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/ÕÔÌÉÎÅ ÏÆ ÔÏÄÁÙƦÓ ÔÁÌË

Part 1

Á Vowel Normalization: what is it?

Á When and why normalize formant data?

Á Typology of Normalization methods

Á Normalising using the NORM website
Part 2
Á Comparisons between The S-procedure and others

Á Data

Á Methods; Three test comparisons

Á Results

Á Discussion and Conclusions

(This part was recently presented at ASA08, Paris with Dom Watt 
and Dan Johnson) 
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Vowel normalization: 
what is it?
ÁA process by which acoustic data (vowel 

formants) is made comparable across groups 
of individuals 

Áby the elimination of differences between 
ÉÎÄÉÖÉÄÕÁÌÓȭ ÁÃÏÕÓÔÉÃ ÏÕÔÐÕÔ ÄÕÅ ÔÏ ÔÈÅ ÆÁÃÔ 
that we all have individual vocal tracts

ÁMen for instance have on average larger vocal 
tracts than women do, so the resonances 
they produce will be lower than those of most 
women
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So when and why do you need to 
normalize?
ÁTo eliminate acoustic variation in vowel 

measurements due to physiological differences 
among speakers (differences in head/vocal tract 
sizes). 

ÁAt the same time you want to preserve 
sociolinguistic/dialectal/cross-linguistic differences 
in vowel quality to find genuine variation (and 
perhaps evidence of change in progress)

Á(To model the cognitive processes that allow human 
listeners to normalize vowels uttered by different 
speakers): this is more important for phoneticians 
than for sociophoneticians
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Typology of 
normalization methods

}Intrinsic versus extrinsic methods (describes the 
range of information used, one only versus all in 
a system)

}Parameters of (Speaker), vowel, formant

}Methods in all combinations

}3ÏÍÅ ÁÓÓÕÍÅ ȭÓÃÁÌÉÎÇȭȟ ÓÏÍÅ ÄÏÎȭÔȢȢȢ

}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 
ɉÅÌÉÍÉÎÁÔÉÎÇ ÄÉÆÆÅÒÅÎÔ ÔÙÐÅÓ ÏÆ ȭÎÏÉÓÅȭ ÉÎ ÔÈÅ ÄÁÔÁ ÁÎÄ 
preserving sociolinguistic information) were 

speaker intrinsic
vowel extrinsic
formant intrinsic

}LobanovZ-score, 
}Neareyindividual log-mean (CLIHi4 in Adank 2003) 
}And (we could add) the S-procedure  (Watt and 

Fabricius 2002)
} (more in a minute)...
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First: NORMalizing made simple
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The NORM form
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And the NORM output...
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To find out more about NORM

Á'ÏÏÇÌÅ ȭ./2- 35)4%ȭ

ÁUses Open source programming in R

ÁPresents 5 major methods with variants under some 
models

ÁSimple structured text files as input (model shown)

ÁExplains methodological drawbacks and advantages 
for each (Methods page)

ÁNB Plotting in NORM is mediated by another 
programme (whose effects can obscure what you 
want to see ɀother options are Excel/Plotnik -for 
Mac only, using numerical results)
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Moreover....

ÁTyler Kendall happily fields questions about 
NORM!

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

ÁLike Praat.... J
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Part 2: Introducing the S-procedure

} Watt & Fabricius (2002) published a description of 
vowel formant frequency normalization procedure 
ÂÁÓÅÄ ÏÎ $7ȭÓ ×ÏÒË ×ÉÔÈ "ÒÉÔÉÓÈ %ÎÇÌÉÓÈ ÖÏ×ÅÌ 
variation

} Based on estimates of F1 and F2 maxima and 
minima taken for each speaker in sample 

} Calculates a centroid S(after Koopmans-van 
Beinum1980) derived from these 3 corner points 
(cf Bigham2008 using 4)

} all individual formant measurements then 
expressed relative to S
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Goals and Research Questions, 
Part 2
ÁRoad-test the S-procedure against other vowel-

extrinsic/formant intrinsic methods

ÁDevelop and refine some comparison procedures 
focussed on the visual comparison criterion relevant to 
sociophonetics, 

ÁQ: How well does S-centroid (W&F) perform, 
compared to Lobanovand Neareyat
ĞEqualizing vowel space areas for multiple speakers

ĞImproving intersection of vowel polygons

ĞPreserving spatial relationships (juxtapositions) 
between vowel means compared to raw Hertz 
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Data

ÁRP data, 20 speakers from two independent 
sources
ĞMale speakers (Hawkins and Midgley 2005): 5 

oldest group born 1928-1936, 5 youngest group 
born 1976-1981

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

ÁAberdeen data 
Ğ6 speakers (3 male, 3 female) born between 1945-

1986 (Watt & Yurkova 2007)

15



Methods

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

ÁWatt and Fabricius, Lobanov(speaker intrinsic)
and Nearey(speaker-intrinsic)routines without 
ȬÓÃÁÌÉÎÇ ÆÁÃÔÏÒȭ

ÁAlteration to W&F, here mW&F coded by DJ 

ÁAreas of individual vowel spaces calculated using 
R package gpclib(*)

Á(Ȭhttp://www.cs.man.ac.uk/~toby/alan/software/).
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Three Test Procedures

ÁTest Oneevaluated reduction of variation 
among vowel space areas. 

ĞUsed comparisons of Squared Coefficients of 
6ÁÒÉÁÔÉÏÎ ɉ3#6Ɋ ÔÏ ÄÅÒÉÖÅ ÅÁÃÈ ÍÅÔÈÏÄȭÓ ÐÒÏÐÏÒÔÉÏÎÁÌ 
reduction of variation relative to Hertz SCV

ĞPitman--ÏÒÇÁÎȭÓ ÔÅÓÔ ÏÆ ÈÏÍÏÇÅÎÅÉÔÙ ÏÆ ÖÁÒÉÁÎÃÅ 
between correlated samples, which tests whether the 
dispersions become significantly smaller across 
normalization methods
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Three Test Procedures

ÁTest two evaluated improvement in vowel 
polygon co-extensiveness

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

ĞPaired t-tests comparing across methods
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Three Test procedures

ÁTest three observed intra-speaker vowel 
juxtapositions across normalization methods
ĞVowel space perimeter angles

ĞRP DRESS-LOT juxtaposition (relatively stable 
diachronically)

ĞRP TRAP-STRUT and LOT-FOOT juxtapositions 
(known to be changing over time, Fabricius 2007a and 
b) 
À(mW&F not tested here; RP data only)

ÁTo see how the various methods affect angles 
compared to raw Hertz data - exploratory
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