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Abstract
This paper presents a quantitative study of vowel reduction in five 
Eastern dialects of Catalan, a Romance language spoken in northeastern 
Spain in the autonomous region of Catalonia.  For each of the five 
dialects, the study: a)  verifies the impressionistic descriptions reported 
in the literature, b)  provides quantitative acoustic data for both the 
stressed and unstressed vowel inventories, and c)  shows that Catalan 
vowel reduction is characterized primarily by raising (of the first 
formant; F1) and not centralization (or reduction of both the first and 
second formants; F1 and F2).

1. Introduction
The term ‘vowel reduction’ means something different for phoneticians 

and phonologists (on this point, see Herrick, 2003).  Phoneticians typically 
define vowel reduction as a gradient tendency for vowels to centralize (or 
for the overall vowel space to shrink) due to various factors – the most 
common being shortened duration, speech rate, register, word size, stress 
and/or consonantal context.  Phonologists, on the other hand, use vowel 
reduction to refer to the neutralization of vowel contrasts under stress-
dependent conditions (Crosswhite, 1999).  Thus, where phoneticians refer to 
a reduction in the size of the vowel space, phonologists refer to a reduction 
of the number of vowels in the vowel inventory.

Most phonologists feel that phonetic and phonological vowel reduction 
should be linked, and recent research (especially Barnes, 2002; Crosswhite, 
1999, 2004; Flemming, 1995, 2004; Padgett, 2004; Padgett & Tabain, 
2005) has attempted to make the link explicit by explaining phonological 
vowel reduction (roughly) as follows: (i) unstressed vowels are shorter in 
duration than stressed vowels; (ii) a decrease in duration makes it more 
difficult to achieve the jaw lowering necessary for low vowels (this results 
in considerable F1 formant undershoot for low vowels); (iii) F1 formant 
undershoot effectively raises the floor of the vowel space causing the overall 
vowel space to shrink (phonetic vowel reduction); (iv) in this shrunken 
vowel space, the perceptual distance between vowels also shrinks making 
neighboring vowels more easily confused; and (v) ultimately, this confusion 
leads to neutralization (phonological vowel reduction).
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Phonetic vow
el reduction allow

s for reduction along F1 (raising) and/or 
F

2 (centralization); how
ever, the phonological explanation above m

akes 
crucial reference only to the reduction of the first form

ant (raising)
1 – see 

points (ii) and (iii) in particular.  T
his paper supports recent phonological 

theory by show
ing that the overall F1 range in unstressed position is reduced 

by roughly one third in five distinct varieties of C
atalan – a R

om
ance 

language spoken in N
orth-E

astern S
pain.  F

urtherm
ore, these varieties 

show
 alm

ost no centralization (reduction along F2) – a characteristic that 
distinguishes C

atalan from
 languages like E

nglish w
hich exhibit relatively 

strong centralization (reduction along F
2; M

oon &
 L

indblom
 1994).  

Finally, even though this paper focuses exclusively on the reduction in the 
acoustic vow

el space, the follow
ing section provides a brief background to 

the vow
el inventories and neutralization patterns in C

atalan.

1.1. Phonological B
ackground

C
atalan is traditionally divided into E

astern and W
estern varieties – 

E
astern varieties allow

 schw
a in unstressed position w

hile W
estern varieties 

do not.  T
his paper exam

ines five E
astern varieties (see H

errick, 2003 
for a discussion of W

estern C
atalan) – tw

o belonging to C
entral C

atalan 
(represented by speakers from

 the B
ages and G

irona regions) and three 
belonging to B

alearic C
atalan (represented by speakers from

 the cities of 
Palm

a, L
loseta, and C

iutadella).

Table 1.  Standard C
atalan (B

ages C
atalan) – A

 V
ow

el Inventory
 

 
a.  Stressed vow

els  
 

b.  U
nstressed vow

els
 

i 
 

 
 

 
 

u 
i 

 
u

 
 

e 
 

 
 

o
 

 
 

ɛ 
 

ɔ 
 

 
 

ə
 

 
 

 
a

S
tandard C

atalan, w
hich is represented here by speakers from

 the 
B

ages region, allow
s seven vow

els in stressed position (/ i, e, ɛ, a, ɔ, o
, 

u
/) and three vow

els in unstressed position (/ i, ə, u
/) as show

n in Table 
1.  In unstressed position, rounded vow

els surface as [ u] w
hile non-high, 

non-round vow
els surface as [ ə].  T

he other four varieties all vary slightly 
from

 this pattern in term
s of their vow

el inventories and / or neutralization 
patterns as detailed in T

able 2 and the paragraph below
.  F

or m
ore 

inform
ation on these varieties please see H

errick (2003), M
ascaró (1976, 

1983, 2002), M
oll (1991), and R

ecasens (1986, 1991).

1
C

rossw
hite (1999) proposes a non-unified account of phonological vow

el 
reduction in w

hich one type of vow
el reduction (prom

inence enhancing vow
el 

reduction) need not depend on raising.

Table 2.  Sum
m

ary C
lassification of the Five V

arieties of E
astern C

atalan

R
egion

M
inor 

V
ariety

N
um

ber 
of stressed 
vow

els

N
um

ber of 
unstressed 
vow

els

stressed 
schw

a
unstressed 
schw

a

B
ages 

C
entral

7
3

no
yes

G
irona 

C
entral

6
3

no
yes

Palm
a 

B
alearic

8
4 (5)

yes
yes

L
loseta 

B
alearic

7
4 (5)

no
yes

C
iutadella

B
alearic

8
3

yes
yes

G
irona C

atalan and C
iutadella C

atalan share the sam
e neutralization 

pattern (round vow
els surface as [ u

]; non-high non-round vow
els surface 

as [ ə]).  H
ow

ever, G
irona C

atalan allow
s only six stressed vow

els (one less 
than Standard C

atalan: the back m
id vow

els / ɔ/ and / o/ have m
erged into a 

vow
el w

hich is often transcribed w
ith a capital ‘O

’ due to its interm
ediate/

indeterm
inate height; see R

ecasens, 1986).  O
n the other hand, C

iutadella 
C

atalan allow
s eight vow

els (allow
ing stressed schw

a) and belongs to 
B

alearic C
atalan (R

ecasens, 1986, 1991).  For Palm
a and L

loseta C
atalan, 

the neutralization pattern differs considerably from
 B

ages C
atalan.  In 

both of these B
alearic varieties the m

id back vow
els / ɔ/ and / o/ surface as 

[ o] in unstressed position (it w
ould be [ u] in B

ages C
atalan), and / e/ and 

/ ɛ/ som
etim

es surface as [ e] and som
etim

es as [ ə] (there is considerable 
variation; M

ascaró, 2002; H
errick, 2003).  Palm

a and L
loseta C

atalan also 
differ in their stressed vow

el inventories; L
loseta allow

s seven and Palm
a 

eight vow
els.

2. M
ethodology

F
or this study, three native speakers – all fem

ale college students 
betw

een the ages of 18-25 – from
 each of the five regions w

ere recorded 
uttering nonsense w

ords w
ithin a carrier phrase.  B

ecause m
ost C

atalan 
speakers are bilingual S

panish speakers, “native speakers” w
ere lim

ited 
to those (i) w

ho claim
ed to be native speakers (and use prim

arily C
atalan 

in their daily life) and  (ii) w
ho reported that both their parents w

ere 
native speakers of C

atalan.  A
 m

ap indicating the hom
etow

n for each of 
the speakers is show

n in Figure 1 below
.  Speakers 11-14 represent B

ages 
C

atalan (Standard C
atalan), and speakers 31-33 represent G

irona C
atalan – 

both varieties of C
entral C

atalan.  Speakers 41-43 represent Palm
a C

atalan, 
speakers 47-49 represent L

loseta C
atalan, and speakers 51-53 represent 

C
iutadella C

atalan (all varieties of B
alearic C

atalan).
R

ecordings w
ere m

ade of free speech, real w
ords, and nonsense w

ords, 
but only the nonsense w

ords are analyzed here (because the real-w
ord 
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lists could not be kept consistent betw
een varieties).  T

he nonsense w
ords 

consisted of a list of verbs in 2
nd person singular form

 in the shape /bV
pes/ 

(w
here ‘V

’ is replaced by the stressed vow
els allow

ed in each variety).
E

ach w
ord w

as uttered in a carrier phrase (show
n in (1) below

).  
Sentence (1a) forces the infinitival form

 in w
hich the target vow

el w
ould 

be unstressed ( [bV ˈpa]), and sentences (1b) and (1c) force the third person 
singular form

 in w
hich the target vow

el is stressed ([ ˈbV pa]).  T
his allow

s 
for us to record ten repetitions of both the stressed and 

c
o

r
r
e
s
p

o
n

d
in

g 
unstressed vow

els for each speaker.  For each variety, then, N
=30 for each 

stressed vow
el, and N

=
30 or m

ore (in the case of neutralization) for each 
unstressed vow

el.

(1) 
a.  la

 fr
a
s
e
 é

s
 s

e
m

p
re

 _
_
_
_
_
_
_
 a

 la
 n

it (the phrase is alw
ays __ at night)

b.  e
ll s

e
m

p
r
e
 _

_
_
_
_
_
 a

 la
 n

it  
 

 
(he…

)
c.  e

lla
 s

e
m

p
r
e
 _

_
_
_
_
_
 a

 la
 n

it 
 

 
(she…

)

Figure 1.  A
 m

ap of C
atalonia show

ing each speaker’s hom
etow

n

A
ll recordings w

ere m
ade in C

atalonia on a D
A

T
 recorder, digitized at 

44.1kH
z, low

 pass filtered below
 6000H

z, and analyzed using the PR
A

A
T

 
(B

oersm
a &

 W
eenik, 2002) phonetics softw

are package (L
P

C
 analysis, 

25m
s w

indow
).  A

ll 2040 tokens w
ere m

easured for F1-F3 (the first three 
form

ants).  T
he location for m

easurem
ents w

as m
ade as show

n in (2).

(2) 
T

he location for form
ant m

easurem
ents w

as determ
ined as follow

s:
(i) 

if F1 had a single peak, F1-F3 w
ere m

easured at the point w
here F1 

reached its peak
(ii) 

if no unique m
ax could be found for F

1 (if F
1 contained m

ultiple 
peaks or if F1 w

ere a constant cline), the m
easurem

ent w
as m

ade at 
the peak (or valley) of F2; 

(iii) if there w
as no unique m

ax or m
in for F

2, the m
easurem

ent w
as 

m
ade at the m

id-point of the vow
el (as determ

ined by eye).

3. R
esults

3.1. D
escriptive R

esults
In this section, I present tables of averaged data for the first three 

form
ants (F1-F3) for each of the five varieties of C

atalan follow
ed by F1 

x F2 vow
el plots.  T

he data has been presented in E
q

u
iv

a
le

n
t R

e
c
ta

n
g

u
la

r
 

B
a

n
d

w
id

th
 –

 a perceptual scale w
hich m

odels hum
an hearing in a sim

ilar 
but superior w

ay to the B
A

R
K

 scale (M
oore &

 G
lasberg, 1996; for 

m
easurem

ents in the m
ore fam

iliar H
ertz scale, see H

errick, 2003).  Finally, 
each data cell in the tables below

 contains tw
o num

bers – the first num
ber is 

the average value in E
R

B
, and the second num

ber (below
 it) is the standard 

deviation for that cell (e.g. in Table 3, stressed F1 for / i/ has an average of 
9.3 E

R
B

, w
ith a standard deviation of 0.9).

3.2. D
iscussion and A

nalytical R
esults

T
here are tw

o points I w
ould like to m

ake in this section.  First, the data 
presented in the follow

ing tables are consistent (in term
s of the num

ber of 
vow

el phonem
es, the neutralization patterns, and, in the case of the B

alearic 
varieties, the relatively open/low

 quality of the low
-m

id vow
els / ɛ/ and 

/ ɔ/) w
ith the im

pressionistic descriptions found in the C
atalan literature 

(for phonetically oriented descriptions see R
ecasens, 1986, 1991; and for 

phonologically oriented descriptions see M
ascaró, 1983, 2002; W

heeler, 
1979).  Furtherm

ore, the F1 x F2 vow
el plots for B

ages C
atalan (Standard 

C
atalan) show

 strong sim
ilarities to previously published acoustic data 

(R
ecasens, 1986; Planas, 2000) – the prim

ary differences being attributable 
to the fact that this study reports data for fem

ale speakers w
hile the other 

tw
o studies report data for m

ale speakers (w
ho have a low

er F0 and m
ore 

com
pact vow

el space).  F
urther com

parison of vow
el plots for the other 

varieties is im
possible due to the lack of previous (published) quantitative 

acoustic data (though see M
ontoya 1998 for a vow

el plot of B
alearic 

C
atalan).  (For further details on these points, please see H

errick, 2003.)
T

he second point is that for all five of the varieties described in the 
previous section, the data show

 a reduction of the F
1 range (raising) in 

unstressed vow
els w

hich is greater than 40%
 w

hile the reduction of the 
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T
able 5. Palm

a C
atalan D

ata (in E
R

B
) 

 
 

A
verages for Speakers 41, 42, 43 

 
 

Stressed  
 

U
nstressed 

 
 

F1 
F2 

F3 
F1 

F2 
F3 

 
i 

8.9 
23.0 

24.5 
9.0 

22.4 
24.1 

i
 

(0.5) 
(0.9) 

(0.8) 
(0.4) 

(1.2) 
(0.9) 

e 
11.2 

21.6 
24.1 

11.7 
20.4 

24.0 
e

2

 
(0.4) 

(1.0) 
(0.6) 

(0.4) 
(1.2) 

(0.6) 
 

13.6 
21.0 

24.1 
 

{realized as [
]}

 
(0.4) 

(0.8) 
(0.5) 

 
11.8 

17.7 
23.7 

 
{realized as [

]}
 

(0.4) 
(0.5) 

(0.6) 
a 

14.5 
18.8 

23.4 
11.5 

17.6 
23.1 

 
(0.7) 

(0.8) 
(0.5) 

(0.8) 
(0.5) 

(0.8) 
 

13.6 
17.0 

23.4 
 

{realized as [o]}
 

(0.5) 
(0.4) 

(0.4) 
 

o 
11.3 

15.7 
23.8 

11.4 
15.9 

23.4 
o

 
(0.4) 

(0.5) 
(0.5) 

(0.5) 
(0.4) 

(0.7) 
u 

9.7 
14.1 

23.6 
9.7 

14.6 
23.4 

u
 

(0.2) 
(0.7) 

(0.8) 
(0.6) 

(0.4) 
(0.8) 

Figure 4.  F1 x F2 vow
el plot for Palm

a C
atalan 

                                                          
2 R

eduction to [e] in Palm
a (and L

loseta) C
atalan is com

plicated – under certain 
conditions /e,

,
/ reduce to [e] not [

] (see H
errick, 2003 and references therein).

/i/

/
/

/e/

/
/

/a/
/

/

/o/

/u/
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F
2 range (centralization) never exceeds 12%

.  T
he conclusion w

e m
ust 

draw
 from

 this is that vow
el reduction in E

astern C
atalan is characterized 

prim
arily by raising and 

n
o

t centralization.  T
he reduction data for each 

variety is provided in Table 8 below
.  

Table 8. T
he D

egree of R
eduction for F1 and F2 (A

veraged D
ata)

 
R

egion 
A

veraged D
ata

 
F1 decreases 

F2 decreases
 

B
ages 

44%
 

12%
 

G
irona 

51%
 

  7%
 

Palm
a 

52%
 

12%
 

L
loseta 

59%
 

  6%
 

C
iutadella 

47%
 

  6%
 

T
O

TA
L

 
51%

 
  9%

In Table 8, the decrease in F1 has been determ
ined by subtracting the 

total range of F1 for the vow
els in unstressed position (typically / i/ and / ə/) 

from
 the total range of F

1 for stressed vow
els (typically / i/ and / a/).   To 

facilitate com
parison betw

een varieties, this difference is then represented 
as a percent (rather than a raw

 value). (M
u
ta

tis
 m

u
ta

n
d
is for F2.)

A
 potential problem

 w
ith the data as portrayed in Table 8 is that by using 

the average data for each vow
el, it ignores the difference in variation show

n 
betw

een som
e vow

els.  In particular, schw
a often show

s m
ore variation 

than other vow
els, and it is possible that the variation am

ong different 
tokens of schw

a – w
hen com

pared to the variation show
n by stressed vow

el 
tokens – could decrease the degree to w

hich w
e find reduction.  In fact, 

w
hen w

e m
easure the degree of reduction betw

een stressed and unstressed 
vow

els using the ranges of to
k
e
n
s (not averaged values) the total am

ount of 
reduction decreases.

A
n alternative, and stricter, m

easure of reduction is possible if w
e use 

the token m
easurem

ents for all vow
els rather than the averaged data for the 

vow
els.  T

his m
ethod com

pares the m
axim

al range of tokens for stressed 
position w

ith the m
axim

al range of tokens for unstressed positions, and it 
should show

 a slightly different picture since it is possible that the token-
based range w

ould show
 a different – probably lesser – degree of reduction. 

For exam
ple, if the greater variability of schw

a resulted in a large increase 
to the F1 range for unstressed vow

el tokens w
hile the range of the stressed 

vow
el tokens rem

ained roughly the sam
e, then, as a consequence, the degree 

of raising found w
ould decrease.  

Table 9 illustrates the decrease found for F1 and F2 w
hen com

paring the 
m

axim
al F1 range for all stressed vow

el tokens w
ith the m

axim
al F1 range 

for all unstressed vow
el tokens.  A

s suspected, the degree of the decrease 
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in range for F1 (the degree of raising) shrinks w
hen using the token-based 

m
easure.  O

verall, the degree of F1 raising is 39%
 by this m

easure w
hile it 

w
as 51%

 using the vow
el averages show

n in Table 8.
Surprisingly though, the conclusion that E

astern C
atalan vow

el reduction 
is characterized by raising (a decrease in F

1) and not centralization (a 
decrease in F2) is only strengthened by the data in Table 9.  T

he reason for 
this is tw

ofold; first, although the degree of reduction for F1 shrinks w
hen 

using the token ranges, the sam
e is also true for F2 (only 4%

 w
ith the token 

m
easure).  S

econd, the decrease along F
2 is 

n
o

t 
c
o

n
s
is

te
n

t – in fact, the 
F2 range even show

s an increase for C
iutadella C

atalan w
hen w

e use this 
m

easure.
W

hen w
e look at the data speaker-by-speaker in Table 10 (instead of 

the three speaker averages for each variety), the result is strengthened even 
m

ore.  O
f the fifteen speakers, three actually show

 an in
c
r
e
a
s
e in the range 

of F2 for unstressed vow
els, w

hile tw
o show

 no change, and the rem
ainder 

vary considerably in the degree to w
hich F

2 decreases.  T
he range of F

1 
for unstressed vow

el tokens, on the other hand, show
s a consistent and 

considerable decrease for a
ll fifteen speakers.

4. C
onclusion

T
he data Tables 3-7 and vow

el plots in Figures 2-6 provide quantitative 
acoustic data for the stressed and unstressed vow

el inventories of C
atalan.  

T
hey also verify the im

pressionistic descriptions for each variety found 
in the literature.  T

he reduction tables (Tables 8-10) show
 that there is a 

consistent decrease in the range of the first form
ant (F

1) for unstressed 
vow

els regardless of w
hether the m

easurem
ents are calculated based 

on average ranges (Table 8) or token ranges (Tables 9 and 10).  F
urther 

exam
ining the vow

el plots and data tables show
s that this decrease is due 

to 
r
a

is
in

g of vow
el height w

ith no (or very little) low
ering of vow

els (in 
other w

ords a decrease in the m
axim

um
 F1 values w

ith alm
ost no change 

in the m
inim

um
 F

1 values).  C
onversely, there is neither a consistent 

nor considerable decrease in the range of F
2 for unstressed vow

els, and 
the com

bination of these factors leads to the inescapable conclusion that 
vow

el reduction in E
astern C

atalan is characterized by 
r
a

is
in

g and not 
c
e
n
tr

a
liz

a
tio

n.
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Table 9. T
he D

egree of R
eduction for F1 and F2 (Token D

ata)
 

R
egion 

A
veraged D

ata
 

F1 decreases 
F2 decreases

 
B

ages 
29%

 
  6%

 
G

irona 
38%

 
  4%

 
Palm

a 
42%

 
13%

 
L

loseta 
50%

 
  5%

 
C

iutadella 
35%

 
-6%

 
T

O
TA

L
 

39%
 

4%

Table 10. R
eduction of F1 and F2 in U

nstressed Tokens for E
ach Speaker 

 
Speaker 

B
ased on individual tokens

 
 

F1 decrease 
F2 decrease

 
B

ages 11 
20%

 
19%

 
B

ages 13 
43%

 
  2%

 
B

ages 14 
25%

 
-4%

 
G

irona 31 
26%

 
  7%

 
G

irona 32 
49%

 
  4%

 
G

irona 33 
38%

 
  1%

 
Palm

a 41 
43%

 
25%

 
Palm

a 42 
36%

 
  5%

 
Palm

a 43 
47%

 
  8%

 
L

loseta 47 
57%

 
  1%

 
L

loseta 48 
38%

 
14%

 
L

loseta 49 
56%

 
  0%

 
C

iutadella 51 
42%

 
  0%

 
C

iutadella 52 
30%

 
-6%

 
C

iutadella 53 
33%

 
-12%



240　
H

errick
　

E
astern C

atalan V
ow

el R
eduction Is C

haracterized by R
aising　

241

A
ngeles.

Flem
m

ing, E
. (2004). C

ontrast and perceptual distinctiveness.  In B
. H

ayes, 
R

. K
irchner, &

 D
. S

teriade (E
ds.), 

P
h

o
n

e
tic

a
lly

 
b

a
s
e
d

 
p

h
o

n
o

lo
g

y
 (pp.  

232-276).  C
am

bridge: C
am

bridge U
niversity Press.

H
errick, D

. (2003). A
n
 a

c
o
u
s
tic

 a
n
a
ly

s
is

 o
f p

h
o
n
o
lo

g
ic

a
l v

o
w

e
l r

e
d
u
c
tio

n
 in

 

s
ix

 v
a

r
ie

tie
s
 o

f C
a

ta
la

n.  U
npublished doctoral dissertation, U

niversity 
of C

alifornia, Santa C
ruz, Santa C

ruz.
M

ascaró, J. (1976). 
C

a
ta

la
n

 
p

h
o

n
o

lo
g

y
 
a

n
d

 
th

e
 
p

h
o

n
o

lo
g

ic
a

l 
c
y
c
le.  

U
n

p
u

b
lish

ed
 d

o
cto

ral d
issertatio

n
, M

assach
u

setts In
stitu

te o
f 

Technology, C
am

bridge.
M

ascaró, J. (1983). 
L

a
 
fo

n
o

lo
g

ia
 
c
a

ta
la

n
a

 
i 

e
l 

c
ic

le
 
fo

n
o

lò
g

ic [C
atalan 

and the phonological cycle]. U
niversitat A

utònom
a de B

arcelona, 
B

ellaterra, Spain. (R
evised C

atalan version of 
C

a
ta

la
n

 
p

h
o

n
o

lo
g

y
 
a

n
d
 

th
e
 
p

h
o

n
o

lo
g

ic
a

l 
c
y
c
le, by J. M

ascaró, 1976, U
npublished doctoral 

dissertation, M
assachusetts Institute of Technology, C

am
bridge)

M
ascaró, J. (2002). E

l sistem
a vocàlic: R

educció vocàlica [T
he vow

el 
system

: V
ow

el reduction].  In J. Solà et al. (E
ds.), G

r
a
m

à
tic

a
 d

e
l c

a
ta

là
 

c
o
n
te

m
p
o
r
a
n
i  (pp. 89-123).  B

arcelona: E
ditorial E

m
púries.

M
oll, F. de B

.  (1991). G
r
a
m

à
tic

a
 h

is
tò

r
ic

a
 c

a
ta

la
n
a [A

 historical gram
m

ar 
of C

atalan].  V
alència: U

niversitat de V
alència.

M
ontoya A

bat, B
. (1998). M

esures estadístiques acústiques del canvi 
fonològic en el vocalism

e balear [A
 statistical phonetic account of the 

changes in the B
alearic vow

el system
].  R

e
v
is

ta
 d

e
 L

le
n
g
u
a
 i L

ite
r
a
tu

r
e, 

75-91.
M

oon, S.-J., &
 L

indblom
, B

. (1994). Interaction betw
een duration, context, 

and speaking style in E
nglish stressed vow

els.  J
A

S
A

, 9
6
, 40-55.

M
oore, B

., &
 G

lasberg, B
. (1996). A

 revision of Z
w

icker’s loudness m
odel.  

A
c
ta

 A
c
u
s
tic

a
, 8

2, 335-345.
P

adgett, J. (2004). R
ussian vow

el reduction and D
ispersion T

heory.  
P

h
o
n
o
lo

g
ic

a
l S

tu
d
ie

s
, 7, 81-96.

P
adgett, J., &

 M
. T

abain. (2005). A
daptive dispersion theory and 

phonological vow
el reduction in R

ussian.  P
h
o
n
e
tic

a
, 6

2
, 1

4
-5

4
.

P
lanas M

orales, S
. (2000). 

I
d

e
n

tific
a

c
ió

 
d

e
 
le

s
 
v
o

c
a

ls
 
tò

n
iq

u
e
s
 
d

e
l 

c
a

ta
là 

[Identifying the tonic vow
els of C

atalan].  U
npublished doctoral 

dissertation,  U
niversitat de B

arcelona, B
arcelona.

R
ecasens, D

. (1986). 
E

s
tu

d
is

 
d

e
 
fo

n
è
tic

a
 
e
x
p

e
r
im

e
n

ta
l 

d
e
l 

c
a

ta
là

 
o

r
ie

n
ta

l 

c
e
n

tr
a

l [E
xperim

ental phonetic studies of C
entral-E

astern C
atalan]. 

B
arcelona: l’A

badia de M
ontserrat.

R
ecasens, D

. (1991). F
o
n
è
tic

a
 d

e
s
c
r
ip

tiv
a
 d

e
l c

a
ta

là [D
escriptive phonetics 

of C
atalan]. B

arcelona: Institut D
’E

studis C
atalans, B

iblioteca Filològica 
X

X
I.

S
anders, N

. (2003). 
O

p
a

c
ity

 
a

n
d

 
s
o

u
n

d
 
c
h

a
n

g
e
 
in

 
th

e
 
P

o
lis

h
 
le

x
ic

o
n.  

U
npublished doctoral dissertation, U

niversity of C
alifornia, Santa C

ruz, 
Santa C

ruz.
W

heeler, M
.  (1979). P

h
o
n
o
lo

g
y
 o

f C
a
ta

la
n.  O

xford: B
asil B

lackw
ell.

W
heeler, M

., Y
ates, A

., &
 D

ols, N
. (1999). 

C
a

ta
la

n
:
 
A

 
c
o

m
p

r
e
h

e
n

s
iv

e
 

g
r
a
m

m
a
r.  L

ondon: R
outledge.


