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Can skipgram outperform transformer models in classical 
distributional tasks? Does tokenization matter?



What is distributional semantics

- Distributional Semantics: assumes that words appearing in similar contexts have 
similar meanings.

- Distributional Semantic Models (DSMs) are data-driven semantic representations 
from large text corpora.

- Static models: a single, global semantic representation for each word type 
(word2vec, skipgram)

- Dynamic models: Contextualized (like ELMO, BERT, GPT)



Chinese DSM

Chinese: definition of words is not trivial

Characters are fundamental units of Chinese

Chinese Transformers are tokenized by characters.

We want to assess how these character based transformers behave when it comes to 
classical distributional tasks which are word-level.



Static Models

Using embeddings by Li et al., based on skipgram.

We use different context features like words, 

characters, n-grams.



Contextualized Models

1. We sample n sentences (10-100) that contain the target dataset words.
2. We extract contextualized vectors of each sampled sentence.
3. We average them out to form single type-level vector.

We use these transformers for our experiments:

1. BERT Chinese (base and large)
2. GPT-2 Chinese
3. DeBERTa Chinese



Layer wise assessment

We extracted representations from different sets of layers to understand how different 
layers perform in our task.

- First 4 layers
- Middle 4 layers
- Last 4 layers
- Final output layer



Benchmarks
We chose five intrinsic tasks:

-Similarity Estimation

-  Word Associations

- Semantic Analogies, 

- Identification of Semantic Relations 

-Semantic Clustering



Similarity estimation benchmarks

COS960 dataset, 960 word pairs



Similarity 
estimation 
benchmarks

Skipgram models with 
n-grams and characters are 
on par with contextualized 
models.

Adding extra context helps 
in skipgram performance.



Word Associations Task

Using FAST-zh dataset, 300 tuples of 4 words.

We designed 2 settings for this task:

- Multiple choice: Find out the first associate in the tuple (accuracy)
- Retrieval: Find the first associate within all first associates (mean rank)



Word association task

Static models clearly outperform 
contextualized models.

Not much difference between the 
layersʼ performances.

In general, the model goes for first 
associate for nearly 70% of the time 
and goes for a higher associate 30% of 
the time.



Semantic Analogies Task

Using CA8 dataset, 7353 pairs of analogies.

The task is to find out correct target word within the vocabulary of the dataset words 
(reported in accuracy).



Semantic Analogies
Skip Gram models achieve much higher 
scores compared to the contextualized 
models, showing near-perfect performance 
across all settings.

Later layers in transformers tend to perform 
better than earlier layers in this task



Semantic Relations Task

Using EVALution-MAN dataset. 

3, 923 word pairs, covering the relations of synonymy, hyponymy and antonymy.



Semantic Relations Task

Two tasks:

- Finding out the related pairs. Here we group related words (synonyms, antonyms 
and hyponyms) and unrelated words (random). Based on vector similarity score we 
rank them and report the results in average precision.

- Finding out synonyms. Here we group synonyms and other words (antonyms, 
hyponyms and random). Based on vector similarity score we rank them and report 
the results in average precision.



Semantic Relations

Contextualized models, particularly BERT, 
consistently outperform all the 
competitors by a large margin for all 
metrics and layer setting.

Static models, while not as powerful as 
contextualized models, still exhibit strong 
performance. 



Semantic Clustering Task

Two tasks:

- Binder-zh: 535 words in 11 concept classes
- Zhong22: 664 words in 2 classes (abstract and 

concrete).

The evaluation metrics are homogeneity and 
completeness.



Semantic Clustering

Static models perform better in distinguishing 
abstract and concrete words in the Zhong22 
dataset, with Skip Gram using only words as 
contexts.

Contextualized models, except for BERT and 
DeBERTa in middle-to-later layers, achieve lower 
scores. 

However, for the fine-grained semantic 
distinctions of the Binder dataset, BERT and 
DeBERTa in the middle and late layers 
outperform static models.



Conclusions
We present a study of static vs contextualized embeddings on distributional tasks.

Our results reveal that static models remain stronger for some of the classical tasks that 
consider word meaning independent of context. 

Contextualized models excel in identifying semantic relations between word pairs and in the 
categorization of words into abstract semantic classes, which probably benefit from 
context-specific semantic cues

Transformersʼ vocab is made of characters, it does not have native representation of words. A 
reason why they tend to underperform in most of these distributional tasks.

More work needs to be done on other languages on understand how tokenization might affect 
the performance on intrinsic benchmarks.


