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nWell-established, successful approach to studying linguistic variation based on observable lexico-
grammatical features ➞ most widely known multidimensional analysis (MDA: Biber 1988, 1993, …)

nBut with limitations …
– unsupervised FA good for major dimensions of variation, but cannot detect fine-grained patterns 

(e.g. original vs. translation, male vs. female speakers, language variety)
– no good strategy for integrating multiple perspectives into a single quantitative analysis

(in our case study today: register variation × language varieties)

Geometric multivariate analysis (GMA: Diwersy et al. 2014; Evert & Neumann 2017)
nGeometric perspective with orthogonal projections is intuitive & enables combination of dimensions
nEmphasis on visualisation ➞ understand geometric structure first to obtain overview
nMinimally supervised perspective: linear discriminant analysis (LDA, also cf. Egbert & Biber 2018)

Introduction

Multivariate analysis of linguistic variation
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nNew: user-friendly R package gmatools
➞ everything shown in this presentation was done with the R package

nWill be on CRAN soon – for now install directly from GitHub repository (see below)

nCode examples at bottom of slides – see RMarkdon notebook at https://osf.io/9p25y/ for details

Introduction

Geometric multivariate analysis in R

devtools::install_github("schtepf/GMA/pkg/gmatools") # just once

library(gmatools)

https://osf.io/9p25y/
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In this talk, I want to …
n… show how to find structure in multivariate data effectively with GMA.
n… convince you that it's easy & fun to apply GMA yourself with gmatools!
n… address some methodological issues that came up in recent studies.

Research questions:
nAre GMA dimensions robust against modification of the data set?
nHow stable are GMA dimensions identified by minimally supervised LDA?
nHow much is the LDA analysis influenced by imbalance between proxy categories?
nWhat if there are confounding factors in the proxy categories?

(especially if multiple distinctions of interest intersect, e.g. register and variety)

Introduction

Goals & methodological issues
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nNeumann and Evert (2021)
àInternational Corpus of English (ICE: Greenbaum 1996)
àHong Kong, Jamaica, New Zealand
àlinguistic variation across these three varieties of English, 

esp. with respect to register 

nReplication on extended data set (Frenken et al. 2025)
àsix additional ICE components: Canada, Great Britain, 

India, Ireland, Philippines, Singapore

nNow: expand on the replication experiment
(ICE3 = original data | ICE9 = extended set)

Case study

Background and objective
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nConsistent clean-up of component markup (Lehmann 
and Schneider 2012; Conrad et al. yesterday)
àincluding removal of extra-corpus material

nFine-grained CLAWS part-of-speech annotation 
(Garside and Smith 1997)

nExtraction of 41 lexicogrammatical features
àcapture contextual dimensions of register variation

nReproducible CQP query pipeline to be released 
separately (Evert et al. 2020)

nDetailed evaluation of precision and recall in progress

Case study

Feature extraction Features
word/S pospers2/W interrogative/S

lexical density pospers3/W imperative/S
nn/W atadj/W title/W
np/W predadj/W place adv/W

nominal/W prep/W time adv/W
neoclass/W finite/S nom initial/S

poss pronoun/W past tense/F prep initial/S
pronoun all/W will/F adv initial/S
p1 perspron/P modal verb/V text initial/S
p2 perspron/P verb/W wh initial/S
p3 perspron/P infinitive/F disc initial/S

it/P passive/F nonfin initial/S
pospers1/W coordination/F subord initial/S

subordination/F verb initial/S 
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n relative frequencies wrt. sensible unit of measurement
n removal of (nearly) collinear features
n standardisation + signed log transformation of features
n exclusion of short texts (ca. 5%–14% of all texts)

Case study

Preprocessing
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nUnsupervised principal component analysis 
(PCA) of ICE3 data set

nProjection into first 3 PCA dimensions
àmajor dimensions of variation seem to align quite 

well with ICE text categories (colours)
nCaptures R2 = 45.83% of distance information

Reproducing Neumann & Evert (2021)

ICE3 <- GMA$new(ZL3)
ICE3.pca <- GMA$projection(space="both", dim=1:3)
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nLinear discriminant analysis of ICE3 data set 
based on 20 mid-level text categories
àregister space implied by ICE sampling frame
àclearer structure & visual interpretation than PCA

nProjection into focus space spanned by first 4 
LDA dimensions (here: visualise only 3 dim's)

nCaptures R2 = 17.87% of distance information

Reproducing Neumann & Evert (2021)

ICE3 <- GMA$new(ZL3)
GMA$add.discriminant(Meta3$textcat20, max.dim=4)
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Reproducing Neumann & Evert (2021)
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nLinear discriminant analysis of ICE3 data set 
based on 20 mid-level text categories
àregister space implied by ICE sampling frame
àclearer structure & visual interpretation than PCA

nProjection into focus space spanned by first 4 
LDA dimensions (here: visualise only 3 dim's)

nCaptures R2 = 17.87% of distance information
nScatterplot matrix visualisation shows views 

from the front, left and top of the cube
àbut generalises to k > 3 dimensions

ICE3.X <- ICE3$projection()
gma.pairs(ICE3.X, dim=1:3, meta=Meta3,

col=textcat20, pch=variety)
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nProjection shows very clear structure, but the
two “bananas” are not aligned with dimensions

nFA applies “rotations” in such cases
nGMA: actual rotation (isometric map) of first two 

basis vectors based on PCA of data set
àsimilar to varimax rotation in factor analysis

Reproducing Neumann & Evert (2021)
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Dim 1: conceptual speaking / conceptual writing
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Dim 2: dialogic written / neutral
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Dim 3: descriptive-narrative / instructive-regulative

n Interpretation of dimensions based on topographic 
map created by ICE text categories, combined with 
feature weights of basis vectors (“loadings”)

n LD1: conceptual speaking — conceptual writing

n LD2: dialogic written — neutral

n LD3: descriptive-narrative — instructive-regulative

Reproducing Neumann & Evert (2021)
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gma.plot.weights(ICE3$basis(), dim=1:3)



Evert / Neumann / Schneider / Frenken | Corpus Linguistics 2025 | 2 July 2025
DFG project no. 528467412 | SNF grant no. 218836 
QuanTOR – Quantitative Analysis of Textual Organization across Registers

17

nReplication by Frenken et al. (2025):
Will we come to the same conclusions if we 
carry out the analysis on a different data set?

nHere: extend to nine varieties of English (ICE9)

nFirst two LDA dimensions look very similar at 
first sight, but third (and fourth) are markedly 
different!

nFeature weights also lead to different 
interpretation of the dimensions

Robustness: Extended data set
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ICE9 <- GMA$new(ZL)
GMA$add.discriminant(Meta$textcat20, max.dim=4)
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Robustness: Extended data set
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ICE9$similarity(ICE3) # ➞ 3.714 (out of 4)
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Aligning the GMA focus spaces
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ICE9$rotation("manual", basis=ICE3, debug=TRUE)
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nLet us “zoom in” on five text categories in the 
conceptual speaking range of LD1
àspoken: conversations/phonecalls (1028), 

broadcast interactions (331), legal cross-
examination (114)

àwritten: social letters (566), creative writing (213)

nCompare language varieties with respect to 
these text categories

Zooming in on language varieties
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nLet us “zoom in” on five text categories in the 
conceptual speaking range of LD1
àspoken: conversations/phonecalls (1028), 

broadcast interactions (331), legal cross-
examination (114)

àwritten: social letters (566), creative writing (213)

nCompare language varieties with respect to 
these text categories
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idx.sub <- Meta$short20 %in% qw("conv broadc …")
MetaSub <- droplevels(Meta[idx.sub, ])
ICE9.Sub <- ICE9.X[idx.sub, ]



Evert / Neumann / Schneider / Frenken | Corpus Linguistics 2025 | 2 July 2025
DFG project no. 528467412 | SNF grant no. 218836 
QuanTOR – Quantitative Analysis of Textual Organization across Registers

22

nLet us “zoom in” on five text categories in the 
conceptual speaking range of LD1
àspoken: conversations/phonecalls (1028), 

broadcast interactions (331), legal cross-
examination (114)

àwritten: social letters (566), creative writing (213)

nCompare language varieties with respect to 
these text categories
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nLet us “zoom in” on five text categories in the 
conceptual speaking range of LD1
àspoken: conversations/phonecalls (1028), 

broadcast interactions (331), legal cross-
examination (114)

àwritten: social letters (566), creative writing (213)

nCompare language varieties with respect to 
these text categories
àNew colour scheme helps to distinguish text 

categories more clearly

Zooming in on language varieties
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ICE9.Sub <- ICE9.X[idx.sub, ]
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Register divergence across varieties
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Register divergence across varieties
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Register divergence across varieties
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Register divergence across varieties
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Register divergence across varieties
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Stability: Bootstrapping (yay!)
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bootstrap sample #1

similarity:
3.965 (out of 4)
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Stability: Bootstrapping (yay!)
-3 -2 -1 0 1 2

-3
-2

-1
0

1
2

-3
-2

-1
0

1
2

ICE3
West
Asia

conversations/phonecalls
classroom lessons
broadcast interactions
parliamentary debates
legal cross-examinations
business transactions
unscripted monologues
demonstrations
legal presentations
scripted monologues

student writing
social letters
business letters
academic writing
popular-scientific writing
news reports
administrative writing
skills and hobbies
press editorials
creative writing

-2 -1 0 1 2 3

−3 −2 −1 0 1 2

−3
−2

−1
0

1
2

−3
−2

−1
0

1
2 ICE3

West
Asia

conversations/phonecalls
classroom lessons
broadcast interactions
parliamentary debates
legal cross−examinations
business transactions
unscripted monologues
demonstrations
legal presentations
scripted monologues

student writing
social letters
business letters
academic writing
popular−scientific writing
news reports
administrative writing
skills and hobbies
press editorials
creative writing

−2 −1 0 1 2 3

bootstrap sample #2

similarity:
3.946 (out of 4)
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Stability: Bootstrapping (yay!)
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Stability: Bootstrapping (yay!)
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Balance: between text categories
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language variety
text category                 NZ JAM  HK IND PHI SIN CAN IRE  GB
conversations/phonecalls 100 114 116 111 101 116 130 103 137
classroom lessons 20  22  22  20  20  17  28  20  22
broadcast interactions 30  33  36  32  31  36  69  30  34
parliamentary debates 14  10   9  12  10  10  15  10  11
legal cross-examinations    18  15  16  10   9  11  13  10  12
business transactions       10  12  10  10  15  11  12  11  13
unscripted monologues       58  72  71  51  51  61  60  53  98
demonstrations 11  11  12  13  29  13  11  11  17
legal presentations         11  17  13  10  20  10  14  11  12
scripted monologues        106  60 105  64  82 102 145  59  79
student writing             44  66  24  73  47  40  27  24  41
social letters 43  93 107  25  57  67  57  50  67
business letters            79 111 133  16 112 104  73 104  96
academic writing            50  69 110  48  77  58  83  83  42
popular-scientific writing  46  43  53  42  42  45  40  40  40
news reports 95  67 117  57  84  59  96  95  79
administrative writing 14  20  21  11  12  47   9  15  11
skills and hobbies 13  24  27  23  26  23  24  33  10
press editorials            31  22  63  23  40  35  37  35  36
creative writing            21  23  45  21  20  22  21  20  20
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ICE9bal <- GMA$new(ZL)
ICE9bal$add.discriminant(Meta$textcat20,
balanced=TRUE, max.dim=4)



Evert / Neumann / Schneider / Frenken | Corpus Linguistics 2025 | 2 July 2025
DFG project no. 528467412 | SNF grant no. 218836 
QuanTOR – Quantitative Analysis of Textual Organization across Registers

35

Balance: between text categories
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Balance: between text categories
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Balance: between text categories
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Balance: between text categories
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Confounding proxies: repeated-measures LDA
−3 −2 −1 0 1 2

−3
−2

−1
0

1
2

−3
−2

−1
0

1
2

ICE3
West
Asia

conversations/phonecalls
classroom lessons
broadcast interactions
parliamentary debates
legal cross−examinations
business transactions
unscripted monologues
demonstrations
legal presentations
scripted monologues

student writing
social letters
business letters
academic writing
popular−scientific writing
news reports
administrative writing
skills and hobbies
press editorials
creative writing

−2 −1 0 1 2 3

−3 −2 −1 0 1 2

−3
−2

−1
0

1
2

−3
−2

−1
0

1
2 ICE3

West
Asia

conversations/phonecalls
classroom lessons
broadcast interactions
parliamentary debates
legal cross−examinations
business transactions
unscripted monologues
demonstrations
legal presentations
scripted monologues

student writing
social letters
business letters
academic writing
popular−scientific writing
news reports
administrative writing
skills and hobbies
press editorials
creative writing

−2 −1 0 1 2 3

ICE9rep <- GMA$new(ZL)
ICE9rep$add.discriminant(Meta$textcat20,
cohorts=Meta$variety, max.dim=4)

https://github.com/schtepf/GMA/blob/main/doc/gma_maths.pdf
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Confounding proxies: repeated-measures LDA
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Confounding proxies: repeated-measures LDA
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Confounding proxies: repeated-measures LDA
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Confounding proxies: repeated-measures LDA
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nGMA is an excellent approach for finding structure in multivariate data :-)
nEven better with gmatools!

Methodological conclusions:
nGMA appears to be fairly robust wrt. modification of the data set
nExcellent stability of LDA on our (fairly large) data set (➞ bootstrapping)
n Imbalance between proxy categories w/o substantial effect in our case study (YMMV)
nConfounding proxies are often an issue ➞ repeated-measures LDA is recommended

Conclusions



Thank you
for your attention

https://osf.io/9p25y
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