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Standard Visualization: Syntax
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F-structure

PRED 'should<[13:visualize]>[2:structure]’

TNS-ASP Lzl TENSE pres, PROG -_, PERF -_, MOOD indicative

PRED ‘visualize<NULL, [2:structure]>"'
TNS-ASP || PROG -_, PERF -_ |
PRED 'structure’
SPEC QUANT | PRED ‘all' | |
Xcompe NTYPE g| NSYN common |
SUBJ
PRED 'linguistic'
ADIUNCT | { |DEGREE positive, |}
4+ |ATYPE attributive
;| PERS 3, NUM sg, CASE nom
,z| VTYPE main, PASSIVE +
SuUBJ [2]

VTYPE modal, PASSIVE -, CLAUSE-TYPE decl

Syntactic Analysis with Lexical-Functional Grammar (LFG)
http://iness.uib.no/iness/xle-web (Web Interface for LFG Grammars)

Grammar developed at PARC
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Standard Visualization: Semantics

DRS

(Discourse Representation Structure)

x1 s1 = el pi

Topic(s1, x1) should(e1)
linguistic(s1) Agent(e1, x1)
structure(x1) Topic(e1, p1)

pi: e2

visualize(e2)
Theme(e2, x1)

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)
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Mining Linquistic Data

Methodological Challenge/Opportunity
— Use of new technology to detect distributional patterns in language data.
— Ever increasing sources of digital data

—  Wikipedia, social media

— constructed corpora (raw, annotated: morphology/syntax/semantics)

— Specialized query and search tools (KWIC, COSMAS, DWDS, ANNIS)

— Programming languages specialized for text processing and statistical analysis
(Python, R)

— Problem: meaningful patterns difficult to see in the forest of numbers

— Opportunity: Visual Analytics for Linguistics (LingVis)
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Overall Interdisciplinary Goal

® Integrate methods from visual analytics into domains of linguistic inquiry.

® Explore challenges based on the needs of linguistic analysis for visualization methods.

/
linguistic inquiry ~visual analytics
linguistic analysis > visualization
< 4
Linguistics Computer Science

Visual Analytics:
« Interactive exploratory visual access to data.

» lterations of hypothesis-formation and hypothesis-testing.
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Example: Identifying N-V complex predicates in Hindi/Urdu

#this file lists X in X+kar, X+ho, X+hu, X+rakh sequences with corr
esponding occurrences in the (candidate) CP sequences
2 #X = word occurring directly to the left of LV (LV: kar, ho, hu, rakh)
3 #kar: # of occurrences of X with kar

- Goal: |dent|fy sequences of #ho: # of occurrences owaith ho
5 #hu: # of occurrences of X with hu
Noun+Verb for under‘standing 6 #rakh: # of occurrences of X with rakh
. 7 X #hu #kar #ho #rakh
complex predicate patterns 5 luald. 674 466 524 0
— phone-do’ use-do’ 9 GhasE 378 2336 1691 0
. 10 pJsw 366 254 609 0
memory-come, begin-do/ 11 amlS. 359 135 44 0
come 12 £ad 227 1232 100 0
- 13 acle, 183 178 765 0
— Data: 7.9 million word raw 14 sdsels 173 0 114 0
15 Sl 172 373 7027 O
(unannotated) corpus of Urdu 6 2t 147 204 £as 0
(BBC Urdu) 17 533 142 105 235 9
18 sl 103 754 956 0
19 JIS 102 15013609 0O
20 wjiss 80 210 96 0
21 ySal 74 0 263 0
22 Fas 62 59 1161 0
23 ikl 59 315 75 0
24 (s 56 0 2267 O
25 askde 54 197 262 0
[Butt et al., Coling 2012] 26 IpSpld 51 165 13 0
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Example: Pixel Visualization

Statistical Data:

ID | Noun | Rel. freq. with kar | Rel. freq. with ho | Rel. freq. with hu | Rel. freq. with rak"
1| el 0.771 0.222 0.007 0.000
2 | odel 0.982 0.011 0.007 0.000
3| ob 0.853 0.147 0.000 0.000
4| &5 L 0.530 0.384 0.086 0.000

Table 2: Relative frequencies of co-occurrence of nouns with light verbs

'‘achievement’
'announcement’

'talk’
'‘beginning’

do, be, become, put
kar, ho, hu, rakh

h2As3il:
*a2*|An:
bAt:
SurUa2:

Color Scale

0.25
0:5
0.75
1.0
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Example: Identifying N-V complex predicates in Hindi/lUrdu

Tool facilitates zooming and mousing over to see the underlying data set

h2Asil i
*32*|An B :a2An:0.011 (ho)

bAt K

SurUaZ

Outliers/Errors are easily identified

2: *x*rAjAt B
2: s*p<vao>ril
2: uTHA [ ]
2: k*l<ye>**r i}
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Example: V1 in the History of Icelandic

V1 (Verb Initial or Verb First)

Verb initial structures were common in matrix declaratives in Germanic.
In German (and English) they mostly survive in narrative/joke contexts

Walked a man into a pub...

Questions

- What determines the appearance of V1?
How did this change over the history of Germanic?

— Case Study: V1 in the history of Icelandic

Corpus: IcePaHC

— syntactically annotated (Penn Treebank style)

60 texts

12th century CE to 21st century CE
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SClI SCI NAR NAR NAR NAR REL REL REL REL LAW BIO BIO BIO
LIN NAT SAG HIS REL FIC SER SAG BIB OTH LAW TRA AUT OTH

&L
Example: V1 in Icelandic T —
o
Visual Analytic Access to Data F
. L . s
— Glyph Visualization of likely factors e
— Qverview of all 60 texts at once s
— Can drill down to individual data points interactively _9
— Keim's Mantra: Overview First — Details on Demand T
_T.
Text length & V1 occurrences 1150 1210 2008 _’
) L
Y [ Foog
’ I e
Pronoun /) : F:E
/ I Rt
Def. Noun ,' I T’
L Timeline : @ -
Indef. Noun —
PRO x times smaller than expected o —
10 5 2 0.2 — :
30T = -
BE DO HV MD RD VB . 02 2 5 10 S
x times larger than expected N
[Butt et al., LREC 2014] L«
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Example: Analyzing Political Argumentation (VisArque)

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)

DISCOURSE UNITS

[34]
Dr. Volker Kefer [79]

o

1o
Tanja Ganner [47]

|

Pro
[16]
Dr. Walter Wittke [32]

. common ground
N7

: . justification
Dr. Walter Lachler [41] _

o

[3]
Boris Palmer [32]

|

(6]
Hannes Rockenhauch [48]

o

Contra [31]
Michael Holzhey [49]

e

[32)
Gangolf Stocker [33]

-

[el Assady et al., submitted]

[203]

eSS ]
Neutral .|
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X Details

Home About

[Also ich wiirde noch einmal kurz
darauf etwas sagen und dann an
Frau_Gonner weitergeben
Herr_Rockenbauch die

Schlussfolgerung ist nicht zuldssig
die Sie ziehen Nein ]

[Was ich gesagt habe ist Die
Magistrale ist irrelevant bei der
Bestimmung der Passagierzahlen
was ich gesagt habe ist die
Magistrale ist ja wohl relevant bei
der Lenkung von Investitionsmitteln
der EU und ich méchte einem ganz
entschieden widersprechen Es kann
hier keine Rede davon sein dass wir
uns Fordermittel der EU erschlichen
hatten — weil die EU grundsitzlich
priift welche Projekte forderfahig
sind und eine Voraussetzung dafiir
das Projekte der von der EU
forderfahig sind ist beispielsweise
dass sie zu solchen Magistralen
gehdren |

[Also ist die Aussage nicht richtig die
Sie oder die Schlussfolgerung nicht
richtig die Sie vorhin gezogen haben
]

[So weit — und meinen Vorschlag ist
wirklich Wir brechens jetzt damit ab
— weil es kommt nichts anderes
mehr 1]

[Und das ist genau die Einwendung ]
[So und der zweite Punkt - und da
wiirde ich jetzt weitergeben an die
Frau_Gonner — die Wirtschaftlichkeit
Herr_Hickmann die Sie ansprechen
die wird natirlich nochmal Thema
sein |

[Die wird natiirlich nochmal Thema
sein = weil wir in der Uibernachsten
Si in der iibernéchsten Sitzung das
Thema Wirtschaftlichkeit generell
als Thema haben und auch hier ist
mit vielen Vorstellungen die
anscheinend so kursieren deutlich
aufzurdumen !

[Die Verhéltnisse sind etwas anders
als sie so allgemeinhin hier
diskutiert und verkiindet werden !
[Aber da wiirde ich jetzt nochmal

Table Clusters

DrHeinerGeiBler

DrVolkerKefer

TanjaGonner

BorisPalmer

DrWalterLachler

Filter Options

QG

G

Episodes Statistical

¢ o
Q O

cC @

Topic Tree

Glyph Visualization of Utterance Content

X Settings

Text Detall

o

O G

O ¢

Filter utterances by size:

o o

Go to position in discussio
-@

Filter utterances position:
® o

Use following
dimensions:

Common Ground
Immutable Constraint
Assurance
consensus_willing
minimal_consensus
regret

actuality

appreciation
regret_accusation
Reason

Result

Clustering Algorithm

O 6O O (o~

O KMeans

o (O O @

[el Assady et al., submitted]

Frau_G8nner an Sie weitergeben ]
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Example: Speech Data

- Japanese Native and German L2 Learner data (pitch contours and meta data)
— FO contours are smoothed and normalized into pitch vectors
— The pitch vectors are visualized via self-organizing maps (SOM)

f 6‘\’\} .\

[Sacha et al., submitted]

\
A

Figure 3: Different approaches to visualize SOM-results according to available meta-data. (A) Grid
v1suallzat10n, (B) word cloud, (C) bar charts, (D) mixed color cells, (E) ranked group clusters, (F) one
single cell that visualizes contained vectors and the cluster prototype, (G) separated heatmaps for all
values of a categorical attribute.



Example: Speech Data

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

Interactive Exploration:

— individual cells can be
merged

— meta data can be
inspected

[Sacha et al., submitted]
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Outlook

Further Exploration of Possibilities offered by Visual Analytics
— The systems illustrated here are very new.

— Interactive exploratory linguistic analysis is on-going.

- Systems are being fine-tuned.

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.
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Thank You!

More and On-line:
» World Language Atlas Explorer: http://th-mayer.de/wals/#30A/
« PhonMatrix: http://paralleltext.info/phonmatrix/

Interdisciplinary Cooperation (University of Konstanz)

Linguistics
Tina Bogel, Annette Hautli-dJanicz, Thomas Mayer, Maike Muller, Frans Plank, Christin Schatzle

Computer and Information Sciences
Daniel Keim, Menna el Assady, Andreas Lamprecht, Christian Rohrdantz, Dominik Sacha

Political Science
Katharina Holzinger, Valentin Gold
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Example: Correlations between highly frequent words in New York
Times articles (2004-2005)

Raw Data

- 9x9 matrices
— 1 each for each of 14 time slices

X disaster indonesia earthquake  bush war iraq louisiana hurricane florida
'o' disaster 0 0.916525 0.911134 0.819823 0.861211 0.869453 0.970912 0.724439 0.843196
o indonesia 0.916525 0 1 0.962663 0.945219 0.939884 0.939723 1 0.978338
‘/ earthquake 0.911134 1 0 0.973501 0.97084 0.968001 1 0.93921 0.953878
o bush 0.819823 0.962663 0.973501 0 0.272805 0.217123 0.869894 0.89318 0.516845
," war 0.861211 0.945219 0.97084 0.272805 0 0.01 0.942732 0.963832 0.75646
P iraq 0.869453 0.939884 0.968001 0.217123 0.01 0 0.947629 0.940465 0.732742
," louisiana 0.970912 0.939723 1 0.869894 0.942732 0.947629 0 0.880611 0.803738
hurricang 0224439 1 093021 0289318 fal 0 0.713962
X disaster indonesia earthquake  bush war iraq louisiana hurricane florida 3962 0
disaster 0 0.916525 0.911134 0.819823 0.861211 0.869453 0.970912 0.724439 0.843196
indonesia 0.916525 0 1 0.962663 0.945219 0.939884 0.939723 1 0.978338 K
X disaster indonesia earthquake  bush war irag louisiana hurricane florida 953878 e

disaster 0 0.916525 0.911134 0.819823 0.861211 0.869453 0.970912 0.724439 0.843196 |y 516845 L
indonesia 0.916525 0 1 0.962663 0.945219 0.939884 0.939723 1 0.978338| 0.75646 .
n:f“‘hﬂll:'lln N Qj 1134 . 1 n N Q735N . N 97N9A4 n QeONNd - 1 - N 02071 0'953878 732742 "
X disaster indonesia earthquake bush war iraq louisiana hurricane florida 8 0.516845 : o’
disaster 0 0.916525 0.911134 0.819823 0.861211 0.869453 0.970912 0.724439 0.843196 : .803738 .
indonesia 0.916525 0 1 0.962663  0.945219  0.939884  0.939723 1 0.978338 P2 0.75646 . 713962 ,.* &
earthquake 0.911134 1 0 0.973501 0.97084  0.968001 1 0.93921  0.953878p>  0.732742 0 X
bush 0.819823 0.962663 0.973501 0 0.272805 0.217123 0.869894 0.89318 0.516845 L1 0.803738 ,z;é
war 0.861211 0.945219 0.97084 0.272805 0 0.01 0.942732 0.963832 0.75646 | 0 0.713962 &
iraq 0.869453 0.939884  0.968001 0.217123 0.01 0 0.947629 0.940465 0.732742 b2 0 Ng
louisiana 0.970512 0.939723 1 0.869894  0.942732 0.947629 0 0.880611 0.803738
hurricane 0.724439 1 0.93921 0.89318 0.963832 0.940465 0.880611 0 0.713962
florida 0.843196 0.978338  0.953878 0.516845 0.75646 0.732742 0.803738 0.713962 0
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Example: Correlations between highly frequent words in New York

Times articles (2004-2005)

Animated Visualization
(Project Group Oliver Deussen, Univ. of Konstanz)

Animation of trends/change over time

Essentials of data easy to access via visualization

Challenges for Visualization

dimensionality reduction: high dimensional
distance matrices shown in 2D

precision vs. stability: a precise visualization for
each time step would induce too much
confusing movement

tsunami jndonesia

earthquake
war
iraq
louisiana buSh
, florida
hurricane

2004-11
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Table Clusters

DrHeinerGeiltler

DrVolkerKefer

TanjaGonner

BorisPalmer
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Filter Options
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