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The math a linguist needs ain’t rocket science.
And no one is asking you to be brilliant, just
competent. The Lousy Linguist, 2010

http://thelousylinguist.blogspot.cz/2010/01/why-linguists-should-study-math.html
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Is discourse structure genre-specific?
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/{ research question

data description
data exploration |

rulk atistical analysis
significance

: hypothesis formulation ]

| hypothesis operationalization H types of variables

hypothesis formulation

hypothesis operationalization |-— types of variables




Hypothesis

general statement concerned with more than
just a singular event

if... then, the... the... and their paraphrases

Potentially falsifiable
— no hedges: may, possibly,slightly, often...

variables operationalized

— length of sentence: tokens? characters? time?



Hypothesis Testing

Hypotheses cannot be verified, just falsified. Falsify the opposite!

Hy:

. H,:
0 .
. difference
difference
with statistical
Alternative tests

Null Hypothesis Hypothesis Select an appropriate test!



Operationalization

e Discourse structure = distribution of different
discourse classes

e Hypothesis: Genres differ wrt the distribution of
different discourse classes. Genres and

A OE W M| =

distribution of discourse classes are dependent
of each other. There is an association between
genre and discourse class.

document_id
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cmprad10_001
cmprad10_001
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comment
comment
comment
comment

comment

number_of_sentences
33
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t-emprod 10-0071-p17s]
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[ data description

[ data exploration

[ significance

RSN |

[ effect size

hypothesis formulation

hypothesis operationalization |- types of variabkes

e Set alpha level
(aka significance level)

* Select appropriate test
* Test H,

data description

data exploration |

import info statistical ool



Test Selection

e How many indep. variables?

 Which types of variables?

* How many observations?

e Distribution of variable values?

e Computing power?

A\

Some tests assume the sample data fit a certain distribution
Test goodness-of-fit to choose right



Variable Types

e dependent e categorical
— the observed one — male, female
* independent — brown, blue, green
— the controlled one e categorical + ordinal
— beginner < intermediate <
advanced
e quantitative + interval
e quantitative + continuous — no zero point (Fahrenheit
: : scale)
weight, height... L .
L : * quantitative + ratio
e quantitative + discrete .
_ — zero point
frequencies
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Cries, Stefan Th, May 2013, Statitics for (inguistics with R a practical introduction. 2nd rev, & ext ed, Berlin & Mew York: De Gruyter Mouton,



HIypr sl e sl —f

generating :
monofactorial ' ordinal log
1 : regressi

EZANOWA | Anova H 1rm

aov Anova

agnes

\
hypothesis- .
testing linear 8]
regression inten

m

—

correlation |
—
dispersion

frequency

independence/f
difference

: : : infarmation : : :
Shapiro-Wilk chi-square (Kulmugurv -Smirnov )
isq.test shapiro.tes chisq.test chisg.test ‘ fes . tesi:

Kolmogorov-
Smirnov

bifmulti-
namial

ratio Yates ratic
binom. test ks.Test f Tfisher.test /
L B

intervall  grdinal Fisher- intery




count

Pearsons' Chi-Squared Test of
Independence
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Assumptions of Chisq

1. Samples must be independent

(i.e. observations not paired)

2. All expected values must exceed 5
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Initial Questions about Data Set

Data Cleaning

What is one observation?
Distribution of text lengths
— (how many how long texts?)

How much bulk text for each genre?
— no matter in how many documents

Distribution of text lenghts genrewise
— (how many how long texts for each genre?)

How many connectives in the texts genrewise?
Examine strange cases, remove errors



E = R ¥ ¥ I ¥

What is one observation here,
conceptually?

document_id
cmprad10_001
cmprad10_001
cmprad410_001
cmprad10_001
cmprad410_001

genre
comment
comment
comment
comment

comment

number_of_sentences
33
33
33
33
33

sentence_id

t-empréd 1 0-001-pl10s2
t-emprad 1 0-001-pl11s2
temprad 1 0-001-p1 5s1
-emprad10-001-p1 751
temprad 1 0-001-p17s1

discourse_type
conc

opp

Spec

Festr

COn]

discourse_class

CONTRAST
CONTRAST
EXPANSION
CONTRAST
EXPANSION

)



Summarizing the Corpus |

Classes 'tbl df', "tbl' and 'data.frame': 20556 ob=s. of 6 wvariables:

P T P

P T P

¥ ¥

document id
genre
number of sentences:
sentence id
discourse type
discourse class

: Factor w/ 2580 levels "cmprd410 001%,..: 1111

: Factor w/ 19 lewvels "advice","caption™,..: 4 4 4

int 33 33 33 33 33 33 33 33 33 33

: Factor w/ 16112 levels "t-cmpr9410-001-plOs27,..:

: Factor w/ 23 levels "conc","cond”,..: 1 16 22 21
: Factor w/ 4 levels "CONTINGENCY",..: 2 2 3 2 3 2

Fed



Summarizing the Corpus Il

summary (pdt30)

+# document id genre number of sentences
## 1n94207 73 : 123 news 14510 Min. : 1.0

## 1nS%4207 76 : 118 essay 13757 1zt Qu.: 16.0

#%# 1n54210 95 : 102 Sport 12525 Median : 2&6.0

F¥ 1nB94211 92 : 87 description :2305 Mean : 37.3

¥ 1n54200 127: 80 Comment 1731 3rd Qu.: 42.0

## 1n94207 T9 77 topic interv:1247 Max. :231.0

$# (Other) 19969 (Other) 44871

% sentence id discourse type discourse class
#% t£-1n9%4203-125-pEs=sll conj : 7498 CONTINGENCY :4701
£#% ©-1n%4207-73-pl3=s7 opp : 3196 CONTERALAST 0938

reason 2632 EXPL4MN5TON 8851
cand :13658 TEMPORLL. :1066

Cone * BBO

£#% t©-1n%4207-%0-p4s3
#% t©-1n95048-061-p7=3
$#% t-cmpr9415-033-plls4:
$#% t©£-1n9%4203-9%-p&=s1
¥ (Other) 120522 (Other) 14141

[ o I T T s L 3

preced : 840



Contingency Table (2-Way Table)
Genre vs. Discourse Class

% discourse class

$% genre CONTINGENCY CONTRAST EXPANSICH TEHMPORAL
% advice 242 182 2893 24
E 3+ caption B g 20 1
% collection 115 130 225 37
% comment 483 523 656 69
#+* description 520 651 10354 100
55 essay 8913 1082 1569 183
e+ invitation 31 52 128 7
7 letter 90 70 111 B
55 News 983 12849 18745 258
% other 107 116 250 48
e F overview B 35 T8 3
E -+ 4 person interv 173 227 306 61
$#% plot 5 5 0 2
E 3+ program 1 7 14 <
£+ review 2089 346 482 35
#+ sport 464 T34 1095 172
#+* SUrvey 33 36 68 4
#+* topic interv 306 374 518 45
e F weather 0 0 14 0



Summary of Text Lengths

¥ A tibble: 10 = 3

document id genre number of sentences
<focrtr> <fcrtr> <inc>

1 mf3205925 116 NEWS3 T
2 mf320%25 120 person interv o2
3 In34203 75 description 25
4 cmpr34ls 018 comment 26
2 InS5045 035 news B
8 InS5046 0O7TE news 2
7 In95047 120 news 13
8 cmprS5410 008 advice b4
8 cmpr34l13 052 es=say 8

10 1nS55045 110 Nnews 11



Distribution of Text Lengths
Histogram with Bins,
Absolute Frequencies
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caption

Genre vs. Bulk Text Length - Bar Plot
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Distribution of Text Lengths Genrewise
Histogram with Additional Variable
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Distribution of Text Lengths Genrewise
Box Plots with Whiskers
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Numbers of Connectives in Different

Texts Genrewise
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Adding Unique Docs
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Bulk Text Outlier Genres
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number of sentences

How Many Connective Each Genre?
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Absolute Frequencies of Discourse
Classes in Genres
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Proportions with Rugs
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Mosaic Plot - Proportions of Discourse
Classes Genrewise
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Faceted Absolute Frequencies of

Discourse Classes Genrewise,
Unified Scale
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count

Faceted Absolute Frequencies of
Discourse Classes Genrewise,
Individual Scales
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Expected Value in Each Cell

dizcourse class

CONTINGENCY CONTRAST EXPANSION TEMPORAL
advice @ 182 293 24
caption i 9 20 1

collection 115 130 225 37
Comment 483 223 656
description S20 65l 1034
essay 913 1092 1565

invitation 31 o2
letter a0

news

other

overview

person interv

plot

program Expected value must be
review 203 larger than 5!

SpOTT 264 (sometimes disputed...)
survey 33

toplc interv 306

Wweather 0

S 4701 e 5398 i 8850 1066 Bl
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Chisq Test

(result <- chisqg.test (pdt305genre, pdtﬂﬂidiscnurse_classj]

==
#%¥ Pearson's Chi-sguared test
==

¥% data: pdt30%genre and pdc308disco
£#% ¥-zquared = 273.34, df = 42

p—value < 2.2e-16




Standardized Residuals

pdt30%discourse class
CONTITHGENCY

pdt30%genre

advice
other
collection
comment
description
essay
invitation
letcter

News
overview
person interv
review
Sport
survey

topic interv

-46157T765
.0398666
1020027
.2085058
3763206
.3100852
0571787
. 7590880
.9443364
.60%96548
2116568
. 7016356
. 7410088
.1514688
- 4474858

CONTRAST
.6468625
8116713
. 63350066
2713531
. 1255337
. 2653760
. 64900594
.4095414
.5155531
. 7085047
-344058930
.5136831
0270788
.B8236896

BET1EEE

EXPANSICH

.9676630
.3434255

. 6034034
. 5289432
.8560l1264
. 7707818
. 6946794
.1107431
. 26683335
.5542873
. 8010855
.28955250
3371150
. 2445158
1151822

TEMPCORAL
-4346740
18878531
1712638
.3526586
.9478011
-.8637207
3221224
. T585667
.9083080
.5436120
.0221288
.8136408
.8337022
2623203
.0648268



t-test or Wilcoxon-Mann-Whitney-U

test to Compare Connectedness ?

e document connectedness (a toy variable):

— number of connectives/number of words

 Hypothesis H1: Genres differ in document

connectedness

e Distribution of a single quantitative variable
compared across genres

W P =

document_id

cmprad10_001
cmprad10_002
cmprad410_003
cmprod410_004
cmprad10_005

genre
comment
description
adwvice
description

advice

ber_of_sentenc

12
10

5
13
16

word_count  total_connectives connectedness

0018633540
0015898251
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t-test Assumptions

e samples have normal distribution

* each sample contains at least 30 observations



Histograms of Connectedness +
Approx. Number of Texts in Genres
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Shapiro-Wilk Test + Sample Sizes
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Wilcoxon Test Outcomes

## advice wvs. caption

## List of 9

## ¢ statistic : Mamed num 624
.- attr(*, "names")= chr "W"

& 7 p.value : num ©.8514

null Varoe=
.- attr(*, "names")= chr "location shift"

% alternative: chr "two.sided”

$ method : chr "Wilcoxon rank sum test with continuity correction”™

% data.name : chr "x connectedness%connectedness and y connectedness$con

i

% estimate .
.- attr(*, "names" )= chr "difference in location™
- attr(*, "class")= chr "htest”
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Normalized Deviation of Proportions
(Gries 2008, Lijffijt & Gries 2012)

norm_DP_word <- (sum(abs(obs_word_prop - exp_word_prop))/2)/(1-
min(exp_word_prop)).

A value between 0 and 1 for a given word. The lower, the more evenly is the word
spread across the observed groups. Our application:

Which discourse classes evenly spread across genres? Which biased towards
some? (The test will not tell to which. )

Our result: all four discourse classes have NDP approx. 0,2. No drammatic bias, no
dramatic differences.



Visualization Layers in ggplot2

Theme
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Useful References

www.datacamp.com/

— a high-quality on-line course hub, very affordable for academics
www.stackoverflow.com

— questions and answers community portal for many prog. lang.

http://cran.r-project.org/web/views/NaturalLanguage
Processing.html

— language-oriented R libraries

http://r4ds.had.co.nz

— preprint of a book about data science with R, the most up-
to-date methods

http://kbroman.org/knitr_knutshell/

— reporting - how to write RMarkDown documents
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