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INTRODUCTION

Thislab manual is designed to be used in the context of an introductory course in Acoustic
Phonetics. It is based on the software Praat, created by Paul Boersma and David Weenink
(www.praat.org), and covers measurement techniques useful for basic acoustic analysis of
speech. LAB 1isan introduction to Praat: the layout of various displays and the basic functions.
LAB 2 focuses on fundamental frequency, harmonics and formants, and on how to measure these
using different displays. The next three labs guide students through taking acoustic
measurements typically relevant for vowels (LAB 3), sonorants (LAB 4) and obstruents (LAB 5).
LAB 6 discusses ways of measuring phonation. LAB 7 focuses on stress, pitch-accent, and tone.
Labs 8 and 9 bring together the material from previous labsin an exploration of cross-dialectal
(LAaB 8) and cross-linguistic (LAB 9) differencesin speech. Finally, LAB 10 introduces speech
manipulation and synthesis techniques. Each lab includes a set of questions designed to ensure
that the user understands the measurements taken as well as the values obtained for these
measurements. These questions are repeated in the worksheet at the end of the lab, which can
serve as away of recapitulating the content of the lab.

The lab manual isawork in progress, and the authors, Sonya Bird and Qian Wang, would
appreciate any feedback you may have on it. Thank you!

SonyaBird  shird@uvic.ca

Wang Qian  wanggian@uvic.ca
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LAB 1 —EXPLORING PRAAT

GoOAL OFLAB 1

The goal of thisfirst lab isto explore some of the basic features of PRAAT (www.praat.org),

LAB 1—EXPLORING PRAAT

which we will be using for speech analysis throughout the term. Y ou will learn to make
recordings, bring up visual displays of these recordings (waveforms and spectrograms), segment

and label various components of these recordings, and export the visual displaysinto aword

document. The skillsyou learn today will be useful for your lab work throughout the remainder

of this course and beyond...

1. Open Praat: double click on the following icon (Fig. 1.1):

®

Figure 1.1

2. Get to know the Praat layout (Fig. 1.2)
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Anadysis and
synthesistools

Mg grn= - W

Picture
window

Objects Main menu
window \
Cantrel  Hew Bwad Yeatas
hiach; Scund bel
Emnd My_5curd_Fin Edi
Sound Ergleh_ Vo=l Play
Sound Cick.
[rian.
[uezty - |
Hedly |
s - |
Eralse
Highlighted Poaity |
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TIP Thetoolsyou seein the Analysis and Synthesis Tool Panel (see Fig. 1.2 above) are
specific to the highlighted object(s) in the list. For example, the tools that are listed for a
sound object are different from that for a Textgrid object’. When you first open Prazat,
there will be nothing in your object list. As aresult, nothing will show up in your
Analysis and Synthesis Tool Panel.

3. Record the sentence: “My name is [first-name] [last-name]”

0 Inthe main menu of the Objects window (see Fig. 1.2):
o New > Record mono Sound (sampling rate: 44 100 Hz) (Fig. 1.3)
0 Make sure the volume bar is fluctuating as you record —if it isn’t, you' re not recording;
if you don’t see the volume bar at all, you' re not speaking loudly enough.
o0 Watch out for clipping (Fig. 1.4): if your recording level istoo high and you go into the
red on the volume bar, you' Il end up with what is called a“clipped” signal —thisisvery

bad for speech analysis!
o Givethe recording aname (in the box below “Saveto list”)
0 Savetolist
=
o %}“‘— Sampling
Meter  Sampling frequere: frequency
Input zource:; £ 100
o ES
[uze "Windows mixer ] =
; o 2205
withaut meters] ;
£ 2z — | Recording level
@ [
AR
‘Saveto Fiecordl Stap | Flay I Closel
list’ Name of the sound
Save to list: f| |e be| ng I‘eCOFded
leoLind

Figure1.3  Recording amono Sound

! What is a Textgrid object? See step 8 below.
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File

Edit Husry
Fulzas

(ol x|
Spectrum  Fitch Intenzaity Formant
Halp
0010353
2 T
-0.0002609 : -'.‘
-0.05206 : e “-‘
S000 Hz| 'I ‘-‘
| K
3455zl - [OUSEENEC || SRRl
1.309353 —— “- .
CLoogoon Visible part 1400705 seconds 1.409705 5‘ Compare the Wa\/er Orm I n
Total duration 1.409705 seconds the% tWO Ca% The One
o] _in | _ou| st 4 | | Growp in the clipped recording
_ has a square-like form.
Good Recording
Bl Sound Labl TimTang clipped b i — (ol xf
File Edit Buery Yiew Select Spectrum Pitch Intensity Formant
Pulzes Hel.p
Q2825147 i
086 H T
0.0z914]

-0.0224
5000 Hz

0 Hz] >
0.5625147
0.000000 Wizible part 1.650295 zaconds 1. 650295
Total duration 1.650295 seconds
all | in | outI zel | <I l _’IrGroup

Clipped Recording

Figure1.4  Clipped signal
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4. Open the sound filein the Edit window:

0 Inthe Objects window (see Fig. 1.2), highlight the sound file you’ ve just recorded.
o Click Edit on the“Analysisand synthesistools’ panel (see Fig. 1.2).

When you first open a sound file in the Edit window, it may seem abit of amess. Y ou can see
blue vertical linesin the waveform, and lines of red dots and a blue line in the spectrogram (see
Fig. 1.5). You can tidy up the visual display by doing the following: in the menu of the Edit
window:

0 Pulses> Show pulses(click on thisto unselect it)

o Formants> Show formants (click on thisto unselect it)

o Pitch > Show pitch (click on thisto unselect it)

Two things are being displayed now in the Edit window: the wavefor m on the upper level and
the spectrogram on the lower level.

Bl Sound Labl TimTanz zood b 3 - -0l =]
File Edit Huery View Select Spectrum Fitch Intensity Formant Tulses Help

| D.?D?BES
Pitch pulses = :
Blue verticd
lines on the
waveform

Waveform

Pitch track =
A blueline on
the

——— e e

200 Hz

Formants =

Lines of red Spectrogram

dots on the
spectrogram

0 Hz S0 Hz

07042532 0.7049253

0000000 Wisible part 1.400705 seconds 1.400705

Total duration 1.408705 secands

| | ouf sl 4 | | Graup

Figure1l.5 A crowded edit window
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TIP  Here are some common manipulations you will find useful:
Selecting a portion of the sound file and measur e the duration of the portion

0 To select aportion of the sound file, place the cursor on the starting point on the waveform

or spectrogram and drag the mouse over the portion you

0 Thenumber in black at the top and bottom of the display indicates the duration of the
selection. The two red numbers on each side of the selection (on the top only) indicate the

starting and ending time of the selection (see Fig.1.6).

Zooming into a portion of the sound file

o Tozoom into a specific portion of the sound file, select it first and click “sel” in the zoom

options panel (see Fig. 1.6).

0 Youcanasousethe“in” and “out” buttonsin the zoom options panel to zoom in or zoom
the center point of the window

out within the sound file. Thiswill zoom the file around
display, regardless of where your cursor is.

Listening to a sound file

o Inthe Edit Window, you can listen to the sound file or a portion thereof by clicking on one

of the panels at the bottom of the display (Fig. 1.6).

5. Extract [first-name last-name]

areinterested in.

0 Select the portion that corresponds only to your first and last name (see Fig. 1.6)

o File> Extract Selection (The extracted selection will show up as aentry (‘ sound untitled’)

in the Praat objects window)
o Close Edit window

B Sound creaky—voice

1| Number in black =

Duration of the

File /E/ait Huery VYiew Select Pitch Intensi
. 0038991 0.253348 IU.QQSSSQ
Edit o750z :

selection

A

Number inred =

— i Starting and ending
Highlighted ; . -
secgi or?of the i i tme of the selection
sound file = ! &

= - B
ii’i ! - P 3
33 E i S 1_;;‘_9.-13 >
! _';fﬁ_ il Click on the panel to
A £ § - listen to this section
Zoom options el | EE . of the sound file
| ozsazaa | 0 930
D.th\IDDD Wisible part 1.224320 seconds 1224320
_________________ Total duration 1.2243Z20 seconds

o | n | o] ] |

_)_! v Group

Figure1.6  Editing asound file
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6. Rename the extracted file (*sound untitled’ in the Praat objects window)

0 Inthe Objects window, highlight ‘ sound untitled’
o Click Rename below the object list

Q1: What information should you include when giving your sound file a name?

7. Savethe new sound file on the desktop:
o Highlight the filein the object list

o Write>Writeto WAV file... (thisisthe most widely acceptable extension)
0 Select the desktop as the save-to location

8. Create atextgrid

Textgrids let you label or annotate the spectrogram (and sound file) —they are particularly
helpful for acoustic analysis, to keep track of where you’ ve taken measurements, etc.

o Inthe Praat Objects window, highlight the newly renamed file (see step 6)
0 Annotate>To TextGrid... (seeFig. 1.7)

0 Createtwo tiers (this will be enough for our purposes): All Tier names: word segment?

Highlight the
sound file
Seardil = A0t e foacad amcmert ' |
S s ound ‘ Edi ‘which of these sie poik fes? el | |
Pl
D | Hop | Stadee | Comel | dprly J oe |
Quen: - I
Mz | _/
e Create two tiers, one named
pe..,.ﬂ,\ I “word”, one named
spacin -\ _| “segment”
FomosslPG- \|
Funz -
T'o I ntmreiy, |
Hanpulahe
To Marpulsion. J
[ \
s = = : Annotate
IFin Coornbines sounek; - |
Ramoiss | -
== = 0w | o

Figure1l.7 Creating atextgrid

2 This creates 2 tiers, one with the name of ‘word’ and the other with the name of ‘segment’. Ignore the second line
in the TextGrid naming window “Which of these are point tiers’. Thisisirrelevant at the present stage.
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9. Open the sound file and textgrid together: (see Fig. 1.8)

In order to segment and/or label a sound file, you have to open the sound file TOGETHER with

itstextgrid file.

o Hold down Ctrl and click on each file to highlight them both
o Edit

— =1of=f
Objects: Edit =i
Dirawe...
Extract - \l\
Modify TextGnd N~
Scale times I
Modify Saurd
Clare lime domain |
| ]
Flemnvel Inspect I _':,
4 I I 3

Highlight both the sound
file and the textgrid file

Click Edit to open both
filesin Edit window

Figure1.8  Opening atextgrid file with its corresponding sound file

In your display you should now see the waveform (top), the spectrogram (middle) and the
textgrid (bottom) corresponding to your sound file (see Fig. 1.9). We will talk about waveforms

and spectrograms in detail later on.

10. Segment thefile (see Fig. 1.9)

In the sound file, identify your first name and last name. Use the following steps to segment each:

o To find each name on the spectrogram, listen to the sound file and look at the spectrogram
— these should give you hints as to where each name starts and ends. It may help to zoom

into small chunks of the sound file and listen those.

0 Placethe cursor at the beginning of the name on the spectrogram/waveform (not on the

Textgrid tier). A boundary line will show up.

o Clickinthelittle circle at the top of the word tier in the Textgrid to create a boundary

(Fig.L.9).



o0 Toremove aboundary that you
o Highlight the boundary

have made,

0 GotoBoundary > Remove OR click Alt+backspace

o To move aboundary,

o Highlight the boundary by clicking on it (it should go red) and drag it.

11. Label theintervals (see Fig. 1.9)

LAB 1 —EXPLORING PRAAT

o Select/highlight the target interval by clicking between two boundaries, the selected the

interval should go yellow.

o Toinput or changethetext in aninterval, edit in the Textbox above the spectrogram (See

Fig 1.9).

o Giveeachinterval you create a name ([first name] or [last name])

Bl TextGrid Labl_Tim¥ang good b E _ i =] 3
File Edit GHuery W¥Wiew Select Interwal Boundary Tier OSpectrum FPitch Intensity Formant Pulses Help
Textbox for
labelling textgrid
i 1.08?933 Segments
-0LO00ZE2E ” -
: — | Click onthe
005306 circleto create
5000 He TR T i 1] a boundary
WM ' :
| W‘Jm ; )
i o i _
14115 H - Word tier
1 Timn
/ Segment
e i’ 1 m w a n egment .
1065033 0343772
0000000 Wisible part 1409705 seconds 1.400708
Total duration 1.400705 seconds
-0 ] i i . =
Textgrid
Figure1.9  Segmenting and labeling

12. Follow steps (10) and (11) to segment your [first name + last name] into segments.

TIP  To use phonetic symbolsin your segment tiers,
0 Inthe TextGrid editing window, go to Help > Phonetic symbols

o From here you can see what keystrokes you need to create special fonts (using them is not
recommended because they end up looking a bit wonky...)
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Q2: How can you tell where one word ends and another word begins?
Q3: Do you notice any patterns in terms of how different sounds look visually, on either the
waveform or the spectrogram?
a. Which sounds have the highest amplitude and how can you tell?
b. How do sounds of different sonority (e.g. stop vs. fricative) look on the spectrogram?
13. Saveyour textgrid onto the desktop:
o File>Write TextGrid to textfile...

14. Export your labeled waveform and spectrogram to Word (see Fig. 1.10):

0 Maximizethe Edit window: click on the little square at the top right of your Edit window

0 Hit PrtSc (“Print Screen”) on your keyboard®. Nothing would happen on your screen at this
point.

0 Open Word, and provide a prose introduction to the image you are about to pastein: e.g.
“Figure 1 is awaveform and spectrogram of my name”

0 Hit Ctrl+V to paste the Praat image into your word document.

0 Giveyour Figure anumber and title below the image (see Fig. 1.10)

:_E=I‘=mu~.m P

R R Tl R i I e e S T T E e (T - Eur i T E PR

I
|
i

i =i
[ T —

Figure 1.10 Example of Word output

% Note: this works on a PC. On aMAC: command-shift-3:. By doing this, you are actually copying what you see on
the screen to a clipboard, although it seems that nothing has happened.



LAB 1 —EXPLORING PRAAT

15. Savethefile: you must print it out and bring it to the next class.

If you complete all of these steps, you should end up with aword file with an image of the
labeled waveform/spectrogram corresponding to your name, asin Fig. 1.10. You can savethis
file, and your Praat files (sound and textgrid) by e-mailing them to yourself or copying them onto
aflash drive (memory stick).

You must hand in your worksheet at the end of thelab.
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LAB 1 —EXPLORING PRAAT —WORKSHEET

Don't forget — Y ou must hand in the word document you created in the next class.

Q1: What information should you include when giving your sound file a name?

Q2: How can you tell where one word ends and another word begins?

Q3: Do you notice any patternsin terms of how different sounds look visualy, on either the
waveform or the spectrogram?

a. Which sounds have the highest amplitude and how can you tell?
b. How do sounds of different sonority (e.g. stop vs. fricative) look on the spectrogram?

11






LAB 2 —THE SOURCE-FILTER M ODEL OF SPEECH

LAB 2—THE SOURCE-FILTER M ODEL OF SPEECH:
FUNDAMENTAL FREQUENCY, HARMONICS AND FORMANTS

GOAL OF LAB 2

The goal of thislab isto explore the basic acoustic components of (sonorous) speech sounds:
FUNDAMENTAL FREQUENCY, HARMONICS, and FORMANTS. These components create the acoustic
signal associated with speech — understanding them is crucial to understanding what we actually
hear, when we hear speech.

RECORDING
0 Record yourself saying the vowel [&] at three different pitches: low, mid, high —try to get
the biggest range in pitch you can ((if you can’t remember how to do this, refer to LAB1,

p.2)
0 Opentherecording in Praat’s Edit window

IMPORTANT NOTES
0 Usethe worksheet to note down all measurements, and to answer the questions asked
throughout the | ab.
0 Do not use decimals for any of your measurements (good: 90 Hz; bad: 90.75 Hz)

SECTION |. FUNDAMENTAL FREQUENCY (Fo) OR PITCH

1. Measure the fundamental frequency (pitch) in the middle of each [&] using the three
techniques below and fill out Table 2.1.

Q1: Which method do you prefer and why?

Three ways to measure fundamental frequency:

a. By displaying the pitch track and having Praat measure the pitch automatically (see Fig. 2.1):
o Display the pitch track: Pitch > Show pitch
o Placeyour cursor in the middle, stable portion of the vowel
0 Goto Pitch > Get pitch: abox will appear with the pitch valueinit.

TIP  If the blue pitch contour (blue line) doesn’t appear clearly, it is because Praat’ s default
pitch range is not appropriate for the file you're listening to:
0 (goto Pitch > Pitch settings...
0 adjust the pitch range so you can see the pitch contour clearly:
® If you have avery high voice you may need to adjust the range upwards.
® If you have avery low voice you may need to adjust the range downwards.

12
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b. By displaying the pitch track and measuring pitch manually (see Fig. 2.1):
o Display the pitch track: Pitch > Show pitch
0 Click on the blue pitch track in the middle of the vowel
0 A red horizontal bar should appear, with the pitch value (in dark blue) on the right side of

the window.

TIP  The Fundamental frequency value is always displayed on the right side of the window in

dark blue; formant frequencies are displayed on the left sidein red — be careful not to get

these two confused!

Adjust pitch range:
Pitch > Pitch settings

M Sound Lab2_a_low_wid_high

File Edit GQuery Yiew Select Spectrmi-i-;,c-h Intenzity /¥

#dvanced pitch ssttings. ..
Extract wisible pitch contour

Fitch listing

Get minimum pitch Ctrl-Fl0

Display the pitch track:
Pitch > Show pitch x|

o

Pitch value
as measured
manually

Get maximoam pitch Shift-F10 Hz
iv;'t”\;wsor to minimus piteh Cirl-L
Mova cursor to maximum pitch Ctrl-H
1060 He| - - - ARIREARSSERIRERL. ... SR 165 20 Hz
0 Hz| 75 Hz
0656531 4817024
0. 000000 Vizsible pad 5.473605 seconds \ 5.473605
/ Total duration 5.473805 seconds \
Pitch contour |41 {| [ \ | Growp
- L =10l xN
File [Fdit Search Help
168.28894984294124 Hertz (interpolated pitch at CURSOR) Al .
[ SRR Use Get pitch to
Place your cursor get a box with
in the middle, pItCh value
stable portion of
the vowel.
-]
Kl Dy

Figure 2.1 Getting a pitch value in Praat
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c. By looking at the waveform (top of the display) (see Fig. 2.2)

o Zoom into asmall piece of the waveform in the middle of the vowel and measure the
period by highlighting one complete cycle and noting the time associated with it (in the
panel above the waveform)

0 To get the frequency (f) from the period (T): f =L/T

TIP  If you zoom in enough, the panel above the waveform will include both the period and the
frequency (in parentheses), so you don’'t have to do any cal culations.

Period (T) of Frequency
onecycle H=1T

Zoom into asmall
piece of the
waveform in the

=101 %]
m|dd|e Of the VOWd lect Spdctrum FPitch Intensity Formant FPullzes Help
t
\ OG5GETa5 0.008957 (167 268 / 5 IU.552-?52
0.05344 \ { 1
o
0.04477
5000 Hz| 500 Hz

highlighting one
in the waveform

0 Hz| . - 75 Hz
0010127 0005257 0005297
05645657 ID.B-’-I&&E? Wisible part 0.021321 seconds 0652049 4205557
Total duration 5473605 =econds
all I in I oLt I zel |ﬂ J _,! v Group

Figure 2.2 Calculating pitch by waveform
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SECTION II. HARMONICS

When our vocal folds vibrate, the result is acomplex wave, consisting of the fundamental
frequency (which you just measured) plus other higher frequencies, called HARMONICS. To see
these, we need to look at a NARROW-BAND spectrogram, which is more precise along the
frequency domain than the default wiDE-BAND spectrogram.

2. Display anarrow-band spectrogram:
o Go to: Spectrum > Spectrogram settings... (see Fig. 2.3)
o Change the window length to 0.025s (see Fig. 2.3)
(The default is window length is 0.005s, which displays a wide-band spectrogram)
® This changes the spectrogram dramatically!

Q2: What is the tradeoff that is apparent when comparing a wide-band to a narrow-band
spectrogram?

A red horizontal bar
should appear, with the

frequency value on the & T CETEET— - ol x| o
Ieft sde Of ther ndOW. Wiew Select Spectrum | Fitch Tntensit kb ikt =
— 2 Yiew range (Hzk [0.0 | [5000.0 |
Window lenath (st [1.008 |
[iwnamic range [dB): |?D.D \ |
[all of your "advanced settings" have their standard values] Change W| ndo\
i [wour "time step strategy’' has ite standard value: automatic] Imgth to 0025
v 0
Help | Standards | Cancel | Apply I 0k I
006711
5000 Hz -
0 e
o
3 H10
Harmonics that - i
are darker = ﬂt H2
formants
2 I
Lo .. H1: thefirst
2468620 3.014977 harmonl C
0000000 Visible part 5473605 seconds 5 .47 TE0E]
Total duration 5473605 seconds I
all I in | outl 26 I <I I Llpﬁroup

Figure 2.3 Harmonics
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LAB 2 —THE SOURCE-FILTER M ODEL OF SPEECH

3. Looking at each [], notice the grey horizontal bands: these correspond to harmonics (see

Fig. 2.3). For each [«], measure the frequency of the first 3 harmonics (H1-H3), plus of the
10™ harmonic (H10). Use Table 2.2 to note down your measurements.

o Click on the centre (horizontally) of each harmonic, in the centre (vertically) of each []
0 A red horizontal bar should appear, with the frequency value on the left side of the window,
inred.

Q3: Compare the frequency of H1 with the fundamental frequencies measured in 1 above. Based
on this comparison, what does the first harmonic (H1) correspond to?

TIP If you have avery low voice, thefirst first dark line you see may be H2, instead of H1.
AsK your instructor if you are not sure.

Q4: What is the relationship between the first and subsequent harmonics? (the relationship
should be the same across [x]s)

TIP  Keepin mind there will be measurement error here, so various relationships may not be as
clear asthey would bein an ideal world...
SECTION I11. FORMANTS

Looking at the narrow-band spectrogram, you should notice that some harmonics are darker than
others (see Fig. 2.3). Darkness corresponds to loudness, i.e. the darkest harmonics are the ones
that are the most amplified. These amplified harmonics form the FORMANTS that are
characteristic of sonorant speech sounds.
4. Now, go back to the wide-band spectrogram:

o Go to: Spectrum > Spectrogram settings...

o Change the window length back to 0.005 ms (the default)

Y ou will seethat the formants appear on the wide-band spectrogram as thick dark bands.

5. Measure thefirst and second formants (F1 and F2) in the middle of each [a] using the three
techniques outlined below and note down your measurements in Table 2.3.

Q5: Which method do you prefer and why?
Three ways to measur e formants:

a. By displaying the formants (red dots) and having Praat measure the frequency of each one
automatically (see Fig. 2.4):

16



LAB 2 —THE SOURCE-FILTER M ODEL OF SPEECH

O O

Display the formant track: Formant > Show for mants
Place your cursor in the middle, stable portion of the vowel
Go to Formant > Formant listing: abox will appear with the time point at which the

measurement was taken, and the first four formants (F1 and F2 are the important ones now).

b. By displaying the formants and measuring the frequency of each one manually:
o Display the pitch track: Formant > Show formants
o Placeyour cursor in the center of each formant, in the middle of the vowel
0 A red horizontal bar should appear, with the frequency value on the left side of the window,

inred (seeFig. 2.4).

c. By measuring the frequency without displaying Praat’ s formants — this is sometimes easiest if
Praat’ s formant tracking goes wonky.
0 Getrid of Praat’s formant tracking: Formant > Show formants (unclick)
o Place your cursor in the center of each formant, in the middle of the vowel
o0 A red horizontal bar should appear, with the frequency value on the left side of the window,

inred.

Q6: Would you say the formant frequencies are the same or different across [&]s?
(Be sure to take measurement error into account when answering this question.)

Fila ELit Ouarp Wiee Salect Specteos PLick. Inteasii) | Fomant Fulses ,
Shew Farmuaic

000w

F2

Formant display:
First formant = F1

iaa ¥

Display formants:
Formant > Show formants

Wla T}

thlp

Farmant wstiings.
hivancad feevant setiings .
Exiract wisible forwant comtowr

et firat Faramal
Gal flesi hardeldth
el second forvent
Gut cecad baodei dih
dei thicd Eorwsal
Gl Ahir L Baredrldth
Gel fourth Foemwant

tind fourth beodea dih
Gal Ecerwink. ..
Gal bandeidih .

Use Formant listing to
4/| get a box with the first 4

formant frequencies

Formant frequency | "™
01000 (000 WikA b pan G AR08 fae / .47
Tekal duration 9 4T380 sscondy /
a|/ww|4 u||.| | / ﬂFEmp
TR 4 T=E
File i AT !
. Tim==s EL Hz ¥z Hz Fd Mz Bl Bz .
{ Place your cursor in the [|:7433540 @91 011097 1765 £752d0 2354 Se01er 3776 045101 =
center of aformant =
Al ]

Figure 2.4 Formants
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SECTION |V. THE RELATIONSHIP BETWEEN HARMONICS AND FORMANTS
The relationship between the harmonics and the formantsis captured in the SOURCE-FILTER
MODEL of speech production. In thislast section of the lab, think about what the source and filter
might be in this model.

0 Go back to the narrow-band spectrogram (refer back to Section 11, p.15).
0 Get rid of the pitch contour: Pitch > Show pitch (unclick)

6. What isthe ordinal number of the harmonic (H2, H5, H8, etc.) that is at the centre of the first
formant, for each [&]? Use Table 2.4 to note down your answer.

Q7: Does the harmonic you noted Table 2.4 have the same number across [ ]s?

Q8: What explanation is there for the pattern observed in Tables 2.3 and 2.4. why would the
harmonic number be different across [&]s (Table 2.4), but the frequency of this harmonic
(approximately = F1) be (approximately) the same across [&]s (Table 2.3)?

= To answer this question, think about what creates harmonics vs. formants...
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LAB 2—-THE SOURCE-FILTER M ODEL OF SPEECH —WORKSHEET
SECTION |. FUNDAMENTAL FREQUENCY (Fo) OR PITCH

Table 2.1 Fundamental frequency measurements

Recording Pitch contour Pitch contour Waveform
(automatic) (manual) (one cycle)

[] low pitch

[2] mid pitch

[2] high pitch

Q1: Which method do you prefer and why?

SECTION II. HARMONICS

Q2: What is the tradeoff that is apparent when comparing a wide-band to a narrow-band
spectrogram?

Table 2.2 Harmonics measurements

[z] pitch H1 H2 H3 H10

Low

Mid

High

Q3: Compare the frequency of H1 with the fundamental frequencies measured in 1 above. Based
on this comparison, what does the first harmonic (H1) correspond to?
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Q4: What is the relationship between the first and subsequent harmonics? (the relationship
should be the same across [&]S)

SECTION II]. FORMANTS

Table 2.3 Formants measurements

Recording With formant With formant Without formant
tracking (automatic) | tracking (manual) tracking (manual)
[«] low pitch F1: F1: F1:
F2: F2: F2:
[&] mid pitch F1: F1: F1:
F2: F2: F2:
[&] high pitch F1: F1: F1:
F2: F2: F2:

Q5: Which method do you prefer and why?

Q6: Would you say the formant frequencies are the same or different across [&]s?
(Be sure to take measurement error into account when answering this question.)

SECTION V. THE RELATIONSHIP BETWEEN HARMONICS AND FORMANTS

Table2.4

Recording Number of the harmonic corresponding to first dark band in narrow-band
spectrogram (e.g. H1, H4)

[e] low pitch

[e] mid pitch

[e] high pitch
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Q7: What isthe ordinal number of the harmonic (H2, H5, H8, etc.) that is at the centre of the first
formant, for each [&]? Does this harmonic have the same number across [&]s? Use Table
2.4 to note down your answer.

Q8: What explanation is there for the pattern observed in Tables 2.3 and 2.4: why would the
harmonic number be different across [&]s (Table 2.4), but the frequency of this harmonic be
(approximately) the same across [x]s (Table 2.3)?

= To answer this question, think about what creates harmonics vs. formants...
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LAB 3—VOWEL PROPERTIES

LAB 3—VOWEL PROPERTIES

GoAL OFLAB 3
In this lab, we are going to explore vowel properties: INTRINSIC PITCH and SPECTRAL MAKE-UP
(FORMANT STRUCTURE).

RECORDING
0 Record yourself saying the words beat, bit, bait, bet, bat, boat, but, boot (see LABL, p.2)

Take aquick look at your vowels in the Edit window, and make sure you can clearly see the
vowel formants (see LAB1 on formant display, p.4). If you have trouble seeing them, you can
download the file LAB3__ EnglishVowels.wav and take your measurements on thisfile. If you do
this, please make a note of it on your worksheet.

o Go to http://web.uvic.calling/coursework/ling380/index.html
o Follow the instructions on the webpage to download Lab3_EnglishVowels.wav onto the
desktop.

1. Which vowels are contained in these words? Fill in the appropriate IPA symbols on the top
row in Tables 3.1, 3.2 and 3.3 and the bottom line of Figure 3.3 on the worksheset.

Q1: Inthislab, you should take all of your measurements in approximately the same spot: what
spot isthis and why?

SECTION . INTRINSIC PITCH

2. Measure the pitch (Fo) in each of the vowels (see LAB2, p.12). If your pitch values seem
strange, try using another measurement method as confirmation (the waveform, using the
pitch contour). Remember that measuring off the waveform is the safest, since it avoids
counting on Praat’ s automated pitch tracker. Note down your measurementsin Table 3.1:

3. You can aso confirm your pitch measurement by looking at the spectral dlice, which gives
the component frequencies and their amplitudes (see Fig. 3.1).

0 Select aportion of the vowel (70-80ms)

0 Spectrum > View spectral dlice

o0 Click onthefirst (big) peak = H1 = FO (Ignore any small spikes at the beginning, this
might just be noise.)

o Note down the frequency of this peak (at the top of the vertical bar)

4. Usethe confirmed pitch values from Table 3.1 and plot the pitch of each vowel on Figure

3.3 on your answer sheet, Make sure you label your y-axis, using a scale that allows you to
spread out your measurements as much as you can.
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LAB 3—VOWEL PROPERTIES

Q2: Is pitch the same across all vowels? Do you notice any patterns with it?

e sound Labt_VowelSounds g =101 x|
File Edit Query View Selzct | Spectrun Pitch Intensity Formant Pulses Help
w Show spectrogram 4220065 0.077065 (12.976 / 52 505161
| 0.1542 Spectrogram settings. .. i |

Advanced spectrogram settings. ..
Extract vizible spectrogram
View spectral slice

Query:
Get frequency at frequency cursor

Get spectral powsr at curser cross FT

Spectrum > :
o View SpeCtl’al dice ,u.pr’ , " ") ||||l'”‘(r'1|” T en0 He

I

iy
m |
Select a portion of

g (0077s= ' l;:::m It u (il ww -' uu

192.39 Hz

rEy tllllll".' |E

0 Hz| |50 Hz

0336826 I 0.07 7065 I 0030332 I
F091270 |3 091270 Wisible part 0 494273 secon d= 3 58554{4 4 268103

Total duration 2.4532651 secands

‘L"lLlC‘_L“ls_e'lﬂ — >[IV Broup

CEET I S =

File FEdit Query View Select Help

190,11
' 41 & dB

246 dB

The frequenc of
this peak =

-12.9 dB

190.11|: \ 1 | = =
Thefirst big peak = FO = H1 —

all I in I outl seII ‘I I _,Il_GrUup

Figure 3.1 Using a spectral slice to measure FO
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SECTION II. SPECTRAL MAKE-UP (FORMANT VAL UES)

5.  On the default wide-band spectrogram, measure the first and second formants (F1 and F2) of
each vowel (see LAB2, p.16). Enter the obtained values in Table3.2, and use them for
plotting your vowel space in Figure 3.4 on the worksheet

TIP 1. You can use Praat’s automatic Formant tracking to help you if you want, just
remember to use your judgment: trust yourself more than you trust Praat!
2. It snot aways easy locating formants. Don’t get discouraged, just do the best you can!

Q3: Look at the formants values associated with different vowels:
a. Why do formants differ across vowels?
b. What does F1 seem to correspond to, in terms of articulation?
c. What about F2?

Now go to a narrow-band spectrogram (see LAB2, p.15)

6. Optional step, for extra practice with harmonics: Count up from H1 (the first dark band on
the spectrogram, see LABZ2 if you can’'t remember how to do this, p.15) and note down in
Table 3.3 which harmonic contributes most to F1 and F2 for each vowel (see Fig. 3.2aor see
LAB2, p.18). You can use formant track if it helps you to identify F1 and F2.

7. Also optional: Confirm your answer by looking at the spectral slice (see Fig. 3.2b):

(@)

Select approximately 70-80ms in the middle portion of each vowel
Spectrum > View spectral dlice
0 Zoom in abit on the spectral dlice
0 Select thetarget portion of the spectral dlice
o Onthe Zoom panel: Sel
0 Locate the approximate frequency of F1 (or F2). You can do thisin two ways:
o By moving the cursor around until you find the right frequency value at the top of the
window, or
0 By using the Select menu in the spectrum slice window
0 Goto Select > Move cursor to...
o Input thevalue of F1 (or F2) measured in (5) above; The cursor will automatically
move to the right location
o ldentify the harmonic that corresponds most closely to F1 (or F2).

(@)
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Bl Scund near—open_ front unrounded 8 =13 =i
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Figure 3.2b. Determining the harmonics by spectral slice
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SECTION 1. SUMMARY SO FAR

Y ou should now be fairly comfortable with the different displays that are regularly used in
acoustic analysis: THE WAVEFORM, THE SPECTROGRAM (wide- vs. narrow-band), and THE
SPECTRAL SLICE, plus— OVERLAID ON THE SPECTROGRAM — pitch pulses, fundamental frequency,
formant contours, and amplitude (for a more detailed discussion of amplitude, see LAB6, C.
ACOUSTIC INTENSITY, p.53).

To be sure you’ ve understood these displays and how to use them, answer the following
guestions:

Q4: In each of the main displays —waveform, spectrogram, and spectral slice—what is
displayed on the horizontal axis and on the vertical axis?

Q5: What display(s) would you use if you’ re interested measuring acoustically the following
phenomena:

Tonal contrastsin Chinese

Stressin English

Co-articulatory effects of consonants on adjacent vowels

The pronunciation of voiced vs. voiceless stops across languages (e.g. in French vs. English)
Phrase-final glottalisation (creakiness)

To answer these questions, think about what the acoustic cues are of these phenomena— that will
lead you to think about which display best shows these acoustic cues.

Q6: What other phenomena of speech can you think of that you could measure acoustically?
Which display would you use to measure these?
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LAB 3—VOWEL PROPERTIES—WORKSHEET
SECTION |. INTRINSIC PITCH

Q1: Inthislab, you should take all of your measurements in approximately the same spot: what
spot isthis and why?

Table 3.1 Intrinsic vowel pitches (FO)

Formant [ 101 A I 1 O O R

Waveform

Pitch contour
(manual)

Spectral dlice

[ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ]

Figure3.3 Intrinsic vowel pitches.
Please label your y axis with appropriate frequency intervals
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Q2: Is pitch the same across all vowels? Do you notice any patterns with it?

Table 3.2 Vowel formants
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F2 (H2)

§ § 8 B2 &8 8 8 8RB §EE
= — - —
| | ] 1 | L 1 ] | 1 ]
T T T T T T T T T T
i i i i ¥ i " i ' ¥ [
i i i i i ¥ i 1 1 i
i i i i ¥ i i “ “ "
OO N SR W RSN SRS SO SERRN WO SEPH S S SN T
' ' ' ¥ ' 1 i Iy i i 1
¥ ] i ' '
i "_ H i H L i W i | '
i i i ¥ i 1 ] L] 1 i
||||||| e L L LT e A E et LRt R bl ol
' (A i ] i [l ] i 1 i
P v i ] ¥ ] ] ' '
i i ; ' ' : H : i
! 1 : R — .
....... ARSI SRR RPN SR S, S S SR PP PR R
1 I i [ ] i ] ] i 1
i i ' i i I ' i | i
i Il ] i n P i 1 i i
S ———————. R AR demmmn i P e L L Rt o
i i [l [ [] i i 1 I i
' | ] ' i v ] 1 ' I
i 1 i i ] i ] 1 i i
L] i i 1 [ ] i 1 1 i
T T T b T T ] L ¥ 4
' i v i ' I i [ i i
i i ] i (] i (] . ] i
lllllll T1|1||11T11ll|l..l-.i:-.i...Lihtnii.‘l-:l.-.-.ullll.llulullu-Iull.ﬁllll*l!lifrl...mi..ll.
| i i [ i " 0 R i
i 1 i ] ] i ] ' i []
lllllll P e T LT T T e e e e
i o i L] 0 i N ) i L]
¥ 1 ¥ L} ) 1 i L] L h.
||||||| basssonsbocaces ._-.-._._.._url_u|...-.r|...“|lr|||"-l|||!.r||||..|II||nl||I.“ll..1.n_1I|.||||..
i ' i [ ' ' ] " i i
LLLLLLL _..-..rl.-.I._.-.“r._.-:l:l:-..I.I.I_..l.l....."qlll.ll.nllllllullllll“l.llll.-lll|+|l.l..—.-:l|lwl.l.l+ll.lI
i I ¥ i ] ' ] ] i i
¥ ' ¥ ' i i [ i ' 1
' H H 1 H ' H 1 H [
||||||| .-||l|l||r|||.||||I||ll||-.l||..|.Lr||l1.|._..+...1.-rllruu_llullrlluLlulu;i...l._._..:-.r|.
1 ] [] [ ] I [] I i 1
1 H i | i ' i [ S SR .
||||||| ] ety Eh bl sttty s ot olpiatety piocmiris plctainde ottt | 1
) ] 0 P n ¥ i 1 i i
||||||| -ii.l.....uI....u.rl..ll..lnII-.r.-._.r.pl.ru.-:-.__llllllrllillrI.lll|i.l|..:lnlll.-uulullllllnluu.|
¥ ] ' ] '
............ R LT L e P Py
||||||| frmmemmbesana e i hr d L - -~ je=nnd EEEL
I v i 1 i B [ 1 1
' 1 ' i H i ' H .
A R i) RTINS T NV TR, R D T M Y G
— + ||||||| “.. lllllll Illll.llnl. lllll lnl lllll T lllll u. lllll ll.-..-I“.l....:-.lFIi.-.l.“.rll lllj
—e - bacoaaan hesssssdenaann Henma e n e bameay reesvessadesrrdenndanag
—m - - bpansssnsjassanan . - EEmmm e bl b
[ " ¥ ] i W [
0 — TN — S —— E— - —— SR SO - S —
—farmmeem m lllllll premmmen peareme ._ﬁ ||||| l._-l lllll m.-.ll.._. rrrrrr lidniurulrlulrll
P -——— I — e L TrT e
—tmm Ammmmmme B e b B il e
i i » A [} i
T T T T T T L L
PR " I — | SRR . e [ e e e b ]
t H H L L
] T T i I ; 1 I i 1
&

28

Figure 3.4 Plotting your vowel space
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Q3: Look at the formants values associated with different vowels:
a. Why do formants differ across vowels?

b. What does F1 seem to correspond to, in terms of articulation?
c. What about F2?

Table 3.3 Contributing harmonics to vowel formants

Formant

[

]

[

]

[

]

[

]

[ ]

[

]

[

]

#of H
contributing
to F1

#of H
contributing
to F2

Q4: In each of the main displays — waveform, spectrogram, and spectral slice—what is displayed
on the horizontal axis and on the vertical axis?

Q5: What display(s) would you use if you're interested measuring acoustically the following

phenomena:

To answer these questions, think about what the acoustic cues are of these phenomena— that will
lead you to think about which display best shows these acoustic cues.

Q6: What other phenomena of speech can you think of that you could measure acoustically?

Tonal contrastsin Chinese

Stressin English

Co-articulatory effects of consonants on adjacent vowels
The pronunciation of voiced vs. voiceless stops across languages (e.g. in French vs. English)
Phrase-final glottalisation (creakiness)

SECTION II]. SUMMARY SO FAR

Which display would you use to measure these?
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LAB 4—SONORANTS

GoAL OFLAB4
Sonorants are:
0 sSimilar to vowelsin that they have formants
o different from vowelsin that they are generally lower amplitude (and behave as
consonants phonologically)

In this lab, we are going to explore the acoustic correlates of different sonorants: NASALS [m n g],
GLIDES[w j] and LIQUIDS [11].

RECORDING

For thislab, you will need to download the following files onto the Desktop:
File name Soundsincluded

a N_awav ama, ana, ana

Widu.wav wi, ju

Ri_iR.wav 1, iy i, il

0 Go to http://web.uvic.ca/ling/coursework/ling380/index.html
o Download the sound files: Right click > Save target as...

SECTION |. NASALS
In this section, you should focus on what is common between all three nasals.

o Openthefilea N_a.wav. Follow the instructions below and to fill in Table 1 on the
acoustic correlates of different nasals. You don’t have to complete both A and B. Choose
one to proceed.

A. Nasal formants

If you can’t remember how to measure formants, refer back to LAB2 (p.16).

1. InTable4.1, note down F1, F2 and F3 for each nasal, as measured in the middle of the
nasal .

Q1: Look at your measurements of F1, F2 and F3: are there any systematic patterns across
nasals? (Relate your answer to Q2 and Q3 below)
a. Isthere one formant with a similar frequency for all places of articulation?
b. Isthere one formant that has a much higher amplitude than the others, across nasals?
B. Spectral dice

2. Create spectral dlices for each nasal and for one example of [a] (see LABS, p.22).
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3. InTable4.1, note down the overall shape of the spectrum of each nasal, as well as the shape
of [a] (one example of [a] is enough).

Q2: Compare the spectral slices of the nasals vs. [a] —do you see any overall differences between
the nasal's on the one hand and [a] on the other? (Relate this to your answer to Q1 and Q3)

C. Waveform

4. Nasals have very distinctive waveforms. To see this, zoom in on 10 or so cycles.
5. For each nasal, note down in Table 4.1 the shape of one cycle (see Fig. 4.1). Also note down
the shape of one cycle of one example of the vowel [a].

Q3: Do you notice a systematic pattern across nasals, that is missing in [a]? What causes this
pattern? (Relate this to Q1 and Q2 above)

The shape of
one cycle

=10j x|

Help

184
00213

0.002721

08222 Hz
0.057043

A 812740 1.812740 Wisible part 0.05707 1 zeconds 1869311 4014995

Total duration 5.884307 seconds

el | in | o] sl | | Groue

Figure 4.1. Nasal waveform

D. Antiformants

Antiformants are the opposite of formants — they’ re bands of frequencies that are actively
damped rather than amplified (we'll talk about thisin class). They show up on the spectrogram
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as bands of white, i.e. bands of ‘silence’ at particular frequencies (see Fig. 4.2). They can be hard
to see, so don’t worry if their measurement seems hard. For finding antiformants, you may find it
easier to get rid of the formant tracking.

6. AganinTable4.1, note down the frequency of A1 (Antiformant 1), A2 and A3 for each
nasal, as measured in the middle of the nasal.

Q4: Are there any systematic patterns across nasals. is there one antiformant with a similar
frequency for all places of articulation?

e =Y

File Edit Huery ¥iew Select Spectrum Fitch Intensity Formant Fulses Help

1.587720
008025

177570 5

-0.00263

R ———

|
L '1"[1 M LRI ||| ||||

it

|
i

ij "‘“'f*Hmt[iﬁitlifiiltl((tqtli!l(ll|*'w? A ""” i

| , uw%ﬂwi%m
| {
Q8222 H -
1 0.744258
1.587365 I1.58?385 /// Vizible part 0744522 seconds 2321087 32652820
Total duration 5.854507 seconds
all I in | outi el |

[//
j/ I ﬂpﬁroup

Figure 6.2. Antiformants

Antiformants

E. Formant transitions (correlates of place of articulation)

This section is optional. Focus on the difference between the three nasalsin this part. The easiest
way to see the formant transitions is by displaying the formant tracking:

7. InTable4.1, draw linesto indicate the shape of the F1, F2 and F3 contours throughout each
V1NV, sequence.
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Q5: Do you notice any differences between the contours, i.e. between the transitions into and out
of nasals with different places of articulation? We'll re-visit this question in future labs...
SECTION Il. GLIDES

8. Open thefiles Wi.wav and Ju.wav. Follow the instructions below and fill in Table 2 on the
acoustic correlates of different glides.

A. Formants
9. InTable4.2, note down the frequency of F1, F2 and F3 for each glide, as measured around
the mid point of the glide.
TIP  Themid point of [w] should be at about: 3.19s and the midpoint of [j] should be at about
2.85s.

Q6: Look at the formant structure of the glides: which vowel does each glide resemble?

B. Formant transitions

10. InTable 4.2, draw linesto indicate the F1, F2 and F3 contours throughout each GV
sequence.

Q7: Are any differences between the contours, i.e. between the transitions out of the two glides?
What do you think may cause these differences (in terms of articulation).
SECTIONII1.LIQuUIDS

11. Openthefile Ri_iR.wav. Follow the instructions below and fill in Table 4.3 on the acoustic
correlates of different glides.

A. Formants

Use only the coda [1] and [I] (the 3" word [i1] and the 4™ word [il] in the sound file) for these
measurements: formants are easier to see in coda position because they are more “stretched out”.

12. In Table 4.3, note down the frequency of F1, F2 and F3 for each liquid, as measured around
the mid point of the liquid

TIP  Themid point of [a] should be at about: 4.39s and the midpoint of [I] should be at about
5.78s.
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Q8: Make note of the differences between each liquid — which formant is most different between
the two?

B. Formant transitions

Again, use only the coda [1] and [I] ([i1] and [il]) for these measurements.

13. InTable 4.3, draw lines to indicate the F1, F2 and F3 contours throughout each VL sequence.

Q9: Do you notice any differences between the contours, i.e. between the transitions into the two
liquids? What do you think causes these differences?

C. Formant transition durations: Onsetsvs. Codas

Certain sounds are pronounced differently in onset vs. coda position, including liquids. In this
last part of the lab, you will compare one acoustic correlate of liquids across syllabic positions:
duration.

14. Onset: Use [1i] [li] for the measurement of onset liquids. Measure the duration from the
beginning of the L-V transition (where the formants start to move) to the point at which the
formants stabilize in the following vowel (see Fig.4.3). Note down your measurement in
Table4.3
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15. Coda: Use [i1] [il] for the measurement of onset liquids. Measure the duration between the
beginning of the V-L transition (where the formants start to move) to the point at which the
formants stabilize in the following liquid (see Fig. 4.4). Note down your measurement in Table

4.3.

=i x
File Bdit Qomy Yise S=lect Spectrw Patel Interaity Forsant Pol=es Help
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O .oEm
nnm'ﬂA"WW’"’ e =g
|
4T
000 Hy i
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(i .
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I A
W
5 80eh b LU
1 P ADSTE
024 hl‘““ Wikl & pafe0 S0 d28 cerende O B33 37
Tals dargkan i FEF s
A _n| owflA1 4 o]l B0E
The beginning of the point at which the formants
the V-L transition stabilize in the following liquid

Figure 4.4. Formant transition in coda position

Q10: Compare the transition durationsin onset vs. coda position (1i vs. ixand li vs. il) : which are
longer?

Q11: Can you think of any other differences between /I 1/ in onset vs. coda position? (think about
their articulations...)
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LAB 4 —SONORANTS—WORKSHEET

SECTION|. NASALS

Table 4.1 Acoustic correlates of nasals

Correlates [m] [Nn] [1]
F1 F1 F1
A. Nasal Formants F2 F2 F2
F3 F3 F3
Nasal
spectral
dice
B. Spectral
slice
comparison Spectral
dicefor [a]
Nasal
c waveform
Waveform
comparison Waveform
for [a]
Al Al Al
D. Antiformants A2 A2 A2
A3 A3 A3
E. Formant transitions

Q1: Look at your measurements of F1, F2 and F3: are there any systematic patterns across

nasals? (Relate your answer to Q2 and Q3 below)
a. Isthere one formant with a similar frequency for al places of articulation?
b. Isthere one formant that has a much higher amplitude than the others, across nasals?
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Q2: Compare the spectral slices of the nasals vs. [a] — do you see any overall differences between
the nasals on the one hand and [a] on the other? (Relate this to your answer to Q1 and Q3)

Q3: Do you notice a systematic pattern across nasals, that is missing in [a]? What causes this
pattern? (Relate this to Q1 and Q2 above)

Q4: Are there any systematic patterns across nasals. is there one antiformant with a similar
frequency for all places of articulation?

Q5: Do you notice any differences between the contours, i.e. between the transitions into and out
of nasals with different places of articulation? We'll re-visit this question in future labs...

SECTION Il. GLIDES

Table 4.2 Acoustic correlates of glides

[w] [i]

Formants (GV) F1 F1
F2 F2
F3 F3

Formant transitions (GV)
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Q6: Look at the formant structure of the glides: which vowel does each glide resemble?

Q7: Are any differences between the contours, i.e. between the transitions out of the two glides?
What do you think may cause these differences (in terms of articulation).

SECTIONIII. LIQuIDS

Table 4.3 Acoustic correlates of liquids

Formants (VL) F1 F1
F2 F2
F3 F3

Formant transitions (VL)

Formant transition duration onset onset
coda coda
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Q8: Make note of the differences between each liquid —which formant is most different between
the two?

Q9: Do you notice any differences between the contours, i.e. between the transitions into the two
liquids? What do you think causes these differences?

Q10: Compare the transition durations in onset vs. coda position (i vs. ixand li vs. il) : which are
longer?

Q11: Can you think of any other differences between /I 1/ in onset vs. coda position? (think about
their articulations...)
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LAB5—OBSTRUENTS

GOAL OF LAB 5
In this lab, we are going to explore the acoustic correlates of different obstruents in terms of two
parameters. VOICING and PLACE OF ARTICULATION.

RECORDING
Download the 5 files you'll be using onto the Desktop:

File name Sounds included

Lab5 a stop awav (ap™a, aba, at"a, ada, ak"a, aga)
Lab5 a stop.wav (lap, lab, bat, bad, rack, rag)
Lab5 i_stop_i.wav (ip"i ibi, it"i, idi ik", igi)

Lab5 a fricative_ awav (afa, &4, asa, afa, aha)
Lab5 shoe chew.wav (shoe, chew)

0 Go to http://web.uvic.cal/ling/coursework/ling380/index.html
o0 Download the sound files.

SECTION |. STOP CONSONANTS
A. Voicing

Three important acoustic correlates of VOICING in stops are: THE VOICE BAR, VOT, and THE
DURATION OF THE PRECEDING VOWEL. For each of the stopsin the file, take the three
measurements according to the instructions below. Use Table 1 to fill in the measurements you
take on voicing. Answer the related questions by comparing across all stops after you complete
the table.

1. Open thefollowing sound file in Praat: a_stop_a.wav. Note down the presence vs. absence
of the voice bar (see Fig. 5.1) during the stop closure of each consonantsin Table 5.1 on the
worksheet.

Q1: If the voice bar is present at all, doesit last through the duration of the closure? Why do you
think it might go away?

2. Still using the sound file a_stop_a.wav, measure the VOT of each stop and fill in Table 5.1.
Compare voiced/voiceless counterparts (p/b, t/d, k/g):

(@)

Zoom in so that you can clearly see the stop closure followed by the beginning of the vowel.
0 Measure the time between the end of the stop closure ( = the beginning of the release burst)
and the onset of voicing in the following vowel (= the onset of regular pitch pulsesin the
waveform). Thisis voice onset time, or VOT.
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Figure 5.1 Voice bar and VOT measurement
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Q2: How does VOT differ in voiced vs. voiceless stops and what articulatory explanation can
you come up with for this?

3. Now open adifferent sound filea_stop.wav in Praat. Measure the duration of the vowel
preceding each stop, and fill in Table 5.1 on the worksheet. Compare vowel durationsin the
voiced vs. voiceless series.

Q3: How does the duration of the preceding vowel differ depending on the voicing of the
following consonant?

B. Place of Articulation

Several acoustic correlates distinguish between different PLACES OF ARTICULATION in stops. The
main ones are VOT, spectral pattern during aspiration (voiceless stops), and transition into the
adjacent vowels. We will focus on formant transitions in this section; THE SECTIONS ON
MEASURING VOT AND SPECTRAL PATTERN ARE OPTIONAL. Focus on the differences associated
with place of articulation (i.e. the differences between /p b/, /t d/ and /k g/.

0 Openthefollowing sound filesin Praat: a_stop_a.wav and i_stop_i.wav
o Focus on the voiced stops for now

4. InTableb5.2, note down the formant transition shape (particularly F2) between each voiced
stop and the following [&] or [i] vowel (see Fig. 5.2).
0 Zoom in so that you can clearly see the formant transition from the stop into the following
vowel.
o Note down the movement contour of F2 (and F1 if you can seeit) into the following vowel.

0] =l

Fils Edit Ouscx Yiar Balgck Spackcon Fitch [aissmity Tormant Falaea Halp

L ADNTER
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F2 formant transition
from the stop to the
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— .I. .l-- ] [ | III .I. |
F1 formant transition R UL A i
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R

pEEi0z0
=IO h 103001 Widkie pak 0 EAZH10 nmml 47“14 & OSTHT
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Figure 5.2 Formant transition from the stop to the following vowel
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Q4: How do the different places of articulation differ with respect to the F2 transitions into the
following vowels? What causes these differences?

Q5: Looking specifically at [ada] and [idi], do you notice a difference in the formant transitions?
What do you think causes this difference?

Optional Questionson VOT and Spectral Patterns

5. VOT: InTable 5.3, note down the VOT for each of the voiceless stopsin the [a] and [i]
contexts (see Figure 5.1; note: you should already have the VOTs for the voiceless stopsin
the[a] context in Table 5.1 — you can measure them again to confirm your measurements if
you want to).

Q6: How doesthe VOT differ depending on POA, and why?

Q7: Arethere any overal differencesin VOT between stops preceding [a] vs. [i]? If so, why
might this be the case?

6. Spectral Pattern: In Table 5.3, note down the overall spectral pattern during the aspiration
of each voiceless stop in the [a] context: what frequencies seem most amplified, i.e. whereis
most of the aspiration noise?

There are two waysto look at overal spectral pattern during the aspiration. Choose one of
these to complete 6 above.

a. By looking at the spectrogram

0 Zoom in on the spectrogram so you can clearly see the aspiration.
0 Observethe overall distribution of frequencies and amplitudes by looking at the
spectrogram.

b. By looking at the spectrum
It might help here to also take alook at the spectrum during aspiration (see Fig. 5.3 for an
example using africative, which issimilar to aspiration):

Zoom in on the aspiration portion of the stop.

Select approximately 25ms during the aspiration portion of the stop.

Spectrum > View spectral slice.

Note down the overall shape of the spectrum — again, look at which frequency ranges are

most amplified?

O O 0O

Q8: How does the spectral pattern differ depending on POA, and why?

(This question is tricky. Don’t worry too much if you can’'t see a pattern here. We'll talk about
what you should see and why in class!)
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SECTION II. FRICATIVES

Different PLACES OF ARTICULATION in fricatives are correlated with two main properties: spectra
content and relative amplitude. By examing the OVERALL SPECTRAL CONTOUR, PEAK FREQUENCY
and the AMPLITUDE OF PEAK FREQUENCY, We can have an idea of the properties of africative.

7.

Use Table 5.4 to fill in the measurements you take on these three dimensions and compare
between fricatives of different POA.

For this portion of the lab, make sure that the spectrogram is set to display frequencies up to
9000 Hz:

o
o

O O oo

Spectrum > Spectrogram settings...
View range: up to 9,000Hz

Open the following sound filein Praat: a_fricative_a.wav

Select approximately 80ms in the middle of each fricative

Spectrum > View spectral dlice

For each fricative, note down:

0 Theoverall shape of the spectral contour

0 The spectral peak: the frequency or frequencies around which most of the energy is
centered, i.e. the highest amplitude frequencies (the highest peaks)

o The amplitude of the peak frequency or frequencies (that you noted down above) — note:

the positive dB values are louder than the negative dB values.

Bl Spectrum zlice Peak frwuerlcy Val ue E_ Lil:li Xi

File Edit Buery Wiew Select

\ig Overall spectral contour

o
')Mﬂ i

Amplitude of the peak frequency W\M‘W

3F165.20 ! 785970

0.00 Wfirndows 11025 .00 Herkz 11025 .00
Total bandwidth 11025.00 Herz

ol | in | out] sl 4 | | Grous

Figure 5.3 Fricative spectral analysis
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TIP  You can also get agood idea of the frequency ranges and their relative amplitudes by
looking at the spectrogram.

Q9: Among the fricatives you measured, which ones are highest/lowest in amplitude? What do
you think is the reason for this (think about articulation)?

Q10: Compare the spectral peaks of [g] vs. [{]. What do you think causes the difference between
these two fricatives?

SECTION IIl. AFFRICATESVS. FRICATIVES

The main difference between affricates and fricativesis RISE TIME, i.e. the time it takes between
the onset of the consonant and the point where the amplitude is stable and high.

8. UseTable 5.5 to note down your measurements of risetimein [fu] ‘shoe’ vs. [tfu] ‘chew’:

(@)

Open the sound file in Praat: shoe_chew.wav

0 Zoom in so you can clearly see the whole of the fricative/affricate, including its onset.
o On the waveform, measure the duration between the onset of the frication and the point

where the amplitude reaches a stable high intensity

Q11: Which

has alonger rise-time, the fricative or the affricate?
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Figure 5.4 Measuring rise time in fricatives and affricates

45




LAB 5—OBSTRUENTS

LAB5—OBSTRUENTS—WORKSHEET
SECTION |. STOPS

Table 5.1. Acoustic correlates of VOICING in stops

Stops h h h
Correlates P b t d K 9
' ?
1. Voice bar ISt there*
(a_stop_awav) How long
doesit last?
2.VOT (ms)

(a_stop_awav)

3. Preceding V duration (ms)
(a_stop.wav)

Q1: If the voice bar is present at all, doesit last through the duration of the closure? Why do you
think it might go away?

Q2: How does VOT differ in voiced vs. voiceless stops and what explanation can you come up
with for this?

Q3: How does the duration of the preceding vowel differ depending on the voicing of the
following consonant?
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Table 5.2. Acoustic correlates of PLACE OF ARTICULATION in stops: formant transitions

Stops b d g
Correlate
[i]
4.Formant context
transitions
[a]
context

Q4: How do the different places of articulation differ with respect to the F2 transitions into the
following vowels? What causes these differences?

Q5: Looking specifically at [ada] and [idi], do you notice a difference in the formant transitions?
What do you think causes this difference?

Table 5.3. Acoustic correlates of PLACE OF ARTICULATION in stops: VOT and Spectral Pattern

Stops p’ t" K"
Correlates

[i]

context
5 VOT

[&]

context

6. Overall spectral
pattern during
aspiration

Q6: How doesthe VOT differ depending on POA, and why?

Q7: Arethere any overal differencesin VOT between stops preceding [a] vs. [i]? If so, why
might this be the case?
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Q8: How does the spectral pattern differ depending on POA, and why?
(This question istricky. Don’t worry too much if you can’'t see a pattern here. We'll talk
about what you should see and why in class!)

SECTION II. FRICATIVES

Table 5.4 Acoustic correlates of PLACE OF ARTICULATION in fricatives.

/ Overall spectral contour Peak frequency (Hz) Amplitude of

peak frequency
[f]

[6]

[s]

(]

[h]

Q9: Among the fricatives you measured, which ones are highest/lowest in amplitude? What do
you think is the reason for this (think about articulation)?

Q10: Compare the spectral peaks of [g] vs. [{]. What do you think causes the difference between
these two fricatives?
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SECTION IIl. AFFRICATESVS. FRICATIVES

Table 5.5 Acoustic correlates of fricatives vs. affricates; rise time

N [ [t

Rise time (ms)

Q11: Which has alonger rise-time, the fricative or the affricate?

49




LAB 6 —PHONATION TYPES

LAB 6—PHONATION TYPES

GOAL OFLABG
In this lab we are going to explore the three main phonation types used across |languages: MODAL
VOICING, CREAKY VOICING, AND BREATHY VOICING.

RECORDING

Go to http://web.uvic.calling/coursework/ling380/index.html and download the 3 files:
Lab6 Breathy Voice.wav

Lab6_Modal Voice.wav

Lab6_ Creaky Voice.wav

0 Openthe sound filesin Praat

o Fill inthecellsof Table 6.1 on the worksheet to compare voicing types in terms of
different parameters. Follow the instructions below for taking the appropriate
measurements.

TIP  Sincetheword “voice” occursin all three recordings, thisis a good word to use for
comparing across phonation types. Unless otherwise noted, measurements should be
taken around the transition point between [0] and [i] in [oi] of voice, i.e. where the
formants start spreading out. Here are approximate transition pointsin each file:

0 Modal voicing: 0.590s (see Fig. 6.1)
0 Creaky voicing: 0.703s
o Breathy voicing: 0.654s

TIP  Always keep in mind that what matters in comparing measurements are relative values
rather than absolute values. E.g. in measuring jitter, what mattersis which phonation type
has the most jitter, not what the exact measurement is.

=8 =
Halp

Time point = 0.590s |

Fila Edit Husry FLes Select Spaciros Fltch Ioteneity Pornaol  Euleec

napyrny

[ B

-0. 20

B =
Eanh W

Transition point
between [0] and [i]

I |

0 oo oo Aiaikle pad 70007 B0 pe oo nedy 1oxTan
Todal dutstion 1 037500 se=tanda

B T J Line

Figure 6.1 Measurement point
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A. Fundamental frequency (FO)

1. Fundamental frequency can be agood indication of phonation type. Note down FO at the
measuring point of the three phonation typesin Table 6.1 (if you can’t remember how to do
this, see LAB2, p.12).

B. Periodicity

There are two things to consider here:
a. How regularly the pitch pulses occur = degree of periodicity in the waveform
b. How many higher-frequency components there are in the waveform = spectral noise

2. Thedegree of periodicity can be quantified by measuring the jitter: the variation in the
duration of successive F, cycles (see Fig. 6.2). Follow the instructions below and note down
your jitter measurements.

high jitter value = high degree of aperiodicity in the glottal source

TIP  Youwill not be ableto get ajitter value unless the pitch pulses are showing up correctly
in the waveform (the blue vertical lines on the waveform, see Fig. 6.2). If at the suggested
point of measurement (see above), there are no pitch pulses, measure jitter at some other
point where you do see the pitch pulses.

Select a small portion of the
waveform: 0.076s= 76ms

m : (=
sle Ed Huary Wide Jdleat Speckn i Tutensity  Farssnt Fils Bt Zanuzh Halp
— Vpice report for Sound wesk3 Bods] Voics — ﬂ

Make sure the pltch puI% Oate: el Jul 19 16°13:24 1006

WAEHING: som= of the follovipg sessurements ey b
For moorw precimion, go bo "Fibtch amttings® snd chd

are showing up correctly in
the waveform

Tines rTahge of SELECTION
From 0547563 to 0 624264 =econds (duration: 0

I "'|”‘|||I""'| |  otian pisch. 124367 B
204 M=z

Hesy, pitoh: 120,

Standard deviation: 7.B50 Hx

Hiniwue pitck: 106 0F9 Hz

Haxaimue piteh: 126 795 H=
Pulses :

Humber of polaes: 9

Hupb=r of period=. §

Heman pericd: B.2TO4SEE-] seccids

Starderd deviation of pericd; 0.415027E-3 mecod

vz
00 el

ang:
Fraction of locelly unwos cad frmmmz o 0
Husb=r of woice breaks: 0
egrea of woice boaake: 0O f0 meconds ~ 00787
Jitter
Jitter {localy: Z.DOEX

Jitter {local. abaulul- 0o 165 . 907E-f =mcond=
Jatter srapg): 0,261
Jitker (ppghl: [I EH?C

Jatter sddg):
ELEE L
Shizmar |local): 4.084% .
Shimmar :'lmal_] aei- 03zl Jitter value
Shimper [apg3): 1.475%
Shimmey [apgS): 2. 372K
Shimper [apgll]: -—l.lnd.c-f:l.md—
Shammsr [ddad: 44263

4
Harsoni=ity

11328 Hey

0 Haf

0 DR WA Db ) 1 037000 swoon s Hman sutocorrelation: 0 BF9203
Talal inaifans 1 GATADD seotnia Nean noime-to-bareoRics Fatlo: O.1614E5
—— — Hean harmonics-to-noiss rebio: 11 437 dB |
S nfou] ] | 0l ] 5

Figure 6.2 Jitter measurement
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0 Measure Jitter value

o
o

o
o

Pulses > Show pulses

LAB 6 —PHONATION TYPES

Select asmall portion (70-80 ms) of the waveform around the measurement point OR
where where you see pitch pulses clearly.

Pulses > Voice report

In the report window, get value for Jitter (local), and note thisdown in Table 6.1

3. Also on the waveform you can see how much spectral noise thereisin the signal by how
complex the waveform looks (see Fig. 6.3). Note down your judgment on how much noise
you observe.

lots of littlejagged peaks = lots of spectral noisein the higher frequencies

0 Zoom in on the waveform until you can clearly see afew cycles (Fig. 6.3)

Bl Sound week3 _Breathy ¥oice _Iﬂlil
File Edit Hno A ntenzity Formant Fulses Help
EXaran% Of J@gaj peaks 0077841 (12.847 / =)
04258
ofl-
-0.3285
S &S000 Hzf
0 Hz
0617206 Visible part 007784 seconds 06951
0.647306 I 0481173
Total duration 1.176320 seconds
all I in I out | | :Jrﬁroup
Figure 6.3 Jagged peaks
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C. Acoustic intensity

The three phonation types also differ in intensity. There are two ways to consider the intensity

difference, introduced below.

Acoustic intensity can be ‘eyeballed’ by viewing the waveform or spectrogram directly.

Note down the relative darkness on spectrogram and the relative size of deviations from zero

relative darkness = loudness (spectrogram)
relative size of deviations from zer o wavefor m = loudness (wavefor m)

Amplitude can also be quantified by viewing the amplitude envel ope (yellow contour) on the

spectrogram display (see Fig. 6.4). Note down the green amplitude value (in dB) on the right

Find the peak intensity (highest point on yellow amplitude contour) during the vowel [oi]

4.
waveform for different phonation typesin Table 6.1.
5.
of the screen for different phonation types.
0 Intensity > Show intensity
8 Click on the amplitude contour at this point.
0

Note the green amplitude value (in dB) on the right of the screen

Bl Sound week3 Breathypas 1Ol x|
File Edit Query/m Zero Wa\/eform ntensity Formant FPulses Help
. I 0.521019
2l ' Derivation from zero waveform
| o v I-‘ Al | I I it ‘7/
|
-0.2114
-0.5096
5000 Hz[ (11 10 BTN ST T S L T I 100 4B
| Amplitudeenvelop || Peak intensity during Ji¢
L | | thevowsel [oi] |
r' T TH ]
20600 Hzt - {4-- SRR L Lo - o 2 Shg el e e - - R e - () R S FULER S R L S LR B RTTL R LR - -[Fa6z dB
' Amplitude
i il‘l i RV L
0 Hz| AL T .Al.nll. AL AR LRSI 50 dB
0.581019 0.525301
0.000000 Visible part 1.176320 seconds 1. 176320
Total duration 1.176320 seconds
all | in | outl zel I ‘I I ﬂl_Group

Figure 6.4 Acoustic intensity
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D. Spectral tilt
Spectral tilt is the degree to which intensity drops off as frequency increases

6. Spectral tilt can be eyeballed by looking at a spectral dlice of the waveform, which gives the
component frequencies and their amplitudes (see Fig. 6.5 @). Note down the overall slope of
the spectrum for different phonation typesin Table 6.1.

0 Select aportion (70-80 ms) of the waveform around the measurement point (given above).

0 Spectrum > View spectral dlice

0 Theoveral slope of the spectrum (= how quickly the amplitude drops off in the higher
frequencies) is an indication of spectral tilt:

Steep slope = highly negative spectral tilt = rapid drop off in A of higher frequencies

il
File Edit Query View Select Help

312500

52.7.dB

L s

312600 | 312500
.00 Wiindow B250.00 Hertz £250.00
Total bandwidth 525000 Hertz
all ] in I outl zel | . | :_Ir'Group

Figure 6.5a Measuring spectral tilt — zoomed-out view
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7. Spectral tilt can be quantified by comparing the amplitude of FO to that of higher frequency
harmonics, e.g. the second harmonic, the harmonic closest to the first formant, or the
harmonic closest to the second formant. The easiest way to measure spectral tilt is by
subtracting the amplitude of FO (H1) from the amplitude of the second harmonic (H2) (see
Fig. 6.5b). Fill in Table 6.1 with the spectral tilt value of the three phonation types.

0 Select thefirst few peaks (around 10 peaks) and zoom in so that you can see H1 and H2
clearly

In the spectral dlice, click on the peak of H1 and get its amplitude

(The number on the |eft of the screen corresponds to the amplitude; the number at the top
of the screen corresponds to the frequency)

Click on the peak of H2 and get its amplitude

Calculate spectral tilt by this formula: Spectral tilt = A(H2)-A(H1)

O O

O O

TIP H1listhefirst big-sized peak; H2 is the second one. There may often be one or two lower
amplitude peaks before H1, so make sure you' re measuring the right peaks. If you click
on thefirst big peak (H1), the value at the top of the vertical red bar givesyou its
frequency. Make sure this frequency corresponds to Fy (as verified by some other
measurement technique — see LAB2, p.12). Also make sure that the frequency of H2 is
approximately twice the frequency of H1 (again, see LAB2 for the reasoning here, p.16).

[(Crrrre—— i1 x
File Edit HBuery View Selact Help
110,64 Freguency of H1
E /\ 52.7. dB
471 dB L /\l
A (H) \/\/ \/

H2
H1 (FO)
- 7.2 dB
11862 | 1371.18
102|102 findom 145081 Herkz f1agoa3  4rs0.AT
Total bandwidth 5250.00 Hertz
all I in I outl sel! ‘I i ‘,_jr‘Group

Figure 6.5b Measuring spectral tilt — zoomed-in view
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E. Formant frequency

8. Non-modal phonation can affect the formant frequencies, particularly the first formant (F1).
Note down F1 for each phonation type.

o For this measurement, consider the stable (middie) part of the [o] portion of the [oi]

diphthong, not the transition point between [0] and [i].

On the spectrogram, click in the centre (vertical) of the first formant (F1)

0 Thenumber at the |eft of the screen, at the end of the red horizontal bar gives you the
frequency (in Hz)

(@)

TIP  You can use the formant tracings if they help: Formant > Show formants

F. Duration of [oi]

9. Duration can also be agood indication of phonation type (see Fig. 6.6). Note down the
duration of [oi] for each phonation type.

0 Measure the duration for the whole diphthong [oi] by selecting the vowel
0 You can read the duration from the panel above the selected segment

TIP Toisolate[oi], you can use visual information (look for the change in the shape of the
spectrogram/waveform). Y ou can al'so use your ears.

ound week3 Hodal ¥oice o ] ]

File Edit Query VYiew Select Spectrum Fiteh Intensity Formant Pulses Help

0427 165 02473232 (4.042 f =) ID.7344Q6

0.7558

Duration of the selection

lhakiin,
Select the diphthong [oi]

il .] | |

S .

05 62 Hel - -- - -4 T [ B 4 1 RIRVRRR AR, (L SRS

0 Hz| LiALod LR AL L L,
0.457 165
0,000000 Wisible part 1.037500 seconds 1.037 500

0202109

Total duration 1.037500 seconds

all I in I outl sell ‘l | _,Jpﬁroup

Figure 6.6 Duration measurement
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G. Overall clarity of the spectrogram

10. Finally, phonation types differ in the overall clarity of the spectrogram — this has to do with
the amount of noise in the signal, etc. Note down your impressions of overall clarity of the

spectrogram of each phonation type.

Q1: Based on the measurements above: what is it about the articulation of these different
phonation types that |eads to the observed differences in your measurements? Y ou can
make any notes you’ d like on the back side of the worksheet —we’'ll discuss this question in

class.
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LAB 6 —PHONATION TYPES

Table 6.1. Comparing acoustic correlates of different phonation types (enter values where
measurements were taken; otherwise enter general comments)

Modal voicing

Creaky voicing

Breathy voicing

1. Fundamenta

frequency

Periodicity

2. jitter value

3. spectral
noise

Intensity

4. relative
darkness on
spectrogram /
relative
deviation on
waveform

5. amplitude
value (dB)

Spectral
tilt

6. overall
slope of the
spectrum

7.A(H2) -
A(H)

8. Formant frequency (F1

value)

9. Duration of [oi] (ms)

10. Overall clarity of

spectrogram
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Q1: Based on the measurements above: what is it about the articulation of these different
phonation types that |eads to the observed differences in your measurements? Y ou can
make any notes you’ d like on the back side of the worksheet —we’ll discuss this question in
class.
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LAB 7 —SUPRASEGMENTALS

GOALOFLAB7
In this lab we're going to explore three different ways to use pitch (and other suprasegmental
cues) within words: STRESS in Korean, PITCH-ACCENT in Japanese, and TONE in Mandarin.

RECORDING

For thislab, you will need to download the following files onto the Desktop:

File name Soundsincluded

Korean_Stress.wav (zaddli, zanzu, za:nzu)

Japanese_PitchAccent.wav (hési, hasi, hasi, héasi o nugu, hasi o nugu, hasi o nugu)
Mandarin_Tone.wav (mab5, ma35, ma214, mabl)

0 Go to http://web.uvic.ca/ling/coursework/ling380/index.html
0 Download the sound files onto the desktop

SECTION |. KOREAN STRESS

The most familiar way to use pitch, at least for English speakers, isto signal what we call STRESS
(c.f. refuse used as anoun vs. as averb). Stressed syllables are usually signaled by some
combination of raised pitch, raised amplitude, and longer duration. Like English, Korean has
stress. Unlike English though, Korean also has contrastive vowel length, which leads to some
interesting uses of duration —aswe'll see!

0 Open Korean_Stress.wav, which contains the following words (“ indicates stress; periods
indicate syllable boundaries):

za.dali ‘|adder’
zan.zu ‘landscape’
zan.zu “arithmetic’

1. UseTable 7.1 to note down the measurements of the duration, pitch, and amplitude of the
relevant segments in each word.

(@)

Display the pitch and amplitude contours
o For duration:

o For zadali, measure the duration of each vowel.

0 For zAnzu and z&: nzu, measure the duration of the vowel and the coda consonant [n] (in
‘landscape’ and ‘arithmetic’) separately, and then measure the whole rhyme ([an] in
‘landscape’ and [an] in ‘arithmetic’)

o For pitch: measure the peak pitch in each syllable. Ignore any spikesright at the transitions
between consonants and vowels.
o For amplitude: measure the peak amplitude in each syllable.

TIP  Inorder to get aclear pitch contour in Praat, you may have to play with the pitch
settings.(Compare Figure 7.1awith Figure 7.1b.)
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o0 Goto: Pitch > Pitch settings...
o Play with the Pitch range (the default pitch range is 75.0-500.0 Hz): you should be able to
set the min. and max. pitches to match (approximately) the pitches in your sound file.

-> This should give you a much clearer pitch contour. If even with changing the pitch range you
can't get a clear contour, you can always measure the pitch off the waveform, asyou did in LAB2.

=8l x|
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Figure 7.1a Pitch range setting i n Praat; 75-500Hz
Pitch range set to 75.0-500.0 Hz: Maximum is set too high; as aresult the contour is squished right at the
bottom of the display and is difficult to read.
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Figure 7.1b Pitch range setting in Praat: 75-200Hz
Pitch range set to 75.0-200.0 Hz: Maximum is more set more appropriately; as aresult the contour is spread over
thewhole display and is easy to read.

Q1: Based on your measurements of the Korean sound file, answer the following questions:
a. Which cues (duration, pitch, amplitude) does Korean use to signal stress?

b. Take alook at the duration of [n] in ‘landscape’ vs. ‘arithmetic’. Why are these two [n]s
so different in duration?
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SECTION I l. JAPANESE PITCH-ACCENT

Pitch-accent is another way to mark prominence. Unlike stress, pitch-accent uses primarily pitch
(as opposed to a combination of cues) to signal the prominent syllable. Japanese is an example of
a pitch-accent language (Note: languages can have either stress or pitch-accent, but not both;
they can aso have neither).

0 Openthefile Japanese PitchAccent.wav, which containsthe filesbelow (~ indicates

accent):
has  ‘chopsticks has onugu  ‘paint abridge
hasi  ‘bridge hasi o nugu  ‘paint chopsticks
has ‘end has onugu  ‘paint the end’

2. UseTable 7.2 to note down the pitch contours and important pitch values associated with
each word/phrase (the first word is done for you as an example).

o Forthewordsinisolation (first 3): measure pitch in the middle of each vowel
o For thewordsin aphrase (last 3): measure pitch in the middle of first vowel, second vowel,
and a point in the following chunk of signal where the pitch has stabilized (see Fig. 7.2).

Bl Sound Japanese Fitchhccent N _II:IllI
File Edit Huery ¥Yiew 3Select Spectrum TFitch Intensity Formant Fulses Help

1853154

0.8239

-0.0049565

-0.7203

5000 Hz| ] i [ T mmn ] 1 T "' 200 Hz
| Ll |
4 | VIR B 11 TR
il el 1
I i - :
M, | - { ‘; | ,.’ =";k’»|m=ﬁi
i\ | dll i 1 \' i I I
WM L 1 ll!
il HZ| : 1.001981 G
1.661732 I1.BB1732 Wisible part 1.003432 seconds 2.865165' 20436325
Total duration 4.702200 seconds
L"I LI out I zel A I _,I I Group
Middle point Middle point of A point in the following chunk
of first vowel second vowel where the pitch has stabilized

Figure 7.2 Pitch measurement in Japanese

Q2: Based on your observations, how does pitch accent work in Japanese, i.e. how does the
accented syllable affect the pitch of whole the word/phrase?
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SECTION | II. MANDARIN TONE

Mandarin illustrates the most complex way of using pitch. Whereas stress and pitch accent both
basically involve a binary distinction in pitch (stressed vs. unstressed; accented vs. unaccented),
tone involves more than a binary distinction. In the case of Mandarin, four different pitches, or
TONES, are used to signal phonemic contrast.

o Openthefile Mandarin_Tonewav, which contains the four words that all have [ma] as
their segmental content, but that each have a different tone:

55 high level mab5 ‘mother’
35 high rising ma35 ‘hemp’
214 low falling ma214 ‘horse’
51 high falling mabl ‘scold’

3. UseTable 3 to note down the frequencies used in each of the four tonal patterns. Measure
the frequency at the start and end of the vowel, and at any turning points in the pitch contour.

TIP  For the most part you can use Praat’ s pitch tracking function. There are some places
where the tracking function cuts out though (see Fig. 7.3). To measure in such places, use
the waveform. (If you can’t remember how to do this, refer to LAB2, p.14)

Bl Sound Bandarin_Tone i (=] |
File Edit HBuery ¥iew Select Spectrum Fitch Intensity Formant Fulses Help

2024070
03635

0.00754

-0.413

TR [Illrlqlumﬂﬂﬂmm fi
, ,'“h“q a { 1 { L 1 ““H:l'ml .1“ !H‘I o
il llmmmw 1 T

_ |75 H=

53012 HzEEES SHNEEE

(T T
V//p it 0.7259485 seconds

/ﬁ)lal duration 4200000 seconds
all I in I outI sl I-‘J | _,I’_Gruup

2921070

2921070 I : 1.153432

Pitch tracking function cuts out here. Use the waveform to measure
pitch or try lowering the min. pitch (pitch settings) to get a
continuous contour.

Figure 7.3 Tone measurement in Mandarin
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Q3: From what you can tell, is there a consistent frequency associated with each phonological
pitch number? How is phonological tone related to phonetic pitch?

SECTION I'V. TONE AND FOREIGN LANGUAGE ACQUISITION

4. Now record yourself trying to reproduce each of the Mandarin tones. Take the same
measurements on your own speech as you took for the Mandarin speech, and enter the
valuesin Table 7.4

Q4: How does your speech differ from the original Mandarin speech, in terms of:
* Overdl pitch range used (absolute pitch): your minimum and maximum pitch vs. the
minimum and maximum speech of the Mandarin recording.
* Relative pitch used, particularly in the contour tones: 35, 214, 51: what range of pitches
do you use (min vs. max), compared to the original recording?

Q5: Do you tend to overdo (exaggerate) the tones, or underdo them?
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LAB 7 —SUPRASEGMENTALS—WORKSHEET
SECTION |. KOREAN STRESS

Table 7.1 Description of stressin Korean.

Duration (ms) Pitch peak (Hz) Amplitude peak (dB)
zadali |a I N za - da i za - da i
zénzu | a
n |
u zén zu zén zu
an i
z&nzu | & , ,
n | . . |
u Z&n L zu Z&n L zu
an i i i

Q1: Based on your measurements of Korean sound files, answer the following questions:
a Which cues (duration, pitch, amplitude) does Korean use to signal stress?

b: Take alook at the duration of [n] in ‘landscape’ vs. ‘arithmetic’. Why are these two [n]s
so different in duration?
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SECTION I l. JAPANESE PITCH-ACCENT

Table 7.2 Description of pitch-accent in Japanese.

Pitch contour and key frequencies (Hz)

hési
145
__ 8
[al [i]
hasi
hasi

Table 7.2 Description of pitch-accent in Japanese - Continued.

Pitch contour and key frequencies (Hz)

has o nugu

hasi o nugu

hasi o nugu

Q2: Based on your observations, how does pitch accent work in Japanese, i.e. how does the
accented syllable affect the pitch of whole the word/phrase?
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SECTION | II. MANDARIN TONE

Table 7.3 Description of the pitch contours used in Mandarin.

Word | F(start of | F (turning F (end of Stylized pitch contour (within the
vowel) point) vowel) vowel) - draw it

mab5

ma35

ma214

mabl

Q3: From what you can tell, is there a consistent frequency associated with each phonological
pitch number in Mandarin? How is phonological tone related to phonetic pitch?

Table 7.4 Description of the pitch contours used in imitating Mandarin.

Word | F (start of | F (turning F (end of Stylized pitch contour (within the
vowel) point) vowel) vowel) - draw it

mab5

ma35

ma214

mabl

Q4: How does your speech differ from the original Mandarin speech, in terms of:
* Overadl pitch range used (absolute pitch): your minimum and maximum pitch vs. the
minimum and maximum speech of the Mandarin recording.
* Relative pitch used, particularly in the contour tones. 35, 214, 51: what range of pitches
do you use (min vs. max), compared to the original recording?

Q5: Do you tend to overdo (exaggerate) the tones, or underdo them?
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LAB 8—DIALECTSOF ENGLISH

GoAL OFLAB 8

Many people can recognize different dialects of English when they hear them, but why? What
makes dialects of English sound so different from one another? Y our goal in thislab isto try to
figure out what kinds of acoustic properties distinguish between different dialects of English.

RECORDING
For thislab, you will need to download the following files onto the Desktop:

BritishRP.wav
CanadianBC.wav
Singapore.wav
Tyneside.wav

0 Go to http://web.uvic.ca/ling/coursework/ling380/index.html
o Download the sound files onto the Desktop

1. Listen carefully to each of these files on its own to get a general idea of what words/ sounds
/acoustic properties you want to focus on for your analysis. You will have to exam at least 4
parameters. Use Table 8.1 on the worksheet as a guide/summary for your investigation.

a. For each dialect, note down you impression of what makes this dialect unique: what
distinguishesit from the other dialects.

b. Focusing on the words/sounds/acoustic properties you came up with as being unique for each
dialect (see a. above), take the appropriate acoustic measurements, and compare them to
similar measurements in other dialects. Note down your observations (see example tables on
the worksheet).

Q1: What articulations are responsible for making these words/sounds/acoustic properties
different from those in other dialects? Can you imitate different these
words/sounds/acoustic properties based on what you know about the relationship between
acoustics and articulation? If you' re feeling really ambition, record your attempts and see
how close you get!

TIP 1. Tocompare diaects, it’s often useful to focus on specific words or phrases (e.g.
‘disputing’ or ‘last’ ; ‘should be considered stronger than the other’ — see example tables
on the workshest).

2. A few examples of the segmental and suprasegmental differences that you can focus on
are provided on the next page and related example tables are included in the worksheet.
Y ou are encouraged to look at other aspects that interest you.
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A. Consonants:

SECTION |. SEGMENTAL DIFFERENCES

Pronunciation of intervocalic stop consonants (see Figure 8.1 and Example Table 8.2)

Pronunciation of coda consonants (see Table 8.3, refer to LABS, p.42)

Presence vs. absence of coda/r/ (refer to LAB4, p.33)
Whether or not the stop consonants are released (aspirated) in coda position

B. Vowels:

F1 and F2 measurements of a same vowel in different dialects (see Example Table 8.4).

C. Overall amount of glottalisation

Remember glottalisation is usually accompanied by spreading out of the pitch pulses

(see Figure 8.1 and Example Table 8.5, and refer back to LABG, p.51)

I Sound Singapore
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Figure 8.1 Glottalisation accompanied by spreading out of the pitch pulses
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SECTION Il. SUPRASEGMENTAL DIFFERENCES

A. Intonation:

* Compare general intonation contours of individual sentences: which dialect(s) have
relatively flat vs. more sing-song-y contours; which words are the pitch maxima and

minima aligned to? (see Example Table 8.6)

B. Rhythm

(@)

* E.g. compare Singapore English —which is supposed to be syllable-timed —to British
English, by doing aquick %V calculation — as discussed in class (see Example Table

8.7):

Segment a sentence of the sound fileinto CV sequences (see Figure 2. and refer back to

LAB1 if you can’'t remember how to create atextgrid, p.6)
Measure the duration of each vowel interval (V) in the sentence

Add up the total duration of vowel intervals, and get the total sentence duration.

%)V = total duration of vowel intervals/sentence duration
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i| onaTextrgridtier.

E\e4
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M otal d|

When there are 2 or more consecutive consonants
or vowels, they should be considered as a single
C or V in segmentation. The highlighted portion
of the sound includes 2 consonants but they are
segmented into asingle C interval.

Figure 8.2 Segmenting a sound file into CV sequence
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LAB8—-DIALECTSOF ENGLISH - WORKSHEET

Table 8.1 Differencesin Dialects of English

Dialects Unique quality of the | Acoustic correlate(s) | Q1: Articulation
dialect of the unique explanation (optional
quality(ies) during lab time)
Canadian (BC)
British RP
Singapore
Tyneside

Q1: What articulations are responsible for making these words/sounds/acoustic properties

different from those in other dialects? Can you imitate different these

words/sounds/acoustic properties based on what you know about the relationship between
acoustics and articulation? If you're feeling really ambition, record your attempts and see

how close you get!
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Example measurements

Here are some example measurements you can take in specific illustrative words. Note: you
don’t have to take these measurements; you may find others you think are more relevant. Use
your judgment to decide what to focus on.

SECTION |. SEGMENTAL DIFFERENCES

Table 8.2. Pronunciation of /t/ in ‘ disputing’

Glottalisation? Aspiration? IPA symbol

Canadian (BC) no no r

British RP

Singapore

Tyneside

Table 8.3. Final nasal in ‘disputing’

F2 movement* IPA symbol
Canadian (BC) yes 1
British RP
Singapore
Tyneside

* Movement upwards = into velar pinch = velar [n]

Table 8.4. Vowel quality in‘last’ (you can make similar tables for other vowels)*

F1(Hz) F2 (Hz) duration (ms) IPA symbol
British RP 769 1285 163 [q]
Singapore
Tyneside

* Note: Canadian (BC) English is missing from this table and the next one because the relevant
sentence is missing from the recording.
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Table 8.5. Glottalisation of consonantsin ‘and at (last)’

Transcription of /endatl/ (‘fand atl...” in*and at last’)
British RP [endotll] = no glottalisation
Singapore
Tyneside

SECTION I|. SUPRASEGMENTAL DIFFERENCES

Table 8.6. Intonation pattern of ‘should be considered stronger than the other’

Intonation pattern Pitch range used (Hz)
(qualitative observation)
Canadian max: 246 (241) ‘considered’ (‘stronger’)
BC min: 132 ‘other’
range: 114
British max:
RP .
min:
range:
Singapore max:
min:
range:
Tyneside max:
min:
range:

Table 8.7. Rhythm: %V of ‘should be considered stronger than the other’

Sum of V Duration (ms)

Total Duration (ms)

% of V

British
RP

Singapore
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LAB 9—EXOTIC SPEECH SOUNDS

GoAL OF LAB9

In this lab you will get achance to take alook at some of the more ‘exotic’ speech sounds, i.e.
sounds that are not found in English and that we have not yet discussed in class. Y our task isto
find asound or set of sounds to explore, and provide a phonetic description of it/them. Thislab
work will be in preparation for the optional class presentations, and also in preparation for your
last lab assignment of the term, in which you will be asked to select a set of sounds of your
choice (from alanguage of your choice) and describe them.

RECORDING
For thislab, take alook at the following website:
http://hctv.humnet.ucl a.edu/departments/lingui stics/V owel ssndConsonants/

From this site you can click on:
* Index of languages, or
* Index of sounds
From these indices you can find lots and lots of soundsto look at.
0 Download the sounds that interest you.
0 Right-click on the sound
0 Savetarget as...

WARNING: in some cases the recording quality isn’t very good, making it difficult to analyse the
sounds. Make sure you pick sounds that are clear enough (auditorily and visually) to analyze.

TIP  Here are some suggestions in terms of thingsto look at:

0 Takeasound/set of sounds that existsin English (that you’ ve worked with) and compare it
to asound/set of sounds from another language written with the same I1PA symbol(s). This
will give you an idea of language-specific phonetics, and the kind of variation that exists
across languages, for example:

* VOT inthe stop series
*  Vowel formants
* /I/ across languages (dark vs. light)

0 Takeasound/set of sounds that doesn’t exist in English and explore the phonetic properties:
* Duration differencesin geminates vs. singletons/long vs. short vowels
* Acoustic properties of clicks
* Acoustic properties of implosives
* Acoustic properties of gectives
* Acoustic properties of labialized sounds
TIP  Your last lab assignment involves choosing set of sounds and describing it phonetically.

Thisis agood opportunity to start working on finding a set of sounds to work on and start
doing some preliminary work towards the assignment!
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LAB 9—EXOTIC SPEECH SOUNDS—WORKSHEET
Sound/sound set chosen:
Language and language family:

Reason for choosing this sound/sound set:

Acoustic properties:
Please create your own tables and/or diagrams below for illustrating the important acoustic

properties of the sound(s) you’ ve chosen. You can use previous wor ksheets as examples to figure
out how to note down your measurements.

Q1. What articulations do you think are at the source of the acoustic properties you measured in
thislab?
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LAB 10— SPEECH SYNTHESIS

GoAL OF LAB 10

The goal of thislab isto try your hand at some speech synthesis. The possibilities for

mani pulating speech are virtually unlimited. In thislab we will play with vOICING and TONE.
Y ou will also get to create your own RAP SONG!

RECORDING
For thislab, you will need to download the following files onto the Desktop:

File name Soundsincluded
Labl0 pa bawav (pa, ba)

Lab10 lap lab.wav (lap, lab)

Labl0 T1 T4.wav (mainT1, main T4)

Lab 10 rap examplewav  (example of synthetically created “rap”)

0 Go to http://web.uvic.cal/ling/coursework/ling380/index.html
o Download the sound files onto the desktop:

SECTION |. VOICING MANIPULATION
In the first section of the lab, we will learn to change a voiceless stop [p] into avoiced one [b].
A.VOT manipulation

Aswediscovered in LAB5, VOT isan important acoustic cue for voicing in stops. Changing the
VOT of astop may change the identity of a stop. In this section you will manipulate the VOT of
the stop in [pa] to get the stop in [ba].

1. Measurethe VOT of [pa] vs. [ba] in natural speech and note down your measurementsin
Table 10.1 (if you can’'t remember how to do this, refer to LABS, p.40).

2. Follow theinstructions below to create a[pa]~[ba] continuum by gradually cutting out
aspiration in [pa]. Also note down the VOT of each token along your [pa]~[ba] continuum in
Table 10.1.

(@)

Open sound file LAB10_pa ba.wav in the Edit window.
o0 Zoominon [pa]: leaving the burst asis, cut out the aspiration in 10-20 ms steps, until
there's no more aspiration at al (Fig. 10.1):
o Goto Edit > Cut
o Eachtimeyou cut out 10-20ms of aspiration, extract the token as a new sound file:
o Highlight [pal
o File> Extract sound selection (preserve times)
o Inorder to keep track of the tokens you are creating, rename the extracted selection:
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0 Inthe Praat objects panel: Rename
0 Sound untitled > Pal (after first cut), Pa2 (after second cut), P3...
0 You'll end up with about four tokens along a[pa]~[ba] continuum.

=T
File Edit Guery View GSelect Spectrum FPitch Intenzity Formant Fulszes Help
o080040 0018 |008sdse
0.09085 /' ;
Cut out 10-20ms of :
aspiration at a time
until the end of
aspiration.
-0.07825 [
el SEREEETEPETERRTPPREPREIPEITES | 8 FREEEe . EhE e Al i
Leavetheburst asis \
0 Hal T . . CdE Hz
0069040
0.000000 Visible part 0.169339 seconds 0169839 1.500910
Total duration 1,6707 42 umng
’nl i'-[w!l “'I«i I HFEIM
Figure 10.1 VOT manipulation

Q1: Compare the synthesized [P4]s’ you created with the natural [bal:
a. Which token sounds the closest to the original [ba], and how close does it sound?
b. What other manipulations do you think would help to make it more natural? (and how
would you do these manipul ations?)

B. Vowel length manipulation (optional)

Another important acoustic cue to voicing in stopsin coda position is the length of the preceding
vowel. In this part, you will manipulate the length of the vowel in [lap] to make [lap] sound like
[lab]. This part of thelab is optional.

3. Open sound fileLab10 laplab.wav in the Edit window. Measure the length of the vowel in
[lap] vs. [lab] in natural speech and note down your measurementsin Table 10.2

““P" jsused as the abstract version of [p ~b] that isn’t specified for voicing. Thisis common practicein
phonological analysis aswell.
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There are two ways to manipulate vowel length: an easy/not so good way and amore
difficult/better way. Y ou can choose either way or try both.

4. Usethe easy/not so good way to lengthen avowel:

o Inthe Edit window, select a steady portion of the vowe in [lap] (20ms or so)
o0 Copy and paste it after itself as many times as is necessary to reach the duration of the [a]
in the natural [lab]

o

Edit > Copy selection to sound clipboard

0 Set cursor on the endpoint of the vowel section you selected

o

Edit > Paste after selection

o When you're done copying and pasting, extract the token as a new sound file:

o

0]
o
0]

Highlight [lap]

File > Extract sound selection (preserve times)
In the Praat objects panel: Rename

Sound untitled > laP1

5. Measure the duration of the new vowel duration in [laP1] and note down the valuesin Table
10. 2.

Q2: Compare the synthesized [1aP1] you created with the natural [lab].
a. How close do they sound?
b. What further manipulation(s) would make the synthesized and natural tokens more

similar?

¢. What problems do you find with this way of manipulation?

6. Now try the more difficult/better way to lengthen avowsel:

0 Re-opensound fileLAB10 laplab.wav (from the desktop)

TIP  You haveto re-open the file because the LAB10_laplab.wav you opened before has now

been modified.

0 Create a manipulation object for the sound file:

o

o
o
o

Highlight the newly opened sound file LAB10_laplab.wav in the Praat objects pandl.
Click To manipulation... on the right side of the objects panel (keep default settings).
Thiswill create a new object in the Praat objects list “Manipulation LAB10 |aplab”.

In the Praat objects list, highlight “M anipulation LAB10_laplab” and click on Edit in
the Praat objects panel

—> Thiswill open an edit window with three blocks (see Fig. 10.2):

The waveform block
The pitch manipulation block with the pitch contour as a series of green balls
The duration manipulation block.
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Ignore the pitch manipulation block for this section of the lab and focus on the duration block.

o Toinsert duration manipulation pointsin the duration block:

o
o

L ocate the vowel portionin [lap]

Insert a duration point at the beginning and end of the vowel (see Fig. 10.2):

o Placecursor at beginning/end of the vowel

0  GotoDur > Add duration point at cursor

Now insert two additional duration points. one immediately before the beginning of the
vowel and one immediately following the vowel (during the closure duration of [p] is
fine). These two points are created to ensure that the remainder of your sound file
retainsits original duration, which will be introduced in detail below.

—> You should now have four duration points:

pre-vowel (immediately before the beginning of the vowel)

vowel-initial (beginning of the vowel)

vowel-final (end of the vowel)

post-vowel (immediately following the vowel, i.e. following the vowel-final point)
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Figure 10.2 Manipulation window
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Dragging the vowel-initial and vowel-final points up will increase the duration of the interval
(see Fig. 10.2); dragging the points down will have the opposite effect. For example, dragging
the vowel-initial and vowel-final pointsto aduration level of 2 will double the length of the
original selection between the two points (If the vowel was 50ms, the process will changeit to
100ms.) (See Fig. 10.3.)

o To lengthen the vowel:
0 Leavethe pre-vowel and post-vowel duration points at the level of 1.000 (they should
already be there by default. If they are not, drag them to the level of 1.000). You can
find the duration level value in red at both ends of the red horizontal line. (See Fig. 10.1)
o Dragthevowel-initia and vowel-end points up as much as you feel is necessary to
reach the duration of [&] in the natural [lab].
o0 Inthe manipulation window: File > Publish resynthesis.

- Thiswill put anew sound in the Praat objects panel: SoundfromM apulationEditor
0 Select thefilein the object window and Rename: 1aP2
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File Edit Buery V¥iew Select Ful=ze FPitch [ar Synth Help
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Z.019

1/
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0000000 Wigible part 0428 saconds 052 G5 OZAG3E0
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T T P MY / Lifv’ﬁoup

:?]L?geggee?ﬁetﬁargt?gngsolﬁgg In this example, the vowel-initial point and the

interval between the two vowel-final points were both dragged to the level

points. of around 2.000, this will amost double the
duration of the original selection.

Figure 10.3 Duration Manipulation
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7. Open thisfilein the Edit window, and measure the duration of the vowel in 1abP2. Note
down your measurement in Table 10.2.

Q3: Compare [laP2] with [laP1] and the original [lab].
a. Which of your synthesized tokens sounds closer to the natural [1ab]?
b. How natural are these tokens compared to the natural [lab]? Which file ([IlaP1] vs. [1aP2])
sounds more natural ?
c. What other manipulations do you think might make it sound better?

SECTION II. TONE MANIPULATION

Aswe discovered in LABS, pitch contour is used in Mandarin to signa phonemic contrast. In this
component of the lab, you will transform one Mandarin tone into another one by manipulating its
PITCH CONTOUR.

8. Follow the instructions below and note down the pitch and duration of the natural T1 and T4
in Table 10.3.

0 OpenthesoundfileLAB10 T1T4.wav in Praat

o Inthe Edit window, on the pitch contour, measure the frequency at the start and end of the
T1 and T4 syllables. Note down your measurementsin Table 10.3. If there are some places
where the tracking function cuts out, use the waveform to measure and calcul ate the pitch
(if you can’t remember how to do this, refer to LAB2, p.14).

0 Measure the duration of the natural T1 and T4, respectively and calculate the ratio between
T1and T4 (T1L/T4). Note down your measurementsin Table 10.3.

A. Pitch manipulation

9. Follow theinstructions below to transform Tone 1 into Tone 4 by manipulating the pitch of
the sound file.
0 To create amanipulation object of the sound file:
o0 Back inthe Praat objects panel, highlight LAB10_T1T4.
o Click ToManipulation... (keep default settings).
o Thiswill create anew object in the Praat objects panel “Manipulation LAB10_T1T4".
o Highlight this object and click on Edit in the Praat objects panel: thiswill bring up the
mani pul ation window — the same as you saw in 6 above.
0
o Thistime, focus on the pitch manipulation block:
o Dragthe pitch ballsto create a new pitch contour:
0 A seriesof pitch manipulation points have been generated by Praat automatically.
0 ZoomintoT1
o Dragthefirst pitch ball of T1 up/down until its frequency is the same as the start point
frequency of the natural T4 (measured in 8 above; see Table 10.3).
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0 Dragthelast pitch ball of T1 down until its frequency isthe same as the end point
frequency of natural T4 (also measured in 8 above).
o Dragall the ballsin between until you get a contour between start and end points that is
similar to the natural T4 contour.
0 Inthe manipulation window: File > Publish resynthesis. Thiswill put a new sound in the
Praat objects panel: SoundfromM apulationEditor.
0 Renamethis: SyntheticT4 1
0 Do NOT close the manipulation window at this point. We will come back to thisfile later.

10. Open thefile SyntheticT4 1 in edit window. Measure the beginning and end-point
frequencies and the duration of syntheticT4 1. Note down your measurementsin Table 10.3.

Q4. Compare SyntheticT4_1 with the natural T4.
a. How closeisit to the natural T4?
b. What else do you think you could do to make it sound more like T4?
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Figure 10.4 Pitch manipulation
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B. Duration manipulation

11.

o
o
o

TIP

12.

Q5:

13.

In this section, on the basis of your pitch manipulation, you will change the duration of the
original T1 to make it more similar to T4.

Go back to the tone manipulation window, and identify the original T1 portion.

Find the duration manipulation block (the bottom block).

Insert four duration points (refer back to Section |, p.79):

* pre-syllable (immediately before the syllable)

* gyllable-initial (at the beginning of the syllable)

* gyllable-final (at the end of the syllable)

*  post-syllable (during the pause following the syllable)®

Manipul ate the duration of T1 so that it resembles the natural T4.

1. Make sure that the pre-syllable and post-syllable duration points are set at the duration
level of 1.000. They should be there by default.

2. To lengthen the duration of T1 (see above), drag the syllable-initial and syllable-final
points up; to shorten it, drag the two points down.

Listen to the token to see if you are satisfied with the result. Change the duration if you are

not.

Now, to combine the result of pitch and duration manipulations, you can re-save the

resynthesized file you have created.

0 Inthe manipulation window: File > Publish resynthesis. Thiswill put a new sound in
the Praat objects panel: SoundfromM apul ationEditor

0 Renamethis: SyntheticT4 2

Open SyntheticT4_2 in the Edit window: measure the beginning and end-point frequencies
and the duration of SyntheticT4_2. Note down your measurementsin Table 10.3.

Listen to SyntheticT4 1 and SyntheticT4 2 and compare them to the natural T4:

a. Which synthesized T4 is more similar to the natural T4?

b. What can you conclude from the difference between the two synthesized T4s about the
acoustic cues to tonein Mandarin?

SECTION I11. RAP SONG
As an easy, fun component to this lab, you can record yourself saying a sentence and then

create arap song with it by copying and pasting bits here and there. If you do this, e-mail
your resulting file to shird@uvic.ca: we can listen to the fruits of your artistic labour in class!

® See section |1 B (p. 4) for an explanation of this.
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LAB 10— SPEECH SYNTHESIS—WORKSHEET
SECTION |. VOICING MANIPULATION

Table 10.1. VOT manipulation

[pal] [Pal] | [Pa2] | [Pa3] | ([Pad]) | ([Pa5]) | [bal
(natural) (natural)

VOT
(ms)

Q1. Compare the synthesized [Pa]s you created with the natural [ba]:
a. Which token sounds the closest to the original [ba], and how close does it sound?

b. What other manipulations do you think will be needed to make it more natural? (and how
would you do these manipul ations?)

Table 10.2 Vowel length manipulation

[lap] (natural) [laP1] [1aP2] [lab] (natural)

Vowsel
Length (ms)

Q2: Compare the synthesized [lapl] you created with the natural [lab].
a. How close do they sound?

b. What further manipulation(s) would make the synthesized and natural tokens more
similar?

¢. What problems do you find with this way of manipulation?
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Q3: Compare [laP1] with [laP2] and the original [lab].

a. Which of your synthesized tokens sounds closer to the natural [1ab]?

b. How natural are these tokens compared to the natural [lab]? Which ([I1aP1] vs. [laP2])

sounds more natural ?

c. What other manipulations do you think might make it sound better?

SECTION I|. TONE MANIPULATION

Table 10.3. Tone manipulation.

Frequency value | Frequency vaue at | Duration | Duration ratio =
a the beginning | the end point (Hz) | (ms) T4/T1
point (Hz)

T1 (natural)

T4 (natural)

SyntheticT4 1

SyntheticT4 2

Q4: Compare SyntheticT4 1 with the natural T4.
a. How closeisit to the natural T4?

b. What else do you think you could do to make it sound more like T4? Think about what

other differences there are between T1 and T4...

Q5: Listento SyntheticT4 1 and SyntheticT4_2 and compare them to the natural T4:

a. Which synthesized T4 is more similar to the natural T4?

b. What can you conclude from the difference between the two synthesized T4s about the

acoustic cues to tone in Mandarin?
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