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• Linguists are making more and more use of newly available technology to  
detect distributional patterns in language data.

• Ever increasing availability of digital corpora (synchronic and diachronic).

• Increasing interest in language output produced in social media.

• Ever better query and search tools (CQP, COSMAS, DWDS, ANNIS).

• Programming languages suitable for text processing, statistical 
analysis and visualization (e.g., Python, R). 

• But: as yet only comparatively little use of new visualization methods.

LingVis – Motivation
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Sample Visualizations
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Visual Analytics:  

• Interactive exploratory visual access to data.

• Iterations of hypothesis-formation and hypothesis-testing.

linguistic inquiry

linguistic analysis

visual analytics

visualization

Linguistics Computer Science

Overall Interdisciplinary Goal
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¤ Integrate methods from visual analytics into domains of linguistic inquiry.  

¤ Explore challenges based on the needs of linguistic analysis for visualization methods. 
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Existing Visualization: Syntax

Syntactic Analysis with Lexical-Functional Grammar (LFG)
http://iness.uib.no/iness/xle-web (Web Interface for LFG Grammars)
Grammar developed at PARC
5
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Existing Visualization: Semantics

Semantic Analysis with Discourse Representation Theory (Boxer)
http://gmb.let.rug.nl/webdemo/demo.php (web interface for CCG/DRT)
Grammar/Semantics developed by Johan Bos and colleagues (Groningen)

(Discourse Representation Structure)
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Existing Visualization: Phonetics
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(from CLE Corpus of Spoken Urdu)
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Visualization in Linguistics

− Visualization is part and parcel of linguistics. 

− However, very little advantage is taken of new visualization techniques. 

− Newest ones borrowed from statistical analysis (bar charts, scatter plots, etc.), but 
often do not do justice to complexity of linguistic data.
− Multifactorial/Multidimensional (including temporal)
− Complex interactions
− Different data types
− Metadata

− Current project:  
− Identify good use cases within linguistics
− Understand evaluation (SFB/TRR 161) 

8
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Example: Identifying N-V complex predicates in Hindi/Urdu 

− Goal: identify sequences of 
Noun+Verb for understanding 
complex predicate patterns
− phone-do, use-do, 

memory-come, begin-
do/come

− Data: 7.9  million word raw 
(unannotated) corpus of Urdu 
(BBC Urdu)

10

Butt, Miriam, Tina Bögel, Annette Hautli, 
Sebastian Sulger & Tafseer Ahmed. 2012.
Identifying Urdu Complex Predication via 
Bigram Extraction. In Proceedings of
the 24th International Conference on 
Computational Linguistics (COLING),
409–424. Mumbai, India.
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Example: Pixel Visualization 
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Statistical Data:

Color Scale

kar, ho, hu, rakh
'achievement'

'announcement'
'talk'

'beginning'

do, be, become, put
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Example: Identifying N-V complex predicates in Hindi/IUrdu
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Outliers/Errors are easily identified (Clustering Algorithm has applied)

Tool facilitates zooming and mousing over to see the underlying data set 
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Vowel Harmony (VH)

• Phenomenon (simplified): Vowels in affixes change according to vowels    
found in stems. 

• (Famous) Example: Turkish
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Goal:  Try to determine automatically whether a given 
language contains patterns indicative of vowel harmony. 

1st Basic Computational Approach:
• Use written corpus (caveat: only approximates actual phonology).

• Count which vowels succeed which other vowels in VC+V sequences
(within words — again an approximation)

• Through statistical analysis find out the association strength between  
vowels. 

• Results show that Turkish and Hungarian, for example, pattern similarly.   
Languages like Spanish or German pattern differently. 

14
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Turkish

Spanish

German Hungarian

Results — Standard Methods: What is the pattern?

15
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• Matrix visualization of association strengths between vowels (deviation 
from statistical expectation).

• Vowels are sorted alphabetically.
• More saturated colors show greater association strength. 
• Blue is for more frequently than expected, red for less. 
• The +/– are redundant encodings. 

First Visualization: Can you detect a pattern?

Turkish Spanish GermanHungarian

16
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Turkish Spanish GermanHungarian

• Vowels sorted according to similarity (note: not a trivial process).
• Sorting done according to feature vectors of each of the rows.
• Can even see the type of Vowel Harmony involved.

Sorted Visualization: Can you detect a pattern now?

Thomas Mayer, Christian Rohrdantz, Miriam Butt, Frans Plank & Daniel A. Keim. Visualizing Vowel
Harmony. Linguistic Issues in Language Technology, 4(Issue 2):1-33, 2010.
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Results –
Sorted Visualization:

Automatic Visual Analysis 
of vowel successions 
for 42 languages – sorted 
for effect strength. 

Best viewed on a 
Powerwall!
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Powerwall, University of Konstanz
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HungarianTagalog Finnish

Turkish Maori Warlpiri

• In VH languages, 
crucially there are 
some vowels which 
never co-occur.

• This can be seen 
via a calculation of 
succession 
probabilities. 

• Maori is not a VH 
language.

Vowel Harmony vs. Reduplication
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Application of geospatial rendering 
of places where a picture was taken 
to Vowel Harmony patterns

kaşık-lar-ım-a
spoon-Pl-1SgPoss-Dat
‘my spoons’

kedi-ler-im-e
cat-Pl-1SgPoss-Dat
‘my cat’

aka

şık

lar

ım
kaşık-lar-ım-a

kedi-ler-im-e

ke di

ler

im
e

Vowel Harmony via Droplets
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Visual Analytics

Overall Goal: Allow for efficient and insightful data interaction

• “Analyze first, show the important, zoom, filter and analyze further, details on demand” 
(Keim et al. 2008, based on Shneiderman 1996)

• Compact presentation of large amounts of data
• Different levels of detail on demand (interactivity)
• Exploratory and confirmatory data analysis, Iterative hypothesis testing and generation

22

Sacha et al. 2014. Knowledge generation
model for visual analytics. 
IEEE Transactions on Visualization and
Computer Graphics 20 (12), 1604-1613.
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Case Study: Working with Annotated Corpora/Treebanks

23

− Ever increasing availability of digitized data and annotated corpora for historical 
linguistic research (e.g., Penn Treebanks, Dependency Treebanks, etc.)

− For example: IcePaHC (Icelandic Annotated Treebank/Corpus) 
− syntactically annotated (Penn Treebank style)
− 60 texts, 12th century CE to 21st century CE 
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Methodological Challenge for Historical Linguistics

24

− Standard procedure: 
− Calculation of co-occurrence frequencies and statistical significances for a 

multitude of different linguistic features across different time stages
− Generation of a multitude of high-dimensional data tables of varying size 

containing numbers computed for different linguistic features

− Difficult to read and interpret!  
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Case Study

25

Word Order Change in Icelandic

− Verb initial structures were common in matrix declaratives in Germanic. 

− In German (and English) they mostly only survive in narrative/joke contexts

Walked a man into a pub...

Questions
− What determines the (dis)appearance of V1?

− How did this change over the history of Germanic?

− Case Study:  V1 in the history of Icelandic 

Butt, Miriam, Tina Bögel, Kristina Kotcheva, Christin Schätzle, Christian Rohrdantz, Dominik

Sacha, Nicole Dehé & Daniel Keim. 2014. V1 in Icelandic: A Multifactorical Visualization of 
Historical Data. Proceedings of the LREC 2014 Workshop on Visualization as added value in the 
development, use and evaluation of LRs (VisLR). Reykjavik, Iceland
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Example: V1 in Icelandic
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Visual Analytic Access to Data 

− Glyph Visualization of likely factors
− Overview of all 60 texts at once
− Genre effect suddenly highly visible
− Can drill down to individual data points interactively
− Mantra:  Overview First – Details on Demand
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Example: V1 in Icelandic
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− The Glyph Visualization is complex. 
− We have found that for many linguistic purposes, a simpler visualization is more 

effective. 
− Now working with HistoBankVis: a multilayer visualization system

Schätzle, Christin, Frederik L. Dennig, Michael Blumenschein, Daniel A. Keim and Miriam Butt.
2019. Visualizing Linguistic Change as Dimension Interactions. In Proceedings of the 1st 
International Workshop on Computational Approaches to Historical Language Change. Association 
for Computational Linguistics (ACL), pp. 272--278. 

Difference Histograms
Parallel Sets Technique
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Difference Histograms

28

− Each time period visualized as one composed bar chart/histogram
− Dimensions encoded via different colors for parallel inspection
− Each bar represents an individual feature of a dimension
− Bar height corresponds to the percentage of sentences containing a feature

red =  feature decrease
green = feature increase
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Integration of Parallel Sets Technique
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− Models Dimension Interaction 
− Feature frequencies are visualized as proportions of equally spaced vertical lines 

(data dimensions)
− Dimensions are connected by colored ribbons
− Size of a ribbon =  share which a feature holds of a feature from another 

dimension
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HistoBankVis

30

− System available on-line
− Demo use cases
− Instructions on how to format and upload own data 

https://dennig.dbvis.de/histobankvis/#/



University  of  KonstanzUniversity  of  Konstanz

World Languages Explorer
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− System that allows comparison of features across languages
− Sunburst Visualization
− Linked with a map
− Data from WALS (World Atlas of Language Structures; http://wals.info)
− But can also feed in own data.

http://th-mayer.de/wals/#30A/

Christian Rohrdantz, Michael Hund, Thomas Mayer, Bernhard Wälchli and Daniel A. Keim. 2012. 
The World’s Languages Explorer: Visual Analysis of Language Features in Geneaologica and Areal 
contexts.  Computer Graphics Forum 31(3), 935-944. 

http://wals.info/
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Sunburst and Maps for Language Families

32
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World’s Languages Explorer

Each circle segment represents one language, each ring the values of one feature across all 
languages.

Comparing 126 Languages of Papua New-Guinea based on the New Testament.

33
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Sorting and Pattern Discovery

34
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Sorting and Pattern Discovery

35
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Analyzing Political Argumentation (VisArgue)

36

− Public mediation on 
S21 (controversy 
around Stuttgart 
train station) 

− Speakers are either 
Pro or Contra.

− Mediator is 
supposed to be 
neutral 

− Data is annotated 
(rule based) 

Gold, Valentin, Mennatallah El-
Assady, Tina Bögel, Christian 
Rohrdantz, Miriam Butt, Katharina 
Holzinger & Daniel Keim. 2015. 
Visual Linguistic Analysis of 
Political Discussions: Measuring 
Deliberative Quality. Digital 
Scholarship in the Humanities,
DOI: 10.1093/llc/fqv033
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VisArgue Tools
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Named-Entity Relationships

(Mennatallah El-Assady)
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Named-Entity Relationships

Context-Keyword

Person

Geo-Location

Date/Time

Measure

Measuring-Unit

Organization

Politeness-Indicator

Positive-Emotion-Indicator

Negative-Emotion-Indicator

Named-Entity-Categories

Additional Categories

(Mennatallah El-Assady)
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Example

Glyphs – Deliberative Argumentation

Participation
Argumentation 
and 
Justification

Discussion/B
argaining Conversational 

Atmosphere and 
Respect

E R

AP

Average Sentence Complexity

Emotion
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Argumentation

Neutral: Comparatively little Argumentation
Experts: Justifications/Reasons
Pro & Contra: Conclusions and Justifications

à Deliberative Argumentation

Measures shown: 
1. Conclusion
2. Justification

1 2

Participation Argumentation 

Discussion Respect
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Rejection of "Common" Ground 
Refusal to provide information 

Pro, Contra & Neutral: 
Establishment of Common Ground

Pro: Rejection of "Common" Ground, 

Refusal to provide information 

à controversial discussions

Information mainly from discourse 
particles and speech act verbs 

Establishment of Common Ground
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Glyphs per Group Type and Topics (Topic-Modelling)
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Ca

Can aggregate or look at individually
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Visualization of Pitch Contours

• So far we have been working with textual data.
• However, one can also work with spoken data.
• For Visual Analytics, all one needs is to have features (or vectors) that 

can be computed with. 

45

Data
• Japanese vs. German ‘sorry’
• Japanese pitch contour always has a fall
• Germans can vary according to pragmatic intent
• Recorded German and Japanese natives vs. learners of 

German and Japanese (beginners/advanced)

Dominik Sacha, Yuki Asano, Christian Rohrdantz, Felix Hamborg, Daniel A. Keim, Bettina Braun & Miriam 
Butt. 2015. Self Organizing Maps for the Visual Analysis of Pitch Contours. Proceedings of the 20th 
Nordic Conference of Computational Linguistics (NoDaLiDa-2015), Vilnius, Lithuana, 2015.
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Example: Speech Data
− Japanese Native and German L2 Learner data (pitch contours and meta data)
− F0 contours are smoothed and normalized into pitch vectors
− The pitch vectors are visualized via self-organizing maps (SOM)

Speakers pronounced "sorry/excuse me" in ever more exasperating circumstances
− Japanese natives do not vary the pitch contour 
− German learners do vary the pitch
− German beginner learners do so more

46

Interactive Exploration:
− individual cells can be 

merged
− meta data can be 

inspected
− individual pitch tracks 

can be examined in 
context 
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Example: Speech Data

− Different views on the data and meta data can be explored interactively

47
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Interactive Data Exploration: SOMs in Action

Data Exploration
• SOM learning is fast
• user can switch among 

different perspectives on 
the data

• user can interactively delete 
or pin cells

• and retrain and re-explore
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Identifying Optimal Visualizations

• Understanding which visualizations are optimal is not trivial.

• Are the individual dimensions (color, shape, direction, size, etc.) usefully 
meaningful?

• Does the visualization allow for at-a-glance understanding, or does it 
confuse the user?  

• This also depends on the user's background
• What is the user used to looking at?  
• How is the user used to understanding the data?
• How is the user used to interacting with systems?

• Currently evaluations are mainly performed via user studies in Visual 
Analytics. 

49
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Tree Comparison for Grammar Development

• In grammar development the grammar is routinely updated/changed.
• This necessarily means that the output will differ (relevant for tree 

banking).
• Would be good to have an automatic visual tree comparison method. 

• Proposal by Lichtenberger (2012) – visualization of changes in c-struc-
ture/f-structure pairs for LFG grammars.

• The visualizations are not successful. 
• Part of the reason is that we are not used to looking at trees this way. 

Johannes Lichtenberger. 2012. A Visual Analytics Approach for Comparing Tree Structures. MSc., 
University of Konstanz. http://kops.ub.uni-konstanz.de/handle/urn:nbn:de:bsz:352-210419

50
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Outlook

Further Exploration of Possibilities offered by Visual Analytics
− The systems illustrated here are still being experimented with. 
− Interactive exploratory linguistic analysis is on-going. 

Workflow
− Use cases for Digital Humanities /eHumanities are being developed.
− Infrastructure Platforms (mix and match the available tools)

Measuring Success
− Development of Evaluation Metrics for LingVis. 
− Use cases, work flow and result comparison.

52

https://lingvis.io
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Thank You! 

Interdisciplinary Cooperation (University of Konstanz)

Linguistics
Tina Bögel, Annette Hautli-Janisz, Thomas Mayer, Frans Plank, Christin 
Schätzle

Computer and Information Sciences
Daniel Keim, Mennatallah El-Assady, Michael Blumenschein né Hund, 
Frederick Dennig, Andreas Lamprecht, Christian Rohrdantz, Dominik Sacha, 
Fabian Sperrle

Political Science
Katharina Holzinger, Valentin Gold
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