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Abstract

Code-switching has become the modus001
operandi of internet communication in many002
communities such as South Africans, who are003
domestically multilingual. This phenomenon004
has made processing textual data increasingly005
complex due to non-standard ways of writ-006
ing, spontaneous word replacements, and other007
challenges. Pre-trained multilingual models008
have shown elevated text processing capabili-009
ties in various similar downstream tasks such010
as language identification, dialect detection,011
and language family discrimination. In this012
study, we extensively investigate the use of013
pre-trained multilingual models - AfroXLMR,014
and Serengeti for code-switching detection015
on five South African languages: Sesotho,016
Setswana, IsiZulu, IsiXhosa, and English, with017
English used interchangeably with the other018
four languages, including various transfer learn-019
ing settings. Additionally, we explore the020
modelling of known switching pairs within021
a dataset through explicit cross-lingual em-022
beddings extracted using projection models:023
VecMap, Muse, and Canonical Correlation024
Analyses (CCA). The resulting cross-lingual025
embeddings are used to replace the embedding026
layer of a pre-trained multilingual model with-027
out additional training. Concretely, our results028
show that performance gains can be realized029
by closing the representational gap between the030
languages of the code-switched dataset with031
known codes, using cross-lingual representa-032
tions. Moreover, expanding code-switched033
datasets with datasets of closely related lan-034
guages improves code-switching classification,035
especially in cases with minimal training exam-036
ples.037

1 Introduction038

Code-switching, a term used interchangeably039

with code-mixing in Natural Language Processing040

(NLP), refers to a linguistic phenomenon, where a041

single utterance or text is made up of multilingual042

Figure 1: Number of First Additional (L1), and Second
additional Speakers (L2) in a South African Household.

tokens (referred to as codes), arranged meaning- 043

fully to the receiving audience, prevalent in mul- 044

tilingual communities such as the Internet (Jose 045

et al., 2020). In a typical South African household 046

setting, the majority of families are multilingual as 047

seen in Figure 11. However, language technologies 048

developed for these South African low-resourced 049

languages are monolingual in nature. This myopic 050

view limits the ability of these users to fully ex- 051

press themselves within these technologies, thus, 052

motivating a need for modelling code-switching in 053

speech or text understanding technologies. 054

Code-switching is not a new challenge. In 055

2013, Modipa et al. (2013) investigated the impli- 056

cation of code-switching for developing automated 057

speech recognition systems using Sepedi and En- 058

glish code-switched datasets sourced from radio 059

broadcasts. Vyas et al. (2014), investigated code- 060

switching detection formalized as language detec- 061

tion together with Part-of-speech (POS) tagging. 062

While Singh et al. (2018) explored the creation 063

of POS datasets from code-switched tweets that 064

closely resemble real-world scenarios. On the other 065

hand, Aguilar et al. (2019) proposed a shared task 066

for modelling Named Entity Recognition (NER) 067

on code-switched datasets. Closer to our methodol- 068

1https://en.wikipedia.org/wiki/Languages_of_
South_Africa
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ogy, Hussain and Arshad (2021) proposed a hybrid069

model composed of an attention mechanism and070

recurrent neural network for code-switching detec-071

tion.072

However, none of the aforementioned works at-073

tempted a natural standpoint that brings the in-074

volved languages in the code-switched dataset075

closer together through cross-lingual representa-076

tion learning. Cross-lingual representation learn-077

ing emerges from a broader field of cross-lingual078

models, where the idea is to fuse two or more syn-079

tactic and semantically sound monolingual embed-080

dings in order to supplement the linguistic short-081

comings of both embedding spaces for improv-082

ing downstream task performance (Mikolov et al.,083

2013b; Faruqui and Dyer, 2014; Artetxe et al.,084

2018). We hypothesize that given known languages085

Lg = {l1, l2, ..., ln} in the labelled code-switched086

dataset Ccs, developing a language model ML087

through cross-lingual representation learning of088

languages in Lg can improve on the task of code-089

switching classification (and possibly generalize to090

other extensions of code-switching tasks such as091

code-switched POS, code-switched NER, and more092

complex tasks like code-switched question answer-093

ing) following the linguistic equivalence constraint094

of code-switching. Using cross-lingual represen-095

tation learning to bring the languages in the code-096

switched datasets closer together, may establish a097

representational space that closely matches code-098

switching, thus, improving training, contrary to099

treating the codes as separate entities during train-100

ing. Subsequently, we then want to answer the101

question - what effect do explicit cross-lingual rep-102

resentations, generated from the involved language,103

have on the performance of code-switching classi-104

fication? To answer this, we conduct a systematic105

analysis and evaluation of supervised models using106

both monolingual and cross-lingual embeddings107

on the task of word-level code-switching classifi-108

cation. The field of cross-lingual models has wit-109

nessed great success over the years in NLP and has110

evolved to advanced processing capabilities using111

large pre-trained multilingual models (Devlin et al.,112

2018; Conneau et al., 2019). On this, our method-113

ology investigates the downstream performance of114

code-switching classification prior to the injection115

of cross-lingual embeddings into the embedding116

layer of transformer architectures AfroXLM-r, and117

Serengeti as our training and classification models.118

In summary, our major contributions are suc-119

cinctly organized as follows: 120

• We investigate the use of cross-lingual embed- 121

dings in the context of code-switching classifi- 122

cation for four South African low-resource 123

languages, namely, Setswana, Sesotho, 124

isiZulu, and IsiXhosa, and one high-resourced 125

language - English. 126

• We showcase the experimental results that 127

highlight an intuitive relationship between 128

code-switching and cross-lingual representa- 129

tions. 130

• We highlight characteristics that are deter- 131

ministic of improved performance for code- 132

switching classification using cross-lingual 133

and monolingual embeddings. 134

2 Related Work 135

Recent studies show the need to accelerate code- 136

switching inclusion in language technology de- 137

velopments and the limitations incurred if oth- 138

erwise (Sitaram et al., 2019). In line with this 139

shared responsibility, various works addressing 140

different challenges across different downstream 141

tasks have been proposed for code-switching. For 142

code-switching detection, an early work by (Chit- 143

taranjan et al., 2014) proposed a Conditional Ran- 144

dom Field (CRF) model based on their success in 145

sequence labelling and a subword segmental ap- 146

proach that segments lexical units according to 147

their morphological grounding. Xia (2016) ex- 148

plores subword vectors from (Bojanowski et al., 149

2017), prefix and suffix extraction, and linear-chain 150

CRF for code-switching detection and reports (at 151

the time) promising results (83.0 %, 94.9 % F1 152

score, and accuracy respectively). While Patro et al. 153

(2017), remedies incorrect annotations of borrowed 154

words in the code-switched text by proposing a set 155

of likeliness metrics that utilizes language usage 156

patterns on Twitter. 157

Code-switching classification as a stand-alone 158

downstream task has use-case limitations, and as 159

such various works have coupled it with other 160

downstream tasks. Solorio and Liu (2008) exploits 161

existing probabilistic tree-based taggers to gen- 162

erate training features of the switched languages 163

for POS tagging in the context of code-switching. 164

They use heuristic-driven methods to combine 165

these information-rich features to assist machine- 166

learning-based prediction. Barman et al. (2016) 167
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uses a joint Factorial CRF model to process com-168

plex trilingual code-mixed data for code-switching169

detection and POS tagging simultaneously. In con-170

trast, Van der Goot and Çetinoğlu (2020) proposes171

code-switching-tailored lexical normalizers to im-172

prove the impact of non-canonical data points on173

POS tagging.174

For code-switching in the context of NER, Attia175

et al. (2018) takes an architecture-driven approach176

and proposes a hybrid model consisting of enriched177

pre-trained embeddings, a Bidirectional Long and178

Short Term Memory (Bi-LSTM) model to the left179

and right context over the continuous representa-180

tions, a convolution layer to model spatial depen-181

dencies, and finally a CRF for sequence prediction.182

Closer to our work, Winata et al. (2018) concate-183

nates English and Spanish monolingual pre-trained184

embeddings together with character-level represen-185

tation to address the out-of-vocabulary (OOV) is-186

sue. In contrast to our work, they did not explore187

cross-lingual representations. In the advent of the188

attention era, Winata et al. (2019) addresses both189

NER and code-switching detection using multilin-190

gual meta-embeddings extracted using a fully con-191

nected neural network and an attention mechanism192

layer.193

In the aforementioned works, South African194

low-resourced languages lag behind across mul-195

tiple tasks and techniques for processing code-196

switching text. In an attempt to remedy this limita-197

tion as well as ignite research interest, we propose198

a systematic analysis of using both monolingual199

and cross-lingual vector representations for code-200

switching detection together with injecting static201

cross-lingual embeddings into the embeddings ma-202

trix of the transformer architectures.203

3 Methodology204

3.1 Corpora205

This study explores four low-resourced South206

African languages (LRSAL), namely, Sesotho,207

Setswana, isiZulu, and IsiXhosa, and one high-208

resourced language - English with codes: sot, tsn,209

zul, xho, and eng respectively. The sources for210

our monolingual corpora are: Flores NLLB Team211

(2022), WMT Costa-jussà et al. (2022), MC4 Raf-212

fel et al. (2019), NCHLT (Eiselen and Puttkammer,213

2014), and African Crawl Dataset Vegi et al. (2022).214

The statistics of our monolingual data are outlined215

in Table 1216

Lang. Sentences Unique Voc After LID Unique Voc
tsn 1.1M 388K 462K 118K
sot 2.6M 1.5M 750K 453K
xho 2.7M 2.8M 1.2M 1.2M
zul 7.6M 9.2M 1.5M 1.5M

Table 1: Monolingual dataset description.

Figure 2: Code distributions in code-switched datasets.

3.2 Bilingual Lexicons 217

We used bilingual lexicons to generate the cross- 218

lingual representation from the following sources: 219

CPUT2, Open Education Resource Term Bank 220

(OERTB) (of Pretoria), and our manually collected 221

lexicons from government public school reposito- 222

ries3. The collection resulted in 8742 en-tsn, 8763 223

en-sot, 11117 en-xho, and 17406 en-zul bilingual 224

lexicon pairs. 225

3.3 Code-Switched dataset 226

We used the labeled code-switching dataset sourced 227

from South African soap operas (Niesler et al., 228

2018). This dataset covers a continuum of sponta- 229

neous code-switching types such as intersentential, 230

intrasentential, insertion, and etc. The languages 231

covered in this dataset are as follows: Engish- 232

isiZulu, English-isiXhosa, English-Sesotho, and 233

English-Setswana. Figure 2 shows the switching 234

distribution of each pair in the datasets. 235

3.4 Pre-processing 236

Manual inspection of individual sources of mono- 237

lingual corpora indicated that sources such as 238

WMT, MC4, etc. contain foreign sentences and 239

warranted further cleaning. For this, we used a 240

publicly available language identification tool - 241

2https://mlg.cput.ac.za/
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GlotLID (Kargaran et al., 2023), which has shown242

to have superior language identification perfor-243

mance in Sindane and Marivate (2024). Since244

the monolingual corpus is arranged by language,245

we used GlotLID to confirm if the sentence si of246

a known corpus Clang belongs to language lang.247

If GlotLID identifies si as not of lang of corpus248

Clang it is discarded. Table 1, shows the remaining249

number of lines before and after GlotLID. Further250

pre-processing included the removal of URLs, num-251

bers, punctuations, and then lowercasing all words.252

3.5 Monolingual Embeddings253

Monolingual embeddings are continuous vector254

representations of words (Mikolov et al., 2013a).255

Various studies for generating these embeddings256

have been proposed, with the recent FastText tech-257

nique (Bojanowski et al., 2017) showing improve-258

ment over previous methods such as Word2Vec259
4, and GloVE (Pennington et al., 2014) for low-260

resourced settings. As such we generated mono-261

lingual embeddings using FastText with dimension262

d = {50, 100, 150, 200}. For English, we used263

the available largely pre-trained embeddings from264

GloVE, due to having the desired 3 dimensions d265

= {50, 100, 200}. To evaluate the intrinsic quality266

of all our embeddings we used the SimLex-999267

dataset released by (Makgatho et al., 2021) con-268

sisting of Setswana and Sepedi paired words to-269

gether with their English translations. From this,270

we derived that monolingual embeddings for low-271

resourced languages require more data to train as272

reflected by their inability to capture similar words273

with similar representations as compared to En-274

glish representations (Appendix B.1). However,275

projecting the inefficiently learned representations276

into a shared space with an effectively learned En-277

glish representation space using the 3 techniques278

(Canonical Correlation Analyses (CCA) (Faruqui279

and Dyer, 2014), VecMap (Artetxe et al., 2018),280

and MUSE (Lample et al., 2017)) shows improved281

word similarity measures between intra-similar282

(within a language) and inter-similar (between lan-283

guages) (Appendix B.2). We further calculated284

the Spearman’s correlation of the datasets and this285

shows that cross-lingual embeddings outperform286

monolingual embeddings. An extension of this287

analysis is available in Appendix B.3, showing288

plots for all embedding dimensions and the 3 pro-289

jection types to evaluate the intrinsic quality of the290

4https://code.google.com/p/word2vec/

embeddings. 291

Notably, lower embedding dimensions of unre- 292

lated languages (xho and zul) show higher cosine 293

scores for paired word similarity evaluation. 294

3.6 Cross-lingual Embeddings 295

Cross-lingual embeddings are shared vector repre- 296

sentations generated using projection techniques 297

that aim to join monolingual embeddings of two 298

or more languages together with the objective of 299

transferring common desirable linguistic proper- 300

ties (Mikolov et al., 2013b). Projection techniques 301

develop a mathematical model driven by available 302

supervision resources such as bilingual lexicons, 303

parallel sentences, objective functions, etc. that 304

aims to learn how to translate source embeddings 305

(typically of high-resourced language) to target em- 306

beddings (of low-resourced) by transforming (shift, 307

distort, etc.) the source embeddings into a shared 308

vector space. In this study, we compared three 309

pioneering projection techniques – Canonical Cor- 310

relation Analyses (CCA), VecMap, and MUSE to 311

generate cross-lingual shared representations. 312

3.7 Pre-trained Models 313

Pre-trained multilingual models such as 314

mBERT (Devlin et al., 2018), RemBERT, 315

XLM-r (Conneau et al., 2019), and their Afro- 316

centric counterparts: Afri-BERTa (Ogueji et al., 317

2021), Afro-XLM-r (Alabi et al., 2022) have 318

shown astonishing results for many downstream 319

tasks such as NER, POS Tagging, Machine 320

Translation, etc., with Afro-centric methods 321

having a slight performance edge over massively 322

pre-trained multilingual models with minimal to 323

no exposure to African languages. As such, we 324

will only concentrate on the Afro-centric model 325

Afro-XLM-r (base and large), and the recent 326

model Serengeti (Adebara et al., 2023) due to their 327

performance gains on downstream tasks. 328

3.8 Cross-lingual Injected Pre-trained Models 329

Suppose we know the languages Lg = 330

{l1, l2, ..., ln} of the code-switched corpus 331

Ccs. We know that the interchangeable use of 332

linguistic tokens ti, ..., tk from {l1, ..ln} is not 333

random but rather orchestrated meaningfully to 334

bring the targeted languages coherently together. 335

Therefore, we hypothesize that creating shared 336

cross-lingual representations of the known 337

target languages that meaningfully tie the target 338

languages semantically together may improve 339
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code-switching processing. Concretely, this340

study’s code-switched datasets are a switching341

condition between eng and the four languages sot,342

tsn, xho, and zul. Hence, for known pairs (e.g343

eng − sot), we could create shared representations344

between eng, and sot into a meaningful shared345

vector space, such that translation pairs are seman-346

tically connected (i.e translation pairs between347

the two languages having similar representations),348

which could reflect in better processing of the349

target code-switching dataset. To evaluate this350

theory, we devised a technique that explores the351

use of cross-lingual embeddings into transformer352

architectures by replacing the embeddings layer353

with the new shared representation of the known354

pairs. Monolingual embeddings (to model an355

instance where the languages are not brought356

closer), and cross-lingual embeddings (to model a357

case where languages are brought closer together)358

will be used to replace the embedding layer of the359

transformer architectures. Experiments of these360

two setups will be compared and contrasted.361

3.8.1 Dimensionality Reduction and362

Expansion363

Our cross-lingual embeddings dimensions of d =364

{50, 100, 150, 200} are significantly lower than the365

embedings of AfroXLMr, and Serengeti of 700+.366

Therefore, we are tasked with either reducing the367

embeddings of the transformer when combined368

with cross-lingual embeddings or expanding cross-369

lingual embeddings to match existing transformer370

embeddings. In this case, we experimented with371

randomly initialized paddings with normal distri-372

bution to expand the cross-lingual embeddings to373

match transformer dimensions. For dimensionality374

reduction, Principal Component Analyses (PCA),375

Uniform Manifold Approximation and Projection,376

or other techniques can be adopted to reduce the ex-377

isting transformer embeddings to match the static378

embeddings shape. Due to limited space, we leave379

this for future work.380

3.9 Experimental Design381

3.9.1 Corpora sizes382

Following the pre-processing step, we extracted383

80% of the most frequent words to generate our384

word embeddings.385

3.9.2 Code-Switched dataset386

We explored various setups to divide the dataset387

into train, development, and test sets. The con-388

ventional setup included having a uniform train 389

set across all languages of 4242 sentences and a 390

test size of 1000 sentences, with only varying de- 391

velopment sizes, since the size of the datasets for 392

each language was not equal. The second setup 393

included combining the dataset of the previous step 394

to explore transfer learning. We combined code- 395

switched datasets containing closely related lan- 396

guages (xho and zul) – two Nguni languages, and 397

(sot and tsn) – two Sotho-Tswana languages. Fi- 398

nally, for each group, we added, a new language 399

coming from a different language family, and then 400

our last setup combined all languages. 401

3.9.3 Monolingual Embeddings generation 402

Our monolingual embeddings were trained for 50 403

epochs, with mostly default set-ups for FastText 404

except for min character and maximum character 405

considerations of 1, and 5 respectively. All words 406

were reduced to lowercase. 407

3.9.4 Cross-lingual Embeddings generation 408

All projection techniques CCA, VecMap, and 409

MUSE use a supervised projection setup with all 410

available lexicons in this study. We used the de- 411

fault hyper-parameter set-up recommended by each 412

technique’s proposed paper since no available re- 413

sources exist to evaluate the intrinsic quality of 414

cross-lingual representations. 415

3.10 Pre-trained Models 416

Each pre-trained model was trained for 20 epochs, 417

used a batch size of 16, a maximum sequence cut- 418

off of 200, a learning rate of 5 exp−5 following 419

Adelani et al. (2021), and Dione et al. (2023). How- 420

ever, Afro-XLMr-large did not perform well for the 421

setup, and its hyperparameters were changed to a 422

learning rate of 2 exp−5, a batch size of 32, and 423

was trained for 10 epochs. 424

4 Results 425

This section discusses the results of this study’s 426

experimental findings. We report F1 score instead 427

of accuracy since there is clear class imbalance 428

between the codes within our datasets (Figure 2). 429

4.1 Baselines 430

Table 2, reports the F1 score performance of our 431

baselines models: Afro-XLM-r base (b), Afro- 432

XLM-r large (l), and Serengeti. Our results show 433

that the models perform on par for word-based 434

code-switching detection. Notably, increasing the 435
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dataset size by combining datasets (e.g combining436

engxho with engzul to make engxhozul) shows to437

have a contradicting impact on code-switching de-438

tection. Firstly, combining datasets shows a drop439

in performance compared to monolingual training.440

Secondly, training a three pair of either 2 Nguni and441

one Sotho-Tswana or vice versa shows a 1-point442

drop when training with two Nguni (xho, zul),443

and one Sotho-Tswana (tsn), compared to training444

with only the two Nguni languages. We hypothe-445

size that the addition of a language from a different446

language family creates an interference in the inter-447

nal representation largely skewed to Nguni, which448

negatively impacts the model’s performance. Con-449

versely, the Sotho-Tswana and single Nguni trio450

illustrate a performance gain in this setup. Since451

this pattern occurs on all models, it may imply that452

the internal structures of Sotho-Tswana may be ro-453

bust and less susceptible to interferences compared454

to Nguni language learning. However, we leave455

this investigation for future work and continue in-456

vestigating transfer learning.457

4.2 Baselines Transfer learning458

We investigate three modes of transfer learning in459

this section. The first setup investigates transfer-460

ring models trained with multiple combinations461

above onto original (non-combined) datasets. The462

second transfer setup investigates language family463

grouping, where languages belonging to the same464

family (e.g xho and zul) are grouped into one la-465

bel ngun, and sttn for Sotho-Tswana (results re-466

ported Table 3). Surprisingly, Afro-XLMR-b per-467

forms better than Serengeti on average for family-468

based-grouping code-switching detection. Addi-469

tionally, all 3 models show higher performance470

for nguni combinations over Sotho-Tswana com-471

bination datasets. In the last setup, however, we472

changed the datasets to only have two labels (eng,473

and swtc), by replacing any other label that is not474

eng to swtc. This is done, to investigate if transfer475

could be easily modeled if the label set is reduced in476

a multi-code switching dataset. The results for the477

aforementioned last experiments are reported in Ta-478

ble 4. From the onset, the results show performance479

gains on language combinations compared to base-480

line results in Table 2. We hypothesize that this hap-481

pens because the models may find it easy to create482

two representational clusters of the code-switching483

as opposed to creating multiple for each language.484

Additionally, closely related languages may not485

cause incorrect predictions as in the conventional 486

setup, as these are viewed as the same class swtc. 487

Which is also supported by higher scores for origi- 488

nal dataset scores. Regardless, this approach may 489

be a better alternative to code-switching detection 490

as many African languages are not effectively sup- 491

ported at the onset (i.e. pre-training), where, in- 492

stead we model code-switching as certainty (eng) 493

and uncertainty (not eng) binary classification with 494

the assumption that English will easily be detected 495

with high confidence. With this setup, smaller mod- 496

els such as Naive Bayes, SVM, etc, can be used 497

for language identification of the swtc tag for finer- 498

grained detail extraction. However, this claim re- 499

quires additional empirical evidence and we leave 500

it for future works. Finally, on average, Serengeti 501

performs better compared to the two variations of 502

Afro-XLM-r for this transfer category. 503

4.3 Cross-lingual Injected Pre-trained Models 504

Table 5, shows the experimental results of this study 505

using various cross-lingual embeddings settings. 506

Due to limited space, we only reported the results 507

of Afro-XLM-r-base. We presented the remain- 508

ing results in Appendix C with accompanying dis- 509

cussions and the Serengeti model results. From 510

these results, CCA and VecMap embeddings show 511

better performance for lower dimensions 50 and 512

100 over Muse embeddings, while Muse surpasses 513

these two techniques on the highest dimension 200 514

on the original datasets xho, zul, sot, and tsn. 515

This behavior is not clear as to why it occurs as we 516

expected Muse embeddings to perform better than 517

the other two techniques as shown by its represen- 518

tation quality illustrated in the intrinsic evaluation 519

(Appendix B.2, Appendix B.3). This could mean 520

that intrinsic performance is not correlated to extrin- 521

sic performance for this task. On the combination 522

datasets, only Muse embeddings show consistent 523

performance while the performance of CCA and 524

VecMap fluctuates depending on the data combi- 525

nations. This could be due to that, while the En- 526

glish to low-resourced language (en− LRLi) pair 527

remains semantically connected through the pro- 528

jection, the inclusion of a foreign pair en− LRLk 529

in the same space introduces the same issue (i.e 530

the disconnect) we are trying to solve in the em- 531

bedding space, for i, and k being low-resource 532

languages. For example, combining en-tsn, with 533

en-xho datasets, as these where not explicitly con- 534

nected through projection techniques. 535
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Baselines Code-Switching dataset with base (eng)
xho zul sot tsn xhozul sottsn xhozulsot xhozultsn sottsnxho sottsnzul xhozulsottsn

Afro-xlmr-b 98 97 91 93 92 83 92 92 87 87 87
Afro-xlmr-l 97 97 90 90 91 82 91 92 85 86 86
Serengeti 97 97 91 92 92 83 91 92 87 87 87

Table 2: Reports the baseline model’s F1-score for code-switching detection for each dataset averaged over 5 runs.

Transfer Code-Switching dataset with base (eng) and labels ngun and sttsn
xhozul sottsn xhozulsot xhozultsn sottsnxho sottsnzul xhozulsottsn

Afro-xlmr-b 98 93 95 96 94 94 95
Afro-xlmr-l 97 92 95 96 94 94 95
Serengeti 97 92 95 96 94 93 94

Table 3: Reports model’s F1-score for code-switching detection for each dataset averaged over 5 runs of grouped
label datasets. The xho, zul are grouped into Nguni, and sot tsn grouped into Sotho-Tswana (sttsn).

To understand the impact of these injected cross-536

lingual embeddings we trained the best-performing537

model - Afro-XLMr-base, with monolingual em-538

beddings from which these joined representations539

were formed. Table 16, shows these results for non-540

projected embeddings of xho, zul, sot, tsn created541

using FastText. From this, we can see that mono-542

lingual performance is significantly lower for all of543

the various evaluation metrics Accuracy, Precision,544

Recall, and F1-score. This in a way justifies our545

hypothesis that, perhaps not treating the codes as546

independent spaces but rather semantically join-547

ing their individual spaces at pre-training could548

improve code-switching processing as these lan-549

guages are brought to the same shared space.550

5 Analyses and Discussion551

We also aimed to investigate the extent to which552

shared representations support text processing, es-553

pecially for unknown, or out-of-vocabulary words554

for improved performance. That is, in cases where555

vocabulary is missing, we want to analyze if other556

related words are used for improving performance557

and if this is traced to shared representations. We558

aimed to achieve this through embedding attention559

score analyses. This is done by plotting embedding560

attention scores of predicted sentences to see where561

priority is placed for certain words.562

Sentence attention score analyses consider re-563

lationships of words within a sentence, we also564

wanted to consider alternative words within the en-565

tire embedding matrix that may be important in pro-566

cessing the final output of the layer. We observed567

that high attention was also given to words outside568

the main sentence vocabulary. This could mean569

that, related words, were identified (possibly made570

possible by shared representations), thus, improv-571

ing the processing of the target text. Monolingual 572

plots do not show this behavior of exterior attention. 573

Which implies that, indeed deeper connections may 574

have been forged through semantically connecting 575

monolingual embeddings. Further analyses on this 576

is provided in Appendix D. 577

6 Conclusion 578

Code-switching has gained research attention in 579

the field of Natural Language Processing, espe- 580

cially for low-resourced languages due to most 581

communities being largely multilingual. Large pre- 582

trained multilingual models are typically a de-facto 583

processing tool for many downstream tasks due 584

to their increased processing capabilities. How- 585

ever, the use of explicit cross-lingual embeddings 586

to bridge the gap between the language represen- 587

tations of the known codes lags behind. In this 588

study, we explore the use of cross-lingual embed- 589

dings, that aim to bring known language pairs 590

closer together to efficiently learn code-switching 591

detection. Indeed, our experimental analyses show 592

that mapping the switched languages into a sin- 593

gle shared vector space before training shows un- 594

tapped processing capabilities for code-switching 595

detection. Concretely, fine-tuning AfroXLM-r, and 596

Serengeti architectures with explicit cross-lingual 597

embeddings outperforms monolingual (only joined 598

through concatenation) embeddings. Although 599

the cross-lingual injection experiments performed 600

poorly compared to the original multilingual em- 601

bedding baselines, our results imply that, learn- 602

ing explicit shared representation between known 603

codes, formed a representational space enhancing 604

inter-learning between token subspaces allowing 605

efficient processing of code-switched text. 606
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Transfer Code-Switching dataset with base (eng) and second label switched (swtc)
xhozul sottsn xhozulsot xhozultsn sottsnxho sottsnzul xhozulsottsn

Afro-xlmr-b 86 93 95 96 94 94 95
Afro-xlmr-l 98 92 96 96 94 81 95
Serengeti 98 92 95 96 94 94 95

Table 4: Reports the label change transfer model’s F1-score for code-switching detection for each dataset averaged
over 5 runs.

Models Code-Switching dataset with base (eng)
xho zul sot tsn xhozul sottsn xhozulsot xhozultsn sottsnxho sottsnzul xhozulsottsn

Embedding Dimension: 50
CCA 82 85 77 80 57 57 74 62 67 78 79
VecMap 76 84 85 84 81 65 83 76 67 63 45
Muse 76 80 63 68 70 70 73 74 59 62 70

Embedding Dimension: 100
CCA 81 83 76 67 69 75 74 76 80 78 57
VecMap 82 84 78 85 69 74 83 46 76 68 62
Muse 67 81 76 74 72 71 74 64 70 72 70

Embedding Dimension: 200
CCA 71 61 78 72 68 67 49 71 80 72 60
VecMap 71 84 80 76 73 75 79 70 78 59 78
Muse 76 80 77 75 71 71 74 75 72 72 72

Table 5: Reports the Afro-XLMr-base F1-score for code-switching detection for each dataset averaged over 5 runs
using the three embedding techniques. The injected embeddings were randomly selected from the full embedding
matrix to match the vocabulary size of the transformer.

Metric Code-Switching dataset with base (eng)
xho zul sot tsn xhozul sottsn xhozulsot xhozultsn sottsnxho sottsnzul xhozulsottsn

Embedding Dimension: 50
acc 93 81 91 91 80 82 87 83 67 76 79
prec 71 56 61 69 56 64 63 61 47 57 59
rec 68 53 62 65 56 62 64 61 40 54 61
f1 69 54 61 67 56 62 64 61 43 55 60

Embedding Dimension: 100
acc 93 87 72 79 81 75 81 74 78 76 75
prec 63 58 57 61 58 55 55 52 59 59 55
rec 64 56 44 54 60 55 49 51 61 55 52
f1 63 56 49 57 59 55 52 51 60 56 52

Embedding Dimension: 200
acc 92 81 76 91 72 82 65 65 55 81 75
prec 66 56 56 72 46 63 45 44 37 61 56
rec 64 52 33 66 44 62 41 40 28 63 54
f1 65 53 41 69 45 61 42 41 31 62 54

Table 6: Reports the Afro-XLMr-base Accuracy (acc), Precision (prec), Recall (rec), and F1-score (f1) for code-
switching detection for each dataset averaged over 5 runs using FastText Monolingual embeddings and Glove
embeddings for English words. The injected embeddings were randomly selected from the full embedding matrix to
match the vocabulary size of the transformer.
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Limitations607

The vocabulary of the embeddings is larger than608

the transformer embeddings. This means the selec-609

tion of the appropriate words to add to the model610

embedding becomes crucial.611

We explored a theoretically ideal scenario for612

generating cross-lingual embeddings and have not613

explored set-ups such as how many bilingual lexi-614

cons signals are sufficient for generating the best615

shared representations.616

In line with the above limitation, this study, did617

not explore hyperparamer fine-tuning for injected618

cross-lingual embeddings. We advice future works619

to consider this as it may significantly improve620

outcomes.621

Our experiments did not consider the many622

massively pre-trained multilingual models, such623

as RemBert, mBERT, including afro-centric pre-624

trained models such as AfroLM, AfriBerta, etc.625

This is due to limitations is compute power as well626

as time-constraints as recreating and injecting ex-627

plicit cross-lingual embeddings takes more time,628

even in the advent of multiprocessing capabilities629

to speed up the process.630

Ethics Statement631

Data and Models Disclaimer The datasets and632

models used in this study are collected from pub-633

licly available resources with no potential harm,634

threats, and risks to society.635

License636
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under CC BY-SA 4.0. To view a copy of this638
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A Monolingual embeddings visualization 852

Visualizing the quality of monolingual embed- 853

dings can be a challenging task. In this Appendix, 854

we present three visualization techniques: Princi- 855

pal Component Analyses (PCA), Uniform Mani- 856

fold Approximation and Projection (UMAP), and 857

t-distributed Stochastic Neighbor Embedding (t- 858

SNE) for visualizing monolingual and cross-lingual 859

embeddings in 2 dimensions. We present for each 860

technique, visual plots for embeddings of 50, 100, 861

150, and 200 dimensions. For each pair of lan- 862

guages we concatenated the embeddings of the two 863

languages and for words that appear in both vector 864

spaces of the two languages we used the average 865

of the two vectors as the vector representation of 866

the duplicate word. Visualising all embeddings 867

of word vectors in one plots causes difficulties in 868

interpreting the word vectors relations and seman- 869

tics, and such we created five clusters from the 870

embeddings and only plotted a sample of 10 words 871

from the clusters to get a sense of what the clus- 872

ters contain. Figs. 3 to 14, Figs. 16 to 27, and 873

Figs. 29 to 40 show the PCA, UMAP, and t-SNE 874

plots when using monolingual embeddings respec- 875

tively. Figs. 42 to 53, Figs. 55 to 66, and Figs. 68 876

to 79 show the PCA, UMAP, and t-SNE plots when 877

using canonical correlation analysis (CCA) projec- 878

tion embeddings respectively, and Figs. 81 to 92, 879

Figs. 94 to 105, and Figs. 107 to 118 show the PCA, 880

UMAP, and t-SNE plots when using UMAP pro- 881

jection embeddings respectively. While Figs. 120 882

to 131, Figs. 133 to 144, and Figs. 146 to 157 883

show the PCA, UMAP, and t-SNE plots when using 884

monolingual embeddings respectively. All three 885

techniques were able to create clearly separable 886

clusters with PCA showing more readable words 887

within the clusters unlike UMAP and t-SNE. More 888

importanlty, word relations are captured within the 889

embeddings clusters. For example, similar words 890

such as ’apere’ –translation ’wore’, and ’apara’ – 891

translation ’wear’; ’babedi’ –translation ’the two’ 892

or ’couple’, and ’bedi’ translation ’twice’, are cap- 893

tured in the same cluster. 894

B Cosine Similarities of Word Vectors 895

Measuring the similarity of word vectors for simi- 896

lar and dissimilar evaluation provides insights on 897

the intrinsic quality of the embeddings. In this Ap- 898

pendix we used the available SimLex-999 dataset 899

released by Makgatho et al. (2021) for measuring 900

how closely related word vector are represented 901
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Figure 10: en-xho Emb
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Figure 11: en-xho Emb
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Figure 12: en-zul Emb
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Figure 13: en-zul Emb
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Figure 14: en-zul Emb

Figure 15: PCA Mono Emb plots for dimension 50 (left), 100(middle), and 200 (right)
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Figure 17: en-sot Emb
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Figure 18: en-sot Emb
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Figure 19: en-tsn Emb

2 0 2 4 6
Dim1

8

7

6

5

4

3

2

1

0

Di
m

2

a

abandoning

able

above

absolutely

acceptingaccomplice

aching
actuallyadmire

aa
abs

accountantaddict
adorable

advertorial
aeah

ai

ake

aboutaccept
account

acrossactaction
addaddress
ads

advice

accordingaccountingalonganything

apare

apereng

awesome

baababebabedi
adimile

akantseng

amogelaamogele

angaparang

apeela apere

apotse

arabang

UMAP of Word Embeddings

Cluster
0
1
2
3
4

Figure 20: en-tsn Emb
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Figure 21: en-tsn Emb
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Figure 22: en-xho Emb
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Figure 23: en-xho Emb
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Figure 25: en-zul Emb
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Figure 26: en-zul Emb
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Figure 27: en-zul Emb

Figure 28: UMAP Mono Emb plots for dimension 50 (left), 100(middle), and 200 (right)
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Figure 29: en-sot Emb
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Figure 30: en-sot Emb
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Figure 32: en-tsn Emb
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Figure 33: en-tsn Emb
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Figure 34: en-tsn Emb
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Figure 35: en-xho Emb
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Figure 36: en-xho Emb
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Figure 37: en-xho Emb
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Figure 38: en-zul Emb
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Figure 39: en-zul Emb
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Figure 40: en-zul Emb

Figure 41: t-SNE Mono Emb plots for dimension 50 (left), 100(middle), and 200 (right)
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Figure 42: en-sot Emb
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Figure 43: en-sot Emb
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Figure 44: en-sot Emb
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Figure 49: en-xho Emb
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Figure 50: en-xho Emb
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Figure 53: en-zul Emb

Figure 54: PCA CCA Emb plots for dimension 50 (left), 100(middle), and 200 (right)
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Figure 66: en-zul Emb

Figure 67: UMAP CCA Emb plots for dimension 50 (left), 100(middle), and 200 (right)
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Figure 78: en-zul Emb
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Figure 79: en-zul Emb

Figure 80: t-SNE CCA Emb plots for dimension 50 (left), 100(middle), and 200 (right)
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Figure 81: en-sot Emb
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Figure 82: en-sot Emb
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Figure 83: en-sot Emb
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Figure 84: en-xho Emb
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Figure 85: en-xho Emb
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Figure 86: en-tsn Emb
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Figure 87: en-xho Emb

10 0 10 20
PCA1

20

10

0

10

20

PC
A2

a
ableabortionaboutabsolutely

accepting

accommodate

accusationsaccuseaccused

ababaninziabacingi
abadalaabajongene

abakakwazi
abakwazi
abanayo

abanesibindi

abaninzi
abanye

ababantu

ababini
abadlwenguliabafanaabafazi

abakufuni

abandinike

abantu
abantwana

abasinika

abakhe
abe

abezeabhinqe

abuye
afike

afikile

ahlaleajike

aka

acceptaccess
accidentaccordingaccountaccounts

accra
achievementactaction

Word Embedding Clusters (PCA)
Cluster

0
1
2
3
4

Figure 88: en-xho Emb
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Figure 89: en-xho Emb
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Figure 90: en-zul Emb
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Figure 91: en-zul Emb
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Figure 92: en-zul Emb

Figure 93: PCA Muse Emb plots for dimension 50 (left), 100(middle), and 200 (right)
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Figure 94: en-sot Emb
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Figure 96: en-sot Emb

4 6 8 10 12
Dim1

5

6

7

8

9

10

11

12

Di
m

2

a

abandoning

above

absolutely

accepting
accomplice

accountantaching

actually

admire

aa

addict
adorableadviser

agaageago

ahai
alight

able

adimile

agree

akantseng

alright

amogela
amogele

ana
anytimeanyway

aboutabs

accept

accordingaccountaccounting

across

actaction

add

afraid
akeakenaakere

album alfred

alive

allang ange

UMAP of Word Embeddings

Cluster
0
1
2
3
4

Figure 97: en-tsn Emb
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Figure 98: en-tsn Emb
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Figure 99: en-tsn Emb
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Figure 100: en-xho Emb
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Figure 101: en-xho Emb
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Figure 102: en-xho Emb
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Figure 103: en-zul Emb
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Figure 104: en-zul Emb
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Figure 105: en-zul Emb

Figure 106: UMAP Muse Emb plots for dimension 50 (left), 100(middle), and 200 (right)
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Figure 110: en-tsn Emb
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Figure 112: en-tsn Emb

80 60 40 20 0 20 40 60
Dim1

80

60

40

20

0

20

40

60

80

Di
m

2

a
accepting

accraaccusationsaccuseaccused
acknowledgement

ad
adjuster

adopted

ababaninziababantuababiniabacingiabadalaabadlwenguliabafanaabafaziabajongeneabakakwazi

able
abortionaboutabsolutely

acceptaccessaccidentaccommodateaccordingaccount

acaciseacingaacingeafundeahlawule
akakwazi

akanangxaki

akanokwazi

akasebenzi
akubikho

akhonto
akufanelangaakufani

akukhonto

akulungileakunamsebenziakunjaloakunyanzelekanga

akuyonto

akuzubakho

t-SNE of Word Embeddings

Cluster
0
1
2
3
4

Figure 113: en-zul Emb
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Figure 115: en-zul Emb
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Figure 116: en-zul Emb

80 60 40 20 0 20 40 60 80
Dim1

80

60

40

20

0

20

40

60

Di
m

2

a

abasi

absence

abusive
acceptsaccommodate

accomplice
accusationsaccuseaccusing

abaababa
ababili
abadalaabafanaabafaziabafisayoabafunaabafuniabagijima

abekhuluma

abonisa

akaakabeakabonangaakabuyangaakadeakadingiakafani
akafi

able
abortionabsolutely

abstract
accept

acceptable
acceptedacceptingaccessaccident

abukeka
akakhoakakwenzangaakakwenziakekho

akubalulekileakubuyiseleakudingiakudokwe
akufanelanga

t-SNE of Word Embeddings

Cluster
0
1
2
3
4

Figure 117: en-zul Emb
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Figure 118: en-zul Emb

Figure 119: t-SNE Muse Emb plots for dimension 50 (left), 100(middle), and 200 (right)
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Figure 120: en-sot Emb

0.6 0.4 0.2 0.0 0.2 0.4 0.6
PCA1

0.4

0.2

0.0

0.2

0.4

PC
A2

a

aaaboard

abuses

ad

advertise

am

amehang

amohele
an

abel
abortion

aboutabsolutely
acceptaccepted

accident

according

accountaccounts

able

abuse
admirer

advise

ae

africa ag

agh

ago
aha

abs

abuti

aceaddict
afraidafternoon

ageng

ahead
ahemahm

ache

adima
ah

ahlame

aka

akere

ale
alrightamene

ana

Word Embedding Clusters (PCA)
Cluster

0
1
2
3
4
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Figure 122: en-sot Emb
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Figure 123: en-tsn Emb
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Figure 125: en-tsn Emb
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Figure 126: en-xho Emb
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Figure 127: en-xho Emb
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Figure 128: en-xho Emb
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Figure 129: en-zul Emb
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Figure 130: en-zul Emb
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Figure 131: en-zul Emb

Figure 132: PCA VecMap Emb plots for dimension 50 (left), 100(middle), and 200 (right)
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Figure 134: en-sot Emb
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Figure 136: en-tsn Emb
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Figure 137: en-tsn Emb
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Figure 138: en-tsn Emb
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Figure 139: en-xho Emb
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Figure 140: en-xho Emb
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Figure 141: en-xho Emb
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Figure 142: en-zul Emb
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Figure 143: en-zul Emb
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Figure 144: en-zul Emb

Figure 145: UMAP VecMap Emb plots for dimension 50 (left), 100(middle), and 200 (right)
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Figure 146: en-sot Emb
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Figure 147: en-sot Emb

60 40 20 0 20 40 60
Dim1

60

40

20

0

20

40

Di
m

2

a aa

aboard

abuseabuses

ad

adima

advertise

aeag

abelaboutafrica
afterafternoon

againage

ago
ahead

air

able

abuti

ache

actually

addict

admirer afford

afraid

ageng

agh
abortion

abs

absolutelyacceptaccepted

accidentaccordingaccountaccounts

accuse

ame

amehang

amene

amohele

aowaatsea

atseba

babedibadimo

bala

t-SNE of Word Embeddings

Cluster
0
1
2
3
4

Figure 148: en-sot Emb
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Figure 149: en-tsn Emb
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Figure 150: en-tsn Emb
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Figure 151: en-tsn Emb

75 50 25 0 25 50 75
Dim1

40

20

0

20

40

60

Di
m

2

a

accepting

accusationsaccuseaccused

acknowledgement

ad
adjuster

adoptedaffect

ababaninziababantuababiniabacingiabadalaabadlwenguliabafanaabafaziabajongeneabakakwazi

abe

aint

aka
alikho

alive

alone
amabeleamadodaamakhwenkweamantombazana

abhinqeabonaaboneabuye
acaciseacingaacinge

adalweafane
afike

able

abo

abortion

aboutabsolutely

accept
access

accident

accommodate
according

t-SNE of Word Embeddings

Cluster
0
1
2
3
4

Figure 152: en-xho Emb
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Figure 153: en-xho Emb
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Figure 154: en-xho Emb
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Figure 155: en-zul Emb
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Figure 156: en-zul Emb
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Figure 157: en-zul Emb

Figure 158: t-SNE VecMap Emb plots for dimension 50 (left), 100(middle), and 200 (right)
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in word embedding spaces. The dataset has word902

pairs for Sepedi and Setswana only. The datasets903

is derived from the original English SimLex-999904

in which the original English words (word1 and905

word2) are translated to translate1 and translate2906

for the two languages Sesotho and Setswana. That907

is, each dataset will contain four pairs - 2 origi-908

nal English pairs and the 2 translate pairs together909

with a score for each pair to measure the similar-910

ity of the words. For our experimental purposes,911

we investigated the similarity of the combinations –912

low-resourced to low-resourced for the translated913

words (lr-t), high-resourced to high-resourced (hr),914

high-resourced to low-resourced translate 2 (hrlr-915

t), and low-resourced translate 1 to high-resourced916

word 2 (lr-rhr). Our monolingual embeddings of917

the four languages Setswana, Sesotho, IsiXhosa918

and Isizulu were evaluated on the two available919

datasets of Sesotho, and Setswana. The following920

Section B.1, and B.2 reports the Cosine plots for921

the aforementioned datasets.922

B.1 Monolingual cosine similarity scores923

Figs. 159 to 183, Figs. 185 to 209,Figs. 211 to 235,924

and Figs. 237 to 261 show the monolingual cosine925

similarity plots for four languages tsn, sot, xho, and926

zul, including their different dimension (50, 100,927

and 200). For each dataset lr-t, hr, hrlr-t, and lr-thr,928

we sampled 10 paired words using random sample929

10, and generated the cosine plots for the 10 pairs.930

These plots rigorously show across multiple setups931

that monolingual embeddings where not able o cap-932

ture word similarities sufficiently, especially when933

considering similar words from different languages.934

Cross-lingual embeddings, improves on this limita-935

tions and this is illustrated in the next subsection.936

B.2 Cross-lingual cosine similarity scores937

Similar to Section B.1, for each dataset lr-t, hr, hrlr-938

t, and lr-thr, 10 samples were extracted and the co-939

sine similarity scores for the vector representations940

of the pairs were calculated. To analyse the intrin-941

sic quality of monolingual embeddings, Figs. 159942

to 261 shows the cosine similarity of paired words943

calculated from their vectors representations ex-944

tracted from the monolingual embeddings. These945

figures not only show that the monolingual embed-946

dings for the considered low-resourced languages947

are not able to capture similar words within a single948

language (i.e monolingual similarity) effectively949

but also fail to capture similarities across languages950

(cross-lingual similarity). This is could be the im-951

pact of insufficient training data for low-resourced 952

languages, which is not the case for English Glove 953

embeddings as reflected by high monolingual simi- 954

larity scores. However, using cross-lingual embed- 955

dings derived using the three projection techniques: 956

Canonical Correlation Analyses (CCA), VecMap, 957

and Muse, improvements of the two similarities 958

modes were observed. Figs. 263 to 365, represent 959

cosine similarity plots for CCA, Figs. 367 to 469, 960

show cosine plots for Muse embeddings, while 961

Figs. 471 to 573, show plots for Muse projection 962

techniques. Interestingly, closely similar word such 963

as ’bonolo’ in Setswana - translation ’easy’, and 964

the word ’simple’, were captured with high scores 965

while similarities scores of words in the monolin- 966

gual case appear to not capture any meaning (e.g 967

sometimes very high for very distant words). This 968

means that, in the cross-lingual case, the indepe- 969

dently trained vector spaces are somehow projected 970

into a common shared space where geometrical dis- 971

tance of the vectors captures word similarity and 972

meaning even for words not belonging to the same 973

language. 974

B.3 Spearman’s correlations 975

The SimLex-999 dataset, unlike other word sim- 976

ilarity datasets, measures word similarity outside 977

of relatedness or association. This is often mea- 978

sured using Spearman’s correlation of the cosine 979

similarity scores of the word pairs and the human- 980

annotated scores. In this Appendix, we measured 981

the Spearman’s correlation of the cosine scores 982

for our Setswana (tsn), and Sesotho (sot) mono- 983

lingual embeddings (see Figs. 575 to 587 respec- 984

tively). We only considered tsn, and sot embed- 985

dings since these are the two languages closest to 986

our available test datasets of tsn and nso released 987

by Makgatho et al. (2021). The Spearman scores 988

generated using monolingual embeddings indicate 989

low values for all datasets and all embedding di- 990

mensions. This is expected since the cosine scores 991

are generated from independently trained English 992

and the paired low-resourced language embeddings. 993

Moreover, we measured the Spearman’s correla- 994

tion using cross-lingual embeddings generated with 995

CCA Figs. 589 to 601, Muse Figs. 603 to 615, and 996

VecMap Figs. 617 to 629. Unlike heatmaps in the 997

monolingual case, cross-lingual embeddings gen- 998

erate spread-out heatmaps with increased scores 999

across languages. Nevertheless, significant im- 1000

provement is realized on the Sesotho (sot), and 1001
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Figure 163: hr and lr-t
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Figure 165: lr-t
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Figure 167: lr-t
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Figure 168: lr-t and hr
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Figure 169: lr-t and hr
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Figure 170: lr-t and hr

Figure 171: sot Mono Emb plots of 50 (left), 100(middle), and 200 (right), nso test
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Figure 172: hr
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Figure 173: hr
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Figure 174: hr
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Figure 175: hr and lr-t
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Figure 176: hr and lr-t
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Figure 177: hr and lr-t
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Figure 178: lr-t
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Figure 179: lr-t
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Figure 180: lr-t
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Figure 181: lr-r and hr
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Figure 182: lr-t and hr
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Figure 183: lr-t and hr

Figure 184: tsn Mono Emb plots of 50 (left), 100(middle), and 200 (right), tsn test
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Figure 185: hr
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Figure 186: hr
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Figure 187: hr
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Figure 188: hr and lr-t
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Figure 189: hr and lr-t
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Figure 190: hr and lr-t
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Figure 191: lr-t
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Figure 192: lr-t
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Figure 193: lr-t
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Figure 194: lr-t and hr
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Figure 195: lr-t and hr
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Figure 196: lr-t and hr

Figure 197: sot Mono Emb plots of 50 (left), 100(middle), and 200 (right), nso test
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Figure 198: hr
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Figure 199: hr
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Figure 200: hr
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Figure 201: hr and lr-t
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Figure 202: hr and lr-t
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Figure 203: hr and lr-t
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Figure 204: lr-t
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Figure 205: lr-t
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Figure 206: lr-t
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Figure 207: lr-r and hr
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Figure 208: lr-t and hr
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Figure 209: lr-t and hr

Figure 210: sot Mono Emb plots of 50 (left), 100(middle), and 200 (right), tsn test
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Figure 211: hr
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Figure 212: hr
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Figure 213: hr
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Figure 214: hr and lr-t
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Figure 216: hr and lr-t
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Figure 217: lr-t
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Figure 218: lr-t
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Figure 219: lr-t
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Figure 220: lr-t and hr
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Figure 221: lr-t and hr
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Figure 222: lr-t and hr

Figure 223: xho Mono Emb plots of 50 (left), 100(middle), and 200 (right), nso test
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Figure 225: hr
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Figure 226: hr
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Figure 227: hr and lr-t

ka
m

or
e

m
on

na

so
fa

m
as

a

ka
m

or
e

ru
ri

be
ke

ca
rb

on po
o

ka
se

Target Words

stomach

wife

bed

night

bicycle

confident

weekend

atom

calf

bread

So
ur

ce
 W

or
ds

0.23 -0.028 0.31 0.23 0.23 -0.06 0.014 0.37 0.28 -0.16

0.33 -0.053 0.31 0.14 0.33 -0.14 0.26 0.21 0.21 -0.19

0.035 -0.19 0.0039 0.13 0.035 -0.14 0.53 0.24 0.24 -0.12

0.14 -0.022 0.098 0.11 0.14 -0.097 0.087 0.26 0.26 0.082

0.27 -0.13 0.18 0.08 0.27 -0.14 0.45 0.44 0.36 -0.056

-0.26 -0.28 0.12 -0.19 -0.26 -0.29 -0.051 -0.12 0.083 -0.25

0.38 -0.023 0.13 0.16 0.38 -0.12 0.049 0.26 0.12 -0.069

0.25 0.0014 0.13 0.16 0.25 -0.13 0.013 0.36 0.27 -0.15

0.02 -0.056-0.093 0.11 0.02 -0.00930.049 0.031 0.23 -0.081

0.22 -0.11 0.11 0.072 0.22 -0.13 0.22 0.33 0.27 -0.12

Cosine Similarity Scores

0.2

0.1

0.0

0.1

0.2

0.3

0.4

0.5

Figure 228: hr and lr-t
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-0.09 -0.11 -0.034 -0.13 -0.09 -0.05 0.11 0.021 -0.026-0.097
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Figure 229: hr and lr-t

kagiso tsala mala karaki naya sege moss moko koko rra
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bojang

madi

nonyane
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0.26 0.25 0.31 -0.12 -0.11 -0.13 0.18 -0.035-0.031-0.034

0.32 1 0.54 -0.18 0.06 -0.23 0.18 -0.0092 0.12 -0.19

0.12 0.43 0.51 -0.073 0.23 -0.13 0.2 -0.047 0.097 -0.1

0.19 -0.18 -0.23 1 0.077 0.36 0.086 0.35 -0.01 0.19

-0.064 0.051 -0.057 0.11 0.56 0.033 -0.24 -0.027-0.017-0.056

-0.31 -0.15 -0.039 0.022 -0.16 0.26 -0.24 0.23 -0.1 0.26

-0.21 -0.089-0.033 0.18 0.065 0.24 -0.28 0.084 -0.085 0.38

0.12 0.31 0.66 -0.3 0.046 -0.1 0.42 -0.065-0.056 -0.04

0.15 0.24 0.28 -0.083 0.43 -0.14 0.055 0.066 0.079 -0.042

-0.24 -0.24 -0.24 0.21 0.11 0.32 -0.037 0.37 -0.088 -0.15
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Figure 230: lr-t

kagiso tsala mala karaki naya sege moss moko koko rra
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0.37 0.26 0.29 0.0027-0.0016 0.14 0.14 -0.00290.046 -0.092

0.32 1 0.54 0.048 0.13 0.093 0.13 0.19 0.15 0.04

0.088 0.38 0.52 0.0093 0.27 0.07 0.19 0.2 0.095 -0.22

-0.00050.048 0.021 1 -0.0074 0.41 -0.024 0.099 -0.092 0.13

-0.0740.0078-0.0180.000120.53 0.043 -0.2 0.0540.0074 -0.13

0.064 0.08 0.096 0.26 0.0034 0.37 0.054 0.27 0.047 -0.012

0.046 0.17 0.05 0.25 0.053 0.3 0.23 0.19 -0.075 0.11

0.13 0.23 0.63 0.085 0.092 0.14 0.31 0.23 -0.06 -0.075

0.23 0.23 0.3 -0.07 0.47 -0.0082-0.01 0.11 0.099 -0.13

0.046 -0.041-0.003 0.2 0.2 0.36 0.022 0.3 -0.077-0.056

Cosine Similarity Scores

0.2

0.0

0.2

0.4

0.6

0.8

1.0

Figure 231: lr-t

kagiso tsala mala karaki naya sege moss moko koko rra
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0.36 0.19 0.28 0.053 0.045 0.076 0.094 0.062 0.066 -0.051

0.24 1 0.46 0.14 0.12 -0.015 0.072 0.04 0.078-0.0059

0.12 0.31 0.45 0.0053 0.2 0.0005 0.17 0.094 0.058 0.14

0.098 0.14 0.097 1 0.035 0.23 0.031 0.25 0.018 0.086

-0.072 0.015 -0.013-0.051 0.5 -0.15 -0.22 0.022 -0.014-0.052

0.034-0.0059-0.01 0.16 -0.028 0.3 -0.091 0.16 0.15 0.078

0.12 -0.056-0.011 0.16 -0.11 0.15 -0.16 0.15 0.032 0.11

0.05 0.16 0.58 0.11 0.019 0.021 0.26 0.079 -0.1 0.0037

0.21 0.22 0.3 0.042 0.42 0.02 -0.028-0.043 0.082 -0.069

0.16 0.12 0.16 0.26 -0.045 0.12 0.12 0.23 0.14 -0.051
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Figure 232: lr-t
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-0.39 -0.36 0.14 -0.13 -0.14 -0.32 -0.16 -0.2 -0.15 -0.3

-0.059-0.085-0.087 0.12 0.15 -0.13 0.15 -0.12 0.076 -0.084

-0.09 -0.067 0.016 -0.21 0.08 -0.078 -0.18 -0.041-0.035 -0.13

0.61 0.62 -0.082 0.35 0.068 0.69 0.15 0.66 0.36 0.67

0.44 0.5 -0.18 0.45 -0.12 0.54 0.27 0.64 0.36 0.51

0.13 0.18 -0.02 0.051 0.12 -0.0095 0.28 0.22 -0.05 0.18

-0.09 -0.067 0.016 -0.21 0.08 -0.078 -0.18 -0.041-0.035 -0.13

0.028 -0.03 0.21 0.043 -0.08 -0.045 0.46 0.18 0.01 0.21

0.26 0.26 -0.14 0.1 0.26 0.076 0.2 0.027 0.096 0.17
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Figure 233: lr-t and hr
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-0.18 -0.089 0.0230.0041 -0.18 -0.07 -0.15 0.083 -0.062 -0.17

0.0011 -0.13 -0.12 0.0092-0.055 -0.11 0.16 -0.041 0.13 -0.037

-0.0440.00630.049 0.031 -0.11 -0.026 -0.11 0.14 -0.052 -0.04

0.51 0.5 -0.054 0.3 0.13 0.6 0.16 0.57 0.31 0.5

0.41 0.5 -0.14 0.32 0.078 0.44 0.36 0.53 0.34 0.46

0.073 0.12 0.081 -0.0380.0054-0.023 0.25 0.15 0.026 0.13

-0.0440.00630.049 0.031 -0.11 -0.026 -0.11 0.14 -0.052 -0.04
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Figure 234: lr-t and hr
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-0.12 0.00930.079 -0.13 0.064 0.018 -0.047-0.042 -0.12 -0.022

0.0092 -0.13 0.11 0.0890.00081-0.12 0.16 0.074 0.14 0.016

0.053 0.063 0.032 0.067 -0.023 0.048 -0.038 0.0680.00420.098

0.37 0.33 0.018 0.23 -0.024 0.49 0.12 0.4 0.22 0.43

0.31 0.42 0.051 0.31 0.062 0.4 0.26 0.42 0.28 0.36

0.056 0.076 0.017 0.033 0.0910.000690.24 0.11 0.06 0.16

0.053 0.063 0.032 0.067 -0.023 0.048 -0.038 0.0680.00420.098

0.091 -0.09 -0.046 0.035 -0.098-0.055 0.4 0.12 0.074 0.18

0.14 0.093 -0.11 0.066 -0.02 0.062 0.24 0.06 0.05 0.11

0.11 -0.032 0.022 0.1 0.07 0.064 0.3 0.18 0.17 0.19

Cosine Similarity Scores

0.1

0.0

0.1

0.2

0.3

0.4

Figure 235: lr-t and hr

Figure 236: xho Mono Emb plots of 50 (left), 100(middle), and 200 (right), tsn test
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vision
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0.74 0.58 0.73 0.53 0.023 0.46 0.65 0.7 0.61 0.81

0.36 0.26 0.42 0.18 0.26 0.22 0.36 0.39 0.25 0.42

0.61 0.39 0.66 0.43 0.13 0.49 0.65 0.61 0.74 0.58

0.29 0.26 0.38 0.8 0.13 0.48 0.17 0.56 0.42 0.4

0.65 0.58 0.57 0.38 0.12 0.34 0.59 0.52 0.51 0.66

0.62 0.38 0.46 0.59 0.026 0.31 0.4 0.63 0.51 0.64

0.057 0.15 -0.11 -0.089 0.3 -0.079 0.073 -0.14 -0.086-0.073

0.71 0.41 0.65 0.69 -0.031 0.57 0.55 0.75 0.8 0.56

0.66 0.49 0.57 0.44 0.096 0.25 0.51 0.54 0.55 0.72

0.7 0.61 0.64 0.5 0.02 0.39 0.65 0.59 0.56 0.83
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Figure 237: hr
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Target Words

vision

weird

journey

roof
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smart
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0.7 0.53 0.63 0.57 -0.083 0.36 0.59 0.62 0.55 0.66

0.28 0.26 0.35 0.2 0.054 0.094 0.28 0.39 0.24 0.33

0.5 0.34 0.58 0.51 -0.043 0.34 0.53 0.51 0.59 0.41

0.27 0.29 0.39 0.66 0.013 0.32 0.25 0.54 0.4 0.32

0.61 0.47 0.53 0.37 0.16 0.14 0.56 0.42 0.43 0.56

0.52 0.37 0.43 0.51 -0.087 0.28 0.35 0.55 0.48 0.55

0.091 0.093 -0.019 0.17 0.18 -0.062 0.039-0.0032-0.03 0.023

0.57 0.33 0.62 0.58 -0.23 0.47 0.52 0.74 0.7 0.51

0.63 0.43 0.49 0.47 0.055 0.15 0.49 0.47 0.49 0.53

0.63 0.51 0.55 0.46 0.049 0.36 0.59 0.57 0.52 0.69
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Figure 238: hr

pe
rc

ep
tio

n

no
rm

al

co
nq

ue
st

flo
or

ca
ta

st
ro

ph
e

du
m

b

pr
es

en
ce

ra
bb

it

de
ny

co
nv

er
sa

tio
n

Target Words

vision

weird

journey

roof

accident

smart

absence

cat

accept

communication
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0.65 0.47 0.61 0.47 0.094 0.34 0.51 0.58 0.53 0.65

0.29 0.27 0.33 0.22 0.076 0.11 0.27 0.34 0.26 0.38

0.43 0.34 0.46 0.4 0.18 0.3 0.51 0.44 0.55 0.47

0.28 0.19 0.28 0.58 0.1 0.23 0.2 0.41 0.32 0.27

0.47 0.48 0.37 0.39 0.11 0.16 0.47 0.39 0.43 0.48

0.43 0.29 0.4 0.44 0.072 0.25 0.33 0.51 0.38 0.43

0.012 0.0710.00970.068 0.14 -0.031 0.15 0.013 0.035 0.028

0.55 0.31 0.5 0.48 0.14 0.41 0.41 0.66 0.58 0.45

0.53 0.38 0.44 0.41 0.14 0.12 0.44 0.42 0.38 0.49

0.57 0.46 0.49 0.4 0.12 0.26 0.49 0.45 0.46 0.61
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Figure 239: hr
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create
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-0.11 0.096 -0.06 -0.27 0.16 0.041 0.38 -0.14 0.003 -0.095

-0.22 0.59 0.15 0.018 0.49 -0.04 0.31 -0.15 -0.22 0.3

-0.086 0.26 -0.028 -0.16 0.29 0.083 0.39 0.06 -0.19 -0.15

-0.21 0.21 -0.087 -0.17 0.23 -0.0035 0.32 -0.1 -0.12 0.064

-0.25 0.19 -0.023 -0.3 0.14 -0.087 0.31 0.14 -0.012-0.0068

0.027 0.052 0.18 -0.12 0.31 0.026 0.28 -0.099 -0.15 -0.13

0.031 0.21 -0.14-0.0028 0.22 0.17 0.57 0.0046 -0.13 -0.16

-0.24 0.21 0.11 0.12 0.097 -0.11 0.56 -0.42 -0.16 0.28

-0.23 0.19 0.025 -0.088 0.28 0.062 0.28 -0.095 -0.1 0.032

-0.099 0.29 0.0057-0.009 0.36 -0.055 0.48 -0.12 -0.17 -0.057
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Figure 240: hr and lr-t
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create
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breakfast

bone

dinner
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0.19 0.11 -0.016 0.054 0.15 -0.027 0.41 0.038 -0.06 -0.02

-0.08 0.37 0.083 -0.1 0.4 -0.078 0.36 0.036 -0.14 0.2

0.028 0.19 -0.047 -0.03 0.15 -0.13 0.24 0.092 0.02 -0.12

-0.012 0.16 -0.18 0.072 0.11 -0.1 0.36 -0.027 -0.19 0.037

0.057 0.15 -0.018 0.017 0.082 0.031 0.31 -0.093 0.033 0.032

0.0180.00540.059 -0.043 0.12 -0.086 0.26 0.092-0.0036-0.11

0.01 0.11 -0.18 0.024 0.14 -0.066 0.51 -0.088 -0.1 -0.12

0.2 0.23 0.12 -0.0045 0.19 0.11 0.56 -0.00690.058 0.13

0.064 0.15 -0.04 0.027 0.18 -0.015 0.29 0.033 -0.09 0.075

0.02 0.25 -0.047-0.034 0.29 -0.054 0.41 0.061 -0.033-0.062
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Figure 241: hr and lr-t
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-0.019 0.11 -0.01 -0.076 0.11 0.09 0.25 0.045 -0.012 -0.02

-0.042 0.34 0.1 0.016 0.36 0.022 0.18 0.026-0.000980.19

-0.031 0.12 -0.06 -0.028 0.077 0.017 0.2 -0.019 -0.09 -0.093

-0.032 0.2 -0.11 -0.027 0.1 -0.061 0.3 0.07 -0.054-0.019

0.013 0.11 -0.057 -0.08 0.07 0.015 0.24 0.051 0.015-0.0096

-0.0550.0059-0.044-0.024 0.064 -0.033 0.13 0.00560.0072 -0.1

-0.018 0.095 -0.19 -0.06 0.12 0.083 0.39 0.15 -0.064-0.099

-0.021 0.23 0.17 0.057 0.14 0.023 0.47 0.15 0.084 0.14

-0.03 0.12 -0.072-0.088 0.15 -0.033 0.2 0.016 -0.058 0.015

-0.023 0.18 -0.058 0.033 0.23 0.051 0.28 0.047 -0.018-0.037
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Figure 242: hr and lr-t
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0.034 -0.18 0.39 -0.025 0.42 -0.16 -0.092-0.054 -0.17 -0.065

0.14 1 0.065 0.25 -0.09 0.24 0.24 -0.051 0.29 0.45

0.067 -0.23 0.028 0.064 0.18 -0.22 -0.25-0.0084-0.088-0.042

0.3 0.29 -0.012 0.41 -0.2 0.48 0.086 0.35 1 0.15

0.15 0.57 0.13 0.19 0.11 0.13 0.27 0.21 0.23 0.81

-0.061 0.4 0.011 0.43 -0.24 0.7 -0.061 0.1 0.5 0.26

0.17 0.22 -0.18 0.62 0.032 0.4 0.24 0.28 0.42 0.094

-0.18 -0.25 0.36 -0.16 0.14 -0.09 -0.23 -0.035 -0.11 -0.087

0.19 0.15 -0.14 0.31 -0.32 0.39 0.11 0.57 0.36 0.44

0.035 0.24 -0.18 0.03 0.095 0.14 1 0.068 0.086 0.2
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Figure 243: lr-t
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-0.2 -0.033 0.41 0.062 0.5 0.0710.0059 0.16 0.1 0.068

0.042 1 0.069 0.26 -0.096 0.28 0.22-0.000220.17 0.51

0.00810.079 0.2 0.035 0.24 0.00240.00390.073 0.043 0.024

0.28 0.17 0.084 0.48 0.074 0.31 0.13 0.4 1 0.11

0.16 0.57 -0.065 0.27 -0.15 0.16 0.22 0.25 0.24 0.71

-0.082 0.38 0.13 0.41 0.03 0.64 0.055 0.2 0.37 0.29

0.11 0.1 -0.083 0.63 0.092 0.28 0.22 0.43 0.46 0.16

-0.16 0.08 0.22 -0.049 0.12 0.06 0.19 -0.11 -0.082-0.017
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Figure 244: lr-t
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0.16 0.13 0.09 0.38 0.15 0.26 0.16 0.4 1 0.087
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-0.062 0.28 -0.011 0.31 0.078 0.63 0.089 0.18 0.27 0.17
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Figure 245: lr-t
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Figure 246: lr-t and hr
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Figure 247: lr-t and hr
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Figure 248: lr-t and hr

Figure 249: zul Mono Emb plots of 50 (left), 100(middle), and 200 (right), nso test
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Figure 250: hr
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Figure 251: hr
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Figure 252: hr
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Figure 253: hr and lr-t
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Figure 254: hr and lr-t
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Figure 255: hr and lr-t
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Figure 256: lr-t
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Figure 257: lr-t
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Figure 258: lr-t
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Figure 259: lr-t and hr
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Figure 260: lr-t and hr
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Figure 261: lr-t and hr

Figure 262: zul Mono plots of 50 (left), 100(middle), and 200 (right), tsn test
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Figure 266: hr and lr-t
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Figure 267: hr and lr-t
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Figure 268: hr and lr-t
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Figure 269: lr-t
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Figure 270: lr-t
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Figure 271: lr-t
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Figure 272: lr-t and hr
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Figure 273: lr-t and hr
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Figure 274: lr-t and hr

Figure 275: sot Emb CCA plots of 50 (left), 100(middle), and 200 (right), nso test
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Figure 277: hr
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Figure 278: hr
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Figure 279: hr and lr-t

na
ga

na

bo
tlh

ok
wa

le
se

di

m
aa

no

na
ga

na

se
m

um
u

he
liu

m

ae
ne

no
ka

m
ol

ek
an

e

Target Words

create

unnecessary

word

bath

pretend

smart

air

vitamin

meal

buddy

So
ur

ce
 W

or
ds

0.075 -0.0170.00530.067 0.075 -0.017 0.16 -0.12 -0.057 0.033

0.057 0.012 0.054 -0.074 0.057 -0.021 -0.04 -0.14 -0.14 -0.22

-0.22 -0.09 -0.051-0.048 -0.22 0.017 0.028 -0.17 0.084 -0.14

0.092 0.012 0.036 0.031 0.092 -0.058 0.1 0.11 0.069 0.12

0.027 0.042 0.02 0.11 0.027 0.011 0.23 -0.082 0.041 0.2

0.047 0.081 0.054 0.063 0.047 0.12 0.11 -0.031 -0.19 0.071

-0.033-0.052 -0.12 0.04 -0.033-0.061 0.24 0.16 0.048 0.086

0.14 0.032 0.036-5.4e-050.14 0.02 0.26 0.035 -0.058 0.014

0.018 -0.1 -0.097 0.12 0.018 -0.18 0.047 -0.0831.4e-05-0.027

-0.074-0.062 0.069 -0.063-0.074 -0.15 0.18 -0.15 -0.08 0.08

Cosine Similarity Scores

0.2

0.1

0.0

0.1

0.2

Figure 280: hr and lr-t
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Figure 281: hr and lr-t
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Figure 282: lr-t
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Figure 283: lr-t
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Figure 284: lr-t
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Figure 285: lr-t and hr
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Figure 286: lr-t and hr
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Figure 287: lr-t and hr

Figure 288: sot Emb CCA plots of 50 (left), 100(middle), and 200 (right), tsn test
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Figure 289: hr
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Figure 290: hr
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Figure 291: hr

kg
al

e

am
og

el
a

tlo
ge

la

m
og

ol
o

kg
we

bo

na
ga

na

rw
al

a

kg
og

o

di
jo

kg
ol

o

Target Words

modern

take

do

wonderful

corporation

pretend

deliver

bird

supper

easy

So
ur

ce
 W

or
ds

-0.096-0.095 -0.13 0.071 -0.21 -0.28 -0.12 -0.021 -0.12 -0.052

-0.0094-0.28 0.026 -0.058-0.047 0.095 0.1 -0.013 0.21 0.12

0.02 0.008 0.18 -0.11 0.11 0.033 0.055 0.15 0.23 0.14

0.18 -0.037 0.04 0.00560.088-0.00810.041 0.022 0.35 0.3

-0.29 0.052 -0.38 -0.31 0.11 -0.11 -0.072 -0.14 -0.022 -0.24

-0.19 -0.17 -0.21 -0.33 -0.14 -0.1 0.14 0.0017 0.1 -0.28

0.12 0.37 0.21 0.12 -0.072-0.045-0.061 0.18 0.2 0.25

-0.26 -0.15 -0.25-0.0098-0.016 0.07 -0.19 0.0068 0.14 0.015

-0.033-0.015 -0.28 -0.29 0.001 -0.36 -0.13 0.14 -0.085 -0.13

-0.11 -0.22 -0.11 -0.3 0.005 -0.065-0.092-0.034 0.052 0.019

Cosine Similarity Scores

0.3

0.2

0.1

0.0

0.1

0.2

0.3

Figure 292: hr and lr-t
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Figure 293: hr and lr-t
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Figure 294: hr and lr-t
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Figure 295: lr-t
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Figure 297: lr-t
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Figure 298: lr-t and hr
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Figure 299: lr-t and hr
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Figure 300: lr-t and hr

Figure 301: tsn CCA plots of 50 (left), 100(middle), and 200 (right), nso test
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Figure 303: hr
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Figure 304: hr
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Figure 305: hr and lr-t
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Figure 306: hr and lr-t
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Figure 307: hr and lr-t
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Figure 308: lr-t
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Figure 311: lr-t and hr
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Figure 312: lr-t and hr
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Figure 313: lr-t and hr

Figure 314: tsn CCA plots of 50 (left), 100(middle), and 200 (right), tsn test
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Figure 318: hr and lr-t
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Figure 320: hr and lr-t
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Figure 321: lr-t
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Figure 322: lr-t
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Figure 323: lr-t
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Figure 324: lr-t and hr
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Figure 325: lr-t and hr
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Figure 326: lr-t and hr

Figure 327: xho CCA plots of 50 (left), 100(middle), and 200 (right), nso test
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Figure 329: hr
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Figure 331: hr and lr-t
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Figure 332: hr and lr-t
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Figure 333: hr and lr-t
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Figure 336: lr-t
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Figure 337: lr-t and hr
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Figure 338: lr-t and hr
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Figure 339: lr-t and hr

Figure 340: xho CCA plots of 50 (left), 100(middle), and 200 (right), tsn test
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Figure 349: lr-t

ba
llo

on

ea
sy se
a

ch
ap

el

be
dr

oo
m

di
ffi

cu
lt fu
r

wa
rri

or

m
et

al

m
ap

le

Target Words

ba
th

o
bo

no
lo

no
ka

to
ra

m
pa

bo
no

lo
m

in
k

m
on

na
th

in
i

oa
k

So
ur

ce
 W

or
ds

0.2 -0.0063-0.11 0.096 0.34 -0.021 0.056 -0.072 -0.18 0.093

0.24 0.019 0.13 0.16 0.47 0.097 0.14 -0.13 0.093 0.098

0.017 0.073 0.14 -0.12 0.084 0.0840.00720.066 0.082 -0.067

-0.053-0.027 0.25 -0.2 0.024 -0.078 0.13 0.04 -0.17 -0.057

-0.2 -0.01 0.28 0.012 -0.11 0.33 0.039 0.15 0.21-0.00061

0.24 0.019 0.13 0.16 0.47 0.097 0.14 -0.13 0.093 0.098

0.31 0.29 0.2 0.28 0.19 0.29 0.59 0.17 0.29 0.37

-0.056-0.026 -0.16 0.19 -0.18 -0.11 -0.1 0.041 -0.15 0.22

-0.073 0.28 0.22 -0.015 0.16 0.39 0.2 -0.11 0.041 0.31

0.29 0.12 0.22 0.63 0.33 0.23 0.21 0.34 0.36 0.38

Cosine Similarity Scores

0.2

0.1

0.0

0.1

0.2

0.3

0.4

0.5

0.6

Figure 350: lr-t and hr
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Figure 351: lr-t and hr
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Figure 352: lr-t and hr

Figure 353: zul CCA plots of 50 (left), 100(middle), and 200 (right), nso test
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Figure 357: hr and lr-t
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Figure 359: hr and lr-t
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Figure 360: lr-t
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Figure 361: lr-t
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Figure 362: lr-t
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Figure 363: lr-t and hr
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Figure 364: lr-t and hr
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Figure 366: zul CCA plots of 50 (left), 100(middle), and 200 (right), tsn test
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Figure 369: hr
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Figure 370: hr and lr-t
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Figure 372: hr and lr-t
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Figure 373: lr-t

kg
et

ho

le
fs

a

m
ol

al
a

se
kh

ut
lo

m
os

ad
i

th
at

a

le
ot

o

te
m

og
o

m
oh

la
ba

ni

bo
le

le

Target Words

kgaolo

kgale

lerapo

lefelo

mo omo

bonolo

seatla

pono

monna

bjang

So
ur

ce
 W

or
ds

0.39 0.2 0.077 -0.087 0.33 0.048 0.096 0.24 -0.029 0.17

0.2 0.1 0.0053 -0.23 0.6 -0.017-0.036 -0.11 -0.011 0.12

0.097 0.11 0.52 0.36 0.085 0.23 0.52 0.062 0.18 0.048

0.46 0.47 0.081 0.26 -0.097 0.19 0.28 0.35 0.12 0.26

0.27 0.096 0.55 0.27 0.44 0.21 0.27 0.2 0.55 0.19

0.29 0.23 0.37 0.38 -0.18 0.79 0.28 0.25 0.1 0.32

0.25 0.11 0.39 0.33 0.077 0.23 0.29 0.19 0.21 0.38

0.2 -0.09 0.17 0.39 -0.049 0.14 0.099 0.29 0.15 0.16

0.0017-0.024 0.34 -0.049 0.68 0.075 0.14 -0.15 0.46 0.23

0.19 0.29 -0.0056-0.066-0.0057 0.24 -0.084 0.27 -0.023 0.32

Cosine Similarity Scores

0.2

0.0

0.2

0.4

0.6

Figure 374: lr-t
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Figure 375: lr-t
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Figure 376: lr-t and hr
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Figure 377: lr-t and hr
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Figure 378: lr-t and hr

Figure 379: sot Emb Muse plots of 50 (left), 100(middle), and 200 (right), nso test

41



pe
rc

ep
tio

n

no
rm

al

co
nq

ue
st

flo
or

ca
ta

st
ro

ph
e

du
m

b

pr
es

en
ce

ra
bb

it

de
ny

co
nv

er
sa

tio
n

Target Words

vision

weird

journey

roof

accident

smart

absence

cat

accept

communication

So
ur

ce
 W

or
ds

-0.11 0.52 0.61 0.55 -0.034 0.31 0.81 0.25 0.52 0.69

-0.19 0.43 0.65 0.41 -0.031 0.43 0.56 0.41 0.66 0.51

-0.32 0.34 0.64 0.23 0.075 0.24 0.55 0.37 0.58 0.41

-0.26 0.43 0.27 0.77 0.0002 0.28 0.25 0.36 0.37 0.27

-0.21 0.47 0.47 0.22 0.18 0.18 0.49 0.19 0.44 0.4

-0.12 0.26 0.35 0.48 -0.12 0.33 0.37 0.23 0.4 0.62

-0.0015 0.49 0.44 0.29 0.17 0.14 0.73 0.039 0.48 0.42

-0.36 0.46 0.61 0.45 -0.13 0.27 0.29 0.69 0.56 0.29

-0.28 0.45 0.5 0.18 -0.1 0.27 0.65 0.23 0.44 0.53

-0.048 0.47 0.37 0.42 0.049 0.19 0.66 0.09 0.36 0.66

Cosine Similarity Scores

0.2

0.0

0.2

0.4

0.6

0.8

Figure 380: hr
pe

rc
ep

tio
n

no
rm

al

co
nq

ue
st

flo
or

ca
ta

st
ro

ph
e

du
m

b

pr
es

en
ce

ra
bb

it

de
ny

co
nv

er
sa

tio
n

Target Words

vision

weird

journey

roof

accident

smart

absence

cat

accept

communication
So

ur
ce

 W
or

ds

0.014 0.46 0.6 0.4 0.061 0.26 0.72 0.24 0.49 0.68

-0.12 0.38 0.53 0.38 0.024 0.35 0.47 0.34 0.64 0.5

-0.22 0.25 0.52 0.19 -0.0085 0.2 0.48 0.28 0.52 0.35

-0.14 0.35 0.31 0.6 -0.062 0.34 0.22 0.28 0.29 0.24

-0.073 0.4 0.42 0.22 0.17 0.13 0.44 0.15 0.47 0.41

-0.015 0.21 0.31 0.44 -0.073 0.23 0.32 0.2 0.3 0.55

0.077 0.42 0.38 0.22 0.18 0.17 0.72 0.02 0.39 0.39

-0.23 0.38 0.51 0.43 -0.13 0.18 0.27 0.59 0.55 0.36

-0.11 0.37 0.43 0.16 -0.039 0.26 0.52 0.29 0.31 0.45

0.0038 0.45 0.35 0.36 0.029 0.16 0.6 0.15 0.41 0.66

Cosine Similarity Scores

0.2

0.0

0.2

0.4

0.6
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Figure 382: hr
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Figure 383: hr and lr-t
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Figure 384: hr and lr-t
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Figure 385: hr and lr-t
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Figure 386: lr-t
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Figure 387: lr-t
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Figure 388: lr-t
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Figure 389: lr-t and hr
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Figure 390: lr-t and hr
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Figure 391: lr-t and hr

Figure 392: sot Emb Muse plots of 50 (left), 100(middle), and 200 (right), tsn test
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Figure 394: hr
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Figure 395: hr

kg
al

e

am
og

el
a

tlo
ge

la

m
og

ol
o

kg
we

bo

na
ga

na

rw
al

a

kg
og

o

di
jo

kg
ol

o

Target Words

modern

take

do

wonderful

corporation

pretend

deliver

bird

supper

easy

So
ur

ce
 W

or
ds

-0.036 -0.2 -0.34 0.34 -0.086 -0.23 -0.29 -0.03 -0.14 -0.11

0.25 -0.21 0.13 -0.018 -0.23 0.043 0.21 -0.21 0.13 -0.1

0.43 0.53 0.68 0.34 0.34 0.52 0.39 0.069 0.23 0.4

0.32 0.19 0.28 0.41 0.18 0.25 0.041 0.095 0.43 0.45

-0.2 0.12 -0.35 -0.03 0.45 0.1 -0.18 -0.047 0.085 0.066

-0.19 -0.046 -0.37 -0.24 0.065 -0.15 -0.1 -0.1 -0.077 -0.32

0.3 0.62 0.47 0.35 0.27 0.43 0.24 0.095 0.3 0.43

-0.42 -0.28 -0.41 -0.068 0.17 -0.036 -0.26 -0.025 0.017 -0.089

-0.061-0.026 -0.3 -0.19 0.018 -0.22 -0.11 -0.14 -0.058 -0.16

-0.3 -0.37 -0.45 -0.4 -0.13 -0.23 -0.23 -0.26 -0.19 -0.29

Cosine Similarity Scores

0.4

0.2

0.0

0.2

0.4

0.6

Figure 396: hr and lr-t
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Figure 397: hr and lr-t
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Figure 398: hr and lr-t
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Figure 401: lr-t
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Figure 402: lr-t and hr
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Figure 403: lr-t and hr
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Figure 405: tsn Muse plots of 50 (left), 100(middle), and 200 (right), nso test
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Figure 407: hr
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Figure 409: hr and lr-t
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Figure 411: hr and lr-t
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Figure 412: lr-t
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Figure 415: lr-t and hr
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Figure 416: lr-t and hr
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Figure 417: lr-t and hr

Figure 418: tsn Muse plots of 50 (left), 100(middle), and 200 (right), tsn test
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Figure 422: hr and lr-t
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Figure 427: lr-t
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Figure 428: lr-t and hr
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Figure 429: lr-t and hr
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Figure 430: lr-t and hr

Figure 431: xho Muse plots of 50 (left), 100(middle), and 200 (right), nso test
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Figure 433: hr
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Figure 435: hr and lr-t
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Figure 436: hr and lr-t
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Figure 437: hr and lr-t
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Figure 438: lr-t
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Figure 439: lr-t
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Figure 440: lr-t
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Figure 441: lr-t and hr
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Figure 442: lr-t and hr

da
ug

ht
er

cr
az

y

se
nt

ry jo
b ox

cr
ue

l

un
cle he

n

as
k

br
ot

he
r

Target Words

lesea

lwala

monna

tiro

pere

ntle

monna

nonyane

kopa

mosimane

So
ur

ce
 W

or
ds

-0.31 -0.13 0.079 -0.16 0.064 -0.13 -0.24 -0.14 0.039 -0.2

0.042 -0.13 0.1 0.11 0.025 -0.054 0.15 0.064 0.14 0.033

-0.082 0.12 0.032 -0.061-0.023-0.0045-0.16 0.01 -0.042 -0.15

0.41 0.33 -0.12 0.24 -0.15 0.49 0.14 0.39 0.2 0.43

0.36 0.4 -0.012 0.3 0.073 0.4 0.25 0.46 0.26 0.35

0.097 0.091 0.013 0.069 -0.045 0.027 0.25 0.094 0.09 0.17

-0.082 0.12 0.032 -0.061-0.023-0.0045-0.16 0.01 -0.042 -0.15

0.17 -0.075-0.091 0.068 0.055-0.000290.42 0.14 0.096 0.22

0.13 0.079 0.085 0.089 -0.11 0.051 0.2 0.021 0.077 0.086

0.1 0.011 -0.054 0.092 0.014 0.078 0.25 0.17 0.22 0.17

Cosine Similarity Scores

0.3

0.2

0.1

0.0

0.1

0.2

0.3

0.4

Figure 443: lr-t and hr

Figure 444: xho Muse plots of 50 (left), 100(middle), and 200 (right), tsn test
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Figure 446: hr
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Figure 447: hr
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Figure 448: hr and lr-t

di
ra

to
ny

a

ng
wa

na ja
se

ga
na

re
te

la

ba
co

n

le
in

o

m
or

o

na
wa

Target Words

create

fragile

daughter

clothes

accept

sharp

breakfast

bone

dinner

rice

So
ur

ce
 W

or
ds

0.19 0.24 0.054 -0.051 0.23 0.0046 0.4 0.069 -0.058 0.051

-0.13 0.47 0.15 -0.16 0.43 -0.29 0.29 -0.06 0.051 0.22

0.16 0.24 0.042 0.058 0.24 -0.16 0.25 0.063 0.088 -0.068

0.000490.22 -0.11 -0.13 0.17 -0.04 0.36 0.012 -0.15 0.1

0.16 0.24 0.047 -0.022 0.18 0.11 0.3 0.014 0.073 0.1

-0.00120.089 0.11 0.041 0.2 -0.089 0.25 0.026 -0.062-0.094

0.14 0.16 -0.14 0.015 0.18-0.000870.48 0.063-0.0085 -0.1

-0.048 0.3 0.14 0.031 0.21 0.046 0.53 0.052 -0.11 0.17

0.039 0.2 -0.04 -0.077 0.21 -0.16 0.33 0.034 -0.038 0.068

0.13 0.3 -0.00280.012 0.32 -0.074 0.41 0.073 0.029 -0.012

Cosine Similarity Scores

0.2

0.1

0.0

0.1

0.2

0.3

0.4

0.5

Figure 449: hr and lr-t
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Figure 450: hr and lr-t
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Figure 454: lr-t and hr
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Figure 457: zul Muse plots of 50 (left), 100(middle), and 200 (right), nso test
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Figure 460: hr
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Figure 461: hr and lr-t
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Figure 463: hr and lr-t
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Figure 464: lr-t
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Figure 467: lr-t and hr
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Figure 468: lr-t and hr
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Figure 469: lr-t and hr

Figure 470: zul VecMap plots of 50 (left), 100(middle), and 200 (right), tsn test
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Figure 471: hr
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Figure 474: hr and lr-t
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Figure 476: hr and lr-t
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Figure 477: lr-t
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Figure 478: lr-t

kg
et

ho

le
fs

a

m
ol

al
a

se
kh

ut
lo

m
os

ad
i

th
at

a

le
ot

o

te
m

og
o

m
oh

la
ba

ni

bo
le

le

Target Words

kgaolo

kgale

lerapo

lefelo

mo omo

bonolo

seatla

pono

monna

bjang

So
ur

ce
 W

or
ds

0.53 0.08 0.25 0.027 0.42 0.23 0.28 0.35 0.044 0.33

0.21 0.041 0.29 0.02 0.63 0.17 0.27 0.063 0.19 0.33

0.2 -0.056 0.65 0.34 0.45 0.4 0.64 0.12 0.25 0.29

0.61 0.36 0.21 0.21 0.16 0.29 0.26 0.31 0.008 0.47

0.29 0.019 0.69 0.25 0.54 0.32 0.57 0.28 0.48 0.35

0.4 -0.031 0.39 0.3 -0.042 0.73 0.26 0.23 0.045 0.37

0.31 0.043 0.44 0.24 0.29 0.39 0.45 0.27 0.23 0.42

0.32 -0.15 0.053 0.24 0.22 0.14 0.08 0.18 0.12 0.31

-0.049 0.1 0.39 -0.093 0.66 0.086 0.33 -0.083 0.46 0.16

0.2 0.15 0.15 -0.033 0.06 0.32 0.0025 0.3 -0.13 0.4

Cosine Similarity Scores

0.1

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

Figure 479: lr-t
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Figure 480: lr-t and hr
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Figure 481: lr-t and hr
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Figure 482: lr-t and hr

Figure 483: sot Emb VecMap plots of 50 (left), 100(middle), and 200 (right), nso test
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Figure 484: hr
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Figure 487: hr and lr-t
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Figure 489: hr and lr-t

bo
tlh

ok
wa

ut
lw

a

bo
na

la

nt
ha

le
fe

lo

le
ba

la

du
m

el
a

m
ok

go
ro

se
go

po

bo
tlh

ok
wa

Target Words

botlhokwa

bua

itira

nt ha

metara

tshwarela

naya

ntlwana

sejana

botlhokwa

So
ur

ce
 W

or
ds

1 0.42 0.66 0.42 0.72 0.47 0.61 0.31 0.38 1

0.25 0.71 0.46 0.66 0.22 0.49 0.61 0.22 0.2 0.25

0.56 0.4 0.62 0.63 0.43 0.45 0.45 0.22 0.27 0.56

0.42 0.76 0.73 1 0.43 0.71 0.68 0.43 0.31 0.42

0.3 0.18 0.48 0.27 0.5 0.41 0.16 0.57 0.33 0.3

0.59 0.84 0.78 0.8 0.55 0.73 0.9 0.36 0.32 0.59

0.32 0.61 0.46 0.59 0.39 0.47 0.48 0.69 0.41 0.32

0.55 0.68 0.73 0.71 0.6 0.74 0.63 0.78 0.52 0.55

0.2 0.32 0.47 0.46 0.34 0.55 0.23 0.59 0.51 0.2

1 0.42 0.66 0.42 0.72 0.47 0.61 0.31 0.38 1

Cosine Similarity Scores

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

Figure 490: lr-t
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Figure 491: lr-t
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Figure 493: lr-t and hr
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Figure 495: lr-t and hr

Figure 496: sot Emb VecMap plots of 50 (left), 100(middle), and 200 (right), tsn test
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Figure 497: hr
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Figure 499: hr
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Figure 500: hr and lr-t
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Figure 501: hr and lr-t
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Figure 502: hr and lr-t
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Figure 503: lr-t
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Figure 504: lr-t

leka tiile modimo poo ithuta kgoloseruiwanawa kgogo kofi
Target Words

atlega

bonolo

tate

namane

lebala

kgolo

katse

bacon

dilalelo

nawa

So
ur

ce
 W

or
ds

0.24 0.23 -0.05 -0.15 0.35 0.16 0.051 0.074 -0.16 0.085

0.22 0.31 0.15 0.12 0.31 0.42 0.053 -0.005 0.074 0.22

0.21 0.28 0.23 0.39 0.11 0.027 0.16 0.12 0.19 0.2

0.17 0.2 0.094 0.34 -0.055 0.055 0.2 0.34 0.33 0.16

0.37 0.26 0.12 0.22 0.33 -0.043 0.15 0.014 -0.012 0.059

0.069 0.24 0.057 0.13 0.089 1 0.093 0.18 0.35 0.34

0.31 0.32 0.082 0.32 0.2 0.12 0.14 0.13 0.21 0.26

-0.022-0.027 -0.22 0.1 -0.097 0.031 -0.072 0.052 0.12 -0.042

-0.033 0.065 0.028 -0.061-0.063 0.12 0.1 -0.061 0.072 0.13

0.096 0.17 0.02 0.28 0.13 0.18 0.34 1 0.19 0.3

Cosine Similarity Scores

0.2

0.0

0.2

0.4

0.6

0.8

1.0

Figure 505: lr-t
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Figure 506: lr-t and hr
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Figure 507: lr-t and hr
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Figure 508: lr-t and hr

Figure 509: sot VecMap plots of 50 (left), 100(middle), and 200 (right), nso test
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Figure 510: hr
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Figure 511: hr
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Figure 512: hr
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Figure 513: hr and lr-t
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Figure 514: hr and lr-t
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Figure 515: hr and lr-t
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Figure 519: lr-t and hr
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Figure 520: lr-t and hr
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Figure 521: lr-t and hr

Figure 522: sot VecMap plots of 50 (left), 100(middle), and 200 (right), tsn test
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Figure 524: hr
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Figure 528: hr and lr-t
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Figure 531: lr-t
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Figure 532: lr-t and hr
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Figure 533: lr-t and hr
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Figure 534: lr-t and hr

Figure 535: xho VecMap plots of 50 (left), 100(middle), and 200 (right), nso test
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Figure 537: hr
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Figure 538: hr

ka
m

or
e

m
on

na

so
fa

m
as

a

ka
m

or
e

ru
ri

be
ke

ca
rb

on po
o

ka
se

Target Words

stomach

wife

bed

night

bicycle

confident

weekend

atom

calf

bread

So
ur

ce
 W

or
ds

-0.36 -0.09 0.6 0.25 -0.36 -0.1 0.16 0.63 0.53 -0.34

-0.034 0.072 0.55 0.17 -0.034 0.19 0.19 0.09 0.34 -0.063

-0.32 -0.15 0.71 0.35 -0.32 -0.21 0.34 0.42 0.61 -0.36

-0.25 -0.076 0.64 0.36 -0.25 -0.12 0.13 0.25 0.46 -0.33

-0.42 -0.15 0.4 0.17 -0.42 -0.16 0.34 0.53 0.53 -0.23

-0.43 -0.49 0.42 0.21 -0.43 -0.33 -0.058 0.18 0.2 -0.41

0.026 -0.16 0.22 0.16 0.026 -0.21 -0.012 0.062 0.25 -0.25

-0.4 -0.21 0.34 0.16 -0.4 -0.26 -0.17 0.72 0.38 -0.13

-0.43 -0.096 0.55 0.0044 -0.43 -0.14 0.25 0.31 0.33 -0.3

-0.087-0.013 0.58 0.58 -0.087 -0.12 0.28 0.53 0.7 -0.3

Cosine Similarity Scores

0.4

0.2

0.0

0.2

0.4

0.6

Figure 539: hr and lr-t
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Figure 540: hr and lr-t
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Figure 541: hr and lr-t
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Figure 543: lr-t
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Figure 544: lr-t
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Figure 547: lr-t and hr

Figure 548: xho VecMap plots of 50 (left), 100(middle), and 200 (right), tsn test
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Figure 552: hr and lr-t
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Figure 557: lr-t
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Figure 558: lr-t and hr
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Figure 559: lr-t and hr
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Figure 560: lr-t and hr

Figure 561: zul VecMap plots of 50 (left), 100(middle), and 200 (right), nso test
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Figure 573: lr-t and hr

Figure 574: zul VecMap plots of 50 (left), 100(middle), and 200 (right), tsn test
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Setswana (tsn) cross-lingual embeddings when us-1002

ing Muse cross-lingual projections followed by1003

VecMap embeddings. CCA embeddings generated1004

the least performing Spearman’s scores. These1005

results are consistent with previous cosine simi-1006

larity results outlining the semantic closeness of1007

embeddings created using the Muse technique com-1008

pared to CCA and VecMap embeddings. Finally,1009

although the spearman scores in the plots are low,1010

they still manage to capture the catapult of mov-1011

ing from monolingual representation semantics to1012

cross-lingual representation semantics illustrating1013

the need to further investigate cross-lingual projec-1014

tion techniques.1015

C Cross-lingual and Monolingual Results1016

extended1017

Table 7, 8, and 9, reports the Accuracy (acc), Preci-1018

sion (prec), and Recall (rec), of Afro-XLM-r base1019

model trained on explicit CCA, VecMap, and Muse1020

cross-lingual embeddings respectively. Our results1021

indicate that the models perform well under ac-1022

curacy evaluation, however, they do not do very1023

well with other metrics such as precision and recall.1024

This could be due to accuracy being misleading1025

under imbalanced classes. For Afro-XLM-r model,1026

Muse embeddings seem to perform better on some1027

datasets compared to the rest of the techniques. Ad-1028

ditionally, there is no consistent pattern indicating1029

which embedding technique or dimension performs1030

consistently better than the rest. Similarly, Table1031

10, 11, and 12 show a similar trend for the Serengeti1032

model. Comparatively, Serengeti performed better1033

than Afro-XLM-r. We hypothesize this could stem1034

from efficiently learned weights of the Serengeti1035

model and the size difference since Serengeti is1036

significantly larger than Afro-XLMr-r. Moreover,1037

this cold be due to Serengeti being trained on more1038

African languages compared to Afro-XLM-r, re-1039

sulting in better transfer of performance gains.1040

Our vector matrix composing the embedding1041

layer (i.e. the injected matrix) was created using1042

randomly selected word vectors from the cross-1043

lingual embedding word-vector pairs. We hypoth-1044

esized that this could be improved by selecting1045

words from the training dataset as word vectors to1046

build the matrix. For this, Table 13, 14, and 15,1047

show results of the injected Afro-XLM-r models1048

created by using words from the code switch train-1049

ing datasets. Results show no improvements on1050

the randomly selected word vectors. We tested the1051

same experiments on monolingual embeddings and 1052

the results are reported in Table 16 with a similar 1053

pattern. We have no clear explanation as to why the 1054

results show no further improvements when using 1055

vectors of the training data as injection embeddings, 1056

and therefore leave this for future works. 1057

D Cross-lingual heatmap scores analyses 1058

In this section, we highlight a few instances where 1059

token attention analyses highlight the consideration 1060

of external words outside the focal sentence for im- 1061

proved text processing. That is, certain words out- 1062

side the focal sentence show high attention scores 1063

compared to words constituting the observed sen- 1064

tence resulting in correct predictions. For exam- 1065

ple, Figure 631, shows the attention heatmap of 1066

the code-switched sentence ’O utlwile ore dineo o 1067

rileng itll take the pressure off’ with only the high- 1068

est priority score of 0.14 for local words, while the 1069

same sentence shows higher scores of 0.8 when 1070

considering a global embedding space (all embed- 1071

dings) in Figure 632. This means that richer context 1072

is gained externally from the word set of the focal 1073

sentence, arguably made possible by the extended 1074

semantically connected vocabulary derived from 1075

the observed languages. We believe that this is 1076

made possible by the projection of the embedding 1077

space of English and Setswana into the same shared 1078

space, thus extending the context of the overall 1079

embedding space, since the observed pattern does 1080

not exist in the combined but semantically disjoint 1081

monolingual embeddings space of English (Glove) 1082

and Setswana (FastText) embeddings (see Figure 1083

634 and 635 of local attention and global attention 1084

heatmaps respectively). 1085
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Figure 580: dim=200

Figure 581: Spearman’s correlation: tsn Mono Emb on nso test (row 1) and tsn test (row 2)
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Figure 588: Spearman’s correlation: sot Mono Emb on nso test (row 1) and tsn test (row 2)
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Figure 594: dim=200

Figure 595: Spearman’s correlation: en-tsn CCA cross Emb on nso test (row 1) and tsn test (row 2)
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Figure 601: dim=200

Figure 602: Spearman’s correlation: en-sot CCA cross Emb on nso test (row 1) and tsn test (row 2)
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Figure 608: dim=200

Figure 609: Spearmans correlation: en-tsn Muse cross Emb on nso test (row 1) and tsn test (row 2)
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Figure 615: dim=200

Figure 616: Spearmans correlation: en-sot Muse cross Emb on nso test (row 1) and tsn test (row 2)
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Figure 622: dim=200

Figure 623: Spearmans correlation: en-tsn VecMap cross Emb on nso test (row 1) and tsn test (row 2)
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Figure 629: dim=200

Figure 630: Spearmans correlation: en-sot VecMap cross Emb on nso test (row 1) and tsn test (row 2)
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Figure 631: VecMap local attention
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Figure 632: VecMap global attention

Figure 633: Embedding Attention heatmap visualization of Cross-lingual (CL) von Setswana (tsn) sentence
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Figure 634: Mono local attention
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Figure 635: Mono global attention

Figure 636: Embedding Attention heatmap visualization of Cross-lingual (CL) von Setswana (tsn) sentence
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sot tsn zul xho zulxho sottsn zulxhosot zulxhotsn sottsnzul sottsnxho zulxhosottsn
Embedding Dimension: 50

acc 97 97 94 94 76 74 90 81 80 89 89
prec 81 84 80 82 59 61 75 65 67 77 78
rec 82 85 75 78 56 55 73 59 66 79 80

Embedding Dimension: 100
acc 96 97 89 82 85 86 91 92 89 89 72
prec 80 83 79 69 70 73 76 78 79 77 59
rec 82 84 75 64 69 76 73 74 81 79 55

Embedding Dimension: 200
acc 86 86 94 88 84 81 69 85 89 87 77
prec 73 65 80 75 69 68 53 72 79 73 63
rec 71 59 76 69 68 67 46 71 81 71 58

Table 7: Afro-XLMr-base + CCA : Average metrics for each embedding dimension across folders. Averaged over 5
runs. The word embeddings for injection created through random selection of words to build the vector matrix.

sot tsn zul xho zulxho sottsn zulxhosot zulxhotsn sottsnzul sottsnxho zulxhosottsn
Embedding Dimension: 50

acc 95 97 97 97 93 78 95 93 80 79 63
prec 76 83 85 85 80 65 83 78 68 66 49
rec 75 85 86 83 81 65 84 75 67 61 43

Embedding Dimension: 100
acc 97 97 95 97 85 86 95 68 88 81 79
prec 81 83 79 85 70 73 82 49 75 69 63
rec 82 85 77 84 69 76 83 44 76 68 62

Embedding Dimension: 200
acc 86 97 96 90 90 86 94 85 89 77 89
prec 72 83 80 78 73 74 79 71 77 63 77
rec 71 85 79 74 72 77 80 69 79 57 79

Table 8: Afro-XLMr-base + VecMap: Average metrics for each embedding dimension across folders. Averaged
over 5 runs. The word embeddings for injection are created through a random selection of words to build the vector
matrix.

sot tsn zul xho zulxho sottsn zulxhosot zulxhotsn sottsnzul sottsnxho zulxhosottsn
Embedding Dimension: 50

acc 96 97 86 88 90 85 92 93 78 79 87
prec 75 79 65 69 69 69 71 72 59 62 67
rec 78 80 62 67 72 72 75 76 61 63 72

Embedding Dimension: 100
acc 85 97 95 94 91 85 93 84 87 88 87
prec 68 80 75 74 70 69 72 64 68 69 67
rec 67 82 77 75 74 73 76 65 73 75 73

Embedding Dimension: 200
acc 96 97 95 95 90 86 93 93 88 88 88
prec 74 79 75 74 70 69 72 73 69 69 69
rec 78 81 78 76 73 74 77 78 75 74 75

Table 9: Afro-XLMr-base + Muse: Average metrics for each embedding dimension across folders. Averaged over 5
runs. The word embeddings for injection are created through a random selection of words to build the vector matrix.
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sot tsn zul xho zulxho sottsn zulxhosot zulxhotsn sottsnzul sottsnxho zulxhosottsn
Embedding Dimension: 50

acc 96 97 96 96 93 86 94 95 89 89 89
prec 77 78 79 80 78 72 79 80 76 76 76
rec 81 82 82 82 80 76 81 82 79 78 79
f1 79 80 80 81 79 74 80 81 78 77 78

Embedding Dimension: 100
acc 96 97 96 96 93 87 94 95 89 89 89
prec 77 79 78 81 78 72 80 80 76 76 77
rec 81 82 81 82 79 76 82 82 79 79 79
f1 78 80 80 82 79 74 81 81 78 77 78

Embedding Dimension: 200
acc 96 97 96 96 93 87 94 95 89 89 90
prec 77 80 79 81 78 73 80 81 76 77 77
rec 81 83 81 82 80 77 82 83 79 80 79
f1 79 82 80 82 79 75 81 82 78 78 78

Table 10: Serengeti + CCA: Average metrics for each embedding dimension across folders. Averaged over 5 runs.
The word embeddings for injection are created through random selection of words to build the vector matrix.

sot tsn zul xho zulxho sottsn zulxhosot zulxhotsn sottsnzul sottsnxho zulxhosottsn
Embedding Dimension: 50

acc 96 97 96 - 93 86 94 95 89 89 89
f1 78 80 79 - 78 74 80 81 77 77 77
prec 76 79 78 - 77 72 78 80 76 76 76
rec 81 82 81 - 79 76 81 82 79 79 79

Embedding Dimension: 100
acc 96 97 96 - 93 87 94 95 89 89 89
prec 77 79 79 - 78 72 79 81 76 76 76
rec 81 83 81 - 79 76 81 82 79 79 79
f1 79 81 80 - 79 74 80 81 77 77 78

Embedding Dimension: 200
acc 96 97 96 - 93 87 94 95 89 89 90
prec 77 80 79 - 79 73 80 82 77 76 78
rec 81 82 81 - 80 77 82 83 79 79 80
f1 79 81 80 - 79 75 81 82 78 78 79

Table 11: Serengeti + VecMap: Average metrics for each embedding dimension across folders. Averaged over 5
runs. The word embeddings for injection are created through a random selection of words to build the vector matrix.

sot tsn zul xho zulxho sottsn zulxhosot zulxhotsn sottsnzul sottsnxho zulxhosottsn
Embedding Dimension: 50

acc 96 96 95 95 91 86 93 94 88 88 88
prec 73 75 74 76 71 68 73 73 70 69 70
rec 79 81 78 79 75 75 78 79 75 76 75
f1 76 78 76 77 73 72 75 76 72 73 72

Embedding Dimension: 100
acc 96 96 95 96 92 86 93 94 88 88 88
prec 73 75 74 77 73 67 73 74 69 70 70
rec 80 81 79 80 77 75 79 79 76 76 76
f1 76 78 77 78 75 71 76 77 73 73 73

Embedding Dimension: 200
acc 96 96 95 96 92 86 93 94 88 88 88
prec 73 74 75 77 73 68 74 75 70 70 71
rec 80 81 78 80 77 75 79 80 76 76 77
f1 76 77 76 78 75 71 77 77 73 73 74

Table 12: Serengeti + Muse: Average metrics for each embedding dimension across folders. Averaged over 5 runs.
The word embeddings for injection are created through a random selection of words to build the vector matrix.
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sot tsn zul xho zulxho sottsn zulxhosot zulxhotsn sottsnzul sottsnxho zulxhosottsn
Embedding Dimension: 50

acc 94 82 84 94 76 72 67 76 73 89 65
prec 76 61 66 80 58 59 51 60 58 75 51
rec 72 57 55 76 55 53 45 57 54 77 44
f1 74 58 60 78 56 55 47 58 55 76 46

Embedding Dimension: 100
acc 94 79 81 84 67 69 62 85 71 69 72
prec 75 55 71 70 47 56 45 71 56 57 59
rec 72 45 63 60 43 52 35 69 53 48 55
f1 73 48 66 64 44 54 39 70 54 51 56

Embedding Dimension: 200
acc 90 74 89 94 84 60 82 66 71 62 68
prec 71 50 73 80 66 49 65 49 57 50 52
rec 63 43 64 77 64 41 60 43 54 31 44
f1 66 45 67 79 65 44 62 45 55 38 47

Table 13: Afro-XLMr-base + CCA: Average metrics for each embedding dimension across folders. Averaged over 5
runs. The word embeddings for injection are created through word selection from training data to build the vector
matrix.

sot tsn zul xho zulxho sottsn zulxhosot zulxhotsn sottsnzul sottsnxho zulxhosottsn
Embedding Dimension: 50

acc 86 85 89 79 67 66 72 56 71 77 63
prec 70 64 76 65 47 53 56 37 56 65 48
rec 68 58 72 58 42 44 48 29 53 58 42
f1 69 60 73 61 44 47 51 32 54 61 45

Embedding Dimension: 100
acc 83 97 88 82 59 64 71 80 57 74 68
prec 63 82 74 65 36 52 54 63 40 61 52
rec 58 84 70 61 29 43 47 58 29 50 44
f1 60 83 71 63 32 46 49 60 33 55 47

Embedding Dimension: 200
acc 93 74 81 88 75 75 66 85 65 78 69
prec 70 50 71 74 56 59 50 69 50 64 50
rec 65 42 62 68 53 55 44 68 46 58 42
f1 67 45 65 71 54 57 46 68 47 60 45

Table 14: Afro-XLMr-base + VecMap: Average metrics for each embedding dimension across folders. Averaged
over 5 runs. The word embeddings for injection are created through word selection from training data to build the
vector matrix.

sot tsn zul xho zulxho sottsn zulxhosot zulxhotsn sottsnzul sottsnxho zulxhosottsn
Embedding Dimension: 50

acc 88 86 91 82 88 85 88 76 78 79 79
prec 63 61 64 62 63 65 65 54 58 59 60
rec 49 55 61 57 66 70 65 52 60 61 61
f1 54 57 62 60 65 68 65 52 58 60 60

Embedding Dimension: 100
acc 80 73 91 81 81 85 83 91 61 84 78
prec 59 47 67 62 57 68 61 67 42 64 58
rec 46 39 64 58 58 72 51 69 38 64 59
f1 51 42 65 59 57 70 54 68 39 64 58

Embedding Dimension: 200
acc 82 85 73 79 90 68 73 83 61 79 66
prec 59 57 60 60 69 54 53 62 42 62 45
rec 51 52 48 55 73 51 42 63 38 63 38
f1 54 54 52 57 71 51 46 62 39 62 41

Table 15: Afro-XLMr-base + Muse: Average metrics for each embedding dimension across folders. Averaged over
5 runs. The word embeddings for injection are created through word selection from training data to build the vector
matrix.
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sot tsn zul xho zulxho sottsn zulxhosot zulxhotsn sottsnzul sottsnxho zulxhosottsn
Embedding Dimension: 100

acc 93 87 72 79 81 75 81 74 78 76 75
prec 63 58 57 61 58 55 55 52 59 59 55
rec 64 56 44 54 60 55 49 51 61 55 52
f1 63 56 49 57 59 55 52 51 60 56 52

Embedding Dimension: 200
acc 92 81 76 91 72 82 65 65 55 81 75
prec 66 56 56 72 46 63 45 44 37 61 56
rec 64 52 33 66 44 62 41 40 28 63 54
f1 65 53 41 69 45 61 42 41 31 62 54

Embedding Dimension: 50
acc 93 81 91 91 80 82 87 83 67 76 79
prec 71 56 61 69 56 64 63 61 47 57 59
rec 68 53 62 65 56 62 64 61 40 54 61
f1 69 54 61 67 56 62 64 61 43 55 60

Table 16: Afro-XLMr-base + Monolingual: Average metrics for each embedding dimension across folders. Averaged
over 5 runs. The word embeddings for injection are created through a random selection of words to build the vector
matrix.
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