
Text Visualization 

Lecture in: “Visualization  
and Visual Data Analysis” 

thanks @ Elena Sofie Rudkowsky
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Introductory Example: 
  
Panama Papers 
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Panama Papers 

http://www.computerworld.com/article/3053601/security/consider-the-panama-papers-breach-a-warning.html

http://www.computerworld.com/article/3053601/security/consider-the-panama-papers-breach-a-warning.html
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Panama Papers 

Scale of the Leak 
compared to others 

http://www.computerworld.com/article/3053601/security/consider-the-panama-papers-breach-a-warning.html

http://www.computerworld.com/article/3053601/security/consider-the-panama-papers-breach-a-warning.html
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http://www.computerworld.com/article/3053601/security/consider-the-panama-papers-breach-a-warning.html

Panama Papers 

Mossack Fonseca
• law office in Panama 
• 214,000 letterbox 

companies in 21 tax havens 

Letterbox Company
• address for tax purposes, 

money laundering… 
• business carried on 

elsewhere/nowhere 

Prominent Owners
• Iceland: Prime Minister 

Gunnlaugsson 
• Russia: Circle around 

president Putin  
• Syria: Network around 

president al-Assad  
• …. 

Scale of the Leak 
compared to others 

http://www.computerworld.com/article/3053601/security/consider-the-panama-papers-breach-a-warning.html
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Panama Papers 

http://www.computerworld.com/article/3053601/security/consider-the-panama-papers-breach-a-warning.htmlhttp://www.computerworld.com/article/3053601/security/consider-the-panama-papers-breach-a-warning.html

Scale of the Leak 
compared to others 

Analysis

• 400 journalists from 80 
countries 

• 11.5 million documents 
(PDFs, emails, text files, 
database format files, 
images…) 

• 1 year research  
• text analysis software 

like Nuix

http://www.computerworld.com/article/3053601/security/consider-the-panama-papers-breach-a-warning.html
http://www.computerworld.com/article/3053601/security/consider-the-panama-papers-breach-a-warning.html
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Panama Papers 

7

https://panamapapers.icij.org/the_power_players/ 
http://panamapapers.sueddeutsche.de/articles/56fec0cda1bb8d3c3495adfc/

https://panamapapers.icij.org/the_power_players/
http://panamapapers.sueddeutsche.de/articles/56fec0cda1bb8d3c3495adfc/
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https://panamapapers.icij.org/the_power_players/ 
http://panamapapers.sueddeutsche.de/articles/56fec0cda1bb8d3c3495adfc/
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https://panamapapers.icij.org/the_power_players/ 
http://panamapapers.sueddeutsche.de/articles/56fec0cda1bb8d3c3495adfc/

Panama Papers 

Icelandic Prime 
Minister sold 50% of 
company to his wife
for 1 US Dollar

https://panamapapers.icij.org/the_power_players/
http://panamapapers.sueddeutsche.de/articles/56fec0cda1bb8d3c3495adfc/
https://panamapapers.icij.org/the_power_players/
http://panamapapers.sueddeutsche.de/articles/56fec0cda1bb8d3c3495adfc/
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https://panamapapers.icij.org/the_power_players/ 
http://panamapapers.sueddeutsche.de/articles/56fec0cda1bb8d3c3495adfc/

Panama Papers 

9

https://panamapapers.icij.org/the_power_players/
http://panamapapers.sueddeutsche.de/articles/56fec0cda1bb8d3c3495adfc/
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https://panamapapers.icij.org/the_power_players/ 
http://panamapapers.sueddeutsche.de/articles/56fec0cda1bb8d3c3495adfc/

Panama Papers 

People with 
similar names 
appear in the 
data

https://panamapapers.icij.org/the_power_players/
http://panamapapers.sueddeutsche.de/articles/56fec0cda1bb8d3c3495adfc/
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Question: 

What can be extracted out of textual data? 
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Agenda 

- From Text to Structure 
• POS Tags and Parsing Trees 
• Bag-of-Words 
• Distributed Word Embeddings 
• Topic Models 
• Named Entities 
• Sentiment Analysis 
• Temporal Events 
• Deep Learning 

- Projects
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From Text to Structure 
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POS Tags and Parsing Trees 
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POS Tags and Parsing Trees 

https://demos.explosion.ai/displacy/
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POS Tags and Parsing Trees 

https://demos.explosion.ai/displacy/

16

Part-of-speech Tags (POS Tags) 
mark verbs, nouns, adjectives etc.
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POS Tags and Parsing Trees 

https://demos.explosion.ai/displacy/

17

Part-of-speech Tags (POS Tags) 
mark verbs, nouns, adjectives etc.

17

Parsing (or Syntax) Trees show the syntactical structure 
of language like object, subject…



Visualization and Visual Data Analysis 18

Question: 

Are POS Tags and Syntax Trees 
interesting for Pattern Detection? 
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Mostly not interesting for text mining (pattern detection) in document collections!

POS Tags and Parsing Trees 
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Mostly not interesting for text mining (pattern detection) in document collections!

POS Tags and Parsing Trees 
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Mostly not interesting for text mining (pattern detection) in document collections!

21

POS Tags and Parsing Trees 

21

https://www.facebook.com/NewYorkMag/videos/10154081648719826/
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Mostly not interesting for text mining (pattern detection) in document collections!

POS Tags and Parsing Trees 

http://mkweb.bcgsc.ca/debates2016/
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Bag-Of-Words (BOW) 
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Word Cloud 
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Word Cloud 

http://mkweb.bcgsc.ca/debates2016/
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Patterns of Speech: 75 Years of the State of the Union Addresses  
(Data Story, Washington Post 2011)

Word Frequencies over Time 

26
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Patterns of Speech: 75 Years of the State of the Union Addresses  
(Data Story, Washington Post 2011)

Word Frequencies over Time 

‘health care’ 
became popular late
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Document Term Matrix 

Bag of Words (BOW)
counts words per document
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document corpus 
vocabulary= 
terms within 
the corpus 

Document Term Matrix 
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Document Term Matrix 
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Document Term Matrix 
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Document Term Matrix 



Visualization and Visual Data Analysis 3333

Cosine Similarity = θ (angle) 
Distance between Document Vectors

Document Term Matrix 
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Cosine Similarity - Why not using  
Euclidean Distance (Similarity)?

Document Term Matrix 
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Document Term Matrix 

https://cmry.github.io/notes/euclidean-v-cosine

https://cmry.github.io/notes/euclidean-v-cosine
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Is counting good enough? 
Ideas for improvement? 
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Term Frequency - Inverse Document Frequency (TF-IDF) 
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document frequency
(how many documents 
contain the term?) 

Term Frequency - Inverse Document Frequency 

term frequency (how often 
does the term appear in 
the current document?) 
normalised according to 
document length 

We introduce a new weight 
- consisting of two parts!
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If a term appears in many documents 
(term is not interesting & weight = low) 

df = low  
N/df = high 
log(N/df) = high 
weight = high

Term Frequency - Inverse Document Frequency 

df = high  
N/df = low 
log(N/df) = low 
weight = low
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Document Term Matrix Visualization: 
  
WikiLeaks Iraq War Logs 
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How could we visualize such a matrix? 
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http://jonathanstray.com/a-full-text-visualization-of-the-iraq-war-logs

Overview Project: WikiLeaks Iraq War Logs 

http://jonathanstray.com/a-full-text-visualization-of-the-iraq-war-logs
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~ 400,000 war reports

visualized as keyword clusters 
according to TF-IDF 
(cosine similarity)

http://jonathanstray.com/a-full-text-visualization-of-the-iraq-war-logs

Overview Project: WikiLeaks Iraq War Logs 

http://jonathanstray.com/a-full-text-visualization-of-the-iraq-war-logs


Visualization and Visual Data Analysis 4444

http://jonathanstray.com/a-full-text-visualization-of-the-iraq-war-logs

Overview Project: WikiLeaks Iraq War Logs 

Red signifies that the military 
coded these reports as 
“explosive hazard”

Each point is a incident

http://jonathanstray.com/a-full-text-visualization-of-the-iraq-war-logs
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Can you think of any Limitations of the TF-IDF  
Modeling Approach? 
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Limitations of TF-IDF

- no syntactic or semantic relationships of words or passages 
- words are treated independently and are not comparable 
- topics (word concepts) are not reflected very well 
- stop word removal needed (or other preprocessing steps) in order 

to achieve meaningful results

BOW 
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Distributed Word Embeddings 

some versions:  
word2vec/glove/fasttext/bert/elmo/GPT-2 
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Words as distributions according to their context

•a word is a representation of all its context windows within a corpus 
(context = N-gram of which a word is part) 

•similar words tend to have similar representations —> comparable 

•syntax as well as semantics is reflected 

•no document vectors are created, only word vectors 

word2vec 
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word2vec 

Efficient estimation of word representations in vector space  
Tomas Mikolov et al., ICLR Workshop, 2013
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https://blog.acolyer.org/2016/04/21/the-amazing-power-of-word-vectors/

word2vec 
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https://blog.acolyer.org/2016/04/21/the-amazing-power-of-word-vectors/

word2vec 

5151
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https://blog.acolyer.org/2016/04/21/the-amazing-power-of-word-vectors/

word2vec 

52
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https://blog.acolyer.org/2016/04/21/the-amazing-power-of-word-vectors/

word2vec 

535353
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https://blog.acolyer.org/2016/04/21/the-amazing-power-of-word-vectors/

word2vec 

5454

We try to predict the current focus word with a Neural Network
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First: Our output reflects the relation between all words within the 
vocabulary (Co-Occurrences). 

After a dimensionality reduction (from maybe 10,000 words in 
vocabulary to 100 dimensions) we receive something related to 
“concepts” like…..

word2vec 
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https://blog.acolyer.org/2016/04/21/the-amazing-power-of-word-vectors/

word2vec 

First: Our output reflects the relation between all words within the 
vocabulary (Co-Occurrences). 

After a dimensionality reduction (from maybe 10,000 words in 
vocabulary to 100 dimensions) we receive something related to 
“concepts” like…..

word2vec 
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How could we visualize such vector spaces? 
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word2vec 

https://plot.ly/~KevinAccount/18.embed

https://plot.ly/~KevinAccount/18.embed
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word2vec 

https://plot.ly/~KevinAccount/18.embed

59

eg. word 
vectors 
related to 
health care

https://plot.ly/~KevinAccount/18.embed
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word2vec 

Berger, Matthew, Katherine McDonough, and Lee M. Seversky. "cite2vec: Citation-driven document 
exploration via word embeddings." IEEE transactions on visualization and computer graphics 23.1 

(2016): 691-700.

60
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word2vec 

https://towardsdatascience.com/visualisation-of-embedding-relations-word2vec-bert-64d695b7f36

61

https://towardsdatascience.com/visualisation-of-embedding-relations-word2vec-bert-64d695b7f36
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What are possible short comings of word2vec? 
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Limitations of Word 2 Vec

- different contexts get averaged

- how to represent documents? (doc2vec, …) 
- cannot handle unknown words
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BERT (Bidirectional Encoder Representations  
from Transformers) 
ELMo (Embeddings from Language Models) 
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bert 

https://jalammar.github.io/illustrated-bert/

65

https://jalammar.github.io/illustrated-bert/
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bert 

https://mccormickml.com/2019/05/14/BERT-word-embeddings-tutorial/

66

https://mccormickml.com/2019/05/14/BERT-word-embeddings-tutorial/
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bert 

https://towardsdatascience.com/visualisation-of-embedding-relations-word2vec-bert-64d695b7f36

67

https://towardsdatascience.com/visualisation-of-embedding-relations-word2vec-bert-64d695b7f36
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bert 

https://towardsdatascience.com/visualisation-of-embedding-relations-word2vec-bert-64d695b7f36

68

https://towardsdatascience.com/visualisation-of-embedding-relations-word2vec-bert-64d695b7f36
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Topic Modeling 
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Topic Modeling 
Probabilistic topic models
David Blei, Communications of the ACM 2012
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Topic Modeling 

Input
•Corpus = Text Sources (amount=M) 
•Number of Topics (N) you want the model to cover 

Output: two different kinds of distributions
•N Topic Distributions with probabilities for each word of the vocabulary 
•M Text Distributions with probabilities for each of the N topics
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Topic Modeling 
Termite: Visualization techniques for assessing textual topic models
Jason Chuang, Christopher D. Manning, Jeffrey Herr; Proceedings of the International Working 
Conference on Advanced Visual Interfaces 2012
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Topic Modeling 
Serendip: Topic model-driven visual exploration of text corpora.
Alexander, E., Kohlmann, J., Valenza, R., Witmore, M., & Gleicher, M. (2014, October). In Visual 
Analytics Science and Technology (VAST), 2014
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Topic Modeling 

TIARA: A Visual Exploratory Text Analytic System, Wei et. al, KDD 2010)
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Overview: The Design, Adoption, and Analysis of a Visual Document Mining Tool  
For Investigative Journalists (Brehmer et al., IEEE InfoVis 2014) 

old version of the software:

Topic Modeling 
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Overview: The Design, Adoption, and Analysis of a Visual Document Mining Tool  
For Investigative Journalists (Brehmer et al., IEEE InfoVis 2014) 

old version of the software:

Topic Modeling 

76

Cluster

76

Cluster View got 
removed from later 
versions (according 
to user feedback)
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Overview: The Design, Adoption, and Analysis of a Visual Document Mining Tool  
For Investigative Journalists (Brehmer et al., IEEE InfoVis 2014) 

old version of the software:

Document View

Corpus View /
Document List

User Tags

These views 
are also in 
later versions

Topic Modeling 
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Overview: The Design, Adoption, and Analysis of a Visual Document Mining Tool  
For Investigative Journalists (Brehmer et al., IEEE InfoVis 2014) 

old version of the software:

Topic Modeling 

78

Hierarchical Tree

Keyword View
Hierarchical Tree and 
Keywords per Tree 
Node are merged in 
later version



Visualization and Visual Data Analysis 79

Overview: The Design, Adoption, and Analysis of a Visual Document Mining Tool  
For Investigative Journalists (Brehmer et al., IEEE InfoVis 2014) 

new version focuses on hierarchical tree according to cosine similarity (TF-IDF) of documents:

Topic Modeling 
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Topic Modeling 

• Size of nodes related to 
number of documents 

• Keywords located within 
the corresponding nodes 

• Tags color-coded 
according to percentage 
of fill level within node 

• Tree expandable
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Topic Modeling 

Alexander, Eric, and Michael Gleicher. "Task-driven comparison of topic models." IEEE transactions on 
visualization and computer graphics 22.1 (2015): 320-329.

81
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Topic Modeling 

Cui, Weiwei, et al. "Textflow: Towards better understanding of evolving topics in text." IEEE transactions 
on visualization and computer graphics 17.12 (2011): 2412-2421.

82



Visualization and Visual Data Analysis 83

Topic Modeling 

Liu, Shixia, et al. "Topicpanorama: A full picture of relevant topics." 2014 IEEE Conference on Visual 
Analytics Science and Technology (VAST). IEEE, 2014.

83
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Named Entities 
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Named Entities are:

•People 
•Organizations/Companies 
•Locations 
•Time Events

Named Entities 
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Panama Papers Networks use different visual encodings for:

People
Organizations
Locations

Named Entities 
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Named Entities 

What is possible?

https://cloud.google.com/natural-language/
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Jigsaw: Supporting investigative analysis through interactive 
visualization, Stasko et. al, Information Visualization, 2008 

Named Entities 
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Sentiment Analysis 
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Sentiment Analysis 

https://cloud.google.com/natural-language/

What is Sentiment Analysis?

90
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Sentiment Analysis 

https://monkeylearn.com/sentiment-analysis/

What is Sentiment Analysis?
Sentiment analysis refers to the use of natural language 
processing, text analysis, computational linguistics, 
and biometrics to systematically identify, extract, quantify, and 
study affective states and subjective information. 

91

https://monkeylearn.com/sentiment-analysis/
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Sentiment Analysis 

https://cloud.google.com/natural-language/

Example Sentence:
Google, headquartered in Mountain View, unveiled the new 
Android phone at the Consumer Electronic Show. Sundar 
Pichai said in his keynote that users love their new Android 
phones.

92
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Sentiment Analysis 

https://cloud.google.com/natural-language/

93
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Sentiment Analysis 

https://cloud.google.com/natural-language/

Updated Sentence:
Google, headquartered in Mountain View, unveiled the new 
and very expensive Android phone at the Consumer 
Electronic Show. Sundar Pichai said in his keynote that users 
love their new Android phones.

94
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Sentiment Analysis 

https://cloud.google.com/natural-language/

95
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Sentiment Analysis 

Recursive Deep Models for Semantic Compositionality Over a Sentiment Treebank, 
Socher et al., EMNLP 2013

96
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Although more nodes within this sentence have a positive meaning, 
the sentence is labeled negative!

Sentiment Analysis 
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Sentiment Analysis 

Recursive Deep Models for Semantic Compositionality Over a Sentiment Treebank, 
Socher et al., EMNLP 2013
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Sentiment Analysis 

99

The longer a phrase gets, the more likely it is either positive or negative!
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Sentiment Analysis 

Wu, Yingcai, et al. "Opinionflow: Visual analysis of opinion diffusion on social media." IEEE transactions 
on visualization and computer graphics 20.12 (2014): 1763-1772.

100
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Temporal Events 
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Time Events 
TimeLineCurator: Interactive Authoring of Visual Timelines from Unstructured 
Text; Johanna Fulda, Matthew Brehmer, Tamara Munzner; IEEE VAST 2015 
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Time Events 

103

Time Events get extracted from an input text source
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and visualised as Timeline 

104104

Time Events 

104104

Time Events get extracted from an input text source
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Time Events 

Wu, Yingcai, et al. "StreamExplorer: A multi-stage system for visually exploring events in social 
streams." IEEE transactions on visualization and computer graphics 24.10 (2018): 2758-2772.

105
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Deep Learning 
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Deep Learning 

https://cloud.google.com/natural-language/

What is deep learning?

107
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Deep Learning 

https://towardsdatascience.com/understanding-neural-networks-from-neuron-to-rnn-cnn-and-
deep-learning-cd88e90e0a90

Starting from a 
Neural Network 
(NN):
Google, 
headquartered in 
Mountain View, 
unveiled the new

108

https://towardsdatascience.com/understanding-neural-networks-from-neuron-to-rnn-cnn-and-deep-learning-cd88e90e0a90
https://towardsdatascience.com/understanding-neural-networks-from-neuron-to-rnn-cnn-and-deep-learning-cd88e90e0a90
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Deep Learning 

https://towardsdatascience.com/understanding-neural-networks-from-neuron-to-rnn-cnn-and-
deep-learning-cd88e90e0a90

Starting from a 
Neural Network 
(NN):
Google, 
headquartered in 
Mountain View, 
unveiled the new

Input Layer

109

https://towardsdatascience.com/understanding-neural-networks-from-neuron-to-rnn-cnn-and-deep-learning-cd88e90e0a90
https://towardsdatascience.com/understanding-neural-networks-from-neuron-to-rnn-cnn-and-deep-learning-cd88e90e0a90
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Deep Learning 

https://towardsdatascience.com/understanding-neural-networks-from-neuron-to-rnn-cnn-and-
deep-learning-cd88e90e0a90

Starting from a 
Neural Network 
(NN):
Google, 
headquartered in 
Mountain View, 
unveiled the new

Hidden Layer

110

https://towardsdatascience.com/understanding-neural-networks-from-neuron-to-rnn-cnn-and-deep-learning-cd88e90e0a90
https://towardsdatascience.com/understanding-neural-networks-from-neuron-to-rnn-cnn-and-deep-learning-cd88e90e0a90
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Deep Learning 

https://towardsdatascience.com/understanding-neural-networks-from-neuron-to-rnn-cnn-and-
deep-learning-cd88e90e0a90

Starting from a 
Neural Network 
(NN):
Google, 
headquartered in 
Mountain View, 
unveiled the new

Output Layer

111

https://towardsdatascience.com/understanding-neural-networks-from-neuron-to-rnn-cnn-and-deep-learning-cd88e90e0a90
https://towardsdatascience.com/understanding-neural-networks-from-neuron-to-rnn-cnn-and-deep-learning-cd88e90e0a90
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Deep Learning 

https://medium.com/dair-ai/deep-learning-for-nlp-an-overview-of-recent-trends-d0d8f40a776d

Deep Neural Network:
More than one hidden layer. 

112

https://medium.com/dair-ai/deep-learning-for-nlp-an-overview-of-recent-trends-d0d8f40a776d
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Deep Learning 

Deep Neural Network:
More than one hidden layer. 

Deep Learning:
Representation learning instead of feature engineering. 

https://medium.com/dair-ai/deep-learning-for-nlp-an-overview-of-recent-trends-d0d8f40a776d

113

https://medium.com/dair-ai/deep-learning-for-nlp-an-overview-of-recent-trends-d0d8f40a776d
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Deep Learning 

Deep Neural Network:
More than one hidden layer. 

Deep Learning:
Representation learning instead of feature engineering. 

Types:
Convolutional (CNN), Recurrent (RNN), Variational 
Autoencoders (VAE), Generative Adversarial  
Networks (GAN), … 

https://medium.com/dair-ai/deep-learning-for-nlp-an-overview-of-recent-trends-d0d8f40a776d

114

https://medium.com/dair-ai/deep-learning-for-nlp-an-overview-of-recent-trends-d0d8f40a776d
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Deep Learning 

Tasks:
POS tagging 
Parsing 
Named-Entity Recognition 
Semantic Role Labeling 
Sentiment Classification 
Machine translation 
Question answering 
Dialogue systems 
Contextual Embeddings 
…

Young, Tom, et al. "Recent trends in deep learning based natural language processing." ieee 
Computational intelligenCe magazine 13.3 (2018): 55-75.

115
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Deep Learning 

BLEU Score:
"the closer a machine translation is to a professional human 
translation, the better it is" – this is the central idea behind 
BLEU. 

Young, Tom, et al. "Recent trends in deep learning based natural language processing." ieee 
Computational intelligenCe magazine 13.3 (2018): 55-75.

https://en.wikipedia.org/wiki/BLEU

116

https://en.wikipedia.org/wiki/BLEU
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Deep Learning 

Young, Tom, et al. "Recent trends in deep learning based natural language processing." ieee 
Computational intelligenCe magazine 13.3 (2018): 55-75.

117
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Deep Learning 

https://medium.com/multiple-views-visualization-research-explained/visualization-in-deep-
learning-b29f0ec4f136

118

https://medium.com/multiple-views-visualization-research-explained/visualization-in-deep-learning-b29f0ec4f136
https://medium.com/multiple-views-visualization-research-explained/visualization-in-deep-learning-b29f0ec4f136
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Deep Learning 

https://medium.com/multiple-views-visualization-research-explained/visualization-in-deep-
learning-b29f0ec4f136

119

https://medium.com/multiple-views-visualization-research-explained/visualization-in-deep-learning-b29f0ec4f136
https://medium.com/multiple-views-visualization-research-explained/visualization-in-deep-learning-b29f0ec4f136
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