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VOI{EL FEATURES

Mona Lindaut

The Èno most obvious functions of feaÈuresbare Èheir classi-

ficatory function and phonetic function. FeaÈures classify
che disÈincÈive sounds of a language by specifying the

conÈrasÈs betr¿een them. The phone!ic quality of a sound is

specified by assigning an intrinsic phoneÈic quality to the

features. AnoÈher use of feaÈures in generative phonology

is ro make possible Èhe definition of a natural class. A

fourth funcÈion is Èhe specification of sound paÈÈerns and

sound changes in such a r¿ay Èhat exPecÈed naÈura1 patterns

and changes are formally distinguished from ttunnaturalrt

ones. A sound change, or a1Èernation' is naEural when some

physical reason can be found as iÈs underlying câuse, as

opposed to such sound changes that happen for reasons that

have noc apparent relaEion Èo the sounds. A Phonological
process described. in terms of features should make its degree

of naÈuralness explicit as a function of Èhe formalism.
Ideally, a description of a phonological Process in Èerms

of feaÈures should permit an explanation as we1l. The very

least r¿e expect from a fornalised description is that it
provide an acg!ri|!e sÈaÈemenÈ of the Process involved. In

order to accomplish this, features must be related to the

correct physical parameEers Èhat control the speech mecha-

nism. If one significant difference between the American

English vowel in bird fu*a] and the vowel ir, ",rt ft"t] is

in Èhe lowering of Lhe Èhird and fourth formanÈs in bird'

as opposed Eo no such lonering in g!, then the distinctive

feature may best be Labelled fLowered frequency of the third

and fourth formancs] ot f,,Lot.t"d F3, roI. es usual' the

first second and third formants are t¡ritten F1, F2' F3'

respectively. The frequency of the fi¡st, second, and third

f I nould like to thank Kay Williamson and. PeÈer Ladefoged
for their cont¡ibutions to earli.er versions of this
Paper.
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formants are r¡ritten F1; F2, and Fa, respectively. The fea-
ture could of courae be laùelle¿ [ñ,notacized] after the
perceptual effect of the l0¡¡ered third and fourth formanta,
but then we musr also include a convention fRhot.cizeal--f
fl,owered F3, F4l ro âpply in aL1 environments fór rhe
correct phonetic specífication. rn any case ít ¡rou1d be ín-
appropriate to label the distinctive feature nith the arti-
culatory tern fRetroflexJ as that is not even factually T'.

correct. The label1ing refera to formal specification. rn-
formally we may prefer Èo refer to the more faniliar
labels of rrretrofrexrt. r r¡i11 for example continue to uae
rrheightrr.and "back', ín the informal discussion.

The search for tttruett correlatee of featurea over the years
has demonstrated that it is not possible to relate all fea-
tures to acoustic patameters, as rras attempted by Jakobson,
Fant, and Hal1e (1951) , nor to exclusively articulatory
parameters as rùas done by the InÈernational phonetic Aaôo_
ciation (f949), or by Chomsky and Ha11e (196g). Some fea_
tures may best be described as articulatory ecales, others
as acoustic or perceptual, some perhaps ag combinations.
ltoreover, it is suggesced that if variations occur a6 pointg
along one continuous parameter it is more explan¿tory !o
describe that vàriation as a change of values along a eingle
multivalued feature tather than in terms of sr¡itching be_
túreen binary features (Ladefoged I971). Our prímary goal
as phonologists-phoneticians is Ëo come up with an accurate
description and an explanation of phonoLogical processes.

This ehapter is an attempt to provide a first approximation
to a set of features that are required to specify contraata,
and phonol-ogical processes that involve vo¡¡e1s. The pro_
posed set of vo¡¡e1 features is exhauetíve ae far as L know.
I have attempted to relate each feature to its phyaical
correlate, and to specify the nunber of phonological values.
necessary for each feature. lhe problem of how to de81 with
croes-Language conparisons of the values of a uultivarued
feature at the lexical level haa not been Borted out



at this stage. This problem will for example occur when one

lranEs Èo compare a language with two values of feature
to a languagé with four values of feature, ¡¡here the
lowest vowel in both languages functionsin the sane ltay âs

in ru1es. As I have concencrated on classificatory features
of vor¿e1s, problems r¿ith feåtures involved in interactions
between consonants and vowels have not been considered
here.

The basic vowel parameters

The most basic vowel parameter ís vowel height. There is no

language that does not contrast vo!rels along a vertical.
scale. Änother b-asic contrast occurs along a horizontal
scale. There are very few languages that do noÈ contrast
fronE and back vowels. Vowel height. and backness then
form a basic two dimensional vonrel space that is required
for almost all languages of the !,/orld. Additional contrasts'
like lip rounding, pharyngal size, nasality can be co4sid-
ered to be superimposed on this basic vowel space.

'!i:€Err
tlhat is Èhe physical correlaÈe of vowel height? there is
abundant evidence against the traditional concept of vowel
height as the height of the híghesE poínt of the tongue.
Using X-ray data from Ngwe vowels and cardinal vowels,
Ladefoged (I964, 1975) deuronstrat.ed that particularly the
tongue height of back vowels bears very little relation to
vor¡el height. Figure 1 is a plot of the highest points of
t.he tongue of the cardinal vo¡¡els. The tongue height is
approxinately the same for Io] ana Icl. rn addition the
distance betúreen the tongue heights of fil and IaJis con-
siderably snaller than that betne".r [,tJ anALq] , which is
contrary to how the vowels are heard (Ladefoged, 1967).

X-ray data from vowel production of one speaker each of
'Akan, Dho Luo, Ateso, and German ner.e analysed by Lindau
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the highest poínts of the tongue as shown in e
published set of x-rays of cardinal vo¡¡e1s. The
outline of the upper surface of the vocaL tlact
is not clear on the x-rays, and it is estinated.(Fron Ladefoged 1975:198. )

t .g

Figure 1



5

et al. (1972). The vor¿els were fi r"8uoo c]. Figure 2 is

a plot of the relaÈive tongue height of these eight vowels

in the four languages. The AÈeso speaker is.the only case

where tongue height is related Èo vowel height; Èhe speakers

of the other languages do noÈ use tongue height to produce

different vowel heights. Thus tongue heighE canno.t be the

primary underlying mechanism of variation in vowel Itheight".

Lindblom and Sundberg (1969, 1971) proposed relaÈive jaw

opening as the main difference between high, mid and 1ow

vor.¡els, If Èhis were correct ' Èhen the tongue-shapes ought

to stay Èhe same r¡ithin the jaw, and the jaw opening vary
r.¡iÈh vowel height (provided of course front and back vowels

are regarded separately) ' Lindblom and Sundberg showed that

for their single Swedish subject the Èongue shapes did re-

main consÈant r¿ith resPecÈ to the jaú¡.

Ladefoged et a1. (I972) studied vowel Productions of six
American English speakers by use of cineradiography.
Figure 3 is frorn Èhis study. IÈ shows Èhe fronE lax vo¡¡e1s

I t e ae I - as in bit, beE, baE - superimposed onto a fixed
jaw for each of the six subjects so as to show ooly the

movement of Ehe tongue (if any) with respect to the jaw.

It is.clear that even when we confine the discussion to

I t' e æ /, we find Ehat only subject 2 behaves as predicted

by Lindblom and Sundberg. Subj ect -l has simiiar tongue

shapes for le/ a¡d læ / and uses jaw opening to distinguish

beÈwee.n tlro ouE of Èhree vowels. None of the others have

similar tongue shapes in any of the Ehree vowels. They

cannot then be using primarily different degrees of jaw

opening to concrol vowel height.

Figure 4 is a plot of relative jaw opening in the eight

vonels in.Akan, Dho Luo, ÀÈeso, and German. Jaw opening in

Dho Luo, at least in Èhis speaker, shows a good ordering

relationship to vortel height but the distances betlreen the

vowel points do not correspond very well to how they are

heard. The vor¡e1 points of the other languages show a
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Vertical positions of the highesr points of the
tongue in eight vowels of the speakers of Akan,
Dho-Luo, Ateso, and German.
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The lax vowels lz ¿ æ I ¡n
a fixed nandible for each
shou only the movement of
respect to the mandible.
and Papçun I972.)

Englísh superimposed onto
of six subjects so as to
the tongue (if any) ¡¡ith

(Ladefoged, DeClerk, Lindau,

Figure 3
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Figure 4. Verticel positions of the jaw opening in eight
vo¡¡els of the speakers of Akan, Dho-Luo, Ateao,
and German;
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better relation betneen jaw opening and vowel height than was

the case when Èongue heighc and vowel height were compared,

but the relationship is not good enough to support Lindblom

and Sundberg's claim about the jaw opening as the universal

phonetic correlate of vowel height. The use of jaw opening

to distinguish between high, nid, and 1ow vor¡el s by some

speakers only shows Èhat this is one possible way of

achieving vor¡e1 height. IE does noÈ justify postulating jaw

opening as a necessary correlate of vowel height.

In summary, a1l available evidence Poincs to the fact that

a speaker has several possible gestures available for

producing a cerÈain point in the basic vowel space, and

that different speakers also do make use of all available

rech.rris." Èo achieve rhe same acoustic result. The in-

variance in vor¡el heighr is not of any articulaÈory kind

but racher acousfic. Formant frequencies p1'octed on a

formant charE usually show a much better relation to ho¡¡

Ehe vor{e1s are perceived (Ladefoged 1964, 1971 ' 1975) '
The cardinal vowels as spoken by Daniel Jones v¡ere PlotEed
on Ehe formanÈ charÈ in Figure 5. The formant frequencies

r¡ere inferred irom a formant chart in Lindblom and Sundberg

(1969), and ploÈted on a formant charÈ with Fi against the

diffe.rence between F, and Fr. The resulcing figure is

Buch closer Èo the tradiÈional quadrilateral than the

figure described by the highesÈ point of the tongue

(Figure 1). Vowel height is related in a straighÈ-forward

s¡ay to the frequency of the first formanÈ (Ft). Hieh vov¡e1s

have relatively 1ow Ft, and Iow vowels have relatively high

F. . AruiculaEorily based features like Tongue Height, Jaw
I

opening, Stricture (Williamson Ig74)I are less appropriate

for vowels. lJith Èhe correlate of vowel height being Ft the

mosÈ appropriate features label of vowel height is of course

I rrJ.

The featuÌ" I Irf ] is nuttivalued because vowels may contrast

more than two values along this single scale. Phonological

processea involving this feature shifts the vowels up and
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Formant chart r¡irh the frequency of the first formant
on the vertical axis and the distance between the
frequencies of the first and second formants on the
horizontal axis for the cardinal vowels. The formant
frequencies are from Lindblom and Sundberg (1969).
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down one sca1e. The use of binary features to exPress move-

ments along one physical scale would make a ltrong claim
about the relationship betrúeen the vowels. There are values

rf Irr] that sinply cannot be expressed correctly with two

binary features. A Swedish dialect, Scanian, (as spoken in

Mal¡nö) diphthongizes long vowels as below (Bruce 197O):

/í¿ I +

/ez/ +

lezl +

lv:. /
/d: I
ló:/

insertion rule

+ [óy]
à [óu]
+ [ce d]

Hieü ana fr,ow-f
..'a fui{ 'itt

/u: I
lo:l
loz/

cannot be us ed but lre

the use of paired

tc
àt
à[

.il
reJ

*rJ

t
l
t

eu]
eol
æo]

A vowel
chan the
Chomsky

can try

under lying
and Hallets
t+ang'" f nig

musE specify a vowel one step 1olter
wel. As four heighÈs are involved,o

t
Ð

variables (llang 1968)

ø

v

o{h i gh

ßmi d

0 higtt
-otn i d

(The rounding variation has been ignored, since ir is not
pertinent- Èo Èhe poinÈ) . This rule generates Èhe desired
output, ["i], It"], [*tl , eËc. but because of the switching
naEure of che rule it also generates a fourth type of
diphthong [- iJ, L* t] , andfæ u] that is not only not de-
sired but makes Èhe nrong claim that this r¡ou1d be Ëhe most

likely extension of diphthongization in Scanian. The only
rday to avoid it is by the use of n-ary values. This also
nakei the rule fornally sinpler.

v
ø

t
How many values are needed for
only Èno values of vor¡el height,
wi.t.h the., vowel s,ysteE

n

? Some languages contrast
g. Kabardian (Ha11e 197O)

n + 1F F1

Ft
e
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or Turkish nith a system of eight vowela on two heighte:

l¡¡u

qo

Sedlak (1969) lists some twenty languages with tr¡o vorrel
heights. The maximum number of values for this vowel fea-
ture seems to be four. Ladefoged (1971) reports Danish and
English, and Hockett (1955) rwo Polish dialecte with four
heights. Dan has a syatern with at least four central
vowels:

(æ) (o)

a
å

1y
eó

u

o

1t

t
c
a

1

e

(læl ar.d lbl are included
not by Ilelmers (Lgl3).2

by Bearth and Zemp (1967) but

Fíve vowel heÍghts have been reported for Ngenba by East-
lack (1968) ¡

1

I

lu

eeo
o

a

The vor¡e1 /I/ could easily be distinguiahed from the others
by sone other feature than height. Moreoverr the marioal
contrast at any value of Backnese is still only four heights.
So Ngenba has at least no nore than four contreetiye heighta.
Even so, thie anelysie makes the systeD look suepiciouely
inefficient nith respect to the uge of ayailable acouetic
aPace.
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For conÈrasÈive purposes
If the glides ljt9w.a/
vowe I he ight cont inuum,

of this scare as I o tJ .

thus need four value" or Irr]
regarded as end points of Èhe

can be included aÈ one end

!re

are
Èhey

ttBackt'

The second basic vowel dimension places vowels as poinÈs
along a horizonÈal scale, usually ca11ed Backness. Backness
has Èraditionally been regarded as an arÈiculatory dimension.
While it is Èrue thaÈ t.he t.ongue is furÈher back in back
vowels thân in front vowels, there is, however, not a good

correspondence betr¡een the highest points of rhe tongue on

the horizontal dimension and the way in which corresponding
vor¡els are locaÈed on a vowel chart. Compare the positions
of I o] ana fc] in Figure 1. Again, we look to acoustic
dimensions for a beÈÈer correlate of Backness. The obvious
candidate is the frequency of Èhe second formant, f2. î2
is relatively low for back vowels, relatively high for fronÈ
vowels, and in between for cenÈra1 vowels. When F, is ploÈ-
Èed againsÈ F, on lhe ordínary type of formant charÈ Èhe

resulÈing figure forms a Èraditional vowel triangle.
Acoustically and percepÈua11y, however, back vowels are
usually not on a slope like the righÈ hand side'of a rriangle,
bul distribuÈed more on a straighE verEical line. The acous-
r.ic, and probably the perceptual vowel space, is in facÈ more

tike the Jonesian quadrilateral than a Èriangle, If ve
ploÈ F, against the difference between F, and Fr, instead of
against F2, a quadrilateral vowel figure is obtained. The

slope of the front vo!¡è1s also improves in relation to Èhe

aud itory chart . Backness is thus beÈter related to the
difference beÈween F, and F.' Ehan simply Èo F' and the
fearure wi I I be tauei te¿ ¡ ti-ur).

Some real evidence ro'f rr-rJ comes from studies of acous-
tic and percepEual vor¡el spaces using a type of factor
analysis, PARAFAC, which "incorporates, within the factor
model, certain basic Eests for determining che exþlanatory
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factorsrr (Harahnan 1971:14). This procedure of factor ana-
lyeis provide'a a unique, tttruett solution f or a set of
adequate data.'Three factora rrere extracted froD a data set
of formanÈ frequencíes of Sr¡edish vowelg of several speakere.
The vorrels along the factor corresponding to the'rback"
dimension were dist¡ibuted in such a nåy that they are much
better related to F, - F, than to F, (Lindau et a1. 1971).

There are languages Èhât do not contrast vowels along the
horizontal di¡nension. Ilhen there thus is only one value of
Ir, - rrì that velue refers to central voweLs. These systems
occur in eome Caucasian languages¡ e.g. Kabardian. Hockett
(1955) mentions Adyge, possibly Abkhaz, and, Udykh with a

system of

Mohrlang (f97f) analyses ltigi as ¿r system of three central
phonenes.3 Th" occurrence of such vowel systems constituÈes
a violation of Sedlakts proposed universal no. 4:

rrA11 languages have a high or lower high front vowel.rrOf
course, boÈh Kabardian and Abkhaz have extremeLy rich inven-
tories of phonetic vor¡els that are derived from assinilations
to features of surrounding consonants - including Ii]s -
but I presume Sedlak refers to vonel sysÈeEs on the phono-
logical 1eve1. These facts further inply the nonexistence
of any universal È9 tbe effect that thele is at least one
psrticuler ,ror"Ï"€en.a'*".ut" in all languages of the worId.
there sinply is not. Another uníversal suggests itself, and
I propose it here:

'rIf a language has no horizontal contrast, a1l the vor¡els
will be central. rt

I

c

a

I do not know

vor¡e 1e .

of any language with only back or only front
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The majority of languages conÈrasts two horizontal values. In
the voqrel systeDs I have looked at, Èhese two values equal
fronÈ and back,.i.". the maximum and minimum values of the

rìfeaEure LF2 - FfJ. I propose a second universal of this
feature Èo complemenÈ the first one.

"If a language has horizonÈa1 conÈrasEs, then it has fronÈ
and back vol¡e 1s . tt

rìThe feature l_Backl in the SPE sysÈem has a maximum of two
values. This excludes the possibility of specifying central
vowels on the svstematíc nhnncmin larral Cnncôñrrôñr1r' i-Yv..vÉleç¡¡e4J,

languages wiËh three heights, as in the very common seven
vor{el sysÈem ot li e e a c o u/, Ehe vor^rel /a/ is f orced
into a f *n".t] .rassification, and ir is distinguished from
/t / ay Èhe f earur" f no.r.ra] This implies a very curious
claim that the third vor¡el height somehow "causes,, /a/ to
be þlr"t] , when rea1ly rhe ¡ray in r^¡hich / a/ f rr'ctions as
fronÈ, central, or back in different languages does not
have any obvious relaÈion to Èhe number of heights or
rounding chere are. Moreover, many languages have oÈher
central vol¡els thaE function as vowels beÈn¡een front and
back vowels, and not as unrounded back ones.

There are also languages thaE conttasÈ three horizonÈa1
values wiÈh the same value of rounding. Norwegian has four
high vowels, out of which Ehree are rounded (Vanvik 1rg72),
namely /í y d u/. The vowels /d/ anð /u/ could conceivably
be derived from underlying /u/ and /o/ respecEively, buÈ I
do noÈ consider a neater system and a reduplication of
hiscorical process justification enough for chis in present
day Norwegian, where the alcernation patÈerns do not supporÈ
Èhis "so1uÈion". There is no alrernaÈion fu]-[u]nor ["]-fo].
Norwegian contrasts Èhree rounded horizonÈal values.
AnoÈher language with three horizonÈa1 contrasts is Brôu
(Mi11er 1967) . This language has 4l vowels, including
shorÈ and Iong vowels, and diphthongs, It seems the system
can be reduced to I7 long and short vor¡e1s, or to the
following ten or eleven basic vol¡els.
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1t

e a (r)o
a OC

I have retranecribed Millerrs transcription into that of
IPA for easier reference. ìly slnbolsr¡re choeen fron atudying
Millerrs detailed phonetic descriptions and acoustic.charte.

On the acouatic charts lal ís clearly central, right betseen
front and back vowels. The system ís symmetric r¡ith /i c a/
as central vowels. From the literature I do not know of any
strong evidence tt.aL I al behaves as a phonological front
vowel. There is thue no reaaon to postulate lal as front
and lor¡ rather than central. thue Brôu contrasts four low
vowels, three of ¡¡hich are unrounded¡ so algo here three
values or [r, - rr) .r" essentíal

As three contrasts constitute the maxinum: number of
horizontal contrasts, another universal suggests itself:

"No language contrasts more than three horizontal vaLues.It

Features of the lips

The featur" IFZ - rJ is not quite independent. A constric-
tion at the front of the vocaL tract results in a larger
distance between F, and F, than a constriction in the
niddle (¡¡here back vor¡e1s are). t{hen we add variation at
the ends of the vocal tract this effects F, and F2, and

thus also the distance bet¡¡een F, and Fl. A decreage of the
size of either end of the vocal tract ¡rilL lower F, and Fr.
Thus the relatively snal,l difference F2 - F1 that reBults
from a constriction ín the niddle of the vocal tract ie
made even smaller by decreasing the mouth opening. tront
vor¡els r¡il1 have a larger dietance between Fr.and F, if pro-
nounced with spread lipe (and ¡¡ide low pharynx). The maximal
horizontal distance is obtained by naxirnising the ûouth
opening for front vonels and decreasing it for back vonela -
which is why front vorrels are baeically unr.ounded, and back
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vowels basically rounded. Variation of the síze of Èhe mouth

opening nay be used to cìêate more vowels. Decreasing the lip

opening for front vor¿els, and increasing it for back will add

seÈs of vor¡e1s inside the |tbasicrt maximal vo¡¡e1 sPace.

The lip opening can be decreased in tr¡o days: by protruding
bv,

the lips or by comPressing then'/vertical forces so that the

1ip opening becomes a narrow slit. These Ewo possibilities

have been recognized since Sweet (L877). BoEh mechanisms

involve lip action, or labialicy, but only the first type

is protruded. Labial consonancs are produced by 1ip corn-

pressioq and Protrusion may be superimposed. Protrusion
inpl ies labial icy, but not vice versa. Many phonological

rules also apply ro rounded vowels and labial consonants,

so a feaÈure is needed to cover both types of lip acÈion -

fr,.ui"r]. Protrusion is as usual specified with Round.

Both 1ip features have invariant articulatory correlates'

and complex âcoustic ones.

Round

The featur" fnorrra] may serve to contrast two

f ron È vowe 1s and t.wo tyPe s of b ack vowe 1s . I

across any language with a rounding contrasc
vowels. i no,rn¿l is a binary feature. Phoneti'c

L)
lip protrusion are predictable from the value
height).

types of
have not come

for central
degrees of
of F, (vowe1

SysÈems with a single fronE rounded vowel are rare. Chacobo,

Basque, Mandarin Chinese are reported by Sedlak. Tr¡o front

rounded vowels occur in a substantial number of languages

e.g. German, Icelandic, Faroese, Norwegian, S!¡edish, French,

Albanian, Turkish, Hungarian, Estonian, Tibetan, Akha. No

language has more than thlee contrastive front rounded

vowels. Systems with th¡ee rounded vowels are not very

common.. SedLak lists IcelandÍc with three front rounded

vowels. But mosÈ analyses come uP t¡ith one or t¡Ùo front

vowels (Einarsson 1928, Haugen 1958, Benediktsson- 1959).

They. occur ín those versionE of French that distinguish

for erample jetne [3d,"] 
tfast' and j",.ttt"f3."nltrt"ne'.
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1y l¡¡ u

Two back unrounded votrels occur ín Turkish for example:

ry
eó

u¡u

q,o

Systens with one back unrounded vor¡eI occur in Ghinese.

e

a

Akha (Lewis 1968) 4 i y r¡¡ u

e

I

ó Y"
a 3

As for front rounded vowels, the maximun number of back
unrounded vor¡e1s is three, as in Vietna¡oese:

l¡¡ u

7o
^c

a

u

o

I

e

æ

or in Fer Fer (Hynan L972):

1

e

a

u¡

Y
o

The above languages also demonstrate that ¡ront rounded
back unrounded vo¡¡els may co-occur in a system.

and

central vowels are nostly unrounded. Rounded ones occur in
for example Norwegian (p. 15). There is no language that
contråata rounded and un¡ounded central vowels at the same
height. rn ranguagee with a single central unrounded vowe1,
that vowel ie usually /a/. Sedlak liets a nunber of lan_
guagee r¡ith two central unrounded vowels. Three central un_
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rounded vowels are not very common but
in Brôu (p. 16), Ngwe, and Kashniri:

Ngwe (Dunstan 1966):

occur for examPle

atu
eeo

cI

a

Kashmiri (Kelkar 1964):
i
e o Gl: l)

Four central unrounded vor¡els occur in Dan (p. 12)

There is a problem with assessing systems 'with rePorted

central or back unrounded vohtels. Linguists do not consis,-

tenÈ1y use the same symbols for these vowel classes. As it

turns out it may be a .pseudoproblem: these two vowel classes

never contrast for non-low vowels. The low la/ atd /ol may

conÈrast as in Bróu, though this is very rare.

The non-contrastiveness of unrounded hígh central and un-

rounded high back vowels seerns Èo have an acoustic reason.

Apparently it has to do with non-linear relationships
beE¡¡een arÈiculation and acouscic effeccs. Consider Figure 5.

Rounding non-low front vor¡els lowers F, some 2OO llz, while

unrounding back vowels has a much larger effect on Fr, which in-
creases by about 7OO l1z. This relatively large increase of

F, will place the rrbackil unrounded vot¡els acuostically very
close to a central position. Vo¡¡e1s in this acoustic area

are notoriously unstable. This is the most difficuLt area

fo¡ a speaker in which to produce constant and stable vortel
qualities, and for a listener to distinguish betlteen vowel
qualities. The instability of the central unrounded and

back unrounded vowels is gredictable from.Fantrs Maxima

Theory (Fant 196O, Gunnilstan L973). Vol¡e1s are more stable

t

e

â.
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at those areas in the vocal tract where a constriction pro_
i,r"eg formant curves (as on logograms) where trro formant
curves have their respective naximum and minimum simulta_
neously. At thesé places a small articulatory movement
causes no acoustic change. But where formant curves have
a steep slope, a small arÈiculatory change r¡iI1 have large
acoustic effects. A study of Fantrs Iogogran of the effect
or¡ formants as a function of the place of constriction
r¡ith various degree of 1ip rounding shows that at !.0 cm
from !he glorris (approximarely["] I unrounding will
cause a considerable upward slope of F, (Fant 196O, p. g2).
Very sma1l articulatory displacenents in the back to central
area wiLl cause relatively large shifts of F, as long as
the lips are noÈ rounded.

Labial

VerÈical 1Íp compression is a much less usual way of
decreasing the 1ip opening for vo¡¡els than lip protrusion.
rn fact' the onry languaBe r am ar¡are r¡here this occura,
is Swedish. Sr¡edish contrasts
and lip compres"io.,, fl"tirf]

lip protrusion,
, for high vowe

fnouna]
1s:

I

e

yE

ó

u

o

o

/y/ and /ul are both non-back with decreased 1

The vowel /yl ís produced r¡ith 1íp protrusion,

place of articulation

gesture tor fLaUiaf] . e second reason for classifyírrg lr.l
r" I l.ti"f] is ín rhe narure of irs offglide. In Sr¡edish
long high vowels have an approxinant offgLide at the EaDe

l
I

L" r.l

Urhobo
Lab ia1
Before
vor¡e 1s

¡.4 a rauiar [0].

contras t .

hÍgh back
both lwl

ae the vo¡¡e1. the offglíde after
The others 

"r" [i5, y,l , ,*1.

p opening.
/u/ with the

a Round-
labial þ/.

Before rounded
roundiág -

approximants supply another eranple of
Urhobo has a round lvl a¡d a

vo¡¡eLs both are also velar.
atd lol are inf luenced by the
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but noÈ in the same ltay. In producíng lttl ín /dwúro/ rbend

in the kneer and loutcl tlegr ny infornantrs lips are quite

strongly protruded, but while producLng lol in /òdù:uù/ 'a
kind of anirnal Èrap I and ltu'rre I t sever' the 1ip opening is

decreased but not by protrusion (cf. Kel1y 1966).

Both in Swedish and Urhobo the vowelsrand approximants differ
by the use of Ewo separate lip gestures' not by different
degrees of the same gesrurer so they should be characterized
by separate features.

e *p."¿ 
".4.

In many Niger-Congo languages of irrest Africa and in Nilo-
Saharan languages of East Africa vowels may be distinguished
by a mechanism involving the síze of the Pharynx, as con-

crolled by variation in Ehe positions of the rooÈ of the
tongue and t.he larynx (Ladefoged 1964; Pike 1967; Stewart

1967; Lindau eÈ al. L9721' Lntell et a1. I974 1: Lindau L975).
This mechanism consisÈently underlies one phonologíca1
process only: vor¡el harmony. On the basis of evidence from'
che same speaker Halle and Stevens (1969) and Perkell
(1971) suggest thaÈ.che root of che tongue distinguishes
!he "tensett andttlaxtt vowels in English in thè same way as

harmónizing sets are distinguished in the African languages.
But ít is quite clear ÈhaÈ, when more speakels are considered,
not all speakers of English separatettEenset'andtt1ax"
vowels using the tongue-rooÈ (Ladefoged eÈ 41. 1972). In the
African languages the síze of the pharynx separaces tlto

harmonizing sets of vowels. The maximal sysÈem is 5 + 5

vowels: five vowels /i e 3 o u/ with a large pharynx and

f ive vor¡els /r..e a c c/ with a small pharynx. The ten-vowel

systems are relatively.rare. They have been reported for

some Kwa languages, namely Sele (A11en 1974), Abe (Stewart

LgTL>, Igede (Bergman 1971), and Engenni (Thonas 1969),

for some Benue-Congo languages, namely Çebia (I'lillianson

L972), Abuan (tJolff 1969), and Kohumono (Cook 1969), and

for some Gur languages: Kasem, Sisala, Mianka (Bendor-

Samuel 1971). Anong Nilo-Saharan languages ten vowel systems
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are found in Kalenjin, pilkot, Acholi, Lotuko (AnteLI et a1.
L974). Nine vowel systems r¡here lsl nas merged ¡¡íth some
oth€r lon vowel. are fairly cor¡mon. They occur for.example
in Akan languages, Derta rjo, and some centrar Delta lan-
guages. The vor¡eL lal te¡ds to be neutral to vo¡¡el harmony
and the 4 + 4 + /al system patÈerns 1íke bel.ow:

a

2

I
I

u

o

1

e

c
c

Many languages hav.e reduced the nine vowel systen to a
partially harnonizing seven vowel systern. By the time the
systeE has reduced to a five vowel system the vorrel harmony
will be losr (Williamson Lg74ì¡.

Over Èhe years many features have been proposed for Afrícan
vowel harmony: Tense, Raised lteight, Breathy, Covered - just
to mention a few. There is nor¡ substantial evidence that
the main phonetic control of the vowel harmony is the move_
ment of the tongue root. (Lindau et a1. LglZ; Retard 1973j
Painter 1973). The Èongue root mechanism is mostly _ but
not always - combined !rith vertical larynx displacements,
and sometimes with movemenÈs ofthe back pharyngal wa1l. It
thus aeems Èhat nhaË a speaker tries to accomplish is varia_
tion of the pharyngal size. As illuetrated in Figure 6 the
Akan apeaker produces the seÈ I voweLs lí el r¡ith a rela_
tively large pharynx by advancing the rooÈ of the tongue
beyond a rrnormalrt position for that vol¡el, and by Iowering
the larynx. The rel'atively enall pharynx of the set 2 yor¡eIs
I t e/ is produced by retracting the root of the tongue
beyond ite rrno¡malrr poeition, and by a relatively high
I arynr .

Figure 7 functiona a8 a sunmary atateuent of the formant
spåce. in Akan. A conparison of Figure 6 and Fígure 7 will
give soue idea of articulatory-acouetic reLationships.
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I
l
t
I

Figure 6. Selected tracings of /í e I of one speaker of Akan'
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factoi 2-
,
a
C
t
o
I

1

.¡¡
r.¡
I u

u
u

dr
uu

ï.l

ü,

ç Ea9ÇtÇ

$oo

aa
aa
a

1¡¡o factor solutione of factor analysie.of t¡¡o formantfrequencies of five tokeno each of ãine vosel." ;f-¡;;"epeakera, using the Paraf,ac-procedure (Barehnin fg7õi.
Language: Akan. The dotted vo¡¡ers represent set,2.vosers.Factor 1 - Ft, factor 2 - inveree of p", correlatíon -yyJ, nean aquare error - 1O16.7 (or 31:5 nrtl). Thefactor solution ie here ueed as a noroaliz.tLoo proce_dure for foroant frequencíee.

Fígure 7
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Varying the size of Èhe phar
a¡d /e/ and /8/ affects Fr:
acoustic effect as varying t
the fronÈ of the mouth. Decr

retracting the tongue root)
as apening up a constricÈion
ering the body of the tongue

["] Uy roainly increasing the
and going from [i] to [,] ot

f r n*p.rra"a]
f o rxpandea]

f-r u*pa"a.af

It is conceivable that
distinguíshing
If that is so,

ynx, es beÈneen /íl and lll,
that is, it has the same general
he size of a constriction in
easing the pharynx size (by

increases F, in the aame way

of the mouth does (by low-
). That is, going eror Iil to
size of the mouth constriction,

-\.1

decreasing the pharyngal size

Wide pharynx
Neutral pharynx
Narror¡ pharynx

the same mechanism is involved in
enphatic and non-emphatic consonarits.

r¡i11 have very much the same acoustic effect. For an

attenpË to explain this, see Lindau (1973). This is clearly
shosn by Èhe acoustic merging of. / l/ ar.d /el in Figure 7.

hlhile there is more than one articulaÈory way of varying
vor*el height <[i] - td), the dif f erence between f i] ana

It],ana beÈween the other harmonizing pairs has a consistent
articulatory correlate. This is not just variation of the
tongue root. the larynx and che back pharyngal wa11 are
alsq involved. I{hat is consistent is the variation of
pharyngat size. So the corresponding feaÈure will not be.

labelledf Advanced rongue nooll but þxpande¿l , ref erring
to pharyngal expansion.

lJhen there is no conÈrast, the tongue root is not especially
advanced or retracted. this state is regarded as a zero
'ialue of the feature f r*p.rra"d. rn the efrican tranguages

the contrast is achieved by deviating in opposite directions
frou that zero value. So the feature values afe:

b e trre en

rotn þ expandeqJ ana f-r Expanded] occur
in languages with pharyngalized consonants, like Arabic.. It
is evident from the cineradiographic data presenËed by Ali
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and Daniloff (197O) that vowela in the environnent of pha-
ryngealized consona.nts are all produced tríth a reÈracted
tongue root, very einilar to that in the voweL haruony
languagea. Some speakere of English eeen to produce the so
called tenae vowels with an advanced tongue root and the
lax vowels rrith a neutral tongue root, Bo here the differ:
ence is
obvious
speakere

from

in this way,
diatinguish

between f r nxpanae.t] ana fo rxpanaeuJ.. r,r. it is

are
our data in Ladefoged et al. (t972) rhat
not consístent in distínguishing tense and l.axt- -tso the feature l_ExpandedJ cannot be used to

Engliah vo¡¡els.

Vowel Bystems in nany Mon Khmer languages are characterized
by so called o1 re isters where the vowels fall into
tno aets called Firet and Second Register: K. Gregersen
(1973) eummarized a good number of inpressionistic phonetíc
deecriptione of the tno registers. 0n the ..basis of this
he propoaes that the Mon Khmer registers are reaLly

--controlled by the same mechanisn ae vo¡¡e1 harnony in African
tanguagee. there are atriking simiraritÍes in these impres-
sionistic descriptiona to the earlier descriptions of the
African vor¡ela. No concluaive evidence in terms of x-ray.
data occurg as yet that I am a¡rare of, but Gregersenrs
hypotheeie gounde very likery. rf he is correct, then aome
üon Khmer languagee contrsat f-f nrpanaefl
others contrasr f O rrpanaed] ana fl r*parrde
points out that one set is rrnormaltt and the
deviste in eirher direction.

ana fo rxpanded-1,

fl. cr"g..".r,
other set may

rrRetrof lexlr

so c¿lled rrretrofle¡lt vor¡e1g have been reported for Badaga,
a Dravidian language. E¡¡eneau (1939) analyses the Badaga
vowel systeû into 30 contrasÈive vowels¡

iutúlll
eof.6gU

.aát
-' elightl,y retrofler vowel.
. ¡trongly retrofler vosel.

v
tt
v



27

Each vowel occurs long and short as weLL. The Badaga con-
trasts call for. c"trr"iy feature of retroflexion. It is
worth¡rhí1e to point out that these threeway contrasts have

not been noticed else¡¡here.

Emeneau described the reËroflex vowels as beíng Produced
with the tip of the tongue curled upwards and backwards to
a smaller or greâter extent. Ladefoged (1975) points to the
vowel in American English sir, cur, bird and he notes thet
although these vo¡¡e1s are strongly r-coloured' they are
nevertheless not always retroflex. Some speakers produce

the r-colouring r^rith the tip of thê Ëongue do¡¡n. There ie
also a constriction in Èhe pharynx below the epiglottis.

The acou.stic effect of both gesEures for r-colouring is a

1or¡ered third and fourth formant. It seems that again we

have a feature where the ínvariant physical reality lies
in Ëhe acoustic doma.in rath.er than in the erticulatory
domain. The arciculatory .term rrreÈroflexrr is therefore in-
appropriate as 1abe.l for. the feature. Ladefoged labeLs the

f oJ vo'" r 
"

I s-uggest t

"r'afr, - r
most aPProp

Ëhree contr
refer to p1

strongly ttr

with an auditorily based term rrrhotacized".

hat as we already have acoustic featur""I tr 1
1

1J.tta !his correlate is aLso acoustic, the
riate label is acousti", fLor"red F' ro]. rrr"
astive values o, 1, and z ot flowe.ãa r], tol
ain vowels, slightly rrretrof lexrr vor¡e1s and

etrof lextt vowels, respectively.

Nasal

Properties and processes involving nasalization in vowels
have been díscussed extensively by Ferguson (1963); Lade-
foged (1971) , Ruhlen (1973) âmong oÈhers. Naealizéd vowels
occur frequently phonetically in the environment of nasal
consonants. But many languages short a true contrast betlteen
oral and nasalized vor¡e1s¡ e.g. rnany Kwa languages in Iùest

Africa. The feature isfn"".rJwith an obvious årticulatory
correlate: the state of the velum. The acougtic effecte'of
lowering the velun are very eompLex. They include an in-
crease of F, (House and Stevene L956, Ohala 1971.), ae se11
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a8 increaaes Ín the bandrridthe of the formants. Nasalized
vowels will thus eound r'loweredrr rrithout changing Èhe rest
of the vocal tract r¡hich is why nasal vo¡¡e1e tend to 10wer
syste ratically (Oha1a L97L, Ilonbert Lg74). The feature
l-Nasafl ie probably binary, although several degreee of
naealíty occur phonetically.

Lo.ng

Long and short voners occur in many ranguages. The durational
differences are, however, not always interpretabLe aa con_
tlastíve l-ength. The domain of a length feature nay be the
sy1lab1e in ¡¡hich case vo¡¡er duration is predictable from
the syllable structure. This ie the case in for exanple
Icelandic, Norwegian, and Swedish. In S¡¡edish closed Iong
syLlables may end in V:C, or VóC. In other languages, where
10ng vowels function alike to díphthongs, 10ng vor¡e1e may be
derived from VV-eequencea, as in Finnish (Lehiste 197O).
The interpretation offv:] as lVvI is aLso standard in sr¡ch
tone languages as have.tonal grides or doubre tone over a
long vowel, as happens in nany Niger-Congo languages.

Vor¡el length is acconpanied by qualitative differencee in
many languages. problems arise in¡the interpretation when
trying to decide on ¡¡hich is eignificant. The vorel quality
differences manifest themselves in ce¡tralization of ehort
vowels. This is the case ín German, Swedish, English, Czech,
Serbocroatian, where the trro sets of vo¡¡eL qualitíes are
referred to as lrtensett in long vowels and il1axrr in ghort
vo¡¡eLs. À listening experinent conducted by tadding and
Abràmson (1964) showed rhat .in Swedish the durational dif_
ferencee became less iñportant when a vowel paír differed
eubstantíally ín quality. It thus 8eem8 that when vowelg
differ in both reapecta, quality dífferencea are a primary
cue provided theBe differences are large enough.

There
Ìlire,
aoa

are undoubtably also languagea Like Lugand.a, Eetooían,
r¡here vovele differ soLeLy aa to aegnental quality,

f eaturef r,o"g] musr be included ín a u¡ivereal inven-
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tory. Probably on1.y t¡ro values are contrastive: sho¡t and

long. Ladefoged (Lgl4) reports four values in Kanba' but

so[re are grammatically conditioned' The question of tlto or

three contrastive lengths in Estonian has been debated fo¡

years (Lehiste 197O). Lehiste demonstrates that Estonian

has unquestionable three ranges of durational vowel differ-

ences. - short, long, overlong - but Èhere are a1Èernatíve

interpretations of the overlong vo¡¡e1' Iloogshagen (1959)

reports three vowels lengths in Mixe (Mexico) V' V'and V:'

interpreting then as lvl, N'I artd /v'lnl, respecEively' More

than two lexicaLly contrastive lengths have not been de-

monstrated unanb iguouslY yet. Length is Èherefore a binarY

feature. Short vowels ... f -r.ongl , long vowel, "t. f *lorrg] .

tt]I.ryt'

the tense/1ax distinction has been extensively discussed

since the tine of Me1ville Be11 (1867). A feature like Tense

is clearly needed in nany phonological rules ' I'lhecher this

feature is truly also needed for contrasEive purposes is

not that obvious, and what phonecic mechanism controls the

feature seems to be a wide oPen question, judging from the

literature. The range of proposed correlates covers most

conceivable parameCers from ttmuscular energytt to Perceptual

"colour" dimensions. For a discussion of Ehe literature the

readerisreferredtoMiller(1974).I{hatismeantbya
tense/1ax distinccion is usually che kind of vowel qualicy

differences ÈhaE accompany long and short vowels in Euro-

pean languages like English' German, Swedish' Czech and

in some languages spoken in Indiar e'8' Kannada' The long

vonels here are Perceptually more peripherat and the

corresponding short vowels more centra1-ízed torcards a schwa'

In English tense vowels are al-so diphÈhongized'

!{hen tenseness could be predicted fron length in these

rrrr" f Tense-[ may not be needed on the sys-

tematic phonemic 1eve1. But because the vor¡e1 qualitY

sometimes is the prinary one (P' 28), we might lta¡rt to

keep Tense as a contrastive feature for phonetic reasons'
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There are also languages where Tense apparently is inde-
pendent of length. Hindi-Urdu apparently has tense-lax
contrastive differences without length differences (sedlak).
So does Friulian, also according to Sedlak
be independenr from ff,o"g] iÈ oust be incl
feature

. es f rens.] "r'
uded as a separate

The qualitative difference betr¡een Tense and Lax is
described as peripheral vs. central. There is no consistent
articulatoTy mechanism corresponding to this (Ladefoged et
a1. 1972) . Perceptual and acoustic relations correspond
quite we11. on an acoustic chart the lax vor¡e1s are inside
the tense vowels, on an axis to¡¡ara" .f e]. attf,o,rgh rhe
feature is better 'regarded as acoustic rather Ehan articu-
latory, there is no obvious single acoustic parameter that
exactly corresponds to thac axis. For laxing,!¡e could use
something like I'formant frequencies approaching F, = 5OO,
F, = 15OO, F3 = 25OO llzrr. It is ¡rorth srressing again here
that also from an ecoustic point of vier¡ Tense is not the
same as the feaÈure Expanded. Tenseness is on a central -
peripheral acoustic axis, while Expanded is on a vertical
(F- ) axisI

The feature of tenseness will be labellea.fferiptrerat]. ft
is a binary feature. So called rense vowels 

".. f*p.ripherall.
f-reriptrerarJ inside their f+reriptreral] counrer-

frequencies of 5OO, t5OO and

vowels are
parts approaching fornant
25OO Hz.

I{elaers (1973) reports a renarkable vo¡¡e1 systen for Dinka
with three phonetic degrees of centralization. But the three

-tdegrees ofl_ PeripheralJ are also accompanied by differences
ín length and phonation Èypee, so iÈ seems unlikely that
the peripheral - cenÈral differences are contrastive.
Besides' as some of the centrel - peripheral vo¡¡e1s in Dinka
are cont¡o11ed by differences in pharyngal síze (L. Jacobson,
'personal.communication) it is apparently not the feature
fferipfreral I that is involved bur rhe fearur. fn*p"na.a].
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Phonation t

Differences in phonation tyPes aûong vowels are ueually

non-conttastive. voiceless vowels occur in many languagee'

but always conditioned by gurrounding voiceless conaonant8'

ttindi vowels may be some¡,that breathy voiced fron precedíng

breatlry voiced consonanta. There are a few languages where

different stetes of the glotttt"tiå"å""trastive' Ladefoged

(1971) reports Gujerati contraãtã"võicea and breathy voiced

vowels, at least or¡ the systematíc phonetic level' Lango

contrests voiced and laryngealized vowels' Ladefogedrs fea-

rure isfcfott"f StrictureJ ¡¡ith nine possible categories'

Only two of these .":¡ 
"rooa.t.": 

t"t vowels '

It remains to t"rrtioo two features aPart fron þeripherad'
that do not seem to function to classify sounds into con-

trastive categories, but that are needed for correct speci-

fication of phonological processes' The feàturefCr""e] is

not coritrastive independently of other features' Grave vowels

are always back, and grave consonants are all classified

after their place of articulation' But labial and velar con-

sonants often function together as a c1ass, and interact

with back vowels. The common proPerty of grave sounds is an

acousÈic one: low sPectral energY'

As an example of this feature in phonological rules 1et us

cake a comparison between British and American English'

Both dialects have a vowel /ju:/ and a vowel /u:/, but the

Bricish llutl has become /uz/ í¡ some varieties of American

English in stressed syllab1es in the environment after dental

and alveolar consonants, but no! after labial and velar con-

sonants. Cf . Èhe American pro¡runciation of f$r .9Ig,, g!I'

f ew, view, muter cuter'gules; b,tt glEr Sr.gsgt jl}fllit

lute, nude, rude, lE, P.ry. This historical' sound change

is best described in terms of the feature Grave. The non-

grave lil r'ay disappear after a nongrave segment' but not

after a grave segment:
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[--vocalic I
l-"orr"oo..ra", I

[--u'"u" ]
-6 I f-gr.""] ---

Other examples of the use of this feature can be found in
Hyman (L972).

The secondttrulet'feaÈure occurs in Dinka. fJelmers (1973)
arranges Ehe Diika vowels in a systen like an eight spoke
r¡hee1 with the top spoke nissing:

ut
I

u

c

I

I

oooeee

õ

rlc

u

c

1

I
il
E

a
ll

a

a

v=
ilv=
v=

long brassy peripheral.
medium 1ong, breathy, somewhat centralized
very short, very centralized

Morphophonemic alt.ernations take
to I{elmers (1973:29):

place as follows according

"Alternations bet¡¿een noun singulars and plurals
appear to involve ¡0ost commonly a movement clock-
wise to the next spoke buÈ in the same position on
the spoke; that is if rhe singular tas /I/, the

ilIplural has /o/; if the singular lnas lol, the plural
has /ã/, "od so on i¡ntil if the singular ¡^s l'ål

ll ttthe plural has /i/; but if the síngular has líl there
is no change in the plural (since there is no spoke
in the next position clockwise). A less cornmon pat-
tern is precisely the reverse, with the alcernation
in the p1ural one spoke counter-clockr¡iee fron the
vo¡¡e1 of the singular; if the singular is on the /u/
spoke there is no change in the plural. Still otber
alternationa are one step in or out on the sa[e epoke:

-llIlol to lol, lal total, and rhe like.r'
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Alternations one step in or out on the same spoke could be

accounted for by the n-ary feature þrotral Stri"t.'r"]' nt'tt

Èhere is no feaÈure that could do the "around the clockt'

patterns. The underlying mechanism must be acousÈic, in

fact ic corresponds very well to the frequency of the

second formant, Fr. From any position on the spokes, going

clockwise or cour¡terclockwise there is a continuous change

of Fr. Thus we need a multivalued featuref- fr1. for Dinka

there are seven values. The feat,r."ffr]is associated with

thisrraround the clockrtvariaÈion, and it is different

from variation in ttbacknesstt in our framework.

List of features
F1

Fz - Ft
Round

Labial
Expand ed

Lowered F3, F4

Nasal
Long

Peripheral
Clottal Stricture

"Ru1e featuresrl
Grave

F2

Maximum contrasEs
(5, if o gl ide, fn. I )

(3 values)

(7)

Number of values

4

3

2

2

2

3

2

2

2

2

2

n
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Footnotes

In K. Williameonr s f ramework þtrict.r..f i." an n-ary
feature referring to the size of the passage between two
articulators, ranging fron complete closure to l¡ide
open (for lor¡ vo¡,re1s). rncl.udíng consonants and vor¡ers
in a single feature ís probably not correct.. At the
point r¡here the stricÈure changes from obstruent Èo
sonorant (i.e. to a glide) the phonetic correlate changes
from a bagically arÈiculatory to an acoustic mechanism.
As both stricture rules and vor¡el rules may invol.ve
glides, nhat we have is perhaps trro features Èhát over-
lap at the point of glides. If we regard glides as the
zero value for.each feature, we could also describe how,
when a weakening process results in glldes, the next
step is deletion of the whole segment. Glides are also
regarded as end points of the vo¡¡e1 space.

SÈricture 2 stops
1 fricatives
O glides

Fr.

The Dan vowels occur long and short. /æ:/ and lo:l
occur only as long vowels in the data from Bearth and
Zenp (1967).

tï
2

di spear
d! tree
do father
za judgnent

fi: unpleasant odour
r¡e: salt
ne: sleeping place
Itæ: to collect

bu

bo:
dc:
bo:

rotte
beetl.e
termite
helper
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3 According to Mohrlang (1971) Higi contrasts /l e a al
word finally and le e al word nedially. As the.phonetic
values of le e al are determined by the surrounding
consonants, Mohrlang analyses then all as phonenicalLy
central. It muct aiso be pointed out here that the
analysis of Iligi vowels is by no means ciearcut. I{oLff
(1959) analyses ltigi as a six vo¡¡el. systêrn:

1ÎU

oe

a

4. tewist transcription has been converted into that of IPA.
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Languages mentioned

Language

Abe
Abkhaz
Abuan
Acho 1 i
A4vge
Agwagwune
Akha
Albanian
Arab ic
Ateso
Bad ag a
Basque
B¡ôu
Chacobo
Chines e
Cz ech
Dan
Danish
Dho Luo
Dinka
E ng enn i.
English
E6toniån
Faroese
Fetfel
Finnish
French
Fr iul ian
German
Gujerati
Hig i
Itind i
Ilungar ian
Ice land ic
Igede
Iiç
Japane s e
Kab ard i an
Kalenj in
Kannada
Kasen
Kash¡níri
Kohumono
Lango
Lo tuko
Luganda
Mianka
Mixe

Ngemba
Ngwe

Class if t ion

Krra/Niger-Congo
Cauca s i an
B enu e-Congo / ni ger-Congo
.Eas tern Sudanic/Nilo-Saharan
Caucasian
B enu e-Congo /N i ge r-C ongo
Burmese-Lo 1o/ Sino-T ibetan
I ndo - Europ ean
Senitic/Afro-Asiatic
Eastern SudaniclNilo-Saharan
Dravidian
und e t ermined
Hon-Khmer /Aus t ro-AB iat ic
Tac.ana-Pano /Ge-pano-Car ib
Han-Chinese/ Sino-Tibetan
Slavic/Indo-European
Mande/Niger-Congo'Gernan íc / Ind o-European
Eastern Sudanic/Ní1o-Saharan
Eastern Sudanic/Nilo-Saharan
Kwa/Niger-Congo
Gernan i c/ Ind o-European
Uralic/Altaic
Ge rman i c / Indo -Europe an
Benue-Con go/N i ger-Congo
Uralic/Alraic
Ital ic/ Indo-European
Italic/Indo-European
German i e / Indo-European
Ind ic / Indo-European
Chadic/Afro-Asiatic
Indic/ Indo-European
Uralic/Altaic
Germani c / Indo-European
Kwa/Niger-Congo
Kwa/Niger-Congo
Japanes e-Ryukyuan/Al ta ic
Caucas ian
Eastern sudanic/Ni10-Saharan
Dravid ían
Gur / tt i g er -Cong o
Indo- Iranían/ Indo-Europeen
B enue-C ongo / N iger-C ongo
Eastern Sudânic/Ni1o-Saharan
Eas tern Sudanic/Ni1o-saharan
Ban tu / N ig er -Congo
Gur/Niger-Congo
no information - epoken in
Mexico
B enue -Congo / N ige r-Congo
B enue-Cong o / N iger-Congo
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Norwegian
Qgb ia
Påko t
Polish
Sele
Serbocroatian
Sisala
Swed i sh
libetan
Turk i sh
lwi/Akan
Udykh

Gernanic / Indo-Europe an
Benue-Congo / Niger-Congo
Eastern Sudanic/Nilo-Saharan
S 1 av i c / Ind o-Eu rope an
Kwa/Niger-Congo
Slavic/ Indo-European
Gur/Niger-Congo
Gernanic/ Indo-European
Sino-Tibetan
Turkic/Altaic
Kwa/Niger-Congo
Caucas ian
Kwa/Niger-Congo
Austro-Asiatic

Urhobo
Vietnamese
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