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of Vowel Systems

Zeps, U.L. 1962, Latvian and Finnic linguistic convergences.
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JOHN CROTHERS

ABSTRACT

Following previous typologies I divide vowel systems into sub-
systems based primarily on length and nasalization, and take the
number and arrangerment of vowel gualities in the short oral vowel
system of a language as the main clagsificatory parameter. Fora
given number of such vowels, the types of arranpements found in
the languages examined were subject to severe restrictions which
can be expressed in a series of universal rules. These rules, in
turn, can be largely explained by a modified version of Liljencrants
and Lindblom's maodel of dispersion of vowels in the vowel space.



a4 John Crothers
COMTENTS

li Imtroduction . . & . . o . . . .

L.} The sample: < o v = % 5 i
1.2 Vowel quality . + o &« © 4 a0 .
1.3 Types of vowel systerns . . . .
1.4 Phonemic analysis . . . . . .

2. Survey of Vowel Systems by Type. .

B loiGenaral o X G G TR E N W e
2.2 Poarvipheral wowsls . . . , , .
2: 3 Interior vowels: . & .. o v . 0,
2.4 Comments on types of systermns |,

3. Universals of vowel systems . . .
3.1 The vowel hierarchy . . . . .
3.2 Normal vowel systerm . . . .
3.3 Height and backness . . , . .
3.4 Interfer vowels . . . . ., . .
3.5 Fronl and back vowels . . ., .
3

the systems of long and nasalized vowels.

4. Vowel Dispersion: An Explanatory Model

4.1 The LAL model . . . . . ,

4.2 Optimal vowel system . . . .

4.3 Revised model . . . . . . .

4.4 Comparison of predicted and empirical

1.5 Comparison with random hypothesis

4.6 Limits to predictability. . . .

4.7 PredicHon of universals. . . .

4.8 Functional nature of the universals
Appendicwss N0 o ¥ 3 N 0 BB E Y .
Bibliography. . . « +« +« . . v o . ,

-

-

-6 Corrclations between the basic vowel systemn and

95

95
96
99
Loz

104

i04
106
104
108

114

114
116
(i
121
122

123

125

125
121
126
129
131
132
133
L34

136

148

VOWEL SYSTEMS 85

l. Introduction!

This paper presents a new typology of vowel systems based on

an areally and genetically representative sample of languages de-
veloped by the Stanford Phonology Archiving Project., The repre-
sentative nature of the sample makes it possible to determine with
more confidence than before which bypes of system are more patural
and which are marginal or deviant, and to set up a numher of uni-
versal or near universal rules about auch syastems. The rules go
beyond earlier proposed universala about vowel syatems {Trubetzkay,
Jacobson, Hockett, Chomsky and Halle, Sedlak) in a number af re-
spects. Further, a detailed comparison between the typology (and
universals) arrived at empirically and the theoretical typology pen-
erated by Liljencrants and Lindblom's model of dispersion of vowels
in the vowel space shows that with some fevisions the model predicts
most univergals of vowel quality systems. I consider this to he
evidence in favor of a 'functional' approach fo language universals,

1.1 The sampla

This study is made possible by the matarials collected by the
Stanford Phonology Archiving Project, of which I am a member,
At the time of writing the Archive contained phonetic -phonemic
descriptions of 209 languages, the vowel systems of which T toolk
as the basis of my typology. 2 The sample is areally and genetically
balanced to the extent permitted by availahle descriptions of lan-
guages and current enderstanding of genetic relationships. The data
oh each lanpuage is drawn from one or more published descriptions.
All symbols are translated into a standard set [see Appendix I for
the full set of vowel aymbols used). The principles of the phonemic
analysis are briefly discussed in Sec. 1.4, In general the analysis
of the vowel system of a language presented in this paper corresponds
to the analysis in the Phonology Archive. However, in reviewing
the material I have made some changes in the phonemic analyses
in cases where I felt a change would bring the analyses more inko
line with the principles stated in Sec. 1l 4. This generally invaolved
elimipation of marginal phonemes. In most cases the source gram-
mar for cach lanpuage in the Archive has been read by at least two

1 am very grateful to Alan Bell, Lynn Friedman and John Ohala
for their comments on an earlier draft of this paper. I would also
like to acknowledge the help of all the members of the Stanford Pho-
nolegy Archiving Project in gathering and organizing the data on
which this paper is based.

2 See Vihman 1976 for a detailed description.
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people an the staff, the second checking the analysis for consistency.
1 have alsn checked many details in preparing this paper. Doubtless,
mistakes of fact and interpretation remaln; still, the sample offers
a large body of data that has been subjected to a fairly careful and
consistent analveis.

1. 2 Vowel qualit

Tawels can be defined as syllabic sounds produced without closure
in the middle of the oral traect (Fanot 1973:176f0). The guality of vow-
els with normal voicing is determined by the supraglottal resonalors,
and can be classified acoustically in termes of their resonant frequen-
cies. Oral vowels, produced with closed velum, are olten classified
accarding to the center frequency of the first two rescnances (form-
ants; Fj for first formant, F; for second formant, mwn.“_.. The third
formant is probably of some significance for high front vowels, and
also for vowels of opposite rounding and hackness and the 'r-colored’
vowels, One approach (Liljencrants and Lindblom 1972, Fant 1973
1864f) ig to classily vowels by F and a weighted average of 5 and
Fy. Masal vowels differ from oral vowels (in theory at least) by
the addition of nasal formants, by a broadening of the bandwidth of
all fermants, by a reduction of their amplitude, and by an upward
ghift of the first oral formant. (See Ohala 1975: 294, also Wright
1975, calling the last point into question. )

It appears that there is only a partial correlation between the
positions of the avticulating organs and the acoustic gquality of a
vawsal {Lehiste 1973). According to Lindblom and Sundberg, who
constructed a detailed model of vowel production, the shape of the
oral resonating cavity is controlled by the position of the lips, the
height of the jaw, the amount of constrietion of the tongue and the
point at which it occurs (palatal, velar, pharyngeal), and the height
of the larynx. They make the fellowing corvelations between artic-
ulators and the vowel formants. 1) Tongue constriction in the pal-
atal or velar region gives a relatively lower T§, while pharyngeal
constricton produces a high I3. 2) Palatal vowels have a relatively
high ¥5; velar vowels have a4 low Fp, and pharyngeal vowels fall in
between. 3) Retraction of the tongue constriction raises F some-
what and lowers F, congiderably. 4] Opening the jaw raises Tj;
it also lowers Fy for a palatal vewel and raises it for a velar vowel.
The traditional articulatory parameters 'open' and 'close' can be
interpreted as referring to the jaw opening normally (but not neces-
sarily) used in the production of a particular vowel. 5) Increased
tongue constriction raises ¥y for a palatal vowel, decreases F; for
a velar vowel or a pharyngeal one. ) Lip rounding lowers all
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formants, primarily Fy for palatal vowels, B for velar vowels.
7} Lowering of the larynx lowers all formants. Correlations 1-6
are illustrated in the following diagrams; Fig. | representing an
outline of the acoustic space, Figs. 2-4 the main articulatory
parameters.

= F
_ r £ " palatal velar
stricture™, Y stricture
"
1_‘ a a
pharyngeal
gtricture
Figure l. acoustic space Figure 2. position of stricture
closed jaw spraad rountded
H 3 lips lips
a
open jaw
Figare 3. jaw posilion Figure 4. lip positon

Descriptive linguists penerally use articulatory parameters,
the position of the lips and the tongue, to identily vowel gqualily.
Since tongue position is not observable withoutl special equipment,
its specification is just a conventional lakel, notl necessarily accu-
rate, which lHnpuists associate with a particalar sound and the kin-
esthetic experience of producing that sound. The easiest way to
bring suldated linpuistic terminology into line with modern phonetics
ig to interpret the articulatory descriptions as specifying acoustic
gualities. In the process of translation, however, certain articu-
latory labels, such as lip rounding or central tongue position, lose
the independence they appear to have if interpreted literally. The
vowel [a], frequently referred to as central, is so anly in acoustic
terms ?....m neither high nor low). Articulatorily, the traditional
term is wrong, since there is considerable retraction of the tonpue,
making [a] actually lurther 'hack' than [u] in articulation. The
acoustic reinterpretation of the terminelogy actually saves it from
an error. Lip rounding, although articulaterily independent of
tongue position, acoustically only modifics qualities determined
by tongue position. Palatal vowels are generally unrounded because
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this leads to a higher F, and Fy, which are high for palatal vowels;
velar vowels are generally rounded because this cavses a lower B,
which is already low for them. In other words, rounding reinforces
the 'backness' of the velar vowels, and unrounding (spreading) rein-
forees the "frontness' of the palatal vowels (cf. Fant 1973 18611).
Bopunded palatal vowels and unrounded velar vowels fall acoustically
between 'front' and 'back.' [ appears that rounded palatal vawels
are closer to the unrouncded palatals, and unrounded velar vowsls
closer to the rounded velars in the acoustic space. To this extont
the traditional terminology 'front rounded' and 'back unrounded' can
be taken as valid acoustically, but it must be remembered that both
types are acoustically centralized with respect to thelr maximally
"front' and 'back' counterparts, and that rounding is not an indepen-
dent perceptual dimension which can be separated from the {ront-
back dimension.

The effects of an expanded pharynx, produced hy lowering of the
lz2rynx and advancement of the tongue root, can also be described
in terms of the first two formants, although the acoustic and artic-
ulatory facts are still not entirely clear. Lindau's in-depth study
of several African languages with vowel harmony shows that for
several EWA languages pharyngeal expansion (also called 'tongue
raoot advancement,' ¢.g. by Stewart) is the feature distinguishing
tflie two harmonic sets of vowels, and that the set with expanded
pharynx are acoustically considerably higher {lower ﬂ__ than the
other sct. (Due apparently to concomitant adjustments of the front
and body of the tongue, there is no corresponding lowering of Fy.)
It is not yet known whether vowels produced with expanded pharynx
exhibit anything lile the 'singing formant,' ('covered volce') which
is also due o pharyngeal expansion (Sundberg). Lindau alse found
that in two MILOTIC languapes with vowel harmony superfeially
gquite similar to that found in Wesat Africa, pharyngeal expansion
did not play a role.

A traditional vowel chart, such as the IPA, can be roughly inter-
preted as an acoustic chart, with the articulatory terms read as .
acoustic ones. Thus 'high' means 'lew F,' 'front unrounded' means
'high F,' ete, ae shown in Fig. 5.

In determining the vowel systems of the sample languages [ inter-
preted vowel tenseness in bwo different ways., When associated with
a difference balween long and short vowels; [ subsumed it under the
length feature. For example, languages which distinguish between
long /i-/ and short JIf {e.p. GERMAN, ENGLISH) have been inter-
preted afp having a primary length distinction rather than a distinetion
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front cenlral back

rounded
high
lower-high

higher-mid
lower -mid

higher-low

low

between two vowel gualities. On the other hand, in a language like
FANTABI (Gill and Gleason 1963) there is said to he no appreciable
léength distinction between fi/ and /I/, so the difforence is inter-
preted as ope of vowel guality. Acoustically, lax vowels are more
central than their tense counterparts. (See American ENGLISH
formant data in Peterson and Barncy 1952. /If and /U/ are both
lower and more central than /i/ and fu/,in addition to being shorter,
in ENGLISH.) In general one is probably justified in interpreting
lax vowels as central with respect to tense counterparts. However,
in the descriptive literature [I] and [U] are frequently treated as
being simply lower than [i] and [u]. In the few cases in the language
sample where this raised questions about the relative position of
phonemically distinct vowels of the same lenglth, I have treated /1/
and [U/ az being both lower and more central than /i/ and /fu/.

1 have not included retroflex ('r-colored') vowels in the present
survey. The relevant acoustiic parameter is lowering of Fy and Fy
{see Lindau 1975: 21}, which involves another dimension of vowel

ﬂ..._.m._.m._u.__: Since relroflexion of vowels ig oot commaon 25 an mﬁn—_.l._.um._un._nl
ent, contrastive feature, its omission does not greally affect the

typological picture.

1.3 Types of vowel systems

The general basis for the typology of vowsl systems laid down by
Trubetzkoy and Hockelt seems to me to be valid, In particular,
different suhsystems of vowels can be separated from each other
on the basis of features other than the shape of the oral resonator,
giving three separate subsystems: normal lenpth aral vowels,
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long oral vowels {or, ina few cases, gverly short vowels), and
naeal vowels. Long nasal vowels may of course be found in
languages with both long oral vowels and nasal vowels, but their
inclusion does nol seem to add much te a typological survey. Dii-
ferences in volce guality may aleo occur, e.g. normal versus
creaky or breathy voice, but when this does oceur, it can often be
interpreted in conjunction with the consonantal or tonal system of
a language. VIETNAMESE, for example, has both crealty and
breathy volce in addition to normal voicing, but both are asso-
ciated with specific tonal configurations. There are a [ew casaes
of languages with vowel subsystems differing in voice guality, but
theéy are too rare to be of typological importance. The basic vowel
quality system of a language is the arrangement of qualites of
normal length oral vowels. Languages may have anywhere from
three to about twelve distinet vowel gualities in the basic system.
The arrangement is determined to a large extent simply by the
number of vawels; for a given number of vowel qualilies, only one
or two arrangements occur with any frequency in the world's lan-
guages. Thia makes it a natural basis for vowel system {ypology.
(See Sedlalk 1969, Liljencrants and Lindhlom 1972. Also, Jakobson
(1948) and Chomsly and Halle {1968) nse number of vawels at least
ag a basis for discussion, )

For the purpose of further distinctions [ have found it most use-
ful to distinguish belween 'peripheral' and ‘interior' vowels, the
former including the extreme palatal (front unrounded), the extreme
velar (back rounded), and the low vowels, the latter including all
acoustically more 'central' vowels, i.e. back unrounded, front
rounded, and non-low ceatral or centralized vowels. See Fig. b.

interior

peripheral

Figure 6

The number of interior vowels supplies a second typolopical pararn-
eter. Types of viwel systems can be identified by a pair of numbers,
#1 ¥y where 'x! is the total number of vowels and 'v' the nomber of
interior vowels., The standard fve vowel saystem /i e a u of, having
no interior vowels, is 5:0; the four vowel systems /i e a u/ and
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fitau! are symbolized 4:0 and 4:1 respectively. This is suffi-
cient to characterize all of the relatively common systems and a
oumber of less common ones as well. Further rofinements; where
needed, are based on the arrangement of the peripheral or interior
vowels. Flrst, on the basis of the most common systems (e.g. 5:0),
certain arrangements of peripheral vowels can be established as
normal. Other arrangementas, differing from these in having & gap
at any position, are termed 'defective.! This is symbolized by an
asterisk preceding the number of vowels in the systemn [%ay). If
two differeat defective systems are found with the same number x:y,
a single asterisl is used for one, a double asterisk for the other.
Thas #5:1 and ##5:| represent two different five vowel systems,
each with one interior vowel, but with different gaps in the periph-
eral system. Since such systems aroe not commaon, thete seems to
be little point in incorporating into the notation the precise natura
of the gap. Several differences of arrangement are found in lan-
guages with two or more inferior vowels. The commonest type is

a vertical arrangement, as in TRENCH, GERMAN and VIETMNAM-
ESE, with /fus %/, /4 8/, and /i a/ respectively, which ia left un-
marked in the notation: 11: 3, 7: &, and 10:2 respectively for these
languages. If there is a distinction hetween front rounded and hack
unrounded, as in TURKISH, with /&t & £/, this is noted by an apos-
trophe after the second number, xmy' (for TURKISH 8:3'). A double
apostrophe indicates systems with centralized /I1U/ in contrast with
Huf, as in PANTABRI, 10:3". The notation is summarized in Fig. 7.

number of vowels in basic system .I|.||r_
number af interior vowels
defective peripheral system
ﬁ *first type w
#¥ gecond type
interior vowel system
vertical arrangement unmarlkad
" front rounded versus back unrounded
" centralized /1U/ versus peripheral /i u/

Fipurs 7

The systemns of Trubetzkoy and Hockett for classilying vowel
quality systems, based on the number of helght and backness dis-
tinctions, are needleasly complex for typological purposes, since
these parameters are roughly determined by the total number of
vowels in a system. Trubetzkoy's distinction between linear, tri-
angular, and gquadrangular systems does not seem to be sspecially
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useful. Linear systems either do not exist at all, arif they do, are
subject to a variety of problems of interpretation (see discussion

of two vowel systema below, Sec. 2.4). The distinction between
triangolar and quadrangular systeme is based simply on whether
there is une (triangular) or two (quadrangular) low vowels. Actuaally,
due to the shape of the vawel space, all systems are roughly trian-
gular in phonetic terms, and the overwhelming majority are triangu-

lar by Trubetzlkey's criterion,

l. 4 Phonemic analysis

The vowel system of each language in the sample is analyzed
along the lines of classical phonemic method. This is nab the place
[or a general discussion of the pros and cons of phonemic andalyais,
The following remarks are offered only as a general guide to my
interpretation of the phoneme, and ite relevance to typology. The
basic principle of phonemics is contrast: two sounds are in contrast
if they can poccur in the same environment and are not gencrally in
free variation. This principle, modified to allow for partial overlap
ol phonemes, is probably sufflcient in the majority of cases to de-
cide whether the difference between two sounds is phonemic or net.
But as various critics of the phoneme have pointed cut (see Chomsky
1964], this principle, if rigorously applied, may in some cases lead
to the establishment of more phonemes than linguists would generally
like. Criticismas of this type can be largely met, in my opinion, by
adding to phonemic theory a distinction hetween marginal and full
phonemes, the former incloding all phonemes with a severe diatri-
butional restriction in terms of phonological envirenment; or mor-
phological or lexical function. Marginal phonemes may include
phoremes in unassimilated loans, phonemes that occur in limited
contexts as the result of meorphophonemic fusion, sounds that gen-
erally have nun-contrastive distribution but, dueto a sound change
or some special morphelogical pattern (e.g. reduplication), occur
contrastively in a limited environment. In short, I think one should
recognize that phonological systemns, being always in a state of
change, may at any time contain sound differences that are neither
Mally phanemie ner fully non-phenemic. I have tried to restrict the
vowel systems here to the more fully phonemic vowels, In all likeli-
hood the results would not be very different if more marginally pho-
nemic vowels were ineluded,

Cne difference between tlie approach used here and some other
approaches to phonemic analysis is that here primary emphasis is
placed on the phonetic manifestation of phonemes. Each phoneme
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ig characterized by a phonetic unit, its major realization (primary
maember). For example, if the only high front vowel in a language
is phonetically [I], the phoneme is called /I/, not /i/. The rationale
for this is simply that if one is interested in what sorts of phonetic
mieans languages employ to make distinetions, it is important nat
to normalize the data prematurely, and thus build preconceived
ideas into the results. O course, for typological purposes con-
siderable normalization is necessary, but I have done this at the
lagt minute, as it were, in the assignment of particular phonemic
systems to a general type. For example, all of the three vowel
systems in the sample are grouped into a aingle type: /ia af. The
phonotic manifestations vary considerably, particularly in the casge
of fuf. [All these manifestations are listed in Appendix III.) How-
ever, the decision to treat the different phonetic units, [u U wa],

as being typologically fu/ was only made at the point when 1 was
considering all of the three vowel systems, to determine how many
basically different patterns of arrangement they exhihited. In the
phoneme inventories of each language, the high back vowel is char-
acterized phonetically,

Another point on which my type of analysia may dilfer from that
of others is the tFGD_wHHin status of neutral vowels, that is vowels
{most often [2]) which are phonetically different from the other
phonemes of a language, but do not contrast with them, the neutral
vowels being restricted to unstressed position: I have tried to ex-
clude guch vowels from the phoneme inventorics, although it is not
always easy to determine [rom phonelogical descriptions whether a
symbol /o) represents an independent phoneme or a neutral vowel.

There are both practical and thesretical reasons for basing pho-
nological typology on the classical phoneme, thus interpreted. On
the practical level, the majority of modern language descriptions
have a phonemic basis. On the thegretical level, phonemic analysis
answers a basic phonological question: what phonetic features are
employed distinctively in a language? The ahstract systematic
phonemes of generative phonology do not provide an ansgwer to this
question since they do not express phonelic features in a direct way.
For example, there is no way to tell from Chomsky and Halle's
systematic vowel phonemes of ENGLISH what phonetic properties
are actually used to distinguish one vowel plioneme from another.
Indeed, it is not possible to tell, without detailed comparison of
the effects of all the complex rules on all of the vowels, which of
the systematic vowel phonemes contrast with each other at the

surlace level.
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2. Burvey of Vowel Systems by Type

2.1 General

The types of basic vowel guality systems found in the sample are
indicated in Table 1. {Spe Appendix III for a full listing of languages
by type, including phonetic specification of each vowel.) Table 2
gives the approximate vowel gualities found in the more common
fystems. The number of vowels in the basic system of the sample
languages ranpes from three to twelve. The rmore common types,
in descending order of frequency, are 5:0, 6:1, 3:0, 4:0 plus 4:1,
7:2, T:0, 9:2 and 6:0. (See Fig. 8. The reason for grouping 4:0
and 4:1 together is explained in Sec. 2.3.) These types account for
over 80% of the sample languages, and no other type represents
more than 3% of the total; all these others can be regarded as mar -
ginal types, essentially deformations of the more eammon types.
The predominance of type 5:0 is well known. A further fact which
can be observed in earlier surveys (e.g. Sedlak), though it does
not seem to have been commented on, is that the more frequent
types cluster around the 5:0 system (Figs. 8 and 9). Well over
80% of the sample lanpuapes have from thres to seven vowels, and
the only relatively common system outside this range is 9:2. The
5:0 system thus represents an optimum system in a special sense,
as the high point in the frequency distribution of types. It can he
taken as = single, very rough norm or archetype for language in
peneral.

Table 1. Basic vowel system types

MNo. of | Mo. of Mo. of
Type languages Type languapes Type languapges

T2:0 L fe T 912 7
3:0 23 LR 1 2" 3
4:0 13 ety 1) 1 st R 1
4yl 9 byl 29 93! B!
B0 55 khe 2! 2 0.z z
EH N 1 710 11 103! 1
#e51 5 | 3 1031 1
#4541 1 152 14 710 .31 1
SN | 1 ! 8:1 2 11:3 1
#6512 I PEael 2 712:3 1

82 2

_ g3 3

Pindicates considerable uncertainty about the analysis.
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Table 2. Cemmon vowel system types

330 i a u

4.0 i -8 3 1

4l i % a4 u

5:0 i E & u o

%511 i E £ a o

10 i & g u o 2

B:l i B &# a 1 2

T i B E & un @a 2

Tid i e 2 8 anun o

Q:2 1 & E £+ a a u o o

105

syetem

vowel

|

o

Type

i i 'l ' 1 L. i i
5 10 15 20 25 30 35 40 45 50 &5
Number of languages
Figure 8. TFreguency of vowel system ftypes
{Types represented by only one language are omittod. Types

4:0 and 4:1 are grouped together as 4:_.)
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511
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12
L i 1 i 1 1 1 1 i I
5 10 15 20 25 30 35 40 45 80 55 60 &b
Number of langusges

Figure 7. Frequency by size of vowel aystem

2.2 Peripheral vowels

The number of peripheral vowels ranges from three to cight in
the sample languages [one questionable case of nine). For a given
number of peripheral vowels there is only one common type of
arrangement. There are 17 languages which I consider defective
types, one of the common types with a vowel miasing at some point
{generally /e/, fu/ or /o/, never /i/). The generzl reason for this
kind of patterning seems to be that the vowel space has 'corners,'
namely /i/ and fu/, where the vowels stay relatively fixed, forcing
the remaining vowels into a narrow range of positions. Fully 3/4
of the sample languages have a peripheral system with one of the
'triangular' patterns 3:0, 5:0 or 7:0 (see Table 3). The 4:0 pe-
ripheral system does not occur with any interior vowels becanse
systems that could be interpreted this way (#5:1, =6:2) are more
naturally interpreted as defective versions of the peripheral 5:0
syetem (see Sec. 2.4 on four vowel systems).

2.3 Interior vowels

Languages with more than one interior vowel malke up only ahout
Li4 of the sample. As noted earlier, these have been divided into
three Lypes, those with a vertical arrangement [unmarked notation),
those with front rounded and back unrounded vowels ('), and those
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with centralized /I U/ {"). As can be seen [rom Table 4, only the
vertical arrangement is common. Generally speaking, the interior
coelumn has back unrounded vowels, /fa/; front rounded vawels are
founr chicily in Europe and north Agia (see Crothera 1975). Only
two cases of three heipght distinctions in the interior vowels are
found in the sample, FRENCH and PACOH, and the latter is un-
certain.

Table 3. Feripheral vowel systems (questionable bypes omitted)

type of found defective
peripheral in bagic| no. of peripheral| no. of total
vowel systern  [system | languapges| system languagoes
3:0 3:0 23 32
fia uf 4.1 g9
4:0 a0 13 13
Hea af
510 R0 55 5l 5 101
figeaua/ fial 29 LELTS | 2
7:2 14 Bh 2! 2 {+10 def.)
B3 3 =52 1
60 6:0 T 5.0 | 13
Heasuon/ B:2 z
9:3 4 {+1 cdef.)
70 T 11 #h 2 0) 2 26
lieegauoa/f 8:1 2 #7:1 3
02 T [+5 def.)
Q2" 3
103" 1
10 3" g
a:0 102 2 #0922 1 3
fHe e mauoas/f| 11:3 1 F {H dei.)
Table 4. Interior vowel systema (guestionable types included)
no. of interior found in hasic no. of
total
vowels and type vowel sysbems lanpguapges
0 3:0 23 11z
4.0 13
5:0 55
fr:ll 7
T:0 11
50 1
#=hal) 2

[continued next page)



108 John Crothers
Table ¢4 cont.
no. of interiar found in hasic na. of [ tiit
vowels and type vowel systems lanpuages 7 )
I 4:1 L, 52
#6: 1 5
Lt LT | 2
Bl 29
7l 3
8:1 4
2 #h1 2 1 29
T:2 14
B:2 2
9:2 T
10:2 2
L 1
3 11:3 1
Pl2:3 L
21 fehy 2! 2 10
3t B 3! 3
B !
10:37 1
N__ ' «wuw:. ,w 5
il Lo: 3¢ 2

2.4 Comments on types of systems

Z.4.1 Two vowels The sample contains one language with a
bwo vowel system, KABARDIAN, with /i6/. In my opinion this is
not a clear case, because, according to Kuipers, there is a normal
set of five long vowele of the type 5:0. He analyzes these as pho-
nemic diphthongs of one of the two short vowels plus /y/, /w/ or
fhf; phonetically, however, they are simple vowels, Further, the
long vowels have about the game duration as short vowels in other
(European) languapges, while the two short vowels are cxtremely
short. In fact {4/ seems o be little more than a transitional sound
between consonants, and is regularly lost under certain conditions.
For these reasons [ think it would be preferable to regard the five
long' vowels as forming the basic vowel system of KABARDIATN,
treating the two short vowels as a reduced or 'overshort' system.
This is not to deny that KABARDIAN has a peculiar vowel system;
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the peculiarity, howewver, lies in the high frequency of the reduced
vowelg, and not in the structure of the basic vowel guality system.
A similar reinterpretation can probably be made of other linear
vowel systems mentioned by Trubetzkoy. In any case, this type

of phenomenon has been found only in a few CAUGCASIAN languages,
and, though interesting as an extreme, has little bearing on the
general pleture of vowel system typology.

2.4.2 Three vowels [ have assigned all three vowel systems
in the sample to the same type, in spite of a number of differences
in phonetic quality of the phonemes, because in all cases the three
vowels stand in the same relative relationahip and occupy the same
ragions of the vowel space. OF the three vowel types, /i a u/, the
last ranges most widely, from [o] through [U] and [] to [w], the
last being found in two lanpuages, JAQARY and NUNGGUBUYU. To-
gether with ALAWA [4:0) and possibly ONEIDA, these ars the only
languages in the sample which do net have lip rounding as a phonetic
feature of the vowel system. Unfortunately, cne cannot tell from
the descriptions whether the 'unrounded’ guality of the vowels in
question is an acoustic gquality or ie just based on observation of
the lipa. This question is relevant, since, as anyone can tell for
himself, it is possible to produce vowels of 'hack rounded’ percep-
tual quality with little or no lip rounding. Whatever the phonetic
details, however, they will not prevent the classification of these
languages to the basic 3:0 type (4:0 for ALAWA), because the gen-
eral character of the phoneme oppositions remains the same: roughly
high front /i/ versus roughly high back /u/ versus roughly low
central /a/. These oppositions are not simply relative; they in-
volve specific areas of the vowel space; it is just that in a three
vowel system the areas are larger and more vagoe than in a more
complex system. In other words, a hypothetical three vowel system
fitE/ does not fall within the basic 3:0 type, becanse although the
relative position of the vowels in the system is correct (front versus
back, high versus low), they are bunched up much too closely in one
part of the vawel space. No such system has ever been reported.

The vowels of three vowel systems often show considerable sub-
phonemic variation. For example, in GREENLANDIC ESKIMO,
/i includes [i], [e] and [2], fu/ includes [4], [u], [0] and [2], and
fa/ includes [z ] and [a] (Thalbitzer 1904},

2.4.3 Four vowels DBy my system of classification there are
two types of four vowel systems, 4:0 (/i £.a u/) and 4:1 (i & a u/),
which probably should be regarded as subtypes of a single type,
which might be characterized as /iaau/. The peculiarity of four
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vowel systemas is that in addition to the vowels of the bagic 3i0
eystem, they have a fourth vowel which may range anywhere from
mid or even low front, through mid central, up to high central,
The reason for this, according to my revised model of the vowal
space (see Sec, 4.13), is that four vowels do not pack very efficiently
into the vowel space, and this leaves room for the fourth or central
vowel to move into different positions. As in three vewel systams,
there is considerable variation, especially in the position of the
ack vowel, and the general statements made with ropard to the
specific phonetic character of vowels in a three vowel system apply
here foo. The types of vowel systems reported in the literature

all £l within the range of 4:0 ar 4:1, with the exception of the Sys-
tem /i a u o/, not found in the sample, but reported by Hockett for
CEBUANC BISAYAN, and by Sedlak [or KALINGA and CEOW,
(Mota: the interpretation of the CROW vowal system remains in
doubt; there is an [e] of uncertain status, and /o/ appears to be
infrequent (Kaschube 1954). In KALINGA, in spite of some appar-
ent minimal pairs for fu/ and /o/, the two vowels are mostly in
free variation (Gieser 1958). In any case, this type of system, if
it exists, is a vary marginal one.)

2.4.4 Five vowels The system 5:0 is the anly five vowel system
that cceurs with any frequency. The degree of deviation from the
typical vowel positions is considerably smaller than that found in
three and four vowel systemis., The system #5:1, found in five lan-
guages in the sample, resembles the 6:1 system with one of the back
vowels remeved. (It might also be interpreted as a 5:0 system with
{uf ironted to /i/.) Trubetzkoy reports such a system with fu/ as
the interior vowel in TABARASSAN and KYURI; all the languapges
in the sample have a back unrounded vowel. The peculiar svstem
i tau o/, which looks like ;1 with €/ removed, ig [ound in PA-
PAGO. (MNote: comparative evidence indicates that the system
derives [rom a normal 5:0 with /€/ becoming /4/ (Voegelin, Voepgelin
and Hale 1962}, The Yoegelinsg' and Hale's interpretation, that the PA -
FAGO system represents PROTO-UTO AZTECAN, and that fif,
found only in the SHOSHONEAN branch of UTO AZTECAN, devel-
oped into /&) in the AZTEC and SONORAN branches, strikes mie as
bmplausible on typological prounds, and alsoe because (£ iz the more
common modern reflex.] The EVENKI systerm /i ®a un/ is clearly
a defective 6:1, since the lonp vowel syasteni hae /E*/ in addition to
fac:/, BEEMECA, with /i e o a af{also in the long vowels) resembles
B:0 with fu/ missing, an isolated type.

MANDARIN CHINESE, with /i a8 u/ (5:2) i5 ancther isolated
type. (Hockett adds a retroflex vowel /r/, which I am regarding
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ae part of the consonant system.) This is closer to the 6:1 system
than to any other common type, and it is notable that /&/ has allo-
phones [£] and [o]. Still, by any phonemic analysis these are vari-
ants of /&/. A similar system, with interior vowsls /i a/ is reported
for MANGBQ, ina very brief article {Meiklejohn 1061}, Sedlak has
reported a 5:2' systemn (with /4 d/) for CHACORO, but this must be
due to a mistaken transcription; the system is 4:1, without /n/.

2.4.5 Six vowels The most frequent six vowel system in the
sample is 6:1, the second most [requent of all vowel systems,
while the type 6:0 15 represented by seven languapges. Other six
vowel systems may be considered typologically unimportant. Until
recently (cf. Ruhlen, to appear), the typological importance of the
b: 1 system does not seem to have been recognized. The interior
vowel of the system is generally a central unrounded vowel (fi} or
{a/) while the remainder of the system consists of the vowels of
5:0. One language in the sample, the WU dialect of CHINESE, has
[t/ as the interior vowel, a type mentioned by Sedlak for BASQUE,
and by Trubetzkoy for UKRANIAN. TAKI-TAKI, cited by Hockett
and Sedlak, has /t/, but only rarely, and exclusively in DUTCH
words (see Hall 1948 for TAKI-TAKI). Medieval GREEK is supposaed
to have had /u/, but of course there is no way of knowing the actual
phonetic character of this vowel.

The 6:0 system is the only type of any frequency that could he
regarded as a clear representative of Trubetzkoy's quadrangular
type, but it is not frequent enough to fipure prominently in a typol-
agy. In addition to the languages in the sample, 6:0 has been found
by Hockett in DARGWA, MENOMINI and UKRANIAN: hy Sedlak in
BATS, GALLA and ZAPOTEC; and by Trubetzkoy in TZBEE,
without major deviations from the pattern described heva,

Two languages, CHUVASH and HOPI, which can be classed as
#6:2', are peculiar in having only one back rounded voweal, and in
distinguishing a front rounded from a hack unrounded vowel., In
the interior vowel area the closest thing to this would be the 8:31,
9:3" or 10;3' systems (eight languages altopether) which have both
front rounded and back unrounded. CHUVASH in particular seems
to represent an extreme typolopgical deviation in having so few pe-
ripheral vowels for the arrangement of interior vowels.

There are two defective 6:0 systems, ENGLISH (RP) with /I E
= @ Upn/ (%6:0) (Note: the long and short vowel systerns are
sepiarated), which looks most like a 7:0 system with /o remaved,
and EWE, with /ieau e o/(#%6:0), again resembling 7:0, with /af
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removed. (MNote: in fact some dialects do have fe/, but in the
dialect described, it has merged with /€/ (see Stahlke 1971)).

2.4.6 Seven vowels Both 7:0 and 7:2 are not uncommeon 5Y¥3-
tems. Liljencrants and Lindblom find 7:0 to be the most commaon
seven vowel system in the literature, and Ruhlen (to appear) also
finds 7:0 to be relatively common (by implication more common
than 7:2). I find that 7:0 and 7:2 are about equally common. This
ie due to my grouping together two subtypes, those with front
rounded and those with back wnrounded intericr vowels, into the
7:2 system. This grouping has been used before (e.g. by Hockett)
and is well motivated acoustically,

The ayatern #7:1 is found in three sample languages and resem.-
bles 6:1 with an extra front vowel fe/, or 8:2 with an interiar vawel
removed. Sedlak finds this system in TAMIL and LIFU. (He also
mentions SINHALESE, with the interior vowel /a/, interpreted in
this survey as 6:0. See footnote 19.) Hockett and Trubetzkoy men-
Hon BULGARIAN dialects and VOTYAK. In any case it is not very
comman compared to 7:0 and 712,

Z.&.7 Eight vowels HNone of the eight vowel systems is common
enough to be important typologically, The 8:1 type resembles 7: 1,
anfl 8:2 resembles the more common 7:2 and 9:2. The £:3! system
is the smallest found with three intericr vowels. No languages with
8:0 were found in the sample, though this type has been reported by
Trubetekoy and Hockett for POLISH dialects. Other systema re-
ported in the literature can be classed with 8:1, B: 2 or B: 3', lLut
there are not many beyond the nine languages in the sample,

Z2.4.8 MNine vowels 9:2 is the only common type with more than
seven vowels, with a vertical arrangement of the two interior vowels.
All seven languages in the sample with this system have back un-
rounded vowels. Such systems seem to be found chiefly in Central
America and Southeast Asia. Another subtype with front rounded
vowels is menlioned in the literature for several GERMANIC and
URALIC languages (e.g. ESTONIAN, NORWEGIAN, ICELANDIC).

In the present sample several similar systems are found, but not
the 9:2 system.

The reaszons for treating /I U/ of the 9:2" system as interior
vowels are given in Sec. 1.2. Theé only other system that resembles
it ig the 10:3" syatemn,

The #2:2 aystem of S3OMALL is peculiar in hawving four front
vowele and only two back (reunded) vowels. This is due to a skewed

VOWEL  SYSTEMS L3

vawel harmony system of the basic African type: there are four
pairs of vowels which differ roughly on a back to front axis, e/e,

a /=, Afa, U/U, except that for the first pair the difference is
exclusively one of height, to judge from the rather explicit phonetic
characterization by Armstrong. (Note: these vowels alternate in
suffixes. /i/ does not occur in suffixes, but as a stem vowel short
fi/ generally takes back harmonic suffix formas, and long [i+/ takes
front harmonic forme. )

The 9:3' system, like 8:3', has a backness distinction in the
interior vowels, and this type of arrangement bears comparison
with the 9:27 aysterm, in which [1/ and U/ show a hackness con-
trast., If iz noteble that many of the languages with this kind of
contrast in the interior vowels have vowe] harmony, either the
African pharyngeal (or height or tenseness) type, or the palatal
type of URALIC, ALTAIC and early GERMANIC. The 9:3' system,
like 8:3', occurs chiefly in languages with palatal vowel harmony.
All three languages in the sample with 8:3' have palatal harmony,
and two of those with 9:3' do (AZERBAITANI and OSTYAK). The
third, NORWEGIAN, of course historically had a form of palatal
harmony in palatal vmlaut. The 9:2" and 9:2 systemns form a kind
of areal and typolopical counterpart of 8:3' and 9:3', The latter
are found in northern Eurasia, along with cases of 9:2 which have
front rounded vowels (see Crothers 1975): remaining cases of 9:2
(with back unrounded vowels) are found in Southeast Asia and Cen-
tral America, while 9:2' is restricted to Africa. Considering that
languages with more than seven vowels altogether make up only
about 15% of the sample, one might lump them all into a general
type of large vowel systerm,' with different areas of the world spe-
cializing in slightly different techniques for developing the extra
vowels,

2.4.9 Ten ormoare vowsls Lanpguages with more than nine
basic vowel qualities are quite uncormmon, (There are only seven
in the sample, and the typological summary by Liljencrants and
Lindblom has only a few.} The types found closely resemble the
different types of nine vowel systerm in the arrangement of the inte-
rior vowels, with the exception of FRENCH {11:3), with three dis-
tinet vowel heights in the interior vowels. (PACOH (712:3) may
have such a system with back unrounded vowels, but the data is
suspect.) A few cases are cited by Liljencrants and Lindblom:
NORWEGIAN dialects and MARATHI. I do not regard VIETHNAMESE
{eited by Sedlak 1969) as a case of this type because, although it has
/1# 4/, it does not have a clear fa/ which would be below /A/ in
the vowel space. Instead, it has a somewhat retracted Jae /, which
geems to be opposed ta /o) more as front to back. Thus /& / and
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!nl seem to he functioning as the low vowels in the system, leaving
only two interior vowels, /I &/.

3. Universale of Vowel Systems

3.1 The vowel hierarchy On the basie of the observed types of
vowel systems, it is possible to set up a hierarchy of vowels based
on implicational statements of the form: 'ifa languapge has a vowel
phaoneme of type z, it also has one of type w.' (See Greenberg ot al.
1966.) This hierarchy is represented in Fig. 10, The arrows can
be read with the follawing meaning: 'beginning with the system
/i auf construct a larger vowel gystem by adding the vowel at the
head of the arrow.' The vowel symbols have both.a relative and an
approximate absolule value. In the relative sense each aymbol must
be inferpreted in relation to all the other symbals that precede it in
the hierarchy. The symbeol /ef must be interpreted with reference
to /e/, which precedes it; /e/ thus means a epecifically higher mid
vowel in contrast with /£/, whereas the latter gaymhbol, though it
typically stands for a lower mid vowel, may also stand fnr a mid
or even higher mid vawel in a system without a higher vawel be-
Eween it and /1/. The symbols also have an absolute value in the
sense that they usually stand for the phonetic value indicated, and
other values stand in a cluster around this point in the vowel Epace.
A strict definition of hierarchical rank, corresponding to the notian
of implicational hierarchy, is that a vowel x on the chart has a
higher rank than a vowel ¥ if ¥ can only be reached by passing
threugh x. Due to branches in the chart, many pairs of vawels
have no rank with respect to each other, by this definition. Thus
&/, even though it occurs high on the chart, has no hierarchical

Tigure 10
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rank relative to /e/, which stands much lower. In other words the
existence of /e/ in a language does not imply the existence of fi/.
However, it is possille to define a weaker sort of rank, {call it
‘precedence’) by which /i/ 'has precedence aver' fef. We can say
that x has précedence over y i % can be reached on the chart in
maﬂ_mm..memtm than y. This simply means that x may occor in smal-
ler vowel systerns than y. The implicational wniversals an which
the chart is based are given as universals 1-7 below. (Sea Appen-
dixz [ for a restatement of universals.)

1. All languages have /ia uf.

The closest one comes to finding counterexamples to this state-
ment are the [ollowing cases. a} Three lanpuages in the sample
have only one back vowel, which is unrounded (TAQARU, NUNGGU-
BUYU, ALAWA). As noled earlier (Sec. 2.4), 1 take [w]in these
cases to be reasonably close to [u], given the range of variation
found in three and four vowel systems. b) There are a number of
languages in which the only back roundad vowel is [o] or lower;
with 3:0, ALABAMAN and AMUESHA; with 4:0, NAVAHQ, ONEIDA,
HUPA, MAZATEC, CAMPA; with 4:1, ADZERA, SQUAMISH, AMA-
HUACA, CHACOBO; with #5:0, SENECA: with #5:1, NEZ PERCE,
OCAINA. In all of these cases we find an f&/ or /o/ bordering on
the /u/ area; often one of these phonemes has [u] as an allophone
or free variant. In the case of three and four vowel systems, it
seems to me that this [o] is reasonably close to [u], given typical
variation in such systems, and can be interpreted as fu/. In the
ciase of the five vowel systems, there is clearly a gap at the fu/
position, since there is in each case a mid front vowel paired with
a tnid back rounded vowel, but no high back rounded vowel paired
with the high front vowel. We thus have three languages which are
clear exceptions to the rule (SENECA, NEZ FERCE, OCAIMNA)Y, and
another eleven cases that may be regarded as borderline, or, in-
cluding the cases mentioned under a), a total of fourteen borderline
cases (1.5% clear exceptions, 7% borderline).

The typology of vowel systems does not allow a ranking of ftaua/,
there being no systems of a smaller type, so that a ranking must
be eastabliched by other criteria, such as frequency or neatraliza-
tion, The frequency counts by Greenberg (1966) clearly indicate a
consistent pattern a> i»u, which correspondes ta the hisrarchy suet
up by Jakobson. On the typological level one might take the fact
that /u/ comes closest to being an exception to the universality of
fiau/ asa reason to rank it lower than the other two.
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2. All languages with four or more vowels have /i/ or /2/.

All of the 185 languages in the sample which are subject to this
rule obey it. The system /i u o/, not found in the sample, but
cited in the literature (sce Sec. 2.4), is an exception.

3. Languages with five or more vowels have /g/. They gen-
erally also have /o,

Of 163 sample languages sabject to this rule, one, PAPAGO,
with ##5:1, violates the Hrst part. Nine languages vialate the
second part, the five langrages with #5;1, one with #5:2, ane with
“5:0, and two with #6:2'. (The chart of the vowel hierarchy is con-
structed to reflect only the first part of this rule, i.e. it allows
for the %511 syatem without /3/.)

4. Languages with six or more vowels have /a/ and also either
lif orfe/f, generally the former.

07108 languages in the sample subject ta this rule, two [Bath
languages with #6:2') are exceptions to the first part, One language,
EWE (#6:0) lacks both /i/ and fe/.

5. Languages with seven or more vowels have fef and /of, or
{4/ and [a/ (/u/ and {8/ may represent the types /i/and faf).

Of 68 sample languages subject to this rule, there are four -
ceptions, the three langunapges with #7:1, and ALBANIAN (7:2) which
has [0/ and /a/. All four have two of the six vowels mentioned in
the rule, but not in the proper pairing.

6. Languapes with eight or more vowels have fe/.

O 40 sample languages subject to this rule, three, with 8:3',
are sxceptions.

7. Languages with nine or more vowels generally have /o/.

There are enough exceptions to this rule to make it a 'tendency’
rather than a 'near universal.' Of 22 sample languages subject to
it, Hve are exceptions, four with 9:3' and one with %9:2, In addi-
ton to the vowela mentioned in rule 5, languages with nine or mere
vowels may also have /I U/, The situation is summed ap in Table 5.

3.2 MNormal voawel system

My remaining generalizations are guantitative, concerning the
number of vowel contrasts in a system or in different parts of a
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Table 5
Rule applies to no. .um. % exceptivne
languages exceptions
1 204 3 L.5%
2 185 0 0%
Jaw 163 1 1%
3b 163 L0 8%
4a 108 2 2%
4b 108 3 3%
5 68 4 6T
fs 40 3 B
7 22 a 23T

#The letters a and b indicate the narrower and wider inter -
Pretations of the rules, respectively.

system. The dominant fact, with respect to quantity, is the geacral
preference for the 5:0 system (Seec. 2.1} restated as follows:

8. A contrast between five basic vowel qualities is the norm for
human language, and in geoeral the most common systems

dre those that have close to this number of ba sic vowels.

3.3 Height and backness

9. The numher of height distinctions in a systemn iz typically
equal to or greater than the number of backness distinctions.

{The 'backness' dimension is here understood to inelude hath
backness and rounding. For example /0/ is further 'back' than fif
(see Sec. 1.2).) The interpretation of this rule depends on whether
the opposition of /a/ to /g/and {5/ is taken as a height opposition.
In terms of the acoustic space both height and backness are involved.
I have interpreted it as a height distinction, which of course hisses
the data in favor of more height distinctions. Thus, the 5:0 system
is interpreted as having more height than backness distinctions.
Clearly, however, to regard the npposition {e/=la/=/3/as strictly
a backness opposition would be even more unrealistic acoustically.
It has to be understood that this rule can he interpreted only in a
very rough way. There are 18 languages in the sample that are
exceptlons (see Table 6), although for the languages with 4:] there
is a tendency for the central /i/ or the back fu/ to be mid rather
than high, so that in these cases the violation is marginal {seven
languages). (Mote: the 4:1 system, if interpreted ag having three
degrees of backness and two degrees of height, viclates Chomalky
and Halle's rule (1968: 410, rule no. 9) to the effect that an interior
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vowel [front rounded or back unrounded] is more marlked than a

mid vowel. [f interpreted as a universal implication, the marking
convention thus has a namber of exceptions, although it is still true
ag a general tendency, and in fact is just a special case of my more
general rule 9.) {Mote: the 6:1 systern is a borderline case, since
it may be interpreted as having only two degrees of height, but
must be interpreted as having three degrees of backness, as illus-
trated:

1 * a
R =
T(a) T

The two height interpretation is rejected here for the reason given
above in connection swith the role of faf in the 5:0 aystem. |

Table fi. MNumher of height and backness contrasts

height = backness | height > backness |height < backness
£ no. of e no. of & no. af
ype lapnpuages ype languages il languages
140 23 i 55 4:1 G
440 13 #5:0 1 wh 2t 2
LT | 5 bl T B 3! 3
LT | 2 #fas 1) 2 03 4
HHe2 1 T7:0 11
z i 18
b1 1 29 7:1 3 tatal
T2 13 B:1 4
10:3 3 B2 z
B2 T
lokal B g:2 3
wilsd 1
10: 2 2
11:3 1
total 99

Another approach to this rule is to find the average number
nf vowels, based on the whole sample; found on the horizontal
and vertical dimmenasions of the vowel space. I considered the
digtance from /if to fa/, Ffrom i) to fa/, and from /u/ to fa/, and
found the ollowing average number of vowels: fi-u/ 2.5, fi-a/3.1,
fu-a/f 2.9, Ifthege Hgures are taken as defining a triangular
"wowel space,' it has a 'height,' a distance from /[a/ to /i) of
about 2.7, just a little larger than the backness dimension of
m‘w.
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Still another measure of the horizontal and vertical dimensions
can be foond in the maximum Aomber of contrasts, four in both
cases. Hockeit also finds four contrasting degrees to be the maxi-
mium. Trubetzkoy says that five heights are quite rare, but finds
six in GWEABO; this, however, involves the problematic feature
of pharyngeal expansion, Moulton reports cases of five heights.

It seeme at least that four heights cannot be regarded ag an abso-
lute maximum, while there are no reported cases of languapes with
more than four backness distinctions. Also there are more sample
languages with the maximum number of heights than with the maxi-
mum degrees of backness, 35 with four heights, 14 with four degrees
of backness, so that one might say that the limit on heights cornes
closer to being exceeded than that on baclknessg,

The relation between heipht and backress and the minimom and
maximum number of distinctions in each has been commented on in
typolagical studies and work on feature systems. Trubetzkoy (and
apparently Jakobson) based the notion of the primacy of height over
backness on the existence of linear vowel systems. [All languages
have height distinctione, not all have backness distinctions, an im-
plicational universal: backness implies height.) However, since
linear systems and the associated universal are at best problematic,
the relation between the two dimensions has to be established by
other means.

There seems to be general agreement that the minimum number
of height distinctions ie two, and that the maximim number of dis-
tinction is four for both height and backness, with the exceptions
for height mentioned above. The preasent results confirm this, An
apparently different view is expressed in the feature systems of
Jakobson, Fantand Halle (1951), and of Chomeky and Halle (1968),
which allow for a maximurm of three height distinctons. However,
in hoth systems the feature of tenseness iz available for further
distinctions (cf. the treatment of the FRENCH e/t distinction by
Jakobson, Fant and Halle 1951: 37), and in principle could generate
three additional vowel 'heights,' so that despite initial appearances
these feature systema do not go beyond what Trubetzkoy claimed
in Principles of Phonology. Still, it is notable that not many lan-
guages have more than three haight distinctions, and that if one is
willing to live with the classification of /£a o/ as equally 'low'
vowels, distinguished by backness and rounding only (e.g. in the
7:0 and 9:2 systemas), the three height system ean be mades to work
for the overwhelming majority of languages. There are only four
languages in the present sample for which this would not worl,
SOMALI (#9:2), IAI and VIETNAMESE (10:2}, and FRENCH (11:3).
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As for the 'backness' dimension, general agreement on the
maximom of four degrees conceals some problems in the inter-
pretation of the features of hackness and rounding. Trobetzkoy
realized that the two articulatory features were interrelated, and
subsamed thém under the notion of "timbre,' with front unrounded
and hack rounded as the 'extreme’ degrees of the feature; but at the
same time he romained reluctant to use a single feature, and in
fact made a major point of determining for particular vowsl sys-
teme whether backness or rounding was a distinetive feature. It
has become a kind of tradition in phonology to notice the relation-
ehip of backness and rounding,but to continue to use two featores,
no deubt chiefly for articulatory reasons. When this is done in &
featnre system, eome kind of separate statement is necessary to
establish the connection between the two features. Chomsky and
Halle, for example, have a marking convention (1968: 405, no. XI)
saying that front reunded and back unrounded are more marked
than front unrounded or back rounded, though of course the conven-
tion does not express why this is so (see Sec. L.2). Use of two
binary features, backness and rounding, i=s sufficient te character-
ize the different degrees of backness in nearly all languages, A
problem, found only in NORWEGIAN in the sample, oceurs when
both the interior vowels of & aet of four high vowels are rounded,
i.e. a setlike /it 0 u/. The corresponding problem in SWEDISH
has been much discussed (see Fant 1973: 192-201). The genseral
problem is that /0/ cannot be either back rounded or front rounded
unless some nther feature distinguishes it from /4/ or fu/. While
Fant's suggestion of an additional 'classificatory' feature labial
hae found approval elsewhere (see Anderson 1975; 299), Fant also
adds that''perception of a vowel probably operates with a divect
identification of its approximate place in a multidimensional param-
ater space,''! rather than by "a strict decomposition in termes of
phonological features.” The features, [ might add, are made ap
by linguists for the sake of an ideal of clagsificatory neatness. In
the vowel space /a/ is simply a ceatral vowel, between /i and fu/,
and would be most simply and acecurately characterized as having
a third degree of backness out of the possible four. The fact that
this position in the vowel space i5 achieved by different articulatory
means than the more usual nnrounding of a back vowel is of course
interesting, bul does not affect aniversals or typology.

A related problem for featore systems is the interpretation of
the vowels /T U/ in the systems 9:2" and 10:3". Doubtless thase
would he classified by the tenseness or pharyngeal expansion fea-
tyre, but the problem remains that the contrast between these vowels
and fiu/ i one of vowel quality, i.e. a difference in acoustic height
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and backness. Surely, the relative rarity of such systems and
their complementary distribution with vowel systems containing
front rounded or hack unrounded vowels hae to he explained in
terms of the place of these vowels in the vowel space. The atom-
istic feature approaclin separaling tensenegs (or pharyngeal ex-
pansion) from the general vowel quality features, faile to express
2 significant fact about vowel system typology.

3.4 Interior vowels

The relation of the interior vowels to the front and back vowels
hae often been commented on. Trubelzkoy says that an interior
vawel column must have a high vowel. This is only trivially true
in that the /§#/ of systems 4:1, 6:1, 7:1, ete. is often more like /a/,
mid rather than high., (Note: in languapes with anly /&#/ in the
interior vowel system, it is phonetically mid in about half the in-
stances, [ive lanpuages (out of nine) with 4: 1, three (of five) with
#h5:1, 12 (of 29} with 6:1, and two [(of three) with 7:1.) Since this
kind of system (or one with /8/ but oot /8/) is the main kind of
evidence one would look for lo test the validity of the proposed
rule, it will hardly do to reclassify these counterexamples as hav-
ing an 'indeterminate’ vowel faf, as Trubetzkoy does. Hockett
slates a similar rule: that there are not more backness distinctions
at the lower positions than al the higher ones, but he notes that there
are some exceptions. I find, in addition to these cases with one
interior vowel fa/, CHEREMIS (B:3') and KOREAN (9:3') with two
mid interior vowels and only one high one.

& weaker version of these rules, stated as 10., scemes to be
generally wvalid;

10 Languapges with bwo or more interior vowels always have
a high one.

There are 31 such languages in the sample and one exception, HOFPI,
with /&) and fe/ {type #6:2).

Another of Trubetzkoy's rules is reatated here as 11.
11. The number of vowels in a calumn of interior vowels cannot
exceed the number in the [ront or back columns (low vowels

exciaded].

There are 39 languages in the sample with a height contrast in the
interior vowels; one, MANDARIN CHIMESE {%5:2), with /fa®au/
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is an exception to the rule. MANOBO, with a similar arrangement
{see Sec. 2.4 on the #5:2 system) is the only other exception cited
in the literature.

The relation of interior vowels to front and hack vowels can also
be stated separately. Sedlak, for example, says that a front rounded
vowal of a given height implies bhoth 2 front anrounded vowel and a
back rounded vowel at the same height. This is always true in the
present sample (the role applies to 21 languages, including two with
'central! rounded vowels)., He also says that a back unrounded vowel
of a given height implies a {ront unrounded vowel of the same height.
MANDARIN CHINESE i: an excepltion to this rule, as are the five
languapges with 4:1 which have lal as the interier vawel. There
remain 65 languages with back unrounded vowels for which the rule
holds true. A corresponding rule, not stated by Sedlak, is that a
non-low back unrounded vowel of a given height generally implics’

a back rounded vowel of the same height, [(This rule, of course,
cannot be generalized to the low veowels, since it would fail com-
pletely for fal.) There are some exceptions, MANDARIN CHINESE
agrin, six languapges with 4:1 in which the /i/ and /u/ differ sub-
stantially in height, and all five languages with #5:1 {a total of 11),
leaving another 59 languages for which the rule holds troe.

3.5 TFroant and back vowels

12: The number of height distinetions in froant vowels is equal
to or greater than the number in bhack vowels.

This rule presents no real interprelation problems, since faf
can be epither inecluded in both front or back geries, or excluded
from both. In the £:0 system, where fa/ contrasts with a low front
vowel, I have counted it in the back series. On the other hand, in |
the 4:0 system, [a/ is typically lower than /£/, and I have taken it |
te be low central, while the latter is front {lower-mid). As can be
seen from Tahble 7, the great majority of languages (all common
types except 4:0) show equal numbers of height distinctions in front
and back vowels., There is thus a general tendency toward symme-
try in this sense, though ather factors contribute to overall sym-
metry. Systems with two or more interior vowels generally show {
symmetry there. In the vertical arrangement of interior vowels,
they generally all have the same degree of backness {{ront rounded
or hack unrounded), thoogh there are some exceptlons: ALBANIAN
(T:2), MANDARIN (+#5:2). However, all eight languages with the
13 interior vowel system (i.e. three interfor vowels including |
both frent rounded and back unrounded) are asymmetrical. Itis _
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difficult to say to what degree a property of everall symmetry is to
be found in vowel systems (ci. Chomusley and Halle's rule (10), 1968:
410).

Table V. Height contrasts in front and baclk vowels

front = back front > back front < back
no. of no. of no. of no. af
tipe languapges type languages ik lanpusages Fype languages
30 23 8:3' 3 4:0 13 G 1 1
4:1 ] 9:2 T %5:0 1 == f 0 1
5:0 55 i HrAl 3 #£5: 1 L
il 1 9: 3 + =il 1
#5:2 L 10:2 2
fiz 0 T 10: 3f L #he ! 2
fi 1 29 193 2 #Tsl 3
7:0 11 11:3 1 #HBa 2 2
7:2 14 %62 1
81 4 total 177 total 28 total 2

3.6 Correclations between the basic vowel syatem and the
systems of long and nasalized vowels

3.6.1 Long vowels HNearly half (45%) of the sample languages
have contrasting long and short vowels. In most cases (70%) the
vowels of the two systems are equal in number and arrangerment,
either identical in guality or showing minor differences. In another
19% the long vowel system is larger than the short vowel system,
while 8% have more short than long vowels, By far the most com-
monly reported difference of quality between long and short vowels
of corresponding positions is centralization (laxing) of the short
high voewels, i.e. short /I U/ versus long /i* u*/, reported in 207%
(1% languages) of the languages with long vowels. (It seems likely
that the real proportion would be higher, and that this detail is
simply overlooked in many phonemic descriptions.) Howewver, in
another 5% (five languages) one or both of the loog high vowels is
lower than the corresponding short vowel. In seven lanpguages the
short /a/ is reported to be more centralized than the long /fas/.
Other guality differences are not common encuph to make generali-
zation worthwhile.

13. There iz a tendeney for high and low vowels of a short
vowel system to be more central than the corresponding
long voawels.
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3.4.2 Wasal vowels As for the nasal vowel systems, the well
known universal stated as 14, {ci. Ferguson 1966, Ruhlen 1975) is
conftrmed by the sample.

4. The number of vowels in a nasal vowel system is equal to
ar smaller than the number in the oral vowel syatem.

The sample has 50 languapges (24%) with nasal vowel aystems, which
cormpare with the basic systermns ag shown in Table B.

Table B
V=V V>V VeV
Mo. of languagos 22 28 ]

The one apparent exception to the rule, OJIBWA, is not a real one
gince, although the short vowel systemn is 3:0 and the nasal vowel
syatern 4:0, the long vowel system is also 4:0, and the nasal vowels
are actually long. (There is, in addition, a system of short nasal
vowels, only marginally contrastive and not counted as part of the
phonemic system, of the type 3:0.}) So actually, the nasal vowel
systemn iz identical in structure, if not contrastive nction, to the
aral vowel system. As for the 28 lanpuages in which the nasal sys-
tern i emaller than the oral, the following tendency, in agreement
with previous work (Ruhlen 1975), is found:

15, 1f a nasal vowel system is smaller than the corresponding
basic vowel system, it is most often a mid vowel {front,
back, or bath) that is missing from the nasal system.

This is shown in Table 9. Thé numbers do not add up because
gome languages [all into two categories.

Table 9. Helation of nasalized systems to larger basic systems

Mo. of languages
1. mid vowel missing (includes 2) 20
2. f[ront and back mid vowels missing (12)
3. high vowel misaing (includes 5) 5
4. low wowel missing (includes 5) 5
5. high and low vowel missing 3
B P 1
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4. VYowel Dispersion: An Explanatory Model

Vowel system typology and the associated universals can be
explained, in large part, by the principle that the vowel phonemes
of a language tend to disperse evenly in the dvailable phonetic space.
Using a characterization of the vowel space in terms of the first
three formants, and a measure of dispersion, Liljencrants and
Lindblom were able to construct theoretical vowel systems that
corresponded closely to a substantial number of actual vowel sys-
tems, though there were some discrepancies, cspecially in the in-
terior vowels of larger systems,

I have made seme revisions in the model which lead to a better
fit; in this secHon I present my revised model and examine the
extent to which it predicts actual vowel syvstem typolagy. Lindblom,
in a recent paper, has incorporated several revisions into the orig-
inal model which correspond roughly to the ones I have made, though
mine are mathematically cruoder. As far as I can see my resulls
are similar to, but not the same ag Lindblom's. Since his new
model has not been presented in detail, and since my own beginning
peint was the original LAL model, in what follows I compare my
revised model chiefly with the ariginal.

4.1 The LglL model The vowel space is defined as a two dimen-
sional space in which one dimension is ¥ and the second is a weighted
average of F; and Fy. To disperse vowels in this space L&L set
up a computer program to maximize the sum of the distances he-
tween all pairs of vowels in the space, with each vowel defined as
a point in the space. For a given number of vowel points, the con-
figuration giving the maximum sum of distances between vowels is
the optimal arrangement. This model generates vowel systems
which are close matches for the empirical systems 3:0, 4:0, 5:0
and 6:1 {i.e, over half the sample languages). Tor larger systems
the model is defective in producing too many interior hiph vowels,
The seven and eight vowel systems have lour degrees of backness
in the high vowels, with neo interior mid vowele. The nine, ten,
eleven and twelve vowel aystems have five degrees of backness in
the high vowels, and an interior mid vowel appears first in the
pleven vowel systern. Only a few systems in the sample approach
this arrangement of interior vowels, three languages with 9:2"
{interior vowels /1 U/) and CHUOVASH (#6:2') with /u /. The gen-
eral defecte of the model seem to be a tendency to push all vowel
pointe to the perimeter of the space, and too much space between

fif and faf.
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1.2 Optimal vowel system A further point which L& L did not
try to account for is the optimal size for vowel guality systems
{five vowels), which must, in some sense oot yvet defined, depend
on a balance between the maximization of perceptual distance he-
tween vowels and maximization of the infarmation content of the
speach signal, the former favoring fewer vowels further apart,
the latter more vowels. Theoretically, this optimal size should
be predictable from such factors as the limits an the human ability
to distinguish vowels, the average amount of nnise in the speech
situation, the average information content of spoken communica -
lions, the relative contribution of consonants and vowels to the
total infarmation content, and o on. Since a number of these fac-
tors seem difficult to quantify, much lese to relate to each ather
in a principled way, we have to be content for the mement simply
to sbserve that the preference for five vewel systems is a fact,

4.3 Revised model In my revision of the L&L madel I defines
the vowels as (equal) cireular areas rather than as points, and the
optimal arrangement is that which allows the maximum diameter
for a given number of vowels in the vowel space. (One can imagine
that a number of vowel circles are set lnlo the vaweal gpace, and
are allowed to grow until they bump ints each other or the sides of
the vowel space. Actually, I kept the vowels as circles of a con-
stant diameter, and the vowel space was ‘shrunk' around them
unti] the smallest possible vowel space was achieved. All that is
needed [or this is a set of checkers and a set of graduated outlines
of the vowel space. The checkers are pushed around until a small-
est vowel space is found, and one generally becomes apparent guite
rapidly.) If the center of each vowel circle is considered its locus
in the vowel space, then each vowel can be thought of as a point
which 'repela' its nearest neighbors and the perimeter of the vowel
space (1f it is adjacent) to an equal degree, but exerts no repulsive
force on vowels further away in the systerm. This seemed to me
to he a plausible technique for dispersing the vowels, and I thought
it might reduce the number of vowels on the perimeter of the BpaCE.

The relative dimensione of the perceptual vowel space are a
problem because it is not known how the acoustic signal is modified
perceptually. I think there is some basis {for reducing the Ty di-
mension in the perceptual space (distance from [if to fu/) to about
half the scale it has in the acoustic space, 1.e. to half the scale of
the T} dimension (distance from /a/ to //). Flanagan has found
that it takes a considerably greater change in Fp than in 1 to make
a perceptible difference in vowel guality. (While Flanagan's figures
for different vowels vary considerably, the average change in i
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needed to pet BO% judgments of a change in vowel quality was abaut
30 he, while the change in Fy needed to get similar judgments
averaged about 75 he.)

Lindblom, in coming to grips with this problem, has made a
similar, though more complex, change in the model, redocing the
contribution of F5 (and higher formants) to the perceptual space in
propottien to how low mw is. High vowels /i u/ with low mw. suffer
the greatest reduction in the theoretical perceptual salience of
hipher formants; i.e. the distance between /if and /u/ is consi-
derably reduced. As an empirical basis for this chanpe Lindblom
cites data on DUTCH wvowels, showing that cenfusions between
vowels are correlated stronply with differences in . but wealkly
with distance in an m._...w_u.w -F4 acoustic space.

This change of scale makes the theoretical model of the vowel
sapace correspond much more closely than a strictly acoustic scale
to the empirically determined average dimensions of vowel systems.
Ar obeerved egarlier (Sec. 3.2),the horizontal distance /i-u/ is em-
pirically more or less equal to the vertical distance fa-i/, whereas
in the oripinal L &L model the former is about twice the latter. It
would be nice b be able to say that this change in seale is directly
motivated by our understanding of vowel perception. Howewver, as
it stands we only have a few general indications, just cited, that H._.
is more important perceptually than higher formants. The proper
weighting remains to be determined.

In Fig. 1l the vowel systems predicted by the revised model are
compared with the predicHons of the original model. An advantage
af the revised model is that it allows construction of 'reasonally
good' non-optimal systems, some of which are offered for compari-
gon in Fig. 11. The general criterion [ adopted for such systems
was that the diameter of the vowels should be larger than in the
next larper optimal system. For example, the alternate seven
vowel system is better (the vowels have a larger diameter) than
what one would obtain by simply removing a suitable vowel from

the aptimal eight vowel system.

Mo. of vowels LiL's model Fevizsed model
3 i 1 i u
a a

igure 11.
(continued next page)
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Revised model

No. of vowels

LiL's model

12 igdfa

Figure 11

4,4 Comparison of predicted and actual systems

Three vowels The predicticas of the two models are the samuoe
and agres with actual types.

Four vowele The revised model allows the fourth vowel to
range anywhere from €/ through fa/ to neatrly /&/. This allows
for both the 4:0 and 4:1 systems, whereas the ariginal model only
generates 4:0. An addidonal contribution of the revised model is
that it shows the four vowel system to be inefficient — the vowel
diameter in this system is only slightly larger than in the 5:0 ays-
term, but much smaller than in the 3:0 system. To put it another
way, il you remove a vowel, say /2/, from the 5:0 system, it is
very difficult to reposition the remaining four vowels so that they
will make use of the extra space; most of it just goes to waste.
This may explain why four vowel systems are less commaon than
the 3:0 or f6:1 eyatema, even though they are close to the optimal
number of vowels.,

Five vowels FRoth predictions are similar, and correspond
closely to the 5:0 type. The revised model shows a slight shift of
fuf toward f4/. Two languages in the sample show this (TAFPA -
MESE and GARO), but it is not a general trend.

Six vowels Beth models predict the commen 6:1 system. An
alternate system is reasenably close to the less common 6:0 type.

Seven vowels Both models fail to generate eifher of the common
geven vowel systemes, 7:2 and 7:0. However, the revised model
eomes a good deal closer, in generating the intermediate 7:1 sys-
temt {found in three languages in the sample), while LEL's madel
generates a relatively unnatural system with both fu/ and /&) [AL-
BANIAM, with T:2, comes closest to this.) An alterpnate system is
fairly cloge to 7:0, The empirical 7:2 system can be obtained from
the predicted eight vowel system by removing a law vawel,
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Eight vowels There are na common eight vowel systems. The
revised model seems ta be reasonably close, in predicting 8:2,
since 8:1, 8:2 and B:3' are all attested. There are no cases of
B:2" with both /i/ and /£/, as predicted by the ariginal model,

Nine vowels The revised model offers a good match for the
eamman §:2 eystermn. The original model is badly off here in pre-
dicting three interior high vawels /o & i/, The 9:2" system comes
closest to the original model, but is still not a pood mateh, there

baing only two interior high vowels,

Ten, eleven and twelve vowels There are too few actual 8YE -
tems of these sizes to make detailed comparison warthwhile. The
original model again predicts too many high interior vowels, while
the revised model generates a more nearly vertical arrangement
of the interior vowels, which is closer to the actual systems. Both
gctital systems 10:2 and 11:3 are predicted by the revised model,

The general success of the revisad model in predicting actual
vowel system types can be judged in the following table, in which
I give the types and numbers of actual vowel systemns which are
1) good matches for the predicted systems, 2] obtainable by remowv-
Ing ane vowel from the optimal system of the next larger size, and
3} nbtainable by removing twe vowels {from an optimal syastem. (In
most cases the vowels ta be removed are interior vowels, mid
vowels, or low vowels: in a few cases fuf, but never fit): For
comparison the number af good matches for the original model is
also given, showing that [heo improvement is found in the larger
vowel systems.

Table 10.a Relation of predicted to actual vowel systems

Samd atch proditied system | prodieted oy stons
no. of no. of no. of
'¥Pe  Japguages tYPe  lanpuages type  languages
3:0 23 f:0 7 e ]
4:0 13 T:0 11
4.1 g Tid 14 #h2! 2
E:0 55 #5i] 5 8.3 3
6yl 29 b | & oy 3
T:1 3 B8:1 2 93 4
B:2 2 ¥5:0 1 19, 3 1
P v W0 1
10:2 2 i hed 1
P13 1 w2 1
10:3 L
[ tetal 144 (0% | toiat 6 (2 3%) T4 (75%)
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Table 10.b  L4L model related to empirical vowel systems
type 30 4:0 5:0 bl tatal

23 13 65 29 120 {58%)

4.5 Comparison with random hypothesis. While it seemas ab-
vious that in seme sense the LAL model (and the revised version)
predict possible vowel systems, in order fo actually dernonstrate
this it is necessary to show that the systems predicted differ in
some clear way from whatl would be predicted by a more random
arrangement of vowels. This can be done by an example of possi-
ble random arrangements of a certain number of vowels. Let as
imagine the vowel space divided into 16 compartments representing
vowels gualities known ta be distinet in some of the world's lan-

guages (gee Fig. 12).

Figure 12

We then consider possible five vowel systems containing any com-
bination of five of the 16 vowels. If the numher of such evetems
which is reasonably clnse to a 5:0 systern, when compared with

the total nuomber of combinations, comes anywhere near the actual
percentapge which the 5:0 system represents of all actual five vowel
systems (86T}, then obviously we can dispense with the vowel dis-
persion theory, and explain vowel system typology as due to random
arrangements of perceplibly different vowels. Given the 16 vowaels,
the total poesible number of five vowel systems 1s 16!/11! 5/ =4, 368,
Interpreted somewhat loosely, matches for the 5:0 system could be

obtained by the following combinations:

i u
efef e o/ofp
Alviaia alafafo
(33 combinations) (28 combinations)

The total of 61 vowel systems represents just 1% of all possible
combinations. Ancother 300 or so possible combinations come

reasonably close to same other attested five vowel systerm [#5:1,
etc.}, which still adds up to less than 10% of the pogsille random
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combinations. In ather words, 10% of the random possibilities
account for LODN of attested five vowel systems. Clearly, the ran-

dom hypothesis is untenable in anything like this form.

4.6 Limits to predictability

The extent to which vowel quality systemns are predictable must
not be overemphasized. What we find is not absolute predictability,
but clustering of types around general norms. The success of the
miodel lies in the fact that it separates these norms {the predicted
vowel systems} on a principled basis from other conceivable ar-
rangements which are abnormal ar altogether unattested. An anal=
ofy might he the linds of predictons made by theoretical maodels
of weather systems. [tis possible for such models to simulate
real weather conditions, beginning with factors such as the size of
the earth, rate of rotation, amount and distribotion of solar radia-
tion at different seasons, distribution of contnents and cceans,
density of the atmosphere, rates of water evaporation, ete. It
would be unreasonable to judge a model a fajlure if it failed to pre-
dict the gkiing conditions in Sun Valley in January, 19B0. It would
probably be gquite a success jusl o predict the average annual snow-
fzll within a few feet. In fact, a model might be judged a auccess
il it just showed snow falling in the right parts of the world at the
vight times of year.

Randomness is found in several different aspects of vowel system
typology. [irst, the number of basic vowel qualities in languages
ranges from three to ahout twelve. Even if we talke note of the fact
that the most frequently wtilized vowels in any language are likely
to be those that are typologically the most common,i.e. short, non-
nagal /izaue/ (Greenherg 1966), this still represents a considerable
degree of randomness in vowel system lypology. Second, the exact
phonetic value of the vowel phonemes of any particular type of sys-
tem varies from one languapge to the next. For example, the theoret-
ical model predicts £/ and o/ as the mid vowels of a 5:0 system.
O 55 acfual systems, 13 are explicitly described as having 'higher
mid' fef and fof, rather than /g/ and [a/. Variability of about this
depree is built into the whole classification of vowel systems 1 have
presented, and has to be kept In mind when the predictions of the
muodel 2re judged. Another instance is the asaignment of fi&/and
Hif to the same general position. The model makes nn distinction
bhetween these two vowels in the predicted systems 6:1, 7:1, 8:2,
9:2, L0:2 and 11:3, sp this remains 2 random element. Third, all
of the systems which can only be obtained by zaltering a predicted
system (307 of the sample of course Tepresent a degree of randomness
for the model, Finally, it must be remembered that a set of
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complicating factors has been ignored. Vowel guality may play an
anxiliary role in distinguishing short oral vowels from other vowel
types, such as lang vowels, nasal vowels and diphthongs. Lan-
guages which have similar basic vowel guality systems may differ
considerably in the employment of vowel guality in any of the other
functions.

4.7 Prediction of universals

Sinece the dispersion model generates the major empirical vowel
system ltypes, and since universal rules are derived from typology,
it obviously follows that many of the empirical universals are in
fact predicted by the model. This is my justification for saying
that the universals do not have any kind of independent status, buat
are gimply instances of much more general principles, namely
those built into the disperdion model. This can be secn in detail
in the vowel higrarchy based on vowel systems generated by the
model (see Fig.13). This ordering of vowel bypes corresponds pretty
closely to the empirically hased ordervings presented in Fig. 10.

Figure 13. Vowel hierarchy predicted by model
{(=These two vawels could be interchanged, )

To put it another way, most universals which concern the guality

aof the vowels in & system of a given slue are predicted by the model,
the seven vowel systeme being an excoeplion. On the other hand,
universals concerning the number of vowels in a basic system are
not predicted. The siteation is summarizéd in the following table

(Table 11).
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Table 11. Comparison of actual universals with predictions of model

Universals Frediction

1. All languages have i a u/.|-Three vowel minimum not
proedicted.

~-Predicted for languages with
fhres or more vowels.

2, Four V include /i/ or fE/f.| ~Predicted.

3, Five ¥V include /&/, ~Both /&) and fa/ predicted, but
penerally also [faf. not ranked.

4. Six V include fa/, alseo /i | -Predicted. Model prefers /4/
ar faf as sixth V.

5. Seven V include /e of or ~Model predicts /e i/, which is
& als wronpg, but at least involves twao

nf the correct V.
f. Eipht ¥ include /e/. -Predicted {for geven V).
7. Wine ¥ include fo/. -Prodicted {but nate high number

of actual exceptions).

&. Five WV is optimal number.| -Not predicted.

9. Height distinctione egual -Mot predicted. (This feature is
ot exceed bBackness dis - built into the model on the basis
tinctons. of typological evidence. There

is some experimental basis
(Sec. 4,3).)

10. Interior height distinctions | -Predicted.
do not exceed front ar back
height distinctions.

1l. Two intervior ¥V include one | =-Predicted.
high V.

Z. Height distinetions in front | -Predicted.,

V egual or excead those in
back V.

#3ce Appendix 11 for a restatement of universals., Those dealing
wilh the relation of the basic vowel system to other systems are not
included in this chart.

4.8 Functional nature of the universals

The model of vewel systems presented above [s a functional one
in the sense that it relates phonological structure to factors operating
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in the ordinary use of language. Stated simply, the idea is that
since the linguistic function of sounds is to distinguish different
meaningful elements, one would expect the dominant types of pho-
nological systemn to be those which make the most efficient use of
the human sound production and perception abilities. Of course a
general notion like 'efficient use' cannot be appealed to in the ab-
stract; it has to be exemplified by close study of the production

and perception of human speech sounds. The LAL model of the
vowel space and the achievements of modern phoneties which stand
behind it clearly show how this notion can be given a concrete mean-
ing. The notion of 'dominant type of sound system' has to be estab-
lished by collection of a sulficiently large and representative group
of accurate linguistic descriptions. I have tried to show, in this
paper, how a data base such as the Stanford Phonology Archive can
be used for this purpose. The fact that a number of the generaliza-
tions arrived at here concerning vowel systems were known or sus-
pected before, on the basis of pther data collections, encourages
me to believe that larpe collections of this sort of descriptive data
will tend to converge on the same range of types or norms, in spite
af a number of methodolegical and theoretical uncertainties,

The functional approach differs in several respects, two of which
I discuss briefly here, from the major current phonological theory,
generative phonology. First, the functional appreach includes highly
explicit phonetic models, in this case a model of the vowel space.
In contrast generative phonologists have soupht to reduce phonetic
description to feature systems, with a relatively limited number
of features and distinctions within each feature (only two at the
'clagsificatory' level). While [eatures, when properly defined,
have the virtue of characterizing the kinds of contrasts or types
of rules that typically cccur in languapes, the justification for a
particular eystem of features and the system of relations between
features {marking conventions, etc.) is not readily apparent in the
features themselves, For example, the features _”.._."mmfu low, bhack,
round], interpreted as hinary features, are ohyviously larpely suf=-
ficient for characterizing the kinds of vowel contrasts that nccur
in the world's languages; similarly, the marking convention to the
effect that mid vowels are less complex than [ront rounded or back
unrounded vowels reflects a well established typological fact. But
the penerative model, in stopping with the meve statement of these
facts, however elegantly expressed, fails to explain why these lea-
tures or this marking convention, rather than different features or
an opposite marking convention, should be the ones which are ac-
tually true or appropriate for human language. It is only by moving
aon to an explicit phonetic model that we can justify either. In this
sense a functional model achieves a lype of explanation which lies
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beyond the ranpe of the formal descriptive devices of gensrative
phonology.

m.”, second difference concerns the character and assumed basis
of phonological universals. Most Phonologists would agree that
phoneties plays a prominent role in phonological universals. The
careful attention given by Chomslky and Halle to the phonetic basis
of digtinctive features gives evidence of this. However, in the
generative literature, primary emphasis in the search for phono -
logical univeraals has heen given to definition of the right classifi-
catory feature systern and development of the proper formal devices
for description of phonological processes. Tha assumption behind
this appears to be that the organization of phonological information
in the human mind is highly formal, that the phonological structure
of a language constitutes a highly complex formal organization im-
posed on the raw phonetic materials. If this assumption is true,
then of course spacial attention must be given to this formal level,
and the phonologist can expect to Learn something important abaut
phonological universals simply by investigating the interaction of
.mn.ﬁ_?.:. devices in linpuistic dijscriptions. The functionalist approach,
in contrast, emphasizes the centrality of phonetics and the single
functional principle of perceptual contrast. From this point af view,
what is Important in the phonolopical orpanization of individual lan-
guages is just that this organization constitutes a set of limitations
on the contrastive role of the phonetic materizls. To put it another
way, the generativiat assumes complex, innate phonological structure
in addition to innate phonetic capacities, while the functionalist does
not. Which of these viewpoints will prové most revealing in account-
ing for the entirety of phonological universals remiaing to be secn,
However, in the limited area of vowel systems, a functional model
is guite successlul, and this confirms, for this area, the assumption
that explicit phonetic models and the coneept of perceptual contrast
give a sufficient basis [or explainiog phonological systems,

APPENDIY I
Universals roatated

1. All languages have i a n/.

Z. All languages with four or more vowels have /i/ or el

3. Languages with fve or more vawels have (£/. They penerally
also hawve [ao/.

4, Lanpuages with six or more vowels have /2/ and also either i/
or fe/, generally the former.
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5, Languages with seven or more vowels have fe of or /i a/.
(The types [ta/ may be represented by /i 8/.)

fh. Languages with eight or more vowels have [fe/.

7. Languages with nine or more vowels gencrally have fo/.

8. A contrast between [ive basic vowel gualities 1s the norm for
human language, and in general, the most common systems
are those with close to thisa number of basic vowels.

9. The number of height distinctions in a system is typleally equal
to or greater than the number of backness distinctions.

1. Lianguages with two or more interior vowels always have a high

one.
11. The numhber of vowels in a column of interior vowels cannot

exceed the number in the front or back columns.
12. The number of height distinctions in front vowels is egual to or
greater than the number in back vowels.
13, Thereis a tendency for high and low vowels of a short vowel
csystem to be more central than the corresponding long vowels.
14. The number of vowels in a nasal vowel system is equal to or
less than the number in the corresponding oral voweal Eyatem.
15. If a nasal vowel system is smaller than the corresponding basic
vowel system, it is most often a mid vowel that is missing [rom

the nasal systemn.

APPENDIX II
Vowel catepories used by Stanford Phonology Archive

Front Central Back

i it i i tad u High

1 u L 14 1 u Lower=high
5 i e &) i o Higher-mid
E 8] a 8] i ] Mid

E 4 £ M a Lower-mnid
ae ae n Higher-low
£ a a & o Liow

unrounded rounded

Length is indicated in Appendix III by a raised dot ('), nasaliza-
tion by a tilde (7). The syimbol {») for 'retraction' is used in ad hoc
ways explained in the notes. It sheould be remembered that this
chart merely represents a convenient set of categories [or labelling
the kinds of things that descriptive linguists say ahout vowels, and
iz not meant to present a phonetic nr phonological theory of vowels.
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APPENDIX III
List of sample languages by basic vowel system type

(Motes at the end of the 1ist)

7 2:0

2:0

KABARDIANML

ALABAMAN
ALASKAN ESKIMO
ALEUT

AMUESHA

DIEGUENG®

GADSUP
GREENLANDIC ESKIMO
HAIDA S

TAQARU

EAROK

Laxt

MANTIILTTARA
MOROCGAN ARABIC
NUNGGUBU YU
NYANGUMATA
OJIRWAZ

PUGET SOUND SALISH
QUECHUA®

SHILHA

L TAGALOGT

TELEFOL

TOTOMNAC

WESTERN DESERT
LANGUAGE

ALAWAB
CAMPA
CAYAPA
CHAMORRO?
HUPA
MALAGASY
MAZATEC
MOXO
NAVAHO
MNOOTEA
ORNEIDA
PALZ
WICHITA

L e A e B I e T Y R ST P W Y

[*H

P RS et e el e s e s e S e

i EMi1+B-a-u O

Laoflfe a-a
iaaffi & u

ia'n

aaff edeas
aUfferaso-

£ ulf e 4. g
au/l/I-as U-

a i

Ao e aewe

a Ulfi- av a- U o-
auffi-a-u-
auffisae g

b= R

ao w ff a-
a/fi-arur

a Uffi~g-a*ro M-8 ara-
a ]

a U

au

a U(eo)/fivar ufaror)
EUffi- E arurar
aulfi as as

k]

aUuffi-a-a-

E a w

s A o

EUR

|0

E a Off Bra- Q-
Eau
Eao/fTEaa

E au

Eaalfi-ta o ffTERS
E 8 USMirae.ar u- 2
E a offi-E+~a-0O«ffad
Eaufff Edd

E uef/ e gne pts

4:1

LF
=

VOWEL 5

ADZERA
AMAHUACA
CHACORBO
JIVARO
EWAKIUTL
MARGI
PASHTO
SQUAMISH
WAPISHANA

AWIYALO
ATAYAL
AROSI
AsmaT!l
AUYANA
AINU

BATAK
BASQUE
BULGARIANNZ
BURUSHASKI
CANTONESE (TAISHAN]
DAKQTA
oipold
EGYPTIAN ARABIGLS
FULANI
GBARI
GEORGIAN
GARO
HAKKA
HAUSA
HAWAIIAN
JTAPANESE
KUNIMAIPA
KUNJEN
KALIAI
KHASI O
KHARIA
KOTA
LAKKIA
LUVALE
LUISENO
MIXTEC
MATUNG
MADRT

YSTEMS
iawollia:
TawallT
ato

awufffama

anu/f i a

aau

aaufl B0 a

ano
aguffica-d-nffTafn

a* o
o

e g e e e

i BauQ

t gauaffisns
ieauaffi-g a a o
Leausa

ie auld

iE Aaua

itauo

I BanQ

i Euaa

i Eau0/i- E-a- o O
i Beaus
eauon/fTan
Enoo /B o
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Ed U0 (a)fi B i u' Q" feer)

i

i

I

Teae T offi & a4 - 3»
ieaua

IEATO

iEado

T R

IEsUofi B-a u O
IiEaaQifi Ea u- O
igadoffis- e aru o
teanl

IEalUO
iEaoQ/fi B ar us O
T'Ealaffi-
ieauoalfiE
ifaud

i
i
I
i

e aaaffis e g .00
Eauwoll-E a' Ta
eauonffiaun
iEauan

iEusafi- B ou o a
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5:0

Rt

#5711

45 1

Wikg s ]

2512

fizl)

*b:0

MUNDARI

MALTESE ARABIC

BEEMBE
Mamal?
NASIOI
NUBIAN

POMO
RUSSIAN
RYUKYUAN
SPANISH
SWARILI
TELUGU
TEWAlS
TZELTAL
WIK MUNKAN
WAL AMO
WOLIO

ZAN

ZOQUE
ZULU

ZUNI

SEMECA

ISLAND CARIB
MARANUNGKU
NEZ PERCE
OCAINA
TOLOWA

EVENKI
PAPAGO
MANDA RINM

CHIPEWYAN
LITHUANIAMN
FPERSIANM
SELEFPET
SINHALESE?
SONGHATZ?
YUCET

ENGLISH (RP)
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IEaTUD
iBaun /i B oa w O
i Bawaffi-era-u o+ /fIF 3
mw_.u....._________

= =

1aun

eauvo ffi-grar ar or
Eaudffi B a- g« 0O«
galalfI E a-lF

EdinO

S

EauvOffi E-a u O

Eaad
EauQ

e » Uaffi e* @+ a1+ o

EalUaQ

EalUnffi g a T a-

EauC /f i+ B a

Eaud

Eaul/l
Eduoa fi-g A ur o

Eauafi-e asu- a-

u*

n:
aauofftis et a° u o

L

i
1
1
1
i
i
i
i
I
iBEau0ffire @ weo fIfan
1
i
i
i
i
i
i
i

ieaea0ffi e ara 0O-fE3

Ll B I ot =

[

[

iiaaeu
i

i
icduoa
iEauvon
I

i

i

Bako/fiRaka
araa ]

e alalfi s ar we 3
Eawffiaad
Eaauffi-Boauf T80

maul/ffi Evaa g

aduolliva Lvus o

cemuoalliEAT

us =

EdaUofli e mea-
g Eauofi-Eoas u o

o

e Eauvaffiog-a affTIE
Eae U anm ffiv erae- i as

an
o

LI K

IEmae Ues/fli-a o O a

5

——— e

F=kfye

far 1

a2

7:0

EwEeL

ANGAS
ARAUCANIAN
BARASANO
BODO

CARIR
CHONTAL
CHUKCHI
DAGBANIZZ 5%
DELAWARE
GILYAKS?
GOATIROZS
GUARANI
IRAQW
ITOMNANA
KAMNURI
KET26
KEURUX
AT
MALAY
MALAYALAM
PICURIS
POLISH
SATRAN
SIRIONO 27
TARASCANSS
TICUNA
WU
YTUKAGHIR
vuRAK30

29

HOPL
CHUVASH

BENGALI
RBURMESE
GA
GBEYA 2
ITALIAM
EPELLE
NEMNGONE
PORTUGUESE
BEOANG 33

il
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i
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i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
L
i
i
i
i
i
i
i
I
i

i a

P e e s

Eau it 5
Eaiualfi
Easuoan

Eawe Offi* E* & w u O

EaauD
EaauQ

Eaauaffi-
£asauaffi

Eatud

£Eaauaffi

@Yt ot of

ageas ur a0 8o

|

BadwOffiEatad

Ea g Walli e

eakuao
Eaiul

T o= ar

Efikuaffi-e & ivu-a-

EasulOffi"EBaswoffiBand

Earuld
ead s uo

eadlaffi-e a u o

€ TuamfF3

Eaduan

catrucffieal*an

Eadiuo

BEaiunffiafad
Evauo/fi=d
EdanDff?ia a o=
EkRuDaf/i7a-

E#asafli d 8 ar B o

E by a

Eaauoaf

nmm.....:,u____
e EBunaf
eBauoaf
e BEauoa

!
!
!

ok
=]l
ol

o
1
o
1
e
e 2
1 |
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ieegano affier gooa-u- o a-
iecgaunosffiefna
ieeaunaffiacs
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(7:0)

#7: 1

=1
pa

Fail

Brd

8: 3!

912"

TUNICA
YAD

SENT ANI
WASHEUK
WoLOFH

ALBANIAN
AMHARIC
BRETONIS
DAFLA
GERMANIE
HUNGARIAN
KOHOT
KOMI
MOMNGOLIAN
MACA
RAWANG
SUNDANESE
RUMANIAN
yAaySY

38

EWONDO
JAVANESE
APINAY HA._“.._
MIANKA

ICELANDIC
TIBETAN

CHEEREMIS
KIRGHIZ
TURKISH

CHAM
KAREN
LAHU
LAQ
MAZAHUA
NUNG
OTOMI
AKAN?
GREEOYZ
Lug?3
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ie g anoa

iemanoaffa:

F doun
Eadtuld

ol il
I I -3

hauda
ai 2 uo

afaund

awa ul

atouap
Aaiauo

Lt e I o e e e B L I e e LI T L
mﬂm[ﬂﬁﬁﬁm.—nmm{qm[z‘j

e
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e
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™
]
E
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=
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o
T
|
m
w
=
=
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T
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=
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aw 2 a0ffa

e ED Iuoe
mlldaualicEass v & a-a o ff
i E* &' u- G- &

thanua
IEWBaTWoflve Bt ErU o
i BB awnQ

Eada nunooa
Ead fuan
Eateuonos
EoawBuae /i e g a e Tue O aoee
EAa & AUt .________H.mmwﬂa
EE &L eaunallae
aaftauaaf

1

e
Tas 3

Eatuoaffieadaon

a

i
ieergauvoor 3ffieEa
iIlE EeaaUds

g aauaffive g urar 3

AnOueofi- &0t ue o M e
eduzaffi-g£uwaur aas

U3 de U0 a/fio e - 8 a usor

B uoeoe i e 1= 8» a0 v a-

2w B el flis e groasw B urooroee

GO aa /e a O a a

adan0/li Ba*i s a0

.._ C i
Efa e o U___________.- e BV R fele O O
Ea B uoa
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#0:2 SOMALI leta U0alafl'e ga T v ar U o
ieatdhwllon

9:3' AZERBALIANI .
fededailwtuoffi' e aer we B ur o

KOREAN .
NORWEGIAN IEatsatan/li-e e - Oa w w0
OSTYAK iEd4udwu0a

10:2 1AL iegmiibanocaffires m "% a v o
VIETNAMESE Ieé&aliéaloafa

10:3' AKHA lepdawsuna

10:3"  PANTABI ilEmwasuU0u//ITExasal0a

ileeaéuloaf

it I e £ ar g+ ur Ur o0 o

210:3" LOGBRARA

11:3 FRENCH ietdinbBuore leedom
123 PACOH ies agiasr*aauoso aff
i aargs B OET2M3 @Y U 08 o- D

Notes:

1 The short vowels of KABARDIAN scem to form a reduced
system. See Sec. 2.4 on bwo vowel systeme.

2 [ have analyzed DIEGUENO /fa/ as a necutral vowel.

3 The HAIDA vowel system presented here is nol certain,

4 LAK has three "guttural' (gortanye) vowels., Possibly they
are pharyngealized (cf. DIDO (5:0)). Depending on the details, this
could he a asix vowel system.

5 OJIEWA long nasal vowels accur as independent phonemes
word finally. Short nasalized vowels are the result of loss of /n/
before /&,

6 [E Of occur in SPANISH loans.

7 TAGALOG /e o/ occur in ENGLISH and SPANISH loans. Ap-
parently, there is still some instability.

B ALAWA probably derives from a 3:0 system, but has developed
a new contrast, /E/, though it is not an especially common vowel,

9 CHAMOERRO /e of have been set aside as SPANISH loans.
fac/ has a somewhatl marginal status; it is chiefly derived from fa/
after /i) in a preceding syllable, but there is a certain amount of
contrast.

10 AWIYA has a /a8/, but it seems to be a transitional sound in
consonant clusfers.

11 The gramumar says that /2/ is an independent phoneme, but 1
can find it only in vnaccented position in the examples given.



|44 John Crothers

12 A neutral vowel /o) oceurs unstressed in BULGARIAN.

13 Other CANTONESE dialects have guite different vowel systems.

14 DIDO has a full set (5) of pharyngealized vowels, There
seeme to be a question as lo whether they can be interpreted as
allophonic variants adjacent to pharyngeallzed consonants, 1 not,
this is a ten vowel system.

i5 According to the grammar, there is a marginal contrast be-
twesn (&8/ and /es/, which are chiefly in complementary distribution.
This is difficult Lo evaluate.

16 The grammar treats fi/, which contrasts with /I/ as [fii/,
thaugh, apparently, it is not as long as the other long vowels. [
treat /i/ as long. Phonemic status of long vowels uncertain,

17 MAMA has an [a] which seems to be in complementary distri-
bution with [i].

18 TEWA also has /ee/, which is at best marginal (three instances
reported).

19 SINHALESE has a /a/ that may be marginally contrastive.

20 The contrast of /e/ and JE/ is hard to evaluate. They may
contrast only linally.

21 Stahllke {1971) calls fe/ and f3/ 'retracted.’

22 DAGBANI /®/ does not occur in open syllables and is par-
tially in complementary distribution with /i/, but there seems to be
a certain amount of contrast.

24 [t is not clear that DELAWARE /a/ is phonemic.

24 GILYAK has four unstable long vowels deriving from vowel
followed by velar spirant before consonant.

25 While /5/ is rare, /3i/ is very common.

26 The grammar gives a ten vowel system for KET. But /e of
seem clearly to be initial allophones of /£ 2/. The three central
anrounded vowels given in the grammar as distinct phonemes are
very hard to judge. I have tentatively grouped them lInlto a single
phoneme fif, though there is no clear evidence for this.

27 The symhbol /i / ropresents "a volced, high, close, front
unrounded vowel with {riction and back tongue rounding or grooving
...not the same as the back unrounded vocold found in other TUPI-
CGUARANI languapges., "

28 The vowel /&) is described as 'retroflexed,' and occurs only
after sibilants, sometimes being replaced by a long sibilant. The
distribution seems suspicious, but there are minimal pairs with
tmost of the other vowels. The situation is difficult to evaloate: in
any case the system borders on being 5:0.

29 The /af of YUKAGHIR is described as slightly retracted from
the position of /€/ and weakly labialized. Only four long vowels are
exomplified.
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30 The grammar lists both /if and fud/, but {rom the discuseion
it appears that they must he in complementary distribution, with
fif after palatalized consonants, fw/ elsewhere.

31 BURMESE has, in addition, four nasalized diphthongs.

32 fe 3/ are harmonic pairs of fe of, probably 'retracted.’

33 According to the grammar, all the pral vowels of SEDANG
have creaky voiced counterparts which are dietinctive. There are
supposed to be six nzsal vowels, but only four are exemplified.

34 WOLOF [fo/ has alsc been described as [6/.

35 BRETON /a/ scems to be a neutral vowel.

36 In some types of GERMAN, /) is marginally distinctive.

37 The long vowels always have falling pitch. /#/and fe¢/ merge
in one dialect.

38 Masal consonants cause extensive nasalization of vowels,
which can be considered nondietinetive, except for one very mar-
ginal environment.

39 YAY /o/f is rare in closed syllables.

40 The grammar gives thrae back unrounded vowels, fut BaAf,
but the examples do not establish a contrast.

41 The vowels /[I1Ea U2/ form a harmonically 'retracted’ set.

42 GREBC /m or/ ave 'retracted’ or 'muffled.’

43 LU0 has extensive vowel harmony. The vowels can be di-
vided into tense and lax, or advanced and relracted sets.

APPEMDIX IV
Languapge referchces

Abbreviated references are given here for all languages in the
sample. Most can be found in their full form in the Bibliography te
Working Papers on Language Universals (Fahrenhols 1976). References
for all ather languages referted to in this paper can also be found
there. Referernces not to be found there are marked o code letter,
{R} indicating that the full reference is in Ruhlen 1975a; (B} indi-
cating that it is piven below under "Bibliography.' A complete
bBibliography for the sample lanpuages can also be obtained on re-
quest from the Stanford Phonology Archiving Project, Department
af Linguistics, Stanford University, Stanford, California 94305.

ADZERA Holzknecht 1973 ALAWA Sharpe 1972

hﬂzﬂ Simecon 1969 (R} ALBANIAN MNewmark 1957
AKAN (FANTI) Welmers 1946 ()  ALEUT Menovshchilkoy 1968 [R)
AKHA Katsura 1973 AMAHMUACA Oeborn 1948
ALABAMAN Rand 1968 AMHARIC Leslau 1968
ALASKAN ESKIMO Mattina 1970 _"_mﬂ_ AMUESHA Fast 1953
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ANGAS Burgquest 1971
APINAYE Burgess and Ham 1968
ARAUCANIAN Echeverria and
Contreras 1945
AROSI Capell 1971
ASMAT Veorhoeve 1965
ATAYAL Egerod 1966 (R)
AUYANA (USARUFA) Bee 1965
AWIYA (AGAW) Hetzron 1969 (B)
AZERBAITANI Householder 1965
BARASANC Stolte and Stolte 1971
BASQUE W'diaye 1970
BATAK [TOBA BATAK) Tuukla?l
BEEMBE (BEMBA) Jacquot 1962
BENGALI Ferguson and
Chowdhury 1960
BODO (BORO) Bhat 1968 (B)
BRETON Ternes 1970
BULGARIAN Aronson 1968 (R),
Klapstad 1958 (B)
BURMESE Okell 1969
BURUSHASKI Morgenstierne 1945
CAMPA Dirvks 1953
CANTONESE (TAISHAN) Gheng
1973 (R}
CAHRIE Peaspgood 1972 (R},
Hoff 1968
CAYAPA Lindskoog and Brend
1962
CHACOBO Prost 1967
CHAM Blood 1967
CHAMORED Topping 1973
CHEREMIS Histinen 1960
CHINESE Chao 1968; Cheng
1973 (B); Dow 1972 (B)
CHIPEWYAN 141946
CHONTAL Keller 1959
CHUKCHI Skorik 1568 (R)
CHUVASH Andreey 1966 (R)
DAFLA Ray 1967 (R)
DAGBANI Wileanh and Bendor-
Samuel 1969 (R)
DAKOTA Beoas and Deloria
1239 (1)
DELAWARE Voegelin 1946

DIDC Bokarev 1967 (R)

DIEGUEND Lanpdon 1970

EGYPTIAN ARABIC Mitchell 1962

ENGLISH O'Connor 1973 (R)

EVENKI HKonstantinova 1968 {R)

EWE Berry 1951, Stahlke 1971

EWONDO Abega 1970 (R)

FREMNCH Sten 1963

FULANI Stennes 1967

GA Berry (no date}

GADSUPR Frantz 1966

GARO Burling 1961

GBARI (GWARI) Hyman and
Magajil 1970

GBEYA Samarin 1966

GEOQRGIAN Robine and Waterson
1952; Vegt 1938, 1958, 1971

GERMAN Moulton 1962

GILYAK TPanfilov 1968

COAJIRO Holmer 1949

GREBQ Innes 1966

GREENLANDIC BRischel 1974 {B);
Thalbitzer 1904

GUARANI Gregores and Suares
1967; Lunt 1973; Uldall 1984

HAIDA Sapir 1923

HAKKA (CHINESE) Hashimoto 1973

HAUSA Greenherg 1941; Kraft
and Kraft 1973 (R)

HAWAITAN Pukul and Elbert
1965 (B)

HOPI Whor! 1946

HUNGARIAN Hall 1944 [B)

HUPA Golla 1970 (B); Woodwazrd
1964

AT Tryon 1968

ICELANDIC Malone 1952

[RAQW Whiteley 1958

ISLAND CARIB Taylor 1955

ITALIAN Apard and DiPietro 1969

ITOMNAMA Liceardi and Grimes
1968

JAPANESE Bloch 1950 Jorden
1963

JAQARU Hardman 966
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JAVANESE Horne 1961
JIVARD Beasley and Pike

1957 (H)
KABARDIAN Kuipers 1960
KALIAI Counts 1969 (R)
KANURI Lukas 1937
KAREN Jones 1961
KAROK BEright1957
KET Krejnovich 1968 (R}
KHARIA Bilipiri 1965
KHASI Rabel 1961
KIRGHIZ Hebert and Foppe 1963
KOHO (SRE) Manley 1972
KOMI Lytkin 1966
KEOEEAN Cho 1967; Martin 1951
KOTA Emeneau 1944
EKEPELLE Weolmers 1962
KUNIMAIFA Pence 1966
EUMIEN Sommer 1969
KURUX Pleiffer 1972 (R)
EWAKIUTL Boas 1947
LAHU Matisoif 1973 (R)
LAK Murkelinskij 1367 (R)
LAKKIA Haudricourt 1967 [(R)
LAQ Roffe 1946 (R)
LITHUANIAN Ambrazas 1966 ()
LOGBARA Crazzolara 1960
LUISERO Bright 1965; Kroeber

and Grace 1960; Malecot 1963
LUD Gregersen and Alstrup 19561
LUVALE Horton 15949
MAIDU Shipley 1956, 1964
MALAGASY Dahl 1952 (R}
MALAY Verguin 19647
MALAYALAM Sreedhar 1972 (B)
MALTESE ARABRIC Borg 1973
MANTIILTTARA Marsh 1969
MAORI Biggs 1961
MARANUNGEU Tryon 1970
MARGI Hoffman 1963
MAUNG Capell and Hinch 1270 (R)
MAZAHUA Spotts 1953
MAZATEC Pike and Pike 1947
MIANKA Prost 1964 (B)
MIXTEC Hunter and Pike 1969

MOMNGOLIAN Hangin 1948

MOROCCAN ARABIC Abdel-
Masgin 1973 (B); Harrell 1962,
1965

MOXO (IGNACIANG) Ott and Ott
L1967

MUNDARI Gumperz 1957

NAGA Bhat 1969 (R)

MAMA (HOTTENTOT) Beach 1938

MNASIOLI Hurd 1966 (R)

NAVAMO Sapir and Hoijer 1947

NENGONE Tryon 1967

NEZ PERCE Aoki 1966, 1570

NOOTKA Sapir and Swadesh
1955 [R)

NORWEGIAN Vanvil 1972

MNUBIAN Bell 1971

NUNG Freiberger 1964 (R)

NUNGGUBEUYU Hughes and
Leeding 1971 (R}

NYANGUMATA O'Grady 1964

OCAINA Apnew and Pike 1957

OIIBWA Bloomiield 1956

ONEIDA Lounsbury 1953

OSTYAK GCulva 1966

OTOMI Blight and Pike 1976 (R)

PACOH Watson 1964

PAEZ Gerdel 1973

FANIABI Gill and Gleason 1963

PAPAGO Hale 1959 (B): Saxton
1963

PASHTO Shafeev 1964

PERSIAN Obolensky, Fanah and
Nouri 1963

PICURIS Trager 1971

BOLISH Wierzchowska 1965

POMO Moshinsky 1974 (B)

PORTUGUESE Head 1964 (R)

PUGET S0OUND SALISH
Snyder 1968 (R)

QUECHUA Bills 1969; Lastra 1968

BAWANG Morse 1963

RUMANIAN Agard [958

BUSSIAN Jones and Ward 1969

RYUKYUAN Martin 1970 {(R)
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SA'BAN Clayre 1973
SEDANG Smith 1968
SELEPET MeElhanon 1970
SENECA Chafe 1967
SEMTANI Cowan 1965
SHILHA Applegate 1958
SINHALESE Coates and
de Silva 1960
SIRIOMNO Priest 1968
SOMALI Armetrong 1964
SOMGHAL Prost 1556 (1)
SPANISH Mavarro 1961
EQUAMISH Kuipers 1967
SUNDANESE Anderson 1972;
Robins 1953, 1957; Van Syoc
1955
SWAHILI Polome 1967
TAGALDG Schachter and COtanes
1972
TARASCAN Faoster 1969 (R)
TELEFOL Healy 1964
TELUGU Lisker 1963
TEWA Hoijer and Dezier 1949
TIBETAN Chanp and Shefts 1964
Roerich and Dhuntsholk 1957 (B}
TICUMA Anpderson 1959 (1)
TOLOWA Bright 1964
TOTOMAC Aschmann 1946

TUNICA Haas 1940

TURKISH Lees 1961; Swift 1963

TEELTAL Kaufman 1971

VIETNAMESE Thompsgon 1965

WALAMO Tucker and Bryan
1966 (1)

WAPRISITANA Tracy 1972

WASHKUE Kooyers, Kooyers and
Bee 1971 (R}

WESTERN DESERT Douglas
1955 (B]

WICHITA Garwvin 1950

WIK MUNIKAN Sayers and
Godirey 1964 (B)

WOLIO Anceaux 1952

WOLOF Manessy and Sauvageot
1263; Sauvageot 1965; Ward 1939 (B)

WU (CHINESE) Chao 1970 (1)

YAD Purnell 1965

YAY Gedney 1965

YUCHI Ballard 1975 (B);
Crawford 1973

YUKAGHIR EKrejnovich 1968 (R)

YURAK Decsy 1966

ZAN Kizirin 1967 [R)

AOQUE Wonderly 1951

ZULU Doke 1961

ZUNI Newman 1965

BIBLICGRAPHY

Abdel-Massih, E.T. 1973. An introdoaction to Moroccan Arabic.
Ann Arbor: Center for Mear Eastern and North African Studies,

University of Michigan.

Anderson, L. 1959, Ticuna vowels with special regard to the
syatem ol five tohemes. Publicacces de Museu Nacional, Seria

Linguistica Espocial 1.

Anderson, 5. 1975. The srganization of phonelogy., MNew Yorl:

Academie Pross.

Armstrong, L.E. 1934. The phonetic strocture of Somali. Mitteil -
ungen des Seminars flir Orientalischen Sprachen 37, 116-£1,

Ballard W.L. 1975. Aspects of Yuchi morphonelogy. Studies in

Southeastern Indian languages,

ed, by J.M. Crawford, 164-187.

VOWEL SYSTEMS 140
Bhat, D.MN.5. 1968. Boro vocabulary. Poona: Deccan College.

Blight, R.C. and E.V. Pike. 1976, The phonology of Tenango Otomi.
International Journal of American Linguistics [ITAL] 42, 51-57.

Boas, F. and E. Deloria. 193%. Dakotz grammar. Memoirs of

the National Academy of Sciences, Vol. xxiii, second memoir.
Bright, W. 1965. Luisenao phonemics. ITAL 31.4. 342-345,

Cheng, C.C. 1973. A eynchronic phonology of Mandarin Chinese.
Monographs on Linguisiic Analyeis 4. The Hague: Mouton.

Chomsky, N. 1964. Currentissues in linguistic theory. The
structure of languege, ed. by Fodor and Katz, 50-118.

and M. Halle. 1968. The sound pattern of Enplish. Harper.

Crothers, J. 1975, Aveal featurcs and natural phonology: the
cagse of front rounded vowels., Proceedings of the Second Annual
Conference of the Berkeley Linguietic Society, 124-134.

Douglas, W.H. 1955. FPhonology of the Australian Aboriginal lan-
guage spoken at Ooldea, South Australia. Oceania 25. 216-229.

Dow, F.D.M. 1972. An outline of Mandarin phonetice. Oriental
Monograph Series 10. Canberra: Australian National University
Faculty of Asian Studies.

Fahrenholz, V. 1976, Biblingraphy to Working Papers on Language
Tniversals. Supp. to WPLU 20. Stanford Dept. of Linguistics.

Fant, G. 1973, Speech sounds and {eatures. Cambridge, Mazs.:
M.I.T. Fress.

Fergusen, C.A. 1966, Assumptions about nasals. Universals of
language,; ed. by J.H. Greenherg. Cambridge, Mass.: M.I.T.
Press, 2nd ed.

Flanagan, J.L. 1955, A difference Hmen for vowel formant fre-
quency. Readings in acoustic phonetics, ed. by Lehiste, 288-292,

Gieser, C. Richard. 1958. The phonemes of Kalinga. Studies in
Fhilippine Linguistics, Oceania Linguistic Monographs 3. 13-28.

Gill, H.S5. and H.A. Gleason. 1963, A reference grammar of
Panjabi. Hartford.



150 John Crothers

Golla, V.K. 1970, Huopa grammar. Doctoral dissertation, Uni-
versity of California, Berkeley.

Greenberg, J. 196f. Language universals, with special reference
to featiure hierarchies. The Hague: Moulon.

y C. Dspgood and J. Jeaking. 1966. Memeoraodum concern-
ing languape universals, Language universals, ed. by J.H.
Greenberg. Cambridge, Masgs.: M.IL.T. Press.

Hale, K. 1959, A Papago grammar. Doctoral dissertation, Indi-
ana Univeraity.

Hall, Robert A. Jr. 1944, Hunpgarian grammar. Language Mono-
graph 21, L8A. Reprinted hy Kraus Reprint Co.

. 1948. The linguistic structure of Takdi-Taki. Lanpuapge
24,1, g2-llé.

Hockett, C.F. 1955, A manual of phonology. IJAL Memoir 11,

Jalkobson, R. 1968, {tr. by Keiler) Child language, aphasia, and
phonological universals. The Hague: Mouton.

, G. Fant and M. Halle., 1951, Preliminaries o speech
analysis. Cambridge, Mass.: M.I.T. Press.

Kaschube, Dorothea. 1954. Examples of tone in Crow. ITAL 20, 1.
34 -37.

Klagstad, H. Jr. 1958. The phonemic system of colloguial standard
Bulgarian. The Slavic and East European Journal 16, 42-54.

Kuipers, A.H, 1965. Phoneme and morpheme in Kabardian., The
Hapgue.

Ladefoged, P. 1964, A phonetic study of West African languages.
Cambridge University Prese.

« 1971, Preliminaries to linguistic phonetice, University
of Chicago Prege.

Lehiste, I. {ed.) 19467. Readings in acoustic phonetics. Cambridge,
Masg.: M.I.T. Press

. 1973, PBeview of Sweet and Russell., IJAL 39. 2. 123-124.

VOWEL SYSTEMS 151

Liljencrants, J. and B. Lindblom. 1972, MNumerical simulation of
vowel guality systems: the role of perceptual contrast. Lan-
guapge 48,4, 839 -8462. |

Lindau, M. 1975. Features for vowels. UCLA Working Fapers
in Phonetics 30,

Lindblom, B. 1975, Experiments in sound structure. Paper read
at the Eighth International Congrese of Phonetic Sciences, Leeds,
and J, Sundberg. 1971, Acoustical consequences of lip,
tongue, jaw and laryax movement. Journal of the Acoustical
Society of America 50. 1166-1179.

Meiklejohn, P. and K. Meiklejohn. 1961, Accentuation in Sarangan |
Manobo. Cceania Linguistic Monographs 3. 1-5.

Moshinsky, J. 1974. A grammar of Southeastern Pomo. University
of California Fublication in Linguistics 72,

Chala, I. 1975. Phonetic explanations for nasal sound patterns.
Nasalfest, ed. by Ferguson, Hyman and Qhala, 289-316. Papers
from a symposinm on nasals and nasalization, Berkeley, Nov. 23-
24, 1974,

Peterson, G.E. and H.L. Barney. 1952, Control methods used in
a study of the vowels. In L.ehiste 1967: 118-127.

Prost, R.F.A. 1956, La langue songay et ses dialectes. Memoire
de 'Institut Frangais d'Afrigue MNoire 47. Dakazr.

- 1964, Coatribution & 1'etude des lanpues voltaiques.
Memoires de ['Institut Francals d'Afrigque Moire 70. Dakar. |

Pukui, M. and 5.H, Elbert. 1965, Hawaiian-English dictionary.
Honolulu: University of Hawaii Press.

Rischel, J. 1974, Topics in West Greenlandic phonology. Copen-
hagen: Akademisk Forlag.

Roerich, G.MN. and T.L. Dhunsthok. 1957. Texthook of Collnguial
Tibetan, dialect of Central Tibet, Government of West Bengal,
Education Deparbment, Education Bureau.

Ruhlen, M. 1975a. Guide to the languages of the world. Stanford
Univerdity Press.



152 John Crothers

Ruhlen, M. 1975h. Patterning of nasal vowels. Nasalfest, ed. by
Ferguson, Hyman and Qhala, 333-352. Stanford Univ. Press.

Ruhlen, M. (to appear) The geographical and genetic distribution
of linguistic features, Linguistic studies presented to Joseph
H. Greenberg on the nccasion of his 60th birthday, ed. by A.
Juilland. Saratopa, Calif.: Anma Libri.

Sayers, B. and M. Godfrey. 1964, Outline description of the alpha-
bet and gramomar of a dialect of Wik-Munkan, spoken at Coen,
MNorth Queensland. Occasional Papers in Aboriginal Studles 2.
Canberra: Australian Institute of Aboriginal Studies.

Sedlak, P. 1969, Typological considerations of vowel guality sys-
terns. WPLU 1. 1-40.

Sreedhar, M.V. 1972. Phonology of the Cochin dialect of Malaya-
lam. International Journal of Dravidian Linpuistics 1. 100-125.

Stahlke, Herbert. 1971, Topics in Ewe phonelogy. Doctoral dis-
sertation, University of California, Los Angeles.

Stewart, J.M, 1967. Tongue root position in Akan vowel harmony.
Phonetica 16. 1B5-204,

Sundberg, J. 1977. The acoustics of the singing voice. Scientific
American 236.3. 82-91,

Thalbitzer, W. 1904. A phonefical study of the Esldme language.
Meddeledser om Grénland 31.

Trubetzkoy, N.S5. 1969. (tr. Baltaxe] Principles of phonology.

University of California Fress,

Vihman, M. (ed.) 1974, A reference manual and user's guide for
the Stanford Phonology Archive, Part I. Stanford University

Voegelin, ©. F., F. M. Yoegelin and K.1L. Hale. 1962. Typological
and comparative grammar of Uto-Astecan: [. ITAL Memoir 17.

Ward, I.C. 1939. A short phonetic study of Wolaf (Jolof) as spoken
in Senegal. Africa 12. 320-324,

Wright, J. 1975. Effects of vowel nasalization on the perception of
vowel height. Masalfest, ed. by Ferguson, Hyman and Ghala, 373-
387. Sympos. on nasalization, Berkeley, Nov. 2324, 1974,

Syllabic Consonants

ALAN BELL

ABSTRACT

Sorne synchronic and diachronic generalizations about syllabic
consonants are presented, based on a comparison of 85 languages.
The main process of their formation, which is loss of a vowel and
concomitant shift of syllabicity to an adjacent consonant, occurs
fairly commonly in favored environments. It apparently does not
generalize easily to wider contexts, however, so that in most lan-
guages the syllabicity of consonante is predictable at a relatively
low phonological level. A wide variety of consonants, both reso-
nants and obstruents, may function as syllable peaks. Resonants
are preferred to obstruents as syllabies, althouph in some language:
the only syllabic consonants are obstruents. Contrary to prediction:
by most scales of sonority, naszl syllabics are preferred to liguid
oneg. Detailed diachronic examination of nasal eyllabics shows
that m and np are dominant, although the synchronic pattern of oce-
currence of nasal syllabics is not conclusive in this regard. The
preference largely derives from the diachronie generalization that
when syllabic nasals are formed, mu, um, fu, and un are the first
nagal-vowel combinaticns to be affected. Among obatruents, fric-
atives dominate stops as syllabics; six languages possesaing syllabi
stops woere found, all possessing syllabic fricatives alsc.

A preliminary version of this paper appeared in Working Fapers
on Langnage Universals 4, Moverrber 1970, The investigation was
supported by NIMH Fellowship 1-F1-MH-40, 650-01 {CUAN) and the
Stanford Universals Project, MSF Grant G5 1880. I am grateful to
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