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Acoustic cue /s/ patterns with aspirated or lenis category 

VOT (s) Unclear (long-ish VOT) 

f0 (Hz) Aspirated (raised f0) 

H1-H2 (dB) Compatible with both (high H1-H2) 

Fricative 
duration (s) 

Lenis  
(significantly shorter duration than fortis) 

COG (Hz) Lenis  
(significantly lower COG than fortis) 

 
 
 



B"*(;"V*(#A$&('($&*+&)'

•  K$&+*'!'D"#1*-Y;*"&Zcc'''

'-/%`;&+-' '!'Y/%`&8+Z' '](A+1"&^'

'-/%`;&-%- '!'Y/%`&-%Z' ']*9/""C'E"D'(/"A)/(H^'
' ' ' ' ' 'dY/%`&8%Z''
"-/%`;%e5-' '!'Y/%`%8e5Z ']*(A.4^'

'



f&+1%C'($&*+g9%1"&'

•  h"#.;+&+1%C'C$&+*'i'C$&+*'j'D"#1*'

'-9A5(%-'j'-98A5(%-' ' ' ']("')#+CC^'

'-&"`^(%-'j'-&8"`^(%- ' ' ']("'*1#D#4^'

'-)%`^(%-'j'-)8%`^(%-' ' ' ']("'9C$%&^'

'-:"`%`-'j'-:8"`%`- ' ' ']5+$9$^'

"9DO'<X0' '-`%9_+-'i'-98%9_+- ']L%)5+$^'

' ' ' '-5ACP/+-'i'-&8AC+-']#""( '̂'
'-%"&%`+-'j'-%8"&%`+- ' ' ']#%+&'*/"P$#^'

'-%$(%-'j'-%8$(%- ' ' ' ']*(#"&)^'



W"A&.'*4LV"C+*L'

•  K$&+*I')$&(C$#,'kA+$($#,l'
•  a"#1*-M*5+#%($.I'L"#$'+&($&*$'

– 5%&9^%`'j'5^%&9^%`'])C+m$#+&)^'
– 5+n5+n'j'5^+n5^+n'j'5_+n5_+n']#"A&.'%&.'#"A&.^'
– *%`*%`'j'*^%`*^%`''
– *on`e*'j'*^on`e*'
'



a$%(A#$'/+$#%#9/4'

!!!!!!"#$#%&'!
!

! !
! !

(! ! ! !! )*#%+,%-&%+.!
!
!

)+/%0/.! ! (! ! )+/%0/.! ! (!
! ! ! ! !"!# # ####!$%!# #### !$!# #
!
)&01,$&+/2.!!!!(! ! !
!!!!!!!!"&!# ###!"%!#
!

!
"#$#%&'!
!

! !
34*#%+,%-&%+5!! ! ! !6*#%+,%-&%+!

! !
!

6+/%0/!! ! 34+/%0/5! 6+/%0/!! ! 34+/%0/5!
! ! ! ! !!!!!"!# # ####!$%!# # ## ###!$!# #
!
6&01,$&+/2! 34&01,$&+/25! ! ! !
!!!!!!!!"&!# ###!"%!#
!

!
!!
!!

!
!
!



M*5+#%1"&'

•  -/-'['C$&+*,'C$&+*'['-/-'!'%*5+#%($.'

'-9"/;(%-' 'Y9");%Z' ' ']+*')"".^'

'-`e5;/%(%- 'Y`e&;%(%Z ']+*'A#)$&(^'

'



-*-'+*'Y%*5+#%($.Zp'

•  !%)%4%'E<:FqH,'f2$#*"&'
E<:brH,'M2$#4's'f.*%#.+'
E=>><H'
– N"('*AV@$9('("'+&($#*"&"#%&('
2"+9+&)''EVA('*$$'0/"'$('%CO'
=>>=H'

– h+.$')C"m%C'"5$&+&)'EVA('*$$'
3O'!+L'$('%CO'=>>bH'

•  a%9(*'%#$'.+*5A($.'VA('+('+*'
D%+#'("'*%4'(/%('-*-'+*'L"#$'
%*5+#%($.;C+`$'(/%&'#$)AC%#'
C$&+*'"V*(#A$&(*O'



-*-'%*'%*5+#%($.I'&"('A&$T5$9($.'

•  W($2$&*'%&.'!$4*$#'E=>><HI'Qf&'(/$'9%*$'"D'D#+9%12$*,'
/"P$2$#,'%+#'LA*('9"&1&A$'("'t"P'(/#"A)/'(/$'
*A5#%)C"m%C'9"&*(#+91"&,'%&.'9"&*$kA$&(C4'(/$'.$D%AC('
9"&g)A#%1"&'D"#'(/$')C"u*'+*'*"L$P/%('*5#$%.OR'

•  !+&)*("&'E=><<HI'Qv"+9$C$**'D#+9%12$*'%#$'5#".A9$.'
P+(/'%'P+.$;"5$&')C"u*'EK"'wDk2+*('s'?"*/+"`%,'<:b>x'
?"*/+"`%,'K"'wDk2+*(,'s'3+#"*$,'<:b<H,'*"'(/$4'
5/"&$19%CC4'#$*$LVC$'(/$'*$)L$&(*'*5$9+g$.'D"#'(/$*$'
D$%(A#$*,'%&.'(/%('5/"&$19'#$*$LVC%&9$'9"AC.'V$'
$&"A)/'D"#'(/$L'("'5%m$#&'P+(/'(/$'*$)L$&(*'
*5$9+g$.'D"#'Y2"+9$Z'"#'Y*5#$%.')C"u*Z'+&'(/$*$'*"A&.'
9/%&)$*OR'



-*-'%*'%*5+#%($.I'&"('A&$T5$9($.'

•  v%AT'E<::bHI'v"+9$C$**'D#+9%12$*'5%m$#&'P+(/'
%*5+#%($.'*("5*'5/"&"C")+9%CC4'+&'M#L$&+%&,'
y#$$`,'B%C+,'W%&*`#+(,'W5%&+*/,'%&.'8/%+O'



v78'L$#)$#'+&'W$"AC'!"#$%&'

•  v78'"D'%*5+#%($.'*("5*'%#$'*/"#($&+&)'("'L$#)$'
P+(/'(/%('"D'C$&+*'*("5*'+&'4"A&)$#'*5$%`$#*^'
*5$$9/'EW+C2%'=>>X,'h#+)/('=>>F,'!%&)'%&.'yA+"&'
=>>b,'!%&),'$('%CO'=><=H'L"#$'+&'D$L%C$*'(/%&'
L%C$*'E7/'=><<HO'

•  v78'"D'-*-p'
•  Nf!K'E8/$'N%1"&%C'f&*1(A($'"D'!"#$%&'K%&)A%)$H'
9"#5A*'EL"#$'%V"A('(/+*'C%($#'(".%4H'

–  W$&($&9$;+&+1%C'*("5*'E:'D#"L'$%9/'"D'<<F'*5$%`$#*H'

'



W("5'v78'+&'Nf!K'
0

20
40

60
80

10
0

12
0

M
ea

n 
V

O
T(

m
s)

1930s  1940s  1950s  1960s  1970s  1980s    
Year of Birth

Female aspirated
lenis
fortis

0
20

40
60

80
10
0

12
0

M
ea

n 
V

O
T(

m
s)

1930s  1940s  1950s  1960s  1970s  1980s    
Year of Birth

Male aspirated
lenis
fortis



v78'"D'-*-'+&'Nf!K'
0

20
40

60
80

10
0

12
0

M
ea

n 
V

O
T(

m
s)

1930s  1940s  1950s  1960s  1970s  1980s    
Year of Birth

Female aspirated
lenis
fortis
/s/

0
20

40
60

80
10
0

12
0

M
ea

n 
V

O
T(

m
s)

1930s  1940s  1950s  1960s  1970s  1980s    
Year of Birth

Male aspirated
lenis
fortis
/s/



U+*$'"D'Q("&$R'+&'W$"AC'!"#$%&'

•  M99$&(A%C'5/#%*$'V"A&.%#4'("&$*'EzA&'<::r,'
<::XH'
– K3I'G$D%AC('5%m$#&''
' 'K'''3''' ''''''''K''''3'

' 'Y{'''{''''llO''{''''{ZMB'
– 33I'f&+1%C'0'+*'D"#1*'"#'%*5+#%($.O"'
' '3'''3''''' '''''''K''''3'

' 'Y{'''{''''llO''{''''{ZMB'
– -*-'E%&.'-*^-HI'33'



a>'+&'Nf!K'
10

15
20

25
M

ea
n 

St

1930s  1940s  1950s  1960s  1970s  1980s    
Year of Birth

Female aspirated
lenis
fortis

0
5

10
15

M
ea

n 
St

1930s  1940s  1950s  1960s  1970s  1980s    
Year of Birth

Male aspirated
lenis
fortis



a>'"D'-*-'+&'Nf!K'
10

15
20

25
M

ea
n 

St

1930s  1940s  1950s  1960s  1970s  1980s    
Year of Birth

Female aspirated
lenis
fortis
/s/

0
5

10
15

M
ea

n 
St

1930s  1940s  1950s  1960s  1970s  1980s    
Year of Birth

Male aspirated
lenis
fortis
/s/



a>'"&'v='+&'Nf!K'
10

15
20

25
M

ea
n 

St

1930s  1940s  1950s  1960s  1970s  1980s    
Year of Birth

Female-V2 aspirated
lenis
fortis

0
5

10
15

M
ea

n 
St

1930s  1940s  1950s  1960s  1970s  1980s    
Year of Birth

Male-V2 aspirated
lenis
fortis



a>'"D'-*-'"&'v='+&'Nf!K'
10

15
20

25
M

ea
n 

St

1930s  1940s  1950s  1960s  1970s  1980s    
Year of Birth

Female-V2 aspirated
lenis
fortis
/s/

0
5

10
15

M
ea

n 
St

1930s  1940s  1950s  1960s  1970s  1980s    
Year of Birth

Male-V2 aspirated
lenis
fortis
/s/



QB/"&"C")+J$.R'

•  'Q|&C+`$'+&'S&)C+*/'%&.'a#$&9/,'(/$'5/#%*$'
+&+1%C'3'("&$'+&'!"#$%&'+*'l'!"#$#%#&'()*'
Y$L5/%*+*'?z!ZOR'EzA&'<::XH'

•  -*-'%9(*'C+`$'Y%*5+#%($.ZO'



8""'L%&4'&%(A#%C'9C%**$*''
("'%99"A&('D"#'

);" )" )<" %" %<"

Y9"&(Z' [' ['

B78' [' ['

a>' [' [' [' ['

MWB' [' ['



QW(%&.;+&R'D$%(A#$*p'

•  C$&)(/'s'kA%C+(4'+&'2"P$C*'!'Y($&*$Z''

'E9DO'U"/%&4'U%/V%#'=><<,'B$#*+%&H''

•  Y+Z'%*'Y;#"A&.Z'(#+))$#+&)'%**+V+C%1"&'+&'a+&&+*/'
•  8/+*'P"#`*'D"#'9%*$*'P/$#$'4"A'/%2$'%'D$%(A#$'
*4*($L'(/%(')+2$*'4"A'(/$'&%(A#%C'9C%**$*'4"A'
P%&('VA('(/$'9"&($&('"D'D$%(A#$*'+*'&"('kA+($'
#+)/(O'

•  }A(,'+&'(/$'9A##$&('9%*$,'P$'%#$'/%2+&)'(#"AVC$'
)$u&)'(/$'&%(A#%C'9C%**$*'(/%('P$'P%&(O''



B"*(;C$T+9%C'5/"&"C")4'

•  v78'C"P$#+&)'%&.'a>'#%+*+&)'%#$'9"&.+1"&$.'
V4'M99$&(A%C'B/#%*$'V"A&.%#+$*O''

•  M99$&(A%C'B/#%*$*'%#$'%2%+C%VC$'"&C4'+&'5"*(;
C$T+9%C'5/"&"C")4O'

•  f('*$$L*'#$%*"&%VC$'("'%**AL$'(/%('(/$'
0"&(#%*12+*('345"(/$*+*'."$*'&"('%55C4'("'
5"*(;C$T+9%C'5/"&"C")4,'P/$#$'*(#A9(A#$'

5#$*$#2%1"&'+*'&"('A5/$C.O'



K+D$;949C$'"D'5/"&"C")4'E!+5%#*`4,&.H'

QW"A&.'9/%&)$'9%&'V$'%**AL$.'("'"#+)+&%($'(/#"A)/'
*4&9/#"&+9'2%#+%1"&'+&'(/$'5#".A91"&,'5$#9$51"&,'%&.'
%9kA+*+1"&'"D'C%&)A%)$,'D#"L'P/$#$'+('+*'+&($#&%C+J$.'V4'
C%&)A%)$'C$%#&$#*'%*'5%#('"D'(/$+#'5/"&"C")+9%C'*4*($LO'
YlZ'8/$*$'5/"&$19'+L5C$L$&(%1"&'#AC$*'L%4'+&'(A#&'
V$9"L$'#$+&($#5#$($.'%*'5/"&"C")+9%C'#AC$*,'$+(/$#'
5"*(C$T+9%C'"#'C$T+9%C,YlZ'%('P/+9/'5"+&('(/$'%55#"5#+%($'
*(#A9(A#%C'9"&.+1"&*'"&'(/$L'%#$'+L5"*$.'V4'(/$'
5#+&9+5C$*')"2$#&+&)'(/%('L".AC$O'f&'(/$'5/"&"C")+J$.'
*(%)$*'"D'(/$+#'C+D$;949C$,'#AC$*'($&.'("'#+*$'+&'(/$'
/+$#%#9/4'"D'C$2$C*,'P+(/'C$2$C'<'%*'(/$+#'g&%C'#$*1&);
5C%9$OR'



B#$.+91"&'"D'(/$'0"&(#%*12+*('
/45"(/$*+*'

•  M'&$P'5/"&"C")+9%C'#AC$'L%4'V$'VC"9`$.'D#"L'
L"2+&)'+&("'(/$'C$T+9%C'C$2$C'+D'(/$#$'%#$'"(/$#'
5#"9$**$*'(/%('A*$'A5'(/$'9"&(#%*12$'D$%(A#$'

*5$9+g9%1"&*O''

•  MC($#&%12$C4,'(/$'&$P'#AC$'L%4'V$'%."5($.'%('
(/$'$T5$&*$'"D'"(/$#*O''

– M'9/+C.'C$%#&*'a>'#AC$'g#*('%&.'(/$&'L%4'Q+)&"#$R'
(/$'"(/$#*'%*'(/$+#'D$%(A#$'*5$9+g9%1"&'."$*'&"('
%CC"P'(/$'5"**+V+C+(4O''

'



'

W(%4'(A&$.~'


