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Abstract

In this work we present Pula, a suite of
bilingual language models proficient in both
Setswana and English. Leveraging recent ad-
vancements in data availability and efficient
fine-tuning, Pula 8B and Pula 14B outper-
form GPT-40 and Gemini 1.5 Pro on English-
Setswana translation tasks and achieve state-
of-the-art performance on Setswana reason-
ing tasks for their size. = We release the
weights for Pula 1B, 3B, 8B, and 14B as well
as training logs and training and evaluation
code. Alongside Pula, we release the largest-
ever Setswana text corpus, Marothodi, and
the first comprehensive Setswana instruction-
tuning dataset, Medupi, consisting of refor-
matted datasets, translated corpora, and syn-
thetic LLM-generated text. To accompany this
data, we release the code used for dataset con-
struction, formatting, filtering, and scraping.
Last, we release two Setswana LLM-translated
benchmarks, MMLU-tsn and GSMS8K-tsn, to
measure Setswana knowledge and reasoning
capabilities.

1 Introduction

Setswana, also known as Tswana, is a Bantu lan-
guage spoken by an estimated five to ten million
people worldwide (Bennett et al., 2016). Closely
related to Northern Sotho and Southern Sotho,
Setswana holds official status in Botswana (Gov-
ernment of Botswana, 2024), South Africa (The
Republic of South Africa, 1996), and Zimbabwe
(The Parliament of Zimbabwe, 2013), and is also
used in countries like Namibia, often interchange-
ably with English (Norris, 2017). Despite its sig-
nificance in the lives of millions, Setswana has
been largely overlooked in natural language pro-
cessing (NLP) research, despite being classified by
some works as a high-resource language (NLLB
Team et al.,, 2022). This work aims to bridge
the gap between Setswana and other high-resource
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languages by making open generative large lan-
guage models capable of high-quality Setswana
available to the community for the first time, sig-
nificantly increasing data availability, and laying
the groundwork for future Setswana-centric re-
search.

Large Language Models (LLMs) have demon-
strated powerful capabilities across various do-
mains after training on web and synthetic data
(OpenAl et al., 2023; Dubey et al., 2024; An-
thropic, 2024; Gunasekar et al., 2023), excelling
in areas such as mathematics (Mistral Al, 2024),
programming (Guo et al., 2024), creative writing
(Wang et al., 2024), and translation tasks (Vaswani
et al., 2017). However, developers continue to
primarily target English and certain high-resource
languages in training and evaluation. While exist-
ing approaches yield impressive capabilities, they
may produce models which lack knowledge of cer-
tain cultures, limit production use-cases outside
majority demographics, or prevent a significant
portion of the global population from utilizing lan-
guage models effectively. African languages like
Setswana, with little textual data available com-
pared to languages such as English or French, sub-
sequently suffer in performance and are underuti-
lized in research.

Recent progress has been made to address the
lack of language diversity in language models. Re-
leases such as mBART (Liu et al., 2020), XLM-
RoBERTa (Conneau et al., 2019), and BLOOM
(BigScience Workshop et al., 2022) were among
the earliest and most influential advancements in
multilingual language models. Building upon
these technologies, newer models including GPT-
4 (OpenAl et al., 2023), Claude (Anthropic, 2024),
Gemini (Gemini Team et al., 2023), Llama (Dubey
et al., 2024), and Gemma (Gemma Team et al.,
2024) have also found success in multilingual do-
mains, often demonstrating reasoning and trans-
lation capabilities in languages not officially sup-
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ported. Releases such as Aya 101 (Ustiin et al.,
2024) and Aya 23 (Aryabumi et al., 2024) have
continued to improve language coverage for trans-
lation and generative tasks, and open corpora
such as ROOTS (Laurengon et al., 2023), OSCAR
(Suéarez et al., 2019), and mC4 (Caswell et al.,
2021) have made multilingual pre-training data
readily available. However, Setswana comprises
only a small fraction of these datasets. For in-
stance, just 0.0002% of the ROOTS corpus is writ-
ten in Setswana. Moreover, much of the avail-
able Setswana text in open multilingual corpora
is of lower quality or predominantly religious in
nature, resulting in significantly worse conversa-
tional, translation, and reasoning capabilities in
current open models.

To help address this issue, we introduce the
Pula series of language models. This series con-
sists of LoRA (Hu et al.,, 2021) and QLoRA
(Dettmers et al., 2023) fine-tuned versions of
Llama 3.2 1B, Llama 3.2 3B, Llama 3.1 8B, and
Qwen 2.5 14B (Yang et al., 2024; Dubey et al.,
2024). By training a range of models across
different parameter counts, we aim to provide
the research community and millions of Setswana
speakers with models that are both highly perfor-
mant and capable of running on various hardware
configurations ranging from data centers to con-
sumer laptops and mobile phones. To fuel the
training behind these models and to provide the
research community with resources to further im-
prove future models and research, we hand-curate
the largest-ever corpus of Setswana text. In doing
so, we merge several existing corpora which have
not yet been consolidated, restore document-level
text in certain data subsets, locate new sources of
Setswana text which to our knowledge have not
yet been utilized in NLP research, develop sev-
eral dedicated scrapers and parsers to obtain this
new data, reformat existing datasets to function as
instruction-tuning corpora, translate existing En-
glish instruction-tuning datasets to Setswana using
state-of-the-art large language models and trans-
lation models, and utilize GPT-40 for the genera-
tion of entirely new synthetic Setswana text. We
name our pre-training dataset Marothodi and our
instruction-tuning dataset Medupi.

Following the open approach of projects like
OLMo (Groeneveld et al., 2024) and Dolma (Sol-
daini et al., 2024), we perform a fully open re-
lease. This includes model weights, all train-
ing data, metadata on data sources, training logs,

and code for training, evaluation, dataset curation,
dataset translation, synthetic data generation, and
web scraping. All model weights and data can be
accessed on Hugging Face '. All code and training
logs can be accessed on GitHub 2.

2 Related Work

Although much of current NLP research is
English-centric, there have been significant re-
cent advancements in Setswana-centric language
models and data access. TswanaBERT (Mot-
soehli, 2020) represents one of the earliest exam-
ples, trained on over ten thousand Setswana sen-
tences from the Leipzig Corpora Collection (Gold-
hahn et al., 2012), SABC news headlines (Mari-
vate et al., 2020), and various blogs and websites.
More recently, the NCHLT Setswana RoBERTa
model (Eiselen et al., 2023) was released, hav-
ing been trained on over fourteen million tokens
of Setswana text from the NCHLT (Eiselen and
Puttkammer, 2014), Autshumato (McKellar et al.,
2016), Leipzig (Goldhahn et al., 2012), and Com-
mon Crawl corpora, and an internal CTexT cor-
pus. PuoBERTa (Marivate et al., 2023a) marked
a significant step forward in masked language
modeling, achieving state-of-the-art performance
while being the first language model trained from
scratch. PuoBERTa was released alongside Puo-
Data, the largest collection of curated Setswana
text at the time, totaling 4.5 million PuoBERTa to-
kens excluding JW300 (Agi¢ and Vulié, 2019).
Much of the literature on African languages
has targeted massively multilingual developments
with a focus on machine translation and transfer
learning. Corpora such as OPUS (Tiedemann,
2012a) and MADLAD-400 (Kudugunta et al.,
2023) provide access to large volumes of paral-
lel web text data, while work such as MAFAND-
MT (Adelani et al., 2022a) has enabled improved
translation performance across many African lan-
guages through additional human-generated data.
Meta’s No Language Left Behind (NLLB) (NLLB
Team et al., 2022) has facilitated high-quality ma-
chine translation between over 200 languages, in-
cluding Setswana, although it is noted as one of
the 21 languages with the lowest accuracy on
FLORES-200 (Goyal et al., 2022). MADLAD-
400 (Kudugunta et al., 2023) has allowed for in-

"https://huggingface.co/collections/
OxxoCodes/pula-66afl1106ccc0fb38839f39da
https://github.com/OxxoCodes/Pula
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creased multilinguality, but we find suffers from
worse performance on Setswana-English transla-
tions as seen in Table 5. Furthermore, models such
as AfriBERTa (Ogueji et al., 2021) and AfroX-
LMR (Alabi et al., 2022) have seen success in
training masked language models across multiple
African and low-resource languages, and LlamaX
(Lu et al., 2024) has demonstrated high degrees of
translation performance across over 100 languages
as a LLM while retaining generalization.

Thanks to the cumulative improvements made
by the research community in Setswana-centric
NLP and increased levels of multilinguality, we be-
lieve there are significant opportunities to enhance
existing Setswana NLP systems. Through our in-
vestigations we find several smaller corpora of
Setswana text are often underutilized in the litera-
ture, potentially due to differing distribution meth-
ods and vastly differing formats, making data dif-
ficult to locate and utilize. For example, the South
African Center for Digital Language Resources >
(SADiLaR, 2024) has made publicly available sev-
eral datasets of Setswana text and audio. However,
these texts are not distributed in a standardized for-
mat and are not typically available on commonly
used external platforms such as Hugging Face and
Kaggle. As such, much of this data is left out
of existing corpora. We also find many websites
hosting content written in Setswana are excluded
from existing training datasets, meaning a signifi-
cant portion of the available high-quality, and es-
pecially educational, Setswana data is not being
utilized. Through the development and release of
Marothodi and Medupi, we aim to reduce this bur-
den and make data significantly easier to access.

3 Data

One key consideration in Pula’s design and sub-
sequent training data selection is identifying tar-
get languages. There are several parallel corpora
available for Setswana, and some works such as
OPUS contain Setswana text paired alongside mul-
tiple other languages. However, significantly more
English-Setswana parallel text is available. For ex-
ample, OPUS contains over four times more par-
allel Setswana-English sentences than Setswana-
French sentences *. In addition, many publicly
available, commonly used, high-quality, educa-

*https://sadilar.org
*nttps://opus.nlpl.eu/results/tn&en/
corpus—result-table
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Figure 1: Logarithmic comparison of total tokens per
corpus, as measured using Llama 3.1’s tokenizer.

tional, and instruction-tuning datasets are written
predominantly in English. Consequently, many
state-of-the-art LLMs already excel in English
tasks, including the Llama and Qwen series of
models which we select for continued pre-training.
Additionally, native speakers in regions such as
Botswana and South Africa often utilize English
in legal, official, and government documents, with
English sometimes being spoken interchangeably
with Setswana (Parliament of Botswana, 2022).
We observe this trend continued in web text doc-
uments, where many data sources are written ei-
ther exclusively in Setswana or in both Setswana
and English, either incorporating code-switching
or providing direct translations (TRK, 2021).

Due to the strong link between these two lan-
guages and in an effort to reduce scope and compu-
tational requirements, we focus our efforts primar-
ily on curating a high-quality dataset consisting of
Setswana and English texts. We refer to our cor-
pus of raw Setswana text as Marothodi, and our
instruction-tuning dataset as Medupi.

Our datasets build upon several prior works in
the African NLP research community. We mea-
sure token counts using the Llama 3.1 tokenizer
throughout this paper for consistency. We release
both Marothodi and Medupi in their entirety on
Hugging Face >, as well as per-sequence identifi-
cation metadata including a corpus identifier and
an exact source URL where available.

Shttps://huggingface.co/collections/
OxxoCodes/pula-66afl1106ccc0fb38839f39da
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Source Data Category Tokens Description

Other Corpora Existing Datasets 21,783,242 Bloom-Im, GlotCC, MADLAD-400, Vuk’uzenzele, etc.
Educational Material Web Scraping 21,567,283 Exams, Quizzes, Books

TinyStories-tsn Translated 13,327,017 Setswana translated subset of TinyStories

SADiLaR Existing Datasets 4,770,707 Transcripts, ASR/TTS

Setswana Rare Books Web Scraping/OCR 4,428,724  Old books, high quality

Governmental Documents ~ Web Scraping 4,222,174  Legal texts

Setswana Bible Web Scraping 1,712,827  Religious texts

Setswana Wikipedia Restored 1,043,992  Broad knowledge, high quality

Miscellaneous Websites Web Scraping 565,562 iAfrika, Setswana Mo Botswana, Tlhalefang, Unisa
Miscellaneous Documents  Web Scraping 327,429 Declaration of Human Rights, Intro to Setswana, etc.
Nalibali Restored, PDF Extraction 203,685 Children’s stories, educational

Table 1: Key Data Sources in Marothodi.

3.1 Marothodi

Motivation.
mind:

Marothodi is built with two goals in

1. To dramatically increase the amount of pub-
licly available Setswana text through manual
curation and filtering.

2. To significantly increase ease of access for
the African NLP research community and the
general public.

We believe a significant limitation in Setswana-
centric NLP is the sparsity of published data: re-
sources are scattered across various publishers
such as Hugging Face, SADiLaR, various mas-
sive web crawls, public websites, and cloud stor-
age providers. As a result, researchers who are
not deeply familiar with the current Setswana
data landscape or do not have ample time to al-
locate toward data collection are severely limited
in data diversity, quality, and quantity. To assist
in resolving this problem, we develop Marothodi:
a Setswana pre-training dataset pulling together
data from 33 different sources totaling 74 mil-
lion tokens. Marothodi contains nearly 9 times
as many tokens as are present in PuoData, mak-
ing Marothodi the largest available single corpus
of Setswana text.

Data Sources. We develop Marothodi by selec-
tively including various underutilized data sources.
We prioritize document integrity and rich con-
text by utilizing complete documents from vari-
ous sources. To aid in this effort, we restore the
original documents of certain subsets of PuoData,
including Wikipedia (Foundation), Nalibali (Nal-
ibali, 2024), and the Setswana Bible. In addi-
tion, we further increase the available Nalibali data

by performing PDF text extraction on previously
unutilized children’s stories and educational mate-
rials.

Data Sources. Prior works predominantly fo-
cus on certain commonly utilized Setswana cor-
pora, limiting downstream model generalization.
Marothodi addresses this by directly targeting a
rich selection of diverse, manually curated sources.
We identify web sources containing Setswana text
and develop individual programs to scrape the data
as needed. We found many of these sources con-
tain previously underutilized Setswana text in the
form of PDFs, making text extraction an impor-
tant part of Marothodi. We extract text from less
readily accessible collections which include edu-
cational material (National Education Collabora-
tion Trust, 2024; Thutong South African Educa-
tion Portal, 2024; Lingua, 2024), governmental
documents ©, and rare books (Rahlao et al., 2021).

Furthermore, we include miscellaneous individ-
ual documents such as the Setswana Universal
Declaration of Human Rights (Nations, 1998) and
the United States Peace Corps’ Intro to Spoken
Setswana (Mistry and Gare, 1987), the latter of
which required additional image processing, opti-
cal character recognition (OCR) with Florence-2
(Xiao et al., 2023), and textual reformatting using
Llama 3.1 70B.

We scrape the contents of various websites
containing either Setswana or code-switched
Setswana-English text, such as iAfrika (iAfrika,
2024), Setswana Mo Botswana (TRK, 2021), TI-
halefang Communications (Tlhalefang, 2009), and
the University of South Africa (Unisa, 2023). We
also include a small corpus of parallel text con-

®https://www.parliament.gov.bw/index.
php?
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Data Category Sources

Tokens Description

Parallel Texts OPUS, Autshumato,

Translated Corpora
tra, UltraChat 200k, The Tome, MURI-IT
Augmented Tasks

Synthetic Data GPT-40 (FineWeb-seeded)

MAFAND-MT, PolyNews,
CaLMQA, SIB-200, MSFT Terms, xP3x, SADiLaR
OpenHermes 2.5, WildChat 1M, Dolly, Magpie Ul- 50,844,875

MasakhaNER, NCHLT, Daily News Dikgang

178,017,061 Setswana-English parallel texts for
translation; OPUS heavily filtered

Machine Translated, LLM Translated

15,607436 NER, POS, News Classification, and
Lemmatization
2,030,883 Synthetic LLM-Generated Text

Table 2: Key Data Types and Curation Methods in Medupi.

sisting of monolingual English mathematical text
translated into code-mixed English and Setswana
(Mokoka, 2024).

Moreover, we include five separate corpora
from SADiLaR in Marothodi. This includes a
corpus of multilingual code-switched soap opera
speech (van der Westhuizen and Niesler, n.d.),
transcripts from a high-quality corpus of Setswana
text-to-speech data (Google and University, 2017),
transcripts from the Lwazi Setswana ASR and
TTS corpora (van Heerden et al., n.d.; van Niek-
erk et al., n.d.; van Niekerk and Schliinz, n.d.),
and transcripts from the NCHLT Setswana Aux-
iliary Speech Corpus (de Wet et al., n.d.). We
also incorporate smaller existing corpora into
Marothodi including Bloom-Im (SIL Global - Al,
2022), GlotCC (Kargaran et al., 2024), HPLT
(Aulamo et al., 2023), Vuk’uzenzele (Lastrucci
et al.,, 2023; Marivate et al., 2023b), OpenSLR
SLR32 (van Niekerk et al., 2017), and MADLAD-
400 (Kudugunta et al., 2023)

Finally, to further increase the size of our cor-
pus, we employ machine translation using Meta’s
NLLB-200-3.3B (NLLB Team et al., 2022) to
translate subsets of TinyStories (Eldan and Li,
2023) to Setswana. We found through evaluat-
ing round-trip translations (Moon et al., 2020) that
TinyStories’ simplistic vocabulary made for gener-
ally higher-quality translations compared to more
educational text such as FineWeb-edu (Penedo
et al., 2024).

3.2 Medupi

Motivation To our knowledge, no comprehen-
sive instruction-tuning or chat-style dataset exists
written in Setswana. One notable exception is
MURI-IT (Koksal et al., 2024), although it is com-
paratively small with content largely focusing on
translation-only tasks. Given the lack of available
data to pull from and the costs associated with
creating human-written corpora, Medupi places

a strong focus on data augmentation. In doing
so, we demonstrate that meaningful performance
improvements can be made for certain languages
without substantial financial costs.

Medupi consists of data sourced in three ways:

1. Augmenting existing corpora such as paral-
lel texts, Named Entity Recognition (NER),
and Part-of-Speech tagging (POS) to fit the
expected user-assistant format.

2. Translating existing corpora using NLLB 200
3.3B, GPT-40, Gemini 1.5 Pro, and quantized
Llama 3.1 405B.

3. Synthetic text generation with GPT-4o.

Medupi’s largest source of Setswana text is
the OPUS corpus (Tiedemann, 2012a), which in
total includes over six million parallel English-
Setswana sentences across five corpora (Schwenk
etal.,2021; Fan et al., 2021; El-Kishky et al., 2020,
2021; Tiedemann, 2012b,b; Tatoeba, 2024). How-
ever, we find including this corpus in its entirety in
Medupi tends to yield catastrophic forgetting. We
attribute this to OPUS’s large size relative to the
rest of Medupi, where training a model on such
an imbalanced dataset hinders its generalization
capabilities. We also identify many low-quality
English-Setswana parallel sentences, which may
further contribute toward catastrophic forgetting.

To mitigate these issues, we translate every En-
glish sequence to Setswana using NLLB 3.3B and
calculate the CHRF score, comparing the trans-
lated Setswana text and the OPUS Setswana se-
quence. We then filter the entirety of this corpus
to only include sequences with the top 33% of
CHREF scores. In doing so, we yield a subset of
OPUS whose parallel sequences have greater lev-
els of agreement with existing translation systems
and which we find tend to be of greater quality.

Due to data availability, much of Medupi’s
data sources target translation tasks. In addi-
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tion to OPUS, we include Autshumato (Groe-
newald and du Plooy, 2010), MAFAND-MT’s
training split (Adelani et al., 2022a), PolyNews-
Parallel (Iana et al., 2024), CaLMQA (Arora
et al., 2024), SIB-200 (Adelani et al., 2023), Mi-
crosoft Terms (Microsoft, 2022), xP3x (Muen-
nighoff et al., 2022), MURI-IT (Koksal et al.,
2024), and various SADiLaR corpora (City of
Tshwane et al., 2021; van Dyk, 2021; Puttkam-
mer and Hocking, 2021). Each example is for-
matted to mimic a user-assistant interaction (e.g.
"Can you translate the following from English
to Setswana..."). To further discourage overfit-
ting and to ensure prompt diversity, we randomize
the language and verbiage in the system prompt,
whether the source text is provided before or af-
ter the user query, the translation direction, and
the language provided in the user query for all
datasets where applicable. We found through pre-
liminary results these efforts to be effective in
mitigating catastrophic forgetting while improving
translation performance.

We perform data augmentation on a variety of
other data sources. This includes Daily News
Dikgang for news classification (Marivate et al.,
2023a), MasakhaNER 2.0 for NER (Adelani et al.,
2022b), and the SADiLaR NCHLT Setswana An-
notated Text Corpora for lemmatization and POS
tagging (Puttkammer et al., 2021). We similarly
randomize aspects of the system and user prompt
where applicable to ensure data diversity.

While data augmentation is important for data
diversity in low-resource scenarios, there are still
few non-translation sources we could easily adapt
for Medupi. As such, we look toward machine
translation - a process which has seen prior suc-
cess in training language models (Doshi et al.,
2024). We utilize NLLB 200 3.3B to translate
15,200 examples from OpenHermes-2.5 (Teknium,
2023) and 5,200 examples from WildChat-1M
(Zhao et al., 2024). To encourage multi-turn con-
versations, we filter WildChat-1M to include ex-
amples with at least three turns, and exclude toxic
and non-English content. Both datasets are further
filtered after translation to remove sequences with
signs of low-quality translations such as repetitive
text or certain non-Latin characters.

While machine translation models are useful for
translating simpler text, we note some limitations
with existing models. First, machine translation
models do not preserve the original formatting of
the text. Second, we find these models are prone

to output the input text verbatim when the input
text contains code or other technical jargon, indi-
cating formats such as these may be outside the
original training distribution. Together, these lim-
itations make it difficult to take advantage of ma-
chine translation models when the input text con-
tains code, bulleted lists, mathematical equations,
tabular data, and data of highly technical nature.

To obtain additional high-quality Setswana chat-
style data while avoiding these problems, we rely
on translation using GPT-40, Gemini 1.5 Pro, and
Llama 3.1 405B. We avoid using a single oracle
model and instead opt for several teachers to in-
crease diversity with the hope of increased perfor-
mance (Odumakinde et al., 2024). Specifically, we
use GPT-4o to translate a subset of Dolly (Conover
et al., 2023), Magpie (Xu et al., 2024), and Ultra-
Chat 200k (Ding et al., 2023; Tunstall et al., 2023),
Gemini 1.5 Pro for a subset of OpenHermes 2.5
(Teknium, 2023), and we use both Gemini 1.5 Pro
and AWQ INT4 quantized Llama 3.1 405B for sep-
arate subsets of The Tome (Arcee Al, 2024). We
utilize the same filters as previously discussed for
NLLB to remove low-quality translations. In addi-
tion, we remove instances where the LLM corrupts
the format of the translated conversation, such as
additional hallucinated system prompts and incor-
rect user-assistant turn order. This was signifi-
cantly more common with Llama 3.1 405B, which
we attribute to the high degree of quantization.

To further improve the writing quality of the
Pula models and experiment with purely synthetic
Setswana text, we utilize gpt-40-2024-05-13 (Ope-
nAl, 2024) to generate 7,860 pieces of text cov-
ering diverse topics and styles. To promote data
diversity, we seed this process with a random sub-
set of FineWeb and FineWeb-edu (Penedo et al.,
2024) and prompt Llama 3 70B to suggest five
synopses of related writings while identifying the
five most unique words from each seed text. We
then cross-reference these words with Google Re-
search’s Setswana-English GATITOS (Google Re-
search, 2024) to filter for quality, and construct
GPT-40 prompts that combine a system instruc-
tion, a randomly selected synopsis, and the cor-
responding word pairs with a requirement that
each Setswana word appears in the output. We
find this methodology allows GPT-40 to generate
high-quality Setswana writings while maintaining
a high degree of diversity between texts.
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Parameter Pula 1B Pula 3B Pula 8B Pula 14B
GPUs 8 8 8 8

Max Seq Length 4096 tokens 4096 tokens 4096 tokens 2048 tokens
LoRA Alpha 32 32 32 16

LoRA Dropout 0.2 0.2 0.2 0.2

LoRA Rank 64 64 64 32

Bias None None None None
Precision bf16 bf16 bfl16 bf16
Optimizer AdamW 8bit AdamW 8bit AdamW 8bit AdamW 8bit
Weight Decay 0.0 0.0 0.0 0.0
Warmup Ratio 0.05 0.05 0.05 0.05
Learning Rate 2e-05 2e-05 2e-05 2e-05
Embed Learning Rate | 8e-06 8e-06 8e-06 8e-06

LR Scheduler Cosine Cosine Cosine Cosine
Epochs 3.0 3.0 3.0 3.0

Packing v v v v
Per-Device Batch Size | 1 1 1 1
Accumulation Steps 8 8 8 1

Effective Batch Size 64 (260k toks) 64 (260k toks) 64 (260k toks) 8 (16k toks)

4 Training

Table 3: Training Hyperparameters

Unified Data Mixture.

Typical LLM training

Training Setup. We train all Pula models using
DeepSpeed (Rasley et al., 2020) with ZeRO Stage
3 (Rajbhandari et al., 2020) and eight NVIDIA
H100 GPUs for three epochs on an altered combi-
nation of Marothodi and Medupi, totaling approx-
imately 2.3 billion tokens. Our training procedure
leverages the Hugging Face transformers, trl, and
peft libraries. We develop Pula via continued pre-
training, where each model is trained with a large
warmup ratio and a lower embedding learning rate
to ensure robust learning without catastrophic for-
getting.

To train the Pula suite of LLMs effectively
while reducing computational demands, we apply
Low Rank Adaptation (LoRA) (Hu et al., 2021)
and QLoRA (Dettmers et al., 2023) across mul-
tiple projection matrices including Query, Key,
Value, Output, Gate, Up, and Down. In addi-
tion, we maintain full-precision training on the
language modeling head and embedding layers to
achieve improved performance when adapting our
models to Setswana. This approach allows Pula
to efficiently learn Setswana without prohibitive
computational or memory costs, and it helps to re-
duce the risk of overfitting and catastrophic forget-
ting (Biderman et al., 2024). We train Pula 1B,
3B, and 8B using LoRA on sequences up to 4096
tokens, whereas Pula 14B is trained using 4-bit
QLoRA on sequences up to 2048 tokens in length.

involves a two-phase pre- and post-training ap-
proach, where pre-training or continued pre-
training is followed by supervised fine-tuning
(SFT) (Ouyang et al., 2022). Instead, we train
on a mixture of raw text and instruction data by
combining Marothodi, our webtext corpus, with
Medupi, our instruction-tuning dataset. This dual
training strategy not only mitigates the increased
computational overhead associated with separate
pre-training and post-training phases, but also al-
lows Pula to benefit from the SFT and reinforce-
ment learning benefits already present in the post-
trained Llama and Qwen models.

Augmenting Setswana Reasoning and Multilin-
gual Capabilities. We found through prelimi-
nary results Pula’s reasoning performance to be
subpar, presumably given the lack of available rea-
soning data in Medupi. To further increase the rep-
resentation of Setswana reasoning text in our train-
ing data, we selectively duplicate our synthetic
LLM datasets (Dolly, Magpie, Ultrachat, Open-
Hermes, The Tome) three times. To further encour-
age reasoning, to maintain English capabilities,
and to encourage cross-lingual transfer across En-
glish and other languages, we incorporate a 15%
mixture of additional datasets, including OpenHer-
mes 2.5 (Teknium, 2023), Magpie Pro MT 300k
(Xu et al., 2024), Aya Dataset (Singh et al., 2024),
and Inkuba Instruct (Tonja et al., 2024).
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MAFAND-MT Lego-MT FLORES-200
Model Avg. eng-tsn tsn-eng eng-tsn tsn-eng eng-tsn tsn-eng

CHRF BLEU | CHRF BLEU | CHRF BLEU | CHRF BLEU | CHRF BLEU | CHRF BLEU

Llama 3 Instruct (§B) 11.76 22.90 2.60 29.52 5.73 11.02 1.69 11.61 1.70 20.78 2.37 27.04  4.15

Llama 3 Instruct (70B) 15.48 3497 726 | 3733 642 1137  0.58 11.93  0.75 31.47 550 | 3310 5.07

Aya 23 (8B) 7.31 1485 0.74 17.17 1.82 8.49 0.94 9.52 1.25 1419  0.86 16.56 1.33

Aya 23 (35B) 9.77 1495  0.88 596 2888 | 837 0.89 10.16 1.19 13.05 063 | 27.09 5.13

LLaMAX3 (8B) 11.59 23.39 2.00 27.55 5.62 11.57 1.29 13.21 1.98 21.51 1.64 25.12 4.14
MADLAD-400 MT (10B) 17.16 22.06  6.07 3486 14.06 | 1685 9.66 | 2233 14.60 | 1939 3.1 3140 11.14
NLLB-200 (3.3B) 28.46 57.64 28.15 | 4699 20.66 | 23.76 13.53 | 17.10 436 | 50.15 21.73 | 41.30 16.16
GPT-40 30.64 51.07 23.08 | 6091 3528 | 20.62 6.33 19.57 822 | 4511 1741 | 5271 27.40
GPT-40 Mini 25.33 40.12 1420 | 53.11 26.18 | 21.04 9.00 | 21.16 822 | 3529 10.05 | 4598 19.59
Gemini 1.5 Pro 30.67 5571 2629 | 58.87 34.10 | 18.10 3.99 1720 472 49.81 21.59 | 51.16 2649
Gemini 1.5 Flash 26.50 4698 1620 | 55.01 29.66 | 1823 4.42 17.42  3.65 | 4241 11.87 | 4851 23.60

Pula-1B 16.35 28.06  5.65 3821 13.69 | 1525 3.04 1621 440 | 28.18  4.65 31.03 7.84
Pula-3B 23.05 38.80 11.41 | 50.41 25.15 | 17.71 3.80 1935 717 36.00 890 | 41.57 1631
Pula-8B 32.24 53.79 2681 | 57.06 3243 | 23.92 12.02 | 23.33 1491 | 47.38 20.14 | 49.55 25.55
Pula-14B 33.07 5557 2848 | 5731 3194 | 2490 12.07 | 2434 1740 | 47.78 21.00 | 4998 26.11

Table 4: Translation performance across open and closed models on the MAFAND-MT, Lego-MT, and
FLORES-200 benchmarks. We report CHRF and BLEU scores for English-Setswana and Setswana-English
translation, as well as average overall score.

5 Evaluation

We evaluate our models on a variety of tasks in
both Setswana and English, including translation,
natural language understanding, multiple choice
question-answering, and mathematical reasoning.
All local evaluations are performed using bf16 pre-
cision using vLLM (Kwon et al., 2023).

Translation. To measure translation perfor-
mance, we evaluate on the MAFAND-MT (Ade-
lani et al., 2022a), Lego-MT (Yuan et al., 2023),
and FLORES-200 (NLLB Team et al., 2022)
benchmarks. These benchmarks cover a variety
of translation domains, including news headlines,
web articles, and miscellaneous web documents.
To gauge performance, we utilize the BLEU (Pap-
ineni et al., 2002) and CHRF (Popovié, 2015) met-
rics. Translation performance results are presented
in Table 4.

To evaluate Pula’s knowledge and reasoning
capabilities in Setswana we develop MMLU-tsn
and GSMS8K-tsn - Setswana translations of the
entirety of the test splits of the original Mas-
sive Multitask Language Understanding (MMLU)
(Hendrycks et al., 2021b,a) and Grade School
Math 8K (GSMB8K) (Cobbe et al., 2021) bench-
marks. We translate using GPT-40 and Gemini 1.5
Pro, respectively. We acknowledge this method’s
reliance on translation systems to translate this
task, especially given its technical nature, is likely

to suffer from "translationese" and other errors
(Plaza et al., 2024). Many sequences may be in-
correctly translated, biased, or otherwise impossi-
ble to solve without lucky guessing. However, we
find these translated benchmarks to still be a use-
ful proxy for a model’s performance in reasoning,
knowledge, and instruction-following capabilities.
These results are provided in Table 5.

We find the Pula series excels at translating
between English and Setswana, with both Pula
14B and Pula 8B on average outperforming sig-
nificantly larger frontier models such as GPT-4o
and Gemini 1.5 Pro. These models exceed the per-
formance of all tested open LLMs as well as the
NLLB 200 and MADLAD 400 machine transla-
tion models. We note the Pula series tends to yield
higher quality translations when translating from
Setswana to English - a trend we see in other tested
LLMs but not in machine translation models.

Reasoning. We evaluate reading comprehen-
sion using Meta’s Belebele benchmark, a cor-
pus of multiple-choice questions regarding pas-
sages sourced from FLORES-200. We evaluate
world knowledge and question-answering via the
MMLU and MMLU-tsn benchmarks, containing
multiple-choice questions on topics such as mathe-
matics, computer science, law, and more. Last, we
evaluate mathematical reasoning via GSM8K and
GSMS8K-tsn, which consist of open-ended grade-
school math word problems.
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Model Avg. Belebele MMLU GSMSK
tsn eng tsn eng tsn eng
Llama 3.1 Instruct 8B 50.32 31.04 | 89.67 | 27.73 | 63.75 | 6.61 | 83.09
Llama 3.1 Instruct 70B 67.69 50.69 | 96.00 | 39.95 | 84.28 | 40.24 | 95.00
Aya 23 8B 32.23 30.33 | 62.00 | 26.09 | 44.58 | 2.05 | 28.35
Aya 23 35B 39.99 29.16 | 80.85 | 29.29 | 5842 | 2.81 | 39.42
LLaMAX3 8B 27.67 30.53 | 68.53 | 25.53 | 41.13 | 0.23 | 0.07
GPT-40 80.59 75.33 | 96.67 | 56.32 | 87.48 | 72.59 | 95.14
GPT-40 Mini 66.42 46.78 | 94.78 | 40.97 | 80.85 | 41.84 | 93.32
Gemini 1.5 Pro 81.26 75.78 | 96.11 | 60.33 | 86.35 | 73.80 | 95.21
Gemini 1.5 Flash 74.52 64.67 | 94.11 | 49.37 | 80.21 | 65.22 | 93.55
Pula 1B 21.06 27.03 | 36.58 | 24.38 | 28.58 | 3.49 | 6.29
Pula 3B 35.35 30.93 | 50.73 | 30.76 | 44.03 | 11.39 | 44.28
Pula 8B 59.81 51.24 | 85.43 | 38.66 | 61.86 | 43.28 | 78.39
Pula 14B 69.40 66.02 | 91.50 | 46.15 | 74.27 | 57.36 | 81.12

Table 5: Performance comparison of different large language models on the Belebele, MMLU, and GSM8K
benchmarks. For Setswana, we evaluate using the Setswana Belebele subset, MMLU-tsn, and GSM8K-tsn. For
English, we evaluate using the English Belebele split, MMLU, and GSMS8K.

We find Pula 14B to, on average, outperform
GPT-40 Mini as well as all tested open models
across Setswana and English reasoning tasks. Pula
8B outperforms or is competitive with Llama 3.1
70B on all three benchmarks, and Pula 14B signifi-
cantly outperforms Llama 3.1 70B on all Setswana
benchmarks. In addition, we find Pula’s perfor-
mance steadily grows with scale in both Setswana
and English tasks; a trend displayed in the perfor-
mance of existing Llama and Aya models.

However, we do note the roughly equivalent per-
formance of Aya 23 8B and 35B on Setswana Bele-
bele. Given the lack of intentional Setswana data
present in Aya 23’s training corpus, this indicates
reading comprehension may be a less transferable
skill for LLMs when working with largely un-
seen languages compared to question-answering
and mathematical reasoning. We also note large
discrepancies between Setswana and English ver-
sions of benchmarks, such as MMLU and MMLU-
tsn. We attribute these differences to accumulative
errors during translation such as ambiguous or in-
correct wording, impossible questions, or damag-
ing modifications to the correct answer.

6 Conclusion

In this work we introduce Pula, the first series of
large language models tailored for Setswana. Our
models demonstrate significantly improved trans-
lation and reasoning performance, rivaling models
much larger than themselves on Setswana reading
comprehension, question-answering, and mathe-
matical reasoning tasks while retaining existing
performance on English tasks. Pula exceeds in
translating between Setswana and English, with
Pula 8B and 14B on average outperforming GPT-
40 and Gemini 1.5 Pro, with Pula 14B also out-
performing GPT-40-Mini in Setswana reasoning
tasks. We introduce Marothodi, the largest-ever
single corpus of raw Setswana text, and Medupi,
the first-ever comprehensive Setswana instruction-
tuning dataset. We develop and release MMLU-
tsn and GSM8K-tsn, Setswana translations of the
MMLU and GSMS8K benchmarks translated us-
ing GPT-40 and Gemini 1.5 Pro. Our results in-
dicate there may be significant performance gains
not yet reached in other languages which may be
available using existing underutilized data and syn-
thetic data generation. To support future NLP re-
search and production use cases, we release model
weights, data, data curation code, benchmarks,
training and evaluation code, and training logs.
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7 Limitations

A foundational source for Medupi is translated
Setswana instructions and synthetic data using
NLLB 200 3.3B, GPT-40, Gemini 1.5 Pro, and
Llama 3.1 405B. The quality of these translations
directly influences the quality of much of Medupi
and Pula’s downstream performance on Setswana
tasks. Any inaccuracies, biases, or nuances lost
during translation may propagate into the training
data and even become more pronounced (Gallegos
et al., 2023).

On a similar note, utilizing translations for
benchmarking may introduce "translationese",
such as direct translations rather than natural lan-
guage (Doshi et al., 2024). These errors may dis-
tort the benchmark’s authenticity and reduce the
number of answerable questions with correspond-
ing correct answers. These errors may be es-
pecially the case for MMLU-tsn and GSM8K-ts,
where certain domain-specific vocabulary may not
have direct Setswana equivalents.

While Pula demonstrates improved perfor-
mance compared to existing open source models
of its size, there is still significant room for im-
provement. Further experiments involving addi-
tional data translation and filtering at scale, cu-
rating human-made chat data, incorporating ad-
ditional languages, and incorporating additional
training methodologies such as multi-stage train-
ing, annealing, model merging, and reinforcement
learning may allow for increased performance. We
hope Pula lays the groundwork for this future work
and actively encourage research in these direc-
tions.

Last, despite extensive efforts to curate com-
prehensive corpora of Setswana text, certain cul-
tural and contextual elements may be underrepre-
sented. Dialectical variations, cultural narratives,
or region-specific terms, phrases, or other termi-
nology may be comparatively sparse in these cor-
pora. This may lead to models that are less ef-
fective in certain situations that require additional
cultural insight or sensitivity (Mousi et al., 2024).
Addressing these cultural nuances remains an on-
going challenge and an area for future research
to ensure language models are properly cultur-
ally knowledgeable and configurable for Setswana
speakers.
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