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New Methods f or  Const ruct ing 
Annotat ed Speech Corpora

Steven Bird
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Hel icopter :
Out  of  Fuel
AFRL/ DUKE

Dialect  var iat i on :
1. New  England
2. Nor thern
3. Nor th  Midland
4. South  Midland
5. Southern
6. New  York  Ci t y
7. Western
8. Arm y Brat
TIMIT

Telephone:
Cal lhom e
LVCSR

Broadcast  news: 
USC Market place
NIST CSR EVAL

Linguist ic Signals

Broadcast  news: 
USC Market place
NIST CSR EVAL

Dialect  var iat i on :
1. New  England
2. Nor thern
3. Nor th  Midland
4. South  Midland
5. Southern
6. New  York  Ci t y
7. Western
8. Arm y Brat
TIMIT

Tim e-ser ies record  of  a 
l ingu ist i c "per f orm ance"
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Audio Signals
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Physiological  Signals

EPG: Elect ropalat ograph Video of  EPG data

Ar t i f icial  palate: 96 elect rodes 
measure t ongue contact
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Other  Kinds of  Signal

Video

e.g . studies of  classroom  int eract i on , gest ure, sign

Microphone arrays

e.g . for  record ing m eet ings

Hydrophone ar rays

e.g . studies of  w hale com m unicat ion

f MRI

e.g . studies of  neural  act iv i t y dur ing l ingu ist i c 
per f orm ace

Combinat ions
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Language Science...

DATA INTENSIVE:
> 6 b i l l i on  language 
speak ers
hundreds of  
ut terances per  day
in  ~ 6800+  
languages
w ith  10-100,000 
w ord vocabular ies

LINGUISTIC DATABASES:

A d igi tal  reposi t ory of  
st ructured  inf orm at ion 
in tended to docum ent  
nat ural  language and 
nat ural  com m unicat i ve 
in teract ion

bilingual dictionary

collection of  audio recordings 
with t ranscript ion and 
demographic data

linguist ic f ield notes
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Data Col lect ion: Lab & Field
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Linguist ic Annotat ion
Associat es st ructured sym bol ic inf orm at ion 

w i th  a region  of  a l inguist i c signal
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Example: Vow el  Analysis
Wit h a set  of  annotat ions we can analyze the 

correspond ing regions of  signal .

Com par ing  tw o 
vow els in the F1-F2 
vow el  space.

How  do discrete 
l ingu ist i c categor ies 
relate to cont inuous 
acoust ic 
param eters?
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Example: Animal 
Communicat ion

Field  t r ip  t o Sout h 
Af r ica in  2000

80 hours of  d igi tal  
aud io

> 20,000 
annotat ions

Meerk at  record ing  
by Mar ta Manser , 
Sout h Af r ica

Bird: LDC - 2002-06-14 11

Research Quest ions /  Methodology

How do anim als use sound to com m unicate?

What  is the relat ionsh ip  bet ween vocal  
com m unicat ion and:

ecology?
social  behavior?

Methodology:

Record k now n indi viduals
Add detai led  com m entary on  social  events
Form ulate hypotheses about  how  cal ls af f ect  
behavior
Test  hypotheses using p layback  exper im ents
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Ethology Annotat ion Tool
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Linguist ic Databases in 
Language Technology R&D

aut om at ic speech 
recogni t ion (ASR)

m ach ine t ranslat ion

text  ret r ieval

m essage understand ing

language teach ing

"The evolu t ion of  ASR 
system s has been 
st r ict ly relat ed to the 
avai labi l i t y of  large 
corpora of  speech 
and the cur rent  
system s ach ieve 
opt im al  per form ances 
only i f  proper 
dat abases are used."

- Becchetti & Ricott i 1999
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Example of  a Linguist ic DB: TIMIT

Nam e: TIMIT =  TI +  MIT
the f i r st  annotated  speech dat abase

Research quest ions and m et hodologies:
What  acoust ic proper t ies of  speech are invar ian t  
across speak ers of  di f f erent  d ialects?

Bui ld  ASR systems and evaluate per formance
How  i s the sam e phonem e real i zed  di f ferent ly in  
di f f eren t  contexts, by d i f f eren t  speak ers?

Bui ld  parametr ic models of  t im ing and co-ar t i culat ion 
 to account  f or  the var iat ion

Cont ents:
6300 phonet ical l y t r anscr ibed record ings
630 speak ers, 8 US d ialect s/ reg ions
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TIMIT Annotat ion
WORDS
2360 5200 she
5200 9680 had
9680 11077 your
11077 16626 dar k
16626 22179 sui t
22179 24400 i n
24400 30161 gr easy
30161 36150 wash
36720 41839 wat er
41839 44680 al l
44680 49066 year

PHONEMES
0 2360 h#
2360 3720 sh
3720 5200 i y
5200 6160 hv
6160 8720 ae
8720 9680 dc l
9680 10173 y
10173 11077 axr
11077 12019 dc l
12019 12257 d
. . .     
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TIMIT: St ructure

5200 6160 hv
6160 8720 ae
8720 9680 dc l

hv ae dcl

5200 9680 had

5200 6160 96808720

had
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Phonet ic Quer ies

Find al l  instances of  the phonet ic segm ent  "a"

Find  w ords w hose phonet ic t r anscr ip t ion  
cont ains a "d"  and ends w i t h a "k "

Find  phonet ic segm ents w hich  imm ediately 
p recede a vowel  that  over laps a h igh  tone
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Another  Example: Sw it chboard

Corpus of  2400 telephone conversat ions
Or ig inal ly  t ranscr ibed on th ree levels:

conversat ion , speaker  tu rn , word

Subsequent l y annotated f or :
syn tact ic st r ucture
breath g roups and disf luencies
speech act s
phonet ic segments

Features:
prol i f erat ion of  l ayers w i th  d i f f erent  tok enizat ions
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SWB: Example

B. 22:    Yeah,  /  no one seems t o be adopt i ng i t .  /
  Met r i c syst em,  [  no one' s ver y,  + { F uh,  }  no one 

want s ]  i t  at  al l  seems l i ke.  /

( ( S
  ( NP- TPC Met r i c  syst em)  ,
  ( S- TPC- 1 ( EDI TED ( RM [ )
                   ( S ( NP- SBJ no one)
                      ( VP ' s ( ADJP- PRD- UNF ver y) ) )  ,
                   ( I P +) )
           ( I NTJ uh)  ,
           ( NP- SBJ no one)
           ( VP want s ( RS ] )  ( NP i t )  ( ADVP at  al l ) ) )
  ( NP- SBJ * )
  ( VP seems
           ( SBAR l i ke ( S * T* - 1) ) )  .  E_S) )
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Sw i t chboard : Example

B 21. 86 0. 26 Met r i c
B 22. 12 0. 26 syst em,
B 22. 38 0. 18 no
B 22. 56 0. 06 one' s
B 22. 86 0. 32 ver y,
B 23. 88 0. 14 uh,
B 24. 02 0. 16 no
B 24. 18 0. 32 one
B 24. 52 0. 28 want s
B 24. 80 0. 06 i t
B 24. 86 0. 12 at
B 24. 98 0. 22 al l
B 25. 66 0. 22 seems
B 25. 88 0. 22 l i ke.

[  Met r i c / JJ syst em/ NN ]
, / ,  
[  no/ DT one/ NN ]
' s/ BES
ver y/ RB , / ,  
[  uh/ UH ]  , / ,  
[  no/ DT one/ NN ]
want s/ VBZ 
[  i t / PRP ]
at / I N 
[  al l / DT ]
seems/ VBZ
l i ke/ I N . / .  
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Learn more...

Graf f  & Bird
Many uses, m any annot at ions f or  large speech 
corpora: Sw it chboard  and TDT as case stud ies
LREC 2000
ht tp :/ / arx iv .org/ abs/ cs/ 0007024
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SWB: quer ies

To what  extent  do d isf luencies and repairs 
respect  syn tact ic st ructure?

To what  extent  can prosod ic phrasing  be 
pred ict ed  by syntact i c st ruct ure?

...
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Aside: Intersect ing Hierarchies

Syntact ic and prosod ic h ierarch ies int ersect  at  
the w ord  level

Bird: LDC - 2002-06-14 24

Aside: Intersect ing Hierarchies



Bird: LDC - 2002-06-14 25

The tool  p roblem

f orm at s, user  int er f aces, cod ing specs

in-house t ools

dist r ibut ion?
f aci l i t at ion?

tw o-level  m odel
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Data Model ing Quest ions

What  is the m odel?

Shopp ing l ist :

in tervals and inst ants
sequent ial  and paral lel  organ izat ion
hierarchy:

cross-cut t i ng hierar chies

par t ial  hierar chies
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AG: Annotat ion

a1
t1

a2
t2

Ann1: < l1,l2,...,ln>

Relat ional  representat ion  in  3 t ab les:

anchor , annotat i on  (= arc), f eatur e (= label)
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TIMIT: Annotat ion Graph

W = wor d l evel
5200 9680 had

P = phoneme l evel
5200 6160 hv
6160 8720 ae
8720 9680 dc l
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SWB: Annotat ion Graph
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Disjoint  Com ponents

Logical ly  independent  event s are graphw ise 
d isjoint ; log ical ly related events are 
connected.
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Learn more...

Bi rd  & Liberm an
A f orm al  f ram ew ork  f or  l ingu ist ic annot at ion
Speech Com m unicat ion
ht tp :/ / arx iv .org/ abs/ cs/ 0010033
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TableTrans
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Mul t iTrans
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Int erTrans
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TreeTrans
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Anvi l ...
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Video w idget
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Int egrat ion
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Learn more...

Bird , Maeda, Ma, Lee, Randal l , and  Zayat ,
Tab leTrans, Mul t iTrans, InterTrans and TreeTrans: Diverse 
Tools Bui l t  on the Annotat i on Graph Toolk i t
LREC 2002
ht tp:/ / ar xiv .org/ abs/ cs/ 0204006

Cot ton & Bird ,
An Integrated Framew ork  f or  Treebanks and Mult i layer  
Annotat ions
LREC 2002
ht tp:/ / ar xiv .org/ abs/ cs/ 0204007

Maeda & Bi rd ,
A formal f ramework  f or  inter l inear  t ext

ag tk .sf .net
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Research Quest ions

Dat a m odels and APIs

new  task s, e.g . CA, gesture, t reebank ing, ...
w hat  i s the st ructure of  the data?
w hat  are the w el l -form ed oper at ions?

Query languages

ef f icien t  storage, indexing
expressi ve and t ractable l anguages

Fini te state processing

al ternat ive to RDBMS, SQL
m ap AGs t o FSMs and quer ies to FSTs

Reconci l ing expressiveness w i th  t ract ab i l i t y...
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Research: f ur t her  reading...

Dat a Models and APIs

Maeda & Bird  - i nter l i near  text
Cot ton  & Bird - t reebank

Query Languages

Bi rd, Bunem an & Tan (LREC 2000)
Cassidy & Bird (ADC 2000)
Cier i  & Bird (ACL 2001)
Ma, Lee, Bird & Maeda (LREC 2002)

Fini te St at e Processing

Bi rd (AAAS 2002)
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OLAC: Open Language Archives 
Communit y

resource d iscovery problem

m et adata

Dubl in  Core

Open Archives In i t i at ive

Dem onst rat ion
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The future?

adopt ing  AG tools in-house

learn ing  curve f or  developers
R&D not  just  D!
now  is the t im e to sw i t ch...

pub l i sh ing  corpora w i t h tools

docum entat ion
roles in  an  open sour ce in i t iat i ve
on-si te t rain ing  work shops
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Future of  Talkbank

5 year  NSF project : 1999-2003

ww w.t alk bank .org

phase 1: t ools (years 1-3)

phase 2: data (years 4-5)

dom ains: l i ngu ist ic exp lorat ion, sociol ingu ist ics, 
gest ure, ethology
in f rast ructur e: tools, m etadata
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A vision...

camera-ready corpora?

evolut i on  of  pr i nt  pub l ishers
XML, Unicode
pr ovide the tools others w i l l  use to gi ve us data

f aci l i tat i ng  ot hers

t rain ing
estab l ish ing  best  p ract ices

research

understand ing , connect ions, head-star t
resource al locat ion: invent ion  vs re-invent ion


