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A B S T R AC T

T h e  d e v e lo p in g  o f  t h e  L E N A TM  la n g u a g e  e n v iro n m e n t  a n a ly s is  s o f tw a re  V 3 .1 .0  a s  w e ll a s  q u a n t ify in g  it s  

a c c u ra c y  a n d  re lia b ilit y  is  d e p e n d e n t  o n  th e  a c c u ra te  a n d  re lia b le  t ra n s c r ip t io n  o f  t h e  a u d io  re c o rd in g  

fi le s  b y  p ro fe s s io n a l t ra n s c r ib e rs .  H e re , w e  d is c u s s  t h e  a n a ly t ic a l p ro c e d u re  d e s ig n e d  a n d  im p le m e n te d  

b y  th e  L E N A  F o u n d a t io n ’s  p ro fe s s io n a l t ra n s c r ip t io n  te am  to  id e n t ify  a n d  c o d e  s p e a k e rs .  W e  a ls o  

re v e a l t h e  d e g re e  to  w h ic h  in te r-ra te r  re lia b ilit y  w a s  a c h ie v e d  b e tw e e n  th e  c r it e r io n  ra te r  a n d  fo u r  

to  s e v e n  s e c o n d a r y  ra te rs  in  t e rm s  o f  a g re e m e n t  fo r  s e g m e n t  c la s s ifi c a t io n  a n d  a d u lt  w o rd  c o u n t s .  

S ig n ifi c a n t  a c c u ra c y  in  t h e  t ra n s c r ip t io n s  w a s  c r it ic a l to  t ra in  th e  p ro c e s s in g  m o d e ls  u s e d  to  id e n t ify  

s e g m e n t s  in  a u d io  re c o rd in g s  a u to m a t ic a lly  a n d  s u b s e q u e n t ly  to  t e s t  t h e  a c c u ra c y  a n d  re lia b ilit y  o f  

t h e  s e g m e n ta t io n  p ro c e s s .
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1 . 0  I N T R O D U C T I O N

T h e  L E N A  la n g u a g e  e n v iro n m e n t  a n a ly s is  s o f tw a re  V 3 .1 .0  s o f tw a re  is  a  c o m p ila t io n  o f  s t a t is t ic a l m o d e ls  

a n d  a lg o r it h m s  t ra in e d  to  e x t ra c t  a n d  s e g m e n t  fe a tu re s  o f  t h e  a u d io  d a ta .  T h e  s t a t is t ic a l m o d e ls  

w e re  t ra in e d  u s in g  p ro fe s s io n a l t ra n s c r ip t io n s .  T h u s , t h e  re lia b ilit y  o f  t h e  p ro fe s s io n a l t ra n s c r ip t s  w a s  

e s s e n t ia l to  m o d e l d e v e lo p m e n t  a n d  re fi n e m e n t .  In  t h is  re p o r t , w e  d e s c r ib e  th e  t ra n s c r ip t io n  p ro c e s s  

a n d  d is c u s s  t h e  le v e l o f  in te r-ra te r  re lia b ilit y  t h a t  w a s  a c h ie v e d .

2 . 0  D E S C R I P T I O N  O F  T H E  D ATA B A S E

S ta r t in g  in  2 0 0 5 , s c ie n t is t s  a t  t h e  L E N A  F o u n d a t io n  h a v e  c o n d u c te d  a  la rg e -s c a le  s tu d y  to  a s s e s s  t h e  

la n g u a g e  e n v iro n m e n t s  o f  2 -m o n th  to  4 8 -m o n th -o ld  c h ild re n  f ro m  fam ilie s  o f  v a r y in g  s o c io e c o n o m ic  

s t a tu s  (S E S ) b a c k g ro u n d s .  T h e  re s u lt  o f  t h is  e ff o r t  is  a  la rg e  d a ta b a s e  o f  q u a n t ifi a b le  a d u lt -c h ild  

s p e e c h  p h e n o m e n a  in  a  n a tu ra l h o m e  e n v iro n m e n t , k n o w n  o ffi c ia lly  a s  t h e  L E N A  N a tu ra l L a n g u a g e  

C o rp u s .  T h e  c u r re n t  d a t a b a s e  c o n s is t s  o f  o v e r  4 5 ,0 0 0  h o u rs  o f  a u d io  f ro m  3 2 9  d iv e rs e  fam ilie s  w h o s e  

d e m o g ra p h ic  in fo rm a t io n  c lo s e ly  m a tc h e s  th e  d e m o g ra p h ic s  o f  t h e  U n ite d  S t a te s  w ith  re s p e c t  to  

m o th e r ’s  a t t a in e d  e d u c a t io n  a s  re p o r te d  b y  th e  U S  C e n s u s  (U S  C e n s u s , 2 0 0 5 ).  I t  w a s  n e c e s s a r y  to  

t ra n s c r ib e  a  s u b s e t  o f  t h e  L E N A  N a tu ra l L a n g u a g e  C o rp u s  to  d e v e lo p  a n d  te s t  t h e  s p e e c h  p ro c e s s in g  

a lg o r it h m s  th a t  c o n t r ib u te  to  t h e  L E N A  s o f tw a re  V 3 .1 .0 .

2.1 	 Methodology
T h e  p ro fe s s io n a l t ra n s c r ip t io n  te am  a t  t h e  L E N A  F o u n d a t io n  c o n s is te d  o f  o n e  c r it e r io n  ra te r  a n d  s e v e n  

s e c o n d a r y  ra te rs .  S ix  o f  t h e  e ig h t  ra te rs  p e r fo rm e d  th e  t ra n s c r ip t io n s  o ff -s it e ; o ff -s it e  t ra n s c r ib e rs  

re c e iv e d  th e  a u d io  fi le s  b y  c o u r ie r.  T h e  fu ll-d a y  a u d io  fi le s  t h a t  t h e  t ra n s c r ib e rs  re c e iv e d  c o n ta in e d  

n o ta t io n  re g a rd in g  w h ic h  s e g m e n t s  to  t ra n s c r ib e .  O n ly  t ra n s c r ib e d  s e g m e n t s  w e re  a n a ly z e d  (t y p ic a lly  

3 0  m in u te s  p e r  fi le ).
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T h e  p r im a r y  p u rp o s e  o f  t h e  L E N A  F o u n d a t io n  t ra n s c r ip t io n s  w a s  to  o p t im iz e  th e  L E N A  s o f tw a re  

V 3 .1 .0  b y  t ra in in g  th e  s p e e c h  p ro c e s s in g  a lg o r it h m s  to  id e n t ify  a n d  s e g m e n t  a  v a r ie t y  o f  fe a tu re s  f ro m  

th e  a u d io  s am p le s  a c c u ra te ly  a n d  re lia b ly .  F o r  e x am p le , it  w a s  n e c e s s a r y  fo r  t h e  s p e e c h  p ro c e s s in g  

a lg o r it h m s  to  d iff e re n t ia te  a d u lt  s p e e c h  f ro m  c h ild  s p e e c h  a n d  to  d iff e re n t ia te  t h e  s p e e c h  o f  t h e  

k e y  c h ild  f ro m  th e  s p e e c h  o f  o th e r  c h ild re n  o r  n o n -s p e e c h  s o u n d s  (e .g . c r ie s  o r  v e g e ta t iv e  s o u n d s ).  

T h e  s e g m e n ta t io n  o f  t h e  L E N A  a u d io  p ro c e s s in g  a lg o r it h m s  w a s  c o m p a re d  to  th e  s e g m e n ta t io n  o f  

p ro fe s s io n a l t ra n s c r ib e rs  to  a s s e s s  t h e  a c c u ra c y  a n d  re lia b ilit y  o f  t h e  a lg o r it h m s .  S e e  Te c h n ic a l R e p o r t  

LT R -0 5 -2  fo r  in fo rm a t io n  a b o u t  t h e  re lia b ilit y  o f  t h e  L E N A  S y s te m .

2.2 	 Segment Identification
O v e r v ie w

F o r  t h e  p u rp o s e s  o f  s p e a k e r  id e n t ifi c a t io n , a u d io  d a ta  re c o rd e d  b y  th e  L E N A  D L P  w e re  s e g m e n te d  in to  

c a te g o r ie s  t h a t  in c lu d e d  a d u lt  m a le  a n d  a d u lt  fe m a le , k e y  c h ild , n o is e , o v e r la p p in g  s p e e c h , o th e r  c h ild , 

a n d  e le c t ro n ic  n o is e .  T h e  t ra n s c r ib e rs  s e g m e n te d  in s t a n c e s  o f  ≥ 3 0 0  m s  o f  s ile n c e  o r  t ra n s ie n t  n o is e  

(e .g . b u m p s  a n d  th u d s ) a n d  “m e d ia ” n o is e  (a n y  T V  o r  ra d io  s o u n d s ) to  s e le c t  a n d  e lim in a te  e x t ra n e o u s  

s o u n d s  th a t  d id  n o t  c o n t r ib u te  m e a n in g fu lly  to  t h e  c h ild ’s  la n g u a g e  e n v iro n m e n t .

G e n e ra l  S p e a k e r  C o d e s

In  o rd e r  to  id e n t ify  t h e  s o u rc e  o f  e a c h  a u d io  s e g m e n t  c o n s is te n t ly , a  s e t  o f  s p e a k e r  c o d e s  w a s  

d e v e lo p e d  b y  th e  t ra n s c r ip t io n  te am  a n d  u s e d  b y  a ll L E N A  F o u n d a t io n  t ra n s c r ib e rs  t h ro u g h o u t  th e  

t ra n s c r ip t io n  p ro c e s s .  T h e s e  s p e a k e r  c o d e s  w e re  d e s ig n e d  to  id e n t ify  v o ic e s  o f  c h ild re n  a n d  a d u lt s  

a s  w e ll a s  n o n -h u m a n  s o u n d s .  F o r  e x am p le , o n e  p a r t ic u la r  s p e a k e r  c o d e  re fe r re d  to  th e  k e y  c h ild ; a  

s e p a ra te  c o d e  w a s  a s s ig n e d  to  c h ild re n  o th e r  t h a n  th e  k e y  c h ild .  T h e re  a re  fi v e  g e n e ra l c a te g o r ie s  o f  

s p e a k e r  c o d e s , in c lu d in g : 1 ) c le a r  h u m a n  s p e a k e rs  (e .g ., k e y  c h ild , m o th e r, fa th e r, e t c .); 2 ) u n id e n t ifi a b le  

h u m a n  s p e a k e rs ; 3 ) o v e r la p p in g  s o u n d s  (e .g ., h u m a n  + h u m a n , h u m a n  + n o is e , n o is e  + n o is e ); 4 ) 

am b ie n t  s o u n d s  (e .g ., s o u n d s  re s u lt in g  f ro m  c ro w d  g a th e r in g s , t ra n s ie n t  n o is e s , e t c .); a n d  5 ) o th e r  

m e d ia  n o is e  (e .g ., t e le v is io n , ra d io , t e le p h o n e , e le c t ro n ic  to y s , e t c .).  
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S p e a k e r  C o d e  S u b c a t e g o r ie s

M a n y  o f  t h e s e  s p e a k e r  id e n t ifi c a t io n s  w e re  s u b c a te g o r iz e d .  F o r  e x am p le , o v e r la p p in g  v o ic e s  in  a  s p e e c h  

s e g m e n t  o c c u r r in g  b e tw e e n  th e  k e y  c h ild  a n d  a n o th e r  s p e a k e r, o r  b e tw e e n  tw o  o th e r  s p e a k e rs , w e re  

a s s ig n e d  a  s p e c ifi c  c o d e .  O th e r  t y p e s  o f  o v e r la p  w e re  c a te g o r iz e d  a s  w e ll.  In  a ll, t h e  L E N A  F o u n d a t io n  

t ra n s c r ip t io n  te am  a s s ig n e d  3 1  g e n e ra l c o d e s  fo r  a u d io  fi le  a n a ly s e s .  E a c h  o f  t h e  3 1  u n iq u e  s p e a k e r  

id e n t ifi c a t io n s  w e re  s u b je c t  to  fu r th e r  c la s s ifi c a t io n  b a s e d  o n  s o u n d  w a v e  am p lit u d e .  L o w  am p lit u d e  

re g io n s  w e re  id e n t ifi e d  a s  u n c le a r  o r  fa in t , in d ic a t in g  th a t  t h e  t ra n s c r ib e r  b e lie v e d  th e  s p e a k e r  to  b e  

d is t a n t  f ro m  th e  k e y  c h ild .  S e g m e n t s  c o n ta in in g  fa in t  s ig n a ls  w e re  n o t  in c lu d e d  in  t h e  w o rd  c o u n t  

p ro c e s s in g  s in c e  th e  m e a n in g fu l c o n t r ib u t io n  o f  t h e s e  s e g m e n t s  to  t h e  c h ild ’s  la n g u a g e  e n v iro n m e n t  

w a s  a s s u m e d  to  b e  m in im a l.  O n c e  th e  c le a r  a d u lt  s e g m e n t s  w e re  id e n t ifi e d  a n d  s e g m e n te d , L E N A  

F o u n d a t io n  t ra n s c r ib e rs  c o u n te d  th e  n u m b e r  o f  w o rd s  s p o k e n  in  e a c h  s e g m e n t .  T h e  re lia b ilit y  o f  t h e  

a d u lt  w o rd  c o u n t  e s t im a te s  a re  d e s c r ib e d  in  d e ta il in  Te c h n ic a l R e p o r t  LT R -0 5 -2 . To  m a k e  it  p o s s ib le  to  

t e s t  t h e  re lia b ilit y  o f  C o n v e rs a t io n a l T u rn s , L E N A  F o u n d a t io n  t ra n s c r ib e rs  n o te d  w h e th e r  a d u lt  s p e e c h  

w a s  d ire c te d  to w a rd  th e  c h ild .

K e y  C h i ld  S p e e c h

F o r  e a c h  c h ild  s p e e c h  s e g m e n t , t h e  t ra n s c r ib e rs  fu r th e r  c o d e d  th e  k e y  c h ild  s e g m e n t s  a s  u s a b le  c h ild  

v o c a liz a t io n s  o r  c h ild  n o n -s p e e c h  s o u n d s . S o u n d s  th a t  w e re  c o n s id e re d  u s a b le  s p e e c h  in c lu d e d  

w o rd s , b a b b le s , a n d  p re -s p e e c h  c o m m u n ic a t iv e  s o u n d s  o r  “p ro to p h o n e s” s u c h  a s  s q u e a ls , g ro w ls , o r  

ra s p b e r r ie s  (s e e  O lle r, 2 0 0 0  fo r  m o re  d e ta il o n  p ro to p h o n e s ). S o u n d s  c la s s ifi e d  a s  n o n -s p e e c h  w e re  

fu r th e r  s u b d iv id e d  in to  e it h e r  fi x e d  s ig n a ls  o r  v e g e ta t iv e  s o u n d s .  F ix e d  s ig n a ls  in c lu d e  s o u n d s  th a t  

a re  in s t in c t iv e  e m o t io n a l re a c t io n s  to  t h e  e n v iro n m e n t  (e .g . c r y in g , s c re am in g , la u g h in g ).  Ve g e ta t iv e  

s o u n d s  a re  t h o s e  re s u lt in g  f ro m  re s p ira t io n  (e .g . b re a th in g ) o r  d ig e s t io n  (e .g . b u rp in g ).

E v e n t  R e p o r t s

In  a d d it io n  to  c o d in g  th e  a u d io  fi le s , t ra n s c r ib e rs  p ro v id e d  re p o r t s  w ith in  th e  t ra n s c r ip t s  to  n o te  

s p e c ifi c  e v e n t s  o c c u r r in g  d u r in g  th e  c h ild ’s  d a y .  F o r  e x am p le , t h e  t ra n s c r ib e rs  n o te d  p e r io d s  o f  t im e  

d u r in g  w h ic h  th e  c h ild  w a s  in  a  c a r  o r  a t  d a y c a re .    

2.3	 File selection
T h e re  w e re  tw o  m a jo r  t ra n s c r ip t io n  d a ta s e t s  t h a t  t h e  e n g in e e rs  u s e d  e ith e r  to  t ra in  o r  to  t e s t  t h e ir  

a u d io  p ro c e s s in g  a lg o r it h m s .  T h e s e  d a ta s e t s  a re  d e s c r ib e d  b e lo w .
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T ra in in g  S e t

L a rg e -s c a le  t ra in in g  s e t s  d e r iv e d  f ro m  th e  L E N A  N a tu ra l L a n g u a g e  C o rp u s  w e re  u s e d  to  t ra in  s t a t is t ic a l 

m o d e ls  d e s ig n e d  to  a s s e s s  t h e  la n g u a g e  e n v iro n m e n t  o f  in fa n t s  a n d  to d d le rs .  T h e  t ra in in g  s e t  is  a  

c o m p ila t io n  o f  3 0 9  in d e p e n d e n t  3 0 -m in u te  lo n g  a u d io  fi le s  s e le c te d  fo r  t ra n s c r ip t io n .  T h e  fi le s  w e re  

s e le c te d  o n  th e  b a s is  o f  a g e  a n d  g e n d e r.  A p p ro x im a te ly  fi v e  m a le  a n d  fi v e  fe m a le  c h ild re n  ra n g in g  in  

a g e  f ro m  1  m o n th  to  4 2  m o n th s  w e re  s e le c te d  p e r  e a c h  m o n th  o f  a g e .  T h e  fi n a l s am p le  in c lu d e d  1 5 7  

m a le  a n d  1 5 2  fe m a le  c h ild re n . 

Te s t  s e t  

T h e  p r im a r y  p u rp o s e  o f  t h e  t ra n s c r ip t io n  te s t  s e t  g e n e ra t io n  w a s  to  a s s e s s  t h e  a c c u ra c y  a n d  re lia b ilit y  

o f  t h e  L E N A  s o f tw a re  V 3 .1 .0  u s in g  a  re p re s e n ta t iv e  s u b -s am p le  o f  t h e  L E N A  N a tu ra l L a n g u a g e  

C o rp u s .  T h e  te s t  s e t  t ra n s c r ip t io n  d a ta b a s e  is  a  c o m p ila t io n  o f  7 0  in d e p e n d e n t  a u d io  fi le s  s e le c te d  

fo r  t ra n s c r ip t io n .  T h e  fi le s  w e re  s e le c te d  o n  th e  b a s is  o f  a  b lo c k  ra n d o m iz a t io n  s c h e m e  to  e n s u re  a  

t e s t  s am p le  re p re s e n ta t iv e  o f  t h e  e n t ire  d a t a s e t  w ith  re s p e c t  to  a g e  (2  m o n th s -3 6  m o n th s ), g e n d e r, 

m a te rn a l S E S , a n d  in d e p e n d e n t  s t a n d a rd iz e d  a s s e s sm e n t s  o f  t h e  re c o rd e d  c h ild ’s  la n g u a g e  a b ilit y  (e .g ., 

P re s c h o o l L a n g u a g e  S c a le . 4 th  E d it io n  (Z im m e rm a n , L e e , S te in e r, &  P o n d , 2 0 0 2 )).  Tw o  c h ild re n  w e re  

s e le c te d  p e r  e a c h  m o n th  a g e  g ro u p  (i.e ., tw o  fo u r-m o n th -o ld s , tw o  fi v e -m o n th -o ld s , e t c .), o n e  f ro m  

a  re la t iv e ly  h ig h e r  S E S  b ra c k e t  a n d  th e  o th e r  f ro m  a  c o m p a ra t iv e ly  lo w e r  S E S  b ra c k e t  a s  d e te rm in e d  

b y  m o th e r ’s  e d u c a t io n  le v e l.  M o s t  a g e  g ro u p s  c o n ta in e d  o n e  m a le  a n d  o n e  fe m a le  p a r t ic ip a n t ; t h e re  

w e re  3 2  m a le  a n d  3 8  fe m a le  c h ild re n  in  t h e  te s t  s e t  s am p le .  

A n  a lg o r it h m  d e v e lo p e d  b y  th e  L E N A  F o u n d a t io n  R e s e a rc h  a n d  D e v e lo p m e n t  s o f tw a re  e n g in e e rs  

w a s  u s e d  to  s e le c t  s ix  t e n -m in u te  s e g m e n t s  f ro m  e a c h  o f  t h e  7 0  a u d io  re c o rd in g s .  T h e  a lg o r it h m  

w a s  p ro g ram m e d  to  d e te c t  h ig h  le v e ls  o f  b a c k -a n d -fo r th  a lt e rn a t io n  b e tw e e n  k e y  c h ild  a n d  a d u lt  

s e g m e n t s .  F o r  la te r  a n a ly s e s , t h e s e  s ix  t e n -m in u te  s e g m e n t s  w e re  c o n c a te n a te d  to  c re a te  o n e  h o u r  

o f  t ra n s c r ip t io n  p e r  fi le .  

3 . 0  I N T E R - R AT E R  R E L I A B I L I T Y

In te r-ra te r  re lia b ilit y  w a s  a s s e s s e d  u s in g  tw o  a u d io  fi le s  o b ta in e d  f ro m  o n e  1 1 -m o n th -o ld  fe m a le  a n d  

o n e  2 5 -m o n th -o ld  m a le  c o m p a r in g  a  c r it e r io n  ra te r  w ith  s e v e n  s e c o n d a r y  ra te rs .  A ll t ra n s c r ib e rs  

t ra n s c r ib e d  th re e  1 0 -m in u te  s e g m e n t s  f ro m  e a c h  fi le . T h e  s ix  1 0 -m in u te  s e g m e n t s  c o m p r is e d  4 ,8 3 6  

u n iq u e  c r it e r io n -id e n t ifi e d  s p e a k e r  s e g m e n t s  t h a t  fu r th e r  in c lu d e d  9 1 6  c r it e r io n -id e n t ifi e d  k e y  c h ild  

s p e e c h  s e g m e n t s  a n d  7 1 6  c r it e r io n -id e n t ifi e d  a d u lt  m a le  a n d  fe m a le  s p e e c h  s e g m e n t s .  T h re e  s e p a ra te  
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c la s s ifi c a t io n  a n a ly s e s  w e re  c o n d u c te d  to  a s s e s s  in te r-ra te r  a g re e m e n t  w ith  re s p e c t  to : a d u lt  v e rs u s  

n o n -a d u lt  s p e e c h ; k e y  c h ild  v e rs u s  n o n  k e y  c h ild  s p e e c h ; a n d , fo r  t h e  k e y  c h ild , s p e e c h  v e rs u s  n o n -

s p e e c h . A d u lt  w o rd  c o u n t s  fo r  s ix  t e n -m in u te  s e g m e n t s  f ro m  a  th ird  fi le  a ls o  w e re  c o m p a re d  fo r  t h e  

c r it e r io n  ra te r  a n d  fo u r  o f  t h e  s e c o n d a r y  ra te rs .1

3.1 	 Segment Boundaries
To  a s s e s s  in te r-ra te r  re lia b ilit y , t h e  c r it e r io n  ra te r ’s  s e g m e n t  id e n t ifi c a t io n  e s t a b lis h e d  th e  o ffi c ia l 

s e g m e n t s  o f  in te re s t .  S e c o n d a r y  ra te rs ’ s e g m e n t s  w e re  m a tc h e d  to  c r it e r io n  ra te r  s e g m e n t s  u s in g  

t im e  c o d e s  th a t  id e n t ifi e d  th e  s t a r t  a n d  s to p  p o in t s  o f  e a c h  s e g m e n t .  In it ia l s e g m e n t  b o u n d a r ie s  

w e re  s e t  b y  th e  L E N A  s o f tw a re  p ro c e s s in g  a lg o r it h m , b u t  b e c a u s e  e a c h  ra te r  w a s  p e rm it te d  to  a d ju s t  

s e g m e n t  b o u n d a r ie s , it  w a s  s o m e t im e s  th e  c a s e  th a t  o n e  c r it e r io n -b a s e d  s e g m e n t  c o u ld  s p a n  s e v e ra l 

s e c o n d a r y  ra te r  s e g m e n t s .2   F o r  t h e s e  a n a ly s e s , s e g m e n t s  w e re  c o n s id e re d  to  m a tc h  w h e n  a n y  p o r t io n  

o f  a  s e c o n d a r y  ra te r ’s  s e g m e n t  o v e r la p p e d  w ith  th e  c r it e r io n  s e g m e n t . 

3.2 	 Classification Agreement
C la s s ifi c a t io n  a g re e m e n t s  (h it s ) w e re  d e fi n e d  a s  o c c u r r in g  w h e n  a  s e c o n d a r y  ra te r ’s  s e g m e n t  

id e n t ifi c a t io n  m a tc h e d  th e  c r it e r io n  ra te r ’s  a n d  a n y  p o r t io n  o f  t h e  s e c o n d a r y  ra te r ’s  s e g m e n t  

o v e r la p p e d  w ith  th e  c o r re s p o n d in g  c r it e r io n  ra te r  s e g m e n t .  C la s s ifi c a t io n  a g re e m e n t  w a s  c o m p u te d  

s e p a ra te ly  fo r  id e n t ifi c a t io n  o f  a d u lt  v e rs u s  n o n -a d u lt  a n d  k e y  c h ild  v e rs u s  n o n -k e y  c h ild  s p e a k e rs . 

W ith in  c r it e r io n -id e n t ifi e d  k e y  c h ild  s p e a k e r  s e g m e n t s , a g re e m e n t  w a s  c o m p u te d  fo r  id e n t ifi c a t io n  

o f  k e y  c h ild  s p e e c h  v e rs u s  k e y  c h ild  n o n -s p e e c h , a s  d e s c r ib e d  in  S e c t io n  2 .2  o f  t h is  t e c h n ic a l re p o r t .  

A g re e m e n t  ra t in g s  w e re  c o m p u te d  b o th  a s  to t a l (u n a d ju s te d ) a g re e m e n t  a n d  a s  t h e  m o re  c o n s e r v a t iv e  

c o e ffi c ie n t  k a p p a , κ (C o h e n , 1 9 6 0 ).  R e s u lt s  o f  t h e  a g re e m e n t  ra t in g  a n a ly s e s  a re  s h o w n  in  Ta b le  1 .  

1 	 A d u lt  w o rd  c o u n ts  fo r  th re e  o f  th e  s e c o n d a ry  ra te rs  w e re  u n a va ila b le  fo r  th is  a n a ly s is .
2	� In these data over 78% of criterion-based segment boundaries matched those of secondary raters exactly, over 95% spanned one or two 

segments, and over 99% spanned three or fewer segments.
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Table 1: Kappa (κ) and Total Percent Agreement Between Criterion and Secondary Raters for: 
Adult versus Non-Adult Speaker; Key Child versus Non-Key Child Speaker; and Key  

Child Speech versus Non-Speech.

Adult vs. 
Non-Adult  

Speaker

(N=4836)

Key Child vs. 
Non-Key Child 

Speaker

(N=4836)

Key Child:  
Speech vs.  

Non-Speech

(N=916)

Rater κ Percent κ Percent Na κ Percent

1 .6 4 .8 9 .7 4 .9 1 8 2 5 .6 9 .8 7

2 .6 4 .8 9 .7 5 .9 2 7 8 5 .8 1 .9 3

3 .6 1 .8 8 .6 9 .9 0 7 5 6 .7 3 .9 1

4 .6 1 .8 8 .7 6 .9 3 7 8 5 .7 4 .9 1

5 .6 2 .8 8 .7 8 .9 3 8 0 8 .7 7 .9 1

6 .5 8 .8 7 .7 1 .9 0 8 0 1 .7 3 .8 8

7 .6 3 .8 9 .7 1 .9 0 8 2 3 .7 6 .9 0

Mean .6 2 .8 8 .7 4 .9 1 7 9 8 .7 5 .9 0
a	 There were 916 criterion-identified key child segments. Secondary rater agreement is based on the number of 

segments for which they matched the key child identification.

A s  Ta b le  1  d e m o n s t ra te s , s e c o n d a r y  ra te rs ’ id e n t ifi c a t io n  o f  a d u lt  v e rs u s  n o n -a d u lt  s e g m e n t s  m a tc h e d  

th e  c r it e r io n  ra te r ’s  id e n t ifi c a t io n  o n  a v e ra g e  8 8%  o f  t h e  t im e .   S im ila r ly , s e c o n d a r y  ra te rs ’ id e n t ifi c a t io n  

o f  k e y  c h ild  v e rs u s  n o n -k e y  c h ild  s p e a k e rs  t y p ic a lly  m a tc h e d  th e  c r it e r io n  ra te r ’s  9 1%  o f  t h e  t im e .  

W h e n  th e  ra te rs  id e n t ifi e d  s e g m e n t s  c o n ta in in g  k e y  c h ild  s p e e c h  v e rs u s  k e y  c h ild  n o n -s p e e c h , o n  

a v e ra g e  th e y  w e re  in  a g re e m e n t  a p p ro x im a te ly  9 0%  o f  t h e  t im e .  T h u s , t h e  le v e l o f  a g re e m e n t  am o n g  

ra te rs  a c ro s s  t h e  c a te g o r ie s  o f  in te re s t  in d ic a te d  s u ffi c ie n t  a c c u ra c y  fo r  t h e s e  t ra n s c r ip t io n s  to  b e  u s e d  

fo r  m o d e l t ra in in g  a n d  te s t in g . 
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3.3 	 Word Count Agreement
To  d e te rm in e  a  m o re  re p re s e n ta t iv e  e s t im a te  o f  in te r-ra te r  a g re e m e n t  fo r  A d u lt  W o rd  C o u n t , t h e  

c r it e r io n  ra te r  s e le c te d  s ix  1 0 -m in u te  a u d io  s e g m e n t s  f ro m  a  th ird  re c o rd in g  a n d  e s t im a te d  a d u lt  

w o rd  c o u n t s  fo r  e a c h  s e g m e n t . F o u r  o f  t h e  s e c o n d a r y  ra te rs  w e re  in s t ru c te d  n o t  to  a d ju s t  s e g m e n t  

id e n t ifi c a t io n s  o r  b o u n d a r ie s  b u t  o n ly  to  e s t im a te  a d u lt  w o rd  c o u n t s . Ta b le  2  a n d  F ig u re  1  d e ta il t o t a l 

AW C  fo r  e a c h  te n -m in u te  s e g m e n t  fo r  e a c h  ra te r. A v e ra g e  d iff e re n c e s  in  to t a l w o rd  c o u n t s  fo r  fi v e  o f  

t h e  s ix  s e g m e n t s  ra n g e d  f ro m  a p p ro x im a te ly  o n e  to  tw e lv e  w o rd s  (0 .2%  – 1 .5%); d iff e re n c e s  fo r  t h e  

re m a in in g  s e g m e n t  w e re  s o m e w h a t  la rg e r  (f ro m  3 2  to  5 4  w o rd s ) fo r  a n  a v e ra g e  d iff e re n c e  o f  4 .9% . F o r  

a ll s e g m e n t s  c o m b in e d , t h e  a v e ra g e  d iff e re n c e  f ro m  th e  c r it e r io n  ra te r  w a s  1 .3% .

Table 2: Adult Word Counts for Six 10-Minute Audio Segments.

Adult Word Count (10-Minute Segment)

Rater 1 2 3 4 5 6 Total

Criterion 6 8 9 4 6 4 7 5 6 9 3 7 5 0 1 6 0 7 3 9 5 4

Mean (1-4) 6 8 6 4 6 4 7 5 5 8 9 1 5 0 1 6 0 7 3 9 0 3

1 6 8 5 4 5 9 7 6 8 8 8 3 5 0 1 6 1 2 3 9 0 8

2 6 8 5 4 5 7 7 3 6 8 9 1 4 9 9 6 0 0 3 8 6 8

3 6 9 8 4 7 3 7 6 6 9 0 5 5 0 2 6 0 6 3 9 5 0

4 6 7 5 4 6 5 7 5 1 8 8 6 5 0 0 6 1 0 3 8 8 7
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Figure 1. Adult Word Counts for Five 10-Minute Audio Segments

4 . 0 	 CO N C LU S I O N

P ro fe s s io n a l t ra n s c r ip t io n s  o f  a u d io  d a ta  w e re  u s e d  a s  a  b a s is  fo r  s t a t is t ic a l m o d e l b u ild in g  a n d  re fi n e m e n t  

fo r  t h e  L E N A  s o f tw a re  V 3 .1 .0 . T h e  L E N A  F o u n d a t io n ’s  p ro fe s s io n a l t ra n s c r ip t io n  te am  d e v e lo p e d  a  d e ta ile d  

a n d  h ig h ly  a n a ly t ic a l s y s te m  fo r  s p e a k e r  id e n t ifi c a t io n  a n d  s e g m e n ta t io n .   A  t ra in in g  s e t  w a s  t ra n s c r ib e d  

a n d  w a s  u s e d  to  t ra in  s t a t is t ic a l m o d e ls  d e v e lo p e d  b y  th e  L E N A  F o u n d a t io n  e n g in e e r in g  te am  fo r  

a lg o r it h m ic  a n a ly s is  o f  a u d io  d a ta ; a  s e p a ra te  s u b -s am p le  o f  t h e  L E N A  N a tu ra l L a n g u a g e  C o rp u s  w a s  u s e d  

a s  a  t ra n s c r ip t io n  te s t  s e t  to  a s s e s s  t h e  a c c u ra c y  a n d  re lia b ilit y  o f  t h e  L E N A  s o f tw a re  V 3 .1 .0 .  In te r-ra te r  

re lia b ilit y  o f  t h e  t ra n s c r ip t io n  te am  w a s  h ig h , a s  a p p a re n t  f ro m  s e g m e n ta t io n  c la s s ifi c a t io n  a g re e m e n t s  

a n d  s im ila r it y  a c ro s s  ra te rs  o n  a d u lt  w o rd  c o u n t s .  T h is  le v e l o f  re lia b ilit y  w a s  c r it ic a l to  fi n e -tu n in g  th e  L E N A  

s o f tw a re .
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E R R AT U M  TO :  T R A N S C R I P T I O N A L  A N A LYS I S  O F  T H E  L E N A  N AT U R A L 
L A N G UAG E  CO R P U S .   ( 2 0 0 8 )

A fte r  t h e  p u b lic a t io n  o f  t h is  w o rk , a n  e r ro r  w a s  n o t ic e d  in  t h e  d e s c r ip t io n  o f  o v e r la p p in g  s o u n d s  o n  p a g e  

4 .  O v e r la p p in g  s p e e c h  in c lu d e s  o n ly  s e g m e n t s  c o n ta in in g  h u m a n  v o ic e  (h u m a n  + h u m a n  o r  h u m a n  + 

n o is e ), a n d  d o e s  n o t  c o n ta in  tw o  am b ie n t  n o is e s  o v e r la p p in g  w ith  e a c h  o th e r. T h e  c o r re c te d  s e n te n c e  is  

p ro v id e d  b e lo w .

T h e re  a re  fi v e  g e n e ra l c a te g o r ie s  o f  s p e a k e r  c o d e s , in c lu d in g : 1 ) c le a r  h u m a n  s p e a k e rs  (e .g ., k e y  c h ild , m o th e r, 

fa th e r, e t c .); 2 ) u n id e n t ifi a b le  h u m a n  s p e a k e rs ; 3 ) o v e r la p p in g  s o u n d s  (e .g ., h u m a n  + h u m a n , h u m a n  + 

n o is e ); 4 ) am b ie n t  s o u n d s  (e .g ., s o u n d s  re s u lt in g  f ro m  c ro w d  g a th e r in g s , t ra n s ie n t  n o is e s , e t c .); a n d  5 ) o th e r  

m e d ia  n o is e  (e .g ., t e le v is io n , ra d io , t e le p h o n e , e le c t ro n ic  to y s , e t c .).


