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Abstract

Few-shot cross-lingual transfer, fine-tuning
Multilingual Masked Language Model
(MMLM) with source language labeled data
and a small amount of target language labeled
data, provides excellent performance in the
target language. However, if no labeled data in
the target language are available, they need to
be created through human annotations. In this
study, we devise a metric to select annotation
candidates from an unlabeled data pool that
efficiently enhance accuracy for few-shot
cross-lingual transfer. It is known that training
a model with hard examples is important to
improve the model’s performance. Therefore,
we first identify examples that MMLM cannot
solve in a zero-shot cross-lingual transfer
setting and demonstrate that it is hard to predict
peculiar examples in the target language,
i.e., the examples distant from the source
language examples in cross-lingual semantic
space of the MMLM. We then choose high
peculiarity examples as annotation candidates
and perform few-shot cross-lingual transfer.
In comprehensive experiments with 20
languages and 6 tasks, we demonstrate that the
high peculiarity examples improve the target
language accuracy compared to other candidate
selection methods proposed in previous studies.
The code used in our experiments is available
at https://github.com/hwichan@720/
fewshot_transfer_with_peculiarity.

1 Introduction

Sufficient labeled data is essential to train an accu-
rate model. However, few languages have abundant
language resources for both labeled and unlabeled
data like English (Joshi et al., 2020). In addition,
constructing a large amount of labeled data through
human annotators is costly and time-consuming.
The use of Multilingual Mask Language Models
(MMLMs) is one way to overcome this problem
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Figure 1: UMAP (Mclnnes et al., 2018) visualization
of hidden states of source (English) and target (Arabic)
language examples (NER task). We indicate the source
language examples in yellow and target language ex-
amples in blue to red based on their accuracy in the
zero-shot cross-lingual transfer setting. We use BOS hid-
den states of the last layer from XLM-R, which is an
MMLM.

as they show good zero-shot cross-lingual perfor-
mance in target languages by fine-tuning with only
task-specific labeled data of source language, such
as English. While this zero-shot cross-lingual trans-
fer ability is promising for the target languages
with no or limited task-specific resources, there is a
divergence in accuracy between the source and tar-
get languages, meaning the zero-shot cross-lingual
transfer ability is imperfect.

To analyze the characteristics of hard examples
for predictions in zero-shot cross-lingual transfer,
we visualize representations of the source and tar-
get languages’ examples and highlight the target
ones with accuracy in the zero-shot setting, as
shown in Figure 1. We can observe that the ac-
curacies of target language examples distant from
the source language examples are low compared
to others. We refer to these as peculiar examples
of the target language. We should address peculiar
examples to further enhance performance in the
target language.

Few-shot transfer,

cross-lingual adapting
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MMLM with a small number (0.1k-1k) of
task-specific labeled examples in the target
language, is a promising approach to enhance
performance for target languages. Specifically,
Lauscher et al. (2020) showed that a small number
of examples randomly selected from labeled
dataset significantly improves the accuracy for the
target languages. However, if there are no labeled
examples at all, we should create them by selecting
annotation candidates from an unlabeled data
pool. From this perspective, Kumar et al. (2022)
evaluated candidate selection methods proposed
in active learning research for selecting the
annotation candidates for few-shot cross-lingual
transfer. They split the target languages based on
their zero-shot cross-lingual transfer performance
into “good” and “poor” (or “good”, “fair”, and
“poor”) language groups1 and demonstrated that
effective methods vary for each language group.
Our preliminary analysis (Figure 1) suggests that
adapting MMLM for peculiar examples is crucial
to improve performance for the target language
and recommends selecting peculiar examples as
annotation candidates.

Therefore, in this study, we first propose a met-
ric to measure peculiarity of the target language
examples. Note that peculiarity is defined without
labels of the downstream tasks. Then, we select
high peculiarity examples as annotation candidates
and conduct few-shot cross-lingual transfer using
languages with “good” and “poor” zero-shot cross-
lingual performance. Our experiments show that
the proposed metric peculiarity is very simple yet
effective in selecting candidates for few-shot cross-
lingual transfer. Our contributions in this study are
threefold:

1. We propose a simple metric to measure pecu-
liarity and show that the prediction accuracy
of high peculiarity examples is low compared
to others in the zero-shot setting.

2. We conduct few-shot cross-lingual transfer
using high peculiarity examples and demon-
strate that these examples can improve accu-
racy compared to other candidate selection
methods regardless of language groups in few
(2-3) label classification tasks. In addition,
our analysis shows that peculiarity is robust

1They referred the language groups as “C1” and “C2” (or
“C17, “C2”, and “C3”), respectively.
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Figure 2: Overview of zero-shot and few-shot cross-
lingual transfer.

for hyperparameters and brings consistent per-
formance in few-shot cross-lingual transfer.

3. However, high peculiarity examples do not
work well for the “poor” language group in
many-label (5) classification and sequence-
tagging tasks. Our analysis indicates that
these examples are redundant to fine-tuning
MMLM. Therefore, we design a method that
combines existing methods to select diverse
examples. Our experiments demonstrate that
our method enhances accuracy across target
languages.

2 Notation and Task Setting

In this section, we define notations and explain
our task setting. We denote the source and tar-
get language as S and T, respectively. For the
source language S, we assume that labeled data
exist for downstream tasks Dg = (Xg, Yg), where
Xg = {$g,...2$g} are monolingual data and
Yy = {ys, ..., y5} are corresponding labels. For
the target language 7', we only have monolingual
data X7 = {a7, <.y}, We denote an MMLM

as M and one fine-tuned by Dg as M®. We use
M to the target language inputs in the zero-shot
cross-lingual transfer setting.

In this study, we conduct few-shot cross-lingual
transfer. In this setting, we select annotation candi-
dates X C X and limit | X7 | to n. Then, human
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annotators annotate labels Y;} for X'Tz. We addi-
tionally fine-tune 1Y using D'y = (X7, Yy) and
denote the model as M°~T. To support under-
standing of zero-shot and few-shot cross-lingual
transfer, we provide an overview of zero-shot and
few-shot cross-lingual transfer in Figure 2. The
objective of our task is to select the candidates X'T
that lead to better performance of M5~ in the
target language 7T'.

3 Related Works

Zero-shot cross-lingual transfer. mBERT (De-
vlin et al., 2019) and XLLM-R (Conneau et al., 2020)
are the representative MMLMs. mBERT is an ex-
tension of BERT that is pre-trained on Wikipedia
data in various languages. XLM-R is trained on
2.5T data of more than 100 languages extracted
from Common Crawl (Wenzek et al., 2020). The
most interesting property of these MMLMs is that
they show a strong zero-shot cross-lingual transfer
performance even though they did not explicitly
use bilingual data.

Several studies have analyzed their zero-shot
cross-lingual transfer ability and indicated that
source-target languages’ similarity is important for
the transfer. Pires et al. (2019) analyzed the abil-
ity of mBERT in NER and POS tagging tasks and
demonstrated that more overlap in WALS (Dryer
and Haspelmath, 2013) features between the source
and target languages, better transfer. Lauscher
et al. (2020) quantitatively measured the similar-
ity between the source and target languages using
LANG2VEC (Littell et al., 2017) and showed that
it has a strong correlation with the zero-shot cross-
lingual transfer performance.

Yang et al. (2022) analyzed relations of align-
ment quality between the source and target lan-
guages and the transfer performance. Specifi-
cally, they measured the alignment quality between
languages in cross-lingual semantic space of an
MMLM using CKA (Kornblith et al., 2019) and
showed a strong correlation between the CKA
scores and the zero-shot cross-lingual transfer per-
formances. They also proposed a method to im-
prove the alignment quality using pseudo-bilingual
data and demonstrated that it enhances the zero-
shot cross-lingual transfer performance. In addi-
tion, there have been several attempts to enhance
the zero-shot cross-lingual transfer ability using ad-

*In our experiments, since we employ previously annotated
labels, we do not annotate the candidates ourselves.

ditional bilingual resources (Lample and Conneau,
2019; Cao et al., 2020; Chi et al., 2021; Dou and
Neubig, 2021; Yang et al., 2021).

Few-shot cross-lingual transfer. Few-shot cross-
lingual transfer is another approach to improve the
performance for target languages. Lauscher et al.
(2020) randomly selected annotation candidates
X'T from X7 and conducted few-shot cross-lingual
transfer. They demonstrated that these candidates
surprisingly boost performance compared to the
zero-shot cross-lingual transfer setting (e.g., gains
are 27.3 points in POS tagging task).

The most relevant previous work is Kumar et al.
(2022) who conducted few-shot cross-lingual trans-
fer and evaluated representative candidate selection
methods used in active learning research, such as
entropy and BADGE (Ash et al., 2020). BADGE is
a method to select diverse and uncertain examples.
It first calculates gradient embeddings (GEs) for
each example zp € X, which are vectors of hid-
den states multiplied by M®’s confidences about
each example, and then selects the most typical
examples in the GEs space. However, BADGE is
expensive for sequence-tagging tasks takes because
it has to calculate the GE for each token. There-
fore, Kumar et al. (2022) simplified the GEs to
loss embeddings (LEs), which are vectors consist-
ing of cross-entropy loss for each token, by taking
M>’s prediction as actual labels. Their experi-
ments showed that the method using LEs obtains
consistent gains over other methods for sequence-
tagging tasks.

The methods using embeddings, such as GEs
and LEs, can select diverse candidates from X .
However, we consider that these methods also se-
lect the candidates well aligned with the source
language examples X g, which are predicted accu-
rately in the zero-shot cross-lingual transfer setting
(Figure 1). Therefore, in this study, we propose a
metric, peculiarity, which isolates examples that
cannot be covered by source language data Xg,
and select the candidates based on our metric.

4 How to Measure Language Peculiarity

Sorscher et al. (2022) revealed that training with
hard examples for a neural model can improve the
model performance exponentially beyond power
law scaling, both in theory and practice. In terms
of few-shot cross-lingual transfer, we need to fine-
tune M® using target language examples that will
not be predicted correctly. Therefore, we study
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how to extract these examples as the annotation
candidates from X7 without knowing their labels.

Yang et al. (2022) showed that there is a corre-
lation between cross-lingual transfer performance
and language-level alignment quality. Based on
the preliminary analysis (Figure 1), we infer that
there are correlations not only at the language-level
but also at the example-level, which means that the
accuracy of the target language examples depends
on whether they are aligned with the source lan-
guage examples. This analysis indicates that we
can detect hard examples for M from X T if we
can measure the example-level alignment quality.

Therefore, we devise a simple but effective met-
ric to isolate the examples based on their alignment
quality without additional language resources. Intu-
itively, the examples that have no source language
examples in the neighborhood in cross-lingual se-
mantic space are not well aligned3. In addition,
Figure 1 shows that accuracies of these examples
are low compared to the others. We use this aspect
instead of the example-level alignment quality as
a proxy to detect the hard examples for M. We
refer to this aspect of whether there are source lan-
guage examples in the neighborhood as peculiarity
and define peculiarity of xJT € Xr as:

.. j S
Peculiarity(z7; M)

;Y

ok ek-NN(a?,)

distance(acgq, 2131:9') (D

where distance serves as a metric for measuring
the distance between input hidden states, encom-
passing options such as Cosine and Euclidean dis-
tance. g € Xy is a source language example of k
nearest neighbor based on distance and k is a hy-

perparameter. zc} and a:fg are hidden states of BOS

tokens from the final layer of M. Peculiarity is
higher when there are no source language examples
in the neighborhood of the input target language
example. In experiments, we first confirm whether
the peculiarity can isolate the examples with low
or high prediction accuracy in the zero-shot set-
ting. Then, we select high peculiarity examples as
annotation candidates and conduct few-shot cross-
lingual transfer.

*To strictly measure the example-level alignment quality
for each x1 € X1, we should translate x into the source lan-
guage and calculate similarities between their representations.
However, this method is costly because it requires a human
translator or a high-quality machine translation system.

All  Lowest Highest
XNLI 724 735 64.7
PAWS-X 814  99.6 67.0
MARC-2 899 994 53.2
MARC-5 542  70.6 50.8
NER 76.9  89.3 50.3
POS 744 79.0 69.5
Average 750  85.1 59.2

Table 1: Accuracy of each task in the zero-shot setting.
“Lowest” and “Highest” are the scores of validation
data, and “Lowest” and “Highest” are the scores of
10% examples of the lowest and highest peculiarity.
The scores are the average for all languages, except for
English (source language).

5 Experimental Settings

We explain experimental settings, which are largely
similar to those used in previous works such as
Lauscher et al. (2020) and Kumar et al. (2022),
including the dataset and training hyperparameters.

5.1 Tasks and datasets

We experiment with XNLI (Conneau et al., 2018)
for a classification task, and NER, POS-tagging for
sequence tagging tasks. We use WikiANN (Rahimi
et al., 2019) and Universal Dependency tree banks
(UD, Nivre et al. (2016)) for NER and POS-tagging,
respectively. In addition, we use PAWS-X (Yang
et al., 2019) and Multilingual Amazon Review Clas-
sification (MARC, Keung et al. (2020)) as datasets
for classification tasks. There are two- and five-
label classification settings in MARC, and we refer
to them as MARC-2 and MARC-5, respectively.

WikiANN, UD, and XNLI include several lan-
guages. We use the same languages used in Ku-
mar et al. (2022)’s experiments. For PAWS-X and
MARC, we use all languages. The previous studies
(Lauscher et al., 2020; Kumar et al., 2022) indi-
cated that the effectiveness of candidate selection
methods in each language depends on the accu-
racy of downstream tasks in the zero-shot setting.
Therefore, we evaluate each method by splitting
the target languages into “good’ and “poor” groups,
where the target languages achieve the median or
higher accuracy and lower than the median accu-
racy, respectively. We detail the languages of each
group and the datasets in Appendix B.
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100-shot 500-shot 1,000-shot

All Good Poor All Good Poor All Good Poor

Random 097 079 140 1.16 0.75 170 124 1.11 1.62

Entropy 1.02 0.79 153 1.17 085 1.64 141 1.17 1.87

XNLI KM 123 086 183 099 0.69 148 127 1.06 1.60
GE-KM 094 0.79 124 089 051 1.32 139 094 192
peculiarity 131 1.04 1.84 125 094 175 152 135 195

Random 299 261 297 390 286 432 347 233 4.09

Entropy 3.87 3.00 422 395 316 414 292 273 291

PAWS-X KM 3.69 3.01 397 378 288 404 396 3.11 4.16
GE-KM 383 285 424 366 295 379 3.67 320 3.72
peculiarity 4.01 345 428 423 345 452 418 345 4.36

Random 0.54 0.17 1.10 0.80 045 132 109 0.77 1.57

Entropy 096 045 172 0.68 043 1.05 1.15 0.87 1.57

MARC-2 KM 071 025 135 079 042 135 116 077 1.75
GE-KM 0.72 030 135 0.75 050 1.12 1.11 0.78 1.60
peculiarity 099 055 1.10 111 078 1.60 142 118 177

Table 2: Evaluation on few-label classification tasks. These scores are differences in accuracy between 0-shot and
each n-shot model, averaged across languages in each group. They are the average of three models. We indicate the

best improvement scores in bold.

5.2 Model and training

We use XLM-R Base” as the MMLM in all ex-
perimentss. Following Devlin et al. (2019); Pires
et al. (2019), we attach token-level and sentence-
level classifiers to the last layer of XLM-R to train
sequence-tagging and classification models, respec-
tively.

We use English as the source language and fine-
tune XLM-R with English dataset of each task. We
limit the sequence length to 128 subword tokens
and set the batch size as 32. For the sequence-
tagging tasks, we fix the number of training epochs
to 20 and the learning rate as 2 - 107°. For the
classification tasks, we set the training epochs to 3
and learning rate as 3 - 107°,

For few-shot cross-lingual transfer, we con-
duct additional fine-tuning with combined English
data and sampled target language examples. We
change the training epochs to 1 for the classification
tasks and use the same hyperparameters mentioned
above.

4https ://huggingface.co/x1m-roberta-base

’In the previous studies (Lauscher et al., 2020; Kumar
et al., 2022), mBERT Base cased and XLM-R Base were
used in the experiments, with XLLM-R achieving better cross-
lingual performances. In addition, they showed these MMLMs
performing with the same trend.

5.3 Candidate selection methods

We select n annotation candidates, and set n to
100, 500, and 1,000. We compare our method with
the methods (Random, Entorpy, GE-KM, and LE-
KM) used in Kumar et al. (2022)6 and an additional
method (KM).

Random. We select the candidates randomly.

Entropy. We select the candidates with the high-
est entropy. We average the entropy per each token
for the sequence-tagging tasks.

KM. We cluster BOS hidden states of the last
layer using k-means++ (k is the same number of
n) and select medoids, most typical candidates,
from each cluster following Chang et al. (2021);
Hacohen et al. (2022). We use scikit-learn’ for
performing k-means++.

GE-KM or LE-KM. We use the gradient embed-
dings (GEs) for the classification tasks and the loss
embeddings (LEs) for the sequence tagging tasks
instead of the hidden states and apply the same

6They also employed a method named Data Cross-Entropy
(DCE). However, their experiments showed DCE is not effec-
tive for few-shot cross-lingual transfer compared to the other
methods. Therefore, we exclude DCE in our experiments.

7https: //scikit-learn.org/stable/
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1,000-shot

All  Good Poor
Random 1.74 126 245
Entropy 0.88 1.00 0.70
MARC-5 KM 1.81 1.35 250
LE-KM 161 1.16 227
peculiarity 1.83 1.71  2.00
Random 1227 479 21.16
Entropy 1143 475 19.36
NER KM 12.39 488 21.35
LE-KM 12.38 4.86 21.30
peculiarity 11.84 511 20.22
Random 16.84 6.28 25.72
Entropy 16.30 5.88 25.16
POS KM 16.86 6.23 25.93
LE-KM 1694 624 2592
peculiarity 17.08 6.66 25.87

Table 3: Evaluation on many-label classification and
sequence-tagging tasks.

steps with KM®. We use Yuan et al. (2020)’s imple-
mentation for GE-KM and our re-implementation
for LE-KM.

Peculiarity (ours). We select the candidates with
the top-n peculiarity according to Equation 1. We
use Faiss (Johnson et al., 2019) library9 to search
the k-NN source language examples. We set 20 and
Euclidean distance as k and distance, respectively,
in all experiments.

6 Experimental Results

In this section, we confirm the effectiveness of
peculiarity. We first show that peculiarity isolates
the examples based on their accuracy in the zero-
shot cross-lingual transfer setting (Subsection 6.1),
and then demonstrate that the examples of high
peculiarity are useful for few-shot cross-lingual
transfer (Subsection 6.2).

6.1 Zero-shot transfer for peculiar examples

First, we examine whether peculiarity (Equation
1) can isolate the examples predicted correctly and
incorrectly in the zero-shot setting. We construct
two subsets by extracting 10% examples of bottom
and top peculiarity from each language’s valida-
tion data and measure their accuracy. We show the

*GE-KM and LE-KM correspond to the methods proposed
by Ash et al. (2020) and Kumar et al. (2022), respectively.

ghttps ://github.com/facebookresearch/faiss

1,000-shot

Good Poor
XNLI II)(el\c/’[uliarity 8(1)(9) 882
PAWS-X ]I)(el\c/[uliariZy 8 18 882
MARC-2 [Ifel\c/[uliarity 8 1461 883
MARGC-5 llfel\c/luliarity 8(1)2 8;(5)
NER Ilfel\c/luliarity 853 8(1)3
POS ]Ifel\c/luliarity 8?5 8 1(3)

Table 4: Token type ratio per each langauge group.

average accuracy of all languages for each subset
in Table 1 and more details about each language
in Appendix B. This table shows that the exam-
ples with high peculiarity cannot be predicted ac-
curately in the zero-shot setting. Specifically, the
average score is 85.1% in “Lowest”, but is 59.2%
in “Highest”. This result indicates that peculiarity
can extract the examples of low accuracy in the
zero-shot setting without their labels.

6.2 Enhancing few-shot transfer with high
peculiarity candidates

We conduct few-shot cross-lingual transfer using
candidates extracted by peculiarity. We show the
experimental results for few-label (2-3) classifica-
tion tasks (XNLI, PAWS-X, and MARC-2) in Table
2 and many-label (5) classification and sequence-
tagging tasks (MARC-5, NER, and POS) in Table
3", We report delta scores in accuracies between
0-shot and n-shot models following Kumar et al.
(2022). These scores are the average across lan-
guages in each group.

Table 2 shows that the methods proposed in the
previous studies enhance accuracy for each lan-
guage group but do not outperform random base-
line consistently. However, peculiarity consistently
achieves the highest scores regardless of the lan-
guage groups. Therefore, we conclude that pecu-
liarity is useful for selecting annotation candidates

“In Appendices B and C, we provide more detailed results
including statistical significance tests.
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Figure 3: Visualization of the source (English) and target (Finish or Arabic) examples. We indicate the source
language in yellow and the target language in light blue. We color the candidates extracted by peculiarity and KM

in blue and red, respectively.

All  Good Poor

Best 1.83 171 250

MARC-5 peculiarity-KM ~ 1.88 147  2.62
NER Best . 1239  5.11 21.35
peculiarity-KM  13.13 550 22.27

POS Best 17.08 6.66 25.93
peculiarity-KM  17.26  6.75  26.17

Table 5: Evaluation of peculiarity-KM under 1,000-
shot setting. The scores of Best for “good” and “poor”
groups are those of peculiarity and KM, respectively,
and are the highest scores in Table 3.

that could improve the performance for these few-
label classification tasks.

On the contrary, for MARC-5, NER, and POS
the best methods differ in each language group. In
the “good” group, peculiarity consistently achieves
the highest improvements in the all tasks and n-
shots. However, in the “poor” group, peculiarity
does not work as well as in the “good” and is worse
than random in some settings. In addition, the
scores show that the methods considering the diver-
sity of candidates (KM, GE-KM, and LE-KM) are
the best choice for the “poor” group11

7 Analysis

7.1 Redundancy of high peculiarity examples

As mentioned above, peculiarity outperforms the
other methods in the few-label classification tasks

""We confirm that GE-KM and LE-KM achieve the highest
scores in 500-shot settings. The results for 100- and 500-shot
experiments are in Appendix C.

(XNLI, PAWS-X, and MARC-2), but the KM-
based methods perform better in the “poor” group
for sequence-tagging and many-label classification
tasks (NER, POS, and MARC-5). The KM-based
methods select candidates by considering their di-
versity, but peculiarity does not.

Therefore, we assume that peculiarity selects
more redundant candidates than KM-based meth-
ods. To confirm our assumption, we measure the
token type ratio (TTR) of the candidates extracted
by KM and peculiarity. Table 4 shows the results
and that the TTRs of KM and peculiarity are al-
most the same in the few-label classification tasks.
By contrast, the TTRs of peculiarity are lower than
that of KM in the sequence-tagging and many-label
classification tasks, which means that peculiarity
selects redundant candidates in these tasks. Intu-
itively, training a model with only similar exam-
ples harms generalization performance because the
model is optimized only for limited data. We con-
sider that the redundancy is one of the causes of
peculiarity not working well across languages.

Then, we verify why peculiarity works well in
the “good” group but not the “poor” group. To do
this, we chose an NER task and Finish and Arabic
from the “good” and “poor” groups, respectively,
and visualize the hidden states of the candidates
extracted by KM and peculiarity (n = 1,000). We
compress the hidden states to two dimensions us-
ing UMAP (Mclnnes et al., 2018) and show the
results in Figure 3. This figure shows that peculiar-
ity selects local candidates compared to KM in the
both languages. For Finnish, these candidates are
enough to cover the Finish examples that are not
covered by English (source language). However,
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Figure 4: Overlap rates of candidates extracted by pecu-
liarity measured at each k.

for Arabic, the candidates selected by peculiarity
cannot complement all of the Arabic examples be-
cause almost all of the examples are not covered
by English examples. Several studies (Yuan et al.,
2020; Hacohen et al., 2022) have suggested that
training a model with representative and diverse ex-
amples, in other words, examples that approximate
the entire data pool, is beneficial to enhance the
model’s performance when the training examples
are limited. In the case of few-shot cross-lingual
transfer, we should fine-tune M® using source and
target language examples that approximate an unla-
beled data pool in the target language X . Figure
3 indicates that peculiarity selects ideal candidates
in Finish, but not in Arabic. Therefore, it is recom-
mended to select examples by considering diversity
for the “poor” group, such as Arabic.

Motivated by the previous analyses, we design a
new candidate selection method that considers pe-
culiarity and diversity of candidates. Specifically,
first, we extract 50% of candidates X% C X7 using
peculiarity. Then, we select candidates X'T C X%
by adapting KM to X 3'1 We denote this method as
peculiarity-KM and provide evaluation results on
NER, POS, and MARC-5 tasks in Table 5. Pecu-
liarity-KM achieves the highest scores in the both
“good” and “poor” groups for the NER and POS
tasks, which means that we can mitigate the weak-
ness of peculiarity by considering the diversity.
However, the scores drop 0.24 points compared
to peculiarity in the “good” group of MARC-5.
Therefore, there are still challenges to address in
the candidate selection method that can efficiently
enhance few-shot cross-lingual performance across
languages and tasks.
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Figure 5: Accuracy of the models fine-tuned by the
examples selected by peculiarity measured by each k.

7.2 Robustness of peculiarity

Peculiarity (Equation 1) has two hyperparameters
k and distance. Finally, we analyze the robustness
of the hyperparameters of peculiarity.

We measure peculiarity using various k (1, 5, 10,
20, 40, 80, and 160) and extract 1,000 candidates
based on each peculiarity. Figure 4 shows overlap
rates between each subset of extracted candidates
in MARC-2 and NER tasks averaged across all lan-
guages. We indicate the overlap rates for the other
tasks in Appendix C. The overlap rates gradually
decrease as the k value changes. However, even
the lowest overlap rates (between 1 and 160) are
0.72 and 0.74 in MARC-2 and NER, respectively.
Therefore, this figure reveals that peculiarity se-
lects almost same examples regardless of k. We
also conduct few-shot cross-lingual transfer with
these candidates. In this experiment, we chose Ger-
man (De) and Chinese (Zh) from the “good” and
“poor” groups and use MARC-2 and NER tasks.
Figure 5 shows the evaluation results. The figure
demonstrates that the accuracy are almost consis-
tent between each k value. This result reveals that
peculiarity can lead to robust performance regard-
less of k.

In previous experiments, we adopted Euclidean
distance as distance; however, Cosine distance is
another option. We extract 1,000 candidates based
on Euclidean and Cosine distances and measure
the overlap rates between each subset of extracted
candidates. The overlap rates averaged across all
languages are 0.93, 0.99, 0.98, 0.97, 0.96, and 0.93
in XNLI, PAWS-X, MARC-2, MARC-5, NER, and
POS tasks, respectively. This indicates that pecu-
liarity extract consistent candidates regardless of
distance metric.
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8 Conclusion

In this study, we proposed a simple metric called pe-
culiarity, which measures whether source language
examples exist in the neighborhood of target lan-
guage examples. We showed that high peculiarity
examples are not predicted correctly in the zero-
shot setting and demonstrated that these examples
can enhance accuracy for few-shot cross-lingual
transfer regardless of language groups.

In addition, we showed that peculiarity-KM, the
candidate selection method that considers pecu-
liarity and diversity, further boosts few-shot cross-
lingual transfer performance compared to peculiar-
ity or KM alone. However, there are some config-
urations in which peculiarity-KM does not work
well, such as the “good” group in MARC-5. There-
fore, we would like to attempt to analyze the causes
of this result and develop a new candidate selection
method that enhances the few-shot cross-lingual
performance across languages and tasks.

Limitations

Although we demonstrated that the proposed metric
peculiarity is useful for selecting candidates for
few-shot cross-lingual transfer, our current work
has the following limitations.

Lack of evaluations to argue the usefulness of
peculiarity. We demonstrated that peculiarity se-
lects candidates to efficiently enhance few-shot
cross-lingual performance in several tasks and lan-
guages. In addition, peculiarity is robust for hy-
perparameter k. However, further verification is
required to evaluate the usefulness of peculiarity.

In this study, we only used XLM-R as the
MMLM in the experiments, because previous
works (Lauscher et al., 2020; Kumar et al., 2022)
have demonstrated that mBERT and XLM-R show
the same trend and XLM-R achieves better zero-
shot and few-shot cross-lingual performance. How-
ever, it is not obvious that peculiarity will work
well in mBERT. In addition, recently, Lin et al.
(2022) proposed XGLM, a pre-trained multilingual
causal language model, that demonstrates strong
multilingual capabilities. We would like to experi-
ment using these pre-trained multilingual models
to show the usefulness of peculiarity regardless of
models.

We fine-tuned the MMLM using a standard train-
ing objective, predicting true labels or tags for in-
puts. On the contrary, Zhao and Schiitze (2021)

revealed that fine-tuning in a prompting format
encourages better zero-shot and few-shot cross-
lingual transfer than the standard fine-tuning. It
is worthwhile to examine few-shot cross-lingual
transfer performance when fine-tuning the MMLM
with high peculiarity examples in a prompting for-
mat because it may be possible to achieve higher
accuracy in the target languages with a smaller
amount of examples.

We experimented using English as the source
language. However, if possible, it is better to use
a language that is linguistically close to the target
language as the source language (Pires et al., 2019;
Lauscher et al., 2020; Chai et al., 2022). In our ex-
periments, we did not show that peculiarity works
well regardless of source languages. Therefore,
verifying this aspect is also a remaining challenge.

Definition of annotation cost. In this study, we
defined annotation cost in terms of the number of
candidates following previous studies (Pires et al.,
2019; Lauscher et al., 2020; Chai et al., 2022).
However, a small number of candidates does not
necessarily mean less work for annotators. If a
candidate (sentence) length is long or hard, it is
considered to take longer to understand. On the
other hand, if the candidate length is short or easy,
annotation time per candidate will be shorter, and
the annotators can annotate more candidates in the
same time. Therefore, we should evaluate candi-
date selection methods based on total time required
for annotation.

In addition, aligning the cross-lingual represen-
tations between source and target languages using
bilingual data is one approach to enhance accu-
racy for the target languages (Lample and Con-
neau, 2019; Cao et al., 2020; Chi et al., 2021; Dou
and Neubig, 2021; Yang et al., 2021). To align
the representations, we should create bilingual data
through a human or automatic translator. Verifi-
cation whether labeling or translating is less labor
intensive and further boosting performance is one
of the future goals.

Developing a better peculiarity-based candidate
selection method. In this study, we used the
BOS hidden states to measure peculiarity; in other
words, it measures example-level peculiarity. In
classification tasks, using example-level peculiar-
ity to select candidates is intuitive because we pre-
dict labels based on the BOS hidden states. On
the other hand, in the sequence-tagging tasks, we
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predict token tags based on hidden states of each to-
ken. In addition, we consider that it is necessary to
fine-tune M® with peculiar tokens, tokens that are
not covered by the source language, to ensure that
the model predicts tags of these tokens correctly.
Therefore, we will attempt to select candidates that
contain peculiar tokens by using token-level pecu-
liarity and conduct few-shot cross-lingual transfer
in the sequence-tagging tasks.

We observed that peculiarity selects more redun-
dant candidates compared to the KM-based meth-
ods and argued that this aspect is the reason that
peculiarity does not work in the “poor” group. We
consider the possibility of other reasons for this be-
havior. Several studies (Swayamdipta et al., 2020;
Sorscher et al., 2022; Hacohen et al., 2022) have
suggested that if only a small amount of examples
can be used for training, it is important to use not
only hard (atypical) examples but also some easy
(typical) examples for training in order to improve
model performance. In terms of few-shot cross-
lingual transfer using peculiarity, we should fine-
tune M® with the both highest and lowest peculiar-
ity examples. In addition, using typical examples
selected by KM instead of the lowest peculiarity
examples is one of the approaches. For future work,
we would like to verify the effectiveness of these
methods for few-shot cross-lingual transfer.

Ethics Statement

Impact of our work. Thanks to the efforts of var-
ious researchers, pre-trained models have been pro-
posed that can solve NLP tasks with high accuracy.
However, labeled data is essential for fine-tuning
these models, and few languages have abundant
language resources like English. In addition, con-
struction of labeled data is not easy. Therefore, at-
tempts to train high-quality models with little effort,
as in our study, are very important for low-resource
languages. Although our method and study have
the limitations mentioned above, our experiments
provided useful insights into selecting annotation
candidates for few-shot cross-lingual transfer. In
addition, we will publish the code used in our ex-
periments, which will facilitate the reproduction of
our experiments and contribute to further research.

Potential risks for bias. In recent years, bias in
data has become an issue. Training a model on
such data can lead to unwarranted predictions or
generate negative sentences for a particular per-
son or group. When the training data is small and

contains biases, such problems may be more pro-
nounced because the model is optimized only for
the provided data. In this study, we did not take
into account this issue, and our proposed method is
not designed to select bias-less candidates. There-
fore, when using the proposed method, sufficient
attention should be paid to the problem of bias.
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WikiANN UD
train dev test train dev test

En 23234 11,624 11,594 359,550 56,194 76,817
Ar 20912 10,460 10438 553,404 73,707 96,888
Bg 23422 11,628 11,670 143,528 18,615 18,095
De 24834 12,398 12,430 3,459,957 379,232 437,084
El 23,658 11,827 11,837 48,402 12,086 12,106
Es 21,153 10,548 10,565 844,454 91,608 91,776
Eu 12,126 12,144 11,966 69,285 22,793 23,095
Fi 22968 11,421 11,472 309,406 36,006 77,710
He 22931 11,468 11,414 141,995 11,716 12,625
Hi 5,279 1,067 1,060 592,684 74,192 107,210
It 22,732 11,266 11,361 - - -

Ja 53242 26,551 26988 221,320 15,982 74,428
Ko 22,444 11,185 11,241 146,605 15,297 41,244
Ru 21,904 10,934 10,942 1,293,061 181,397 203,482
Sv 25,156 12,523 12,643 149,979 34,271 70,270
Th 103,972 50,880 52,213 - - -
Tr 21,926 11,095 11,046 143,180 22,997 55,59
Ur 20,148 1,001 1,003 231,161 31,000 31,667
Vi 20,704 10,321 10,371 - - -
Zh 40,354 20,470 19,983 31,667 17,780 54,261

Table 6: Example numbers for each datasets.

A Experimental Settings

We experiment with WikiANN'%, UD"?, XNLI",
PAWS-X", and MARC (MARC-2 and MARC-
5)16 datasets. Example numbers of train, dev,
and test data are the same across all languages
in the XNLI (392,702, 2,418, and 5,010), PAWS-
X (49,401, 2,000, and 2,000), MARC-2 (160,000,
4,000, and 4,000), and MARC-5 (200,000, 5,000,
and 5,000) datasets. We show example numbers
for the other datasets in Table 6.

B Zero-shot Cross-lingual Transfer

We show the accuracy of the test and validation
datasets for each target language in zero-shot cross-
lingual transfer in Tables 7, 8, 9, 10, and 11. Low
and High are subsets of extracted 10% examples of
the lowest and highest peculiarity from the valida-
tion dataset. These scores are the average accuracy
of three models. The accuracies of High are obvi-
ously lower than others in all languages and tasks.
Therefore, these tables indicate that peculiarity can
isolate the languages depending on their zero-shot
cross-lingual performance. We also indicate the
median (Mdn.) and macro-average (Avg.) scores

12https ://huggingface.co/datasets/wikiann

13https://huggingface.co/datasets/universal_
dependencies

14https ://github.com/facebookresearch/XNLI
15https ://huggingface.co/datasets/paws-x

16https ://huggingface.co/datasets/amazon_
reviews_multi

(excluding the English score). We underline the
scores higher than the median score in the valida-
tion dataset, and we use those languages as “good”
group and the others as “poor” group.

C Few-shot Cross-lingual Transfer

We show the accuracy of the test datasets for each
target language in few-shot cross-lingual transfer in
Tables 12, 13, 14, 15, and 16. We perform pairwise
t-Test to measure statistical significance. The T (or
1) indicates the statistical significance (p < 0.1)17
between peculiarity (or peculiarity-KM) and the
underlined method that achieves the highest aver-
age score except for the peculiarity-based methods.
In addition, the x indicates the statistical signifi-
cance between peculiarity and peculiarity-KM.

In PAWS-X, MARC-2, and MARC-5 (Tables 15
and 16) tasks, the peculiarity-based methods con-
sistently achieves the highest accuracy. In NER,
POS, and XNLI tasks (Tables 12, 13, and 14), the
peculiarity-based methods bring the best perfor-
mances in almost all languages. We also show
differences in accuracy between 0-shot and each n-
shot model averaged across all languages in Table
17.

Finally, we show overlap rates of examples ex-
tracted by peculiarity measured at each k£ and ob-
serve that they are higher than 0.70. Therefore,
peculiarity is robust for hyperparameter k.

"We set p value following Kumar et al. (2022).
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En Ar Bg De El Es  Eu Fi Fr He Hi It Ja Ko Ru Sv Th Tr Ur Vi Zh Mdn. Avg.
Test 917 67.5 892 885 875 834 79.8 888 843 758 756 882 689 746 808 892 212 839 60.1 835 69.0 821 769
Valid 921 673 89.5 887 87.2 83.5 798 885 853 754 751 885 678 75.1 813 888 21.5 83.7 618 830 688 821 769
Low - 937 967 978 956 981 968 979 980 90.1 960 986 769 857 937 981 256 99.1 956 98.1 744 963 89.3
High - 370 575 621 628 49.5 653 641 567 359 538 554 366 439 530 669 253 541 513 422 328 534 503
Table 7: Zero-shot cross-lingual transfer performance on NER.
En Ar Bg De El Es  Eu Fi He Hi Ja Ko Ru Sv Tr Ur Zh Mdn Avg
Test 96.0 679 913 89.0 86.7 89.7 729 883 569 781 438 612 916 939 738 658 575 759 752
Valid 965 562 91.1 87.7 867 89.5 728 864 582 79.0 458 59.0 91.5 947 730 647 572 760 744
Low - 657 91.7 930 875 920 769 89.7 69.8 81.7 53.1 649 933 956 784 702 61.6 800 79.0
High - 505 88.8 822 829 793 68.1 738 479 793 462 540 832 920 628 674 56.0 709 695
Table 8: Zero-shot cross-lingual transfer performance on POS tagging.
En Ar Bg De El Es Fr Hi Ru  Sw Th Tr Ur Vi Zh Mdn. Avg.
Test 83.0 695 76.6 747 744 775 770 683 751 626 704 713 641 73.6 755 744 724
Valid 824 692 744 745 735 768 755 68.0 742 625 69.7 710 635 73.1 762 735 718
Low - 739 760 787 748 847 864 744 773 642 652 725 457 698 864 748 T35
High - 625 744 744 729 774 744 508 765 46.1 59.6 539 379 660 744 729 64.7
Table 9: Zero-shot cross-lingual transfer performance on XNLI.
En  De Es Fr Ja Ko Zh Mdn. Avg.
Test 929 85.6 862 862 74.6 715 777 81.6 803
Valid 92.6 838 865 876 751 765 792 815 8l4
Low - 994 998 994 999 99.0 999 99.6 99.6
High - 698 71.7 685 658 654 609 671 670
Table 10: Zero-shot cross-lingual transfer performance on PAWS-X.
En  De Es Fr Ja Zh Mdn. Avg.
Test 940 929 920 91.8 89.1 851 91.8 90.2
Valid . 1.7 1. 1. . 1 1. .
MARC.y  Yali 935 9 915 915 895 85 915 899
Low - 99.9 100.0 100.0 995 977 999 994
High - 526 550 529 535 524 529 532
Test 602 59.8 550 549 528 49.6 549 544
MARC-5 Valid 595 59.0 544 542 53.8 48.6 542 542
Low - 668 749 694 642 777 694 70.6
High - 546 572 559 434 433 546 5038

Table 11: Zero-shot cross-lingual transfer performance on MARC.
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Good Poor
Bg De El Es Fi Fr It Sv Tr Vi Ar Eu He Hi Ja Ko Ru Th Ur Zh
Random 905 900 90.0 893 903 892 902 918 907 869 846" 920 826 845 813" 825% 873 735 870 838
Entropy 90.2 89.9 89.8 89.7 90.7 88.6 90.3 90.1 89.8 86.7 83.8 87.5 82.1 84.3 78.1 80.7 87.2 63.5 87.3 78.1
100-shot KM 907 903 896 899" 91 885 904 919 909 869" 836 918 831" 8687 803 812 873 736 889 836
LE-KM 89.2 89.5 89.6 89.0 90.6 87.8 89.9 922 MT* 85.2 83.2 91.6 81.9 83.2 80.8 81.0 86.8 744 88.8 81.6
peculiarity 915" 908" 898 895 91.6' 895 907" 921 903 8.5 833 879 823 846 801 802 880 747 873 802
peculiarity- KM 912%  91.3"* 899 923 915 890 905 933" 899  87.1'* 837" 928 823 845 808" 81.1* 885 753" 8977 840
Random 92.1 915 90.5 M‘ 924  89.8 91.1 94.2 92.3 87.6 86.9 92.8 83.3 86.2 89.0 80.1 90.1 85.4
Entropy 92.0 91.3 90.6 88.1 925 899 91.6 92.6 91.8 88.2 85.7 88.1 80.3 85.0 88.1 713 90.6 70.7
s00-shot KM 913 915 918 897 918 900 910 941 921 885 8.6 895 823 853 895 831" 910 864
LE-KM 90.6 915 904 904 922 893 917 943 924 881 868 934 838" 865 870 816 913" 853
peculiarity 924 916 91.6 90.3 926 903 924 94.3 92.6 889" 87.3 93.0 82.3 85.1 89.6 80.9 89.6 81.6
peculiarity- KM 922 919" 917 942" 924 899 922" 951" 933" 900" 875 9507 840" 850 894 839 912" 872"
Random 92.6 91.9 91.6 M‘L 926 89.6 91.7 95.0 93.3 89.0 875 94.2 87.3 87.6 @f 86.5 90.0 84.0 91.7 87.2
Entropy 918 923 920 901 932 900 916 952 926 894 857 932 867 888 820 864 896 799 912 810
1.000-shot KM 928 919 909 910 924 899 923 953 939 898 8907 945 871 872 848 873" 904 833 9227 866
: LE-KM 934" 918 919 911 930 900 917 951 934 885 884 941 878° 867 845 864 896 8547 906 882
peculiarity 92.8* 921 924 903 933 90.6™° 929" 954 93.6 89.8 86.5 90.3 86.4 89.2° 83.8 85.4 90.3 83.3 90.8 824
peculiarity-KM 922 924" 920 945" 932 901 920 961" 937 911" 884* 946" 87.9° 898" 851" 885" 9L1™ 844" 928 889"
Table 12: Few-shot cross-lingual transfer on NER.
Good Poor
Bg De El Es Fi Hi Ru Sv Ar Eu He Ja Ko Tr Ur Zh
Random 947 908 942 936 890 87.6 928 945 879 8747 944 883 7537 820 889 8638
Entropy 929 896 929 923 880 874 924 947 871 852 936 848 685 813 886 870
100shot KM 945 915 937 935 899 884 942 950 872 855 941 865 726 817 889 874
’ LE-KM 952 918 937 938 900 886 940 843 875 856 950° 883 743 827% 891 871
peculiarity 96.0" 91.7 943 942" 905" 887 942 951 877 867 949* 884 746 818 909" 875
peculiarity- KM 950 922" 948" 940 902 89.1"" 946 950 877 865 945 883 748 823" 903" 886"
Random 99.1 940 959 949 90.1 89.6 948 958 873 90.0 964 90.5° 770 854 912 903
Entropy 99.1 914 954 942 896 893 948 960  88.1 89.1 959 899 761 851  90.8  90.6
so0shot KM 9.1 944 9.1 953 904 898 956 961 877 910 961 898 780 839 914 907
’ LE-KM 972 947 959 950 90.7° 89.9° 951 960 879 9187 964 901 7937 858 922 9Ll
peculiarity 992 945 962 959 90.8* 895 95.3 964" 884 899 964 90.6° 764 855 922 904
peculiarity- KM 99.2 948 962 956 902 89.9" 959" 962 882 912* 964 900 782" 863 920 915"
Random 99.1 946 965 954 904 904 955 967 882 923 966 909 803 864 928 917
Entropy 992 922 964 945 901 909 958 966 879 926 964 903 780 864 917 907
L000shot KM 992 943 962 953 908 907 957 963 884 924 966 90.6 80.5° 87.6 926 904
R LE-KM 983 944 965 954 910 908 955 966 885 926 967 906 804 876 925 9IS
peculiarity 992 949 967  96.0° 915" 910 958 97.1™ 885 927 967 915 798 877 928 904
peculiarity- KM 99.2 952 965 962" 915" 919" 963" 968 834 93.0° 969 913" 80.8° 881" 932 9227
Table 13: Few-shot cross-lingual transfer performance on POS tagging.
Good Poor
Bg De El Es Fr Ru Zh  Ar Hi Sw Th Tr Ur Vi
Random 78.1 761 756 784 78.1 763" 737 722 692 614 719 724 667 750
Entropy 779 759 760 787 779 760 739 725 69.1 633 719 721 665 747
100-shot KM 786 760 759 788 779 761 7134 724" 690 636 717 7277 619" 750
GE-KM 779 760 759 788 779 756 741 71.5 694 605 72.1 723 66.5 749
peculiarity 78.6 761 762 789 783" 757 741 72.6° 699" 640" 725 724 669 751
Random 779 76.1 754 78.6 781 760 732 71.6 692 64.1 725 720 66.0 752
Entropy 78.0 76.6 759 785 783 754 740 71.7 69.1 633 726 723 664 5.1
500-shot KM 779 712" 751 786 780 753 734 717 69.6 634 718 71.8 660 75.0
GE-KM 778 76.1 754 785 779 754 733 70.6 695 621 722 724 662 749
peculiarity 782 769 756 787 784 757 739 719 699" 646" 725 723 667 754
Random 783 765 759 788 782 755 747 725 699 650 728 722 625 755
Entropy 780 772 756 79.1 784  76.1 746 722 695 626 732 727 642 753
1,000-shot KM 782 772 760 79.1 780 756 745 715 69.1 645 730 721 648 749
GE-KM 782 763 755 790 780 755 742 716 69.6 638 722 730" 666 752
peculiarity 785 713 759 794’ 788" 762 749 729" 702" 652 732 727 67127 756
Table 14: Few-shot cross-lingual transfer performance on XNLI.
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Good Poor

De Es Fr Ja Ko Zh

Random 874 8.3 891 773 765 788
Entropy 879 893 898 770 772 822
100-shot KM 88.1 8.0 8.9 773 768 81.6
GE-KM 877 890 8.8 773 773 818

peculiarity 88.8° 894 903" 773 774 827

Random 876 8.4 895 774 781 80.8
Entropy 8777 898 899 770 782 812
500-shot KM 874 8.5 896 770 780 809
GE-KM 875 8.6 897 155 777 819

peculiarity 8847 90.0" 90.1 77.8" 789" 81.9

Random  87.5 884 89.1 770 77.6 815
Entropy 879 89.0 892 752 757 815
1,000-shot KM 87.6 89.9 89.8 76.6 777 8L7
GE-KM 880 899 897 757 780 8I.1

peculiarity 887" 90.0 903" 774" 779 817

Table 15: Few-shot cross-lingual transfer performance on PAWS-X.
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Good Poor

De Es Fr Ja Zh
Random 93.0 920 923 902  86.1
Entropy 93.1 926 923 910 860
100-shot KM 932 925 919 906 864
GE-KM 932 922 923 904 864
peculiarity 93.2 92.6 925 91.0 86.6
Random 929 924 924 905 862
Entropy 93.1 925 926 91.0 862
MARC-2 500.6hot KM 93.1 926 923 906 863
GE-KM 932 924 928 899  86.4
peculiarity 934" 930" 929 913" 864
Random 937 926 928 90.7  86.6
Entropy 935 92.0 926 906 86.7
1,000-shot KM 939 929 924 90.8  86.8
GE-KM 935 930 927 90.8  86.1
peculiarity 94.1" 932 934" 912" 869
Random 60.3 553 552 538 50.5
Entropy 60.2 55.6 549  52.7 49.0
100-shot KM 60.0 557 554 540  50.1
GE-KM 602 557 551 537  50.6'
peculiarity 60.6 * 562" 557" 543" 499
peculiarity- KM 60.1  56.1° 555 542 507
Random 60.6 558 553 5500 514
Entropy 60.5 557 557 524 500
MARC-S  500-shot kM 608" 563 559 544 513
GE-KM 60.8° 563 555 545 517
peculiarity 611" 56.5 559 543 51.0
peculiarity- KM 60.1 564 560 56.6°° 517"
Random 609 564 559 554 519
Entropy 60.8 560 558 531  50.7
1,000-shot KM 612 565 560 556 @ 518
GE-KM 610 562 560 551  5L9'
peculiarity 61.6* 569" 565 551 514
peculiarity-KM 600 562  56.6° 55.8° 51.9*

Table 16: Few-shot cross-lingual transfer performance on MARC.
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100-shot 500-shot 1,000-shot

All Good Poor All  Good Poor All  Good Poor

Random 932 293 1681 1142 4.19 2007 1227 479 21.16

Entropy 791 2,67 1433 963 383 1686 1143 475 19.36

NER KM 942 3.06 1691 11.57 4.11 2046 1239 4.88 21.35
LE-KM 8.82 253 16.17 11.19 399 19.76 1238 486 21.30
peculiarity 8.87 323 1583 1091 456 18.81 11.84 511 20.22
peculiarity-KM  9.88 3.76 17.00 12.19 5.09 20.54 13.13 5.50 22.27

Random 1373  3.57 2230 1596 576 2453 1684 6.28 25.72

Entropy 1236 270 20.62 1544 515 24.11 1630 588 25.16

POS KM 1346 405 2160 16.02 6.03 24.60 1686 623 2593
LE-KM 13.89 4.15 2225 1628 571 2523 1694 624 2592
peculiarity 1420 436 2255 16.13 6.51 2459 17.08 6.66 2587
peculiarity-KM  14.26 447 22.68 1635 6.01 2502 17.26 6.75 26.17

Random 097 0.79 140 1.16 0.75 1.70 124 1.11 1.62

Entropy 1.02  0.79 1.53 1.17  0.85 1.64 141 1.17 1.87

XNLI KM 1.23 086 1.83 099 069 148 127 106 1.60
GE-KM 094 079 124 0.89 051 132 139 094 192
peculiarity 131 1.04 184 125 094 175 152 135 195

Random 299 261 297 390 286 432 347 233 4.09

Entropy 387 300 422 395 316 414 292 273 291

PAWS-X KM 369 3.01 397 378 288 404 396 311 416
GE-KM 383 285 424 366 295 379 367 320 3.72
peculiarity 401 345 428 423 345 452 418 345 436

Random 054 017 1.10 0.80 045 .32 1.09 0.77 1.57

Entropy 096 045 172 068 043 1.05 1.15 0.87 1.57

MARC-2 KM 0.71  0.25 1.35 079 042 1.35 1.16  0.77 1.75
GE-KM 072 030 135 075 050 1.12 1.11 0.78 1.60
peculiarity 099 055 1.10 111 078 160 142 118 1.77

Random 059 036 092 120 065 202 174 126 245

Entropy 0.07 035 -035 045 076 -002 0.88 1.00 0.70

MARC-5 KM 0.63 048 095 0.63 1.10  1.65 1.81 1.35 2.0
GE-KM 0.66 046 085 136 096 195 1.61 1.16  2.27
peculiarity 075 091 050 1.21 123 1.17 183 171 2.00
peculiarity-KM 092 0.71 122 133 110 167 188 147 2.62

Table 17: Differences in accuracy between 0-shot and each n-shot model.
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Figure 6: Overlap rates of the examples extracted by peculiarity measured at each k. They are averaged across all
languages.
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