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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 ¢) 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).

H. Sirai et al. (Eds.) Studies in Language Sciences 6. 227-241.
2007, Kurosio Publishers, Tokyo, Japan.



228 Herrick

Phonetic vowel reduction allows for reduction along F1 (raising) and/or
F2 (centralization); however, the phonological explanation above makes
crucial reference only to the reduction of the first formant (raising)' — see
points (ii) and (iii) in particular. This paper supports recent phonological
theory by showing that the overall F1 range in unstressed position is reduced
by roughly one third in five distinct varieties of Catalan — a Romance
language spoken in North-Eastern Spain. Furthermore, these varieties
show almost no centralization (reduction along F2) — a characteristic that
distinguishes Catalan from languages like English which exhibit relatively
strong centralization (reduction along F2; Moon & Lindblom 1994).
Finally, even though this paper focuses exclusively on the reduction in the
acoustic vowel space, the following section provides a brief background to
the vowel inventories and neutralization patterns in Catalan.

1.1. Phonological Background

Catalan is traditionally divided into Eastern and Western varieties —
Eastern varieties allow schwa in unstressed position while Western varieties
do not. This paper examines five Eastern varieties (see Herrick, 2003
for a discussion of Western Catalan) — two belonging to Central Catalan
(represented by speakers from the Bages and Girona regions) and three
belonging to Balearic Catalan (represented by speakers from the cities of
Palma, Lloseta, and Ciutadella).

Table 1. Standard Catalan (Bages Catalan) — A Vowel Inventory
a. Stressed vowels b. Unstressed vowels
i u i u

a

Standard Catalan, which is represented here by speakers from the
Bages region, allows seven vowels in stressed position (/i, e, €, a, 9, 0,
u/) and three vowels in unstressed position (/i, 9, u/) as shown in Table
1. In unstressed position, rounded vowels surface as [u] while non-high,
non-round vowels surface as [9]. The other four varieties all vary slightly
from this pattern in terms of their vowel inventories and / or neutralization
patterns as detailed in Table 2 and the paragraph below. For more
information on these varieties please see Herrick (2003), Mascaré (1976,
1983, 2002), Moll (1991), and Recasens (1986, 1991).

' Crosswhite (1999) proposes a non-unified account of phonological vowel
reduction in which one type of vowel reduction (prominence enhancing vowel
reduction) need not depend on raising.
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Table 2. Summary Classification of the Five Varieties of Eastern Catalan

. Number Number of
. Minor stressed unstressed

Region Vari of stressed |unstressed

ariety schwa schwa

vowels vowels

Bages Central 7 3 no yes
Girona Central 6 3 no yes
Palma Balearic 8 4(5) yes yes
Lloseta Balearic 7 4(5) no yes
Ciutadella (Balearic 8 3 yes yes

Girona Catalan and Ciutadella Catalan share the same neutralization
pattern (round vowels surface as [u]; non-high non-round vowels surface
as [9]). However, Girona Catalan allows only six stressed vowels (one less
than Standard Catalan: the back mid vowels /o/ and /o/ have merged into a
vowel which is often transcribed with a capital ‘O’ due to its intermediate/
indeterminate height; see Recasens, 1986). On the other hand, Ciutadella
Catalan allows eight vowels (allowing stressed schwa) and belongs to
Balearic Catalan (Recasens, 1986, 1991). For Palma and Lloseta Catalan,
the neutralization pattern differs considerably from Bages Catalan. In
both of these Balearic varieties the mid back vowels /o/ and /o/ surface as
[0] in unstressed position (it would be [u] in Bages Catalan), and /e/ and
/e/ sometimes surface as [e] and sometimes as [9] (there is considerable
variation; Mascar6, 2002; Herrick, 2003). Palma and Lloseta Catalan also
differ in their stressed vowel inventories; Lloseta allows seven and Palma
eight vowels.

2. Methodology

For this study, three native speakers — all female college students
between the ages of 18-25 — from each of the five regions were recorded
uttering nonsense words within a carrier phrase. Because most Catalan
speakers are bilingual Spanish speakers, “native speakers” were limited
to those (i) who claimed to be native speakers (and use primarily Catalan
in their daily life) and (ii) who reported that both their parents were
native speakers of Catalan. A map indicating the hometown for each of
the speakers is shown in Figure 1 below. Speakers 11-14 represent Bages
Catalan (Standard Catalan), and speakers 31-33 represent Girona Catalan —
both varieties of Central Catalan. Speakers 41-43 represent Palma Catalan,
speakers 47-49 represent Lloseta Catalan, and speakers 51-53 represent
Ciutadella Catalan (all varieties of Balearic Catalan).

Recordings were made of free speech, real words, and nonsense words,
but only the nonsense words are analyzed here (because the real-word
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lists could not be kept consistent between varieties). The nonsense words
consisted of a list of verbs in 2™ person singular form in the shape /bVpes/
(where “V’ is replaced by the stressed vowels allowed in each variety).

Each word was uttered in a carrier phrase (shown in (1) below).
Sentence (1a) forces the infinitival form in which the target vowel would
be unstressed ([bV'pal), and sentences (1b) and (1c) force the third person
singular form in which the target vowel is stressed (['bVpal). This allows
for us to record ten repetitions of both the stressed and corresponding
unstressed vowels for each speaker. For each variety, then, N=30 for each
stressed vowel, and N=30 or more (in the case of neutralization) for each
unstressed vowel.

(1) a. lafrase és sempre a la nit (the phrase is always __ at night)
b. ell sempre a la nit (he...)
c. ella sempre a la nit (she...)

Eastern Catalan

-

Barcelona _.--~

-

iutadella

B

Balearic
Catalan

—

5
52
53

41
42
43

Figure 1. A map of Catalonia showing each speaker’s hometown

All recordings were made in Catalonia on a DAT recorder, digitized at
44.1kHz, low pass filtered below 6000Hz, and analyzed using the PRAAT
(Boersma & Weenik, 2002) phonetics software package (LPC analysis,
25ms window). All 2040 tokens were measured for F1-F3 (the first three
formants). The location for measurements was made as shown in (2).
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(2)  The location for formant measurements was determined as follows:

(1) if F1 had a single peak, F1-F3 were measured at the point where F1
reached its peak

(i1) if no unique max could be found for F1 (if F1 contained multiple
peaks or if F1 were a constant cline), the measurement was made at
the peak (or valley) of F2;

(iii) if there was no unique max or min for F2, the measurement was
made at the mid-point of the vowel (as determined by eye).

3. Results
3.1. Descriptive Results

In this section, I present tables of averaged data for the first three
formants (F1-F3) for each of the five varieties of Catalan followed by F1
x F2 vowel plots. The data has been presented in Equivalent Rectangular
Bandwidth — a perceptual scale which models human hearing in a similar
but superior way to the BARK scale (Moore & Glasberg, 1996; for
measurements in the more familiar Hertz scale, see Herrick, 2003). Finally,
each data cell in the tables below contains two numbers — the first number is
the average value in ERB, and the second number (below it) is the standard
deviation for that cell (e.g. in Table 3, stressed F1 for /i/ has an average of
9.3 ERB, with a standard deviation of 0.9).

3.2. Discussion and Analytical Results

There are two points I would like to make in this section. First, the data
presented in the following tables are consistent (in terms of the number of
vowel phonemes, the neutralization patterns, and, in the case of the Balearic
varieties, the relatively open/low quality of the low-mid vowels /e/ and
/a/) with the impressionistic descriptions found in the Catalan literature
(for phonetically oriented descriptions see Recasens, 1986, 1991; and for
phonologically oriented descriptions see Mascard, 1983, 2002; Wheeler,
1979). Furthermore, the F1 x F2 vowel plots for Bages Catalan (Standard
Catalan) show strong similarities to previously published acoustic data
(Recasens, 1986; Planas, 2000) — the primary differences being attributable
to the fact that this study reports data for female speakers while the other
two studies report data for male speakers (who have a lower FO and more
compact vowel space). Further comparison of vowel plots for the other
varieties is impossible due to the lack of previous (published) quantitative
acoustic data (though see Montoya 1998 for a vowel plot of Balearic
Catalan). (For further details on these points, please see Herrick, 2003.)

The second point is that for all five of the varieties described in the
previous section, the data show a reduction of the F1 range (raising) in
unstressed vowels which is greater than 40% while the reduction of the
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Table 3. Bages Catalan Data (in ERB)
Average Data for Speakers 11, 13, 14

Stressed Unstressed
F1 F2 F3 F1 F2 F3
i 9.3 235 25.0 9.6 23.0 244
09 (04 (0.7 0.4) (04) (0.5
e 10.8 222 246 {realized as [9]}
(04) (0.8) (0.4
€ 132 215 24.7 {realized as [9]}
0.2) (04 (0.4
a 148 18.7 243 12.7 17.7 238
04) (0.7 (0.4 0.9) (09 (04
b 13.5 16.6 242 {realized as [u]}
0.5)  (0.7) (0.6)
o 112 154 243 {realized as [u]}
03) (03) (0.7
u 99 13.6 242 9.9 143  24.0
0.8) (04) (0.9 0.4) (0.7) (0.8)
24 20 F2 ERB 18 12
Central Catalan 78
11,13,14
\M\ Combined
_ L ] -85
¢ nm /
H le/
" o/ 115
om
&
/e/ b T
O
] 135
/9
mJa/

-y
[
o

Figure 2. F1 x F2 vowel plot for Bages Catalan
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Table 4. Girona Catalan Data (in ERB)
Averages for Speakers 31, 32, 33
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Stressed Unstressed
F1 F2 F3 F1 F2 F3
i 9.3 233 25.0 9.5 22.9 24.6 1
(0.8) (0.5) (0.8) (0.6) (0.7 (0.8)
e 10.3 220 244 {realized as [9]}
(0.3) (0.6) (0.4
€ 13.1 21.3 24.4 {realized as [9]}
(0.2) (0.5 (0.9
a 14.6 19.0 234 12.1 17.9 24.0 )
(0.3) (0.5) (0.5 (0.6) (0.6) (0.5
12.0 15.7 23.8 {realized as [u]}
0.7 (09 (0.7
u 10.2 14.3 23.9 10.2 14.5 23.6 u
0.7) (1.0) (0.8) (03) (0.7 (0.9
24 20 F2 ERB 16 12
Girona Catalan ﬂ‘_ m
31,32, 33
. Combined
1/
L™ 9.3
[ @ /u/
e/
1.5
® o 2
10/ w
- e/ =
13.5
B ja/

Figure 3. F1 x F2 vowel plot for Girona Catalan
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Table 5. Palma Catalan Data (in ERB)

Averages for Speakers 41, 42, 43
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Table 6. Lloseta Catalan Data (in ERB)
Averages for Speakers 47, 48, 49

Stressed Unstressed
F1 F2 F3 F1 F2 F3
i 8.9 23.0 245 9.0 224 241 i
(0.5)  (09) (0.8) 0.4) (1.2) (0.9
e 11.2 21.6 24.1 11.7 204 24.0 e
(0.4) (1.0) (0.6) 0.4) (1.2) (0.6)
€ 13.6  21.0 24.1 {realized as [3]}
(0.4) (0.8) (0.5
9 11.8 17.7 237 {realized as [9]}
(0.4) (0.5 (0.6)
a 14.5 18.8 234 11.5 17.6  23.1 )
(0.7) (0.8) (0.5 (0.8) (0.5) (0.8)
o) 13.6 170 234 {realized as [0]}
0.5 (04 (04
o 113 157 238 114 159 234 0
(0.4) (0.5 (0.5 (0.5 (0.4) (0.7)
u 97 14.1 23.6 9.7 146 234 u
0.2)  (0.7) (0.8) (0.6) (0.4) (0.8)
24 20 F2 ERB 15 12
Palma Catalan M_., m
41,42,43
\m\ Combined
LN
[} | u/ [ °
/a/
/el
| o “ & /o/ :Bm
ﬂ
N | . 138
/e/ . 1o/
/a/

Figure 4. F1 x F2 vowel plot for Palma Catalan

o
on

2 Reduction to [e] in Palma (and Lloseta) Catalan is complicated — under certain
conditions /e, €, o/ reduce to [e] not [9] (see Herrick, 2003 and references therein).

Stressed Unstressed
F1 F2 F3 F1 F2 F3
i 8.7 23.5 253 8.7 23.1 24.6 i
0.4) (0.7 (0.8) (0.3) (0.9 (09
e 104 225 245 112 215 238 e
0.4) (0.7) (0.5) (0.1) (0.2) (0.1
e 134 214 244 {realized as [9]}
(0.4) (0.6) (0.5)
a 14.8 19.3 23.6 11.0 18.2 24.1 )
(0.3)  (0.7) (0.3) (0.5) (1.5 (0.4)
) 14.1 17.7 235 {realized as [0]}
0.3) (0.6) (0.5
o 11.3 15.1 24.5 11.2 15.5 24.2 )
(0.4) (0.5 (0.6) 0.3) (0.6) (0.6)
u 9.8 13.6 24.4 9.4 13.8 24.2 u
0.3) (0.7 (0.7 0.3) (0.5 (0.6)
24 20 F2 ERB 16 12
Ciutadella Catalan 78
51,52, 53
/1/ Combined
m® r 9.5
e/ u/
u o | /o/ 11.5
]
[ &
L
] T u 135
- 1o/
/a/

Figure 5. F1 x F2 vowel plot for Lloseta Catalan

—
()
o

3 Reduction to [e] in Lloseta (and Palma) Catalan is complicated — under certai
conditions /e, €, o/ reduce to [e] not [9] (see Herrick, 2003 and references therein).
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Table 7. Ciutadella Catalan Data (in ERB)
Average data for Speakers 51, 52, 53

Stressed Unstressed
F1 F2 F3 F1 F2 F3
i 9.3 234 250 9.1 22.8 243
0.3)  (0.3) (0.5 0.5 (0.5 (0.5
e 1.2 219 247 {realized as [9]}
0.4) (0.7 (0.5
€ 135 213 24.8 {realized as [9]}
0.2) (0.6) (0.4
9 12.3 184 242 {realized as [9]}
0.3) (09 (04
a 146 194 240 11.9 18.1 23.9
0.4) (0.7 (0.5 04) (0.6) (0.4
h) 13.6 17.5 24.2 {realized as [u]}
0.4) (0.5 (0.6)
o 114 158 244 {realized as [u]}
0.6) (0.5 (0.4
u 97 147 244 9.8 146 243
0.4) (0.6) (0.5 0.5 (09 (0.6)
24 20 F2 ERB 12
Ciutadella Catalan
51,52, 53
. Combined
. N/ m
®
" e/ Rl m Jo/ s
@ o
u &
(T8
5
e " *
|
/al

Figure 6. F1 x F2 vowel plot for Ciutadella Catalan

[
o
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F2 range (centralization) never exceeds 12%. The conclusion we must
draw from this is that vowel reduction in Eastern Catalan is characterized
primarily by raising and not centralization. The reduction data for each
variety is provided in Table 8 below.

Table 8. The Degree of Reduction for F1 and F2 (Averaged Data)

Region Averaged Data
F1 decreases F2 decreases

Bages 44% 12%
Girona 51% 7%
Palma 52% 12%
Lloseta 59% 6%
Ciutadella 47% 6%
TOTAL 51% 9%

In Table 8, the decrease in F1 has been determined by subtracting the
total range of F1 for the vowels in unstressed position (typically /i/ and //)
from the total range of F1 for stressed vowels (typically /i/ and /a/). To
facilitate comparison between varieties, this difference is then represented
as a percent (rather than a raw value). (Mutatis mutandis for F2.)

A potential problem with the data as portrayed in Table 8 is that by using
the average data for each vowel, it ignores the difference in variation shown
between some vowels. In particular, schwa often shows more variation
than other vowels, and it is possible that the variation among different
tokens of schwa — when compared to the variation shown by stressed vowel
tokens — could decrease the degree to which we find reduction. In fact,
when we measure the degree of reduction between stressed and unstressed
vowels using the ranges of fokens (not averaged values) the total amount of
reduction decreases.

An alternative, and stricter, measure of reduction is possible if we use
the token measurements for all vowels rather than the averaged data for the
vowels. This method compares the maximal range of tokens for stressed
position with the maximal range of tokens for unstressed positions, and it
should show a slightly different picture since it is possible that the token-
based range would show a different — probably lesser — degree of reduction.
For example, if the greater variability of schwa resulted in a large increase
to the F1 range for unstressed vowel tokens while the range of the stressed
vowel tokens remained roughly the same, then, as a consequence, the degree
of raising found would decrease.

Table 9 illustrates the decrease found for F1 and F2 when comparing the
maximal F1 range for all stressed vowel tokens with the maximal F1 range
for all unstressed vowel tokens. As suspected, the degree of the decrease
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Table 9. The Degree of Reduction for F1 and F2 (Token Data)

Region Averaged Data
F1 decreases F2 decreases

Bages 29% 6%
Girona 38% 4%
Palma 42% 13%
Lloseta 50% 5%
Ciutadella 35% -6%
TOTAL 39% 4%

Table 10. Reduction of F1 and F2 in Unstressed Tokens for Each Speaker

Speaker Based on individual tokens
F1 decrease F2 decrease

Bages 11 20% 19%
Bages 13 43% 2%
Bages 14 25% -4%
Girona 31 26% 7%
Girona 32 49% 4%
Girona 33 38% 1%
Palma 41 43% 25%
Palma 42 36% 5%
Palma 43 47% 8%
Lloseta 47 57% 1%
Lloseta 48 38% 14%
Lloseta 49 56% 0%
Ciutadella 51 42% 0%
Ciutadella 52 30% -6%
Ciutadella 53 33% -12%

in range for F1 (the degree of raising) shrinks when using the token-based
measure. Overall, the degree of F1 raising is 39% by this measure while it
was 51% using the vowel averages shown in Table 8.

Surprisingly though, the conclusion that Eastern Catalan vowel reduction
is characterized by raising (a decrease in F1) and not centralization (a
decrease in F2) is only strengthened by the data in Table 9. The reason for
this is twofold; first, although the degree of reduction for F1 shrinks when
using the token ranges, the same is also true for F2 (only 4% with the token
measure). Second, the decrease along F2 is not consistent — in fact, the
F2 range even shows an increase for Ciutadella Catalan when we use this
measure.

When we look at the data speaker-by-speaker in Table 10 (instead of
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the three speaker averages for each variety), the result is strengthened even
more. Of the fifteen speakers, three actually show an increase in the range
of F2 for unstressed vowels, while two show no change, and the remainder
vary considerably in the degree to which F2 decreases. The range of F1
for unstressed vowel tokens, on the other hand, shows a consistent and
considerable decrease for all fifteen speakers.

4. Conclusion

The data Tables 3-7 and vowel plots in Figures 2-6 provide quantitative
acoustic data for the stressed and unstressed vowel inventories of Catalan.
They also verify the impressionistic descriptions for each variety found
in the literature. The reduction tables (Tables 8-10) show that there is a
consistent decrease in the range of the first formant (F1) for unstressed
vowels regardless of whether the measurements are calculated based
on average ranges (Table 8) or token ranges (Tables 9 and 10). Further
examining the vowel plots and data tables shows that this decrease is due
to raising of vowel height with no (or very little) lowering of vowels (in
other words a decrease in the maximum F1 values with almost no change
in the minimum F1 values). Conversely, there is neither a consistent
nor considerable decrease in the range of F2 for unstressed vowels, and
the combination of these factors leads to the inescapable conclusion that
vowel reduction in Eastern Catalan is characterized by raising and not
centralization.
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