older, female speakers pro-
ducing Catalan /E/ with a language dominance score of 0.

Estimate Std. Error t-value p-value

(Intercept) 5.092e-01 2.220e-02 22.934 < 2e-16 ∗∗∗
Dom. 5.939e-04 2.098e-04 2.830 0.010688 ∗
/e/ −9.065e-02 1.654e-02 −5.480 5.06e-07 ∗∗∗
Male −9.454e-02 2.754e-02 −3.433 0.002790 ∗∗
Younger 4.266e-02 2.201e-02 1.938 0.067620 ∗
Dom.: /e/ 2.003e-05 1.019e-04 0.197 0.844256
Male: Younger 2.405e-02 3.976e-02 0.605 0.552480
/e/: Male 2.514e-02 1.338e-02 1.879 0.060672 ∗
/e/: Younger 3.895e-02 1.069e-02 3.643 0.000292 ∗∗∗
/e/: Male: Younger −1.028e-02 1.931e-02 −0.532 0.594572

3.2 Spanish production

From the Spanish word lists, F1 measures of Spanish /e/ were submitted to a
mixed effects linear regression model and the output of the model appears in
Table 4. The model output indicates a significant main effect of language dom-
inance (𝛽 = 0.00052, 𝑅2 = 0.040, p < 0.01), where speakers that are more Catalan-
dominant produce Spanish /e/ lower than speakers that are less Catalan-dom-
inant. The model also reveals a significant main effect of age (𝛽 = 0.049, 𝑅2
= 0.033, p < 0.05), where younger speakers have lower productions than older
speakers. Additionally, the main effect of gender is approaching significance,
where males produce /e/ higher than females (𝛽 = 0.047, 𝑅2 = 0.020, p = 0.0524).
Importantly, there is no significant interaction containing levels of the factor
catalan cognate vowel, which could indicate a cognate effect from Catalan in
the production of Spanish /e/. Accordingly, it seems that these participants do not
evidence assimilation via a cognate effect to Catalan mid front vowel categories
in their production of Spanish /e/.
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Table 4: Regression coefficients for mixed effects linear model predict-
ing Spanish F1 with a three-way interaction of age, gender, and cata-
lan cognate vowel (NC = non-cognate) and a two-way interaction
of language dominance (Dom.) and catalan cognate vowel. The
intercept is older, female speakers with a language dominance score of
0 producing Spanish /e/ where the Catalan cognate vowel is /E/.

Estimate Std. Error t-value p-value

(Intercept) 4.097e-01 1.716e-02 23.872 <2e-16 ∗∗∗
Dom. 5.186e-04 1.737e-04 2.986 0.0071 ∗∗
/e/ −2.370e-03 1.073e-02 −0.221 0.8253
NC −5.334e-03 1.073e-02 −0.497 0.6194
Male −4.690e-02 2.280e-02 −2.057 0.0524 ⋅
Younger 4.903e-02 1.822e-02 2.691 0.0138 ∗
Dom.: /e/ −8.966e-05 9.308e-05 −0.963 0.3357
Dom.: NC 9.668e-06 9.308e-05 0.104 0.9173
Male: Younger 3.510e-02 3.291e-02 1.067 0.2984
/e/: Male −2.240e-03 1.222e-02 −0.183 0.8546
NC: Male 3.753e-03 1.222e-02 0.307 0.7588
/e/: Younger 1.125e-02 9.765e-03 1.152 0.2497
NC: Younger 4.063e-03 9.765e-03 0.416 0.6774
/e/: Male: Younger 7.526e-03 1.764e-02 0.427 0.6697
NC: Male: Younger 1.032e-02 1.764e-02 0.585 0.5585

3.3 Cross-linguistic production

To observe how social factors mediate the degree of overlap between Spanish /e/
and each Catalan mid front vowel, Pillai scores measuring the degree of overlap
between Spanish /e/ and each Catalan mid front vowel were calculated for each
participant. The values were submitted to fixed effects linear regression models
with main effects of language dominance and two-way interactions of age
and gender. The regression coefficients for the overlap between Spanish /e/ and
Catalan /e/ appear in Table 5. The model output indicates that social factors do
not impact the degree of overlap of these two categories. In other words, all par-
ticipants regardless of age, gender, or language dominance, demonstrate a simi-
lar degree of overlap of Spanish /e/ and Catalan /e/. As a relative measure, Pillai
scores do not convey a specific percentage of overlap in productions. However,
as scores can range from 0 (merged) to 1 (unmerged), the fairly low 𝛽-coefficient
of the intercept (0.156) suggests that the categories have a considerable degree of
overlap.
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Table 5: Regression coefficients for the fixed linear effects model pre-
dicting the degree of overlap between Spanish /e/ and Catalan /e/ (Pil-
lai scores) across the two-way interaction of age and gender and the
main effect of language dominance (Dom.). The intercept is the over-
lap of productions by older, female speakers with a language domi-
nance score of 0.

Estimate Std. Error t-value p-value

(Intercept) 0.1557052 0.0552384 2.819 0.0155 ∗
Younger 0.0274665 0.0605042 0.454 0.6580
Male −0.0125400 0.0757043 −0.166 0.8712
Dom. 0.0001259 0.0005767 0.218 0.8309
Younger: Male −0.1134477 0.1092881 −1.038 0.3197

Table 6: Regression coefficients for the fixed linear effects model pre-
dicting the degree of overlap between Spanish /e/ and Catalan /E/ (Pil-
lai scores) across the two-way interaction of age and gender and the
main effect of language dominance (Dom.). The intercept is the over-
lap of productions by older, female speakers with a language domi-
nance of 0.

Estimate Std. Error t-value p-value

(Intercept) 0.5244873 0.0604239 8.680 1.62e-06 ∗∗∗
Younger −0.1223421 0.0661840 −1.849 0.0893 ∗
Male −0.2384856 0.0828110 −2.880 0.0138 ∗
Dom. 0.0012737 0.0006309 2.019 0.0664 ∗
Younger: Male 0.0144009 0.1195474 0.120 0.9061

The regression coefficients for the model predicting the overlap of Spanish
/e/ and Catalan /E/ are shown in Table 6. In this model output, the main effect
of gender is significant (𝛽 = 0.238, 𝑅2 = 0.99, p < 0.05), indicating that male
speakers produce the two categories with more overlap, relative to female speak-
ers. Additionally, the factors of age and language dominance are approaching
significance, where younger speakers would evidence more overlap than older
speakers (𝛽 = 0.122, 𝑅2 = 0.99, p = 0.0893) and more Catalan-dominant speakers
would evidence less overlap (𝛽 = 0.0013, 𝑅2 = 0.99, p = 0.0664). The 𝛽-coefficient
of the intercept, compared with that of the previously analyzed model, suggests
that these participants have greater overlap of Spanish /e/ and Catalan /e/, than
of Spanish /e/ and Catalan /E/, an observation that is supported visually in Fig-
ure 2.
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4 Discussion

In order to address the first research question, whether there is a cognate effect
from Catalan in the production of Spanish /e/, the Catalan data were first ana-
lyzed. The results of this analysis indicate that the categories of Catalan /e/ and
Catalan /E/ have not yet fully merged for these participants, as each category was
produced significantly differently across F1 by both older speakers and younger
speakers. However, the results of the regression model of individual Pillai scores
indicate that the degree of category overlap may be increasing in apparent-time.
Since significant acoustic distinction was observed, it could be possible to find
cognate effects in the Spanish production data. However, the factor of catalan
cognate vowel was not a significant main effect of F1 of Spanish /e/, nor was
it involved in any significant interactions, suggesting that there is no observable
cognate effect, regardless of the social profile of the participants analyzed in this
study.

The second research question regards the variation due to social factors in the
degree of overlap between Spanish /e/ and Catalan /e/, and also between Span-
ish /e/ and Catalan /E/. While the overlap between Spanish /e/ and Catalan /e/
was not seen to be socially-mediated, gender was a significant predictor of the
degree of overlap between Spanish /e/ and Catalan /E/, where the male partici-
pants tend to evidence more overlap between the two categories than the female
participants. Contrary to the research hypothesis, neither age nor language
dominance significantly impacted the degree of overlap, though both factors
approached statistical significance.

Regarding the role of age, older speakers maintained less overlap of Catalan
mid front categories and greater acoustic distinction across F1, thus demonstrat-
ing adherence to prescriptive norms, where Catalan /e/ and Catalan /E/ are two
distinct phones. This result is in line with the research hypothesis, despite the
educational changes that occurred in Catalonia following the Catalonian Linguis-
tic Normalization law of 1983. Though exposure to Catalan instruction in school
may be greater for younger speakers, the large number of immigrants that are
L2 Catalan speakers attending public schools alongside native Catalan speakers
may contribute to increased exposure to exemplars with a merger. Therefore, ex-
posure to Catalan under the new educational policies does not deterministically
cause younger speakers to fully adhere to prescriptive norms. These findings
therefore support the SLM-r’s assertion that “[q]uality of input has been largely
ignored in L2 speech research [in favor of quantity] even though it may well
determine the extent to which L2 learners differ from native speakers” (Flege &
Bohn 2021: 32).
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With regard to the role of gender, the female participants had less overlap be-
tween Spanish /e/ and Catalan /E/ than the male participants, thus conforming
more to the prescriptive norm than males. That gender did not also impact the
overlap of Spanish /e/ and Catalan /e/ could be attributed to the lack of salience
of this distinction; one participant of this study mentioned during the sociolin-
guistic interview that students are taught in school that Spanish /e/ and Catalan
/e/ are the same sound. Though the factor of age was only marginally signifi-
cant, a visual examination of Figure 2 suggests that the younger speakers tend
to conflate all three vowel categories whereas the older speakers mainly conflate
Spanish /e/ and Catalan /e/. With greater statistical power, perhaps age would
surface as a significant predictor of overlap, in which case the data would be con-
sistent with a male-led change in progress. Alternatively, the lack of a significant
age effect, coupled with female speakers’ greater adherence to the prescriptive
norm than male speakers, is consistent with a case of stable variation. However,
since prior studies (e.g., Mora & Nadeu 2012) have documented the merger as
recent and ongoing, I will proceed considering the merger as a possible change
in progress.
Whereas females are often the leaders of community-wide change (Labov 2001),

a male-led change could suggest that the social meaning indexed by a produc-
tion of Spanish /e/ that is conflated with Catalan mid front vowels is stratified
by gender. For example, it could be that this variant is an index of solidarity or
a Catalan-identity marker (akin to lateral velarization and other phonetic phe-
nomena; Davidson 2019) that is generally associated with males and does not
provide social gain if used by females (Chappell 2016). Similarly, because bilin-
guals that use this variant would only have one mid front vowel category cross-
linguistically, the variant could also index some trait associated with metropoli-
tan bilingualism or a unique Barcelona identity that is a blend of Spanish and
Catalan identities (Newman & Trenchs-Parera 2015). Of course, these presently
speculative accounts can be empirically tested in future perception research that
aims to uncover the social meanings that listeners afford to the assimilation of
Spanish /e/ and Catalan /E/.

Models of second language acquisition and representation, such as the SLM,
SLM-r, PAM-L2, and L2LP, predict language dominance to be an important fac-
tor in category formation. Although language dominance did not surface as a
significant predictor of production in this study, the participant group was con-
siderably homogeneous in terms of dominance, where only 4 participants were
scored as Spanish-dominant by the BLP. A larger data set with more variabil-
ity in language dominance could be more revealing of the importance of input
in language production. Of the three models, the SLM-r should make the most
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relevant predictions for the data as the participants are early bilinguals rather
than naïve listeners or adult learners and the bias towards Catalan-dominance
in the data set means that the majority of participants are attempting to produce
a single L2 category (Spanish /e/) rather than an L2 category contrast (Catalan
/e/ and /E/). Under this theory, the quality and quantity of input that participants
receive of Catalan /e/ does not allow for sufficient differentiation from Spanish
/e/, yielding category assimilation in their production as was seen in the Pillai
scores.

Based on SLM-r, any differences in production based on gender, ethnicity, age,
or other social factors must necessarily be derived from differences in L2 input.
However, the connection between variants and social meaning central to varia-
tionist sociolinguistic theory is not accounted for in the SLM-r. Chappell & Kan-
wit (2021) attempt to reconcile this disconnect by proposing a unified framework
of theoretical models of second language learning, exemplar theory, and index-
ical meaning to explain variable outcomes in second language perception. The
present data also support this unified approach for production, where variable
productions may be influenced by the mapping of social meaning onto said vari-
ants, in addition to the L2 input received. While cognitive factors such as lan-
guage dominance and cognate status are central to models of bilingual phonetic
representation, it is paramount to situate the bilingual individual within the con-
text of the community and acknowledge the external social factors which also
mediate variation in acquisition and production.

5 Conclusions

This study found evidence for age and gender as predictors of assimilation among
productions of Spanish and Catalanmid front vowels. Younger speakers evidence
less acoustic distinction between Catalan mid front vowels than older speakers,
and males produce Spanish /e/ and Catalan /E/ with more overlap than females.
These findings contribute a variationist sociolinguistic analysis to the literature
of bilingual production of mid front vowels, demonstrating the importance of
viewing models of category acquisition and phonetic representation through the
lens of social factors, in conjunction with cognitive factors. Future studies of con-
tact varieties of Spanish found in bilingual settings within Barcelona, both in the
realms of production and perception, will further reveal the impact of contem-
porary Catalan linguistic policies, and the social meaning indexed by variation
within the production of these (vocalic) and other linguistic variables.
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