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Abstract

Multilingual speakers are known to code-switch across lan-
guage pairs and in association with various paralinguistic as-
pects of conversation. We build on prior work by asking:
how is a multilingual speaker’s language proficiency, as shaped
by their linguistic background, related to their code-switching
(CSW) behavior? To answer this question, we examine the Ban-
gor Miami corpus of spontaneous Spanish-English speech and
analyze the linguistic and demographic profiles of its speakers
alongside features of their conversational language production.
We find that a speaker’s parents’ primary language, medium of
secondary schooling, and self-reported ability are strongly as-
sociated with the quantity of CSW and language distribution
in code-switched speech. Our work is the first to empirically
show a relationship between language proficiency and multilin-
gual speech production and calls for the inclusion of linguistic
background features in future paralinguistic studies of CSW.
Index Terms: code-switching, language proficiency, speech
analysis, computational paralinguistics

1. Introduction

Code-switching (CSW) occurs when speakers alternate between
language varieties in speech [1]. CSW may occur within or be-
tween utterances, and has been observed across numerous lan-
guage pairs. Speakers who code-switch may produce a) rela-
tively simple insertional code-switches of single words or short
phrases, or b) more syntactically complex alternational code-
switches at grammatical clause boundaries [2]:

1) a.  "Pero mi printer no funciona."
["But my printer doesn’t work."]
b.  "No la puedes hacer because you can’t check it."

["You can’t do it because you can’t check it."]

There is growing interest in studying CSW, particularly in spon-
taneous conversational contexts between adult speakers, and
many paralinguistic factors of speech have been shown to influ-
ence or correlate with CSW, e.g. [3, 4, 5]. However, the extent
to which speaker language proficiency plays a modulating role
in such multilingual speech production, and its interaction with
associated paralinguistic or social outcomes, remains unclear.
Language proficiency refers to a speaker’s competence and
capability to use oral and/or written language accurately and
appropriately in a variety of settings [6, 7]. In this work, we
investigate a Spanish-English corpus and examine the link be-
tween CSW and language proficiency, as encoded by several
linguistic and demographic factors of a speaker’s profile. We
examine language proficiency factors that span individual lin-
guistic characteristics, e.g. years of language experience, and
broader language exposure aspects, e.g. the languages primarily

spoken at home. Both types of factors contribute importantly to
a speaker’s linguistic abilities, with the latter type having a less
direct, but nonetheless meaningful, influence on the develop-
ment of language proficiency. We find evidence of the language
spoken by one’s parents and in secondary school, along with
one’s self-reported higher-ability language, having the strongest
positive associations with the quantity and frequency of CSW in
speech, and with dominant language use within code-switched
utterances. Overall, we show a significant relationship between
language proficiency and multiple aspects of downstream CSW
behavior. Our main contribution is the empirical investigation
of a fundamental aspect of multilingual speech production that
has been neglected in prior work on CSW. The impact of our
contribution is enhanced by our focus on one of the most pop-
ular CSW data sets used by researchers. We recommend that
future work, particularly on the paralinguistics of CSW, account
for speakers’ language proficiency whenever possible to add nu-
ance to interpretation of spoken CSW behavior, and to avoid the
impact of a potential confounding variable in CSW analysis.

2. Related work

Much related work on CSW has explored paralinguistic fac-
tors influencing code-switched language production. Such stud-
ies have examined demographic factors such as speaker gen-
der [8, 9], affective aspects like the expression of emotion and
empathy [3, 4], and interactive conversational features such as
formality, politeness, and entrainment [10, 5, 11]. Despite the
breadth of research on how CSW occurs, relatively little is
known about how language ability influences CSW and its as-
sociated paralinguistic effects; few, if any, of the works cited
above explicitly accounted for speaker language proficiency.

Prior work on language proficiency in CSW contexts has
studied the speech of children, directly via observation or indi-
rectly through parent assessments, in language learning and de-
velopment settings. [12] found that linguistic competence influ-
ences CSW direction and function in German-Turkish, German-
Italian, French-Turkish, and French-Italian child speech, while
[13] showed that language proficiency is only associated with
Spanish-English CSW frequency among children with devel-
opmental language disorder. Similar work has been done on
groups of university students learning foreign languages. In
Arabic-English, language proficiency is unrelated to elicited
CSW among a small group of women [14], and there is no
significant effect of English language proficiency among EFL
speakers in an Indonesian-English reading task [15]. Separate
from language acquisition, some work, such as [16], has studied
task-oriented code-switched adult speech and shown that while
language proficiency is not associated with CSW frequency, the
two linguistic factors have a combined, interactive effect on
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cognitive control. However, the age, gender, non-native, and/or
task-restricted nature of these niche speaker populations studied
limits the generalizability of these findings.

Overall, findings from prior work on the relationship be-
tween CSW and language proficiency are mixed, making it dif-
ficult to draw definitive conclusions to inform current CSW re-
search, which tends to focus on spontaneous, open-domain con-
versations between adults across ages. Though some studies,
such as [17], have investigated how language ability is influ-
enced by exposure to CSW, there is little work asking what
the impact of language proficiency is on CSW in the kinds of
contexts that are of most interest and broadest applicability to
speech researchers and downstream technology. In order to ad-
dress this lack, we pose the following research question: RQ:
How is language proficiency, as encoded by demographic and
linguistic factors, related to the quantity, language distribution,
and syntactic complexity of CSW in a conversational domain?

3. Corpus

We examine the Bangor Miami (BM) corpus of spontaneous
Spanish-English speech [18]. Of BM’s 56 conversations, we
use the subset of 39 dyadic conversations spanning 20 hours
between speakers aged 11 to 78 (mean: 33; median: 39). BM is
popular among CSW researchers due to its mix of monolingual
and multilingual utterances, word-level language identification
(LID) tags, and open accessibility. Note that the corpus con-
tains 1.88 times as many English tokens as Spanish ones. In
addition to recorded and transcribed code-switched dialogue,
the corpus includes response data from a questionnaire given to
each speaker to solicit demographic and linguistic background
information on: mother’s primary language (86% Spanish, 14%
English), father’s primary language (83% Spanish, 17% En-
glish), medium of primary schooling (38% Spanish, 62% En-
glish), medium of secondary schooling (29% Spanish, 71% En-
glish), years of language experience (Spanish:English mean =
median: 1.05), age, and self-reported ability in each language
(min.: 1, max.: 10; Spanish:English mean: 0.98, median: 1.0).

4. Method

Data preprocessing. We analyze the code-switched conversa-
tion transcripts alongside the questionnaire response data. For
the conversational features, we measure CSW quantity using
previous annotations of utterance-level CSW ratio [19]. We
use the provided LID tags to also compute utterance-level M-
and I-indices [20, 21] to further quantify the richness and fre-
quency of CSW in each utterance. Both indices range from 0
(monolingual) to 1 (evenly mixed between languages) and mea-
sure the extent of multilingualism within code-switched utter-
ances. We also use LID tags to determine the language dis-
tribution within code-switched utterances; we compare counts
of content tokens spoken in each language within a speaker’s
set of code-switched utterances to determine the speaker-level
dominant CSW language (41% Spanish, 59% English). Tokens
tagged as language-ambiguous are excluded at this step. We
measure syntactic complexity of CSW using previous annota-
tions of CSW strategy, labeled as insertional or alternational
[11], where alternational switches are considered more com-
plex than insertional ones. We use the questionnaire features as
listed in the previous section. Categorical features are coded as
1 representing Spanish and 2 representing English, with O rep-
resenting a baseline where both languages are used equally. We
remove speakers with incomplete questionnaire responses, and
match the remaining 73 speakers’ questionnaire data across 39
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conversations to conversation transcripts via speaker ID.
Statistical testing and modeling. We carry out a number
of statistical tests to determine the relationship between factors
of language proficiency and CSW behavior. We use chi-squared
and ANOVA tests, Pearson correlation, and logistic regression
to examine how language proficiency and CSW are associated
across combinations of categorical and continuous feature sets
of both. Statistical testing is complemented by analysis of pre-
dictive models of CSW behavior. We implement a logistic
regression and SVM with scikit-learn, using three-fold
cross-validation over an 80/20 train/test split of the combined
continuous and categorical language proficiency data.

Table 1: F-statistics from one-way ANOVA tests for quantity of
CSW. All values are statistically significant with p < 0.001.

Factor CSWratio Me-index I-index

Mother’s language 304.17 35.70 281.96

Father’s language 205.05 20.37 191.51

Primary school language 162.05 45.37 156.38

Secondary school language 201.17 65.24 194.54
5. Results

5.1. Language proficiency is significantly related to CSW
quantity

We begin by examining the relationship between categorical
features of language proficiency and the quantity of CSW in
speakers’ utterances. One-way ANOVA tests (Table 1) show
a strong and statistically significant association between all the
categorical variables and CSW quantity, as encoded by CSW
ratio and I-index in particular. This suggests that there are sig-
nificant differences in both the raw quantity of code-switches in
an individual’s speech and the frequency with which a speaker
alternates between languages in that speech between speaker
groups with differing backgrounds of language exposure, which
go on to shape language proficiency. We specifically find that
greater CSW quantity is associated with exposure to Spanish
rather than English. Note that for M-index, the medium of
primary and secondary schooling is more salient, whereas for
CSW ratio and I-index, the language used by parents is more
relevant, as reflected by relative F-statistic values across factors.

Factorial ANOVA tests combining the categorical variables
in relation to CSW quantity reveal similar results. We find ad-
ditional significant two-way interactions between mother and
father’s language (' = 2.967, p = 0.028) and primary and
secondary school medium (F' = 3.369, p = 0.016) when CSW
ratio is the dependent variable, and significant two-, three-, and
four-way interactions across all combinations of the linguistic
environment variables when setting M-index as the dependent
variable (2.887 < F < 6.382, p < 0.02). However, there is
a reduction of at least an order of magnitude of the F-statistic
compared to the one-way ANOVA tests, which reflects inter-
action effects within the set of independent variables.' Overall,
the relationship between language proficiency, measured via the
language spoken at home and in school, and the quantity of
CSW performed in speech is most significant and best under-
stood through analysis of individual factors.

Next, we examine the continuous variables of language pro-
ficiency in relation to CSW quantity using Pearson correlations.

IE.g., parents in a household always share the same primary lan-
guage, the medium of schooling at both levels is always the same as
the mother’s primary language, and two-thirds of speakers’ medium of
education is the same at both levels.



We find little evidence of a linear relationship between any of
the continuous questionnaire variables and any of the CSW
quantity metrics in an individual’s speech. A speaker’s years
of experience in Spanish relative to English is weakly nega-
tively related to CSW ratio (R = —0.212, p = 0.070), M-
index (R = —0.045, p = 0.070), and I-index (R = —0.219,
p = 0.062). So, more experience in English is weakly asso-
ciated with more CSW in speech, which approaches statistical
significance. Speaker age is weakly, but not significantly, pos-
itively correlated with CSW ratio (R = 0.161, p = 0.175),
M-index (R = 0.216, p = 0.066), and I-index (R = 0.157,
p = 0.185). A speaker’s self-reported ability in Spanish relative
to English is inconclusively, but in all cases non-significantly,
correlated with CSW quantity (R = —0.102, p = 0.389
and R = 0.022, p = 0.854) and frequency (R = —0.099,
p = 0.402). These results across the metrics of CSW quantity
are generally consistent, with no linear relationships between
any of our features of interest. However, years of experience
recurs across correlations with all three CSW metrics as ap-
proaching significance, suggesting that there may still be a non-
linear relationship between this factor and quantity of CSW.
Further testing will be required to uncover this definitively.

5.2. Language proficiency is significantly related to domi-
nant language in CSW

We examine the categorical language proficiency factors in as-
sociation with the dominant language used within a speaker’s
code-switched utterances. Chi-squared tests show that the lan-
guage of schooling is significantly related to dominant lan-
guage use in code-switched utterances. Both primary and sec-
ondary school media are associated with the same language
being the dominant one in a speaker’s code-switched produc-
tions (x*(1, N = 73) = 6.140, p = 0.013 and x*(1, N =
73) = 7.785, p = 0.005, respectively). The odds that a speaker
is Spanish-dominant in CSW, given that their primary school
medium was Spanish, are 4.97 (95% CI: 1.34-20.32) times
those for a speaker with an English-medium primary school.
Similarly, the odds that a speaker is Spanish-dominant in CSW,
given that their secondary school medium was Spanish, are 7.32
times greater than those for an English-medium school (95%
CI: 1.63-39.93). These results are especially significant given
the overall skew towards English in the corpus. So, there ap-
pears to be a meaningful relationship between the medium of a
speaker’s education, particularly at the secondary level, and the
dominant language used in their code-switched utterances.
Turning to the continuous language proficiency factors and
their relationship with language dominance in CSW, we im-
plement a binary logistic regression (Table 2) distinguishing
Spanish-dominant CSW from English-dominant CSW. Most
notably, we find that higher self-reported ability in Spanish rela-
tive to English is associated with Spanish-dominant CSW. This
finding is statistically significant and aligns with expectations.
Somewhat less intuitive is the result for years of experience in
Spanish relative to English, where speakers with more Spanish
experience are less likely to be Spanish-dominant in CSW. This
only approaches statistical significance, though, and we are in-
clined to discount it, but we do note that the result is consis-
tent with our previous Pearson correlation results. Finally, we
find that older speakers in this corpus are slightly more likely to
use Spanish as the dominant language in their code-switches,
which could reflect increasing comfort in one language over
time. More information is needed to assess whether this inter-
pretation is reasonable given a speaker’s context. Overall, there
appears to be an association between one continuous measure
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of speaker language proficiency — self-reported ability — and the
dominant language used in code-switched utterances.

Table 2: Summary of logistic regression for Spanish-dominant
(coded 1) versus English-dominant (coded 0) CSW.

Factor coef std err t
Intercept 1.1875 0.993 1.196
Years of experience (es:en)  -1.5283 0.944 -1.619
Reported ability (es:en) 0.7417 0.248 2.993
Age 0.0032 0.004 0.834

5.3. Language proficiency is not directly related to CSW
strategy

Finally, we consider the language proficiency factors associ-
ated with the CSW strategy most used in conversation. For the
categorical proficiency features, we find neither parent’s lan-
guage is significantly associated with the CSW strategy used
by speakers (x?(1,N = 73) = 0251, p = 0.882 and
X*(1, N = 73) = 0.107, p = 0.948). Nor does the lan-
guage of schooling at either level have a significant associa-
tion with CSW strategy (x*(1, N = 73) = 0.333, p = 0.188
and x?(1, N = 73) = 1.289, p = 0.524). Perhaps syntactic
complexity of CSW, encoded by strategy, is too fine-grained an
aspect of CSW behavior to be directly impacted by language
proficiency, especially when measured via influential but indi-
rect aspects of the linguistic environment.

Table 3: Summary of logistic regression for alternational
(coded 1) versus insertional (coded 0) CSW.

Factor coef std err t
Intercept 2.7343 1.020 2.681
Years of experience (es:en)  -1.7861 0.970 -1.841
Reported ability (es:en) -0.3678 0.255 -1.444
Age 0.0037 0.004 0.919

Our final logistic regression looks at the continuous lan-
guage proficiency variables and distinguishes speakers’ use of
alternational and insertional CSW (Table 3). The most notable
result which approaches statistical significance is that greater
years of experience in Spanish relative to English are more
associated with the use of insertional CSW than alternational
CSW. This might simply be a reflection of the majority of En-
glish insertions into Spanish utterances in the corpus (about
58% of insertional code-switched utterances fall into this cat-
egory); this does not provide much insight into a relationship
between language proficiency and CSW strategy choice. We
also note that greater self-reported ability in Spanish relative
to English is more associated with the use of insertional than
alternational CSW. This is somewhat counter-intuitive, as alter-
national CSW is more syntactically complex, and we expected
its use to be aided by greater proficiency in relatively grammat-
ically complex Spanish, and thus preferred by such proficient
speakers. But, this result is not statistically significant, and so
we may discount it. Finally, we find that older speakers are
slightly more likely to use alternational code-switches in this
corpus. Overall, it is difficult to conclude that any of the lan-
guage proficiency factors are directly related to CSW behavior
as encoded by the CSW strategy used in conversation. However,
note that alternational CSW tends to have higher M-index val-
ues than insertional CSW (median: 0.83 v.s. 0.6), while inser-
tional CSW tends to have higher CSW ratio and I-index values



(median: 0.2 v.s. 0.1), indicating a potential indirect relation-
ship between CSW strategy and language proficiency via CSW
quantity, which is significantly associated with proficiency as
encoded by language exposure factors. This aligns with early
theoretical work on CSW [22] that suggested speaker ability in-
fluences the level of complexity of code-switched productions.

5.4. Language proficiency can predict CSW behavior

We complete our investigation by assessing whether predictive
models can leverage the relationships we found between lan-
guage proficiency and aspects of CSW behavior to accurately
predict CSW from a speaker’s linguistic profile. To make CSW
quantity prediction a binary task, we define a speaker with a
“high" value for a given metric as one whose CSW quantity sur-
passes the midpoint of values for that metric across all speakers.
Both models perform similarly and reasonably well on all
CSW prediction tasks, bettering a random baseline, 0.5, in each
case (Table 4). Stronger results for CSW quantity and dominant
language prediction reflect the relative statistical significance
of associations we found above. These results overall provide
further evidence for the role of language proficiency in CSW.

Table 4: Evaluating model performance on predicting CSW be-
havior from language proficiency factors.

Mean Accuracy (SD)
Prediction task Logistic regression SVM
High CSW ratio 0.85 (0.04) 0.88 (0.00)
High M-index 0.71 (0.03) 0.73 (0.02)
High I-index 0.90 (0.02) 0.90 (0.02)
Dominant CSW language 0.75(0.12) 0.69 (0.02)
Dominant CSW strategy 0.63 (0.06) 0.62 (0.01)

5.5. Discussion

We show that language proficiency, measured via speakers’
linguistic environment and individual linguistic characteristics,
has notable relationships with several aspects of CSW. These
relationships can even be learned and applied by simple models
of CSW behavior, lending validity to our statistical findings.
With respect to the quantity of CSW in Spanish-English
speech, the language spoken by one’s parents is strongly associ-
ated with CSW behavior and can be used to differentiate speak-
ers who code-switch in abundance and often from speakers who
do neither. This finding echoes known impacts of language ex-
posure in the home on language proficiency [23, 24, 25, 26], and
provides new empirical evidence for the downstream impact of
this effect on multilingual, spontaneous speech production.
When considering the dominant language used in CSW,
we show that the medium of speakers’ education, especially at
the secondary level, and speakers’ self-reported higher-ability
language, are strongly related to language choice in sponta-
neous CSW. The first of these factors further highlights the
known influence of language exposure on proficiency [27, 28],
while the second acts as a more direct indicator of linguistic
ability. Both are significantly associated with specific down-
stream behaviors in code-switched speech. The salience of self-
reported linguistic ability is particularly interesting, as this may
be considered a subjective measure. But, the intuitive results
that come about from its inclusion in our experiments follow
from and generally agree with related work [12, 14], and point
to the reliability of using it as a proxy for language proficiency.
With regard to CSW strategies used in conversation, we
note the inconclusive evidence for a direct relationship between
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these and language proficiency as encoded by any feature of a
speaker’s linguistic profile. We speculate that language profi-
ciency may still be tied to CSW strategy choice in the BM cor-
pus, in which the majority of code-switched utterances are in-
sertional [11], but in a more complex way than we anticipated.
We plan to conduct more sophisticated tests to uncover the sub-
tle relationship between CSW quantity, strategy, and language
proficiency in an admittedly imbalanced empirical setting.

Finally, based on our weak, counterintuitive, and insignifi-
cant results involving years of language experience and age, we
suggest that these individual linguistic characteristics are not
necessarily useful as stand-alone measures of language profi-
ciency. For instance, years of experience and age as bare statis-
tics do not account for periods of inactivity in a speaker’s lan-
guage use, which would undoubtedly have an impact on mul-
tilingual speech production. Age in particular could be more
informative as a measure of language proficiency when consid-
ered in interaction with aspects of language exposure.

6. Conclusion

We examine the relationship between language proficiency and
spontaneous CSW in the BM corpus. We find that (1) the lan-
guage spoken by a speaker’s parents is strongly associated with
the quantity and frequency of CSW in that speaker’s produc-
tions; (2) the medium of instruction during a speaker’s educa-
tion and a speaker’s self-reported higher-ability language are
strongly related to the dominant language used in their CSW;
and (3) there is a potential indirect relationship between lan-
guage proficiency and the strategy of CSW used in conversa-
tion. We expand the scope of study of language proficiency in
code-switched contexts to open-domain speech between adult
bilinguals across age and gender, and our findings across new
aspects of CSW are more generalizable than prior work. We
conclude that certain aspects of language proficiency may well
have a downstream impact on code-switched language produc-
tion, and should be accounted for in any study of CSW.

We recommend that future work on modeling CSW, or as-
sessing other paralinguistic factors’ effect on CSW, incorporate
language proficiency features in their analysis. For example,
studies of CSW quantity should ideally include demographic in-
formation about speakers’ language exposure in childhood. We
acknowledge that data on certain language proficiency factors
might be easier to collect than others, and suggest that, wher-
ever possible, the inclusion of some metrics of language profi-
ciency in CSW research is preferable to none. Our work is the
first to explicitly and empirically examine language proficiency
in a relatively large-scale code-switched context. We hope that
our investigation of a popularly used corpus will inform future
studies of CSW in speech, leading to richer understanding of
the interplay between various aspects of multilingual communi-
cation and their influence on how and why people code-switch.

7. Limitations

Our work focuses on a single language pair in a single cor-
pus, which is somewhat skewed towards English and insertional
CSW. We acknowledge the need to extend our method to addi-
tional language pairs, cultural contexts, and corpora with differ-
ent kinds of CSW to test the robustness of our findings. Due
to lack of access to CSW datasets containing speaker metadata,
our work makes use of the best currently available resources and
serves as a reasonable first step towards understanding the role
of language proficiency on code-switched speech production.
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