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Abstract

This tutorial provides a structured overview of
code-switching for multilingual large language
models (LLMs), connecting linguistic theory,
NLP methodology, and human-centered per-
spectives. Code-switching is a natural commu-
nicative practice among multilingual speakers
and is increasingly central to LLM interactions,
where users bring mixed-language practices to
prompts and models themselves may produce
mixed-language outputs. The tutorial will cover
theoretical foundations from sociolinguistics,
code-switching behavior in human-AI interac-
tion, datasets and evaluation benchmarks, syn-
thetic data generation, multilingual LLM train-
ing and inference, mechanistic interpretability
of unintended language switching, speech and
multimodal code-switching, and societal im-
pacts. By synthesizing work across NLP, lin-
guistics, HCI, speech processing, and multi-
lingual communities, the tutorial aims to give
participants a coherent view of the field and
identify open challenges for building multilin-
gual LLMs that better reflect how multilingual
users actually communicate.

1 Introduction

Code-switching, the practice of alternating between
two or more languages within a single conver-
sation or utterance, is a natural and widespread
phenomenon among multilingual speakers world-
wide (Myers-Scotton, 1993; Poplack, 1980). Far
from reflecting linguistic deficiency, it demon-
strates sophisticated communicative competence,
serving pragmatic, social, and cultural functions
that monolingual communication cannot always
capture. Therefore, it has been extensively studied
in (socio)linguistics, with theoretical frameworks
developed to explain when, why, and how speakers
switch between languages (Kamwangamalu, 1989;
Dewaele and Li, 2014; Halpin and Melzi, 2021).

While multilingual large language models
(LLMs) have advanced rapidly, realizing their

promise for the world’s multilingual users requires
more than expanding the languages they support.
It also requires engaging with how multilingual
people actually communicate. Chief among these
communicative practices is code-switching, which
multilingual users naturally bring to LLM inter-
actions (Oh et al., 2026; Bawa et al., 2020; Choi
et al., 2023), and which LLMs also produce in
their outputs (Li et al., 2025). As such, code-
switching has emerged as a critical phenomenon
at the intersection of natural language processing
(NLP), linguistics, and human-computer interac-
tion (HCI) (Doğruöz et al., 2021; Winata et al.,
2023a; Dedema et al., 2026), spurring growing re-
search from dataset construction and model eval-
uation, to training strategies, mechanistic inter-
pretability, speech processing, and societal impact.

Despite this rapidly expanding landscape, re-
search on code-switching for multilingual LLMs
remains scattered across communities. This tutorial
bridges this gap by providing a structured overview
of theoretical foundations, empirical findings, open
questions, and future directions.

2 Tutorial Outline

This tutorial will focus on multilingual LLMs
through the lens of code-switching. For each ses-
sion, we will present a systematic overview of rel-
evant topics, followed by an in-depth exploration
of recent advancements. The tutorial will conclude
with an audience-engaged discussion of open chal-
lenges and emerging research opportunities.

2.1 Background and Preliminaries [30 min]

Linguistic Theories on Code-switching.
Decades of research in sociolinguistics have
produced rich theoretical frameworks for under-
standing code-switching. Structural accounts—
ranging from the Matrix Language Frame (Joshi,
1982; Myers-Scotton, 1993) to the Equivalence
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Constraint (Poplack, 1980) and Functional Head
Constraint (Belazi et al., 1994)—attempt to
characterize the syntactic conditions under which
switching occurs, while constraint-free theories
argue that switching is governed solely by the
grammars of the contributing languages (Mac-
Swan, 2005). More recent approaches, such
as translanguaging, challenge strict language
boundaries, viewing multilingual practice as a
unified, fluid repertoire rather than alternation
between discrete systems (Wei, 2018). Sociolin-
guists have also identified varied motivations for
code-switching—from marking social identity and
in-group solidarity to navigating power asymme-
tries and achieving pragmatic precision (Muysken,
2020; Poplack, 1980; Heller, 1992). We will survey
these frameworks and examine how, and to what
extent, they have been operationalized in NLP
research on multilingual LLMs.

Code-switching in Human-AI Interaction.
While code-switching in human-human interaction
is well-documented, its manifestation in human-AI
interaction remains far less understood (Dedema
et al., 2026). Existing studies on LLM usage pat-
terns suggest that multilingual users do switch lan-
guages when interacting with AI systems (Oh et al.,
2026). Yet, the motivations and dynamics differ in
important ways. For example, users interact with
a text-based, non-human interlocutor whose lan-
guage capabilities are often unpredictable, which
may shape when and how they choose to code-
switch (Choi et al., 2023; Bawa et al., 2020). We
will review what is currently known about these pat-
terns and highlight the key open questions around
user expectations and behavior in multilingual
human-AI interaction.

2.2 Evaluation and Datasets [30 min]

Code-switching Data. We will survey the cur-
rent landscape of code-switching corpora and evalu-
ation benchmarks, focusing on how dataset scarcity
shapes model assessment and data creation prac-
tices. We will review broad multilingual NLP
benchmarks (Yang and Chai, 2025; Abdaljalil et al.,
2025; Mohamed et al., 2026; Farhansyah et al.,
2026) and task-specific evaluations for transla-
tion (Huzaifah et al., 2024; Zhang et al., 2025b),
dialogue summarization (Suresh et al., 2025), red-
teaming (Upadhayay and Behzadan, 2024; Song
et al., 2025; Yoo et al., 2025b), and output-language
confusion (Oh et al., 2026). Despite recent progress,

we will emphasize that code-switching remains a
challenging setting for multilingual LLM evalua-
tion, not a solved proxy task (Zhang et al., 2023).

Synthetic Data Generation. We will then exam-
ine the data bottleneck. Most available corpora are
concentrated in a small set of English-involving
language pairs, such as Hindi–English (Khanuja
et al., 2020; Singh et al., 2018) and Mandarin
Chinese–English (Li et al., 2022; Lovenia et al.,
2022; Xiang et al., 2020; Li et al., 2012; Lyu
et al., 2010), while naturally occurring non-English
or multilingual code-switching resources remain
scarce (Winata et al., 2023a). This scarcity has
made synthetic generation central to scaling evalu-
ation and training resources. We will compare rule-
or theory-based methods (Kuwanto et al., 2026;
Winata et al., 2026; Yan et al., 2025), toolkit-driven
generation for specific language pairs (Jayanthi
et al., 2021; Rizvi et al., 2021), prompting-based
generation with frontier LLMs (Yong et al., 2023;
Kim et al., 2025; Yang and Chai, 2025), and multi-
agent frameworks (Xie et al., 2025).

Implications of LLM-based Synthetic Data. Fi-
nally, we will discuss the methodological implica-
tions of using LLMs to generate code-switching
data. While LLM-based generation improves scala-
bility, coverage, and controllability (Winata et al.,
2026), it also raises concerns about distributional
mismatch with human bilingual speech, contam-
ination between generation and evaluation, and
the risk of encoding model-preferred rather than
community-authentic switching patterns (Yoo et al.,
2025a). We will frame these trade-offs as a central
challenge for future code-switching evaluation.

2.3 Multilingual Language Modeling [30 min]
Code-Switching in LLM Training. We will
examine how code-switching can be leveraged
throughout the full lifecycle of multilingual LLMs,
from pre-training to inference. We will first intro-
duce recent work that incorporates code-switching
into model training, including pre-training (Wang
et al., 2025b) and continual pre-training (Yoo et al.,
2025a) that expose models to mixed-language dis-
tributions and improve cross-lingual generalization.
We will then cover downstream adaptation meth-
ods, including supervised fine-tuning (Son et al.,
2026; Li et al., 2024), instruction tuning (Lee et al.,
2024), and reinforcement learning (Li et al., 2025),
highlighting how code-switching signals can im-
prove multilingual capabilities across tasks.
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Code-Switching in LLM Inference. Beyond
training, we will discuss the role of code-switching
in inference time, including in-context learn-
ing (Yoo et al., 2026) and reasoning (Wang et al.,
2025a), where code-switching can serve as a mech-
anism to elicit latent multilingual knowledge. We
will also introduce recent findings on cultural
knowledge activation, where code-switching can
help models access culturally grounded knowledge
that may not surface in monolingual settings (Kim
et al., 2025). Taken together, we will emphasize
code-switching as a mechanism that interacts with
multilingual representation learning and reasoning.

2.4 Mechanistic Interpretability [30 min]

Code-Switching from Interpretability Lens.
We will examine code-switching in multilingual
LLMs through the lens of mechanistic interpretabil-
ity, focusing on recent work that identifies and
controls the internal causes of unintended switch-
ing. We will discuss recent findings that language
confusion emerges in final layers where models
transition from shared to language specific rep-
resentation (Nie et al., 2025), and complemen-
tary sparse-autoencoder analyses suggesting that
unexpected code-switching can result from over-
activated target-language features (Deng et al.,
2026). Finally, we will highlight how these mech-
anistic insights enable targeted interventions, in-
cluding neuron editing, feature suppression, and
partial circuit tuning, which can reduce language
confusion while preserving or even improving mul-
tilingual performance (Xiao et al., 2026). Taken
together, code-switching is governed by identi-
fiable internal mechanisms rather than diffuse
model behavior, making it a tractable target for
interpretability-driven control.

2.5 Speech and Multimodality [30 min]

Code-switching in Speech Processing. We will
briefly review research on code-switching in speech
processing, from early bilingual recognition to mul-
tilingual speech foundation models and speech-
aware LLMs. Early work treated mixed-language
speech primarily as a boundary-detection and de-
coding problem, focusing on language-boundary
identification and bilingual recognition (Shia et al.,
2004; Lyu et al., 2006). Subsequent progress was
enabled by shared Mandarin–English and multi-
lingual code-switching corpora (Lyu et al., 2010;
Li et al., 2012, 2022; Lovenia et al., 2022). We
will then cover the recent shift toward multilin-

gual LLM-assisted speech models, including lan-
guage alignment losses (Liu et al., 2025a), speech-
conditioned LLMs with mixture-of-experts rout-
ing (Zhang et al., 2025a), and parameter-efficient
adaptation for intra-sentential switching (Zhao
et al., 2025; Yang et al., 2025). We will con-
nect these methods to newer benchmark-style re-
sources, which broaden the evaluation beyond
spontaneous bilingual speech to multilingual and
domain-specific settings (Ugan et al., 2024; Zhou
et al., 2025; Yan et al., 2025; Xie et al., 2025).
We will also discuss speech-to-speech interaction
models, where recent results show that language
alignment remains fragile even for large speech
LLMs (Liu et al., 2025b). In addition, we will sur-
vey textless or zero-resource approaches for spoken
settings where one or more languages lack stan-
dardized writing systems (Huang et al., 2024; Chen
et al., 2023; Zhang et al., 2025c).

Multimodal Code-Switching. We will expand
from speech processing to multimodal settings
where speech is jointly modeled with text or
vision. For translation, early work established
code-switching speech translation as a distinct
task and compared cascaded and end-to-end ap-
proaches (Weller et al., 2022). More recent sys-
tems explicitly interleave speech and text represen-
tations, with CoSTA (Shankar et al., 2025) showing
that cross-modal alignment helps in low-resource
code-switching speech translation. For video, we
will discuss audiovisual settings, such as code-
switching lip reading, highlighting the need to align
language choice with visual cues rather than audio
alone (Zhang et al., 2024). We will position code-
switching as a genuinely multimodal phenomenon
relevant to meeting video, social media clips, assis-
tive communication, and embodied agents.

2.6 Impacts and Future Directions [30 min]

Societal Impacts. We will finally discuss the im-
pacts of code-switching research in LLMs on the
global society and the major research questions
that remain. We begin with the research in the
human-computer interaction field, where early stud-
ies show that multilingual users prefer chatbots that
code-mix in a reciprocal way (Bawa et al., 2020;
Choi et al., 2023). More specific challenges in mul-
tilingual LLM interaction have been discussed in
Dedema et al. (2026); Oh et al. (2026). Users who
belong in linguistic or cultural minorities are more
disadvantaged by the prevalence of LLMs, and
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code-switching can alleviate this problem, as we
can see in domain-specific applications such as En-
glish education as a foreign language (Park et al.,
2025) and health care (Harrington et al., 2022).
Along with these papers, research shows that code-
switching can help reduce cultural and linguistic
challenges of immigrants (Lee et al., 2025).

Future Directions. We will turn this discussion
into an interactive program that engages the audi-
ence as multilingual users, researchers, and prac-
titioners. Participants will be invited to reflect on
their own experiences with code-switching in LLM
interactions, identify examples from their linguistic
communities, discuss why such switching occurs,
and surface edge cases that remain difficult for
current models. Building on these observations,
the tutorial will conclude by synthesizing open
challenges and future research directions in code-
switching for multilingual LLMs, emphasizing col-
laboration among NLP, linguistics, HCI, speech
processing, and multilingual communities.

3 Tutorial Information

Type & Length. 3-hour, cutting-edge tutorial.

Target Audience. The tutorial will be accessible
to anyone with basic knowledge of machine learn-
ing (ML) and natural language processing (NLP),
and will be of interest to researchers, students, and
practitioners in both academia and industry.

Prerequisites. Following knowledge is assumed:
• ML: supervised learning, transformer models
• NLP: language modeling, data and evaluation

Past Tutorials. Related tutorials include:
• EMNLP 2019 tutorial on Processing and Un-

derstanding Mixed Language Data (Choudhury
et al., 2019) offered a comprehensive overview of
the linguistic and computational aspects of code-
mixing, at a time when the field lacked a coherent
entry point. However, because it was developed
before the rise of multilingual LLMs, it does not
address recent advances and open questions sur-
rounding LLM-based evaluation, generation, and
use of synthetic code-switching data at scale.

• ACL 2023 tutorial on Everything you need to
know about Multilingual LLMs: Towards fair,
performant and reliable models for languages
of the world (Sitaram et al., 2023) reviewed data,
training, evaluation, responsible AI, and deploy-
ment for multilingual LLMs at a broad level, with

limited space for an in-depth treatment of code-
switching. Our tutorial complements these prior
gaps by revisiting code-switching as a central key
for multilingual LLMs.

4 Reading List

• A survey of Code-Switching: Linguistic and
Social Perspectives for Language Technolo-
gies (Doğruöz et al., 2021)

• The decades progress on code-switching research
in NLP: A systematic survey on trends and chal-
lenges (Winata et al., 2023b)

• Multilingual Large Language Models Are Not
(Yet) Code-Switchers (Zhang et al., 2023)

• SwitchLingua: The First Large-Scale Mul-
tilingual and Multi-Ethnic Code-Switching
Dataset (Xie et al., 2025)

• Investigating and Scaling up Code-Switching
for Multilingual Language Model Pre-
Training (Wang et al., 2025b)

• Language Mixing in Reasoning Language Mod-
els: Patterns, Impact, and Internal Causes (Wang
et al., 2025a)

• Mechanistic Understanding and Mitigation of
Language Confusion in English-Centric Large
Language Models (Nie et al., 2025)

• CoSTA: Code-Switched Speech Translation us-
ing Aligned Speech-Text Interleaving (Shankar
et al., 2025)

• Toward a Multilingual Conversational Agent:
Challenges and Expectations of Code-mixing
Multilingual Users (Choi et al., 2023)

5 Ethics Statement

This tutorial will present current research on the use
of code-switching for training, evaluation, interpre-
tation, and societal impact of multilingual LLMs in
the field. Although we aim to promote linguistic di-
versity by discussing issues related to multilingual
models trained in 100+ languages, many languages
worldwide are yet to be supported by these models.

6 Tutorial Instructors

Haneul Yoo is an Assistant Professor/Faculty
Fellow in the Department of Computer Science
at the NYU Courant Institute School of Mathemat-
ics, Computing, and Data Science. She received her
PhD in the School of Computing at KAIST. With a
background in machine learning (ML) and natural
language processing (NLP), she has worked on de-
veloping language models and methods to improve
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generalization across languages and designing re-
sources and evaluations for underrepresented lan-
guages and cultures. She has published papers in
major NLP conferences, including ACL, EMNLP,
and NAACL, and has been named a Rising Star
at KAIST exploreCSR supported by Google. She
has served as a Social Chair at NeurIPS 2026 and
co-organized the Multilingual and Equitable Lan-
guage Technologies (MELT) workshop at COLM
2025, the Women in Machine Learning (WiML)
symposium at ICML 2026, and the Generative AI
for the World (GenAI4World) workshop at COLM
2026. She delivered invited talks on code-switching
and multilingual/multicultural LLMs at Princeton,
UMD, Mila, and NYU, and served as a instructor
for Natural Language Processing at NYU.

Juhyun Oh is a PhD student in the School of
Computing at KAIST and is currently a visiting
scholar at Mila. She previously studied Linguistics
at Seoul National University, where she received
both her BA and MA. Her research focuses on de-
veloping evaluation methodologies for language
models that better reflect real-world user experi-
ences, particularly across diverse linguistic and cul-
tural contexts. Her work on improving support for
underrepresented languages in NLP has been pub-
lished at top NLP and ML conferences. She has
served as a Guest Lecturer for the LLM Seminar
at Georgia Tech, delivering a talk titled “Rethink-
ing Evaluation for Language Models,” and as a
Teaching Assistant for the AI Tech Boostcamp at
NAVER Connect Foundation. She has co-organized
the Generative AI for the World (GenAI4World)
workshop at COLM 2026.

Genta Indra Winata is a Senior Research Man-
ager in LLM Core and Agentic AI team at Capital
One. His research interests include language mod-
eling, multilingual NLP, and conversational agents.
He is actively involved in large-scale dataset collec-
tion and the development of multimodal and multi-
lingual reward models and language models, with
a particular focus on advancing research in low-
resource languages. He has served as organizer of
Sixth Workshop on Computational Approaches to
Linguistic Code-Switching (CALCS) at EMNLP
2023, the Multilingual Representation Learning
(MRL) at EMNLP 2023 and EMNLP 2026, and the
South-East Asian Language Processing (SEALP)
workshops collocated with AACL 2024 and COL-
ING 2025, and Financial Technology and Natural
Language Processing (FinNLP) at EMNLP 2025.

He also delivered a tutorial on the Current Sta-
tus of NLP in South East Asia with Insights from
Multilingualism and Language Diversity at AACL
2023. He was a keynote speaker at SPELLL 2023,
the Fields Matter Workshop at ACL 2024, and the
Workshop of Language Models for Underserved
Communities (LM4UC) at NAACL 2025.

Ruochen Zhang is a Senior Reseacher at Mi-
crosoft. She received her PhD from Brown Uni-
versity. Her research focuses on understanding the
mechanisms underlying model weaknesses and brit-
tleness, particularly through the lens of multilin-
guality. She has published at major NLP and ML
venues, including EMNLP, ICLR, and NeurIPS.
She has served as an Area Chair at LREC-COLING
2024 and as a panelist at the 7th Workshop on
Computational Approaches to Linguistic Code-
Switching (CALCS). She also co-organized the
tutorial “Current Status of NLP in Southeast Asia:
Insights from Multilingualism and Language Di-
versity” at AACL 2023. She is one of the initiators
of the grassroots community for Southeast Asian
researchers, SEACrowd, and has consistently co-
organized Birds of a Feather events at major *CL
conferences.

Thamar Solorio is Professor of NLP at
MBZUAI, where she also serves as Vice Provost
for Faculty Excellence and Advancement. She
has been working on code-switching for over two
decades, with seminal papers dating back to the
pre-LLM era on topics such as prediction of code-
switching points and enabling technology for the
processing of code-switching data. She has served
as General Chair of EMNLP 2024, Program Chair
for NAACL 2019, and has served in numerous
other organization roles including D&I co-chair,
demonstration co-chair, and faculty advisor to the
student research workshop for different *CL con-
ferences. She has also led, and collaborated in the
organization of multiple shared tasks on different
topics, including code-switching. Thamar has deliv-
ered keynote talks at *CL and/or associated events
such as NAACL 2021, CoNLL 2024, and WNUT
on topics related to code-switching, and artificial
social intelligence. Through her career she has pre-
pared and delivered multiple courses at the under-
graduate and graduate level.

Alice Oh is a KAIST ICT Endowed Professor in
the School of Computing at KAIST. She received
her PhD in Computer Science from MIT in 2008.
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Her major research area is at the intersection of nat-
ural language processing (NLP) and computational
social science (CSS), with a recent focus on multi-
lingual and multicultural aspects of LLMs. She has
served as Tutorial Chair for NeurIPS 2019, and DEI
Chair for ICLR 2019 and COLM 2024, Program
Chair for ICLR 2021 and NeurIPS 2022, General
Chair for ACM FAccT 2022, NeurIPS 2023, and
Festival of Learning 2026 which co-locates AIED,
EDM, and ACM L@S. She presented on the topics
of code-switching and multilingual/multicultural
LLMs as an invited speaker at Stanford, Cornell
Tech, CMU, and UCLA in 2025. She also gave in-
vited keynotes at various international conferences
including ACML, ICWSM, and RSS.
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