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Part 1

A Vowel Normalization: what is it?

A When and why normalize formant data?
A Typology of Normalization methods

A Normalising using the NORM website

Part 2
A Comparisons between The@ocedure and others

A Data

A Methods; Three test comparisons
A Results

A Discussion and Conclusions

(This part was recently presented at ASA08, Paris with Dom Watt
and Dan Johnson)



Vowel nhormalization:

what Is 1t?
A A process by which acoustic data (vowel

formants) iIs made comparable across groups
of individuals
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that we all have individual vocal tracts

A Men for instance have on average larger voca
tracts than women do, so the resonances
they produce will be lower than those of most
women



So when and why do you need to
normalize?

A To eliminate acoustic variation in vowel
measurements due to physiological differences
among speakers (differences in head/vocal tract
sizes).

A At the same time you want to preserve
sociolinguistic/dialectal/crosinguistic differences
In vowel quality to find genuine variation (and
perhaps evidence of change in progress)

A (To model the cognitive processes that allow human
listeners to normalize vowels uttered by different
speakers: this is more important for phoneticians
than forsociophoneticians




Typology of
normalization methods

} Intrinsic versus extrinsic methods (describes the
range of information usedyne onlyversusall in
a system)

} Parameters of (Speaker), vowel, formant

} Methods Iin all combinations
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} Adank (2003) tested a large sample of standard

Dutch vowels from 8 regions in the Netherlands
and used it to test 12 normalization algorithms
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Typology of normalization

methods

} Her most successful methods in terms of best
performances at Linear discriminant analyses
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preserving sociolinguistic information) were

speaker Iintrinsic
vowel extrinsic
formant intrinsic
} LobanovZ-score,
} Neareyindividual logmean CLIH, in Adank 2003)

} And (we could add) th&-procedure (Watt and
Fabricius 2002)

(more in a minute)...



First: NORMalizing made simple

[‘ Vowel Normalization Suite - Intemnet Explorer provided by Dell
h - & | http://ncslaap.lib.ncsu.eduftools/norm/
Ca.;gle G| norm suite IZ| Go ‘,p 9 E - | {:? Bookmarksw @]2 blocked ":ﬁ’ Check = % Autolink Autakill | e Send tow (_/,. Qnorm Q suite

{é\u‘owel Mormalization Suite ’.} - G ~ v |k Page v {GF

NORM

The Vowel Normalization and FPlotting Suite

About NORM About Vowel
Normalization

Normalization How to Use NORM
Methods

Bibliography NORMalize!

¥ & Internet | Protected Mode: On
SocstudkreadSep 08 £ Vowel Normalisatio... 5 Publications - Wind... I ﬂ Vowel Normalizatio... | DA @ ‘ ?.“FQEC L _LENE *i“:g"e 21:30




| The NORM form

f_‘ NORM: Vowel Normalization Suite | Normalize Vowels - Internet Explorer provided by Dell
@ - # | http://ncslaap.lib.ncsu.edu/tools/norm/norm.php

GC}.:SlE G| norm suite IZ| Go | bt 9 E - | f? Bookmarksw @]2 blocked | ";? Check = % Autolink Autakill | e Send tow (_/,. Qnorm Q suite

v ¢ | @& NORM: Vowel Normalization Suite | Normalize V... fa - B} - = v ;b Page v

JTools =
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[How to Use NORM | About NORNM | Methods | Abou wel Mormalization | Bibliography ]

Mote some improvements: Glides should no longer run off the edges of the plots (this was happening occasionally, especially for sub-sets of speakers' vowel spaces). Also, | tried to improve the
choices of colors. Please let me know (tsk3 [al] duke [dot] edu) if these are in fact not improvements. —-Tyler, May 21st, 2008

[ Download Templates |
1 = Select the vowel data file:

Vowel Data File: | Browse... |
Ensure that the file is in a tab-delimited text format and that it matches the format of our Template; see How to Use NORM for help.

2. Select two normalization methods:

Left Method: Formant Means, un-normalized - Right Method:

| ~

Forinformation about each method, visit the Methods page. Mot all methods are equally appropriate for all vowel datasets. Note that, even though the primary proponent(s) for each method
are listed, that a number of the methods are slightly modified from their original, published versions. Explications of these modifications are also described on the Methods page.

3. Select options:

Plot all speakers on the same plot? Generate smaller in-line plots?

Uses colorto differentiate speakers; otherwise generates mean plots in black & white and Makes slightly smaller plot JPEGs for viewing with smaller monitors.
individual values plots in color to differentiate vowels.

Scale normalized results to Hz? Important: make sure that you have read the About Scaling section.
Only for Lobanov, Mearey, and Watt & Fabricius methods which otherwise result in non-Hz or non-Barks values.

4. Click the button to upload your file for normalization:

i @ Internet | Protected Mode: On

% SocstudkreadSep 08 £ Vowel Normalisatio... § Publications - Wind... I ,/_‘ NORM: Vowel Nor... | S 13




And the NORM output...

= NORM: Vowel Normalization Suite | Normalize Vowels - Windows Internet Explorer. E@

ormm.php

=

e Y
The wel Normalization and Plottin e m

[ Start Over][H i
Formant Means, un-normalized Watt & Fabricius

All Speakers’ Plot: All Speakers' Plot:

Mean formant values Watt & Fabricius normalized formant values
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To find out more about NORM

A"TTCIA 6.

/] 2- 35) 4 %8

A Uses Open source programming in R
A Presents 5 major methods with variants under some

models

A Simple structured text files as input (model shown)
A Explains methodological drawbacks and advantages

for each (Meth

A NB Plotting in
programme (w

ods page)

NORM Is mediated by another
nose effects can obscure what you

want to seeg ot

ner options are Excel/PlotnHor

Mac only, using numerical results)
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Moreover....

A Tyler Kendall happily fields questions about
NORM!

A The system is easy to use once you get the
hang of it but can be tricky to start off with....

A Like Praat....]
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Watt & Fabricius4002) published a description of
yowe) fxrmant fLequenc;)/ noymalizatign I__:proc:edurAe .
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variation

Based on estimates of lBhd F2 maxima and
minimataken foreach speaker in sample

Calculates a centroi& (after Koopmansvan
Beinum1980) derived from thesg& corner points
(cf Bigham2008 using 4)

all individual formant measurements then
expressed relative t&
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S(F,) =

[iF, + [alF, + [u]F,

min F1, -
max F2

F2 (Hz)
min F2
(= min F1)
S
d

max F1

F1 (Hz)
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Goals and Research Questions,
Part 2

A Roadtest the Sprocedure against other vowel
extrinsic/formant intrinsic methods

A Develop and refine some comparison procedures
focussed on the visual comparison criterion relevant to

sociophonetics,
A Q: How well doeS-centroid (W&F) perform,
compared toLobanovand Neareyat
Equalizing vowel space areas for multiple speakers
mproving intersection of vowel polygons

Preserving spatial relationships (juxtapositions)
petween vowel means compared to raw Hertz
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Data

A RP data, 20 speakers from two independent
sources

Male speakers (Hawkins and Midgley 2005): 5
oldest group born 1928936, 5 youngest group
born 19761981

Female speakers: Matching age groups, first 5
speakers in each group from Moreiras 2006
(dissertation UCL).

A Aberdeen data

6 speakers (3 male, 3 female) born between 1945
1986 (Watt & Yurkova 2007)
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Methods

A Normalization using NORM suite
http://ncslaap.lib.ncsu.edu/tools/norm/norm.php

A Watt and Fabriciys.obanoyspeaker intrinsic)
andNearey(speaketintrinsic)routines without
OOAAIT ET C AAAOI 06

A Alteration to W&F, here mW&F coded by DJ

A Areas of individual vowel spaces calculated usinc
R packagapclib(*)

A (@tp://www.cs.man.ac.uk/~tobv/alan/softwar¢/
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http://ncslaap.lib.ncsu.edu/tools/norm/norm.php
http://www.cs.man.ac.uk/~toby/alan/software/
http://www.cs.man.ac.uk/~toby/alan/software/

Three Test Procedures

A Test Oneevaluated reduction of variation
among vowel space areas.

Used comparisons of Squared Coefficients of
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reduction of variation relative to Hertz SCV
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between correlated samples, which tests whether the
dispersions become significantly smaller across
normalization methods
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Three Test Procedures

A Test two evaluated improvement in vowel
polygon ceextensiveness

Co-extensiveness defined as intersection of two
polygons divided by union of same polygons

Paired ttests comparing across methods
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Three Test procedures

A Test threeobserved intraspeaker vowel
juxtapositions across normalization methods
Vowel space perimeter angles

RP DRES&OT juxtaposition (relatively stable
diachronically)

RP TRAFSTRUT and LOFOOT juxtapositions

(known to be changing over time, Fabricius 2007a and
b)

(MW&F not tested here; RP data only)

A To see how the various methods affect angles
compared to raw Hertz dataexploratory

19



