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Transformer-based language models (LMs) offer
superior performance in a wide range of NLP tasks
compared to previous paradigms. However, the
vast majority of the world’s languages do not have
adequate training data available for monolingual
LMs (Joshi et al., 2020). Multilingual LMs like
mBERT (Devlin et al., 2019) and XLM-RoBERTa
(Conneau et al., 2020) offer a solution to this state
of affairs, and their joint pretraining on data taken
from a large set of languages results in surprisingly
robust cross-lingual representations (Pires et al.,
2019; Wu and Dredze, 2019, 2020). This lends
them the ability to also carry out zero-shot transfer,
solving tasks in a target language without language-
specific supervision (Wu and Dredze, 2019; Üstün
et al., 2020, 2022).

However, multilingual LMs may struggle when
it comes to adapting to additional languages (Con-
neau et al., 2020; Pfeiffer et al., 2020; de Vries
et al., 2021). This is especially true if these lan-
guages are resource-poor (Wu and Dredze, 2020;
Rust et al., 2021; Pfeiffer et al., 2020, 2021), or
have typological characteristics unseen by the LM
during its pretraining (Üstün et al., 2020, 2022).
The performance of multilingual LMs might suffer
even on resource-rich languages due to the lack of
model capacity to adequately incorporate language-
specific parameters and vocabulary (Conneau et al.,
2020; Pfeiffer et al., 2020; Üstün et al., 2020,
2022), although some success has been achieved
with model adaptation techniques that add extra
language-specific parameters to multilingual LMs
(Houlsby et al., 2019; Pfeiffer et al., 2020; Üstün
et al., 2020, 2022).

Beyond standard training methods for multilin-
gual LMs, monolingual model adaptation tech-
niques may help to overcome the relatively low
adaptability for resource-pour languages (de Vries
et al., 2021), by adapting monolingual LMs to
closely related target languages. Ács et al. (2021)
do not find that language-relatedness is a significant

Figure 1: Gradual adaptation proceeds from the source
language to the target language through an intermediate
language in order to maximise cross-lingual transfer to
the benefit of the target language.

indicator in determining whether transfer would
work best for various Uralic languages using vari-
ous monolingual and multilingual LMs. In contrast,
de Vries et al. (2021) observe a positive correlation
between the typological similarity of the LM and
target languages and the success of transfer when
looking at Gronings and West Frisian. While these
studies reach conflicting conclusions, it is possi-
ble that differences in specific model adaptation
techniques may explain the discrepancies in their
findings; the former study fine-tunes LM weights
using training data from target languages, while the
latter retrains the lexical layer while freezing all
LM weights.

In this paper, we build upon previous work on
monolingual model adaptation, extending it in a
new, flexible, typologically-informed framework
of gradual model adaptation. Instead of directly
adapting a monolingual LM to a target language,
we propose that adaptation should take place in
multiple stages (see Figure 1), based on the insight
that cross-lingual transfer is enhanced by typologi-
cal similarity (Pires et al., 2019; Üstün et al., 2020,
2022; de Vries et al., 2021). We hypothesise that
by ensuring high typological similarity between the
languages involved throughout the gradual adapta-
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tion process, we can facilitate this transfer. Gradual
model adaptation is also informed by principles of
curriculum learning, which aims to find an ideal
ordering of training instances in order to enhance
LM learning (Bengio et al., 2009). In this case, the
instances are in fact languages, while the ordering
is based on typological similarity.

The explicit consideration of typology sets our
work apart from a majority of model adaptation
approaches that either do not consider the individ-
ual properties of languages (Pfeiffer et al., 2020,
2021; Artetxe et al., 2020; Rust et al., 2021; Bapna
and Firat, 2019), or consider solely their genealog-
ical relations (Wu and Dredze, 2020; Ács et al.,
2021; Faisal and Anastasopoulos, 2022). When it
comes to typologically informed approaches such
as Üstün et al. (2020, 2022), they typically use
features extracted from hand-crafted typological
resources such as WALS WALS (Dryer and Haspel-
math, 2013) and URIEL (Littell et al., 2017).

However, such hand-crafted typological re-
sources are typically quite coarse-grained, and fail
to represent the in-language variation in terms of
features such as word order (Ponti et al., 2019).
German, for instance, has verb-second word or-
der except for in subordinate clauses, while Hun-
garian subjects may precede or follow their verbs
depending on topicalization. While de Vries
et al. (2021) quantifies language similarity using a
lexical-phonetic measure, we opt for using struc-
tural vectors derived from counts of dependency
links (Bjerva et al., 2019). These provide a fine-
grained and data-driven measure of typology, and
we derive them from Universal Dependencies 2.11
(UD; Zeman et al., 2022).

We select our candidate languages from the Ger-
manic subset of UD, and measure pairwise cosine
similarity values between the structural vectors
of these languages (see Figure 2). We evaluate
the performance of BERT models such as English
BERT (Devlin et al., 2019), German BERT (Chan
et al., 2020), Norwegian BERT (Kummervold et al.,
2021), Danish BERT (Hvingelby et al., 2020) and
Dutch BERTje (de Vries et al., 2019) on language
modelling and POS-tagging. We use data from UD
to fine-tune LM weights on the target task, using
two languages distinct from the model language
m: besides target language t, we also use data
for an intermediate language i. Language i is se-
lected such that, in terms of cosine similarity of its
structural vector with the structural vectors of m
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Figure 2: Pairwise cosine similarities between the struc-
tural vectors of Germanic languages in UD. The struc-
tural vectors compared derive from counts of depen-
dency links following Bjerva et al. (2019).

and t, it is as close to equidistant as possible from
both. For example, if m is German (de) and t is
Norwegian (no; cosine similarity of .73), i might
be Icelandic (is; cosine similarity from German
.80 and from Norwegian 0.90) (see Figure 2). We
found the POS-tagging is close to a performance
ceiling even when fine-tuning our models on small
amounts of training data in language t. Typically
only 500 sentences are enough to reach F1-scores
of 0.85-0.95 depending on the languages involved.
This is why we aim to also evaluate our approach
on dependency parsing. Moreover, we are expand-
ing to the technique of retraining the lexical layer
as an alternative of fine-tuning LM weights.

Our main contribution is the introduction of grad-
ual model adaptation, a monolingual mdodel adap-
tation framework that is capable of incorporating
various measurements of typological similarity in
designing intermediate model adaptation steps. By
encouraging cross-lingual transfer, this approach
may lead to improved performance of LMs on
resource-poor languages. Additionally, the frame-
work of gradual model adaptation might also allow
us to assess the correlation between various – typo-
logical and non-typological – language similarity
measures, as well as the efficacy of cross-lingual
transfer.
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tinen, Hüner Kaşıkara, Andre Kaasen, Nadezhda
Kabaeva, Sylvain Kahane, Hiroshi Kanayama, Jenna
Kanerva, Neslihan Kara, Ritván Karahóǧa, Boris
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Lenci, Saran Lertpradit, Herman Leung, Maria Lev-
ina, Cheuk Ying Li, Josie Li, Keying Li, Yixuan
Li, Yuan Li, KyungTae Lim, Bruna Lima Padovani,
Krister Lindén, Nikola Ljubešić, Olga Loginova, Ste-
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duc, David Mareček, Katrin Marheinecke, Stella
Markantonatou, Héctor Martínez Alonso, Lorena
Martín Rodríguez, André Martins, Jan Mašek, Hi-
roshi Matsuda, Yuji Matsumoto, Alessandro Mazzei,
Ryan McDonald, Sarah McGuinness, Gustavo Men-
donça, Tatiana Merzhevich, Niko Miekka, Karina
Mischenkova, Margarita Misirpashayeva, Anna Mis-
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