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0, INTRODUCTION

The essence of vowel harmony is a constraint on the vowels within a larger
domain, grammatical or prosodic, requiring that all the vowels agree in a
siven phonological feature (c.g., backness, rounding, tongue root advance-
ment), For example, in Diola Fogny all vowels in a word must agree in
tongue-root position (Sapir, 1965, where this feature is called ‘tense’). That
very few languages in fact exhibit this ideal harmony type has remained a
source of challenge to phonology, both in the descriptive treatment of specific
languages and in the Tevision of formal theory to account for the problems
which arise.
Three basic difficulties may be noted. First, therc is the problem of ad-hoc
domains, i.e., where the domain of harmony does not correspond to any
prosodic or grammatical structure of the language. For example, in Turkish,
rounding agrees over the domain: any vowel followed by subsequent high
vowels (ignoring intervening consonants). Or in Vatic, with backness harmo-
ny, o is opaque and requires subsequent vowels to be back, e.g., moenko-za 'in
the game’ (cf. maendiizae ‘in playing’ < maenki-A-zA, al&iiza 'in the straws’ <
alkE-f-zA). Second, there is the problem of ad-hoc features, i.c., where the
harmonizing vowel classes are not naturally characterized by established
feature parameters. For example, the dominant/recessive harmony alterna-
tions of Nez Perce (@ = g, u >0, butiis cither dominant or recessive), viewed
by Kiparsky (1968) as ‘attraction toward ' of the dominant set, allowa rule
which reflects that generalization only at the cost of treating dominant /s as
underiying abstract 2, L.e., [+back,-high].! Finally, there is the problem of
neutral vowels, ie., where not all vowels are subject to the harmony
constraints. For example, in the tongue- root-advancement harmony systems
of West Africa, the low vowel a is frequently neutral (Ladefoged, 1968:36-38).
Similarly, among the many tonality harmony systems of Furasia, it is not
uncommon for i to be neutral. Although one can readily imagine both
articulatory and acoustic reasons why a low vowel might not participate in a
tangue-root-advancement oppaosition system, the neutrality of the front
vowel with highest tonality within an otherwise productive front/back har-

mony remains without an obvious explanation under current theories.
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It is this last problem, the neutral vowels within tonality harmony systems
for wlhir:h I hope to provide a new perspective in this paper. I shall ﬁrs;
examine the vowel systems of three Uralic languages with productive tonality
harmony - Votic, Finnish and Hungarian. In an attempt to shed light on the
phonological role of the neutral vowels in these tanguages I shall propose a
new set of phonological vowel features based upon functional interpretation
of vowel spectra. Finally, I shall suggest that the solution to the problem of
perceptual vowel normalization lies in the geometry of the energies of the
lower harmonics rather than in a caleulation based upon the frequencies of
the fourth and higher formants,

L VOTIC (BASED ON ARISTE, 1948)

The harmony status of the Vatic vowels is given in (1.

(1) Harmonic: Meutral; i
Front Back
i 4 1
& 0 a0
- a

Alternating pairs:

& = a: joomma ‘we drink® - veemmae ‘we take’
jeimma ‘we drank’ — veimmae ‘we took’

e = 3. juvvaza 'in drinking’ — vid*d¥ezae ‘in taking’
naizalas ‘to the woman® - mehelee *to the man’

ii=u: joonnu ‘drunk’ - veenni ‘taken’

All vowels occur both short (palte *field”) and long (vaaras ‘guest’). Although
+is lexically limited to Russian loans, these appear to be well assimilated to
Votic phonological and morphological patterns, e.g., kit-ritha ‘whale® (cf.
Rus. kit ‘whale’, ryba ‘fish’, although Russian has no such compound),
rinkoilla ‘at the market’ {<C rako-i-ll4; cf. Rus. rynok ‘market’). Neutral §
occurs freely with both harmony sets: sika ‘pig': fkee ‘each’, ralvi ‘winter”:
meaedi *hill®, fssuizimma “we would sit’: Sisdizimmae "we would ask’. A stem
with all "s takes front suffix variants: pilli ssee ‘from the musical instrument’,
irt-toe ‘log (part.)'. (Note, however, mi-fra ‘from me', a suppletive contraction
from mimelia.) 6 occurs beyond the initial syllable only in limited forms (such
as Finnish loans like ritrd ‘girl"), leaving o essentially outside the set of
alternating vowels, other than a few cases such as foehid ‘depariure’ (< fashie-
leave’) alongside the regular maenke ‘gpame’ (<2 maenki- ‘play’). o always
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requires back harmony of subsequent syllables; thus, leipoira *loaves of bread
ipart.)' < feipae-i-tA; cf. leipacae *bread (part.)' < leipae-14, sabraita ‘friends
(part.)' <Z sabrai-td, palipiza-paliaiza ‘in the fields" << palio-i-14. Apart from
the neutral vowel £ the words with o in non-initial syliables and a small list of
affixes which are always back (e.g., -kaa ‘2 pl. imperative”: sddkaa "eat’), the
normal domain of harmony is the word.,

2, FINNISH
The vowels of Finnish are given in (2.

(2] Harmenic and alternating: Weutral: 1, ¢
Front  Back
v (=i} u
o 0
d(=m) a

Vowels occur both short (rwdf fire")and long (rundi *wind'). Except for the two
neutral vowels, words are restricted to vowels agreeing in backness, e.g,,
talossansako ‘in his house™ - kyndssansdkd ‘in his pen? (-s54 ‘in’, -nsd '3
pers. possessive’, -k 0 ‘interrogative’). The neutrality of f,eis illustrated in (3).

(3) a. sika 'pig’, laki ‘law’, melu *noise’, sade ‘rain’
iki ‘age’, miki ‘hill", pesd ‘nest’, side ‘ray’
itikka ‘bug’, sovitellessa ‘in adjusting’
helind “tinkling’, kiisitellessd ‘in handling’

b. itu ‘sprout (noun)' < itd ‘to sprout’
velo ‘pull (noun)' <7 vetid- ‘to pull’
{cf. lihtd ‘departure’ << lihte- ‘to leave’)
selvyvs ‘clarity” <7 selvi ‘clear’
herruus “supremacy’ << herra ‘master’
veljeys ‘brotherhood’ << weli, velje- ‘brother’

c. michuus ‘manlingss’
< miehe- *man’
michyys'masculinity’
heinikko ‘hayfield' << heind ‘hay’
metsikko <7 metsd ‘forest’
mesikka ‘arctic bramble’
<7 mest/mete- *honey’
mesikki ‘sweet clover’
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d. itku ‘crying’ < itke- ‘to ery’ (cf. itkenyt ‘cried")
meno ‘going’ <2 men- ‘to go’ (cf, menkd ‘3 pers, imperative [nega-

tive]")

seistd
‘to stand’ (remaining forms of the paradigm are
based on seiso-)

seisoa

a. ‘sed’ ‘water'

nomingrive meri vesi

E5sive merens vitend

partirive merta vertd

Closer inspection of the morphological formations in (3b-c) gives some
notion of the extent to which the neutral vowels complicate the phonology of
modern Finnish. The forms of (3b) reveal problems in the rule of stem vowel
truncation and its ordering relative to vowel harmony. The apparent incon-
sistenicies among the derivations for the Standard Finnish words in{3c) point
up difficultics in determining those rules (and exceptions) which underlie the
competence of speakers of modern Finnish. Although the usage of some of
these forms is not widespread, native speakers accept all as well formed, The
recent formation mishyss and the botanical term mesikkd might suggest a
shift toward the rule for productive inflectional harmony, by which stems
containing only neutral vowels take front-vawel endings (cf. ‘water’ in (3e)).

On the basis of forms of the type given in (3d) (cf. also miehuus, i, veta)
Kiparsky (1973) has proposed a different harmony role for monasyllabic
neutral vowel-roots when followed by a vowel-initial affix: for the sequence
C(i/e)C,+ V, ..., V,(if harmonizing) will be back, whereas for C Jie)C T+
CVeons V milhc fn:rnt The fact that V. formations are restricted to a Smdll
set n!’ nnnpmuucuvt denvatives led Hd]’m‘- (I966) to posit a difference in
boundaries as well as underlying backness for the V, suffixes. The lack of
harmony throughout an inflectional paradigm is exhibited by only two roots;
mer-‘sea and ver- ‘blood’, as in (3e), with partitive -2 for the expected 7.
Here the tonality-lowering effect of the er rhyme noted by Wiik (1975)
accounts not only for these forms, but also for the absence of Cfi/elrCi-
stems in peneral.

The tmpact of the neutral vowels upon Finnish phonology, as illustrated in
(3), is significant. The various synchronic rules reguired to handle the harmo-
ny relationships must necessarily establish formal means to oppose two
different vowel classes: (a) neutral vowels as distinet from other front vowels
{especially 4,6 vs. @), and (b) harmanizing vowels as distinet from ncutral
vowels. Five different strategies for Finnish vowel harmony may be seen in
MeCawley (1964 — abstract central vowels £, 2 and a rule of absolute neutrali-
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zation), Harms (1966 - anad hoc feature parameter ‘acute’ 1s used in addition
to the harmonizing graveness featurc), Kiparsky (1973 - only underlying
hack vowels are subject to harmony, with secondary restorative backing in
the veto, meno types), Wiik ( 1975 — two distinct harmony rules: fronting of all
vowels posterior to the first harmony vowel and a backing harmony agree-
ment rule) and Ringen (1980 - left-to-right iterative rule requiring specifica-
tion of both the neutral and harmony classes of vowels). Ttis not my intention
here to add yet another set of rules for describing the complexities of Finnish
vowel harmony. I wish merely to establish the central role the neutral vowels
must play in any attempt 10 achieve an adequate phonology of Finnish.

1, HUNGARIAN

Hungarian presents yetd somewhat different set of harmony relationships as
cents as in Hungarian

outlined in (4) (with long vowels indicated by acute ac
orthography: 4 = [i]).

(4) Harmonic; Neutral: 1, i, & (=[E])
Front Back
ii, d u, 4
i, 0 0,0

Il

€ i=[E_.EE]}: da,d
Alternating sets

u == ii hat-ul *behind’ - fel-il ‘above’
G =i X-haj-u ‘X-haired’ - X-szem i “X-eyed’
& = & haz-bél ‘from a house’ - fej-bd1 ‘from a head’
o = @ == ¢ var-tok ‘'you wait’ - jot-1ok ‘you come’ — men-tek ‘you g0’
a4 = ¢, haz-a ‘his house’ — fej-e ‘his head’
hiz-4-ban ‘in his house’ — fej-&-ben “in his head’
haz-a-nal ‘his house (adessive)’ — fej-e-nél ‘his head

{adess.)

Neutral vowels occur with both back and front harmonizing vowels (C.g.,
bika ‘bull’, példa ‘example’). Unlike Finnish, roots with only neutral vowels
must to some extent be keyed lexically with regard to harmony Lyps, cf.
viz-nél ‘water (adess.)' - hid-ndl ‘bridge (adess.)', kéz-nél ‘hand (adess.)" - cél
nal *goal (adess.)’, vidék-e "her region’ - férfi-ja ‘her hus
lexical association of the various neutral vowels with back harmony gives the
order{ -i - &, with only four items, all nouns, havi
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that they do not influcnce the harmony class of word structures, e.g., piszi-{i-
ni-uk ‘for them to make dirty” (cf, piszok ‘dirt"; contrast also Tibi, diminutive
form of Tibor, Tibinek “to Tibi") — kér-ni-k ‘for them to ask’ (cf. kér-ek 'l
ask”). For four different formal treatments of Hungarian vowel harmony, see
the tecent series of views expressed by Jensen, Phelps. Ringen and Vago in
Linguistic Tnquiry, 9 (1578).

4. THE HIGH TONALITY AS NEUTRAL TONALITY PARADOX

In summary, tonality harmony continues to play a productive role in the
phonologies of the various Finno-Ugric languages surveyed here, although it
is significantly complicated by the presence of neutral vowels. On the one
hand, the tendency toward a regular association of the neutral vowels with
front vowel harmony seems perfectly natural in view of their phonetic
frontness. On the other hand, strange as it may seem, the neutral vowels are
just those with the highest tonality (i.e., F,/F; frequency values): the non-low
unrounded front vowels. Indeed, it is possible to recognize an implicational
hierarchy 7 - £ - g, ranked by decreasing tonality values, by which the lowest
occurring neutral vowel entails the neutrality of all higher vowels in the series
(Figure 1).

Ey/F,
i Votic

e Hungenan

£ Finnish

4
Fig. L Tenality scale for front vowels based on F,/Fy values,

In my opinion this apparent contradiction of the front/back harmony princi-
ple by the fact that the neutral vowels are the most front presents a rather
serious obstacle to attempts to provide a plausible nonlinear (autosegmental
or metrical) accounting for such systems.

Attempts to explain the problems associated with the neutral vowels as
historical accident, the consequence of contact with European languages, or
with vague notions of markedness do not completely succeed. Early Hunga-
rian is generally assumed to have had consistent front/back harmony, with
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neutral vowels arising through loss of a central *+or monophthongization of
back vowel diphthongs, but not all hack-harmonizing neutral vowcls are the
result of secondary fronting, ¢.g., the German loan cél ‘goal’ (cf. cél-nak ‘to
the purpose’), Clearly the neutral vowel category has taken on a purely
synchronic role. In the case of the more closely related Baltic-Finnic Finnish
and Votic, the currently prevailing opinion is that the neutrality of f and ¢
reflects the original Proto-Baltic-Finnic system, if not that of Finne-Ugric,
with unrounded central vowels {(as in Votic and Estonian) as secondary
developments (Hakulinen, 1961:21). Although I accept instead the opposing
vicw that Proto-Baltic-Finnic had complete tonality harmony, with central
unrounded vowels (cf., ¢.g., Kettunen, 1929:30), I do not consider the pres-
ence of the neutral vowels in Finnish in itselfl to be an argument for an earlier
merger of central and front vowels (as suggested by Aoki, 1968:144 45). And
appeals to markedness (Aoki, 1968:145) do not allow us to account for the
merger of *i*#in Votic and Estonian alongside the retention of the supposed-
ly even more highly marked "e:*2 opposition - and this in an area with
evidence of contact influence (e.g., consonant palatalization, voicing of
obstruents) from Russian, which maintains a primary [§] vowel target type.
The unquestionable continuing vitality of vowel harmony among the
widely dispersed westcrn Finno-Ugric languages in the face of the neutrality
of the front unrounded vowels must be accounted for on purely synchronic
grounds. [ shall argue below thata fresh approach to the feature parameters
for vowels - one based on psychoacoustic and functional considerations —
leads to a view of the neutrality of non-low front unrounded vowels as

perfectly neutral.
5. VOWEL FEATURES

The set of vowel features I shall introduce here represenis a highly speculative
cevision on substantive, psychoacoustic and functional grounds. Inlarge parl
it was inspired by the mandate of Liljencrants and Lindblom (1972:839):

1o derive linguistic form asa consequence of veriois substantive-based principles
pertaining to the use of spuken language and its biological, sociolagical, and
communicative aspects. We would then procesd by asking the following ques-
L

{2} What are the mechanisms available for human speech communication?
(b} How can the use of thess mechunisms be consteained and aptimized with
respect to various psychological conditions and communicative efficiency?

The possible implications of these features for phonology, including their
application to the problems of vowel harmony, were considered later in
testing the system against feature related aspects of phonological systems,

e.z,, natural class specifications, the typology of vowel systems, eic.
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My preliminary analysis was based on the spectra for Swedish vowels
presented by Fant (1973:40)4 Thus a wide range of vowel types, 19 in all,
within a rich system of phonemic contrasts and the most advanced experi-

mental data were assured. Fant's spectra for u, i, i, & and o are given in
Figure 2.
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Fip. 2 Selected Swedish vowels as presented in Fant (19731, (0 dB = 1 dynesom?),

Closer examination of the full set of spectra reveals a significant drop in
harmonic energics above 1300 Hz and an even more drastic reduction after
roughly 3200 Hz. By plotting the highest decibel value for any given harmon-
ic over the entire 19 spectra, the composite of harmonic maxima, shown in
Figure 3, was produced.” The envelope of the harmonic maxima, rounded off
slightly, is given in Figure 4. To some extent this curve may be seen as an
approximation of the maximum energy available for vowel differentiation at
any given frequency (at the amplitude level represented, presumably a nor-
mal speech level). The sharp drop in harmonic energies between roughly 1200
and 1500 Hz effectively divides the spectral envelope into two energy zones,
one significantly stronger than the other. I have labeled these PEZ (primary

o T v e R R e o T
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Fig. 3. Composite of harmonic maxima.
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energy zone) and SEZ (secondary energy zone) in Figure 4. The break
between these two zones is labeled CEZ (central energy zone). This three-way
division of the maximal spectral envelope is not peculiar to Fant’s informant
(cf., e.g., the spectra for Estonian below in Figure 8). I shall assume that the
basic pattern (not specific Hz values) is universal, stemming from the action
of the vocal tract resonator upon the glottal spectrum, which otherwise ought
to show a more gradual fade from lower to higher harmonics.

From a functional point of view, the division of vowel spectra into stronger
and weaker energies makes a hypothesis such as (3) appear attractive.®

(5) The burden of phonological distinctiveness is greater over those
harmonics with the greatest energy.

If we take into account only the spectral envelope within the PEZ —ie., the
pattern of those harmonics stronger than -10dB up to 1200 Hz - it is possible
to provide easily distinguishable patterns for most smaller vowel systems,
excluding those with high central vowels. Thisisillustrated in Figure 5 for the
Swedish vowels w, 2. a, i, &, @ The following four envelope features seem
plausible: (1) full use of the PEZ (a vs. the others), (2) double-peaked (back
rounded and low central vs. front), (3) antiresonance over the initial (lowest)
harmonics (low vs. non-low), (4) strong initial harmonics (high vs. non-high}.
[ am not, however, proposing that all possible distinctions be made within the
PEZ: note especially the relatively small difference between uand gin Figure
5 (apart from the slight one-harmonic "gap’ between the two formants of u),
hardly an optimal distinction.

Obviously all height distinctions occur in the PEZ, but T wish to suggest
that the basis for the contrast does not lic in perceiving and computing an F,
frequency value, somehow to be interpreted (‘normalized’) by using the
fourth and higher formant values as a reference point. Note in Figure 2 the
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Fip. 4 Maximal speetral envelope. (PEZ = primary energy zone, SEZ = secondary energy zone,

CEZ = central energy zone).
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Fig. 5. PEZ spectral cnvelopes for sin Swedish vowels,

extremely low energy levels that would have to serve as the basis for the
normalization algorithm. The key to the perception (normalization ) of vowel
height is, in accord with (5), more likely to be tied to the cavity-filtering effect
on the initial harmonics of the PEZ, Since the PEZ maximal curve appears to
be a function of universal properties of speech praduction, only a few
reference sounds would be needed to establish the specific values of an
individual speaker's PEZ curve,

Psvchoacoustic evidence for the correctness of {5) may be adduced from
the fact that the perceptual distance between tones does not correspond to a
linear frequency scale (in Hz), but varies accarding to frequency. In general, a
given frequency difference in lower frequencies will be perceived as a much
greater pitch difference than the same difference in higher frequencies. This is
reflected in the experimentally established mel scale, which expresses the
perceptual distance between given frequencies (Fant, 1973:47-48). Figure 6a
presents the corresponding Hz and mel values over the maximal ENETgY curve
of Figure 4, with the linear Hz scale along the bottom of the graph and the mel
values along the top. In figure 6b the energy curve is restated using the same
linear scale for mels., Most striking is the extreme foreshortening of the
frequency ranges above the PEZ relative 1o the perceptual distance scale
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within the PEZ, Conversely, the linear mel scale in Figure 6c, with essentially
the same graphic length as Figure 6a, shows a significant expansion of
perceptual distance within the PEZ, a slight reduction within the SEZ, and a
substantial reduction above the SEZ.7

Thirteen Swedish vowel spectra, replotted according to the mel-based
energy curve of Figure 6c, are given in Figure 7. The envelope-initial harmon-
ics, the suggested basis for phonological height distinctions, have obviously
benefited the most from this conversion. Perhaps the second most notewor-
thy effect is the reduced separation between the peaks for the second and
third formants, This is consistent with the recognition of the joint function of
these formants. For example, Fant (1973:52) maps the vowel space in terms
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aB '
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Fig, g, He 1o mels conversion scale over the maximal spectral envelope.
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Fir. 65 Maximsal spectral envelope in mels (with (=1000 mels an the same scale as 0-1000 Hzin
Fig. fa.).
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of "an upper effective second formant frequency, labeled F's, chosen'so as to

take into account a gradual increase in the importance of the third formant as uliChis
F'; 1s raised in frequency.’ Finally, we note that the perceptual distance | =L B

between the first two formants of the back vowels is essentially of the same . 1°2 /

i

L]

magnitude as that for the second and third formants of the front vowels.
Spectral envelopes for selected Estonian vowels are shown in Figure §,
based upon the measurements of Liiv (1962). Estonian, like Swedish. has a
basic nine-vowel system, including one central vowel (3, unrounded), with
quantitative oppositions (short as opposed to long and overlong) associated
with vowel quality, The measurements were taken from a variety of speakers — k?‘.’

(indexed by Roman numerals), and although the acoustic filtering was differ-
ent from Fant's, the resulting envelope patterns are consistent with those

observed for Swedish. The logarithmic frequency scale of the original was not B s
changed, since over the PEZ it corresponds quite closely to the mel scale. The e
manner of presentation differs from that of the original (illustrated in Figure - h_ o
9) in the following ways: {(a) for each token the fundamental and individual -l )
harmonics were identified and plotted up to 1000 Hz and (b) the envelopes [ ]

farmed by the harmonics were redrawn for the first 1000 Hz, producing a .
totally different set of patterns from those of the original. Above 1000 Hz, F Bz
since the logarithmic scale pushes the harmonics more closely together, no

difference in envelope geometry results. i (

Mot surprisingly, the Estonian patterns are essentially the same as those for —';é-/
Swedish. What is interesting here is the strong similarity across speakers, g
especially the PEZ patterns for the two tokens of i, one with a fundamental of A
150 Hz, the other with 255 Hz (obviously a woman speaker). The logarithmic g =

scale has the effect of normalizing the distance between the harmonics of the
PEZ, with F, in effect a baseline for the subsequent envelope geometry. This
would also be true for the mel scale. I interpret this as clear additional support
for (3) as well as for the view that normalization is a function of information
within the PEZ.
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Fip. % Speciral envelopes for Estomian short vowels as presented in Liiv (1962),

6. FEATURE PROPOSALS

Accordmgly [ propose the spectral envelope features for vowels in (6), listed
in a projected hierarchical order correlated with an assumed perceptual
ranking.

3] a. DROP: envelope-initial antiresonance (= LOW)

b. DUAL: dual resonance peaks —one inthe PEZ and one outside the
PEZ (front and non-low central vs. back rounded and low central)

c. RISE: envelope-initial enhancement (= HIGH)

d. ROUNDED: an articulatory parameter, has contrastive value
only for ‘+dual” vowels

e. i, CENTRAL: formant peak in the CEZ, or alternatively
. HI-TONALITY: formant peak in the SEZ (front vs, back and

central)

The feature *dual’ is hardly new. Indeed, it reflects the one-formant (=back)
vs, two-formant (=front) spectral opposition discovered in the nineteenth
century by Hermann Helmhaoliz (see Helmholtz, 1954, based on the German
edition of 1877). And it remained as the primary acoustic basis for the
back/front opposition until the middle of this century, when advances in
acoustics made it possible to recognize a two-formant basis for the back
vowels as well, Helmholiz's experiments, relying upon the human ear as the
primary measure of psychoacoustic significance, have perhaps brought us
closer to phonological validity than the acoustic technology of the past
decades.

Burt *dual’ is not to be identified with any of the more standard Jakobso-
mian or articulatory features. It yiclds the natural classes of back-rounded
plus low-central vowels vs. front vowels (p/us non-low central vowels). It is
thus not quite the same as the more familiar grave/acuie parameter. As we
shall see below, “dual’ plays an important role in my interpretation of the
Finnish neuatral vowels.

The features *drop’ and ‘rise’ are tied to the geometry of the envelope-ini-
tial harmonics, The initial antiresonance of the low vowels seems quite
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apparenl. The enhancement posited for the initial harmonics of high vowels
seems 10 be more difficult to identify. Back vowels and front vowels show
somewhat different patterns, and Fant's data for the Swedish back vowels do
not reveal a significant difference in this respect between w and o (cf. Fig. 7).
The Estonian data, on the other hand, do seem to support a height-correlated
difference over the mnitial harmonics of the back vowels icf. Fig. 8).

‘Rounded” is viewed primarily as an arniculatory feature, perhaps not
trivially associated with the fact that it is one of the few features with clear
visual charactenistics. An auditory basis for distinctive rounding is required
only for the nonback vowels. Since [ have rejected the traditional plotting of
Fy ws, F: {or F;) - essentially because the normalization algorithm this
approach assumes does not appear to be forthcoming - a different auditory
basis for differentiating the rounding of front and central vowels is needed.
One approach which works well for the limited data [ have examined thus far
is to plot the harmonics (a) in the PEZ (up to the last harmonic above the
minimum intensity level — here taken as 10dB for the Swedish vowel data),
and (b) the number of harmonics between the last harmonicin the PEZ. anda
projected F,/F; center. The ratios for the Swedish front vowels are given in
Table I.

Table I Ratio of (a) the number of harmonics in the PEZ 1o (b} the number of harmomnics
berween the PEZ and a projected F/F, center. (Swedish vowels, )

i 1:9.5 (219 = 1 Ef [2:14)
L 1:5.3 (3:16) - 1 1:4.3 (3:13)
- 1:5 {3:15) - 0 1237 (3:11)
i 1:27 (4:11) - @ I:1.4 {5T)
£ 1:2:2 [3:11} - o DR (5 4)

The remaining features, ‘central’ and *hi-tonality’, are regarded as mutually
exclusive paramter options, The lack of a positive feature characterizing the
primary central-vowel phonemes of many Eurasian languages, e.g., Komi
Nivshera (with primary wai oppositions, both long and short), must be
regarded as an ethnocentric bias which has become rooted in phonological
theary (not to be disturbed even by the rounded central-vowel phonemes of
such cultured tongues as Swedish or Central Texas English). *Hi-tonality’
also appears to represent a central Eurasian type, and may be considered the
basis for those systems with complete consistent tonality harmony, such as
Turkish (with f#, i, ea, d:0).
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7. COMCLUSTOMN

The Finnish vowel features can now be stated as in (7).

] u o & 1 4 @ i e
DUAL - = = 4 A 5iH F
DEOFP - = F = = o = =
ROUNDED + 4+ - + + = = -
RISE o, e SRS

Once the feature ‘dual’ is recognized as the basis for Finnish vowel harmony,
the neutrality of  and e is no longer anomalous on phonetic grounds. In fact,
it is a consequence of the proposed feature system, since central / and s also
have dual resonance peaks, and an /=4 e=aalternation would fall outside the
harmony basis. Further, with ‘dual’ as the harmonizing parameter, the
asymmetry in the direction of agreement - by which back vowels assimilate to
neutral vowels — receives a plausible explanation. The back harmonic vowels
can assimilate to “+dual’, but a phonological shift of i, e to ‘~dual’ would
necessarily require a concomitant change in ‘rounded’ as well (since ‘=dual,
_low, —rounded’ vowels are excluded by universal constraints, just as *+high,
+low’ within current theory).

Finally, the apparent conflict of neutral *+dual’ vowels and back harmony
‘_dual® vowels within stems requiring back-vowel affixes seems much less
unnatural if the relative sonority of the vowels is taken into account. Within
the PEZ the ranking given in (8), from low to high sonority, can readily be
discerned.

(8)  a i
b. e,
¢, E,08
d. =2,u
g, 0
f.a
2.3

In other words, within stems neutrality may be seen as the result of a
dominance principle based on the low sonority inherent in the neutral vowel
set. The back vowels thus tend to be dominant. Further, the sonority scale in
(8), together with recognition of the feature *dual’, also accounts for the
neutrality hierarchy illustrated in Figure 1, and the relationship with tonality
must be regarded as fortuitous. In Hunganan, ¢ (= [, ]} i5 the “+dual’
counterpart of a; and é in affixes, of 4. Votic harmony, on the other hand, is
not based on ‘dual’, as the #=3 alternations demonstrate, but rather on

p—— e ST b o e B
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‘hi-tonality”. I interpret the neutrality of Votic 7, and not e, as the result of the
interaction of the sonority scale and the historical merger of 7 and 4 Thus
Votic, unlike Finnish and Hungarian, does not have consistent harmony, and
the neutrality of Votic i reflects some degree of anomaly, unlike the seemin olv
similar neutral { in Finnish.

FOOTHOTES

I Kiparsky's [ormal rule accounts for the alternations without having 10 resort 1o absolute
neutralization, bul that rule oo tonger refllects an agreement relationship:
ahack Thack aback
S AOREX 8 4§
ahigh ~high -mhigh

[

The quality of ¢varies by dizlect {ef. Laty, 1952) and by contest, with low [ue] tendinz ta

oceur only in inttial syllabies.

In Harms 1966} this scale was exploited in interpraiing the acute/ grave parameer as 1wo

independent features (parallel 10 compact/diffuse or high/low), with the high tonaliry

“acute” vowels us neuttal and nopacute vowels harmonizing in graveness.

4, The spscira represent sustained vowels as spoken by a sinpie speaker, identified 15 a

professar of phonetics a1 Uppsala University,

All spectra were piven with a lundamental of 125 Hz, thus making it possible to identify the

nth harmenic for each vowel

f, Cf. Lindblom (1980:11): *We shall hypothesize that vowel systems tend 1o evolve soas 1o
make the process of specch understanding efficient .. ." In other words, if God had
wanied man to make greater wse of the higher frequencies, he would have (a) putl more
energy there or (b) made our basilar membrane signtficantly more sensitive 1o those
frequencies,

T. It should be noted heee that peréeptunl loudness akso varies by frequency, the so-called

phon scaie. However, at the intensity level of the SEZ witha reference sound pressureaf 1

dynesem? (Fant, 1973:36) thers is no significant increase in perceptual loudness that mighl

be viewed as compensation for the weaker cnergies in the higher [requencies,

:-r.l

th

REFERENCES

Aoki, H. (1968). Toward & Tvpology of Vowel Harmony. International Journal of American
Linguisries, 34, 142-145,

Arisie, P. (1948}, Vadfa keele grammatika. Tartu; Teadupslik Kirjandus.

Fant, Gi. (1973). Speech Sounds and Features, Cambridge: MIT Pross.

Hakulinen, L. (1961). The Structure and Development of the Finnish Language. (= Uralic and
Alrale Series, 31, Bloomington: Indiana University.

Harms, R.T. (196a). The Measurement of Phonological Economy. Lanpuage, 42, 602-611.

Helmholtz, H.L.F. (1934}, Onr the Sensations of Tone as g Physiological Basis for the Theory of
Music. New York: Dover.

Jensen, J.T. (1978). Reply 1o “Theoretical Implications of Hunparisn Vowe! Harmony',
Linguisric Inguiry, B, B9-97,

Kettunen, L. (1929). Eestin kfefen ddnnehisroria, Helsinki: Suomalaisen Kirallisunden Sevra.

Wiar Helmh

Kiparsky, P. (1
Club.
Kiparsky, P. (1
Linguistic Th
Ladefoged, P.
University Pr
Liiv, G. (1962).
Phonological
Uhiskonnate:
Liljencrants, 1.
Rote of Pero
Lindblom, B, {
Lotz, J.-{1952),
McCawley, J.L
Phelps, E. (197
Ringen, C.0,
Harmony. L
Rimgen, C.0. (
Sapir, 0. (1t
Cambridge:
Vago, R.M. (1
Vowel Harm
Wik, B (F97L
University af




the result of the
tiand ¢ Thus
harmony, and
2 the seemingly

reaort to ahsalute
aup:

ow [ze] tending 1o

Parameler il two
the high tonaficy
1885,

Fv identified as g
ble o identify the
Lo evalve o asto
srds; iF God! bad
ave (8] pul mare
cnsilive 10 those
1y, the sa-called
und pressure of |

sdness that might
Crcies.

‘el a6f American

£ = Urafic and

42, 602-611,
or the Theary of

wel Harmony'.

lisuuden Seura.

What Helmholtz Knew about Neutral Fowels 399

Kiparsky, P. {1968), How Absrract is Fhanology? Bloomington: Indianzs University Linguistics
Cluh,

Kiparsky, P. (1973). Phonological Representations. Tn: 0, Fujimura (ed.) Three Dimensions of
Linguistic Theery, Tokyo; TEC Ca., pp. 3-134,

Ladefoged, P. (1968). A Phonetic Study of Werr African Languages, Cumbridge: Cambridee
University Press.

Liiv. G. (1962}, Acoustical Features of Estonian Vowels Pronounced in Isolation and in Three
Phonological Degrees of Length, Eeri N5V Teaduste Akadeemia  roimetised, 11,
Uhiskonnateaduste seeria, Mo, 1, 6-97,

Liliencranis, J. and Lindblom, 8. (1972). Numerical Simulation of Vowel Quality Svstems: The
Role of Perceptual Conmrast. Lamguape, 48, 830-8632,

Lindblom, B. (1980). Phonctic Universals in Vowel Systems, Ms.

Lotz, 1. (1352). Yowel Frequency in Hungarian, Word, 8, 227-135.

MeCawley, J.D. (1964). The Maorphophonemics of the Finnish Noun. Ms.

Phelps, E. (1978). Excepiions and Yawel Harmony in Hungeran, Linguistic fnquiry, 9, 9E-105.

Ringen, C.0O. (1978). Another View of the Theoretical Implications of Hunparian Vowel
Hurmony. Lisguisife Inguiry, 9, 105-115,

Ringen, C.O. (1980, Finnish Vowel Hormeny: A Closer Look, Ms.

Sapir, LD, (1965). 4 Grammar of Divla-Fegny, (= West African Langiage Monagraphs, 3).
Cambridge: Cambndge University Press,

Vago, R.M. (1978}, Some Conroversial Questions Concerning the Deseription of Hungarian
Vowel Harmony, Linguistic Ingufry, 9, 116125,

Wik, K. (1975). Fokaalisoinnun angelnia. (= Publications of the Phanetics Depariment of the
University of Turku, 14). Turku: University of Turku,

. =gy —r—— T e S D G 6 S T o 4, ik
o s L S = R RS A I o S N [ T S L



