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Abstract

Code-switching, the alternating use of multi-
ple languages within a single utterance, is a
widespread linguistic phenomenon that poses
unique challenges for both sociolinguistic
analysis and Natural Language Processing
(NLP). While prior research has explored code-
switching from either a syntactic or geographic
perspective, few studies have integrated both as-
pects, particularly for underexplored language
pairs like Spanish-Guarani. In this paper, we
analyze Spanish-Guarani code-switching using
a dataset of geotagged tweets from Asuncion,
Paraguay, collected from 2017 to 2021. We em-
ploy a differential distribution method to map
the geographic distribution of code-switching
across urban zones and analyze its syntactic po-
sitioning within sentences. Our findings reveal
distinct spatial patterns, with Guarani-dominant
tweets concentrated in the western and south-
western areas, while Spanish-only tweets are
more prevalent in central and eastern regions.
Syntactic analysis shows that code-switching
occurs most frequently in the middle of sen-
tences, often involving verbs, pronouns, and
adjectives. These results provide new insights
into the interaction between linguistic, social,
and geographic factors in bilingual communica-
tion. Our study contributes to both sociolinguis-
tic research and NLP applications, offering a
framework for analyzing mixed-language data
in digital communication.

1 Introduction

Code-switching is the seamless alternation between
languages within a single utterance. This phe-
nomenon has long attracted linguists because it
reveals how bilingual speakers manage diverse lin-
guistic and social demands. It not only reflects
language proficiency but also illustrates how speak-
ers navigate their complex cultural identities and
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communication contexts. Over the past decades,
researchers have explored the interplay of linguis-
tic, cognitive, and social factors underlying code-
switching, often relying on elicited data and struc-
tured interviews (Corvalan, 2005; Kallfell, 2011;
Dietrich, 2002, 2010; Auer and Eastman, 2010;
Bullock and Toribio, 2009; Myers-Scotton, 2002;
Poplack, 1980, 1985). However, such methods
frequently fall short in capturing the natural spon-
taneity and fluidity of everyday speech.

The advent of digital communication, particu-
larly through social media, has opened new av-
enues for real-time code-switching studies. Plat-
forms like Twitter provide detailed time stamps
and geographic data that enable precise mapping of
language use (Eleta and Golbeck, 2014; Grieve
et al., 2019; Kellert, 2023c,a,b, 2022). Recent
computational approaches have leveraged these
datasets to enhance NLP applications, includ-
ing machine translation and sentiment analysis
in mixed-language contexts (Cerén-Guzman and
Le6n-Guzmén, 2016; Guzman et al., 2017; Agiiero-
Torales et al., 2021; Rijhwani et al., 2017). Despite
these advances, most studies treat geographic local-
ization and syntactic analysis as separate issues.

In Paraguay, where Spanish and Guaranf are both
official languages and integral to daily communica-
tion, a critical research gap exists. Few studies have
combined detailed geographic mapping with deep
syntactic analysis of code-switching, particularly
for less-studied language pairs. The unique blend
of indigenous and non-indigenous language prac-
tices in Paraguay’s digital spaces remains largely
unexplored (Agiiero-Torales et al., 2023; Jauhi-
ainen et al., 2023; Muiloz-Ortiz and Vilares, 2023;
Fricke and Kootstra, 2016; Kootstra et al., 2020) .
Our work addresses this gap by using social media
data to provide a comprehensive analysis of code-
switching in digital communication in Paraguay.
We introduce a novel method that employs pre-
cise GPS coordinates from social media to gen-
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erate detailed maps of code-switching patterns in
Greater Asuncién, and we conduct an in-depth syn-
tactic analysis to determine the common positions
and parts of speech involved in language switches.
Understanding these patterns has broader implica-
tions: it can inform language policy, enhance NLP
applications such as machine translation and senti-
ment analysis for mixed-language texts, and con-
tribute to the preservation of indigenous languages
like Guarani. Our findings, compared with estab-
lished patterns in other language pairs, highlight
the unique sociolinguistic dynamics in Paraguay
and pave the way for future research in the pro-
cessing of digital communication of low-resource
languages like Guarani.

2 Related Works

The study of code-switching has evolved signifi-
cantly from early qualitative approaches to more
sophisticated, data-driven analyses. Foundational
research using elicited speech and interviews of-
fered critical insights into the social and cognitive
dimensions of bilingual language use (Corvalan,
2005); (Kallfell, 2011)), yet these methods often
struggled to capture the fluidity of spontaneous
communication in the digital space. The recent
proliferation of social media as a data source has
enabled researchers to overcome these limitations
by analyzing naturally occurring, high-resolution
datasets. Studies leveraging content from social
media platforms have advanced our understanding
of code-switching in mixed-language environments
by addressing key NLP challenges such as machine
translation, sentiment analysis, and language mod-
eling (Cer6n-Guzmén and Leén-Guzmén, 2016;
Guzman et al., 2017; Agiiero-Torales et al., 2021;
Rijhwani et al., 2017). However, most previous
work has examined geographic and syntactic as-
pects separately, missing the chance to explore
their interaction. Moreover, while many studies
have focused on well-known language pairs such
as English-Spanish, Paraguay’s unique bilingual
environment—where Spanish and Guarani inter-
mingle—remains largely unexplored. Our study
fills this gap by combining detailed geographic
mapping with an in-depth syntactic analysis of
code-switching, offering fresh insights into both
the computational and sociolinguistic dimensions
of mixed-language communication.
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3 Dataset and Methods

We acquired tweets via the Twitter API from 2017
to 2021 (Kellert and Matlis, 2022) and filtered
them using the Spanish language tag “es”. Code-
switching was defined as Spanish tweets that con-
tained Guarani words (e.g., Nde “hey!”), where the
selected Guarani words were chosen based on their
frequency in the literature.

3.1 Geographic Localization of
Code-Switching

To map code-switching geographically, we first ex-
tracted tweets from the city of Asuncién using its
defined geographic extent. We then applied a bin-
ning algorithm that partitions the city into equal
zones (100 x 100 bins), with each bin roughly cor-
responding to a city block. This fine-grained par-
titioning enables us to capture localized variations
in language use that might be missed with coarser
methods. In each zone, we computed the relative
frequency of Guarani and Spanish words using a
metric called the Differential Distribution. This
metric calculates the difference in the proportion of
tweets containing Guarani words versus those con-
taining only Spanish words in each bin. Positive
values indicate a higher presence of Guarani words,
while negative values reflect a higher presence of
Spanish words (Kellert and Matlis, 2022). This
approach quantifies the degree of code-switching
in specific urban areas.

To reduce the impact of sparse data, the normal-
ization step in our method suppresses noise from
low-count bins and ensures that the overall sum of
differences across all bins is zero, making results
comparable across zones. We visualized these re-
sults using Cartopy in Python, where red markers
denote zones with more Guarani words and blue
markers indicate zones with more Spanish words.
The size of each marker reflects the magnitude of
the differential value, offering an immediate vi-
sual cue to the strength of language preference in
each area. Base maps were generated using Open-
StreetMap data under the Open Database License.
These detailed visualizations highlight distinct pat-
terns of language use in Asuncién and provide a
replicable framework for analyzing code-switching
in other urban contexts. For the underlying tweet
data, the reader can refer to the first author of this
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3.2 Syntactic Localization of Code-Switching

To determine the syntactic position of code-
switching within a sentence, we first segment each
sentence into words and then divide it into three
parts: initial, middle, and final segments. For a
sentence

S: [wl,wQ,...,wn],

the initial segment Siyix comprises the first |0.3n |
words, the middle segment Sy includes the words
from [0.3n] + 1 to [0.7n], and the final seg-
ment Seng consists of the remaining words. Code-
switching is identified when consecutive words are
assigned different language labels.

For example, consider the sentence with Spanish
and English words where the Spanish word *Oye’
is used at the beginning of the sentence:

""Oye, I don’t know what to do."

This sentence consists of 6 words. We assign lan-
guage labels as follows:

L(S) = [ES,EN, EN, EN, EN, EN].

This sentence can then be divided into an initial seg-
ment containing the words [“Oye,” and “I”’], a mid-
dle segment containing [“don’t” and “know”], and
a final segment containing [“what” and “to do”].
Code-switching is detected between “Oye,” (ES)
and “I”’ (EN), which places the switch in the initial
segment. This simple segmentation method allows
us to categorize the syntactic positions where code-
switching occurs and to analyze their distribution
across our corpus.

4 Results

4.1 Geographic Distribution of
Code-Switching

A clear pattern emerges when examining the map
of Asuncién (see Figure 1), which illustrates the
relative prominence of Guarani words in Spanish
tweets (red) versus Spanish tweets without Guaran{
words (blue) based on tweets from 2017-2021. Red
markers cluster in the western and southwestern
parts of the city, indicating higher Guarani usage,
while blue markers dominate the central and eastern
areas, suggesting a stronger preference for Span-
ish. Some regions show an overlap of red and blue,
implying zones with more balanced bilingual prac-
tices.

These patterns may stem from various social,
economic, and historical factors. Red-heavy ar-
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eas could reflect neighborhoods with deeper in-
digenous roots or informal communicative settings,
whereas blue-dominant zones might correspond to
commercial or governmental districts where Span-
ish is the default. Transitional neighborhoods and
culturally diverse districts often display both colors,
indicating regular use of both languages. Overall,
this distribution underscores how local context can
shape language preferences and highlights the mul-
tifaceted nature of code-switching in Asuncion.

25.25

Asuncidn_Guarani(red)/Spanishiblue)

Latitude

57.6W

57.5W
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57.5W 57.5W S57.4W

Figure 1: Relative prominence of Guarani (red) vs. Span-
ish (blue) in Greater Asuncién in the Twitter corpus col-
lected from 2017-2021. Map produced using Cartopy*
on OpenStreetMap' data.

4.2 Syntactic Distribution of Code-Switching

An analysis of sentence-level code-switching (see
Figure 2) reveals that switches most frequently oc-
cur in the middle of sentences, often within comple-
ment phrases (e.g., Nadia ya le dijo que Si a Marc
Anthony, opa la ore amor’i con eso...). Verbs,
pronouns, and nouns are common points of tran-
sition, with verbs emerging as the most frequent
category for Guarani-Spanish switches. Tweets
containing code-switching also tend to express a
range of themes, including emotions, invitations to
celebrations, sports-related discussions, and every-
day experiences, indicating that bilingual usage is
woven into many facets of daily life.

5 Discussion

The geographic results suggest that social, eco-
nomic, and historical factors may shape language
preferences in Asuncién. Areas with a strong
Guarani presence might be linked to communities
*https://scitools.org.uk/cartopy/

Thttp: //wiki.openstreetmap.org/wiki/Open_
Database_License
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Figure 2: Position of Code-Switching within sentences.
Bottom line indicates final sentence position, Top line
indicates initial position and middle line indicates mid-
dle sentence position

Distribution of Code-Switched Parts of Speech
Adjective

Pronoun

Noun

Figure 3: Distribution of parts of speech in Spanish-
Guarani code-switching. Verbs form the largest por-
tion (49.0%), followed by nouns (22.4%), adjectives
(18.4%), and pronouns (10.2%).

preserving indigenous linguistic heritage, whereas
the dominance of Spanish in central and eastern
zones could reflect formal, commercial, or gov-
ernmental settings. Mixed regions underscore the
fluid boundaries where both languages are regularly
used.

From a syntactic standpoint, the tendency for
code-switching to cluster in the middle of sentences
highlights the role of complement phrases and spe-
cific parts of speech (especially verbs) in bilingual
discourse. This pattern aligns with observations
in other code-switching contexts, suggesting that
grammatical constraints and discourse functions
heavily influence where switches occur. Future
work could investigate whether similar patterns
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emerge in other bilingual communities and how
they correlate with social or cultural factors.

Figure 3 illustrates the distribution of parts of
speech involved in code-switching, revealing that
verbs make up the largest portion (49.0%), fol-
lowed by nouns (22.4%), adjectives (18.4%), and
pronouns (10.2%). This dominance of verbs and
other content words supports previous findings
that content-rich elements are more likely to be
switched than function words, possibly due to their
communicative salience in bilingual contexts.

Thematically, the prevalence of code-switching
in tweets related to emotions, social interactions,
and popular culture suggests that bilingual speakers
employ both languages for expressive and affec-
tive purposes. This supports the idea that Guaran{
serves as a marker of identity and intimacy in in-
formal communication (Estigarribia, 2020). The
presence of code-switching in digital discourse also
indicates that social media provides a unique space
for bilingual expression, free from the constraints
of formal linguistic norms. The methodological ap-
proach employed in this study, particularly the use
of differential distribution for geographic analysis
and syntactic segmentation for linguistic analysis,
provides a replicable framework for future research
on code-switching. By leveraging large-scale so-
cial media data, our approach overcomes the limi-
tations of traditional survey and interview methods,
offering real-time insights into bilingual language
use.

6 Conclusion

In conclusion, this study sheds new light on the
spatial and syntactic characteristics of Spanish-
Guarani code-switching, demonstrating its strong
ties to geographic, social, and communicative fac-
tors. Our findings enhance the broader understand-
ing of bilingual language use and offer valuable
implications for sociolinguistic research, computa-
tional linguistics, and language policy in Paraguay
and beyond.

Limitations and Biases

While our approach offers significant insights,
some limitations should be noted. First, although
Twitter provides a rich corpus of spontaneous bilin-
gual communication, it may not fully capture lan-
guage use across all demographic groups, particu-
larly older or less digitally active populations. Sec-
ond, our study has focused primarily on geographic



and syntactic dimensions, leaving other aspects
such as sentiment and discourse dynamics to be
further explored. Third, our current method approx-
imates the syntactic position of code-switching but
does not pinpoint the exact location within complex
sentence structures. These limitations present op-
portunities for refinement without detracting from
our study’s overall contributions.

Future Work

Building on our findings, future research can inte-
grate data from additional social media platforms to
achieve a more complete picture of code-switching
trends. Incorporating sentiment analysis and ad-
vanced syntactic parsing techniques will provide
deeper insights into the emotional and structural
dimensions of code-switching, enabling more rigor-
ous testing of linguistic theories such as the Noun
Phrase Constraint (Berk-Seligson, 1986). Finally,
applying our methods to other bilingual commu-
nities will help assess the generalizability of our
approach and further enrich our understanding of
bilingualism as a global phenomenon.
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