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• Postdoc – now: at ITU, investigating:

o Robustness in NLP
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o Multi-task learning

• Danish:
o Multi-domain normalization, 
o Multi-domain NER
o POS tagging of TikTok data
o Dependency parsing of TikTok data
o Infection classification
o Morphemes -> LM's
o SnakModel
o Cultural evaluation of LM's
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• SnakModel
• MorSed
• LMLM



What is a language model?

• A model that predicts the likelihood of a sequence of text
• Nowadays: usually transformer-based



What is a language model?

• A model that predicts the likelihood of a sequence of text
• Nowadays: usually transformer-based and large
• A text is a sequence of (sub)words, we transform the task into next 

word prediction

• https://books.google.com/ngrams/graph?content=Rob+is+a+*&ye
ar_start=1800&year_end=2022&corpus=en&smoothing=3
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Predicting words

• Might happen in our brain all the ...
• Is used for language learning
• One way to do it well is to try and grasp the meaning of the 

surrounding context



How do we train (L)LMs

Data Language model
Hyggeligt
Hyggeligt vejr
Hyggeligt vejr i
Hyggeligt vejr i dag
Hyggeligt vejr i dag .

T



Data I found



How do we train (L)LMs

Data Language model
Hyggeligt
Hyggeligt vejr
Hyggeligt vejr i
Hyggeligt vejr i dag
Hyggeligt vejr i dag .

T

Input:
Hvor kommer julemanden fra?
Output:
Hvor kommer havfrue fra?



How do we train (L)LMs
Forklar forskellen mellem fotosyntese og respiration.
Fotosyntese og respiration er to modsatrettede biologiske processer, som tilsammen holder planter og 
mange andre organismer i live.
Fotosyntese foregår i planters grønkorn og bruger lysenergi, vand og kuldioxid til at danne glukose og 
ilt. Processen lagrer energi i sukker.
Respiration foregår i cellernes mitokondrier og bruger glukose og ilt til at frigive den energi, som 
organismen skal bruge til vækst, bevægelse og vedligeholdelse. Under respiration dannes kuldioxid og 
vand som affaldsprodukter.
Kort sagt: Fotosyntese opbygger energirige stoffer ved hjælp af sollys, mens respiration nedbryder dem 
for at frigive energi.

hvordan kan jeg skrive et resumé af en tekst
Et kort resumé gengiver hovedpointerne i en tekst uden detaljer, eksempler eller vurderinger.
Et typisk resumé beskriver: – hvad teksten handler om, – hvilke centrale ideer eller begivenheder der 
præsenteres, – og hvordan de hænger sammen.
Et eksempel på et kort resumé kunne være: “Teksten forklarer, hvordan genbrug reducerer affald og sparer 
ressourcer. Den beskriver også, hvilke materialer der kan genanvendes, og hvorfor det er vigtigt for 
miljøet.”



SnakModel

• Open Danish language model (7B)
• Retrained from an Englocentric model
• Our part of training data -> public
• Improvements in standard NLP tasks and culture



Why?

• 2 people with a 1 month gap
• 4 GPU's
• RQ: (how much) do language models become more culturally 

aware through retraining?



Training timeline (2024)

Training 1
Meet expert, fix LRdata

Training 2

March September

Eval + paper

Jan 2024 October March 2025

Public



Results



Cultural evaluation

• Ask Danes to probe language 
 models for cultural awareness



Cultural evaluation



Cultural evaluation



SnakModel
Maximilian Müller-Eberstein, Mike Zhang, Elisa Bassignana, Rob van der Goot

https://huggingface.co/datasets/NLPnorth/dakultur



SnakModel



Snakmodel evaluation



SnakModel

• Lets give it a try



MorSed

• Language models don't use characters or words as units, but 
subwords.

• What are subwords?



What are subwords? 

• We train tokenizers on text, they attempt to identify frequent 
sequences of characters -> subwords

• Different algorithms: BPE/Unigram/Wordpiece 

• Motivation: Characters do not have meaning, and lead to long 
sequences, words are too scarce, and have overlapping meaning.



What are subwords?

• Lets take a look at a 2023 SOTA model (Llama2):

thinking -> thinking
hovercraft -> hover˽craft
tænke -> t˽æ˽n˽ke 
luftpudefartøj -> lu˽ftp˽ude˽f˽art˽ø˽j 



What are subwords?

• Lets take a look at a 2023 SOTA model (Llama2):

thinking -> thinking
hovercraft -> hover˽craft
tænke -> t˽æ˽n˽ke
luftpudefartøj -> lu˽ftp˽ude˽f˽art˽ø˽j

Llama 4 (2025):
t˽æ˽n˽ke -> t˽æn˽ke



Why morphemes?



Why morphemes?

Lets give it a try!



MorSed benchmark

• 800 words with morphological annotation



MorSed benchmark

• Research question: Is segmenting 
LM inputs on morpheme 
boundaries beneficial for 
performance?



MorSed benchmark

• Research question: Is segmenting 
LM inputs on morpheme 
boundaries beneficial for 
performance?



MorSed benchmark

• Research question: Is segmenting 
LM inputs on morpheme 
boundaries beneficial for 
performance?

• Answer: Probably



Probably is not enough!

LMLM: Linguistically Motivated 
Language Models

• Language is mostly 
compositional

• Language models might 
learn this



The plan
Language model



The plan
Language model

• Language models process language 
in a somewhat logical order.



The plan
Language model

• Language models process language 
in a somewhat logical order.

• What happens if we enforce this?



The plan

• Morphemes

• Words

• Chunks

• Syntax

Language model

• Knowledge, 
reasoning etc



The plan

• Morphemes

• Words

• Chunks

• Syntax

Language model

• Knowledge, 
reasoning etc

• Segmentation
• Labeling
• Level specific tasks

X



Besides training objective

• Architectures do not have to be identical
• Inputs can be hierarchical:
• Characters – morphs – words - chunks



Hierarchical inputs



Hierarchical inputs



How do we define success?

• LM loss: How good can it predict the next (sub)word
• LM performance: How good can it answer to queries
• Efficiency: Training/Using
• Language understanding: shortcuts, compositionality, grammar



Will we be successful?



How do we define success

• LM loss: previously 100% of weights dedicated, now ~60%?
• LM performance: same
• Efficiency
• Language understanding



Compositionality benchmarking

Based on: COGS: A Compositional Generalization Challenge Based on Semantic Interpretation (Kim & Linzen, EMNLP 2020)



Thousand thanks!

• Anette Jensen
• Emil Allerslev Schledermann, Mikkel Wildner Kildeberg, Nicolaj 

Larsen
• Mike Zhang, Elisa Bassignana, Maximilian Müller-Eberstein
• Barbara Plank



Thousand thanks!
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