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Presentation topics

« Normalization: why and how?
= Parameters of normalization

- What did that algorithm do?

= Some procedures for comparing normalization outputs

- What do I see?
= quantifying comparative parameters on vowel plots

» Discussion
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Part 1: Normalization: why and how

- factoring out of physical (i.e. acoustic)
differences

- Listeners can unconsciously compensate for
absolute formant frequency differences for any
given vowel phoneme

- cognitive process of normalization
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More on why....

- The major motivation for normalizing data is
that through normalized data one can directly
and quantitatively compare speakers’ and
speaker groups’ vowel productions with one
another
s ‘in community X, for every decade we add to a

speaker’s year of birth, vowel Y is Z units fronter’,

= Or, the gradient of a line between vowel x’s and
vowel y’s average locations has changed by n
degrees over m generations



- Thus, standard practice in many types of
acoustic phonetic studies

» Cross-gender and cross-age comparisons
especially

- Same-gender comparisons

- Same speaker over time (age-dependent)

- Hence an obvious parameter for sociophonetic
community studies



How: Two types of transforms...

« Mathematical transformations that are used on
acoustic data are of two main types.

- The two types reflect the stages of processing
carried out on an incoming acoustic signal
s the peripheral auditory system (type 1)
= the auditory processing centers of the brain (type

2)
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[SLAAP | SLAAR Public Tools | WCSU Linguistics |

ncslaap ib.ncsu.edu

[ Wew NORMw. 1.0 | original version ]

The Vowel Normalization and Plotting Suite @

[NORM Form | How to Use MORM | About MORRM | Methods | AboutWowel Mormalization | Bibliography | Change Log ]

1 « Select the vowel data file:

Choose File | Mafile chosan

2. Select result type

Individual Vowels [V]

3. Select normalization methods: Bark Differance Metric
Labov AMAE (speaker extrinsic)
Labov AMAE, using Telsur 5 value

Labov, MORM v.0.9, using Telsur G
¥ou can select multiple methods By Rofding the|| oo

ot or shift keys whils clicking MNearey1, formant intrinsic

MNearey2, formant extrinsic
WWatt & Fabricius

4. Select options

Normalization & Processing:

Include F3in Processing: | No v/

Only relevant for Nearey and Labov methods. Bark difference requires F3 values. Lobanov and Yatt &
Fahricius are notimplermented to use F3. Note that including F3 for Nearey and Labov methods changes the
results forvalues of F1 and F2; itis not just a matter ofwhether or not you want F 3 values normalized.

Plotting:
Plot: Al Speakers on Same Plat (v

Plot Standard Dey. | Bars
Mote that ellipses-plotting is slow

[VIZ Mane [V]

Plot Labels: | vowels [v]

Plot Legend: | Nommal [+

Plot Dot Shapes: | Shapes for Vowels [+
Plot Dot Sizes: Default (auto) [+

Generate smaller in-line plots? O
Makes slightly smaller plot JPEGS for viewing with smaller monitors.

B ik e bt ba i laasdins e il £

[ Download Templates |

Ensure thatthe file is in & tab-delimited text format and that it matches the farmat of the NORM Terplate; see How to Use MORM far help.

For information about each method, visitthe Methods page.
Mot all methods are egually appropriate for all vowel datasets. Note that, even though the primary proponent(s) for each method

are listed, a number ofthe methods are slightly modified from their ariginal, published versions, Explications of these
madifications are also described on the Methods page.

Web Page Layout: | Method Results in Columns (side by side) [v] Only relevant if more than one method selected

Scale results: No v

Only relevant for Lobanov, Mearey and Watt & Fabricius methods, which othenwise resultin non-Hz or non-
Barks values. Important; We do not recommend scaling. Make sure that you have read the About Scaling
section.

Flot title: |[ Default |

Plotting Colors: | Color Speakers [+

ou can now override NORM's plotting colars. To do so, enter a list of colors in the below form separated by
commas. Colars can be entered using hex codes (e.g., #f orvalid color names recognized by R (e.g.,
dlariccyan). Wisit a wehsite like this or use the cofors() function in R to view recognized colors. fyou do not
enter enough colgrs for your plot, the colars will be recycled. Click here for the default colors to be inserted in
the form. Click here for an example of color names to be inserted in the form

v



Descriptive Parameters:

 3-way cross-cutting parameters referring to
where the algorithm derives its information
from
= Speaker extrinsic vs Speaker intrinsic

= Vowel extrinsic vs Vowel intrinsic

= Formant extrinsic vs Formant intrinsic



Scale/Method Speaker |[Vowel Formant |Reference; NORM suite name

Syrdal and Gopal intrinsic intrinsic extrinsic | Syrdal and Gopal 1986

Bark Difference Metric intrinsic intrinsic extrinsic | Bark Difference Metric

Nordstrom and Lindblom intrinsic extrinsic | extrinsic | Nordstrom and Lindblom 1975

Nearey CLIH intrinsic extrinsic | extrinsic | Nearey 1977/8; Nearey?2
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Vowel intrinsic/ formant intrinsic
(type 1)

. Psychoperceptual Transform Scales (Bark, ERB, mel etc)

. approximate the non-linear frequency response of the inner ear

- much more sensitive to changes in frequency at the lower end than
higher in the spectrum.

- Bark units: one critical bandwidth is 100 Hz in the range between
150 and 250 Hz, but 350 Hz between 2150 and 2500 Hz

- Valid procedure to use a PTS and THEN a Normalization algorithm

- And not the other way around!
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Vowel intrinsic/formant extrinsic
(type 2)

« Bark Difference Metric
 Syrdal and Gopal (1986)

- Two slightly different versions of same idea:
- Hertz values are converted into Bark

* Z,-Z, or Z,-Z, modelling advancement
» Z,-Z, modelling vowel height (NORM uses Z,-Z,)
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Vowel extrinsic/formant intrinsic
(type 2)

- Adank’s most successful category for
sociophonetic purposes (Adank 2003)

- Ranges (Gerstman)

« Z-scores (Lobanov)

» Individual log-means (Nearey CLIHi4)
« Centroids (Watt and Fabricius)
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Vowel extrinsic/formant extrinsic
(type 2)

« Nordstrom and Lindblom’s (1975) vocal tract
scaling transformation

- Nearey’s shared log-mean model (Constant log
Interval Hypothesis or CLIHs4/s2)

- Assuming a ‘sliding template’ approach

- Latter very common in N.Am studies
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2 versions of Nearey

» Nearey 1 (NORM): CLIHi2 is formant-intrinsic
» Nearey 2 (NORM): CLIHs2 is formant-extrinsic

» Adank (2003) rates CLIHi4 as most successful
(same typology as Lobanov)
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More on Normalization and Plotting

« Watt, Fabricius and Kendall

Chapter on these topics in
SOCIOPHQL\JME];I&E

Sociophonetics:
A Student's Guide

i
I
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|
|
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Edited by Marianna Di Paolo, Malcah Yaeger
Dror



Part 2: What did that algorithm do?

- Fabricius, Watt and Johnson forthcoming, in
LVC October 2009

A comparison of three
speaker-intrinsic vowel
formant frequency

normalization algorithms for =
sociophonetics

- e L -
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Motivation

» To test a (relative newcomer) normalization
method based on vowel space centroids (Watt
and Fabricius 2002)

- As it is typologically identical to Adank’s 2003
most successful category

« Vowel extrinsic and formant intrinsic
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Our research questions

- How do the S-procedures (W&F, and mW&F)
perform compared with Lobanov and Neareyi1 on
the following sociophonetically-relevant evaluative
parameters

= Reduction of variance in area ratios of vowel spaces,
equalizing vowel space areas (1) as far as possible;

= Improvement of intersection (2) of vowel polygons;

= Reproduction of two-dimensional vowel

configurational relationships (3) within the
vowel space, compared with raw Hertz formant data
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Normalisation
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Aims

- To test on larger data sets (RP: 20 speakers,
Aberdeen: 6 speakers)

- Test statistically

- Establish procedures for comparisons on
sociophonetically relevant visual parameters

* (cf Adank’s 2003 study measures of sorting
using linear discriminant analyses)
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Our methods

» Area (1)
= proportional reduction in variance

= Pitman-Morgan’s test of homogeneity of variance
between correlated samples (Cohen, 1990).

 Intersection (2)

= intersection of two vowel polygons divided by the
union of the same polygons = intersection values
compared statistically

- Vowel juxtapositions (3)
= Angle calculations compared across methods
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Our results: Test 1

Improvement over Hertz Neareyl | W&F mW&F | Lobanov
RP 0.070 0.350 0.389 |0.923
Aberdeen 0.601 0.877 0.865 |0.974

Table 2: Performance of normalization algorithms in removing variance between vowel space areas; higher values

indicating a better result

Nearey 2: RP 0.071, Aberdeen 0.670

Lobanov =2 W&F, mW&F > Neareyl > Hertz
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Qur results: Test 2

Vowel space overlaps | Hertz | Neareyl | W&F | mW&F | Lobanov

RP average 380 | .444 452 .500 564

Aberdeen average 444 | 571 .598 | .618 .688

Table 4: Average vowel space overlaps between any single speaker’s vowel space and all other speakers’ vowel

spaces, RP and Aberdeen data sets. Nearey 2: RP .445, Aberdeen .583

Lobanov > mW&F > W&F, Neareyl > Hertz
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Our results: Test 3 (1)

Average angle values Hz | Neareyl W&F | Lobanov
TRAP-STRUT relative to horizontal, older speakers 2 5 5 4
TRAP-STRUT relative to horizontal, younger speakers 41 66 66 67
LOT-FOOT relative to vertical, older speakers 32 15 14 11
LOT-FOOT relative to vertical, younger speakers 81 65 66 65
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Our results: Test 3 (2)

TRAP-STRUT Angle relative to horizontal Hz | Neareyl W&F | Lobanov
Mean differences between older and younger groups 38 61 61 64
Standard Deviation 12 25 26 30
LOT-FOOT Angle relative to vertical Hz | Neareyl W&F | Lobanov
Mean differences between older and younger groups 49 51 52 54
Standard Deviation 24 13 12 9

Tablte-8:-Mean-differences-inangles; olderspeakerscompared-toyoungerspeakers
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Read more in:

Anne Fabricius, Dominic Watt and Daniel Ezra
Johnson. 20009.

A comparison of three speaker-intrinsic vowel
formant frequency normalization algorithms for
sociophonetics.

Language Variation and Change. 21,3: 1-23.
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Part 3: What do | see now?

- Based on publications Fabricius 2007a and
2007b, 2007¢

« TRAP STRUT and LOT FOOT in the short vowel
system of modern RP (UK) over time

- Introduced Angle juxtaposition calculations
based on vowel plots

- Advantages: mathematical precision and
replicability
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Acoustic phonetics/Sociophonetics

- Harrington et al as typical acoustic phonetic
study

» Sociophonetics differs subtly

- Visual comparisons on more than one axis at a
time

- Can we make these visual comparisons more
stringent by using mathematical methods?
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Methods |

The juxtaposition of TRAP and STRUT relative to the horizontal

(1) Tan O = ((F1 TRAP-F1 STRUT)/(F2 TRAP-F2 STRUT))
Juxtaposition of LOT and FOOT relative to the vertical:
(2) TAN O = ((F2 FOOT-F2 LOT)/(F1 LOT-F1 FOOT))

The tan O can derive the value of the angle in radians, for example using
Microsoft Excel’s ATAN (= Arctan) function.

Excel’s DEGREE function then converts the angle from radians to degrees.
(3) DISTANCE (x,y) = V((F1x — F1y)2 + (F2 x-F2 y)?)
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TRAP/ Lot/
Born STRUT | Euc.dist. |FOOT | Euc.dist. |Data Source
1909 ) 0,376 1 | 0525 | Amaen
1926 ET) 0314 | 27 | 0158 | D, 19505
1926 2 0249 | 13 | 0340 | D, 1960s
R l t 1926 ET) 0211 | 10 | 0376 | D,1980s
e S u S 1927 6 0241 | 36 | 0285 | A malec
19281936 | 24 0447 | 25 | 0322 | C,Spi1
1926-1930 =% oA ——o27—C Syt
. . . 19281936 | 14 0,285 2 | 0226 | C,5pi3
V t t 19281936 | 9 0,496 17 | 0585 | C Spi4
¢ ar]‘a lon Over lme 19281936 | 18 0254 | 22 | 033 | C,Spis
o . Bef. 1945 | 10 0,352 5 | 0,508 B
o Conflguratlons Vary 19461951 | 8 0.230 6 | 0558 | C.5p21
19461951 | 47 0,341 6 | 0314 | C,Sp22
19461951 | 21 0,282 1 | 0420 | C,5p23
- oldest and youngest— 5= o
. 19461951 | 67 0615 | 35 | 0306 | C,Sp25
1956 a1 0347 | 78 | 0068 E
generatlons ShOW 10611966 62 0,616 2 | 0301 | C spat
19611966 | 26 0268 | 1 | 0289 | C,Sp32
clearest pattern msiises |2 | 0406 | 13 [ 0% | G533
19611966 | 40 0331 | 56 | 0072 | C,Sp34
. 19611966 | 27 0399 | 6L | 0214 | C,5p35
- Middle groups vary; R B e
. .. 1973 119 0008 | 57 | 0244 E
19761981 | 61 0396 | 60 | 0202 | C, Spal
Some individuals B R R
1976-1981 | 56 0624 | 68 | 0104 | C,5p43
are 1eaders 19761981 | 79 0,823 58 | 0162 | C,Spa4
J 1976-1981 | 58 0353 | 62 | 0127 | C,Sp45
h l 1980 70 0,379 65 0,191 E
others lag
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Conclusions

- Using angle calculations of this type sharpens
the replicability of observed juxtapositional
variations

» There is a place for

mathematical . |

precision \\
in describing

chain shifts, splits, and

mergers over time......

\-‘\thl.
£
\'
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Thank you!

This presentation is available at the
following website:

http://akira.ruc.dk/~fabri/nwava8.pdf
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