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Basic Operations

All the assignments described in this manual are performed using the Praat software system developed by Paul Boersma & David Weenink
at the University of Amsterdam. It is recommended that students work through the earlier sections of the manual and perform the non-graded

exercises so as to familiarise themselves with Praat before starting the graded assignments.

Downloading Praat

1. Go to http://www.praat.org and download the latest version of Praat appropriate for your operating system.

2. Follow the instructions on the webpage as to how to install Praat.
— you may want to manually make a shortcut to Praat so that it easier to start the program

3. Download the silipa93 font (if available for your operating system) and follow the instructions on the webpage as to how to install the font.

All the examples in this manual were produced using version 4.4.17 of Praat running under the Windows XP operating system.

Starting Praat

Double click on the Praat program file, or the shortcut if you created one.

S % — You must always start Praat and then open other files using the Praat > Open Praat Script... or the Read menu items.

raak,exe
g — You cannot launch Praat by double clicking on a sound file, TextGrid file, etc.



Getting Help

Under the Praat help menu there are various links to different parts of the Praat Manual. Start by looking at the Praat Intro section.

Bl Praat objects 9] =]3] p D
Praat Mew Read ‘Write Help

Objects: Praakt Intro h Ckrl-Shift-7
Object window

Frequently asked questions

What's new?

Types of objects

Editors

Acknowledgments

Formulas tutorial
Scripting tutorial
Pragrarming

Go ko manual page. ..
Search Praat manual, ., Ckrl-m

Abiouk Praat, .,

Other sources of help:

Sidney Wood, Lund University, Beginners’ Guide to Praat http://www.ling.lu.se/persons/Sidney/praate

Pascal H. H. M. Van Lieshout, University of Toronto, Praat Tutorial http://www.slp.utoronto.ca/English/page-1-364-1.html




Loading a Sound

Praat

Objects:

Il Praat objects
Mew | Read ‘Write

Read From Ffile. ..

Cpen long sound File, .
Read bwio Sounds from stereo file. .,
Read From special saund Ffile

Read Matrix Fram raw text file. ..

Read Strings from raw kexk file, ..

Read TableZfReal from headerless spreadsheet Filg
Read Table From table File. ..

Read Table from comma-separated file. .,

Read Table from tab-separated file, ..

Read from special ter file, ..

EEX
Help
k|-

Read Object{sy from file

Look ir: |Lﬂ Y wonels

E

ky Recent
Documents

[

Deszktop

\$

by Documents

by Computer

£ TexkGrid

E.ﬁ..wav

ae. Texbiarid

3. WaY

i, TextGrid

[?ai.wav

aw, Texkarid

[? At A

E. TextGrid

EE.wav

i, TextGrid

el way

m Formant_measurer . PraakScripk

1. TexkGrid

i, TextGrid
®

O, Terbiarid
@ Cnmay

i TexkGrid

[? Of an

of, Texbiarid

[? oF Waw

o, TextGrid

WY
uh, Texkirid

@ ub.way
uu, TexkiGrid

UL, gy

[? Lmay
Il Praat objects
Praat MNew Read ‘Write - ~ Help
Objects: Sound help - File name: |ii.wav j Open |
Souynd i E dit .
Sound i | Files of type: | | Cancel |
Flay .
Dram.. %
Guery - | . . . . .
— | A Sound object will appear in the Praat object window.
odify -
Annotate - | Click on Play to listen to the sound.




praat obje = Removing an Object
Praat Mew Read Write Help X .
. | — click on the object

Sound help
Edit — click on the Remove button
Play
Drraw...
Query - You can also rename or copy an object using the Rename... or Copy... button.
b adify -
Annatats - To remove multiple objects:
Periodicity - -- hold down the CTRL or SHIFT key and click on the objects to the removed
Spectmn - — click on the Remove button
Formants & LPC -
Paints -
Ta Intensity...

To Manipulation...

Convert -
Filker -

Combine zounds -

Rename... Copy...
Info

Rema Inzpect



Recording a Sound Sounds and Audio Devices Properties

— plug in a microphone Yolume Sounds Audio Woice Hardware
— you may need to configure the sound recording options for your operating system Sound playback
. . . . Default device:
— Configuring sound recording options for Windows XP Z)
|EDIROL Ua-25 v
— go to the Control Panel
[ Yalume... ] [ Advanced... ]

—select Sounds and Audio Devices
Sound recording

— under the Audio tab, select the soundcard you are using for recording ﬁ

Default device:

Avance ALY Audio

— click on the Apply button

. by
— click on the Volume button [ Volume, ]
— click on the Microphone Select checkbox HIDlir i s e ybaek
— adjust the recording Volume B25 Default devies
S | Microzoft G5 W avetable 5% Sunth V|
#1 Recording Control : : B3 [ Yalume. .. ] [ About. .. ]
Cptions  Help
Ize only default devices
TW Tuner CD Plaper Line In Microphone
B alance: B alance: B alance: Balance: [ k. l [ Cancel ] [ Apply ]
The instructions starting on the next page, explain how to record sound
Yalurne: Yalurne: Yalurne: Yalurne:
| directly into Praat.
0O Y ou may prefer to record sound files using some other program, then open
[ Select [ Select [ Select S elect the sound files in Praat. A free sound recorder you could try is Audacity
http://audacity.sourceforge.net/
Avance ACI7 Audio 7




B Praat objects Recording with Praat

Praat | New Read ‘Write e R
Objects Record mono Sound. .. K -
Record steren Sound. ..
Sound ]

Ml SoundRecorder A sampling frequency of 22.050 kHz is usually adequate, or more than adequate, for
File _ Help

, phonetic analysis
Meter  Sampling frequency:

Input source: _ {8000
11025 gmpmm — click on the Record button to begin
[uze Windows mixer 12000 B SoundRecorden =3
without meters) 15000 File _ Help | recording, and the Stop button to stop
v 22050 Meter  Sampling frequerncy: recording
24000
32000 Input sounce: _ {8000
44100 .
~ 48000 [Lze Windows mixer 12000 — click on the Save to list button to
: 16000
- 4000 withaut meters] : ;
& 29080 create a sound object in the Praat
24000 objects window
32000
HEC@ | | Llesz 44100 — in the box below the Save to list
| L A button you can type in a name for the
- " B4000
|sound ll sound object, the default is “sound”

Recard | | Flay | Cloze

Save to Iistl'\l

zound Y

Don’t forget to click on the Save to list button!



Saving a Sound

If you want to use the sound at some time in the future, you will need to save

Il Praat objects |E| |E| |E|
Praat MNew Read | Write ~Help | acopy todisk. For graded assignments, it is highly highly recommended that
Objects: Wirite bo ket File, .. -

you save a copy of everything you do.

Wrike ko shork ek File,
Write to binary File...

Sound sound

Wirite bo Wl file. ..

— choose a sound-file format such as .wav

Wyrite to AIFF file, ., k
Write to AIFC file..,
Wi'rike ko Mexk/Sun file, ..
Wiribe bo MIST file...
Wi'rike ko Kay sound File, .

Il Praat objects |E| |E| |E|
Praat Mew Read | wrie

Objects: Wrike ko ket File, ..

Write ko short tesc File, .

d 0f
0 ke ko binar

Append to exisking sound file. ..
Wi'rike ko raw 16-bit Big Endian file. ..
Wribe bo raw 16-bit Litkle Endian Ffile. ..

o Marpulaban...

(NI

— you can save a group of Sound, TextGrid, Spectrum and other objects
together in a single file, select all the objects you want to save then Write >

Write to binary file... the file extension will be .Collection




M Sound sound 3] =01L3] Editing a Sound

File Edit Query Wiew Select Spectrum  Pitch  Intensity  Formant  Pulses Help

Youmay h me unwanted recordin
Preferences... 510738 (1.024 7 o|1 400927 ou may have some unwanted recording at

the beginning and end.

Extract sound selection (preserve kimes)

Extract sound selection (kime From O} h

Extract windowed sound selection. .. — select the sound object in the object
window

Write sound selection to Way file, .,

Write sound selection to AIFF file.., — click on the Edit button

Write sound selection bo AIFC file. ..
Wyrite sound selection to MexkiSun File, ..

Wiite sound selection to NIST file. . — click and drag to select the part of the

Mew editar scripk
waveform that you want

e

Cpen editor script. ..
Close Chrl-wy — File > Extract sound selection
E — in the object window, select the new
: sound object “untitled” and rename it
-0.2160 .
0970829 | osiwras | 0221501 something more meaningful
0.0000a0 Wisible part 22372018 seconds 237208

— save the new sound object as a sound file

Total duration 23720138 seconds

all | in | oout| sel | J ¥ Group and remove the old sound object

I FPraat objects FE) X
Praat  Mew _Reau:l Wirike _I-_|EI|:_|_

o

Objects: Sound help
Edit
Flay

Sound sound
‘Saund untitled

Diraw...

10



M Sound sound

File Edit Query Wiew Select Spectrum  Pitch  Intensity  Formant  Pulses Help
05616368
1 ‘ |
-0.018032
) |
0616365 Wizible part 1.721267 skands 2337635
0616363 | 0.234836
Total duration 2472472 zeconds
all i | out | s |J J v Group

3|=[3¥ Recording problems:

— One possible recording problem is that
the recording is too quiet. Try turning up
the operating system’s microphone

volume.

— Another problem is caused if the
operating system’s microphone volume is
set too high. This causes clipping. A
picture of clipping 1is given here.
Recordings with clipping sound fuzzy. Try
turning down the operating system’s

microphone volume.

— If the recording is only a little too quiet, you can select the sound object, then click on Modify - > Scale Peak... and set the New Maximum

Amplitude to 0.99. This won’t work well if the recording is very quiet because you are also amplifying any noise in the recording.

— Reducing the amplitude of a clipped recording won’t help!

11



Making a TextGrid

Il Praat objects

(@[=[3N — record or load a sound object

Praat MNew Read ‘Write =~
Objects:

Sound da

Help Standards |

Help

Sound help

— click on the sound object to select it

Edit — click on the Annotate - button

Flay —select To TextGrid...

Ciraw...

Qe -

b mucdify -

!

Annotate -
Annokation kukorial

To TextTier
To InkervalTier

Puaints -

To Intensity... |

Al tier names: |party |

Which of these are poirt tiers? | |

Cancel | Apply | _QDK |

Sound: To TextGrid ] — clear the default tier names

— type in a tier name

— two names separated by a space for two tiers etc.

12



Bl Praat objects @[z — select both the Sound object and the TextGrid object
Praat Mew Read ‘Write

Objects: E dit
| Crraw...

— hold down the CTRL key and click on both objects

— click on the Edit button

4tGirid da Estract - |

M odify TextGnd

Scale times |
kodify Sound

Clone time domain |

B TextGrid da FE&
File Edit CQuery View Select Interval Boundary Tiet | Spectrum  Pitch  Intensity  Formant  Pulses Heln | The default view may show several things
| eckragran .
e we don’t need right now.
Spectragram sekkings. ..
#idvanced spectrogram settings. . — click on Spectrum
oogc  Extract visible spectrograrn
093 \ View spectral slice hrl-L —uncheck Show Spectrogram
— click on Pitch
o Get frequency at frequency cursor .
et spectral power ak cursar cross  F7 —uncheck Show Pitch
o H | ll ALRRS — click on Formant
-0 963 X '
5000 H wtFeg T i 1 Chai
- RIS dis PRV St —uncheck Show Formants
+ Y
* ' *ﬁ”ﬁ”* — click on Intensity
sonsorronssesrey? | o,
L2 ) * *
+ +*7 .
s Thae ? *+ Faderyet —uncheck Show Intensity
L] *Q 5 .
0 Hz + ' it — click on Pulses
—uncheck Show Pulses
= pars
0.259524 0269524
0.000aa0 Wisible part 0529048 seconds 0.53902
Total duration 0539042 seconds

13
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B TextGrid da 3]=[3] How to mark a boundary:

File Edit Query View Seleck  Interval Boundary Tier Speckrum Pitch Inkensity  Formant  Pulses Help
I
— click on the waveform part of the display
0026732
0.99 :
-0.00337 y
-0.9634 I
[
= pars
0.086732 | 09452316
0000000 Wizible part 0.539048 seconds 053908
Total duration 0.539042 seconds

all i | oLt | zel | . J v Group

14



Bl TextGrid da — click on the circle at the top of the text

File Edit Query View Seleck  Interval Boundary Tier Speckrum Pikch Inbensity Formant Pulses Help .. . . .

tier in the TextGrid portion of the display

— — repeat for as many boundaries as needed
0.99 :
-0.00337 y
-0.9634 I

= parts
0035732 | 0.452316
0.000a00 Wizible part 0.539048 seconds 0539045
Total duration 0.539042 seconds

all i | oLt | zel | . J v Group

15



B TextGrid da — click on an interval

File  Edit Wiew Select Interval Boundary Tier Spect Pitch  Intensity F t Pul Hel .
e = I QLIEI":." L=ty =] =1 NCEry 3 auUndary' 1= PECLrUm 1IEC nEnsIty arman LIsESs = [u] . type ina label
presoicing
— phonetic symbols can be typed,
0026732 0129361 (F.730 7 <) |0.216002 look under the Help menu item in the
089 : - o
: : Edit window.
| 5 Other things to try:
5 : :
i : —click and drag in the waveform portion of
the display
09534 i |
— click on the all, in, out, and sel buttons
= prevoicing parts
% — click on each of the three bars just below
0056752 0.123561 0322999 the TextGrid portion of the display,
0,000000 Visible part0.539045 seconds 0539043
Total duration 0.5309048 seconds including different portions of the topmost

ﬂ i | u:uutl el | . JWG’DUD bar

The numbers in the bars indicate the duration of parts of the sound, e.g., the part marked “prevoicing” is 129 ms long.

16



B TextGrid da
File Edit Query View Select  Interval Boundary  Tier  Spectrum Pitch  Intensity Formant  Pulses Help

Preferences, .,

Extract sound seleckion (preserve times)

3[=[3Y Saving a TextGrid

. . pa 0199142 (5.151 0434240
Extract sound selection (time From 0} ; £z
Write TexkGrid ko kext File. ..
Mew editor scripk
Cpen edikar scripk, .,
Close Chrl-vy
T
filename
-0 9634
& previcing sLtu el parts
0.2407398 0. 194142 0. 104408
0000000 Wizible part 0.539048 seconds 0539045
Total duration 0.539042 seconds

all i | oLt | zel | . J v Group

Il Praat objects

a copy of everything you do.

If you want to use the TextGrid at some
time in the future, you will need to save a
copy to disk. For graded assignments, it is

highly highly recommended that you save

— T always add a . TextGrid extension to the

(=23

Praat Mew Read | ‘Write

Ohbjects: \Write to kext File. ..
S ound da Write ko shart ket Fil
TextGnid da Write ko binary file...

Werite ko chronological kext File, .

Heln

d help =

it

d: Edit?

17



Drawing Pictures

— In the Praat picture window, click and drag

to select the area you

want the picture to be drawn in. The picture will be drawn in the pink

rectangle.

— select the object you want to draw and click on the Draw... button

Objects: Sound help =
Sound da E dit
TextGrid da Play
Draw... .
[uerny - "y |
Modify - |
Annatate - |
— set the options you want, or use the defaults
Sound: Draw 3]
Time range (s): 1.0 | [00=al) |
Yertical range: |EI.EI | |EI.EI [= auta) |

[v Garrizh

Drrawing methiod:

CLmve |

Standards Cancel

Apply | [\OK

Il FPraat picture
File Edit Margins wWorld Select Pen Fonk

EEx

Help

1 — — 3 e

Il Praat picture
File Edit Margins ‘orld Select Pen  Font

EA.

Help

7 — 2 I — 7
.99
L1
|:|.
Lz
| -0.3A34
1] 0539043
. Time (3}

SA

18



Il Praat picture
Edit Margins  ‘Waorld Select__F‘en Font:

File

— set Pen and Font options before drawing

Unda

EEx)

Help

Ctrl-Z 7

3

Il Praat picture
File Edit Margins “World Select Pen  Font

Titne (s}

0.530045

EA.

Il FPraat picture
File Edit Margins World SE|EEt_ Pen Font

EE®

Help

EE&
Help

0.99

Z

3

Time (2}

0.539045

EA

1

e " Plain line 1 ) A g
Dakted line

Dashed line
Line width. ..

Elack
White
Red
Green

Yellow !

Cvan
Magenka
Maraon
Lime
Mawy
Teal
Purple
Olive
Sikver
Grey

— If you select multiple objects and the Draw... button is
visible, then you can draw these objects together.

— If you don’t erase the picture then you can draw one
object on top of another one at a time; try each object in
a different colour, and unchecking the Garnish option

after drawing the first object.

19



Bl Praat picture /=3l — To find out how to add text and other annotations, look under the

- - World menu item and try different options.
1 ' 2 ' 3 ' 4 ' & ' g+

File Edit Margins ‘World Select Pen Fonik Help

— Look under Help to find out how to type in phonetic symbols.

0.99

1 0.539045
Titne (s}

Il Praat picture

If you want to use the picture at some time in the future, you will need || Fie Edt Margns World Select Pen Font = - Help
Read from praat picture file. .. ' 4 ' & ' [
to save a copy to disk. For graded assignments, it is highly highly Write ko praat picture file. .. A
. Wrike ko Windows metafile, .
recommended that you save a copy of everything you do. For Copy to dipboard Chl-C
assignment reports, you may also want to copy the picture an paste it PostScript settings. ..
Write to EPS File. .. Ckrl-5

into a word Pprocessor. Wi'rike ko Fontless EPS file (XIPAD. ..

Wtike ko Fontless EPS File (SILIPAD. ..
Prink. .. Ckrl-P

-D.9634! sl
0 0.539043
Titne s}

20



Running a Script

Il Praat objects

Skatiskics. ..

Mew Praat scripk
Open Praakt scripk. ..

Goodies
Preferences

it

Praat Mew Read ‘Write

EEx
Help

E

ky Recent
Documents

=

Deszktop

\$

by Documents

by Computer

bl Metork,
Flaces

Look, in: | |3 07 Sowrce Filter Model

- e ® ek E-

|CESwnth Harmanics
|CPhwsical source resonatar model

ICTiPraat Assignment Sinesynth -inc sample answers

|=3Praat Source & Filker Synth

EJJ 00 Shortcut ko SineSynth graph.gif
[? 02 resonance.mpg

[? 03 pinpaint.mpg

04 Sharkcut ko Wocal Yowels Explorakorium Exhibit . htm

Class Slides 07 source filber, wpd

¥ Class Slides 07 Source-Filker Model,pdf
[? FO_independence. avi

E FO_independence . vwav

E Formant_independence. avi

[? formant_jindependence. waw

2] E-inES';.-'nth.F'r'aat'_:n:ri"*t

File name: |SineSynth.F‘raatScript

Filez of type: |

El
El

Open |
Cancel

21




Il Script "E:\Documents and SettingsiGeofiMy DocumentsilofAWLING205 Phonetics 2006107 Source. ... EJ@EI

File Edit Search | Run Help

SineSynth . I ff Morrizon July 2005 http:~<www . ualber
Demonstrate oo -okiion can be combined to create vowel-like sounds
Thi= azszignment i= designed to give wou =ome hand=—-on exXperience with =
The intention is= to give you =ome practical experience so that vyou will
Ferforming thiz exercise conscientiously will make it esa=zier to underst

Fleas=e read the instructions carefully and take vour time svynthesis=ing
Play with the synthesiser until vou think vou have a good feel for the

The default wvalues (Fundamental Freguency) Fl = 100, (First Formant) Fl
The first thres =ine waves drawv correszpond to the Fundamental Fregquencsy

The fourth wawe drawn (Combined_Freguencies equal_amp) iz the result of
the amnplitude (heigh on the graph) at sach point in time in the

The fifth wave drawn (Combined Frequencies tilted_amp) i= the result of
the lowest f{reguency sine wave (the Fundamental Freguency) has tl
(in the fourth wawve all the s=inewawves added had the sgqual amplity

The =izth graph 1= a fregquency domailin representation of the fifth wave
Hote that there are spikes at the frequency of sach of the compor
The spectral amplitude tilt iz —6dB per ocatve (the anplitude dec

Trv the following formant frequencies:
F1 = 200 F2 = 870
Fl1 = 730 Fz2 = 1090
Which wowels do these sound like?

MM HEEREERBEREREBERAERBERR R RERRE R R R R R

e

22



Measuring Voice Onset Time

— Record yourself saying a few plosive-initial words in a language you speak

e.g. for English possible words include:

/p/ o/ dl K Tg/
/il pea bee tea Dee key gee

/o/  pot bot tot dot cot got

— say the words the way you would normally [

say them
Ohjects:

Sound cak

— make a text grid with two tiers

— select both the sound and TextGrid objects
and click on the Edit button

Help

$ound: To TextGrid

Praat objects e EEE

Sound help

Which of these are paint tiers? |

Standards

E dit

All tier names: [parts WOT

| Cancel |

Apply |_[§EIK |

23



— mark the parts of the vowel on one tier f Rreetayrieam

and the VOT on the other tier

File Edit Query Wiew Seleck

Interwval

Boundary Tier Spectrum  Pitch  Intensity Formant  Pulses Help

k
— Tips: 001774 |oozzros
— bursts might be hard to find in bilabials 088 L
— to find exact boundary points, click and
drag to select the relevant portion of
the waveform, then click on the se/ o
button to zoom in to the selected part
of the waveform e P
— pressing CTRL + 0 will move the vertical
. o = h u] T parts
line position selector to the nearest
zero crossing in the waveform
— to remove a boundary, click on it then 2 VOT =53 ms e
click on Boundary > Remove
0.018 | ] 0133372
— to hear a portion of the recording, select 0.000000 Visible part 0.206077 seconds 0.208077

Tatal duration 0205077 seconds

a portion of the waveform and click

g

all i | out | zel | ‘ J v Group
on the portion of the bar directly

below the bottom TextGrid tier, use your ears to help you identify the different parts of the word and learn to visually recognise the parts

of the waveform

—clicking on a TextGrid interval will select it, the portion of the bar directly below the bottom TextGrid tier will give the duration of the selection

in seconds

24



— you could mark text intervals with phonetic symbols, or written words such as “prevoicing”, “burst”, “aspiration”, and “vowel”

— Example soundfiles and TextGrids for prevoiced, voiceless, and voiceless-aspirated alveolar plosives were shown in class, and can be

downloaded from the website.

Things you might want to investigate:
— Do you pronounce word-initial English /b/, /d/, and /g/ with prevoicing or with short-lag VOT?
— If you produce prevoicing for English /b/, /d/, and /g/, which of the three has the most prevoicing?
— Can you identify the place of articulation of the plosive by listening only to the prevoicing?
— Which of word-initial English /p/, /t/, and /k/ has the longest aspiration?

— Can you identify the place of articulation of the plosive by listening only to the burst?
— Can you identify the place of articulation of the plosive by listening only to the vowel?
—If so, is it easier for voiced or voiceless plosives?

— Can you identify the vowel and the place of articulation of the plosive by listening only to the aspiration?

By the end of the course, you should be able to understand the implications of the answers to these questions.

This is an ungraded assignment, don’t spend too long working on it, don’t feel that you have to measure the VOT lots of recordings or answer

all of the questions above.

25



Graded Assignment 1 - Voice Offset Time

Course Section 4 Maximum grade 10 points

Part A
Experiment
— Produce a vowel and then a voiced bilabial plosive but do not release the plosive.
— Try to maintain voicing for as long as possible.
— You should find that you can only maintain voicing for a short period of time compared to the length of time you can maintain voicing
during a vowel.
Question
— Why can you only maintain voicing for a short period of time during a stop closure?
— You will have to write about the air pressure conditions necessary for voicing.

(my answer has 280 words)

Part B

Experiment
— Say a vowel then a bilabial plosive and try to maintain voicing for as long as possible during the closure. Time how long you can continue
voicing for after the beginning of the closure. Repeat several times to get a range of values. Repeat for an alveolar stop and a velar stop.
—You could do this with a stopwatch, but you will get more accurate measurements if you record yourself and measure using Praat or some

other piece of software. Below is an illustration of the measurements I made using Praat.

26



— I recorded myself saying [ab], [ad], and §__ RSl ELRET TS

File Edit ©Query Wiew Select Interval Boundary  Tier Spectrum  Pitch  Intensity  Formant  Pulses Help
[ag] four times each, and saved the |[d
recording as a single file
_ I loaded the ﬁle intO Praat 12 918289 0.220344 (2 .567 /=) 13.199234
03519 !
— I made a TextGrid :
— I marked the voicebar following each
vowel E
— I saved a copy of the TextGrid o .
— I selected the interval of each voicebar :
that I had marked, read off the duration,
and wrote it in a table e i
— Hint: zoom in to the word, select
the interval for the voicebar, ALT + | d WOFT
— will move to the next interval
0.154527 0.2803494
12. 75494363 |12.?543I33 Wizible part 0453351 seconds 12217713 10.209905
Tatal duration 23 427619 seconds
all i | ot | zel |J J J v Group
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Sample measurements:

Duration (ms) :
,.||.|||all|l LALLM
VC sequence sample 1 sample2 sample3 sample4  mean Mhim'M“'MINUNMU'“UH“UHUM“““””“““““ |
[ab] 388 375 410 375 387 } }
[ad] 213 299 280 256 262 b
[ag] 259 205 190 270 231 430284 4.89782
Time (s)
“’l ””u .||n’|’|u|| i DAL LAALRAR LR AL 6 LA AL B g 25 ;
i
— In your answer include: d
— three pictures, one example for each place of articulation
12.7544 13.2177

— a table of measurements

18.5698 18.9704
Time (s)
28



Questions

— On the basis of my data above (and your data if it agrees), what is the relationship between place of articulation and duration of voicing?

— What might explain this? Do your best to come up with a theory.

— Think about air pressure and volume.

— What do you do differently when you try to maintain voicing for as long as possible compared to when you let voicing end naturally?

— Think about the bilabial case in particular and look in a mirror.

(my answer has 218 words)

— Please type your answer.

— Leave enough space for me to write in comments.

— Put your name at the top of every page and staple the pages together.

— Print only on one side of each page.

— Do not add an extra cover page.

— Use an IPA font. [g] is not an IPA symbol! (as a last resort write in the symbols by hand on a printout)

— Avoid writing about material which is irrelevant to the question, e.g., don’t write about plosive releases.

Submit as hardcopy in class or as a pdf in the WebCT dropbox.
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Noise

Download noise. PraatScript and noise.prapic Run the script.
The script generates the sounds which were demonstrated in class.
— listen to the sounds

— examine the sounds and the non-smoothed and smoothed spectra in the Edit window

Periodic sound

— In the time-domain representation (waveform), the sine wave repeats 5 times in 0.02
seconds
— it has a period of (repeats once every) 0.02 s /5=0.005 s =5 ms
— it has a frequency of 1 / 0.005 s =250 Hz

— In the frequency-domain representation (spectrum), there is a single spike at 250 Hz

H\ ‘\‘ Ll ‘.\‘H“H
LA e

White Noise Band-Filtered Noise

— In the time-domain representation, the amplitude of the sound — Only a certain range of frequencies are included in the sound.
jumps up and down randomly. — The first band-filtered noise sounds like it has a low pitch because

—In the smoothed frequency-domain representation, the amplitude is it has high amplitude for frequencies in the range 500-1000 Hz
equal across all frequencies. and low amplitude for all other frequencies.

— The second band-filtered noise sounds like it has higher pitch

because it has high amplitude for frequencies in the range

1500-2500 Hz and low amplitude for all other frequencies.
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Graded Assignment 2 - Fricative Spectra

Course Section 5 Maximum grade 10 points

Experiment:

— Record yourself making the English voiceless and voiced fricatives [f, v, 0, 0, s, z, {, 3], or a set of fricatives from another language that you

speak (please indicate the language in your answer).

— You may find it easier to say the fricatives if you produce a vowel before or after or both, but always make the same vowel, and make

sure that your measurements are taken only from the central part of the fricative. In the examples below, I said [of, v, 00, Dd, Ds, Dz, D,

p3] and an additional vowel from Scottish English [px].
— If you record all the fricatives to a single file, you may wish to adjust the volume of the whole file, but do not adjust the volume of each

individual fricative otherwise you will not be able to compare the relative amplitudes of different fricatives.

— Use Praat to make a smoothed spectrum for each fricative
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I Sound OF Ov OT OD_Os Oz 05 0OF Ox

— In the Praat Edit window, for each

File Edit Query View Select  Spectrum  Pitch  Intensity  Formant  Pulses Help ..
fricative
5040250 0119284 5150685
0.7744 : i — select approximately the middle half of
the fricative (click and drag)
: : — click on Spectrum > View spectral slice
E : — a window opens showing a non-
; E smoothed spectrum (Discrete Fourier
Transform)
: ' — close the spectrum window
o
Il Spectrum slice BEEE
05020 I I File Edit Query Yiew Select — Help
0.296420 | D.19284 0.192940 ‘ o
47430681 |4743961 Visible part 0514544 secands 5352605 5.027
Total duration 10.336032 seconds
all it | oLt | zel |J J [v Group
5512 50 | 5512 50 e
o | n | oul o] \ | Goup
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— In the Praat objects window:

—rename the Sound slice object, e.g. f, v, th, dh, s, z, sh, zh for

Objects:

Spectrum help

[f, v, 0,0,s, z |, 3] respectively

— click on Cepstral smoothing...
— if you increase the bandwidth, you will get more
smoothing, try experimenting, but use the same
bandwidth for all the fricatives you measure, [’'m going
to use 1000 Hz

—you will get a new Spectrum object with the same name as

the original, you may wish to rename it, e.g. s smoothed

— Hint: to save time, you can make all the non-smoothed
spectra, select all the Spectrum objects, and then click on

Cepstral smoothing...

Sound OF Ow OT 0D O Oz 05 02 Ox

Spectium

E dit

Drraw -

Spectrum: Cepstral smoothing

Bandwidth [Hz): [500.0

Standards |

ToLtaz [1-to-1]

To Spectrogram

To Cepstrum

Corvert
Cepstral smoothing...
LPC smoothing...

%_

(a cepstrum is a Fourier transform of a frequency-domain spectrum, which is a Fourier transform of a time-domain waveform)
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I Spectrum s
File Edit Query View Select

1911.94
! 129 dB
B dﬂk
.41 dB
1911.94 | 911306
0.oo Window 11025.00 Herz 11025.00
Total bandwidth 11025.00 Hertz
all it | aut | zel | ‘ J v Group

— draw the spectra for all the voiceless fricatives on top of each other
— draw the spectra for all the voiced fricatives on top of each other

— only check Garnish for the first picture

—if you open the smoothed spectrum in an
Edit window, you can click to get the
frequency and amplitude of peaks and

troughs in the spectrum

—In the Praat object window, select each
smoothed spectrum one-at-a-time, and
draw it in the Praat picture window
— set the minimum and maximum
power (to find a good range for all
spectra, select all the spectrum
objects and draw them together,
adjusting the range and redrawing

until you find a good range)

— you may want to change colours and add labels to identify each fricative (add labels using Praat or hand draw labels on a printout)
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English voiceless fricatives

205

Frequency (Hz)

11025
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English voiced fricatives

sy
N
V
-2(}0 Frequency (H7)

11025
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— Include the pictures of your voiceless and voiced fricative spectra with your answer to the assignment.

Questions:
Answer the following questions on the basis of the sample smoothed spectra that I provided above (you can ignore [x]). Sample sound files

and smoothed spectra objects are also available from the course website. Listening to the sound files and looking at the details in the spectra
objects may help when answering the following questions.

— What are the acoustic differences and similarities between the fricatives, and how do these differences and similarities correlate with the
fricatives’ perceptual properties (pitch and loudness), and with their articulation and the way in which turbulent flow is produced?

— Start with [f] and [0]

— What are the similarities / differences between the spectra?

— What are the perceptual similarities / differences?

— What are the articulatory similarities / differences?

— Relate perception and pronunciation to the shape of the spectra.

— Next look at [s] and [{]

— How are they similar or different to [f] and [0]?

— How are they similar or different to each other?
— same set of questions as above
— Next compare the spectra of the voiced fricatives with their voiceless counterparts
— What is the common difference between all the voiced and all the voiceless spectra?
— Relate perception and pronunciation to the shape of the spectra.

— My answer has 312 words
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Graded Assignment 3
- Synthesis of Vowel-like Sounds Using Sine Waves

Course Section 7 Maximum grade 5 points Complete this assignment before we cover Section 7 in class.

This assignment is designed to give you some hands-on experience with synthesising vowel-like sounds. The intention is to give you some
practical experience so that you will have a feeling for what we are talking about when we cover the related theory in class. Performing this
exercise conscientiously will make it easier to understand the theory when we cover it in class. Please read the instructions carefully and take
your time synthesising the vowel-like sounds. Play with the synthesiser until you think you have a good feel for the relationship between F1,

F2, and the resulting vowel-like sound.

SineSynth (%]

— Download and run the script: SineSynth. PraatScript

FO[Hz): [ioo |
F1 [Hz): [2a0 |
— The default values (Fundamental Frequency) FO = 100, (First F2(Hz): [2620 |
Formant) F1 =280, and (Second Formant) F2 = 2620 should result
Flay:  play all
in a sound that sounds something like /i/, the vowel in ‘heed’.
I+ play result

. Delete: © delete all objects
These are not really formants, we will cover what formants really

" keep all objects

are later in class.
[+ keep result object anly

Standards Cancel Apply ] |
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— The first three sine waves drawn correspond to the Fundamental

Frequency, First Formant, and Second Formant.

— The fourth wave drawn is the result of adding the three sine
waves together:
— the amplitude (height on the graph) at each point in time
in the Combined Frequencies is the sum of the amplitudes of
the three sine waves at the same point in time. All the

component sine waves added had equal amplitude.

— The fifth wave drawn is the result of adding the three sine waves
together, but each sine wave has a different amplitude:
— the lowest frequency sine wave has the highest amplitude
and the highest frequency sine wave has the lowest

amplitude

—The sixth graph is a frequency-domain representation of the fifth

wave (all the previous graphs are time-domain representations).
— Note that there are spikes at the frequency of each of the
component sine waves, and the amplitudes of the spikes is
such that the higher the frequency the lower the amplitude
(this is called spectral tilt). The spectral tilt is -6dB per
octave (the amplitude decreases by 6dB every time the
frequency doubles).

0 0.015

Time (s)

0 0.015

Time (s)

0 0.015
Time (s)

Time (s)
0.0(\
=" o Nl ]
07172
0 0.015
Time (s)
80
60
401
50 100 200 500 1000 2000
Frequency (Hz)
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— Run the script again and try the following formant frequencies:
F1=300 F2 =870
F1 =730 F2 =1090

— Which vowels do these sound like?

— Try different frequencies and see if you can make other vowels such as
[@] ‘hat’, [e] ‘head’, [1] ‘hid’, and [o] ‘hope’.
— if you are having difficulty, try some of the number from Rogers

(2000) p 154

— Draw a graph with F1 on one axis and F2 on the other axis, and plot the

points corresponding to each vowel that you have synthesised.

Please use the answer sheet on the next page and draw the graph on the back.

—

— Important point to remember:  You can create a complex waveform such as a vowel-like sound by adding simple sine waves together.

— Reverse the process: Fourier analysis a technique which takes a complex waveform such as a vowel and determines which sine waves

would have to be added together in order to make that sound. These are the frequency components of the sound.

Alternative software: Esynth by Mark Huckvale at University College London

http://www.phon.ucl.ac.uk/resource/software.html
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LING?205 Practical Phonetics NAME:

Assignment 3 (Section 7) - Synthesising Vowel-like Sounds Using Sine Waves

— Synthesise vowel-like sounds using the following F1 and F2. Which vowels do they sound like?
(Vowel symbols are not essential, a sample English word will do.)

F1 =280 F2=2620 [i] ‘heat’

F1=300 F2=2870

F1=730 F2=1090

— What F1 and F2 correspond to the following vowels?

[@] ‘hat’ F1 = F2=
[€] ‘head’ F1 = F2=
[1] ‘hid’ Fl1= F2=
[0] ‘hope’ Fl = F2=

— On the reverse side of this piece of paper, draw a graph with F1 on one axis and F2 on the other axis, and
plot the points corresponding to each vowel-like sound that you have synthesised



Source and Filter Synthesiser

Download the scripts: DipthSynth.PraatScript  FilterSynth.PraatScript  FilterSynth no_pause.PraatScript ~ SourceSynth.PraatScript

Open and Run SourceSynth. PraatScript

LF Glottal Source ] In the Praat picture window you will see a time-domain and

hequency (Hz): [175 | frequency-domain representation of the synthesised glottal source

i e ([T | (volume acceleration). Note the similarity in shape to the glottal

: , source shown on page 22 of the Lecture Notes.
return time: (ms): {01 |

Standards | Cancel | — the frequency in Hertz is the number of times the waveform

repeats every second
0.1333

— the open quotient of the proportion of each period during
which the vocal folds are open, the time during which the
waveform gradually rises and falls

— the return time is the time to go from the bottom of the spike

'0‘38920 0.024 in the waveform back to zero
Time (s)

— in the spectrum, each line represents a harmonic frequency

601 component, the first harmonic is at the fundamental frequency

40 (f0), and higher harmonics are equally spaced at intervals of fO
— the amplitude of the harmonics decrease as frequency

A | ===

0 11025

Frequency (Hz) 42



Il Praat objects
Praat Mew FRead SWrite

BExE

Objects: Saound help
Sound LF_open E dit
Sound zilence

Sound LF source Elay EE
Sound LF source Diraw...

Spectrum LF_source
P - [uerny -

1251.00
j G0 dB

— select the LF source Sound object and

listen to it

—openthe LF source Sound and Spectrum 50.4 dB
objects to investigate details, e.g., the tenth
harmonic has time times the fundamental

frequency
— run the script again and experiment with
different frequencies, open quotients, and

return times

This glottal source model is described in

5.9 dB

detail in Stevens (1998) p97-100 1251.00 £21.70

0.00 Window 1372.79 Herz 1ayz2.7al 915221
Total bandwidth 11025.00 Her=

al | in | out | sel | ‘ J v Graup
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Open and Run FilterSynth. PraatScript

— select glottal source properties as before

— choose formant frequencies appropriate for the vowel you want

to synthesise, you can leave the bandwidths at their default values

—click OK

— you can examine the resulting sound and spectrum objects by

opening them in the edit window

— several panels will appear in the Pratt picture window, see next

page for an explanation

Source and Fitter Characteristics

LF Glottal Source
fundarmental frequency [Hz]

Filter farmant frequencies and bandwidths
formant 1 [Hz]

farmant 2 [Hz]
bandwidth 2 [Hz]
formant 3 [Hz]

bandwidth 3 [Hz]

Cleanup

Standards

open guatient;

return bime [mz]:

bandwidth 1 [Hz]:

Delete:

. |2a0

(50

. [2620

. [100

- [33E0

. |200

[ delete all objects
" keep all objects

[+ keep result object anly

Cancel

Apply | —h, k.

[Alternative software: Esystem by Mark Huckvale at University College London http://www.phon.ucl.ac.uk/resource/software.html]
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In the Praat picture window, you will see the same time and frequency-domain

representations of the glottal source as above plus:

—Bottom panel: A frequency-domain representation of the filter simulating the

resonance properties of the supralaryngeal vocal tract.

—Second-from-bottom panel: A frequency-domain representation of the result
of passing the glottal source through the filter. The frequency spacing of the
harmonics is unchanged, but their amplitudes have been changed. Harmonics
near formants (the resonant frequencies of the supralaryngeal vocal tract) have
relatively high amplitudes, and harmonics far from formants have relatively

low amplitudes.

— Third-from-bottom panel: A time-domain representation of the result of

passing the glottal source through the filter.

The spectral tilt of the glottal source us usually assumed to be - 12 dB/oct., but
depends on factors such as the open quotient. Radiation at the lips results in a
spectral tilt of +6 dB/oct. (not drawn here by see p50 of the Lecture Notes),
resulting in an overall spectral tilt of -6 dB/oct. for the vowel. The bottom
panel actually has the -6 dB/oct. spectral tilt of the vowel rather than the
0dB/oct. of the filter.

0.1333

0.7674

!

0
-0.9
Time (s)
60+
4& ‘HHH\AHMHHHHHM
0 5000
Frequency (Hz)

80+
60+
40
0 5000
Frequency (Hz)
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Open and Run DipthSynth. PraatScript Source and Fitter Characteristics

LF Glottal Source
— select glottal source properties as before furdamental frequency (Hz): 125 |

open quatient: |EI.5 |

— choose formant frequencies appropriate for the diphthong you return time (msl: (0.1 |

want to synthesise, the first value is the frequency of the formant Filer formant start and end frequencies and bandwidths

at the beginning of the vowel and the second value is the frequency formant 1 [Hz): |50 | [400 |
of the formant at the end of the vowel bandwidth 1 [Hz): |50 |

farmant 2 [Hz): (1500 | [2200 |
—the result includes a spectrogram showing the change in formant bandwidth 2 [Hz): 100 |
values across time formant 3 Hz]: [2800 | [2400 |

bandwidth 3 (Hz): [200 |

Cleanup

4000 Delste:  delete all objects

" keep all objects

S "J i em
e

SRR AR R AR

0 0.494875
Time (s) 46



Graded Assignment 4 - Measuring Vowel Formants

Course Section 8 Maximum gradel0 points
— Record yourself saying at least 5 vowels
— these can be vowels from any language you speak
— include at least one diphthong in your set of vowels
— say the vowels either in isolation or in words, but if in words

make sure the preceding and following consonants are always

the same, e.g. English [h_t] heat, hit, head etc.

— Measure the duration, and the first and second formant frequencies
at 25% and 75% of the duration of each vowel
— detailed instructions below
— if your language has front rounded vowels you might also
need to measure F3 to help distinguish them from non-rounded

front vowels

— Plot F1 and F2 for each vowel
— put F1 on one axis and F2 on the other axis
— draw each vowel as an arrow with the tail at the F1 & F2 you

measured at 25% of the duration the vowel and the head at the

F1 & F2 you measured at 75% of the duration the vowel

— label each vowel with its IPA symbol

— Draw a bar graph of the vowel durations.

— Submit the following for grading:
— a table of duration, and first and second formant values for
each vowel
— indicate each vowel using an IPA symbol and an
example word, and state the language spoken
— the F1-F2 vowel plot
— the bar graph of vowel durations
— a picture of the beginning and end spectra for each vowel
— label each set of spectra with an IPA symbol
— indicate the F1 and F2 peak in the smoothed spectra
(draw an arrow to or a circle around the relevant peaks)
See Lecture Notes p 52-53, 63 for examples of F1-F2 plot, bar graph,

and spectra
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Detailed instructions for making measurements:
There are several ways to get formant measurements using Praat, the following method should be reasonably transparent in light of our discussion
of formants in class, it should also be reasonably robust. Feel free to play with Praat or other software (e.g., WaveSurfer) and explore other ways

of measuring formants, but please complete

) ) I TextGrid ei
the graded assignment according to the ['Fje Edi Query  Wiew Select Interval Boundary Tier Spectrum  Pitch Intensity  Formant  Pulses Help

instructions below.

0090577 Q252732 (2835 f =) 0443200

— put each vowel recording in a separate o aEEE

sound file and save the files

— make a TextGrid for each recording and

place one boundary mark at the beginning

of the vowel and one at the end of the

vowel

— save the TextGrid 0.2458

= | e |
[Alternative software: WaveSurfer by Kére
Sjolander & Jonas Beskow, at the Royal P ap— nasaTIe 0071478
Institute of Technology (KTH) Stockholm 0.000000 Visible part 0.514785 seconds 0514785

Total duration 0.514785 seconds

ﬁ i | l:uutl zel | ‘ Jpﬁmup

http://www.speech.kth.se/wavesurfer/]
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Open and Run formant measurer.PraatScript

— the script will use the first sound and TextGrid object in the Praat object window
— it will complain if the TextGrid doesn’t have two boundaries
— you will get silly results if the boundaries in the TextGrid don’t match the beginning and end of the vowel

— it will delete any other objects in the list so make sure you save them before running the script

— the script measures the time between the first and second boundary in the TextGrid

—then, 25% and 75% of the way between the two boundaries,

itextracts a 15 ms wide window and performs a Fourier _m

analysis to calculate the spectral components of the
Yowel duration: 353 ns e
portion of the vowel inside the window _ : -
[21] at 25% of duration
: : : : Peak 1: 407 Hz
— in the Praat picture window it draws a non-smoothed [Z=20 5 514s 7o
spectrum (in red) at 25% (top panel) and 75% (bottom EZQI]Q i : §E§$ ﬁﬁ
. P=al §: —undefined—— H=
panel) of the duration of the vowel
. . o . . [21] at 75% of duration
— it performs a Linear Predictive Coding (LPC) smoothing of |P=ak 1: 319 H=z
Peak 2: 2285 H=
each spectrum and daws it (in blue) on top of each non- |Eeak 3: 3028 Hz
Pealk 4: 3720 H=
snuxnhedspecnunl Peak 5: ——undefined—— H=
— in the Praat info window, the script prints the duration of s ®
ause %]
the vowel and the frequency at each peak in the LPC Nurnber of peaks sought was: 5
smoothed spectra Eoilfas [k, | Stop | %
—
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— a problem for measuring formants it to determine exactly how much

smoothing to apply
— too much smoothing misses formant peaks

— too little smoothing wraps peaks around individual harmonics

— the script helps solve this problem by first resampling the sound recording
to 8 kHz so that it only looks for peaks below 4 kHz
— the maximum signal frequency which can be encoded by an 8 kHz
sampling frequency is 4 kHz (this is called the Nyquist frequency)
—F1 and F2 will always be well below 4 kHz

— the script then gradually increasers the number of LPC coefficients, which

decreases the amount smoothing
— the script tries a low number of coefficients
— it pauses to give the user the opportunity to look at the smoothed
spectra

— if the user clicks on the Continue button, the script increase the

number of coefficients, then pauses again

These spectra are too smooth

ei-2-25
60 ‘
]
i
[
40{
(]
H MH \ /
LI [ [ )
U o,
AL ERNAT I\
204 T | WMN\ VWA .
e TN “
H ) MY |
I W ;V |
o TR
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0
Frequency (Hz)
ei-2-75
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|
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|
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These spectra aren’t smooth enough
ei-13-25

604

401

204

| ’/ ‘H‘H“ ““N\ | Hu [l ‘\‘

Hfu M‘M“M ‘L‘MHW‘“\“\VJ\JNJ“
i WWH AR Il
(VU Y \
AR T ARIARY
0 4000

Frequency (Hz)

ei-13-75

601

401

204

Frequency (Hz)

These spectra are just right
ei-5-25

LIV \\‘ A
‘\H\ w‘\‘ﬂ | |

\‘\ \
200 1] e ' \WMMH

A | Fv“‘ H‘\ WA U V
| “ “H | ‘ ’ M‘ N f ‘ “ H \'H“ I “\ /\ \H M
| TN R A Iy
| [y ;\‘H\f‘ww“\we N \M
AR AREEAAL

0 4000
Frequency (Hz)
ei-5-75

60

401

204 | 1

| I / ‘!‘“ [ r*‘ ‘ J‘ “ \‘ |
“ “ “H“\ J‘\ “ W\\ f“‘/\“wﬂl ‘\v‘\\“‘ \ /H‘\ ’\“‘W\ \‘HH“
L‘M‘f L\ /Wj‘u‘ | \"‘H\““M‘y‘\“’ U“J‘ Al /\ ‘\‘ U‘\ M’u
0 4000
Frequency (Hz)
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How to get reasonable answers:

— Stop the script when it looks like it has picked the right amount of smoothing. Do this by visually comparing at the non-smoothed and
smoothed spectra. Plan to go past the ideal number of peaks the first time you run the script, then run the script again. A rule of thumb for using
the script is to visually count the number of formant peaks you think you can see in the non-smoothed spectra, and stop when the LPC smoothing

is one greater than this number of peaks (in the “just right” example above the number of peaks sought was 5).

— At this point you should have some a priori ideas about what reasonable formant values are for the vowel you are measuring, e.g., for
[i] you expect F1 and F2 to be far apart, for [u] you expect both F1 and F2 to be relatively low, for [a] you expect F1to be relatively high and

F2 to be relatively low. If you have too much or too little smoothing you may get formant measures that don’t correspond to your expectations.

— The script plays the vowel and the windowed portions of the vowel. Make sure that what you hear corresponds to what you think you
should be hearing for that vowel. You could do an auditory check of your results by feeding your measured formant values into
DipthSynth.PraatScript. Vowels in isolation often trail-off gradually getting quieter sometimes with a schwa at the end, try rerecording or try

moving the second boundary marker towards the centre of the vowel.

— Male voices are often easier to measure than female or child voices because the lower fundamental frequency provides more closely
spaced harmonics which result in a better sampling resolution for the resonance envelope. Some speakers may have creaky voice or other
properties which make them difficult to measure. If you are having difficulty measuring your own voice, try downloading and measuring the
male-voice samples available on the course website. The settings for the Nyquist frequency, and the window width are specified near the

beginning of the script, you could also try manually changing those.

Optional: If you want to measure fundamental frequency, there are several ways to do this. One way is to open an unsmoothed spectrum in the

Edit window, then place the cursor on the spike corresponding to the first harmonic and read off the frequency.
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Vowel-Consonant Perception Experiment

— This is a demonstration of a perception experiment.
— A speaker read sentences containing the words /bit/, /bid/, /bit/, /bid/. The vowel duration and F1, F2, and F3 were measured.

— The stimuli were produced via LPC resynthesis of one of the speaker’s /bit/ productions.
— Two properties were manipulated
— vowel duration
— vowel spectral properties
— The stimuli have 7 different durations and 5 different spectral properties combined to produce a matrix of 35 stimuli.

— The shortest stimuli had a vowel duration typical of the speaker’s /bit/ productions.

the production vales for /bit/ and /bid/ in the F1-F2—F3 space using a mel scale.

(F1, F2, and F3 formant tracks were raised or lowered an equal amount along the

/bid/
— The longest stimuli had a vowel duration typical of the speaker’s /bid/ productions. 179 o—o0 o 4
— Intermediate stimuli were spaced an equal duration apart on a logarithmic scale. o 149 e o o
c
— The stimuli with the highest vowels had F1, F2, and F3 properties typical of the g__ 124 ¢ o o
) S 104 e o o
speaker’s /bit/ productions. =

3 86 e O ®
— The stimuli with the lowest vowels had F1, F2, and F3 properties typical of the <L 79 ° ° °
speaker’s /bid/ productions. 60 o—o—©

A X @ NN

— Intermediate stimuli were spaced an equal distance apart on a straight line between [t/ o o 8 ﬁ fcnn

- a2 NN

® © = N

@wW NN N

> o

N N NN

a o N ©

o N o

© o o O

GovZ ‘00L1

whole of their trajectory.)
F1, F2, F3 (Hz)
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— Download and unzip VCexperiment.zip

— Open Praat and then open VC Experiment. ExperimentMFC using Read > Read from file...

B Praat objects (=3
Praat MNew | Read ‘Write Help — Run the experiment
Objects: Read From file. .. Zhpl-Ca P

open long sound file, . Chrl-L Il Praat objects EE) &
Read two Sounds From sterea file, ., Praat Mew Read ‘Write

Read from special sound file ¥ Objects: Fiun

Read Matrix From raw kext file. ., wperimentt FC VE E =periment Eutract results

Read Strings From raw bext File, .,

Fead TableQOfReal from headerless spreadsheet file, ..
Read Table from table file. ..

Read Table from comma-separated file. ..

Read Table from tab-separated file, .,

Read from special ter file, .. »

M ExperimentHFC VC_Experiment [BEE]
Fiie Help

— Click on the window to start the experiment

/blt/-/bld/-/bit/-/bid/ FPerception Experiment. Click on this window to start.
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Ml ExperimentMFC ¥C_Experiment

— You will hear the sentence “What they’re wearing are

1735

Click on the box corresponding to the word that you heard.
suits.”

— The word in the blank is one of the LPC resynthesised stimuli.

/bld/ /bid/
— Choose the response /bit/, /bid/, /bit/, or /bid/ that is closest to
the word you heard.
— 0.25 seconds after you answer, the computer will play the next bl /b

stimulus.

— The 35 stimuli will be played in random order.

— When running a real experiment, it is normal to run through the stimuli several times and get several responses for each stimulus.
Stimuli near category boundaries may receive one response the first time and a different response the second time.
— For this demonstration you will only identify each stimulus once.

— Close the window at the end of the experiment.

— Open and run VC Analyse.PraatScript

— A picture similar to the one below will appear in the Praat picture window. It shows which response you gave for each stimulus.
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These are the results that I got when I completed the experiment. -

Your answers may or may not be similar to mine. n e ® ® ® ®

— I distinguished the vowels only on the basis of spectral properties:

— the dividing line between /bit/—/bid/ and /bit/—/bid/ is 5 ® ® ® ® -
perpendicular to the spectral axis, higher vowels were identified Iblt/
as /i/ and lower vowels as /1/. N ® ¢ ¢
3 o ®
— I distinguished the consonant voicing on the basis of a mixture of
duration and spectral properties: 2] o o
— the dividing line between /bit/ and /bid/ was on a diagonal to |
the axes, stimuli with longer higher vowels were identified as . ® ®
ending in a voiced consonant, and stimuli with shorter lower ! 2 S;ec 4 >

vowels were identified as ending in a voiceless consonant.

— There was an interaction between vowel and consonant identification:

— When the vowel was identified as /i/, its duration had to be longer for the consonant to be identified as /d/, compared to when the

vowel was identified as /1/.

I ran a full-scale version of this experiment with L1-English and L1-Spanish L2-English speakers. The results are available under Spanish

Listeners' perceptual patterns for English /i/ and /1/ on my website http://www.ualberta.ca/~gsm2/
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