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Using Word Embeddings to analyse 
differences and shifts of semantics over 

time, space, and corpora

Stefan Resch



  

What are word embeddings?



  

Stack

● Static word embeddings
– word2vec
– fastText
– GloVe

● Contextual word emeddings
– BERT families

● postgresql + pgvector



  

Visualizations and clusterings

● visualizations
– Parallel coordinats
– t-SNE
– PCA
– UMAP

● clustering
– k-means
– HDBSCAN



  

Parallel coordinates
dimensions with highest variation to the left, lowest to the right



  

PCA reduces high dimensional 
data to two dimensions by 
picking the two dimensions with 
the highest variance



  

K-means clusters by dividing all 
vectors into groups where the 
distances to the centers are 
minimized while group 
memberships are equalized.

Here, k-means is applied on 2D 
data



  

K-means clusters by dividing all 
vectors into groups where the 
distances to the centers are 
minimized while group 
memberships are equalized.

Here, k-means is applied on 2D 
data



  

“Gemüse” to the left is mostly 
well aligned (by human 
judgements via samples). But 
“Pilz” has a mushroom cluster 
to the top and a politician 
cluster to the lower right.



  

K-means works on 2D data 
somewhat. But a few samples 
from “politicians” are 
misgrouped to the “mushroom” 
cluster.



  

K-means performs worse on 
high dimensional data. Clusters 
all “Pilz” into one cluster.



  

HDBSCAN works better, by 
focusing on varying density, 
instead of forcing all vectors 
into equally sized cluster.

Here, HDBSCAN is applied on 
2D data.



  

HDBSCAN works better, by 
focusing on varying density, 
instead of forcing all vectors 
into equally sized cluster.

Here, HDBSCAN is applied on 
high dimensional data.



  

t-SNE: ”Leiter”

Cluster 2864

Cluster 2865



  

Cluster 2864

Cluster 2865

PCA: ”Leiter”



  

Cluster 2864

Cluster 2865

UMAP: ”Leiter”



  

t-SNE:
”Pilz”, ”Gemüse”

Cluster 10379

Cluster 10380

Cluster 8212

Cluster 8213

Cluster 8214



  

PCA:
”Pilz”, ”Gemüse”

Cluster 10379

Cluster 10380

Cluster 8212

Cluster 8213

Cluster 8214



  

UMAP:
”Pilz”, ”Gemüse”

Cluster 10379

Cluster 10380

Cluster 8212

Cluster 8213

Cluster 8214



  

T-SNE: ”Ball”

Cluster 3637

Cluster 3638

Cluster 3639

Cluster 3640

Cluster 3641



  

PCA:
”Ball”

Cluster 3637

Cluster 3638

Cluster 3639

Cluster 3640

Cluster 3641



  

UMAP:
”Ball”

Cluster 3637

Cluster 3638

Cluster 3639

Cluster 3640

Cluster 3641



  

Several Cluster 
Centers
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Outlook

● Scale up on HPC (CLIP, MUSICA)
● Improve clustering parameters
● Evaluate against existing hand-picked data sets and GermaNet
● Extend contextual data (time, region, newspaper)
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