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Frequency analysis In corpus linguistic

I I Most corpus studies based on frequency comparisor
Pl frequency of construction in different varieties!
Pl frequency of construction among different speakers!
Pl frequencies of different constructions!
Pl keyword analysis!
Pl collocations!
Pitype diversity / productivity!
PI multidimensional (register) analysis!
P E!



Frequency analysis In corpus linguistic

I I Standard methodology (McEnery & Wilson 2001, &3..
Pl count frequencies in (sub)corpora to be compared!
Pl establish sighiPcance withi-squared tes(X?)!
Pl alternativelyiikelihood-ratio test(G?) or Fisher's exact test!
Bl measure effect size (conbPdence interval basedonaxmal
approximation, e.g. with#!$%&'%() in R)!
'l Problems

BPlinvaliddata poolingdEvert 2006; Gries 2006) leads to"
non-randomness (Kilgarriff 2005) b#also known as"
Oterm clusteringO in NLP (Katz 1996; Church 2000)!

Pithe notion of @orpus frequenc itself!
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Case study 1: Passive voice in Englis

joint research with Gerold Schneider (U Zurich)

I'I Style guides make strong claims about passive voice

Pl OIn an average English text, no more than 10% should be
passive voice. So use the passive sparingly, prefer sentenc

in active voice.O"
http://www.ego4u.com/en/business-english/grammar/passive

Pl had doubts E!
' Need to determine appropriateinit of measurement
In order to verify this claim in corpus data!

Pleach verb token (VP) can be in passive or active voice!
BIH: proportion of VPs in passive voice = 10%!




Case study 1: Passive voice in Englis

joint research with Gerold Schneider (U Zurich)

I I Check with data from Frown corpus (1990s AmE)!
Pi10,779 out of 104,078 VPs = 10.4% passives!

Pitechnical footnote: VPs + voice identiPed by C&C tagger
and LT-TTT2 chunker in Pro3Gres pipeline!

Pl corpus data courtesy of Zurich Dependency Bank!

I'I But this difference isignibcant!
Plbinomial test, p = .00013 < .06¢!
Pl effect size is small: 10.17% E 10.54%
Bino linguistiaelevancgCt signibcance)!
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Case study 1: Passive voice in Englis

joint research with Gerold Schneider (U Zurich)

Leech et al. (2009, 164) state
that Ghe data in the Brown

family of corpora support Brown: 12.6% _ LOB: 13.3%
the hypothesis of an" 12,623 / 100,102 VP 13,713/ 103,385VP

ongoing decline in passive

constructions in written

English ... AmE ... is leading

this change that, most" . . FLOB: 123
likely, has to be attributed'f(;?;’;’?]OJ’%:V/‘; é_ |2,597/ |02,47.3V<|;
to the sustained attack on

the passive in usage guid¥s.
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Case study 1: Passive voice in Englis

joint research with Gerold Schneider (U Zurich)

I ConbPrm signibPcance with

chi-squared test! @9 0.3696**!
1l Brown vs. LOB:! Brown: 12.6% _ LOB: 13.3%
o BIXZ = 19 '24 " "1| 12,623 / 100,102 VP 13,713/ 103,385 VP
o TTE e e @19 1.98%6**!

Pbip =.000012 < .00%~!
Pl effect size: 0.36% E 0.95%! @9 0.68%**!

'l Brown vs. Frown:! _ 39
BIX?=255.12, df = 1! Ilzcl)t(;;’;?.| 041',(?7.:\//; < I|:;_5C<37B/ |02|,47.3?\f;>
Bip < 107 @9 1.66%+*

Pl effect size: 1.98% E 2.53%!
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Case study 2: 37% nouns?!

I ' Hudson (1994) made the controverisal claim that

Cabout 37% of word-tokens are nouds

Pl supposed to hold in spoken & written English, Swedish,#E!
Pmain claim is based on Brown and LOB corporal!

I I Methodological criticism by Hardie (2007)!

Pl problematic debnition of superordinate noun category
(includeswhen, how, why & cardinals, but excludes ordinals)!

Pl all differences due to"
such decisions, tag se
tokenisation, E"
are highly signibcant!
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Case study 2: 37% nouns?!

I Replicating Hudson's (1994) results!
Plbased on Brown and LOB annotated with C7 tags!

Pl follow recommendation of Hardie (2004) to debPne
superordinate noun category by high-level C7 tags!

Bl here: simple tags SUBST + PRON!

|| Chi-squared test! | Brown | LoB

Pl X2 =113.97, df = 1! nouns 348,888 339,863
Plp < 1(P1ox** | words 1,024,002 1,018,631

Pl effect size: 0.58% E 0.84%! ratio 3407%  33.36%
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Case study 2: 37% nouns?!

NUMBER OF WORDS ]
GENRE BROWN LOB BroOwN

A Press: reportage: 88690 89138 42.2
B Press: editorial: 54505 54447 36. 1
C Press: reviews: 35346 34321 37.0
D Religion: 34590 34387 34.8
E Skills, trades, hobbies: 72590 76913 37.2
F Popular lore: 97223 89090 35.7
G Belles lettres, biography, essays: 152064 155336 35.5
H Miscellaneous informational: 62477 60761 37.9
J Learned & scientific writings: 162211 161900 35.0
K General fiction: 58380 59204 36.7
L Mystery and detective: 48208 49145 36.7
M Science fiction: 12042 12119 35.5
N Adventure & western: 58416 59391 37.3
P Romance & love story: 58625 59382 36.5
R Humor: 18277 18203 36.7

TaBLE 3. Total words and noun percentage for 15 genres in the Brown and LOB corpora.
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Case study 3: Girls, boys and nouns

I Rayson et al. (1997) bnd that men use more commol
nouns, while women use more pronoutis

Plbased on data from Spoken Demographic component of
the British National Corpus (BNC)!

Pl superordinate noun category (common/proper nouns +
pronouns) also signibcantly more frequent among fernales

Table 7. Parts of speech as percentages of all word tokens

Males% Females% x°
Common nouns 8.49 7.93 395.18
Proper nouns 1.44 1.64 257.78
Pronouns 13.37 14.55 1016.27

Verbs 20.30 21.52 721.51




In a large corpus, everythingis

I I Compare odd- and even-numbered texts!
Pl s Odd English different from Even Engli3h?

I Noun frequencies in Brown corpus (1960s AmE)!
PIX?2=16.37,df =1" p =.000052 < .00
Pl effect size: 0.20% E 0.56%!

I Passives in Frown corpus (1990s AmE)!
PpIX2=6.98,df=1" p=.0082 < .01*!
Pl effect size: 0.13% E 0.87%!

(admittedly not signibcant in other Brown family corpora)!

Leipzig, 13.08.2013! www.linguistik.fau.de | purl.org/stefan.evert! 12!



The library metaphor (Evert 2006)!

Il Traditional frequency comparison

treats each language variety as a -
nuge library! i
11 H,: same overall proportion of ?
passives / nouns in both varletles'

Pl averaged across all sections, with"
each section weighted by its S|ze'«

'l Corpora assumed to beandom

sampleof VP / word tokens!!

Pl but in fact they have been sample
at the level of entire books! -
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Non-randomness in corpus datal

'l Key problem:"
unit of samplindCt unit of measurement!

BPlin library metaphor: book vs. token!

I'I' Leads to increased sampling variation!

Plrandom samples follow binomial distribution!

Pl but each book contains relatively homogeneous text"
co-selection of similar items for sample!

Pl Brown is a sample of 500 books, not 100,102 VPs!
I I Evidence: distribution of frequencies across téxts



The randomness assumption”

Passives in Brow|1 corpus (1960s AmE)

- Observed

number of texts
40 60

20

1% | ‘ll hhiad-—-
[ [ [ [ [ [ |

0 10 20 30 40 50 60

proportion of passives (%)
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The randomness assumption”

Passives in BrO\Im corpus (1960s AmE)

- observed
= pbinomial

a I
These texts are

significantly different from
American English!

80
I

60
I

J

number of texts
40

20

proportion of passives (%)
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The randomness assumption”

number of texts
40 60 80
|

20

A

Passives in LdB corpus (1960s BrE)

- observed
= pbinomial

0

Leipzig, 13.08.2013!

10

Al

I I I
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proportion of passives (%)
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The randomness assumption”

Passives in FLYB corpus (1990s BrE)

/ \ - Observed

= pbinomial

80
I

60

number of texts
40

20

0 10 20 30 40 50 60

proportion of passives (%)
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The randomness assumption”

Passives in Frow|1 corpus (1990s AmE)

||

80
I

- observed
= pbinomial

60

number of texts
40

20

I I I I I I I
0 10 20 30 40 50 60

proportion of passives (%)
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The randomness assumption”

Noun frequencies in down corpus (1960s AmE)

200
I

- observed

number of texts
100 150
| |

50
I

I I I I I I I
0 10 20 30 40 50 60

proportion of nouns (%)

Leipzig, 13.08.2013! www.linguistik.fau.de | purl.org/stefan.evert! 20!



The randomness assumption”

Noun frequencies inIBrown corpus (1960s AmE)

200
I

- observed
” = pbinomial

150
I

number of texts
100
|

50
I

I I I I I I I
0 10 20 30 40 50 60

proportion of nouns (%)
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The randomness assumption”

Noun frequencies in lOB corpus (1960s AmE)

200
I

- observed
II = pbinomial

150
I

number of texts
100
|

50
I

I I I I I I I
0 10 20 30 40 50 60

proportion of nouns (%)
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Student's t-test!

I Each Brown family corpus issample of 500 texts"
rather than ca. 100,000 individual VP tokens!

I But more informative measurement for each item:"
proportion of passives on interval scale!

Plvs. binary passive / active on nominal scale!

Brown |I9.6% 14.0% 20.1% 16.3% 158% 11.2% 15.8%
LOB | 93% 20.7% 18.2% 13.6% 154% 13.3% 6.2%

I I Suitable hypothesis test: Student's t-test!
Pl or non-parametric Mann-Whitney test!



Case study 1: t-test!

I ConPrm signibcance” MW: p = .049
with Student's t-test! l n.s.l
Pl H,: macro-avg. (texts)"Brown: 142% _ LQB: 14.9%
instead of micro—avg.! micro-avg. I2.67f micro-avg. 13.3%
|1 Brown vs. LOB:! @2 1.98% |
3 _ MW:p =.090n.s.!
Pit=1.22,df =997! @®0'18%¢
Pip=.223 n.s.!
Il Brown Vvs. Frown:! Frown: 11.6% é_ FLOB: 13.7%
micro-avg. 10.4% micro-avg. 12.3%
= = | .
Pbit =D4.03,df = 991.5! @O 1.450

Plp =.000061 < .001**
Pl effect size: 1.03% E 3.00%!
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Case study 2: t-test!

I Comparison between Odd and Even English!
Pit=1.31, df =491.4!
Plp=.19n.s!
PIMann-Whitney test.p = .178.s.!



End of story?!

'l Are we done now that Odd and Even English are no
longer signibcantly different?!

% OF NOUNS

BrOwN LOB

42.2 41.2

|| Problem: t-test and Mann-Whitney" 37 o
disagree on two out of four cases! ;3 "y
35.7 35.9

35.5 34.4

: N 37.9 34.5

11 And there's still the 35.0 33.3
: o 36.7 35.8

troublesome notion of an 36.7 35.5
Oaverage corpus frequencyQ! o o
36.5 36.1

36.7 35.6



relative frequency (%)

Is corpus frequency meaningful?!

Genre variation of passive frequency in Brown/LOB corpus

o
=
(o} © (N = (] = o © c (] w0 o =
o © |2 |0 (o = D @ |0 e =2 1 | |2
S 33E & 2 g g 2 5 & & [
] 7] S = |Q o 0 © 0 oS =
(7)) (] () E =
3 o Qo o @8 9 = L - © S o £
b o (]
o o O g =
! 1
n 1
o _| ,
o) + i + Uk
. # ' ' us
+ S TR
+ + + ! +
S - o ++ .
< ] , t ++++ v 1
1 . " [ +
|’I + + |+ 'Fh: ot
o _| :_Ei' + + + W'
™ + £+ T + i + "
++ ! + + + + T I| # + I|'
++ v 1 + ++ ¢++ ! _1_'_++ 1 | e
+ |+ o + RO A T
tel4 | T + t H#4F
8 ] +_#_+ | '.| - ' h’_++f+ 1 -H_-I#‘ lll % " . _ﬂ:_H#_++ v +
+-|-ﬁ_+ + \ e 'I-|:|_+ ! e +7 v Ij‘ =B -%Fi_ ++ " !
_H_-|-||_-+ l.“ ! :I'I u‘ f ' IR ERE ' * ++| " I y .' M T " I'II Y ' l. ! !
o _i -+ 'hl, '|'. :-J‘F‘I-' " ':b_ W -'IFFLT_-FI'If ,'," _ﬁ-‘h: +I'l e I " # +'I " Yo h 1 ‘l‘i_
— T— + + 4+ Yy + 0 e -#-++ ,.'.'..,'I o th P R B 0 '
L [ '] +,i \ + 1 t+ | 1 1 \++ ] "
#:" ' 4 "_|_ L I-t ! ! T ! t‘i'll:'l -’J:lll —-*-A-I-‘l-'l_ Ill 'I 1] |+I“
'H:"- Y L o III'I'I ;%’nl‘u. T 'I"':%,lll 1
1 1 + 1 'J:I’_El ! 'i'."lI _?- _Hf W'
P + TH N Sl Tty
o

Leipzig, 13.08.2013! www.linguistik.fau.de | purl.org/stefan.evert! 27!



relative frequency (%)

Is corpus frequency meaningful?!

Genre variation of passive frequency in Brown/LOB corpus
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Is corpus frequency meaningful?!

Genre variation of noun frequency in Brown/LOB corpus

relative frequency (%)
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Genre variation of noun frequency in Brown/LOB corpus

Is corpus frequency meaningful?!

oy X MR R
' )
+

+ uk
* us

aJduewol

30!

v i
qumyanpe S A
H9S ERC S A RO

. \0
SIREIET! sy W#r e

Y DU
uonoy i

Y M .
paules| ¥ Iy

oo
S N

®
+ 3" b,
+ ﬁt@% ﬁ+++
N8| sajleq g NS

www.linguistik.fau.de | purl.org/stefan.evert!

al0| dod Lo+
e tte %l Lo,
. et #.r .«J..
+ + ._..._u._”_._. ++ ) o.r.-._n
saiqqoy M 7 e
uoibyjol £ S poe
SMaIASJ + o+ #AM s,
v . 'roﬂ _..- LI
2 A H
po ssaid R
® Ve R ‘ .‘.—,0 . hd T T
¢ . L co ICIPY ooc *
t oo +#.# o
+
dessseud ekl
| | | |
0Sg Sy ov G¢g (015

(9%) Aouanbauy annelal

Leipzig, 13.08.2013!

o
N



Modelling linguistic variation!

I Quantitative analysis must account for the variability
of relative frequencies between texts (Gries 20006)!

I The contrast of interest is one possible factor behind
this variation® can be tested for signibcance!

1| propose that (linearytatistical modelare the
appropriate statistical tool for such an approach!



Modelling linguistic variation!

'l Linear model predicts relative frequency in each text
based on variety, genre, and other factors!

Bl goodness-of-bPt &2 = proportion of explained variance!
Zi (! i)z

N > Y
L—R Zi(Pi—"o)Z

grand mean effect of genre differences

\ /

pi = Po + P1(genre) + Bo(AmE/BrE) + -+ + ¢

/ /

relative frequency in text i unexplained residuals

(binomial sampling + other factors)
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LM analysis: Case study 1!

English passives in the 1960s: AmE/BrE

relative frequency (%)
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relative frequency (%)

residuals

LM analysis: Case study 1!

English passives in the 1960s: genre
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LM analysis: Case study 1!

English passives in the 1960s: genre + AmE/BrE

o o o g |o o = o o o c o "o o =
) ) s |0 |@ = 3] 7] ] o > I 3] 3
= » o 5 |o o = = c = = ‘a2 c o
» 3 < |2 |8 a ® £ = ] 7] = ] £

18 (] 2 [ |© ) Q 3 = 2 o £ 3
- s = - e o I - [) 'c>: o £
o 2 . . © ©

I + uk

® us

o .

3
S
5 il

7
%
:

'+ d L]
R2 = 46.1% (var =

g [ 258, |2 5 ERF g R B
e — O —_— c — -3 c o
_ » Q2 o |2 - » £ = 3] c © €
A @ S = |a o o © Q o £ 3
g S 2 pEET R s R 8 | |& F
— 73 -
o ’ o lm © >
|\|| ll\
: 1 1.0 0
bl nliiiim % ¢ |I’|I.‘-ma‘1 |t |||||| ‘”" "% “ i o 4 L |||\| MV 1 P “I\:... n o ||\|||\||m l!“ ‘l‘ i ||I| “...._ I!..-\ gtle o RITl o gft  dB % ot of L [l
TR S Al PR Iy 7 w= s - e ey N [ ‘"""'.""""“"lluul N i e~ et e o
na R "" of Al SR At i w T ;'||| "” + uk
I 1 i ) ® us
: oot

H H 4.0 N laVa¥: Pl I 4 (l ] I Y 4
1 I_UIIJLIQ, 15.UG.ZU1lS! VVVVVV, IIIIgUIbLIK 1dU.UT [ PUTT.UTy/stciarr.cvel L! OI!



relative frequency (%)

residuals

LM analysis: Case study 1!

English passives in the 1960s: genre + AmE/BrE + interaction
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Analysis of variance!

**************+ ,*_./*_O****lz | 3$*45"*6*753.&*8"(96)*****
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'l AmE / BrE has no signibcant effect!
Plalso no evidence for genre-specibc differences!

I But does this model really explain variation?!
P 52.5% residual variance!!
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Is the linear model good enough?!

'l Lower bound: binomial sampling variation!
Pl cannot be avoided when sampling entire texts!
Plsame e.g. when recording 10 minutes of speech!

I'I Simulation experiment: binomial variation accounts
for ca. 6500 variance units partialR> = 6.5%

I Need more explanatory factors = metadata!
PInot available for Brown family (and many other corpora)!



Latent register dimensions!

| Newspaper Academic
1 Biber (1993) identiPes | —
latent registerdim's do

from correlations btw.

linguistic features!
|l Factor analysis / PCA!"  ..! NS

I Use register dimensions o e 63

object positions
pied piping

as predictive factors in ™ | consmcions el

WH relative clauses on

- - I -25 + subject position 045
linear model analysis! phrasal coordination 0.3
nominalizations 0.36

-30 +
time adverbials —0.60
-5 & . place adverbials —0.49
| conversations| other adverbs —0.46

INVOLVED

-9 -7 -5 -3
SITUATED ELABORATED
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Latent reglster dimensions!

-10

-10
|

Il SimplibPed approach:

latent registers based .

on POS frequency

probles (C7 tags)!

Il Exclude all verb tags
to avoid circularity!

] ] ]
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mCEL
mEDEWM
W E ®m N
mF ®mP

G B R
m H

I PCA on standardisec
frequency counts!

'l First 10 latent dim's

-

considered as factors

In LM model!
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Latent reglster dimensions!

-10 5 10 -10 0 5 10

'l SimpliPed approach]
latent registers based .
on POS frequency |

5 10

-10

probles (C7 tags)!

'l Exclude all verb tagg = = = iow
to avoid circularity!

Il PCA on standardiseg
frequency counts!

'l First 10 latent dim's

-10

considered as factors

in LM!
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Latent toplc dimensions!

-0.3 0.2

I'l Distributional
semantic models
Infer meaning of
words and texts
from distribution of
lexical words!

Il Latent Semantic
Indexing= SVD of
term-document
matrix (Deerwester

et al. 1990)!
'l First 10 topic dim's
~as LM factors!
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Latent topic dimensions!r«

Il Distributional
semantic models
Infer meaning of
words and texts

-0.3

from distribution of

lexical words!
Il Latent Semantic

Indexing = SVD of

term-document

matrix (Deerwester

et al. 1990)!
|l
as LM factors!
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LM analysis: Case study 1!

English passives in the 1960s: genre + AmE/BrE

relative frequency (%)
20 30 40 50 60 70

10

0

10 20 30 40

residuals

0

o 0 (7] = o o ! o [0) -
o 3] = (5 |o g 5] K7} @ 5 g = o =]
o = = o - c = = =3 c @]
%) Q o = e = = [ =
[0 ) = |2 |a o 4 ® 2 o % 8 £
a ) o |o |o o Q o = B 0 £ =
= s s s < o o) - % _8 o <
o o) ' ' ©
+ uk
't us
+
++ ]
+ i
v +
—] +.H-+ I 1 4 ,' |+ +
+ _‘tt]. 4”“""3* x' '
]
RZ 46 1%
o o 0 %) = ) - o I} =
) 5} = S 4} o D K%} [} 5 g 50 o 3
= (&) = re) o - c . = = =S e o
n @ > o e y | = (& Free}
) » s |2 |a o n T o Q 7 = © S
% ) o |0 o 7 o |2 <o y ‘Z £ 2 S 2
= o = =X [3) i % O g
o o) g
\ . nl \H \
— i Yl
il ! '

o | it |I T ] V i Illl \l\ \ | Lot o i
AR | 2 | L - 0 Y Y |||\|ﬂl’”|m|‘ el i | I ..‘”H. : Bl e, i gt EAILE
T Ty "" uu‘"" O A 0 T T e i uum-."""‘!"'l y e TR R R
Kaaag i :e: e e ur T -

oo ' Sl il ' g 2l + uk
L L I ‘ 4 Ol

I us
n : L i | £ (l F

] T S S - &
WWW.IITTYUTISUR. 1AU.UT T PUTT.OTyrstcialr.cvel tt G447



70

relative frequency (%)

residuals

LM analysis: Case study 1!

English passives in the 1960s: genre + 4 register dim's + AmE/BrE
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relative frequency (%)

residuals

LM analysis: Case study 1!

English passives in the 1960s: genre + 4 register dim's + 6 topic dim's + AmE/BrE
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Interpretation: Case study 1!
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'l AmE / BrE is highly signibcant now!!
I I'Visual interpretation with partial effects plots!



relative frequency of passives (%)

Interpretation: Case study 1!

genre effect plot

region effect plot
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relative frequency of passives (%)

relative frequency of passives (%)

Interpretation: Case study 1!

regl effect plot

reg5 effect plot
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. Case study 1!

Interpretation

)
o
o
o
(&)
0
=
o
Lo
o
O
o
T \_ T T T 1
O 1 O 1 O 1 O
™ (a\] (a\] — ~—
(%) senissed jo Aouanbalj aniejal
e
o
o
e
(&)
0
=
o
4
Q.
O
o
T _\ T T T 1
O 1 O 1 O 1’ O
™ (a\] (a\] — —
(%) senissed jo Aouanbal) aniejal
o
o
o
)
O
0
=
(]
(9N}
Q.
O
)
T T T _, _, 1

O O o 1 O U o
O AN N - v

(%) senissed jo Aouanbauy annelal

—0.260.150.100.09.000.050.100.15

00 01 0.2

-0.1

0.2

0.0 0.1

-0.3 -0.2 -0.1

d—
o
o
o
o
&
=
(]
o
—
o
O
.
T T T T T 1
O 1 O 1 O 1’ O
™ (a\] (a\] — -~
(%) senissed jo Aouanbalj aniejel
e
9o
o
o
(&)
O
=
o
(@))
Q.
O
o
T T T _, T 1
O 1 O 1 O 1’ O
() (a\] (a\] — —
(%) senissed jo Aouanbalj aniejal
d—
9o
o
)
O
&
=
o
(00)
Q.
O
)
T T T ,_ , T 1

O nu o 1 O U o
O AN AN -

(%) senissed jo Aouanbauy annelal

-0.1580.160.050.000.050.100.150.20

-0.15-0.16-0.050.000.050.100.15

—-0.160.1680.05.000.050.100.15



LM analysis: Case study 2!

English noun frequencies in the 1960s: AmE/BrE
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LM analysis: Case study 2!

English noun frequencies in the 1960s: genre
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LM analysis: Case study 2!

English noun frequencies in the 1960s: genre + AmE/BrE
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45

LM analysis: Case study 2!

English noun frequencies in the 1960s: genre + AmME/BrE + 7 topic dim's

35 40

relative frequency (%)

30

o [%2] = Q ° o ()] =
5+ 3 [2lsls 2 £ 8 5ok o B3
Dt e ed = 2 2B, |a n JE = 3 o AE S =
9.+ o o |o |o o) Q ] = Q ] £ =]
&J‘i‘ Ht o I, a et bt = 3 3 < @ S o) =
(S A ® o + o ° © _8 =
T o T ~ v

+ 4
K R
ol 4 + o
L 4 ° s .
it ..f 4 e, " + : Y
g * o x . W |
loe Ce | g, TS -+ & + o+ . i
® . o ¢ o o, &
® 4 ® & o . Y e & L+
A ¥ ) f"-" s 4 oo 4 o T, i
. 4 teoe o0 .0;: . ® e
. o~ 2. A " 3 o
F AdRd 'ﬁ_o & & ) + 2 . *q° o® o .i X3
|-++ +:a' . e #'H:’-. ° -H.+++. * "0‘.§. e - o ¢
| e . e & % | o % S et o ety
. . B+ 4 « H, . ® 3."# -“.p.b‘t'vo 4P++ .
ko0l A" AL e A
e Fat e Secer .-'f:. i+ +
+ W et s e
+ o . gﬁ_'_ +++‘o -
+* s .
+ - + °
+ *e .®
R2 = 55.3% (var = 4369.

10 25

5

residuals

3 3 |2 |5 |8 2 g 3 s |2 g2 |8 |3
= o |5 & 2 - = = = g= c =t
7 , 0 2 > |8 o 3) 5] ac © S
a2 g S = o o = Q [ e =]
3 o o [ |9 S 2 £ g

et o N @ Q = o) <=
' + ' f i 3

)}—
ol it o1 [

m.'
Pl Iili!ﬂ!!-;; o 1, u

| !
o
I I! ..|| |. i |. !

F o ; “
i, . ‘“ -
'MI.:II i Iilﬂﬁl!ﬂllll\il!i\ III  t| ¥ 21 lll \:...‘alll\.n:m'l

K i | i M!l
Un ¢ sl J i oo ]
I+ £ 4, ] ...J i !“.siuhiiii‘iil Ml I||n.

i ﬁumlﬂii‘h

|EW‘¥il |!| ::I"Ii' i |||| ,E{H'—‘ " |4 lul |||!!| ”‘Llilll Ilr I ol o 'llﬂl - r'i!|||!|\|| ml R ;Wii“w““ || ! "':nl ‘I“I QI || 1] iF- i !”‘l'" :I gy’ <|||||"||\|\I [ iip g - ) I’“i Iy \!! s ‘I‘! : ....ir..‘;.'"]l““!!l\ |
| 4 || i b W Il‘ﬂ I
' + uk
® us
H H 4190 N (aVal 1 | P £ (l ] ] ] el £ Fu AT I
IPZ1Y, L5 UO. ZUL3! VWWWATTTYUISUR TAU.UT T PJUTT.OTg/5l€idIT.eVET U o4!



LM analysis: Case study 2!

English noun frequencies in the 1960s: genre + AmE/BrE + 7 topic dim's + 3 interactions

35 40 45

relative frequency (%)

30

residuals
5 10 25

15

(%] [&] © - =
o+ ? : 6 |2 = (5 2 ] s g ge 3 5
o 19 2 |3 |2 2 ” E £ 3 g (32 = ©
Dyt enee @ s = 8 + 2 a o < .2 3 ac g g
4o o * +
bt + 9 + * 4
+ ° %8, oo + Ly ol + uk
++ + T+ + + . + o
n A GO 4 3 o < + . . . s ® us
wr N r e o + # L. . . 4| + 8,
o+ o+ % + %% L3 + % & H e ® ﬁ ee® 4 + °® + ®
- q- [ ° +0‘ L .os ° —+ H h - Py
T e | g Y a e 4R WX 44 C 2P . + ¥ LR I P i+
SR I N X He ool AR s f + IR, celigrze S 0 Juit g e 3
it . + o+t {'.'*‘;.: riE e +ﬁ$ R, 0B - 0P -FE‘.L.;;-O +t o AR, & : +3-.“1
® . . Ta % 20 . + 4 o . () Y + S % o 5 ol +
s ‘.g STl Sw TRl The ee [t + Mg ¥ + 3 -0 T S 1
b+ F . . o8 F g ot oo Lol . s 8 L % : WAt 3 P
L o o T 2o % L o9 o |of T te, . % + Te . o
++ ‘ﬁ : ¢ A .:. 3 ...;o 2% .., * " ﬁ 't’.g": s '!‘.:"5 ...S +t++'$#.*.. * o. ‘0”’ T 4 .'F’ +‘h" + * < 1'0
: b TRt M A v 5 RSN Y N . i
. - o * e o8 _F'_-H- ¥ * o ‘g +§.o ++ * % .0‘.' T e e + ®le .
T A A R S AR T e R < +f*-§. o | F
e 0y .
LB it-.?.'+:. HH- oo _:-++ ++ ".o * N M, ° Ty & .o..°0°\ T
+ + + -+ ’r + LI Y "ﬁ:‘ +++}o
"+ ! ® o #. hd
. + 4o M .
I+ + + + +e
. + «*
R2 = 56.0% (var = 4279/0)°
o ° Y ] (&) = e o () =Y
3 o = § |2 5 5 2 3 5 2z [8s
— —_— - — -
2] [ 9) = g) g o 0 = E § 9 &E
0 ] [} (&) o Q ) [} A -oq—a') (%
(&) = st = = S Q =
S = | e i T ¢ ®)
bt 1Tl e gk, o ot h|| y I ot T aalt 1 |‘|\| i Iii"‘!lni i |\ o IH i IS o]t
e o A VR e £ MY L ol g WP SR s NN SRR PSR P e
T LR ] Y Ty |||| Ihllj"l\‘ Ii' e ilRER" g |g;;":!| B ‘IHI T I | e ||\|\||I|| HHF ST
3 $ oy | 1] L # o gt % :-' .
| RE. ! T b
- o t

H H 4.0 N laVa¥: L P £ (l ] ] I Y 4 i
141y, 15.U0.ZULS! WWVW.ITTTYUISUR. TAU.UT | PUTT.UTY/SICIAIT.CVET U



Interpretation: Case study 2!

*************+ ’*_ ./*_O****lz!3$*45"**6*753.&****8"(96)*****
:&;"&********<:*D<><$D*******D<$>AC**?<$KKAK*E*B$B&F<@*GGG*
%#l <**********<***? D$<********I$?DC**< B$I KD I*I$I I I’?D<D*GGG*
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%#!?**********<**??I$K********?$‘?BC*< B’)$D@>I*E*B$B&F<@*GGG*
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Binomial variationR? = 10%(ca. 1100 variance units)!
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relative frequency of nouns (%)

Interpretation: Case study 2!

genre effect plot

region effect plot
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relative frequency of nouns (%)

relative frequency of nouns (%)

40

Interpretation: Case study 2!

top2*region effect plot
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Residuals

LM diagnostics: Case study 2!

Residuals vs Fitted Normal Q-Q
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LM diagnostics: Case study 1!

Residuals vs Fitted Normal Q!'Q
S . o | residuals follow heavy-tailed
residuals depend on predicted distribution (non-Gaussian) .
values|(in non-linear fashion) 1= 50
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Limitations of LM!

Linear models ar@ot appropriatefor the analysis"
of corpus frequency data because of!

I normality assumption !
Piresiduals must be independent with Gaussian distribution!

I ' homoscedasticity
Plvariance constant across all residuals!
Plin particular, must not depend on predicted value!

|1 predictionsnot restricted to range0% E#100%!
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Limitations of LM!

Leipzig, 1

1,000%-
m 1
10%
2061: “SUSTRAINABLE " OCCURS AN
FRequENY OF 1% AVERAGE OF ONCE PER SENTENCE
USE OF THE WORD
'SUSTAINRBLE"IN. . | 2036: “sUSTAINABLE " OCCURS
US ENGUSH TEXT, AN AVERAGE OF ONCE. PER PAGE
AS A PERCENTRGE OF

ALL WORDS, BY YEAR. 015

SOURCE: GOOGLE NaRAMS
0.00/% —

0.000! %

0.00001% *, " y

0.000001%

© Randall Munroe | CC-by-nc

http://xked.com/1007/

L] L L N | T T

980 2000 2000 2040 2060 2080
YEAR

1960

R S e

2100 2120

2140

THE WORD “SUSTAINARLE" 1S UNSUSTAINABLE.

63!



Generalised linear models (GLM)!

I'I Solutiongeneralised linear modg(&LM)!
Pllogit link transforms linear predictor into probability!
Pl explicitly includes binomial sampling variation!
Pl goodness-of-bpseudo-R (e.g. Nagelkerke 1991)!

fi ! Bln,m" sampling family

1

J;, —
1+e®
li ="0+"1(genre) + "> (AME/BrE) + aé

link function
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Related work!

I'I Dispersion and adjusted frequency counts”
(Gries 2008)!

Pl but such heuristic adjustments thwart statistical analysis!

I'I' Logistic regression models”
(e.qg. Gries 2010, ©3.2.2; Bresnan et al. 2007)!

Pitoken-level predictions of choice vs."
text-level prediction of frequency!

Pllogistic regression ignores sampling unit = text!!



Epilogue: Case study 3!

I I Replication of Rayson et al. (2007)!

S e s | e

29.83% 30.58% 16
all nouns - |,24§,oe3 647451 12117315 206.65 < |Q-lorx

17.44% 18.77%

—16 stk
pronouns 217,721 /1,248,063 397,386 /2,117,315 920.59 <10
Table 7. Parts of speech as percentages of all word tokens
Males% Females% x°

Common nouns 8.49 7.93 395.18
Proper nouns 1.44 1.64 257.78
Pronouns 13.37 14.55 1016.27
Verbs 20.30 21.52 721.51
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Epilogue: Case study 3!

1 Unit of measurement: word token!
I Sampling unit: speaker!

Il Student's t-test on relative frequency per speaker!
Plall nouns:t =D0.35,df =683:2 p =.727n.s.!

Pipronouns:t = 3.37,df = 702.3 p =.00078 < .00%*"
effect size:female > maldy at leastD.37%

I'I Linear model based on sex, age group, region and
other speaker metadata is not informative!



THANK YOU!
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Outlook!

I I Token-level models logistic regressian

Pl local features inf3uencing e.g. pass/act choice; e.qg.
Intransitivity of verb!

Pl repetition effects (Oterm clusteringO) can be modelled as
auto-correlated time series (Pipa & Evert 2010)!

Pl also for repeating/cyclic patterns!
Plspeech rate as predictor of noun/verb ratio!

Pitext as sampling unit can be included as random effect (
precise statistical inference difbcllt)



